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1 | NUMERO DE SOLICITUD ANTE LA SIC 14 187582 v
2 | OFICINA DE PRIMERA PRESENTACION (OPP) | ESTADOS UNIDOS (’ E .
5 | NUMERO(S) DE SOLICITUD O PUBLICACION ;'13/752’199
DE LA(S) SOLICITUD(ES) (OPP): 5
4 [ ] REPRESENTANTE LEGAL X APODERADO
APELLIDOS NOMBRES IDENTIFICACION
CASTELLANOS ABONDANO MARGARITA c.c.39'779.654 T.P. 70819
DIRECCION CALLE 94A No. 7A-09 No. TELEFONO 7560770
CIUDAD BOGOTA CORREO ELECTRONICO sic@castellanosyco.co
No. RADICACION O
PAIS COLOMBIA PROTOCOLO DE PODER
‘ : GENERAL
5 | CONDICIONES PARA ACCEDER A ESTE PROCESO:
5.1. DATOS DE PRIORIDAD Xst ONO
(33) PAIS DE ORIGEN CODIGO PAIS (31) NOMERO (32) FECHA (AAAAMM/DD)
1. ESTADOS UNIDOS us 61/593,106 2012/01/31
2. ESTADOS UNIDOS us 61/672,679 2012/07/17
3. ESTADOS UNIDOS us 61/713,734 2012/10/15
52. DATOS SOLICITUD INTERNACIONAL PCT XSI  []NO
Solicitud Internacional No. PC7/1:52013/023409 Fecha 28/01/2013
Publicacion Internacional No. W6201 3/116144 Fecha 08/08/2013

El solicitante presenta una copia de la(s) reivindicacion(es) patentable(s) u otorgable(s) de la solicitud de la Oficina de

Primera Presentacion que profirid el examen de patentabilidad, junto con una traduccidn al castellano. X SI [] NO

?

REQUISITOS PARA EL RECONOCIMIENTO DE LOS RESULTADOS DE EXAMENES DE PATENTABILIDAD
EFECTUADOS A SOLICITUDES EXTRANJERAS :

Para que la Superintendencia de Industria y Comercio pueda reconocer los resultados de examenes de patentabilidad
producidos por otras Oficinas de Propiedad Industrial se debe cumplir con fas siguientes condiciones:

(a) Al momento de solicitar el examen de patentabilidad, si el solicitante pide que se reconozcan examenes de patentabilidad
de otras oficinas extranjeras, deber4 aportar junto con el pago de la tasa correspondiente, los siguientes anexos:

(i) Copia de las resoluciones, fallos o decisiones que han sido relevantes para la determinacién de la patentabilidad de la(s)
solicitud(es) en la Oficina que haya proferido el examen de patentabilidad que contienen reivindicaciones patentables u

otorgatiles que son la base de la peticién, y si es del caso, su traduccién al castellano. Xsi [JNO

(i) Copia de todas las reivindicaciones determinadas como patentables u otorgables en ta Oficina que profiri6 el examen de

patentabilidad y, si es del caso, su traduccidn al castellano. X st [ONO

(iii) Copia de los antecedentes, informacién o documentos citados por el examinador de ia Oficina de Primera Presentacion
del examen de patentabilidad, en las r_es'ioluciones, fallos o decisiones correspondientes, incluyendo la fiteratura no patente.
Los documentos de patente deberan preseniarse siempre y cuando no estén disponibles para la Superintendencia de

Industria y Comercio mediante el simple acceso a bases de datos gratuitas. X s [JNO

(iv) Una tabla de correspondencias de las reivindicaciones que han sido determinadar. como patentables u otorgables en la

solicitud de la Oficina que haya proferido el examen de patentabilidad. X SI

7 FIRMA DEL SOLICITANTE, DEL AFODERADO O DEL REPRESENTANTE LEGAL
Junto a cada firma, indicar el nombre del rmante y su calidad (si tal calidad no es obvia al leer el petitorio)
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TABLA DE CORRESPONDENCIA DE REIVINDICACIONES

Reivindicaciones en la solicitud
en Colombia

- Reivindicaciones otorgables en la
solicitud internacional

Explicacion sobre la suficiente
correspondencia 6 Comentarios que
explican la correspondencia

1.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

Se presenta segun la reivindicacién
otorgada para Estados Unidos.

10.

10.

Se presenta segun la reivindicacién
otorgada para Estados Unidos.

11.

11.

Se presenta segun la reivindicacién
otorgada para Estados Unidos.

12.

12.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

13.

13.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

14.”

14.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

15.

15.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

16.

16.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

17.

17.

Se presenta segun la reivindicacién
otorgada para Estados Unidos.

18.

18.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

19.

19.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

20.

20.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.

21.

21.

Se presenta segun la reivindicacién
otorgada para Estados Unidos.

22.

22.

Se presenta segun la reivindicacion
otorgada para Estados Unidos.
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UNITED STATES PATENT AND TRADEMARK OFTICE

UNITED STATES DEPARTMENT OF COMMERCE
l United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450
WV»'W.“SP(O.gOV

NOTIC__E OF ALLOWANCE AND FEE(S) DUE

1

101365 7590 1212612013 L . EXAMINER ]
Finnegan/Genomic Health . BRUSCA, JOHN §
901 New York Avenue, NW {
Washington, DC 20001 ¢ | ART UNIT PAPER NUMBER j
‘ 1631

DATEMAILLD: 12/26/2013

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO.
13/752,199 01/28/2013 7 Steve Shak 09042 .0008-00000 1702
. [TLE Ol INVENTION: Gene Expression Profile Algorithm and Test for Determining Prognosis of Prostate Cancer

l APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE | DATE DUE

nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 03/26/2014

THE APPLICATION IDENTIFIED ABGVE I1AS BEEN EXAMINED AND 1S ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON TUE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
TUIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT TUHE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CKFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN TUREE M NTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUT PERIOD CA T BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID 1SSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN TINIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM

WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIQUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE. W

v

HOW TO REPLY TO THIS NOTICE:

1. Review the ENTITY STATUS shown abové, If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
cnlity status still applies. .

{ the ENTITY STATUS is the same as shown above, pay the TOTAL FEL(S) DUL shown above.

I the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complele section number 5 titled
"Change in Lintity Status (from status indicatdd above)”.

For purposes of this notice, small entity [ees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fecs.

IL. PART B - FEE(S) TRANSMITTAL, or its cquivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FER (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fec(s) Transmittal should be completed and an cxtea copy of the form should be submitted. 1f an cquivalent of Part B s filed, a

request to reapply a previously paid issue fee must e clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

HT. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUL I'EE unless adviscd to the contrary.

IMPORTANT REMINDER: Utility patcﬁls issuing on applications filed on or after Dec. 12, 1980 may require payment of

maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOI-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
’ Commiissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: 'This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if_required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or dirccted otherwisc in Block 1, by (a) specifying a new correspondence address: and/or (b) indicating a scparate "FEIE ADDRISS" for
mainlenance fee notilications.

Note: A certificate of mailing can only be used for domestic mailings of the

’ Fee(s) Transmittal. This ccrtiﬁcate cannot be used for any other accompanying

CURRENT CORRESPONDENCI; ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper. such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

R 101365 75?0 1212612013 K I hereby certify that this Fee(s) Transmittal is being deposited with the United
ancgan/Genomlc Health \ . States Postal Service )vilh suflicient postage for first class mail ir) an envelope
901 New York Avemie, NW - o e UARTO 1 ob e anrss s, o feing fcsimi
Washington, DC 20001 ! PE—
: {Signature)
Mate}
i
‘ APPLICATION NO. FILING DATE :(. FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. ]
13/752.199 01/28/2013 . Steve Shak 09042.0008-00000 1702

’

TITLE OF INVENTION: Gene Expression Profile Algorithm and Test for Determining Prognosis of Prostate Cancer

L APPLK. TYPE | ENTITY STATUS l ISSUE FEE DUE l PUBLICATION FEE DUE | PREV. PAID ISSUE FER TOTAL FEE(S) DVIE I DATEDUE ]
nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 03/26/2014
l EXAMINER - | ART UNIT | cLasssupcLass I
BRUSCA, JOHN S 1631 702-020000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list

CFR 1'_363)‘ ) (1) The names of up to 3 registered patent attorneys ]
a (,‘I'l:nn%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached.

(2) The name of a single firm (having as a membera 2

(J "Fee Address” indication (or "Fee Address” Indication form registered attorney or agent) and the names of up (o
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed. .

3. ASSIGINEE NAME AND RESIDENCE DATA TO BIE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. 1f an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

. (A) NAML OT* ASSIGNIE : ) (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or caltegories (will not be printed on the patent) : [ Individual W} Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: ; . 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee {J A check is enclosed.
O publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
a Advance Order - # of Copics [ The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any

overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

3 Applicant certifying micro entity status. Sec 37 CFR 1.29 NOTL: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issuc
- fee payment in the micro entity amount will not bé accepted at the risk of application abandonment.

| Applicant asscrting small cntity status. Sce 37 CFR 1.27 NOTE: If the application was previously under micro cntity status, checking this box will be taken
‘ lo be a notilication of loss of entitlemenl to micro entity status.

a Applicant changing to regular undiscounted fee strtus. - NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
¥ entity slatus, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CER 1.4 for signature requirements and certifications.

Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

2.0, Box 1450

Alexandria, Virginia 22313-1450

WWW,BSpPto.gov

l APPLICATION NO. | FILING DATE I FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
13/752,199 01/28/2013 . Steve Shak 09042.0008-00000 1702
L FXAMINFR ]
101365 7590 1212612013
Finnegan/Genomic Health ) BRUSCA, JOHN S
901 Ncw York Avenue, NW _
Washington, DC 20001 [ arroner [ papernumper ]

1631

DATE MAILED: 12/26/2013

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more Hetailed information by accessing the Patent Application Information Retrieval
(PAIR) WERB site (http://pair.uspto.gov).

Any questions regarding the Patent Teérm Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Centur of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 02/11)



OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (i1) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a bencfit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 1).S. Patent and
Trademark Office, U.S. Departraent of Commerce, .O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alcxandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required (o
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) lurnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be abie to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or cxpiration of the patent.

The information provided by you in this form will be subject to the Tollowing routine uses:

1. The information on this form will he treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice 10 determine whether disclosure of these records is required
by the Freedom of Information Act.

2. Arccord from this system of records may be disclosed, as a routine use, in the course of presenting evidence
10 a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A rccord in this system of records may be disclosed, as a routine use, to 2 Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A rccord in this system of records may be disclosed, as a routine usc, 10 a contractor of the Ageney having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an Interational Application filed under the Patent Coopcration Treaty in this system of
records may be disclosed, as a routine use, 1o the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine usc, to another federal agency for purposcs
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Euergy Act (42 U.S.C.
218(c)). C

7. A rccord from this system of records may be discloscd, as a routine usc, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other refevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A rccord from this system 6f records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, :abjuct to the limitations of 37 CFR 1.14, as a routine use, (o the public if the
record was filed in an appiication which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patcnt.

9. A record from this system of records may he disclosed, as a routine use, 1o a Federal, State, or local law
enforcement agency, if the JSPTO becomes aware of a violation or potential violation of law or regulation.
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Notices of Allowan_ée and Fee(s) Due mailed between October 1, 2013 and
- December 31, 2013

o

(Addendum to PTOL-85)

If the “Notice of Allowance and Fee(s) Due” has a mailing date on or after October 1, 2013 and before
January 1, 2014, the following information is applicable to this application.

If the issue fee is being timely paid on or after January 1, 2014, the amount duc is the issue fee and
publication fee in effect January 1, 2014. On January 1, 2014, the issue fees set forth in 37 CFR 1.18
decrease significantly and the publication fee set forth in 37 CFR 1.18(d)(1) decreases to $0.

If an issue fee or publication fee has been previously paid in this application, applicant is not entitled to a
refund of the difference between the amount paid and the amount in eflect on January 1, 2014.

<X



Application No. Applicant(s)
: : 13/752,199 SHAK ET AL.
. e A i AlA (First Inventor to
Notice of Allowabiity fémns]ezaﬁusm fg‘;“" File) Status
: : ' ' No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicani. See 37 CFR 1.313 and MPEP 1308.

1. 'l;‘his commnication is responsive to the amendment received 07 October 2013,
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. An election was made by the applicant in response to a restriction requirement set forth during the interview on
requirement and election have been incorporated into this action.

, the restriction

—

3. The allowed claim(s) is/are 21-42. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating int’élleqtual property office for the corresponding application. For more information, please see
hitp:/fwww.uspto.qov/patents/init events/pphvindex.jsp or send an inquiry to PPHfeedhack@uspto.aov .

4. [ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[] Al b)[d Some *c) [ None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the pridrity documents have been received in Application No.
3. [ Copies of the certified co'rgies\of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)):
* Certified copies not received: _____

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] CORRECTED DRAWINGS (as “repla?:ement sheets”) must be submitted.

{J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date . Y

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheetl. Replacement sheel(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attackinent(s)

v

1. [0 Notice of Heferences Gited (PTO-892) 5. ] Examiner's Amendment/Comment
2. [ Information Disclosure Statements (PTO/SB/O8), - 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date See Continuation Sheet

3. [ Examiner's Comment Regarding Requirement for Deposit 7.0 Other .
of Biological Material :

4. [ interview Summary (PTO-413),
Paper No./Mail Date .

/JOHN S BRUSCA/
Primary Examiner, Art Unit 1631

U.S. Patent and Trademark Of'ﬁce .
PTOL-37 (Rev. 08-13) IR Notice of Allowability Part of Paper No./Mail Date 20131213




Continuation Sheet (PTOL-37) bl Application No. 13/752,199

Continuation of Attachment(s) 2. Information_!‘Disclosure Statements (PTO/SB/08), Paper No./Mail Date: 06/20/2013, 10/07/2013.
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Application/Control Number: 13/752,199 Page 2
Art Unit: 1631

The present application is being examined under the pre-AlA first to invent

provisions. |
EXAMINER'S AMENDMENT

1. ._ An examiner’s amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than
the payment of the issue fee.

Authorization for this examiner's amendment was given in a telephone interview
with Kelly McClellan on 11 December 2013.

The application has been amended as follows:

In claim 21, line 3, '\:hé term "determining" has been deleted and --measuring-- has

been substituted therefor.:

2. Any inquiry concer.ning this communication or earlier communications from the
examiner should be directed to JOHN S. BRUSCA whose telephone number is (571)272-
0714. The examiner can normally be reached on M-F 8:30 AM - 5:00 PM.

If attempts to reacl: the examiner by telephone are unsuccessful, the examiner’s
supervisor, Marjorie A. Moraﬁ can be reached on 571-272-0720. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 13/752,199 Page 3
Art Unit: 1631

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status information
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DEPARTAMENTO DE COMERCIO DI ESTADOS UNIDOS
Oficina de Patentes y Marcas Registradas de Estados Unidos
Direccion: COMISIONADO DE PATENTES
P.0), Box 1450
Box 1450, Alexandrin, Virginia 22313-1450 -
www.usplo.gov

NOTIFICACION DE APROBACION Y TARIFAS POR PAGAR

EVALUADOR

101365

7590
26712/2013
Finnegan/Genomic Health
901 New York Avenue, NW

BRUSCA, JOIIN §

UNIDAD DE ARTE DOCUMENTO
Washington, DC 20001 -
g NUMERO 1631
. . ' FECHA DE ENVIO 26/12/2013
SOLICITUD No. FECHA DE SOLICITUD,, NOMBRE DEL PRIMER INVENTOR Cédigo de ahogado No.: CONFIRMACION No.
131752,199 28/01/2013 N Steve Shak - (19042.0008-00000 1702

TULO DE LA INVENCION: Algoritmo paca Perfil de Expresion Genética y Prueba para Determinar el Pronéstico del Cancer de Préstata

TIPO SOLICITUD  ESTATUS ENTIDAD ~ EXPEDICION PUBLICACION PAGADA TOTAL VENCE
no provisional SIN DESCUENTO $1780 $300 S0 $2080 03/26/2014

LA SOLICITUD REFERENCIADA ARRIBA HA SIDO EVALUADA Y SE AUTORIZA SU EXPEDICION COMO PATENTE. EL
JUZGAMIENTO DE LOS MERITOS HA CONCLUIDO. ESTA NOTICIA DE APROBACION NO ES UNA CONCESION DE
DERECHOS DE PATENTE. ESTA SOLICITUD ESTA SUJETA A SER RETIRADA POR INICIATIVA DEL FUNCIONARIO O

PETICION DEL SOLICITANTE. VER 37 CFR1313Y MPLP 1308.

LAS TARIFAS DE EXPEDICION Y PUBLICACION (SI SE REQUIRIERAN) DEBEN PAGARSE EN LOS TRES MESES SIGUIENTES
A PARTIR DE LA FECHA EN EL MATASELLOS DE ESTA NOTIFICACION O ESTA SOLICITUD SE CONSIDERARA COMO
ABANDONADA. ESTE PERIODO ESTATUTARIO NO PUEDE SER EXTENDIDO. VER 35 U.S.C. 151. LA TARIFA DE
EXPEDICION INDICADA NO REFLEJA NINGUN CREDITO POR TARIFAS DE EXPEDICION PREVIAMENTE PAGADAS PARA
ESTA SOLICITUD. SI UNA TARIFA DE'EXPEDICION HUBIERA SIDO PREVIAMENTE PAGADA PARA ESTA SOLICITUD
(COMO SE MUESTRA A CONTINUACION), EL RETORNO DE LA PARTE B DE ESTE FORMULARIO SERA CONSIDERADO
COMO UNA SOLICITUD PARA QUE LA TARIFA DE EXPEDICION PREVIAMENTE PAGADA SEA APLICADA A LA TARIFA DE
EXPEDICION ACTUAL. ’

COMO RESPONDER A ESTA NOTIFICACION

- Revise el ESTATUS DE LA ENTIDAD que se muestra abajo. Si el ESTATUS DE LA ENTIDAD aparece como PEQUENO o MICRO,
verifique si el derecho a dicho estatus de entidad esta todavia vigentc.

Si el ESTATUS DE LA ENTIDAD es el mismo indicado arriba, pague el TOTAL DE LAS TARIFAS que se indica continuacion.

Si ¢l ESTATUS DE LA ENTIDAD ha cambiado con respecto al que se muestra arriba, en la PARTE B — TARIFA(S) DE TRANSMISION,
complete la seccién nimero 5 titulada "Cambio en el Estatus de la Entidad (con respecto al estatus indicado arriba)".

Para la finalidad de esta noticia, las tarifas para entidades pequefias son 1/2 de las tarifas sin descontar, y las tarifas de las entidades micro
son 1/2 de las tarifas para entidades pequeias.

1. La PARTE B - TARIFA(S) DE TRANSMISION, o su equivalente, debe ser diligenciada y devuelta a la Oficina de Patentes y Marcas
Registradas de Estados Unidos con su TARIFA DE EXPEDICION y su TARIFA DE PUBLICACION (si se requiere). Si usted esta
autorizando el pago de las tarifas desde su cuenta de ahorros, debe diligenciar la seccién "4b" o Parte B - Tarifas de transmision y debe enviar
una copia adicional del formulario. Si se presenta un equivalente de la Parte B, se debe hacer la expresa solicitud de reaplicar una tarifa

pagada con anterioridad y pueden ocurrir dentoras en el proceso debido a la dificultad de reconocer el documento como un cquivalente de la
Partc B.

IIl. Todas las comunicaciones referentes a esta solicitud deben dar el nimero de la solicitud. Por favor dirija todas las comunicaciones
previas a la expedicion a la parada del correo TARIFA DE EXPEDICION, a menos que sc le indique lo contrario.

PARA TENER EN CUENTA: Patentes de utilidad expedidas o solicitudes presentadas antes de diciembre 12 de 1980 pueden requerir el
pago de tarifas de mantenimiento. Es la responsabilidad del bencficiario de la patente garantizar el pago oportuno de las tarifas de
mantenimiento. :

Pagina 1/3
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' PARTE B - TARIFAS DE TRANSMISION

Diligencie y envie este formulario junto con las tarifas aplicables a: Correo  Parada del correo TARIFA DE

£XPEDICION Comisionado para

Patentes

P.O. Box 1450

Box 1450, Alexandria, Virginia 22313-1450

(571) -273-2885

INSTRUCCIONES: Este formulario debe usarse para transmitir la TARIFA DE EXPEDICION y la TARIFA DE PUBLICACION ?si se requiere).  Los bloques 1 al 5 debe
diligenciarse cuando sea apropiado. Toda la correspondencia adicional, incluyendo la Patente, érdenes de avance y notificacién y las tarifas de mantenimiento, debe ser enviada por

correo a la direccién de correspondencia indicada a meno; que se haga en ella alguna correccidn o se dé una instruccién diferente en el Bloque 1, mediante (a) las especificacién de
una nucva direccién de correspondencia; y/o (b) la indicagion de una "DIRECCION DE TARIFA" diferente para las notificaciones de tarifa dc mantenimiento.

Nota: Un certificado de envio por correo puede ser usado Gnicamente para envios
nacionales de las Tarifas de ‘Transmisién. Este certificado no puede usarse para
ningun otro

documento adjunto. Todos los documentos adicionales, tales como una cesién o
un plano técnico, deben tener su propio certificado de envio por correo o

o Fax:

DIRECCION DI CORRESPONDENCIA VIGENTE adjunta (Nota: Use cl.llluquc 1 parael
cambio de dircccién)

transmisién.
Certificado de envio por correo o transmisién
. 101365 2590 26/12/2013 ) Por la presente certifico que esta Tarifa de Transmisién estd sicndo
Finnegan/Genomic Health depositada en el Servicio Postal de Estados Unidos con importe pagado
& P ient i le pri | bre dirigid Y 1
. v suficiente para envio por correo de primera clase en un sobre dirigido a la
901 NCW York Avenue, NW ; parada de correo TARIFA DE EXPEDICION, cuya dircccién aparece arriba,
Washington, DC 20001 0 es un facsimil transmitido a la Oficina de Patenics y Marcas Registradas de
1 Estados Unidos (571) 273-2885, en la fecha indicada abajo.
N (Nombre del depositante)
{Firma)
(Vecha)
SOLICITUD No. FECTIA DE SOLICITUD” NOMBRE DL PRIMER INVENTOR Cédigo de abogado No.: CONFIRMACION No,
4 2 L
131752,199 28/01/2013 Steve Shak 09042,0008-00000 1702

TITULO DE LA INVENCION: Algoritmo para Perfil de fr’uxprcsién Genética y Prueba para Determinar el Pronéstico del Céncer de Préstata

TIPO SOLICITUD  ESTATUS ENTIDAD  EXPEDICION PUBLICACION PAGADA TOTAL VENCE
no provisional SIN DESCUENTO $1780 $300 $0 $2080 26/03/2014
EVALUADOR UNII)/\I) DIL CLASE-SUBCLASE
BRUSCA, JOHN S 1631 702-020000
1. Cambio de direccién de correspondencia o indicacién de 2. Para imprimir en la pagina de portada de la
"Direccién de Tarifa” (37 CFR 1.363). patente, enumere

Cambio de direccion de correspondencia (o formulario de cambio de . . ’ . -
direccita de comespondencia PT(?/SB/IZZ) adjunio. (1) Los "0".“’"?% de hasta 3 (Iihogdd_os 0 agentes de
Indicacién de "Tasifa de Dircccién” (o indicacién de "Tarifa de patentes registrados o, como alternativa,
direccion” formulario PTO/SB/47; Rev 03-02 0 mas reciente) adjunto. Se (2) El nombre dc una firma (que tenga como
requiere ef uso de un Nimero de Cliente. miembro un abogado o agente registrado) y los
. nombres de hasta 2 abopados o agentes de paientes

3.NOMBRE Y RESIDENCIA DEL CESIONARIO A IMPRIMIRSE EN LA PATENTE (use letra de molde o escriba a maquina)

FAVOR TENER EN CUENTA: A menos que el césionario sc identifique a continuacion, en la patente no aparcceran datos del cesionario. Si sc identifica un cesionario a
continuacién, el documento se ha presentado con el prepésito de ser registrado, como estd provisto en 7 CFR 3.11. El diligenciamiento de esta forma NO sustituye el

diligenciamiento de una cesién. 4
(A) NOMBRE DEL CESIONARIO® (B) RESIDENCIA: (CIUDAD y ESTADO O PAIS)
or favor marque la categoria o categorias dc cesionario adecuadas (no se imprimiran en la patente): __ Individuo __ Corporacion u otro grupo privado __ Gobierno
a. Las siguientes tarifas estan pagas: ’
Tarifa de expedicion ' 4b. Pago de las tarifas: (Por favor aplique primero cualquier tarifa de expedicion pagada
- previamente)

__ Tarifa de publicacion (No se permite e} descuento para

entidades pequefias) __ Se adjunta un cheque
__Pago con tarjeta de crédito. Se adjunta el formulario PT0-2038

_ Pre orden - # de copias —Por lapresente sc autoriza al Director a debitar s tarifis requericks o cunliqier faltare, 0 a acrediter cuakquier pago en

: exceso, en fa cuenta de ahorros {adjunte una copia extra de cste formukrio).
5. Cambio en el estatus de [a entidad (con respecto al estatus

indicado arriba) .

Certificacion de cstatus de entidad Micro por parte. del NQTA: En ausencia de una certificacion valida de Estatus de entidad micro (ver los
- porp formularios PTO/SB/15A y 15B), el pago de la tarifa de expedicion por la cantidad para
solicitante Ver 37 CI'R 1.29. entidades micro no sera aceptado a riesgo de abandonar la solicitud.

51 solicita - nti NOTA. Si la solicitud fue hecha previamente bajo el estatus de entidad micro, marcar esta caja

E—FII:{I _‘;0,_3'7C“"me declara estatus de entidad pequenia Ver 37 sera tomado como una notiﬁcaci(& de pérdida del derecho a estatus de entidad micro.

‘ L

NOTA.: Marcar esta caja se tomard como una notificacién de pérdida del derecho a estatus de

__ Elsolicitante cambia a estatus de tarifa normal sin entidad pequefa o micro, segiin sea aplicable.
descuento.

NOTA: Estc formulario debe.gstar firmado de acuerdo ¢on 37 CFR 1.31 vy 1.33, Ver 37 CIFR 1.4 para los requerimicntos y certificaciones de firma,

Firma autorizada Fecha
Nombre impreso o N Registro No.
mecanografiado
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OFICINA DE PATENTES Y MARCAS REGISTRADAS DE ESTADQS UNIDOS

% DEPARTAMENTO DE COMIERCIO DI ESTADOS UNIDOS
Oficina de Patentes y Marcas Registradas de Estados Unidos
Dircecion; COMISIONADO DI PATENTES
1.0, Box 1450
Box 1450, Alexandria, Virginin 22313-1450 -
WWW.USPTO.GOV

SOLICITUD No. FECHA DI SOLICITUD NOMBRI: DEL PRIMER INVENTOR CODIGO DE ABOGADO NO.:  CONFIRMACION No,

1

131752,199 28/01/2013 ' Steve Shak 09042,0008-00000 1702

EVALUADOR

101365 7590 26/12/2013 BRUSCA, JOIIN §

Finnegan/Genomic Health 901 New —
York Avenue, NW Washington, UNIDAD DI ARTI DOCUMENTO
DC 20001

NUMIRO 1631

FECHA DE ENVIO 26/12/2013

Determinacién de ajuste de término de patente bajo el U.S.C 154 (b)
. (solicitud prescntada antes de o el 29 de mayo de 2000)

El ajuste de término en la patente a la fesha es de 0 dias. Si la tarifa de expedicion se paga tres meses después de la fecha del
matasellos de esta notificacién y la patente se expide el martes antes de transcurridas las 28 semanas (seis meses y medio)
después de la fecha de envio de esta notificacion el ajuste de término de la patente sera de 0 dias.

Si se presenté una Solicitud de Juzgamiento Continuado (CPA, por sus siglas en inglés) con la solicitud arriba identificada, la
fecha de presentacion que determina el ajuste del término de la patente es la fecha de presentacion del CPA mas reciente.

El solicitante puede obtener informacion més detallada si accede al sitio web sistema de Informacién de solicitudes de
patente (PAIR, por sus siglas en inglés) http://pair.uspto.gov

Cualquier pregunta referente a Extension del término de patente debe enviarse directamente a la Oficina de
Administracion Legal de Patentes en ei tel. (571)-272-7702. Las preguntas relacionadas con los pagos de las tarifas de

expedicion y publicacion deben dirigirse al Centro de Servicio al Cliente de Ja Oficina de Publicacion de Patentes en los
tel. 1-(888)-786-0101 o (571)-272-4200.

Pagina 2/3
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Aprobacioén de la Oficina de Administracion y Presupuesto (OMB) y Declaracién de carga probatoria bajo la
Ley de reduccion de papeleo para PTOL-85 Part B

La Ley de reduccion de papeleo (PRA) de 1995 requicre que las agencias federales obtengan la aprobacion de la Oficina de
Administracién y Presupuesto (OMB) previo a hacer casi cualquier requerimiento de informacion a la ciudadania. Cuando la
OMB apruceba la solicitud de una agencia para recolectar informacion de la ciudadania, la OMB (i) otorga un numero OMB de
control y la fecha de expiracion del documento usado para recolectar la informacion y (ii) requiere que la agencia informe a la
ciudadania acerca de la importancia legal del niimero de control OMB, de acuerdo con 5 CFR 1320.5(b).

La informacién recolectada en PTOL -85 Part B se requiere para 37 CFR 1.311. La informacion se requiere para obtener o retencr
un beneficio para el publico que vaya a presentar (y para el proceso de la Oficina de Patentes de Estados Unidos) una solicitud.
La confidencialidad esta regida por 35 U.S.C. 122 y 37 CFR 1.14. Sc estima que csta recoleccion de informacion requiere de 2
horas para ct diligenciamicnto, preparacion y envio del formulario de solicitud completo a la Oficina de Patentes de Estados
Unidos El tiempo variara dependienco de cada caso individual. Cualquier comentario con respecto al tiempo requerido por usted
para licnar este formulario y/o sugerencias para reducir esta exigencia debe enviarse al Director de Informacion, Oficina de
Patentes y Marcas Registradas de los Estados Unidos, Departamento de Comercio de Estados Unidos, P.O Box 1450,
ALEXANDRIA, Virginia 22313-1450. NO ENVIE PAGOS DE TARIFAS NI FORMULARIOS DILIGENCIADOS A ESTA
DIRECCION. ENVIELOS A: Comisionado de Patentes, P.O Box

1450, ALEXANDRIA, Virginia 22313-1450. Bajo l1a Ley de reduccion de papeleo de 1995, ninguna persona esta obligada a
responder a una solicitud de informacién a menos que esta exhiba un namero OMB de control valido.

3
Declaracion bajo la Ley de privacidad

La Ley de privacidad de 1974 (P.L.r 93-579) requiere que usted proporciones cierta informacion adicional a la forma adjunta
relacionada con la solicitud de patente o patente. De acuerdo con lo anterior, en cumplimiento de las disposiciones de la Ley, por
favor tenga en cuenta que: (1) la regulacion que rige la recoleccion de esta informacion es 35 U.S.C. 2(b)(2); (2) proporcionar la
informacién es voluntario; y (3) la finalidad principal para la que se usa la informacion en la Oficina de Patentes y Marcas

- Registradas de Fstados Unidos es procesar y/o examinar su solicitud relacionada con una solicitud de patente o patente. Si usted
no proporciona la informacion solicitada, es posible que Ia Oficina de Patentes y Marcas Registradas de Estados Unidos no pueda
procesar y/o examinar su solicitud, lo que puede causar la terminacion de los tramites, ¢l abandono de la solicitud o el
vencimiento de la patente.,

La informacién que usted proporcions en este formulario estara sujeta a los siguientes usos de rutina;

1. La informacion en este formulario sera tratada confidencialmente hasta donde lo permitan la Ley de libertad de
informacion (5 U.S.C. 552) y la Ley de privacidad (5 U.S.C 552a). Los registros en este sistema pueden ser divulgados al
Departamento de Justicia para determinar si la divulgacion de estos registros se requiere bajo la Ley de libertad de
informacion.

2. Un registro de este sistema puede divulgarse en el proceso de presentar evidencia a una corte, magistrado o tribunal
administrativo, incluyendo la divulgacion al abogado de la parte contraria en el transcurso de negociaciones de
conciliacion,

3. Un registro de eslc sistema puede divulgarse, como un uso .rutinario, a un micmbro del Congreso que haga un
requerimiento en telacion con un individuo que aparezca en el registro, cuando el individuo haya solicitado ayuda del
miembro con respecto al asunto del registro. )

4. Un registro de cste sistema puede divulgarse, como un uso rutinario, a un contratista de la agencia que necesite la
informacién con ¢l fin de ejcutar un contrato. Quienes reciban la informacién estaran obligados a cumplir con Jos
requisitos de la Ley de privacidad de 1974, como se enmendé, en cumplimiento de 5 U.S.C. 552a(m).

5. Un registro cn este sistema ea relacién con una Solicitud internacional presentada bajo ¢l Tratado de Cooperacion en
materia de Patentes puede. divulgarse, como un uso rutinario, al Comité Internacional de la Organizacion Mundial de
Propiedad Intelectual, en cumplimiento del Tratado de Cooperacion en materia de Patentes.

6. Un registro de este sistema puede divulgarse, como un uso rutinario, a otra agencia federal con la finalidad de revision de
seguridad nacional (35 U.S.C. 181) para revision en cumplimiento de la Ley de energia atomica (42 U.S.C. 218(c)).

7. Un registro de este sistema puede divulgarse, como un uso rutinario, al administrador, Servicios Generales, 0 su designado,
durantc una inspeccion de registros llevada a cabo por la Administracién de Servicios Generales (GSA) como parte de las
responsabilidades de la agencia para recomendar mejoras en el manejo, practicas y programas de registro, por la autoridad
que le confieren 4 U.S.C. 2904 y 2906. Tal divulgacién debera hacerse de acuerdo con las regulaciones de la GSA
pertinentes a la inspeccion de registros con este propésito, y de cualquier otra regulacion relevante (¢j. del Departamento
de Comercio o GSA). Tal diviigacion no sera utilizada para tomar determinaciones con respecto a individuos.

8. Unregistro de cste sistema pucile civulgarse, como un uso rutinario, a la ciudadania después de
la publicacion de la solicitud en cumplimiento con 35 U.S.C. 122(b) o 1a expedicién de una patente en cumplimiento de 35
U.S.C. I51. Adicionalmente, un registro de este sistema puede divulgarse, con sujecion a 37 CFR 1.14, como un uso
rutinario, a la ciudadania si el registro fue incluido en una solicitud que se abandond o cuyo tramité se finalizd y dicha
solicitud cs referenciada en cualquiera, una solicitud publicada o una solicitud abierta a inspeccién publica o una patente
expedida. ’

9. Un registro de cste sistema puéde divulgarse a un ente acusador federal, estatal o local, si la Oficina de Patentes y Marcas
Registradas de Estados Unidos se entera de una violacion o una violacién potencial de la ley o las regulaciones.



Notificacion de aprobacion y tarifas por pagar enviada por correo éntre
Octubre 1 de 2013 y Diciembre 31 de 2013

i

(Anexo a PTOL-85)

Si la fecha de envio por correo de la Noticia de éprobacién y tarifas por pagar es octubre 1 de 2013 o posterior,
y es antes de enero 1 de 2014, la siguiente informacién se aplica a esta solicitud.

Si la‘tarifa de expedicion se paga oportunamente en enero 1 de 2014 o después, la cantidad a pagar es la
tarifa de expedicion y la tarifa de publicacion vigentes en enero 1 de 2014. En enero 1 de 2014, las tarifas
de expedicion establecidas en 37 CFR 1.18 disminuyen significativamente y la tarifa de publicacion
establecida en 37 CFR 1.18(d)(1) disminuye a $0.

Si una tarifa de expedicion o publicacién ha sido pagada con anterioridad para esta solicitud, el solicitante
no recibird un reembolso de la diferencia entre la cantidad pagada y la cantidad en efecto en enero 1 de
2014. ‘

4
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Solicitud No. Solicitantes
13/752,199 SHAK ET
. .ge ., . i Estatus AIA (Primer
Notificacién de aptitu ra la Evaluador Unidad ;
otificaci de aptitud pa JOHN S. BRUSCA de Arte b
, aprobacion 1631 presentarse

-- La FECHA DE ENVIO de esta comunicacién aparece en la hoja de portada con la direccién correspondiente.
Siendo todas las reivindicaciones aprobables, EL JUZGAMIENTO DE LOS MERITOS ESTA (O PERMANECE} CERRADO para esta solicitud. Sino se incluye
con la presente (o se ha enviado previamente), una Noticia de Aprobacién (PTOL-85) u otra comunicacion adecuada se enviara por correo
oportunamente. ESTA NOTICIA DE APROBACION NO ES UNA CONCESION DE DERECHOS DE PATENTE. ESTA SOLICITUD ESTA SUJETA A SER
RETIRADA POR INICIATIVA DEL FUNCIONARIOLO PETICION DEL SOLICITANTE. Ver 37 CFR 1.313 y MPEP 1308.

1. X Esta comunicacién responde a /as modificaciones recibidas el 7 de octubre de 2013.

— Una declaracién/declaracién extrajuicio bajo 37 CFR 1.130(b) fue presentada el
2. __Elsolicitante eligi6 en respuesta a un requerimiento de restriccion establecido durante la entrevista el ; el

requerimiento de restriccion y la escogencia han sido incorporados en esta decisién.

3. X Las reivindicaciones permitidas son 21-42. CGomo resultado de las reivindicaciones permitidas, usted puede ser elegible para beneficiarse

del programa Procedimiento Acelerado Je Juzgamiento de Patentes en una oficina de propiedad intelectual participante con la
correspondiente solicitud. Para mas infcrmacién, por favor ver

1t:Q://v1ir Nw.us2to.gov/gatents/init_eents/Qeh/indexis.Q o envie sus preguntas aPPHfeedback@uS{Qto.aov .

4. __ Se admite una reivindicacion para prioridad en el extranjero bajo 35 U.S.C. § 119(a)-(d) o (f).
Copias autenticadas:

a) __Todas b) Algunas *c) __Ninguna de las: _
1. __ Copias autenticadas de los documentos de prioridad han sido recibidas.

2. __Copias autenticadas de los documentos de prioridad han sido recibidas en la Solicitud No.
3. __Se han recibido copias de las copias autenticadas de los documentos de prioridad en esta solicitud en fase nacional enviadas
por el Comité Internacionai (PCT Rule 17.2(a)).

* No se han recibido copias autenticadas:
El solicitante dispone de TRES MESES A PARTIR DE LA FECHA DE ENVIO de esta notificacion para presentar una respuesta que cumpla
con los requisitos mencionados abajo. €l no-cumplir oportunamente con este requisito resultard en el ABANDONO de esta solicitud.
ESTE PERIODO DE TRES MESES NO ES PRORROGABLE.
5. __ Deben enviarse ILUSTRACIONES CORREGIDAS {en la forma de "hojas de remplazo").

— Incluir cambios requeridos en el Coméntario o Modificacién del Evaluador o en la Decisidn de la Oficina del
Documento No./Fecha de envio

1
Elementos para la identificacidn, tales como el nimero de solicitud (ver 37 CFR 1.84(c)) deben escribirse en el frente de los

dibujos (no en el respaldo) en cada hoja..Las hojas de reemplazo deben titularse de este modo en el encabezado de acuerdo
con 37 CFR 1.121(d). '

6. __ Debe enviarse el DEPOSITO DE y/o INFORMACION aéerca del depésito de MATERIAL BIOLOGICO. Note el comentario
adjunto del examinador con respecto al REQUERIMIENTO PARA EL DEPGSITO DE MATERIAL BIOLOGICO.

Adendas '
1. __ Notificacién de referencias citadas (PT0-892)
2. X Declaraciones de divulgacion de informacion (PTO/SB/08),
la aprobacién Documento No./Fecha de énvio Ver Hoja de continuacion

3. __ Comentario del examinador con respecto al requerimiento de depdsito 7 __Otro
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La presente solicitud se examina bajo las provisiones anteriores a la Ley América
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MODIFICACIONES DEL EXAMINADOR
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organizacién donde se asigno esta solicitud o tramite es 571-273-8300.
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-continued

«=210> SEQ ID NO 240

<211l> LENGTH: 48

<212» TYPE: DNA

<213> ORGRNISM: Arctificial Sequence
«220> FEATURE:

=223> OTHER INFORMATION: Syntheoized DNR

<400> SEQUENCE: 340
gataccacaa ctcoccateaa gotgttggua g.tggcagcca cggegecteor bgatgegect &0

aacaggga 62

«210> EEQ ID HO 341

<211> LENGTH: 19

<212> TYPE: DHA

=213> ORGANISM: Artificial Sequence
220> FEATURE: .

<223> OTHER INFORMATION: Synthaoized DHA

<400> SEQUENCE: 341

cattaaccea ctogcchga : 19

=210> SEQ ID NO 342

<211> LENGTH: 20

=212> TYPE: DNA

=213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthesized DNA

<100> SEQUENCE: 342

ccoodaccat catgaatact 20

<210> SEQ ID ND 343

«211> LEHGTH: 23

<212> TYPE: DNA

<213> ORGANISEM: Artificilal Seguence
«220> FEATURE:

<223> OTHER INFORMATION: Synthesized DHA

<400> SEQUENCE: 3423

caggtcoccca agtgtgeaag cte 23

<210> SEQ ID NO 344

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Seqience
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized DHA

<400> SEQUENCE: 344 L

cattaaceca ctococtgac ctcacgetgy ggoaggteoce caagtgtgea agctoagtat 60
tcatgatggt ggggg 75
: 58 -
What is clvimed is: 05=0,735xECM (Stromal Response) proup score
1. A method of predicting a likeliFood of aclinical outcome
Tor a patient with prostale cuncer, Tprising: {1368« Migration (Cellular Organization) group
(a) measuring levels of RNA transeripts of the following BEOIC
genes: BGN, COLIAI, SFRI, FLNC, GSN, TPM2,
GSTM2, FAMI3C, KLK2, AZGPI, SRDSA2, and -0.352«PSA (Androgen) gronp score
TPX2, in a biological sample containing cancer cells
obtained from the paticnt; +0.095=Proliferation (72X2) score,
(b nm'ma_]i?.mg the level nij the RNA transcripts to obtain T,
normalized gene expression levels; 65

{c) caleulating a quantitative score for the patieat, wherein ECM (Stromal Response) group score-0.527xBGN+
the quantitative score (QS) is calculated as follows: 0457 COL1AN+0.1 S6xSFRP4
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Migration (Cellular Organization) grop
seore=0. 163 FENCHL S04 FENL 042 1= TPA 2+
0.3904x GSTAR

PSA (Androgen) group score-0.634x7H4A 1 3C+
LOT KL R 24064 2 d ZGP 140,997 SR I542
Threshakl score

Prolifemtion (FPV2) seore=TPY? Threshold score,

wherein

5.5 i SKRDIAZ <55
SRDSA2 Threshald Score = ; and
SRISAZ utherwise

500 6 TPX2 <50
TPX Threshold Seore =4 . and
TPX2 otherwise,

wherein the gene symbols in the equations represent the
normalized gene expression levels of the RNA tran-
scripts of the respective genes; and

{d) predicting the likelihood ol a elinical outcome for the

palicnt based on the quantitative score,

2, The method of claim I, whereii the normalized expres-
sion levels of BGN, COLIA1L, SFRP4, FLNC, GSN, 'TPM2,
GSTM2, FAMI3C, KLK2, AZGDP 1, SRD5A2, and TIPX2 are
normalized relative to the expression levels of ARIT1, ATISLL,
CLIC, GPS1, and PGK]1.

3. The method of claim 1, wherein an increase in the
quantitative score carrelates with an increased likelihood of a
negalive clinical oulcome,

4. The method ol elaim 1, wherein the elinical oulcome is
upgrading of prostate cancer.

5. The method of claim 1, wherein the clinical outcome is
upstaging af prostate cancer.

fi. The method of claim 1, wherein the ¢linical oulcome is
recurrence of prostate cancer.

7. The method of claim 1, wherein the clinical outeome is
non-organ-conlined disease.

8. The method ol claim 1, where'n the clinical outcome is
adverse pathology. 4

9. The method of ¢laim 1, wherein determination of the
level ol the RNA transeripts includes quantitative polymerase
chain reaction.

20
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10."The method of ¢laim 1. further comprising creating a
reporl summarizing the likelihood of a clinical outcome.

11. The method of claim 1, wherein the biological sample
containing cancer cells is fixed, paraflin-embedded. or fresh,
or frozen,

12. The method of claim 1, further comprising scaling the
quantilative score as follows:

Quantitative Score (scaled)

0 if 134%(Q85+10.5)< D
1I34{05+ 10.5) if 0 = 1340050 10,5 < 100
100 i 13A R85 + 1051 > 100,

13. The method of claim 12, wherein the normalized
expression levels of BGN, COLIAL, SFRP4, FLNC, (iSN,
TPM2, GETM2, FAMIAC, KLK2, AZGDP1, SRDSA2, and

TPX2 are normalized relative to the expression levels of

ARF1, ATPSE. CLTC, GPSI1, and PGK 1.

14. The method of claim 12, wherein an increase in the
quantitative score correlates with an increased likelihood ol a
negative clinical outcome.

15.The method ol ¢laim 12, wherein the clinical outcome
is upgrading of prostate cancer.

16, The method of claim 12, wherein the clinical outcome
is upstaging of prostate cancer.

17. The method of claim 12, wherein the clinical oulcome
is recurrence of prosiate cancer.

18. The method of claim 12, wherein the clinical outcome
15 non-organ-confined disease.

19. The method of claim 12, wherein the elinical outcome
is adverse pathology.

20, The method ol elaim 12, wherein determination ol the
level of the RNA transeripts includes quantitative polymerase
chain reaction.

21. The method of claim 12, further comprising creating a
reporl summarizing the likelihoad of a elinical outcome,

22.The method of claim 12, wherein the biological sample
conlaining cancer cells is fixed, parallin-embedded, or fresh,
or [rozen.
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REIVINDICACIONES OTORGADAS EN ESTADOS UNIDOS

1. A method of predicting a likelihood of a clinical outcome for a patient with
prostate cancer, comprising:

(a) measuring levels of RNA transcripts of the following genes: BGN, COL1AT1,
SFRP4, FLNC, GSN, TPM2, GSTM2, FAM13C, KLK2, AZGP1, SRD5A2, and TPX2, in
a biological sample containing cancer cells obtained from the patient;

(b) normalizing the Ievel of the RNA transcripts to obtain normalized gene
expression levels;

(c) calculating a quantitative score for the patient, wherein the quantitative score
(QS) is calculated as follows:

QS = 0.735 x ECM (Stromal Response) group score

-0.368 x Migration (Cellular Organization) group score

-0.352 x PSA (Androgen) group score

+0.095 x Proliferation (TPX2) score,
wherein

ECM (Stromal Response) group score = 0.527 x BGN + 0.457 x COL1A1
+ 0.156 x SFRP4

Migration (Ceall‘ular Organization) group score= 0.163 x FLNC + 0.504 x
GSN + 0.421 x TPM2 + 0.394 x GSTM2

PSA (Androgen) group score = 0.634 x FAM13C + 1.079 x KLK2 + 0.642
X AZGP1 + 0.997 x SRD5A2 Threshold score

Proliferation {TPX2) score = TPX2 Threshold score,
wherein

1 =
SRD5A2 Threshold Score = { SESSAz cl)f; Ez&ﬁj <55 o5

TPX Threshuld Score = {ST-SXZ ffT(‘)’t’ffmfjvi'g, and

wherein the gene symbols in the equations represent the normalized gene
expression levels of the RNA transcripts of the respective genes; and

(d) predicting the likelihood of a clinical outcome for the patient based on the
quantitative score.

2. The method of claim 1, wherein the normalized expression levels of BGN,
COL1A1, SFRP4, FLNC, GSN, TPM2, GSTM2, FAM13C, KLK2, AZGP1, SRD5A2, and
TPX2 are normalized relative to the expression levels of ARF1, ATP5E, CLTC, GPSH,

and PGK1.




S The method of claim 1, wherein an increase in the quantitative score correlates

with an increased likelihood of a negative clinical outcome.

4. The method of claiin 1, wherein the clinical outcome is upgrading of prostate
cancer.

5, The method of claim 1, wherein the clinical outcome is upstaging of prostate
cancer.

6. The method of claim 1, wherein the clinical outcome is recurrence of prostate
cancer.

i The method of claim 1, wherein the clinical outcome is non-organ-confined
disease.

8. The method of claim 1, wherein the clinical outcome is adverse pathology.

9. The method of claim 1, wherein determination of the level of the RNA transcripts

includes quantitative polymerase chain reaction.

10.  The method of claim 1, further comprising creating a report summarizing the

likelihood of a clinical outcome.

11. The method of claim 1, wherein the biological sample containing cancer cells is

fixed, paraffin-embedded, or fresh, or frozen.

12. The method of claim 1, further comprising scaling the quantitative score as

follows:
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¥
o 0 if13.4 x (QS+10.5) < 0
Quantitative Score (scaled)—— 13.4 x (Q5+10.5)  f0<13.4 x (QS+10.5) <
100 if 13.4 x (QS+10.5) > 100.

13. The method of claim 12, wherein the normalized expression levels of BGN,
COL1A1, SFRP4, FLNC, GSN, TPM2, GSTM2, FAM13C, KLK2, AZGP1, SRD5A2, and
TPX2 are normalized relative to the expression levels of ARF1, ATP5E, CLTC, GPSH,

and PGK1.

14, The method of claim 12, wherein an increase in the quantitative score correlates

with ar increased likelihood of a negative clinical outcome.

15.  The method of claim 12, wherein the clinical outcome is upgrading of prostate

cancer.

16.  The method of claim 12, wherein the clinical outcome is upstaging of prostate

cancer.

17. The method of claim 12, wherein the clinical outcome is recurrence of prostate

cancer.

18.  The method of claim 12, wherein the clinical outcome is non-organ-confined

disease.

19. The method of claim 12, wherein the clinical outcome is adverse pathology.

20. The method of claim 12, wherein determination of the level of the RNA

transcripts includes quantitative polymerase chain reaction.
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21 The method of claifn 12, further comprising creating a report summarizing the

likelihood of a clinical outcome.

22.  The method of claim 12, wherein the biological sample containing cancer cells is

fixed, paraffin-embedded, or fresh, or frozen.
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REIVINDICACIONES APROBADAS EN ESTADOS UNIDOS — GHI-052US (13/752,199)

1. Un método para predecir una probabilidad de un resultado clinico para un paciente

con cancer de prostata que comprende:

(a) la medicidn de los niveles de secuencias de ARN transcritas de los siguientes
genes: BGN, COL1A1, SIFRP4, FLNC, GSN, TPM2, GSTM2, FAM13C, KLK2, AZGP1,
SRD5A2 y TPX2, en una muestra bioldégica que contiene células cancerosas obtenidas del
paciente;

(b) la normalizacién del nivel de secuencias de ARN transcritas para obtener
niveles normalizados de éxpresién de genes;

(c) el calculo de ur: puntaje cuantitativo para el paciente, puntaje cuantitativo (QS)
que se calcula asi:

QS = 0.735 x Puntaje del grupo ECM (Respuesta estromal)

-0.368 x Puntaje del grupo migracion (Organizacion celular)

-0.352 x Puntaje del grupo PSA (Andrégeno)

+0,095 x Puntaje de proliferacion (TPX2),
en donde

Puntaje del grupo ECM (Respuesta estromal) = 0,527 x BGN + 0.457 x
COL1A1 +0.156 x SFRP4

Puntaje del grupo migracion (Organizacion celular) = 0.163 x FLNC + 0.504 x
GSN + 0.421 x TPM2 + 0.394 x GSTM2

Puntaje del grupo PSA (Andrégeno) = 0.634 x FAM13C + 1.079 x KLK2 +
0.642 x AZGP1 + (.997 x Puntaje de umbral SRD5A2

Puntaje de proliferacion (TPX2) = Puntaje de umbral TPX2,
en donde |

_Puntaje de lljmbral SRD5BA2 = { SRS?AZ des Liiﬁiﬁi; 0 y

Puntaje de umbral TPX = { >0~ SITPX2 <50

en donde los simbolos de genes en las ecuaciones representan os niveles de
expresion genetica normalizados de secuencias de ARN transcritas de los respectivos
genes; y
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(d) la prediccion de-la probabilidad de un resultado clinico para el paciente basado
en el puntaje cuantitativo. .

2, El método de la reivindicacion 1, en donde los niveles de expresion normalizados
de BGN, COL1A1, SFRP4, FLNC, GSN, TPM2, GSTM2, FAM13C, KLK2, AZGP1,
SRD5A2 y TPX2 se normalizan con respecto a los niveles de expresion de ARF1, ATPSE,

CLTC, GPS1 y PGK1.

3L El método de la reivindicacion 1, en donde un incremento en el puntaje cuantitativa

se correlaciona con un incremento en la probabilidad de un resultado clinico negativo.

4, 'El método de la reivindicacién 1, en donde el resultado clinico es un acenso del

cancer de prostata,

5. El metodo de la reivindicacion 1, en donde el resultado clinico es un descenso del

cancer de prostata,

6. El método de la reivindicacién 1, en donde el resultado clinico es la recurrencia del

cancer de préstata,

7. El metodo de la reivindicacidn 1, en donde el resultado clinico es la enfermedad no

confinada al drgano.

8. El método de la reivindicacion 1, en donde el resultado clinico es una patologia
adversa.
9. El método de la reivindicacion 1, en donde la determinacién del nivel de

secuencias de ARN transcritas incluye una reaccién en cadena de la polimerasa

cuantitativa.




10. El método de la reivindicacion 1, que ademas comprende la creacion de un reporte j

-
J

que resume la probabilidad de un resultado clinico.

11. El método de la reivindicacidn 1, en donde la muestra biolégica que contiene

células cancerosas se fija, se embebe en parafina, o es fresca o0 congelada.

12. Elmétodo de la reivindicacion 1, que ademas comprende la siguiente escala de

puntajes cuantitativos:

0 if 13.4 x (QS+10.5) < 0
Puntaje cuantitativo (escala 13.4 x (QS+10.5) if0<13.4 x (QS+10.5) <
100 if 13.4 x (QS+10.5) > 100.
13.  El método de la reivindicacién 12, en donde los niveles de expresion normalizados

de BGN, COL1A1, SFRP4, FLNC, GSN, TPM2, GSTM2, FAM13C, KLK2, AZGP1,

SRD5A2 y TPX2 se normalizan con respecto a los niveles de expresion de ARF1, ATP5E,

CLTC, GPS1y PGK1.

14. El método de la reivindicacién 12, en donde un incremento en el puntaje

cuantitativo se correlaciona con un incremento en la probabilidad de un resultado clinico

negativo.

15, El método de la reivindicacién 12, en donde el resultado clinico es un acenso del

cancer de préstata,

16. El método de la reivindicacion 12, en donde el resultado clinico es un descenso del

cancer de préstata,

17 El metodo de la reivindicacion 12, en donde el resultado clinico es la recurrencia

del cancer de prostata,




18. El método de la reivindicacion 12, en donde el resultado clinico es la enfermedad j

no confinada al 6rgano.

19. El método de la reivindicacién 12, en donde el resultado clinico es una patologia

adversa.

20. El método de la reivindicacion 12, en donde la determinacién del nivel del nivel de

secuencias de ARN transcritas incluye una reaccion en cadena de la polimerasa

cuantitativa.

21. Elmétodo de la reivindicacion 12, que ademas comprende la creacién de un

reporte que resume la probabilidad de un resultado clinico.

22. El método de la reivindicacion 12, en donde la muestra bioldgica que contiene

celulas cancerosas se fija, se embebe en parafina, o es fresca o congelada.
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Iniciales Na ) i Fecha de Nembre del patentador lineas, donde aparecen ™
del 1 Cédfgo pals ,'N“[“e“" i publicacién o salicitante del documenio pasajes o figuras
Saliid Cédigo clase® (si se connt._:%} MM-DDYYYY citado TelovAnios
D0CUMENTOS NO RELACIONADOS CON PATENTES
Incluya el nombre del autor (en MAYUSCULAS), tilulo del articulo {cuando sea aproplada), titulo de la .
Iniclales Cita publicacion (libro, magazin, revista, periddico, simposio, catélogo, elc.), fecha, paginas, nimero del valumen, T
dol MNo.1 laditor, cludad yio pais en el que se publice.
avaluador )
/JsB/ Solicitud TCP st. PCT/US13/023409 PCT Reporte de busqueda y Opinién escrita fechada
el 7 de junio de 2013 (12 paginas).
NSB/ TAIOLI etal., "Multi-Institutional Prostate Cancer Study of Genetic Susceptibility in
Populations of African Descent,” Carcinogenesis 32: 1361-1365 (2011),
|
Firma dol John S. Brusca 12/10/2013 Fecha considerade
oxaminador ‘

*EVALUADOR: Escriba sus inlciales si Ia referencia iue considerada, sin importar si la citacian cumple con MPEP 609. Cruce la cltacién con una linea si no
cumple ¥ no se ha considerado, Incluya una copia de este formulario con al slguiente comunicado para ¢l solicitante. 1NGmera dnice da dosignacion de la
sollcilud del solicitante (opclonal). 2Ver cédigos do clases de la Qficina de Patentos y Marcas Registradas de Estados Unidos en vaww,uspto.gov o MPEP
3lIngresa la oficina que emilié el documenle, mediants al codigo de dos letras (Estandar 3 de OMP) 4Para documentos de patento japoneses, 1a indicacion del
afio de reinado del Emperador debe anteceder el namero de serie del documento da patenta. 5Tipo do documentos segun los simbolos apropiados, de ser
posibla tal como sa indican en el documento Esténdar 16 de OMPL. 6EI solicitante debe marcar aqui si se adjunta traduqcién an inglés.

Esla recoleccién da Informacisn es requerida por 37 CFR 1.97 y 1.98. La informacicn se requiere para obtener o retener un beneficio para el piblico que vaya a
presentar (y para el proceso de la Oficina de Patentes de Estados Unidos) una solicitud. La confidencialidad esta regida por 35 U.8.C. 122y 37 CFR 1.14. Se
estima que esta recoleccién de informacisn requiere de 2 horas para el dillgenciamianto, preparacién y anvio del formulario de solicitud completo a la Qficina de
Patentes de Estados Unidos El tiempo variara dependiendo de cada caso individual. Cualquier comentario con respecto al tlempo requerido por usled para llenar
este formulario y/o superencias para reducir esta ex qencia debe enviarse al Director do Informacisn, Oficina de Patentes y Marcas Registradas de los Eslados
Unidos, Departamento da Comercio da Estados Uni Jos, F.0 1450, ALEXANDRIA, Virginia 22313-1450, NO ENVIE PAGOS DE TARIFAS M| FORMULARIOS
DILIGENCIADOS A ESTA DIRECCISN. ENVIAR A: Comisionado de Patentes, P.O 1450, ALEXANDRIA, Virginla 22313-1450,

S3i necesita,ayuda pore diligenciar este formulario Name af 1-800-PT0-9199 v escojo la opcidn 2.

sl



q@

Fecha de recibo:
10/07 /2013 Basado en el formularlo PTO/SB/08a;
: 5B/08b
: t : Oficina de Patentes y Marcas Registradas de Estados Unidos.
5 DEPARTAMENTO DE COMERCIO
Bajo la Lay de reduccicn de papolec de 395, ninguna persona osta obligada a responder a una solicitud de informacién a menas que esta exhiba un namero OMB
de control vilido.

. | s Completar sl se conoce
ustituye of fonmular 40P
Susta o1 Numero de solicitud 13/752,199
DECLARACION DE Fecha de solicitud Enero 28 de 2013
DIVULGACION DE \_ Nembre del primer Steve SHAK
INFORMACION POR EL E -
SOLICITANTE ‘ Unidad de arte 1634
¢ " | Nombre del evaluador Steven C. Pohnert
Hoja i 1 de 7 Cédigo de abogado No.: GHI-052/US
' PATENTES DE ESTADOS UNIDOS
Inicial del Cila . Cddigo Nombre del patentadar o solicitante del Paginas, columnas, lineas en las
evaluador* No ! Numero de palanle de Fecha de documento cilado cuales aparecen pasajes o figuras
clase? expedicion relevanies
6692916 17/02/2004 | BEVILACQUA et al.
6960439 01/11/2005 BEVILACQUA et al.
6984850 15/11/2005 | BEVILACQUA et al.
7695913 13/04/2010 | COWENS et al.
7857909 2011-06-07 | BEVILACQUA et al.
8067178 2011-11-29 | BAKER et al.
8114597 14/02/2012 | LIEW
SOLICITUD DE PATENTE EEUU PUBLICACIONES
Inicial del Cita Mimero de Cédigo Fecha de Nombre del patentador o solicitante del Péaginas, columnas, lineas en las
evaluador* No? publicacién de publicacion documento citado cuales aparecen pasajes o figuras
clage ? relevantes
20030087818 <Al 08/05/2003 | JIANG et al.
20030148410 07/08/2003 | BERGER et al.
20030198970 Al 23/10/2003 | ROBERTS
20030219771 Al 27/11/2003 | BEVILACQUA et al.
20030229455 Al 11/12/2003 | BEVILACQUA et al.
20040053317 18/03/2004 | GLINSKII
20040133352 Al 08/07/2004 | BEVILACQUA et al.
20050048542 Al 03/03/2005 | BAKER et al.
20050191673 01/08/2005 | SCHLEGEL et al.
20050260646 24/11/2005 | BAKER et al.
20060281122 14/12/2006 | BRYANT et al.

TODAS LAS REFERENCIAS CONSIDERADAS, EXCEPTO CUANDO APARECEN TACHADAS fJSBY (12/10/2013)

FIRMA DEL EVALUADOR FECHA CONSIDERADO

*EVALUADOR: Escriba sus iniciales si la referencia fue considerada, sin importar si la citacién cumple con MPEP 609. Cruce la cilacién con una Iinea si no curpple ¥ na se ha

considarado, Incluya una copla de esle formulario con el siguiente comunicado para el solicitante. 'NUmero Unico de deslgnacion de la solicitud del solicitante {opcional). Ver Cadigos de
clasa de la Oficina da Patentes y Marcas Registradas da Estados Unidos anwww.uspto.gov 0 MPEP 901.04. “ingrese la oficina que emilié el documento, mediante el cédiqic de
dos letras (Estandar 3 de OMPI) *Para documenlos de patanle japoneses, la indicacisn del afio de reinado del Emperador debe anleceder el namero de seria del documento de patente. “Tipa

Idu documentos segln los simboles apropiados, de ser posible tal como se indican en ¢l documenta Eslandar 16 de OMPI. *El soligitante debe chequear aqui si se adjunla una traduccitn
nglesa.

Esta recolecclén de informacion es requerida por 37 CFR 1.97 y 1,98, La informacion se requlere para oblener o relener un beneficio para el piblico que vaya a presenlar {y para el
proceso de la Oficina de Palentes de Estados Unidos) un.s selicitud, La confidencialidad esla regida por 35 U.5.C. 122 y 37 CFR 1.14. Se estima que esta recoleccldn de informacion
requiera de 2 horas para el diligenciamiento, preparaclon y envio del formulario de solicilud completo a la Oficina de Patentes de Eslados Unidos Elliempo variard dependiendo de
cada caso individual. Gualquier comentario con respecto al tiempo requerido por usted para llenar este formulario y/o sugerencias para reducir esta exigencia debe enviarse al Director
de Informacién, Oficina de Patenles y Marcas Regisiradas de los Estados Unidos, P.O Box 1450, ALEXANDRIA, Virginia 22313-1450 NO ENVIE PAGOS DE TARIFAS NI
FORMULARIOS DILIGENCIADOS A ESTA DIREGCION. ENVIELOS A: Comisionado de Patentos, P.O Box 1450, ALEXANDRIA, Virginia 22313-1450,

Si usted requiore de ayuda para diigenciar este formulario, fiame al 1-800-PT0-9199 (1-800-786-5189) y escafa la opcidn 2.




Fecha de recibo:

07/10/2013

Basado en el formularip PTO/SB/08a;

SB/0Bb
Oficina de Patentes y Marcas Roegistradas de Estados Unidos.
DEPARTAMENTO DE COMERGIO
Bajo la Ley do reducclén de papeleo de 1995, ninguna persona est4 obligada a responder a una solicitud de informacisn a menas que esla exhiba un namara OMB
de cantrol vilido. ]

. Complotar sl se conece
A Nimero de solicitud 13752.199
DECLARACIGN DE FECHA DE SOLICITUD | Enero 28 de 2013
mﬁg;;ﬁ%’g& ?D[én B e Nombre del primer Steve SHAK ) .y
SOLICITANTE Unidad de arte 1634
: Nombre del evaluador Steven C. Pohnert
Hoja * L. 2 de 7 Cdédigo de abogado No.: GHI-052/US
SOLICITUD DE PATENTE EEUU PUBLICACIONES
Inicial dal Clta Numero de Cddiga Fecha da Nombyre del palentador o solicilante del Faginas, columnas, lineas en las cuales
evaluador® No' publlcacién de clase? publicacidn documento citado aparacen pasajes o figuras relovantes
20070099209 | At 03/05/2007 | BRYANT et al.
20070105133 | A1 01/05/2007 | BRYANT et al.
20070212702 13/09/2007 | TOMLINS et al.
20070275398 29/11/2007 | KIEFER etal.
20080015448 | Af 17/01/2008 | KEELY etal.
20080085519 | A1 01/04/2008 | GABRIN et al,
20090023149 22/01/2008 | KNUDSEN
20090233279 17/09/2009 | GLINSKII
20090258795 15/10/2009 | COWENS et al.
20090298082 03/12/2009 | KLEE etal.
20090305277 | At 01/12/2009 | BAKER et al.
20090170075 | Af 02/07/2009 | PETROVICS et al.
2009298082 Al 03/12/2009 | KLEE etal.
20100124745 20/05/2010 | LIEW
20100291573 18/11/2010 | COWENS et al.
2010297657 Al 25/11/2010 | CHINNAIYAN
20110039269 17/02/2011 | COWENS et al,
20110039271 17/02/2011 | COWENS et al.
20110059447 01/03/2011 | LIEW
' _ 20110097759 28/04/2011 | COWENS et al.
20110111421 12/05/2011 | COWENS et al.
20110171633 14/07/2011 | COWENS et al.

TODAS LAS REFERENCIAS CONSIDERADAS EXCEPTO CUANDO APARECEN TACHADAS

" FIRMA DEL EVALUADOR FECHA CONSIDERADO

*EVALUADOR: Escriba sus Iniciales si la referencia fue considerada, sin Impartar si la citacién cumple con MPEP 60S. Cruce la citacién con una linea si no CllTp|B y no se ha

conslderado. Incluya una copia de este formulario con el siguiente comunicado para el solicilante. 'Numere Gnico de designacién de la solicltud del solicitante (opcional), Ver Cédigos de
clase da la Oficina do Paleniss y Marcas Regisiradas de Eslados Unidos emwvw.usplo.gov © MPEP 901,04, *Ingrese la oficina quo emilid el documento, mediante el codigo de
dos [elras (WIPQ Slandard ST.3) (Estandar 3 de OMPI) *Para documentos de patenle japoneses, Ia indicacién del afie de reincdo del Emperador debe anleceder ¢l nimero de serie del
documento de palente, *Tipo de documentos segin los simbolas apropiados, de ser posible tal como se indican en el documento Estandar 16 de OMP), °El solicllante debo cheguear aqui si se
adjunta una traduccitn inglesa.

Esta recoleccién de informacion es requerida por 37 CFR 1.97 v 1.99. La Informacidn se requiere para obtener o retener un beneficio para el piblico que vaya a presentar (y para el
proceso de la Oficina de Patentes de Eslados Unides) una solicitud. La confidencialidad esta regida por 35 U.5.C. 122 y 37 CFR 1.14. Se eslima que esla recoleccion de Informacion
requiere de 2 horas para el diligenciamiento, preparacién ¥ envio del fermulario de solicitud completo a la Oficina de Palentes de Estados Unidos EI tiernpo variara dependiendo de
cada caso individual. Cualquier comentario con respecto ¢/ tiempa requerida por usted para llenar este formulario y/o sugerencias para reducir esta exlgencia debe enviarse al Director
de Informacidn, Oficina de Patentes y Marcas Registrzas “e los Estados Unidos, P.O Box 1450, ALEXANDRIA, Virginia 22313-1450 NO ENVIE PAGOS DE TARIFAS NI
FORMULARIOS DILIGENCIADOS A ESTA DIRECCION, *NVIELOS A: Comislonado de Palentes, P.O Box 1450, ALEXAMDRIA, Virginia 22313-1450.

Si usted requiere da ayuda para diligenciar este formufario, llame al 1-800-PT0-9199 {1-800-786-2199} y escojn la opeidn 2.




e

Fecha de recibo:
07/10/2013

Basado en el formulario PTO/SB/08a;
SB/ogb
Oficina de Patentes y Marcas Registradas de Estados Unidos.
] DEPARTAMENTQ DE COMERCIO DE ESTADOS UNIDDS
Baijo la Ley da reduccion de papoleb de 1995, ninguna persona asté obligada a responder a una solicitud de informacién a menos que esta exhiba un numero QMB
de control vilido,

i i Campletar si so conace
sliluye el formulario
Sustuoysstformdlri a4 Nimero de solicitud 13752.199
DECLARACION DE FECHA DE SOLICITUD | Enero 28 de 2013
DIVULGACION DE Nombre del primer Steve SHAK
INFORMACIGN POR EL
SOLICITANTE UNIDAD DE ARTE 1634
\ Nombre del evaluador Steven C. Pohnert
Hoja ' 3 de 7 | Cédigo de abogado No.: GHI-052/US
SOLICITUD DE PATENTE EEUU PUBLICACIONES
Inicial del Cita Nimero de . Cadigo Fecha de Nombre del patentador o solicitante del Pdginas, columnas, lineas en las
evaluador* No ! publicacian de publicacian documenlto cilado cuales aparecen pasajes o liguras
clase? relevantes
2011236903 Al 29/09/2011 | McCLELLAND et al.
20120040842 16/02/2012 | BAKER et al.
20120136583 31/05/2012 LAZAR et al.
20120171688 05/07/2012 | COWENS et al.
o = ~ DOCUMENTOS DE PATENTE EXTRANJEROS ' ‘
Inicial del Clta Nimero de Cadigo de Fecha Nombre del Paginas, columnas, lineas en las cuales Inicial del
evaluador* Mo ! publicacion clase? de patentador o aparecen pasales o figuras relevantes evaluador h
publica solicitante del & 1
cidn documento
citado
0231209 WO A2 18/04/2002 | Servicios Humanas y de Salud e
del Gobierno de Estados Unidos
03050243 WO A2 19/06/2003 | Millennium Pharm Inc. ==
2005012875 ‘WO A2 01/02/2005 glquibb Bristol Myers Co et o
2005076005 WO A2 18/08/2005 | Univ Wien Med et al. —
2005117943 WO A2 15/12/2005 | Vertex Pharma et al. _
2008028655 WO A2 16/03/2006 | Millennium Pharm Inc. et al. —
2006124836 WO Al 23/11/2006 | Univ Duke et al. —
2007070621 WO A2 21/06/2007 | Childrens Medical Center et al. —
2007072225 ; WO A2 28/06/2007 | Medical Prognosis Inst et al. o

TODAS LAS REFERENCIAS CONSIDERADAS, EXCEPTO CUANDO APARECEN TACHADAS /JSB/ (12/10/2013)

EIRMA DREL FYALUADOR

*EVALUADOR: Escriba sus iniciales si la referencia fue zonsiderada, sin impartar si la citacién cum

conslderada. Incluya una copia de este formulario con el si
clase de la Oficina do Patentes
dos letras (Eslandar 3 de OMP)) 4
de documentos segin los sl

Inglosa,

Esta recoleccién de informacion es requerida por 37 CFR 1.97 y 1.88. La info

EECHA CONSIDERADD

Marcas Registradas de

%uienlo comunicado para el solicilante. 'Ndmero tnico de designacién
stados Unidos enwww.uspto.govy o MPEP 901.04.

ara documenlos de pate: L japoneses, la indicacién del aito de reinadg del Em,
mbolos apropiados, de ser posible lal como se indican en el documento Eslandar 1

ple con MPEP 609. Cruce la cilacién con una linea si no cur;\p!e ¥ no se ha

de la solicitud del sclicitante (opcional). Ver Codigos de
“Ingrese la oficina que emilid & documento, mediante ol cédiqo de

erador debe anteceder el numero de seric del documento de patenta. *Tipo
de OMPI. °El solicitanle debe chequenr aqui si se adjunia una traduccion

rmacion se requiere para oblener o relener un beneficio para ¢l piblico que vaya a presentar (y para el

proceso de |a Oficina de Palentes de Estados Unidos) una solicitud. La confidencialidad esla regida por 35 U.S.C. 122 y 37 CFR 1.14. Se estima que esta recoleccion de informacién
requiera de 2 horas para el diligenciamiento, preparacion y envfo del formulario de solicilud completo a la Oficina de Patentes de Estados Unidos EI liempo varlard dependiendo de
cada caso individual. Gualquier comentario con respecto al tiempe requeride por usted para llenar aste formulario y/o sugerencias para reducir esla exigencia debe enviarse al Director
de Informacién, Oficina de Patenles y Marcas Regisiradas de los Estados Unidos, P.O Box 1450, ALEXANDRIA, Virginia 22313-1450 NO ENVIE PAGOS DE TARIFAS NI
FORMULARIOS DILIGENCIADOS A ESTA DIRECCION, SNVIELOS A: Comisionado de Patenles, P.O Box 1450, ALEXANDRIA, Virginia 22313-1450.

Si usted requlere de ayuda para ditigenciar esic formutario, llame af 1-800-PTO-9159 {1 -B00-7R5-9139) y escoja Ia opeidn 2.




Fecha de recibo: ;
07/1 0/201 8 . Basado en al farmularic PTO/SB/0Aa;

SB/osh
Oficina de Palontes y Marcas Registradas de Eslados Unidos.
DEPARTAMENTO DE COMERCID

B

4,5

Balo la Loy de reducclén de papelep de 1995, ninguna persona esls obligada a responder a una solicilud de infermaclen a menos que esta exhiba un namere OMB

de conlrgl vilido,

i ‘ = Completar si 50 conoce
! el larmularia 14407
A s Nimero de solicitud 13752.199
DECLARACION DE '; FECHA DE SOLICITUD | Enero 28 de 2013
DIVULGACION DE . Nombre del primer Steve SHAK
INFORMACION POR EL -
SOLICITANTE Unidad de arte 1634
Nombre del evaluador Steven C. Pohnert
Hoja i 4 de 7 Cédigo de abogado No.: GHI-052/US )
DOCUMENTOS DE PATENTE EXTRANJEROS
Inicial 2l Cita Mumero de Cédigo de Fecha Nombre del Péginas, columnas, lineas en las cuales Iniclal del
evalvador* No ! publicacion claso? de patentador o aparecen pasajes o figuras relevantes evaluador T
publica solicitante del *
cion documento
citado
1JSB/ 2007082099 | WO | A2 19/07/2007 ﬁi“g;’"‘a'f Heglin _
JSB Genomedx
NSBY 2009143603 WO Al 03/12/2009 | Biosciences Inc et -
al.
1ISB/ 2010009337 WO A2 21/01/2010 | Dana Farber et al.
/JSB/ 2010080933 | WO | At 05/07/2010 m‘c’”:?a?e"e“cs
1JSBY 199964626 WO A2 16/12/199g | Genostic Pharma .
Ud. et al.
= Genostic Pharma
SBf 199964627 E\I-O A2 16/12/1999 Ud. et al. _
DOCUMENTOS NO RELACIONADOS CON PATENTES
Iniciales del Cila Inchuya el nombre del au'or {en MAYUSCULAS), titulo el arliculo (cuando sea apropiada), Ululo del publicacién (libro, magazin, revisia,
evaluador* b periddico, simposio, catélogoe, elc.), facha, paginas, nimero del volumen, editor, clwdad y/o pais en el que se publics. T8
/JSBj ANDERS M., et al., "Microarray Meta-analysis Defines Global Angiogenesis-related Gene
Expression Signatures in Human Carcinomas,” Molecular Carcinogenesis, 2011. Wiley Periodicals =
/JSB/ i . i
CLARKE R.A,, et al., "Markers for Detection of Prostate Cancer, Cancers, 201 O, Vol. 2, pp.
1125-1154. =
1JSB/ Reporte de Basqueda Internacional y a la Opinién Escrita No. PCT/US1 1/45253, enviado el 27 de
_ febrero de 2012, 13 piginas. =
" FIRMA DEL EVALUADOR FECHA CONSIDERADO

"EVALUADOR: Escriba sus iniciales si la referencla fue considerada, sin imporar sl 1a citacién cumple con MPEP 609, Cruce [a citacion con una linea si no cumple y no se ha

?
considerado. Incluya una copia de este formulario con el s uierte comunicado para el solicilanle. 'Ndmero tnico de designacién de la solicitud del selicitanta (opcional). Ver Codigos de

clase de la Olicina de Palentes y Marcas Rogistradas de Estados Unidas enwww.uspto.gov 0 MPEP 901.04, Ingrese la oficina quo emilid &l documento, mediante el cédigo de
dos lelras (WIPO Standard ST.3) (Estandar 3 de OMPI) *Para documentos de patente {aponasos, la indicacidn del afio de reinado del Emperador debe anteceder el nimero de serie del

documenlo de patente. *Tipo de documentos segun las simbelos apropiados, de ser posible tal como se indican en al documanto Estandar 16 de OMP|. "E| solicilante deba chequear aqui s se
adjunta una taduccién inglesa.

Esta recoleccién de informacién es requerida por 37 CFR 1,97 y 1.98, La informacién se requlere para oblener o relener un beneficio para el publico que vaya a presentar (y para el
proceso de la Oficina de Patenles de Estados Unidos} una salicitud. La confidencialidad esla regida por 35 U.S.C. 122 y 37 CFR 1.14. Se eslima que esta recoleccion da informacidn
requiere de 2 horas para el diligenciamiento, preparacion y envio del formulario de solicilud complelo a la Oficina da Patentas de Eslados Unidos El tiempo variard dependiendo de
cada caso Individual, Cualquier comentario con respecto al tiempo requerido por usted para llenar este formulario y/o sugerencias para reducir esta exigencia debo enviarse al Director
de Informacion, Oficina de Patenles y Marcas Registradas de los Estados Unides, P.O Box 1450, ALEXANDRIA, Virginia 22313-1450 NO ENVIE PAGOS DE TARIFAS NI
FORMULARIOS DILIGENCIADOS A ESTA DIRECGION. ENVIELOS A: Comisionado de Patentes, P.O Box 1450, ALEXANDRIA, Virginia 22313-1450.

Si usted requiero de ayuda para diligenciar este formulario, flame af 1-800-PT0-9199 (1-800-786-9199) y escoja fa opeion 2.




Fecha de recibo: .
07/10/2013 , : Basado en el formulario PTO/SB/08a;

SB/0Bb
Oficina de Patentos y Marcas Registradas de Estados Unidos,
DEPARTAMENTO DE COMERCID DE ESTADOS UNIDOS
Bajo la Ley de reduccidn de papeleo de 1995, ninguna persona esta abligada a responder a una solicitud da informacién a menos que asla axhiba un nimero OMB
da control vilido, . ;

Completar si se conoce

Suslituys el formulario 1449PTO

Ndmero de solicitud 13752,199
DECLARACIGN DE - | Fecha de solicitud Enero 28 de 2013 i
DIVULGACION DE Nombre del primer Steve SHAK
INFORMACION POR EL i -
' Nombre del evaluador Steven C. Pohnert

Hoja \ 5 de 7 Cddigo de abogado No.: GHI-052/US

1

[DOCUMENTOS NO RELACIONADOS CON PATENTES

T
Iniciales det Cita Incluya el nombra del au'or (en MAYUSCULAS), titulo del articulo {cuando sea apropiado), titulo del publicacién {(libro, magazin, revista,

avaluador® periodice, simposlo, catdloqo, etc.), fecha, paginas, nimere del volumen, edilor, ciudad y/o pais en el que se publica, 6
Mo 1 ; :

; NISHIDATE T., etal, "Genome-wide Gene-expréssion Profiles of Breast-cancer Cells Purified with
S8/ Laser Microbeam Microdissection: Identification of Genes Associated with Progression and
; Metastasis," International Journal of Oncolagy, 2004, Vol. 25 (4), pp. 797-819.

/JSB/ PETERS D., et ai._._, "Genome-wide Transcriptional Analysis of Carboplatin Response in
Chemosensitive and Ghemoresistant Ovarian Cancer Cells," Molecular Cancer Therapeutics,
20053, Vol. 4 (10), op. 1605-1618,

S5 SHENR, etal., ”P[cugnostic Meta-signature of Breast Cancer Developed by Two-stage Mixture

Modeling of Microarray Data," BMC Genomics, 2004, Vol, 5 (1), pp. 94. ==

TRUE L., etal., "A-Molecular Correlate to the Gleasen Grading System for Prostate
1S3/ Adenocarcinoma," Proceedings of the National Academy of Sciences, 2006, Vol. 103 (29), pp.
) ) 10991-10996.

/JSBY TURASHVILI G., et al., "Novel Markers for Differentiation of Lobular and Ductal Invasive Breast
Carcinomas by Laser Microdissection and Microarray Analysis," BMC Cancer, 2007, Vol. 7, pp. 55.

1USB/ VAARALA M., "DIFFERENTIAL GENE EXPRESSION IN PROSTATE CANCER," Biocenter Oul,
2000. Disertacion Universidad de Ouly e
FIRMA DEL EXAMINADOR _ /John S Brusca/18/12/2013 FECHA CONSIDERADO
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Microarray Meta-Analysis Defines Global
Angiogenesis-Related Gene Expression
Signhatures in Human Carcinomas
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Angiogenesis is a prerequisite for progression of cancers. The number of genes linked to angiogenesis suggests the
existence of complex yene-networks, which remain to be elucidated. Ta identify angiagenesis genes deregulated in
carcinomas, we performed a meta-profiling analysis of published gene expression microarray studies. Own microarray
and quantitative RT-PCR data were oblained from a colorectal carcinoma cahorl. Applying highly stringent inclusion
criteria, 15 cancer array studies were suitable for our analysis. These studies provided 789 tumor specimens and 190
samples of healthy tissues yielding a total of approx. 1,000,000 gene expression measurements. Meta-analysis on
the expression of 480 angiogenesis-related genes in 10 cancer types identified a characteristic, entity-independent
“global” cancer expression signature of 25 angiogenesis-related genes showing high frequency down-regulation
when compared ta corresponding healthy tissues. Furthermore, we characterized 25 genes displaying frequent up-
regulation, yet less often than the 25 down-regulated genes. Comparative inter-study cross-validation revealed that
both signatures discriminate cancers from healthy tissues with high accuracy in independent test sets, Moreover, own
microarray data of colorectal carcinomas confirmed the specific and sensitive discriminating potential of both signa-
lures. These resulls were validated by quantitative RT-PCR for eight genes displaying the highest differences in the
microarray analysis. Our sludy for the first time defines global gene expression signatures linked to angiogenesis in
carcinemas. Our findings suggest that gene down-regulation may represent a central aspect of tumor angiogenesis.

@ 2011 Wiley Periadicals, Inc.,
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INTRODUCTION

Angiogenesis, the formation of new blood ves-
sels from endothelial precursors, is a prerequisite
for growth and progression of solid malignancies
and is driven by a disturbed balance between pro-
and anti-angiogenic factors |1-3]. Angiogenic fac-
tors are produced and releassd from endothelial,
stromal, and/or cancer cells as well as blood com-
ponents, while their receptors are mainly found on
vascular endothelial cells (reviewed in Refs. [4-7)).
Recently, it became clear that basic mechanisms of
hemangiogenesis may also apply to the lymphatic
system, and that tumor lymphangiogenesis is regu-
lated by the interaction of lymphangiogenic fac-
tors with their receptors on lvmphatic endothelial
cells [B]. The clinical relevance of angiogenesis in
cancer pathobiology has furtiier been highlighted
by the finding that the expression of angiogenic
genes such as vascular endothelial growth factor A
(VEGE-A), vascular endothelial growth factor re-
ceptor 2 (VEGFR-2), and hasic fibroblast growth
factor (BFGF) correlates with poor prognosis in

@ 2017 WILEY PERIODICALS, INC,

cancer patients [9-11]. Moreover, the finding that
targeting of angiogenic molecules such as VEGE-A
provides effective therapeutic options for cancer
patients further confirmed the clinical relevance of
angiogenesis [12,13].

The increasing number of genes that have been
linked to angiogenesis in recent years suggoests
the existence of complex gene-networks. In order
to identify such networks employment of high
throughput approaches, for example, DNA micro-
array technology, enabling the parallel analysis
of multiple genes, is crucially needed. The use of

Abbrevialions: VEGF, vascular endothelial growth factar; SAM,
significance analysis of micenarrays; TGFBR, transforming growth
factor, beta receptor,
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microarray techniques has already led to a major
progress in the understanding of compound
tumor-related mechanisms, identifying gene ex-
pression profiles associated. with neoplastic trans-
formation, cancer rogression, andfor clinical
outcomes {14,15]. Recenliy, new bioinformatic
approaches, such as meta-analysis of microarray
data, have been suggested to substantially improve
the gain of information derived from microarray
experiments. Hereby, gene expression data from
individual studies are summarized and analyzed by
statistical algorithms in order to identify common,
“higher-level”, transcriptional profiles |14,16-18).
Particularly the inclusion of lurge sample numbers
promises Lo detect differential expression of genes
that may not be found in individual studies and to
minimize the rate of false positive findings [19].
Making use of meta-analysis techniques, gene ex-
pression signatures underlying malignant transfor-
mation, as well as progression in both individual
cancers and across various malignancies (“global
profiles”) have been identified [17,19-23]. Despite
these advantages microarray technology has rarely
been used to investigate angiogenesis in human
cancers [24-26). Moreover, the clinical relevance
of these reports has been hampered by the fact
that only small numbers of patients were assessed
andfor that control samples representing healthy
control samples were not included.

In order to gain more detailed insights into mo-
lecular networks contributing to cancer angiogene-
sis, we employed the advantages of the meta-array
approach investigating publicly available cancer
microarray data sets.

k1

MATERIALS AND METHODS

Selection of Angiogenesis Genes

The PubMed™ database was screened for angio-
genesis related genes using the following criteria:
(a) differential expression during angiogenesis (b)
functional impact on proliferation, dilferentiation,
and/or migration of endothelial cells in vitro and/
or in vivo. Search terms included: “angilogenesis",
“vascularization”, “endothelium”, ‘‘endothelial
cells”, “blood or lymphatic vessels”, “tumor asso-
ciated angiogenesis”. Selectad genes were assigned
a unique identification code (Unigene Cluster D)
using the SOURCE™ data base (http://source.stan-
ford.edu/fcgi-bin/source/sourceSearchy).

Microarray Data Collection

Using the PubMed™ datéi)nse, we searched for
studies investigating gene expression profiles in
solid human cancers by cONA or oligonucleotide
microarray technology. Search terms compre-
hended:  “gene  expression profiling”, “cDNA
microarray”, “oligonucleotids microarray”, “cancer”,
“carcinoma”, and “neoplasm”.  Publications
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providing gene expression measurements in malig-
nant tissues of epithelial origin (12 > 10 samples)
and corresponding healthy tissues (1 > 3 samples)
were selected. Data sets were downloaded from the
Stanford microarray database (genome-wwws.stan-
ford.edu), Gene Expression Omnibus (www.ncbi.
nlm.nih.gov/geo), and supplementary information
of the published manuscripts. Subsequently data
sets were normalized using “Quantile normaliza-
tion" according to Bolstad et al. [27] when normal-
ized data was not available and imported into
Microsoft Excel™. All genes were assigned an indi-
vidual Unigene cluster 1D as described above.
Tissue samples within cach study were assigned
“1" (healthy) and “2" (cancer) for further statisli-
cal analysis; data from cell lines were excluded.

Dala Analysis "'Cancer Related Angiogenesis™

Expression data of 535 angiogenesis-related
genes were extracted from the individual microar-
ray data sets using Microsoft Access™, To deter-
mine differential gene expression in carcinomas
compared to corresponding healthy control lissues
the “significance analysis of microarrays” (SAM,
version 2.11) approach was applied to each study
individually [28]. Hereby, we computed a statistic
score indicating the strength  of relationship
between the expression level of each gene and can-
cer. The lowest false discovery rate at which differ-
ential gene expression was called significant, the
“g-value”, was set 1o ¢ < 5% in all data sets. Genes
needed to have at least three measurements for
cancer and healthy specimens each within an indi-
vidual data sets to be included in this analysis,
otherwise they were considered “not present” for
this respective study.

Meta-Profiling "Cancer Related Angiogenesis’

To identify entity-independent “global” gene
expression signatures, we determined the number
of data sets containing significant regulation in
tumor versus healthy tissues of each individual
gene as determined by “SAM", Subsequently, all
genes were ranked according to this frequency. To
further confirm the validity of the results oblained
by this approach, we evaluated the 100 top rank-
ing genes regarding their power to correctly classi-
fy malignant versus healthy tissues in microarray
data sets that were not included into the meta-
array analysis [29,30]. Employing a “leave one
out” methad for cross validation (Alyuda Forecaster
X" Alyuda, Cuperting, CA) all but one sample
were used to create a neuronal network. Based on
this network, the class {“healthy” or “cancer”) of
the one sample that had been left out initially was
predicted. All steps were repeated until every sam-
ple had been left out once. During this procedure
increasing numbers of genes, beginning at the top
of the list with 1, 5, 10, 25, 50, 75, up to 100 were
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analyzed. Furthermore, we applied this method
exclusively to the 25 genes that displayed highest
frequency regarding either up; or down-regulation.
To calculate the percentage of classifications by
chance, we applied the “leave one out” approach
Lo an additional set of 25 genes showing no signifi-
cant expression changes in our initial “SAM" anal-
ysis to the same test sets [29,50].

Gene Ontology

Angiogenesis meta-signatures were classified
to gene ontology annotations using the Onto-
express™  database  (http://vortex.cs.wayne.edu/
ontoexpressf) according to their molecular func-
tion as well as biclogical process and cellular com-
penents to which they were linked in “Homo
sapiens'!,

Patients and Sample Collection for Colorectal Cancer
Study

Frozen tumor tissue samples from 47 colorectal
cancer patients (UICC 1-IV) and 7 healthy tissue
samples were obtained from the Robert-Réssle-
Klinik, Charité Berlin. Primary tumor and adjacent
normal tissues were collected at the time of surgery
following internal protoco’s. Histopathological
examination following hematoxilin/eosin staining
of tissue sections ensured that only tumor samples
containing at least 60% of non-necrotic tumor epi-
thelium were used for further analysis. Uniform
follow-up data were accessed from the Tumorbank
of the Robert-Réssle-Klinik, Charité Berlin.

RNA Isolation

Total RNA was extracted from the tissue samyples
using RNecasy Mini Kit (Qiagen, Hilden, Germany).
RNA quantity was measured using the Nano-
Drop Spectrophotometer (PEQLAB Biotechnologie,
Erlangen, Germany). Only high quality RNA sam-
ples according to Bioanalyzer analysis (Agilent,
Santa Clara, CA) were used for further processing.

Labeling and Micrearray Hybridization

Total RNA was converted into Cy3-labeled cRNA
using the Low RNA Input F|IJ10rESCEl'1t Linear Amp
Kit and hybridized onto 4x14K-Whole Human Ge-
nome Chips using the Ia-Situ Hybridization
Kit Plus according Lo the manufacturer's protocol
for 17 h at 65°C. (Agilent, Sarta Clara, CA). Micro-
arrays were scanned by using standard protocols
and a G2565AA Microarray Scanner {Agilent, Santa
Clara, CA). Data were obtained using Feature
Extraction 8.0 (Agilent, Santa Clara, CA).

Chip Data Analysis

All data were imported into GeneSpring software
(Agilent, Santa Clara, CA) and normalized per chip
to the 50th percentile and per gene to the median
after setting measurements <5,0-5.0. Supervise
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hierarchical clustering was performed using the
25 most often down/fand up-regulated angiogene-
sis related genes, respectively. Differential expres-
sion analysis was performed and multiple testing
was controlled by adjusting all P-values using the
Benjamini-Hochberg method,

Statistical Analysis

Leave-one-out cross-validation was performed
with GeneSpring (Agilent, Santa Clara, CA) using
the “Support Vector Machines” algorithm and dif-
ferent Kernel Functions (Radial Basis (Gaussian),
Polynomial Dot (order 1), Polynomial Dot (order
2}, Polynomial Dot (order 3) as well as Diagonal
Scaling Factors from 0 Lo 5. The mean was calculal-
ed considering the results from all combinations.

qRT-PCR

Total RNA (2.5 pyg) of was reverse transcribed
inta ¢cDNA by M-MLV reverse transcriptase
with random hexamers. qRT-PCR was performed
according to the manufacturers protocols, using
the TagMan instrument TagMAN 7900 (Applied
Biosystems, l'oster City, CA) and the pre-designed
TagMan Assays-on-demand HsO1081598_m1 (INHBA),
Hs01568063_m1 (THBS2), Hs00959010_m1 (SPPL),
Hs00171022_m1 (CXCL12), Hs01547656_m1 (IGE]),
Hs00162844_m1 (INA), Hs00153350_m1 (BCL2)
und Hs00230918_m1 (BTEB1).

RESULTS

Primary Data Analysis

Our search for angiogenesis-related genes identi-
fied 535 candidates matching the criteria defined
in the Materials and Methods Section. Evaluation
of 509 cancer microarray studies identified 39 stud-
ies matching our search criteria; for 15 out of these
39 reports raw gene expression data were publicly
available [31-45]. The data sets of these studies
provided measurements on 789 cancer specimens
as well as 190 samples of corresponding healthy
tissues (prostate, lung, stomach, colon, pancreas,
liver, bladder, kidney, ovarian, and mamma}, Four-
hundred eighty of the initially selected 535 angio-
genesis genes were present on the microarray chips
used in these studies, ranging from a minimum
of 188 genes [41] up to a maximum of 425 genes
analyzed [39] (Table 1),

Meta-signature “Cancer Related Angiogenesis'

Following separate SAM analysis of the indivi-
dual data sets (Table 2), results were pooled and
underwent meta-analysis according to the frequen-
cies of significant gene regulation within the stud-
ies. The most prominent finding of this analysis
was that gene down-regulation occurred predomi-
nantly. Hereby, 3 genes displayed highest frequen-
cy of down-regulation in 9 out of 15 studies. In




4 ANDERS ET AL

Table 1. Eligible Studies Used for the Meta-Analysis

Patients n
Entity Author Cancer Normal Genes
Prostate Welsh et al, 23 9 415
Prostate Dhanasekaran et al. 18 8* 206
Prostate Luo et al. 16 ] 272
Prostate LaTulippe et al. 23 3 415
Lung Virtanenet al. 43 6 248
Lung ‘Garber et al. 67 5 371
Lung Bhattacharjee et al. 186 17 413
Stomach Leung et al. 90 22 425
Calon Nottermann et al. 18 18 188
Pancreas lacobuzio Donahue et al. 17 g 400
Liver Chen et al. 102 74 375
Bladder Dyrskot et al. 40 4 241
Kidney Higgins et al. a1 3 317
Owvarian Welsh et al, 27 3 329
Mamma Sorlie et al, 78 4 2493

All studies include p iblicly available raw data sets.

The table shows number of patients from whom Lhe malignant and nan-transformed control tissues
where derived from, as well as the numbers of angiogenesis related genes investigated in the individual

studies.
*Benign prostate hyperplasia.

addition, a profle representing angiogenesis penes
up-regulated in cancers was identifiedd. However,
the highest frequency of regulation did not exceed
a maximum of 2 genes being up-regulated in 6 oul
of the 15 data sets (Figure 1°.

Comparative Inler-Study Cross; Validation

To assess the wvalidity of the cancer spanning
expression signalures, we evaluated 100 genes

displaying the highest frequency of differential
regulation across all data sets regarding their power
to correctly classify malignant and non-malignant
lissues in independent microarray data sets of lung
cancer {1 = 86, non-malignant lung tissue: n = 10
[29]) and prostate cancer (1 = 62, non-malignant
lung tissue: i — 40 [30]). Using the 25 most fre-
quently regulated genes, most accurate discrimina-
tion between cancer (n — 148) and corresponding

Table 2. Number of Differentially Up- and Down-Regulated Angiogenesis Relaled Genes in
Cancer Compared to Non-Transformed Contral Tissue Samples

Differential expression/genes (n)

% of present

Author Up Down genes
Welsh et al * 13 121 30
Dhanasekaran et al. — 60 29
Luoc et al. 10 86 35
LaTulippeet al. - — 88 21
Virtanen etal, —_ 58 23
Garber et al. 58 74 36
Bhattacharjee et al. 239 121 87
Leung et al. 244 86 78
Noltermannet al. 26 36 33
lacobuzio Donahue et al. 87 27 29
Chen et al, 114 216 88
Dyrskot et al, — 61 . 25
Higgins et al. 13 4 5
Welsh et al. 4 45 15
Sorlie el al, . 6 38 15

Results are based o7 2 SAMs applied to each individual study.

*Prostate,
YOvarian.

Molecular Carcinogenesis
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Figure 1. "Meta-Array” of tap ranking 25 most frequent dovm-regulated (upper panel) and up-requlated
genes in cancer compared to corresponding non-transformed tissues (red — significantly requlated; green -
present, but not requlated in the respective study; white — not present on the microamray chip, 0 = number of
included studies; genes are sorted by frequency of regulation).

healthy samples (1 — 50) was achieved: 94.5% of
all cases were classified correctly with 149% false
positive and 2.7% false negative results, The num-
ber of 25 genes proved optiinal for this analysis,
while both less and more geries increased the false
positive and false negalive' classification rates,
as determined gradually for” 1 up to 100 genes
(Figure 2). Our analyses gained a significantly
higher percentage of “correct” class predictions
compared to the same approach based on 25 genes
displaying no regulation between healthy and
malignant samples in the initial “SAM” analysis
(67.2%; P < 0.0001). As thiss signature contained
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exclusively down-regulated genes, we investigated
a separate group of the 25 most frequently up-
regulated genes yielding a correct classificalion
of 84.8% of the cases. This classification rate was
significantly higher than by chance, determined
by 25 non-regulated genes, yet worse than the
classification rate of the 25 down-regulated genes
(see above; P — 0.0043).

Malecular Analysis of Angiogenesis Gene Expression
Signatures in Colorectal Cancer

In order to further verify our findings by an
independent validation method, we performed a
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Figure 2. Percentage of correctly-classified malignant and non-
malignant tissues {A} and of false positive (black bars) and false
negative {gray bars) resulls (B, Classification was performed based
on an increasing number of the top ranking genes applying a
“leave one out”” method for cross validation to an independent
microarray data sat [30],

whole genome microarray "study on 47 colorectal
cancer and 7 normal tissue samples. These tissue
samples were obtained from the Tumorbank of
the lobert-Rissle-Klinik, Charité, Berlin providing
known, uniform and high tissue quality, as well as
consistent patient follow-t’p data. Only samples
containing a minimum of 60% of non-necrotic
tumor epithelium were usei! for our cDNA micro-
array, which is publically available (www.nchi.
nim.nih.gov/geo; GSE319035). Supervised clusterin g
of the acquired gene expiession data, based on
either the 25 most frequently down- or up-regulated
genes identified by meta-analysis respectively
yielded a clear distinction between tumer and nor-
mal tissues (Figure 3, Table 3). Furthermore, we
observed a formation of subgroups within the
tumor-collective especially when clustering based

Malecular Carcinogenesis s

clusters and standard clinical or hislopathological
parameters (UICC stage, T, N, M, G, L, V, disease-
free time, recurrence, survival time, gender or age)
was found.

These results were [urther substantiated by leave-
one-out cross-validation using the “Support Vector
Machines"” algorithm and different Kernel Func-
tions as well as different diagonal scaling factors,
Hereby, a mean predictive power of 984 (94—
100%; 2% false negative results) was achieved for
the down-regulated signature and a mean predic-
tive power of 99% (96-100M; 1% false negative
results) for the up-regulated angiogenesis genes.
Subsequent quantitative RT-PCR analysis for § rep-
resentative genes displaying the highest differences
in the microarray analysis performed on all normal
samples and 45 of the twmor samples used for
microarray analysis confirmed our microarray
results (Table 4).

Gene Ontology Classification

In order to identify functionally related gene-
subgroups within the identified meta-signatures,
both were classified according to their gene ontol-
ogy annotation using the Ontoexpress™ database.
For “molecular function”, we identified within
both signatures genes linked to protein hinding
and receptor activity. Transferase- and hydrolase
activity, as well as nucleid acid- and ATD binding
occurred preferentially in the signature of down-
regulated genes, whereas calcium ion and heparin
binding were assigned to up-regulated genes.
Regarding the “biclogical process”, genes within
both signatures were linked to cell adhesion, signal
transduclion, and cell-cell signaling, while anti-
apoptotic genes were preferentially found to be
down-regulated. On the other hand, cell matrix
and apoptosis associated genes were found exclu-
sively among up-regulated genes. Furthermore, our
analyses revealed that genes within down- as well
as up-regulated metaprofiles become translated
into proteins that are preferentially localized at the
plasmamembrane and the extracellular matrix.

DISCUSSION

Here, we describe for the first time global, entity-
independent expression signatures of differentially
regulated angiogenesis genes in human cancers rel-
ative to healthy controls. Given that these signa-
tures were defined by analyzing 10 different cancer
entities these reflect with high likelihood genes
contributing to cancer angiogenesis. For a number
of genes, we describe for the first time a potential
in cancer-related angiogenesis whereas other genes
previously assigned to tumor angiogenesis do not
show frequent transcriptional regulation in cancer.
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Figure 3. The application of the 25 most frequently down-regulated (laft panel) and up-requlated {right panel}
angiogenesis-related genes to a data-set of 47 colorectal cancer samples and 7 normal control tissues results in
4 dlear discrimination btween tumor {left side) and normal mucosa {right). Each row represents a gene and
edch column a sample. Red indicates up-regulatian, grean down-regulation and black no change. Please note:
genes are displayed in random arder, Fold changes and Povalues are giveryin Table 3,

Table 3. Fold Changes and P-Values for lhe 25 Most Often Down- (Ieft) and Up-Regulated (right) Angiogenesis-
Related Genes in Differential Expression Between Tumor and Normal Colorectal Tissues Obtained by Microarray
Hybridization

Down Up
Gene name Fold change P-yalue Gene name Fold change P-value
PDGFRA 0.631 | 1.86E-04 GRP58 1.23 9.55E-01
SPARCL1 072 1.65E-02 INHBA 63.07 1.91E-11
ANG 0.391 1.53E-04 FZ2R 1.12 7.34E-01
AOC3 0.56 1.65E-02 SCARB1 1 2.94 1.03E-03
ENPP2 0.526 4.56E-03 POSTN ' 2.19 1.32E-03
TGFBR3 1.166 6.01E-01 CoL1A2 403 8.07E-03
FGFR2 0.333 1.01E-03 CALR 1.63 1.276-04
PPAPZB 0.59 8.80E-03 IFNGR 0.79 . 1.53E-02
FGF?7 0.451 | 2.26E-02 CSPG2 2.85 3.16E-04
CAV1 1.432 ‘v 4.91 E-Q2 THBS2 21.04 4.84E-14
CxXCL12 0.125 { 4.60E-10 PLAU 4.36 3.56E-04
RBPMS 1.834 2.17E-04 M1151 4,03 2.70E-04
BTEB1 0.333 1.13E-07 ANAPCSH 1.41 5.79E-04
TIMP3 1.681 3.98E-03 THY1 2.00 1.65E-08
SERPING1 0.995 9.73E-01 MMP11 8.00 3.40E-13
TGFBR2 1.144 5.61 E-02 NTSE 0.79 3.06E-01
TIEG 1381 - 1.10E-01 MMP17 0.19 6.16E-05
TCF8 1.138 6.01E-01 THBS3 1.15 1.99E-01
CCL2 0377 . 2.65E-02 CBF8 1.61 1.88E-04
EDG1 : 0.992 9.73E-01 SLC7AS 9.64 1.28E-02
IGF1 0.161 * 4.02E-10 ERBE3 3.7 2.61E-04
PPARG 0.748 ! 4.44€-02 BGN 8.22 3.74E-06
CD36 0.182 4 1.61E-08 SPP1 11.40 1.79E-10
BCLZ 0.203 2.61E-13 PGF 1.60 1.27E-04
TNA 0.167 - 1.86E-07 COL5A2 423 1.53E-02

Genes are sorled according to the results of the meta-array.,

Mofecular Carcinogenesis
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Table 4. The Results of qRT-PCR (TaghMan) Performed
for 8 Genes Displaying the Highest Differences in the
Microarray Analysis (Top 5 = Down-Regulated Genes;
bottom 3 = Up-Regulated Genes) on 7 Mormal and 45
of the 47 Tumar Samples Confirm the Microarray Data

Transcript Fold chaige Range

CXCL12 0.19 0.16-0.23
BTEB1 0.37 0.34-0.40
IGF1 0.22 0.19-0.25
BCLZ 0.28 0.23-0.37
TNA 0.26 0.20-0.34
INHBA 6.85 6.05-7.76
THBS2 5.32 4.29-6.60

SPP1 7.32, 5.93-9.04

Our cancer spanning, “global” gene signatures
comprehend 25 down- and up-regulated genes,
respectively, classifying cancer and healthy tissue
samples at high accuracy in independent Lesls sets,
A selection of 25 genes proved to be optimal in
our approach. Our findings could be further con-
firmed by supervised clustering of gene expression
data generated in our own laboratory, derived
from colorectal cancer ana. respective normal tis-
sue samples. Quantitative. RT-PCR substantiated
the differential expressions obtained from our
microarray experiment. These findings suggest that
the gene signatures identitied by our meta-array
are closely linked to cancer angiogenesis,

Despite, the wvarlous biological functions that
genes  within the metasignature have been
assigned all have been linked to angiogenesis, the
central inclusion criteria of our study. Therefore,
the following conclusions upon its impact on can-
cer neovascularization may be made: (1) The genes
contained within these meta-signatures can be
assigned to various biological functions including
cell adhesion [e.g., CXCL12, ADC3|, signal trans-
duction [e.g., transforming growth factor, bela
receptor 11 (TGFBR3), FGE7|, cell-cell sigmaling
[e.g., CCL2|, anti-apoptosis [e.g., BCL2], lipid me-
tabolism [e.g., PPARG, CD36), and inflammatory
response le.g., AOC3, CCL2]. These observations
support the current concept that tumor anglogene-
sis comprises a complex biological process clearly
reaching beyond endothelial proliferation. (2) Our
findings of frequent and parallel gene down- and
up-regulation  underline  the  hypothesis  that
cancers display a major disturbance compared
to “resting” angiogenesis gene networks [1,3,46].
(3) Our data suggest that down-regulation of
angiogenesis genes appears to e the more promi-
nent feature. To the best of our knowledge, the
current study, marks the first description of this
phenomenon, whereas previous reporls of gene
down-regulation have Dbeen limited to single
angiogenesis-related genes in individual cancer

Molecular Carcinogenesis

types |e.g., transforming growth factor-B (TGFB)
and TGFBR2 [47,48]]. Our observations suggest
that extensive down-regulation of anti-angiogenic
dgenes represents a crucial prerequisite of cancer
angiogenesis and loss of pro-angiogenic genes, for
example, those that facilitate vessel integrity under
healthy conditions, contributes to the formation
of immature vasculature characteristic to cancers.
In line with this hypothesis, we do find for exam-
ple, PDGERA and SPARC-like 1| that potentially
facilitate anti-angiogenic roles: PDGFRA medintes
the inhibitory effects of platelet-derived growth
factor on angiogenic properties of fibroblast
growth factor [49]. Therefore, a down-regulation
of PDGFRA might lead to disinhibition of FGF-
triggered angiogenesis. SPARC-like 1 inhibits the
attachment and spreading of endothelial cells, is a
negative regulator of cell growth and is therefore
seen as a potential tumor suppressor  [50-52].
The down-regulation of pro-angiogenic genes, for
example, RNASE4 that has been shown to be
involved in adhesion and tube formation of endo-
thelial cells, underlines our hypothesis that hereby
the development of immature, irregular vessels
is promoted as suggested above [53,54]. (4} Upon
further conficmation, these data suggest that re-
expression of anti-angiogenesis genes may offer a
therapeutic approach, applicable in a broad, cancer
spanning manner.

Interestingly, some genes previously assigned
crucial functions in angiogenesis did nol reveal
frequent transcriptional regulation in our meta-
analysis. VEGF-A for instance, which was previous-
ly found to be up-regulated in various cancers [55],
was significantly up-regulated in 3 data sets, while
VEGF-B and VEGF-C were found to be significantly
up-regulaled in 2 out of 15 studies only. Other
molecules that have been assigned angiogenic
functions have also been found rarely regulated
in our analysis such as FGF, HPA, Ang2, [1-8, and
MMP-Z. Given the known impact of these genes in
cancer angiogenesis as demonstrated previously,
our observations suggest that complex, additional
mechanism besides transcriptional regulation con-
tribute to the role of these genes to angiogenesis.

Taken together our results reveal the existence
of angiogenesis related gene expression signatures
in cancers. Hereby, it appears that loss of gene
expression marks a central feature of angiogenesis
in solid cancers. Based on these findings it may be
speculated that gene down-regulation contributes
substantially to the imbalance of angiogenesis
genes in cancers, potentially contribuling to the
formation  of immature  vessels, Interestingly,
we found genes to be regulated in cancers that
have rarely been studied under malignant con-
ditions before. In contrast, other genes that
have been assigned central functions in cancer an-
giogenesis displayed infrequently transcriptional

A/
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regulation. Upon confirmation of our findings,
these may lead to the development of new strate-
gies in cancer therapy.
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Abstract: Carly detectior. of prostate cancer is problematic, not Just because of uncertainly

whether a diagnosis will benelit an individual patient, but also as a result of (he imprecise |
and invasive nature of establishing a diagnosis by biopsy. Despite its low sensitivity and |
specificity for identifying patients harbouring prostate cancer, serum prostate specific |
antigen (PSA) has become cstablished as the most reliable and widely-used diagnostic

marker for this conditicn. In its wake, many other markers have been described and

evaluated. This review focuses on the supporting evidence for the most prominent of these

for detection and also for predicting outcome in prostate cancer.

Keywords: prostate cancer; biomarker; detcction
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1. Introduction

Prostate cancer (PCa) is now the most commonly diagnosed internal cancer in the western world
and the second most lethal maie malignancy. Prior to clinical availability of a blood test for prostate
specific antigen (PSA) in the mid 1980s, most PCa patients were diagnosed with more advanced diseasc.

Advances in surgical and radiation therapics now result in cure for a proportion cf paticnts who
would not have benefitted from: combination PSA/digital rectal examination (DRE)-based detection in
the past. However, from a public health perspective, indiscriminate PSA population screening cannot
be justified because of the low sensitivity and specificity of this blood test in identifying cancer,
amongst other concerns [1]. Furthermore, there is prevailing uncertainty on the basis of the PSA blood
test as to who will benefit from treatment with curative intent [2-5]. Recognition of these shortcomings
has locussed research into mu.kers to detect the presence of PCa and, more importantly, to try to
discriminate between those patients harbouring indolent as opposed to aggressive disease including
those for whom any form of local therapy will not prevent subsequent declaration of metastases.

There is a clinical imperative in being able to identity those who do and do not have PCa since,
apart from the obvious advantage (rom delecting and treating the condition at the earliest slage
possible, the diagnostic process itself is not without its problems. Suspicion of the presence of PCa,
alerted as a result of an abnormal serum PSA and/or and abnormal DRE. requires an invasive
procedure to provide histological confirmation with biopsies (usually >12) almost always obtaincd via
imaging with a transrectal ultrasound (TRUS) probe to ensure spatial positioning of biopsy needles.

The majority of men who have prostatic biopsies do not have PCa diagnosed but continue to have
raised serum PSA levels with ongoing concerns of a possible undetected PCa due to the imprecise
naturc of both the PSA test and 'T'RUS biopsics. US Mcdicare-SEER analyses 1993 to 2001 indicated
that, among men whosc first recorded biopsy did not detect cancer, the likelihood of undergoing
subsequent biopsies was 11.6% at | year and 38% at 5 years [6]. In addition, although the dreaded
complication of life-threatening sepsis is fortunately uncommon but reported to be increasing [7],
~50% experience lesser symptoms after TRUS biopsy so diagnosing PCa remains problematic for
many reasons. Consequently, it is not surprising that the need to be able to detect prostate cancer by a
simple and reliable approach which can be repeated easily over time, is a diagnostic priority in the
western world.

2. Scope of the Review

The strengths and weaknesses of PSA in the detection of PCa have been examined and published
extensively and, since the topic has been reviewed very recently by Roobol er al. [8], who
comprehensively examined the,relevant medical literature with respect to the risk of developing PCa,
this dissertation will not re-visit this marker. These authors reported that, despite its limitations,
published cvidence indicates that total scrum PSA is the single most significant clinically-used
predictive factor for identifying men at increased risk for PCa. Total PSA was superior to percentage
free PSA, PSA velocity and Human kallikrein 2 (hK2), the most studied kallikrein protein after PSA
(hK3) itself. A suspicious DRE, a family history of PCa, the presence of high grade prostatic
intracpithclial ncoplasia (HGPIN) or atypical small acinar proliferation {ASATP) and black cthnicity
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also were reported to be impc::f-‘tant predictive factors. IFor men of screening age (50 to 70 years) a
serum PSA of greater than 1.5 ng/mL has been found to indicate a greater than average risk up to 8
years (7.5-times greater risk vs. 1.5 ng/mL or less) for developing PCa [8]. In terms of diagnosing
established PCa, PSA cut-offs are useful with the likelihood of men harbouring PCa greater the higher
the level of serum PSA. However, it is important to note that ’'SA is a continuous variable and that a
proportion of patients with low serum PSA levels <4 ng/mL have PCa of clinical significance [9).

Histological interpretation too has advanced with the Gleason scoring criteria agreed upon at the
WHO ISUP consensus meeting in 2005 [10,11] being more useful clinically than those criteria with
Gleason grading used previously. Much has been published in the Uro-pathology literature in relation
to histological nuances in addition to describing a range of tissue hiomarkers for PCa characterisation.
These include apoplotic factors such as p53 and Bel-2, the androgen receplor (AR), signal transduction
factors within the EGF recepto; family, cell cycle regulators exemplified by c-Myc, pl6, p27, pRb and
K167, cell adhesion and cohesion factors and factors involved in neo-angiogenesis, such as vascular
endothelial growth factor (VEGF), VEGT receptors and nitric oxide [12,13]

Histopathology will not be addressed further nor will imaging adjuncts Lo biopsy. However, in
interpreting the value of diagrostic biomarkers from biological fluids, which is the subject of this
review, accurate histology and appropriate targeting with biopsy needles are essential., Tt is particularly
important to be aware that the diagnostic biopsy reference on which biological fluid biomarkers arc
Judged is deficient, varying with sites targeled and numbers of biopsies obtained, ranging in one study
from 31.7% for sextant biopsies to 38.7%, 41.5%, and 42.5% for 12, 18 and 21 cores respectively in a
study of 1000 patients [[4].

Accurately determining the presence of discase is surprisingly difficult. Autopsy studies permit
exhaustive and comprehensive scrutiny of the prostate histologically but are flawed in terms of clinical
relevance for epidemiological reasons. True incidence derived from more epidemiologically-vetted
clinical trials is almost non-éxistent given the rarity of complete cross-scctional ‘end of study
biopsies’. Sakr found in autopsy studics that, for the third through to the cighth decades of life, the
incidence of PCa in a cohort of 1051 subjects was 7, 23, 39, 44, 65 and 72% [15].

Haas er al. [16] performed [§ core biopsies on autopsy prostates [rom 164 men who had no history
of PCa. They reported that six-core biopsies were taken from each of the mid peripheral zone (MPZ),
the lateral peripheral zone (LPZ), and the central zone (CZ). PCa was present in 47 (29%) prostates, Of
the 47 cancers delected, 20 were clinically signiticant according to histologic criteria. Biopsies from
the CZ did not delect any cancer that was not present in biopsies from either the MPZ or LPZ. The
sensitivities of biopsies from the MPZ for clinically significant and insignificant cancer were 55%
(95% CI = 32% to 77%) and 11, respectively, compared with 80% and 33% for those from the MPZ
and LPZ combincd. In a single institutional study, Djavan ef af. [17] found in an asscssment of repeat
biopsies that PCa was present in 22% (231/1051), 10% (83/820), 5% (36/737) and 5% (4/94) of first,
sccond, third and fourth biopsies. Together with others, these studies illustrate the fact that the
reference by which the sensitivity and specificity of biomarkers are judged is well short of perfect and
this deficicney also should be borne in mind in assessing the predictive valucs of potential biomarkers.
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3. Sources for Biomarker Analyses

L

A number of tissue/fluid sources and approaches have been employed in the quest to develop a non-
invasive diagnostic test for PCa. These range from analysing tears [18] to changes in the odour of urine
detected by dogs [19] but, in terms of commonly studied sources, prostatic fluid and blood have
reccived most attention, Paticnt acceptance of venescetion for taking samples of blood (for analysis as
whole blood or serum) and providing urine is extremely high and laboratory staff are so conversant
with the properties of both that they do not warrant detailed discussion in this manuscript,

However, the use of prostafic fluid is not nearly as well appreciated. It is logical that fluid and/or
cells obtained as directly as possible from the PCa itself should have differences in greatest abundance
to those from normal prostates. Prostatic fluid may be obtained either as post-prostatic massage urine
or ejaculate and/or posl-e,_izlcu]ujie urine.

3.1. Post-Prostatic Massage Uvrine

Since DRE by itself dislodges too few retrievable prostatic cells, most studies using prostatic fluid
have obtained specimens for analysis by prostatic massage [20-29] which is recommended to involve
3 sweeps per lobe, 013t1111aily'deprcssing the prostatc by 0.5-1 cm in a milking action to ensure
sufficient numbers of prostatic cells are obtained [30]. Micturition following massage then washes
prostatic fluid and cells dis]odg'pd into the prostatic urethra to the external meatus for collection.

Although there is a low likclihood of testicular cells or sperm being collected with this approach,
one limitation is that only the*MPZ is dircctl.y targeted for massaging with the anterior LPZ missed
completely. In addition to being unpleasant, a further potential problem with vigorous prostatic
massage is dislodging cancer cells into the systemic circulation with possible adverse consequences in
terms of facilitating metastatic spread although cvidence at 5 years does not support accelerated cancer
evolution judged as a result of Blood seeding cancer cells during operative intervention [31].

Figure 1. Ultrasound probe in rectum illustrating the relative relationship of rectum and
prostate: white arrows indicate the transition zone (TZ).
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3.2. Bjaculate

Prostatic fluid with disaggrc;;g:it.cd cells in gjaculate is expelled during orgasm following contraction
of prostatic smooth muscle, distributed widely throughout the gland. In addition to the prostatic
component, ejaculate contains gontributions from the testes, epididymi and seminal vesicles and there
is a tendencey for a reduction in éjaculatc volume with ageing. Certainly, following rescetion of the
bladder neck with transurethral resection of prostate (TURP), there is retrograde emission so that
seminal fluid mixes with urine to be expelled subsequently during micturition.

* Much has been made of a reduced capability of older men to be able to perform but evidence in the
medical literature [32,33] is to the contrary. Our experience has been that when the request is optional
and not directly related to n*nan.agcmcnt outcome, a proportion of patients, although capable, will elect
not to comply in producing a specimen in private and returning it promptly (o the laboratory but, if
there is a diagnostic imperative such as a sperm analysis, the response is quite different. Therefore,
using ejaculate as a preferred body fluid for PCa testing is considered a practical option.

Impotence does not exclude an ability to ejaculate although firm tumescence certainly helps with
this process. It is notable that erectile dysfunction is now well-recognized as a sentinel cvent for
underlying cardiovascular disease and has been reported to be a predictor for the combined outcome of
acute myocardial infarction, stroke and sudden death [34]. Therefore, an inability to ejaculate may
translatc as a surrogate for idcn_l'i:ifying a subsct of patients for whom a diagnosis of PCa is less likely to
affect life expectancy in the ¢ontext of what is a relatively slowly progressing malignancy in the
majority of cases. "

4. Identifying Discriminating Markers

Although the cause of PCa continucs to remain clusive, family historics indicate a strong inherited
genetic predisposition in both the risk of developing PCa and the likelihood of a poor outcome should
PCa be present. Not only is a f:;r‘mily history of PCa with early age of onset and numbers of first degree
relatives especially relevant in}‘;ide'ntifying predisposition [35], but a family history of breast cancer is
also emerging as important csbccially in relation to BRCA2 mutations. Certainly, BRCA2 mutations
are reported to be uncommpn'lin sporadic PCa, estimated as <1% in US patients and 2.3% in UK
palients [36] and also not common in hereditary PCa [37]. However, men who do develop PCa and
harbour a BRACA2 mutation are more likely to have aggressive tumours and tend to develop these
malignancies at an earlier age t{mn other patients [36,38].

Genome-wide association studies (GWAS) indicate genetic heterogeneity for the onset of disease
with numerous low risk loci described along with two notable high-risk loci at 8q24 and 7¢31. The
linked loci on 8924 are located immediatcly downstream of the MYC gene that is upregulated in
PCa [39.,40] and linkage at 7q31 in African American men is in close proximity to the PODXL
gene [41] which has been mutated in men with aggressive forms of the discasc [42]). It is noteworthy
that a combination of a family history of PCa together with genetic SNP variations increases the risk
association significantly. In addition to genetic heterogeneity there is also a high likelihood that PCa
genes/alleles act cooperatively in the aetiopathogenesis of the disease supporting the notion that it is
unlikely that any one biomarker alone is likely to be conclusive in detecting and predicting outcome.




Cancers 2010, 2 1130

The Practical consortium recently reported the conclusion of their successive GWAS studics. They
evaluated over 500,000 alleles (SNPs) in 3 separate cohorts of cases/controls (up to 30,000 men [43].
The consortium eventually identified alleles in 7 genomic regions (encompassing 11 genes) that were
linked to PCa diagnosis. The allele penetrance ranged 1‘10m 6-50% of the population and each allele
altered PCa risk by 0.35-1.89 (odds ratio).

Chromosomal aberrations are very commen in prostate tumours [44] and may act together in the
progression of the disease. For example, the loss of both the PTEN gene on chromosome 10q and a
recurrent 30MD deletion on 21q, that leads to the fusion of TMPRSS2 and ERG (see section on ETS
fusions), are common aberrations which appear to act together in discase progression [45]. Gain and
amplification of the MYC gene on 8q24 [44,46] is of great interest especially given the strong GWAS
linkage established immediately downstream of the gene [39,40].

5. Assay Approaches & Most Promising Markers

In reaching the current position with respect to identifying markers of detection, RNA profiling
using microarray-bascd techrologics has been particularly useful in tracking changes in gene
expression during lumorigcnesi_s‘ To date, the two most prominent candidate RNA biomarkers are the
PCA3 gene and TMPRSS2 fusion transcripts. These, together with other genetic and non-genetic
markers, are discussed below with respeet to their likelihood in differentiating cancer from non-cancer
and identifying indolent as opposcd to aggressive and life-threatening tumours.

+ Given the many markers reported in the scientific literature, we have had to follow the practice
employed in other reviews of selecting a short list of those which are considered to be most relevant
and most promising.

S.1. Markers of Detection versus Prognosis

Arguably far more important than a diagnosis of PCa is the true nature of the condition in an individual
patient. Although, without douot, timely intervention does save lives, it is indisputable that many men
who have treatment with curative intent for PCa are unlikely to benefit in terms of survival [47-49].
However, all these patients are at-risk of not inconsiderable side effects from intervention including
previously unrecognised problems afflicting both them and, indirectly, their loved ones [50-53].
Contemporarily, the large majerity of patients are diagnosed with PCa as a result of PSA lesting and
~30% are stratified to low-ris% disease with another ~25% already having occult metastases which
declare themselves subsequently [‘34 55]. Because of the disparity between TRUS biopsy findings and
thosc of whole-gland hlqtology, there is a tendency for many urologists and patients to err on the side
of intervention and to proceed to treatment with curative intent, accepting that a significant proportion
of patients will have treatment that will not affect survival or benefit their well-being.

In order to identify the minority of patients stratified as having low-risk PCa following biopsy but
whosc discasc is likely to progress, Klotz initiated an active surveillance protocol [55] undertaking a
period of very intense 2-year monitoring of these men with PSA testing, DRE and at least yearly
TRUS biopsies to unearth the ~25% of men who actually have more aggressive disease not evident
from initial TRUS biopsies [55]. This approach has been emulated by colleagues in the UK, US and
Europe and a randomised slﬁdy has been undertaken to examine this strategy further, in the
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Surveillance Therapy Against Radical Treatment (START) trial. Klotz has the largest and most mature
study of active surveillance and has reported an 85% overall survival and 99% disease specific survival
with a median follow-up of § y=2ars (range 2-11 years) [55]. Clearly there is an overwhelming need for
a prognostic profile that would.'.{non—invasively, permit accurate stratifying of PCa patients.

A distinction between detection, prediction and prognosis is not clear for many of the markers
reported with some having the potential to fulfil both roles. Identification of potential markers has been
based largely on histological expression of candidates but, interestingly, it is common for a disparity to
exist between tissue expression and detection in various biofluids [56]. Furthermore, although many of
the biomarkers identified have been at a protein level or produce protein(s)/peptides. there arc many
such as microRNAs, non-coding RNAs and metabolic jroducts not directly associated with proteins or
peptides conlribuling to the pot-pourri of potentially uselul biomarkers for idenlilying the presence and
nature of PCa non-invasively. -

6. Comments on Sclected Genetic Markers

A selection of biomarkers is listed in tables | & 2 (below). For the multivariate analysis, AIC-based
Lackward selection was used Lo drop insignificant terms.

Table 1. Post-prostate massage-urine biomarkers for the detection of prostate cancer from
Laxman er al, [26].

Variable Coefficient »F

Univariate log:stic regression analysis

GOLPH2 0.4444 0.0002
SPINK] 0.25 0.0002
PCA3 0.187 0.001
TMPRSS2:ERG 0.609 0.034
ERG 0.043 0.166
TFIF3 \ 0.11 0.189
PSA (serum) 0.0151 0.376
AMACR ; 0.049 0.45
Multivariate legistic regression analysis

SPINKI 0.308 7.41E-05
PCA3 : 0.191 0.003
GOLPH2 0.372 0.004
TMPRSS2:ERG 0.924 0.006

Table 2. Potential urine markers for monitoring prostale cancer, modified from
Jamaspishvili er al. [57].

ik Type of marker Body
b Deseription DNA _RNA _Protein__ Metabolite " Fluid
8-OhdG 8- HydroxydeoxyguanosineU + + [58] u
ANXAZ Anncxin A3 + [59-62]1 P’D
"BHUALE Basic human urinary + [63] U

arginine amidasc

Nooonvon W \\\
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Table 2. Cont.

I3 Coagulation luctor HI [04] U
(thromboplastin,
tissuc factor)

GSTPI Glutathione S-transferase I | + |65-69] PM

+ LOH Loss of heterozygosity + [70.71] PM

c.g., loss of PTEN

MCMS5 Minichromosome (721 §)
maintenance complex
componenl 5

MMDPY Maltrix metalloproleinases 9 [73-75] U

PIP Prostatic inhibin-like peptide 1761 U

PSA Urinary prostate specific [77] U
antigen

S100AY 5100 calcium binding protcein 78] M
A9 (alias calgranulin 13)

SAR Sarcosine [79] PD

SRDS5SA2 Steroid S-alpha-reductase |80] U
type 2

TERT Telomerase reverse + [81-83] PM
transcriplase :

TMSBISA  Thymosin beta 15a [84] §)

VEGI Vascular endothelial [¥5.86] U

growth lactor

Key: PM~ post-prosiate-massage urine, P ~ post digital examination urine, U~ voided urine.

6.1. PCA3

PCA3, previously known as DD-3, is a non-coding gene first reported by Bussemakers ef /. [87].
MRNA of the PCA3 gene is highly over-expressed (median 66-fold) in >95% of PCa tissue compared
with normal or benign prostatic tissue of the same patients [20,87]. PCA3 has been assayed from urine
fo]lowmg prostatic massage in 1l separate clinical studies totalling 2737 men from Western
countries [21-24 ,28.30,88-93] with an overall sensitivity of 69% and specificity of 70% for men
with PCa.

The role of PCA3 in clinical practice as a commercially-available test remains uncertain with most
advocates indicating a place in patients who have already had TRUS biopsies with a negative result for
cancer but in whom PCa remaias suspected. Another application may be as an adjunct to repeat DREs,
scrum PSA cstimations and prostatic biopsics in following men diagnosed with low-risk 'Ca who have
elected to be monitored carefally in active surveillance protocols rather than have treatment with
curative intent. However, more recently, a number of investigators have combined their PCA3 findings
with those from other markers to try to incrementally improve detection rates since it is clear that no
onc marker by itself is adequate for detecting all cases of PCa.
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0:.2. PCA3 Redefined

Although upregulation of PCA3 was first described in PCa specimens in 1999 [87], it was another
10 years before the complete structure of the gene was resolved [94] with description of new start sites,
additional exons and a range of novel alternatively-spliced transcripts (Figure 2), some of which are
more highly cnriched in PCa and metastascs. cxpression not normally being secn outside the prostate.
PCA3 is embedded in an 'um -sense orientation within an intron of another much larger gene,
BMCCI-1. In contrast to PCAJ a weakly conserved non- -coding gene, BMCCI-1 has a conserved protein
domam with an established role in Rho- signalling, cellular transformation and metastasis [94, 05].

PCA3 expression is androgen responsive with alternatively spliced PCA3 mRNA transcripts
differentially upregulated in up to 95% of PCas and metastases [94-96]. PCA3 mRNA levels have
been detected in primary and metastatic PCa tissue specimens at up (o 43 and 110 times the levels
expressed in normal prostate tissue, respectively, compared with up to a 3 fold increase in benign
prostatic hyperplasia (BPH) [94]. By combining PCA3 with 2 other biomarkers (i.e., PSMA and
hepsin) 100% of tissue samples (55 in total) were classified as either PCa or BPH [97]. The recent
discovery of novel PCA3 transcripts, inclusive of exons 2a and 2b, that are more highly enriched in
PCa and metastases and the identification of complementary biomarkers [26,97] tantalises
investigators who seek further improvements in PCa detection and characterisation through a non-
invasive molecular approach.

PCA3 is expressed at high levels in metastatic PCa bui, empirical data do not support an association
between PCA3 upregulation and clinical stage, Gleason scores, tumour volume, pathological stage or
cancer progression [93,98]. Nevertheless, the genomic inter-relationship between PCA3 and the
ditfcrent BMCC/ isoforms |94) -may not be coincidental and investigations arc underway for clucs to the
association between BMCC! régul;ltion and PCa initiation and progression [94].

Figure 2. Redefined PCA3 gene.

Exort 1 Exon 2 Exon 3 Exon 4
PCA3 — 7777777771 }— 7 O a1 0 I (5 e
Tl 2150 0 170 1812 185 102 537 1061 1856 -7
““_“‘-..\‘ ' _,—“‘}
g, i .
‘\._\‘-_ //

P P

b TR 5o

¥ B -

v “‘--.;H‘ .z”
Chr 9921 _ = T poAr Aa" ,//
s S o R SN e S Him~ 4 §54

' BMCG1 isoform 1
Bodeed R SHNSE 34 S
BMCC1 isoform 3 (BMCC1/AB050197) BMCCH1 isoform 2
& : - 3 .: :’ $ & §§: Q -------------
BMCC1 goform 4 (KIAAO367/ BNIPXL) ' L

The truncated form of PCAS3 described by Bussemakers ef /. [87] was extended by Clarke e «l. [94]
using a thorough 5° and 3’ RACE analysis of the mature message and DNA and RT-PCR sequencing
in their description of the complete PCA3 gene with:

e Exon I over 10 times longer than previously reported

e 4 new transcription start sites
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e 4 polyadenylation sites
e 2 new differentially spliéecl exons
¢ PCA3 embedded in intron 6 of the BMCCI-1 gene

0.3. ETS Gene Fusions

ETS gene fusion provides a highly specific biomarker assay for the detection and prognosis of PCa.
In 2005, microarray analyses identified two E26 avian erythroblastosis virus (ETS) family
transeription factors, ETS related gene (ERG) and ETS variant gene | (ETV1), as potentially important
PCa biomarkers [99]. Aberrant expression of these ETS genes was found coincident with gene fusion
between the 5" untranslated region of androgen-regulated transmembranc protease, serinc 2 (TMIPRSS2)
gene and the ETS genes FR( (chromosome 21g22.2), ETVI (7p21.2), ETV4 (17921) or ETVS (3¢q28)
or one of ~20 other gene fusion variants [100-103]. ERG and E7V/ rearrangement and overexpression
has been reported to occur in the majority (50-60%) of PCas with the most common variant being a
recombination between exon 1 of TMPRSS2 and exon 4 of ERG, designated TI1/E4 [104-108]
represented in ~85% of all reported fusion cases [101,109]. Identification of ETS fusions in the ‘post-
prostatic massage urines” from men with PCa using RT-PCR has a sensﬁilivily ol 37%, a specificily ol
93%, a negative predictive value of 36% and positive predictive value of 94% [25,110,111].

ETS gene fusions have an important role in PCa development and prognosis. ERG and ETV/ show
mutually cxclusive overcxpression in PCa tissucs, suggesting a redundant function in PCa
development. In addition, ERG and ETV 1 gene fusions have been detected in only a limited number of
BPH and High-Grade Prostate Intra-epithelial Neoplasia (HHGPIN) lesions, albeit in the absence of ETS
uprcgulation [L12,113]. In onc cohort TMPRSS2—ERG TI1/E4 fusion associated uprcgulation of ERG

was found to be highly prognostic of disease recurrence [114] independent of grade, stage and PSA
level [105]. ETS fusions are strongly linked with survival when associated with loss of PTEN
(P <0.001) [115] and have been identified in 48% of men who died of castrate-resistant disease [116].
Fusion-related upregulation of ERG is increased by oestrogens and the incidence and prognostic
significance of these gene fusions may vary with cohort race/ethnicity and different techniques of
detection [108,115.117-121]. Eiectmphorcsis atter RT-PCR using fusion specific primers followed by
Southern transfer and probing with fusion specific probes appears to be a more rigorous method ol
d;etection [110].

7. Other Markers of Detection
7.1. Early Prostate Cancer Antigen

Leman et al. [122] reported results on a scrum biomarker called early prostate cancer antigen
(EPCA) using an antibody assay against the EPCA-2.22 epitope. The study involved 385 men and
reported a 92% specificity for healthy men and men with benign prostatic hyperplasia and a 94%
sensitivity for overall PCa detection. In addition, the authors indicated that EPCA-2.22 was highly
accurate in differentiating between localized and extracapsular disease [122]. More recently, the same
group reported on a second epitope of EPCA, designated EPCA-2.19, which they found provided
almost identical results [123]. Despite the promising nature of these findings, more details are required
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including the results from multicentre studies. As a result of challenges to the work regarding EPCA-2,
the place of this candidate as a PCa marker is currently uncertain [124].

7.2. GOLPH2

GOLPH2/GP73, elevated in PCa tissues, is detectable in post-prosiatic massage urine from PCa
patients. GOLPH2 immunihistochemical staining indicates a perinuclear Golgi-type pattern that is
more intense in PCa glands compared with normal glands (P < 0.001) [125]. Tn a large study by
Kristiansen er al. [125], upregu'ation of GOLPH?2 protein was reported in 567 of 614 tumours (92.3%)
and AMACR in 583 of 614 tumours (95%) (correlation coefficient 0.113, P = 0.005). Importantly,
GOLPH2 immunohistochemical analysis indicates a lower level of intratumoral heterogeneity (25 vs.
45%). Further, GOLPIH2 upregulation was detected in 26 of 31 (84%) AMACR-negative PCa cases.
Using PCR analysis, Laxman e af. [26] demonstrated increased GOLPH2 levels in post prostalic
massage urines as a significant predictor of PCa when multiplexed with PCA3 and SPINK I [26].

7.3. SPINK]

SPINKI (also referred to as TATI) is a biomarker for ’Ca that can be detected in prostatic massage
urine. SPINK, a trypsin inhibitor secreted from pancreatic acinar cells, is thought to function in the
prevention of trypsin-catalyzed premature activation of zymogens within the pancreas and the
pancreatic duct, Mutations of tnis gene are associated with hereditary pancreatitis and tropical calcific
pancreatitis [127,128]. SPINK1 is also overexpressed in other cancers, and an clevated serum level is
an independent prognostic indicator in many of these, as reviewed by Paju and Paju [129,130].
Tomlins et al. [126] found SPINK! expression to be an outlier (using a meta-COPA outlier
meta-analysis) cxclusively in a subset (10%) of ETS rearrangement-negative cancers and only in 6%
of ETS negative PCa ductal :adenocarcinoma variants [131]. Laxman ef «l. [26] showed thal a
multiplexed qPCR assay including SPINK 1 on sedimented urine from patients presenting for prostate
biopsy or prostatectomy 0utpm’f01‘mcd serum PSA or PCA3 alone. SPINKI expression in urine is also
an independent predictor of biochemical recurrence after resection [26,126]. The aggressive 22RV1
prostate cancer cell line expresses SPINKI and SPINKI knockdowr attenuates 22RV1 invasion.
suggesting a functional role in ETS rearrangement-negative prostate cancers [126].

7.4. a-Methylacyl Coenzyme A Racemase (AMACR)

AMACR is a very commonly used immunohistochemical marker for PCa which can also be
detected in the urine of PCa patients [26.57.125]. AMACR, also known as P504S. is involved in
B-roxidation of branchcd-chain fatty acids and fatty acid derivates. AMACR is consistently upregulated
at both the mRNA and protein levels in prostate tissue [57], however, its usefulness as a biomarker in
urine is controversial [26,132,133]. Western blot analysis for AMACR was used on voided urine after
TRUS and biopsy, showing a 100% sensitivity and 58% specificity for PCa detection in one group of
patients with ncgative biopsy findings [133].
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8. Specific Prognostic Markers

As the sccond step in the ron-invasive detection process, prognosticating is less well established
with the possible exception of tissue characterisation using markers, with the presumption that the
biopsicd samples are representative of cach gland’s malignancy status. Furthermore, although a
number of markers have been reported to indicate aggressive and lethal PCa, there arc considerably
fewer indicators of low-risk PCa which is of particular relevance if an active surveillance or close
observation clinical approach is to be pursued.

8.1. AZGP1 & hCAP-D3

Zinc-alpha2-glycoprotein (AZGP1) is present in high concentration in human seminal plasma and
considered to be a soluble homologue of MHC-1 [135]. Hale ef al. [136] reported that Anti-AZCGPI
monoclonal antibodies reacted strongly with normal prostatic epithelium but not with other
components of prostate or serninal vesicles and that 35 of 48 PCas also reacted with anti-AZGP!I
antibodies. However, it was notable that high-grade tumours expressed significantly less AZGP! than
moderate-grade tumours. In addition, men with AZGP1-producing PCas had clevated levels of serum
AZGP1 relative to normal age- and race-matched controls (P < 0.02). More recently, Bondar er al. [137]
have developed a serum bio-assay for AZGPI [137].

Henshall ef al. [138] reported on the highly predictive capacity of AZGPI1 expression in radical

prostatectomy (RP) specimens. More recently, Lapointe ef al. [139] reported a combination of

immunohistology for AZGP1 znd RNA in situ hybridisation for hCAP-D3 expression in tissues from
225 RP specimens which distinguished even more clearly those patients whose tumours would recur
and those whose would not (p = 0.0002). Loss of both hCAP-D3 and AZGPI expression was
associated with the worst outcomes whercas cxpression of both markers indicated a very low
recurrence rate raising the potential for identifying those patients better suited to an active survcillance
protocol than an active treatment approach with curative intent.

8.2. Prostatic Acid P:’w.s;m‘mm.s"e (PAcP)

Prior to the introduction of serum PSA, PAcP was uscd widely to indicate advanced PCa. but fell
into disuse. However, a number of publications have promoted a renewed role for this enzyme as a
prognostic indicator in early disease. Moul er al. [140] reported on 295 patients who underwent RP and
compared the value of pre-treatment serum PSA and PAcP. The Kaplan-Meier disease-free survival rate
at 4 years was 78.8% for men with a PAcP < 3 ng/mL and 38.8% for those with PAcP > 3 ng/mL.,
which was significant overall (p < 0.001) and, when pre-treatment PSA was <l0 ng/mL
(p = 0.047), 210 ng/mL (p = 0.012). They concluded that PAcP testing added prognostic information
to pre-treatment PSA values and that PAcP was an independent predictor of recurrence [ 140).

More recently, Han et al. [141] reviewed pre-operative PAcP levels in 1681 men who proceeded to
RP and confirmed that PAcl’ was an independent predictor of tumour recurrence {p < 0.001). Most
recently Fang et al. [142] examined case histories of 193 paticnts with clinically localized PCa, a
Gleason score >7 and/or a PSA level of 210 ng/mL treated with '™Pd brachytherapy and supplemental
external beam radiotherapy (EBRT) between 1992 and 1996. The 19-year cause-specific survival
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(CSS) rate for patients with a pre-trecatment PAcP level < 1.5, 1.5-2.4 and >2.5 U/L was 93%, 87%,
and 75%, respectively (P = 0.G13). The 10-year CSS rate for patients with a PSA level < 10, 10-20,
and >20 ng/mL was 92%, 76%%, and 83%, respectively (P = 0.393). On Cox multivariate regression
analysis, PAcP (hazard ratio 1._31,'[—" < 0.0001) and Gleason score (hazard ratio 2.37, P = 0.0007) were
associated with CSS. PSA was not predictive of CSS (I = 0.393) but PAcP was a stronger predictor of
CSS than PSA or Gleason score these men with higher risk PCa.

9. Multiple Markers

In a recent study of 423 consecutive patients treated with radical prostatectomy for clinically
localized PCa, pre-operative plasma levels of Endoglin, interleukin-6 (IL-6), interleukin-6 soluble
receptor (IL-6sR), transforming growth factor-betal (TGF-betal), urokinase plasminogen activator
(uPA), urokinase plusminogén inhibitor-1 (PAI-1), urokinase plasminogen receplor (uPAR), vascular
cell adhesion molecule-1 (VCAMI), and VEGF were measured using commercially available enzyme
immunoassays. Plasma IL-G6 (P = 0.03), IL-6sR (P < 0.001), TGF-betal (P = 0.005), and V-CAMI
(I') = 0.01) achicved independent predictor status after adjusting for the cffects of standard post-
operative [eatures. Aller stepwise backward variable elimination, a model relying on RP Gleason sum,
IL-6sR, TGF-betal, VCAMI; and uPA improved the predictive accuracy of the standard post-
operative nomogram model by a modest 4%. The long-term follow-up of these patients will be of
particular intcrest [143].

9.1, Annexin A3 (ANXA3)

ANXA3J, a recently identified PCa biomarker, has an inverse relationship to PCa progression and
can be detected in the urine of PCa patients [144]. ANXA3 belongs to a family of calcium and
phospholipid binding protcins that arc implicated in cell differentiation and migration,
immunomodulation, bone forrhation and mineralization in PCa metastasis [[45]. ANXA3 has an
inverse relationship to cancer and the immunhistochemical staining in prostatic tissue correlates with
disease progression, Gleason score and malignancy [144]. The presence of ANXA3 in urinary
exosomes and prostasomes might be the reason for its remarkable stability in urine [144,147]. ANXA3
has been quantified by western blot in the urine samples of patients with ncgat'ivc DRE findings and
low total PSA (2—10 ng/mL "), which is the clinically relevant group facing the biopsy dilemma.
Combined readouts of PSA and urinary ANXA3 gave the best results with the Area Under the
Receiver Operating Curve (AUROC) of 0.82 for a total PSA range of 2-6 ng/mL"', 0.83 for a total
PSA range of 4-10 ng/mL™" and .81 in all patients [147].

10. MicroRNA Profiling

" MicroRNAs (miRs) are small non-coding RNA molecules with a length of 21-25 nucleotides. They
are mostly localed within inter-genic chromosomal regions and can be found as solitary or clustered
gene units. MiRs post-transc’riptionally regulatc gene cxpression by binding to complementary
sequences within the 3°UTR of mRNAs. In most cascs anncaling leads to a modest down regulation of
gene expression, although a fevv upregulating miRs have been described [ 148]. The first 6 to 8 bases of
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a miRk direct its targeting and so each species may bind up to thousands of mRNAs. Very recently,
researchers have demonstrated that not only can miRs indirectly disable gene function by associating
with mRNAs, they can silence genes directly by adding methlyl groups and it has been proposed that
epigenctic silencing by DNA methylation depends on the ratio of miRNA to its target RNA [149].

Profiling of PCa ccll Iincég_ and spccimens has been performed for miR expression. The first
dedicated report by Porkka e al. [150] found expression of many species and that their expression
varicd with malignancy and with the cell’s androgen rcceptor status. Follow up reports have confirmed
this finding and extended the profiling of prostate-specific miRs [151]. Evidence to date suggests that
many miRs with altered express.ion in PCa are generic to malignancy. This includes over expression of
miR-21 (which is known to suppress members of the p33 network [152,153], over expression of miRs-
1.1511 and 135b, and loss of miRs 145/34¢/221 and 222, The expression of these miRs appears (o be
androgen dependent (in part) and results from chromosomal and epigenetic alterations. Few studies
have assessed the translational use of these miRs [154,155].

11. Metabonomics/Metabolomics

" Metabonomics/metalolomics involves the study of melabolites in a biological sample on a global
scale, with the aim of understanding its metabolic profile and correlating it with a biological,
physiological or clinical state, In oncology the identification of metabolites that have been observed to
be different, and characteristically so in PCa compared with non-malignant prostates, has the potential
to lead to the discovery of biomarkers that are useful for diagnosis and prognosis as well as for
monitoring effectiveness of th{ﬁ'upy. It has been known for many years that citrate and its preferred
prostatic cation zinc are reduced in PCa epithelial cells, reflected in gland luminal contents and
prostatic fluid whercas levelé of choline and spermine arc incrcascd, However, unlike choline,
spermine is decreased in prostatitis, this condition causing an elevation in serum PSA which can be a
confounder in the diagnosis of PCa using serum PSA as the sole biomarker [156-161].

© A variety of mass spectroscopic techniques is available to provide analytical information on small
molecular metabolites, proteins and other molecules. They include tandem mass spectrometry
(MS/MS) [162], electron ionisation (EI), clectrospray, liquid sccondary ionisation mass spectroscopy
(LSIMS) [163], collision-induced dissociation tandem mass spectrometry (CID/MS/MS) [164] and fast
atom bombardment mass spectrometry (FAB-MS) [165].

However, nuclear magnetic resonance spectroscopy (NMR or MRS) [166] is the method most
commonly reported. Although studies have examined the prostate by in vivo MRS using specially
designed endo-rectal coils for this purpose, this approach has decreased in recent times with an
emerging interest in perfoming the MRS analyses on prostatic fluid itself or on biopsies of prostatic
tissue. A-number of recent reviews cover the topic in detail [166-168], thus this section focuses on a
number of topical contributions and on the most recent developments.

Using MRS, Lynch and Nicholson [169] examined prostatic fluid from 26 patients (10 BPH, 4 PCas
and 12 controls) by prostatic smassage and from ejaculate from 11 men with vasal aplasia. They
reported significantly lower citrate: spermine ratios in PCa (p < 0.02) and that findings from ejaculate
parallcled thosc obtaincd following prostatic massage. Also using MRS a difference in citrate levels
between seminal fluid from 3 patients with PCa compared with specimens from non-PCa donors, was
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acmonstrated by Averna ef al. [170] who subsequently confirmed this in a study of 61 participants, of
whom 16 without and 21 with PCa donated seminal fluid, and 17 without and 7 with PCa donated
expressed prostatic secretions. Mean citrate levels compared with those from controls were 2.7-fold
lower in patients with PCa for semen (132.2 + 30.1 vs. 48.0 = 7.9 mM., p < 0.05) and expressed
prostatic sccrctions [171]. Sirr';ilarly, Scrkova ef al. | 172] reported that the concentrations of citrate,
spermine and myo-inositol in uhuman expressed prostatic sccretions are age-independent markers of
PCa. The median concentlatlom of all three metabolites were significantly decreased in PCa subjects
(n = 52) when compared with healthy controls (n = 26), with citrate decreasing from 349 mM to
114 mM (p < 0.0001), spermine decreasing from 57 mM to 27 mM {p < 0.002) and myo-inositol
decreasing from 21 mM to 7 mM (p < 0.0001). These threc markers were highly predictive of PCa
with AUROC values of 0.89 (o5 cilrate, 0.87 lor myo-inositol, and 0.79 for spermine. In addition, some
other metabolites such as pyroglutamate and uracil [173,174] continue to emerge as potential
biomarkers to indicate the presence of PCa and its prognosis.

In recent ycars a number of reports have emerged that use high-resolution magic angle spinning
(HR-MAS) proton NMR spectroscopy (o analyse the metabolite content in intact human prostate tissue
samples obtained via biopsy or following surgery. As HR-MAS MRS is non-destructive, NMR and
histopathological data can in principle be obtained for the same sample [175,176]. For example. the
concentration of citrate (r = (.763, p < 0.001) and spermine (r = 0.604, p < 0.018), mecasured by HR-
MAS MRS, has been shown o correlate with the volume percentage ol normal, healthy prostatic
epithelial cells assessed histolcigica]ly on the same samples [175]. This is physiologically significant,
as spermine is a proposed endogeneous inhibitor to PCa growth, and the findings mirror solution MRS
results [173], as well as other HR-MAS changes reflecting a decrcase in spermine and other
polyamines in PCa.

In two contributions, Swanson er al. [176,177] observed different metabolite profiles in healthy
glandulal and stromal tissue compared with PCa in post-surgical prostate samples using HR-MAS
MRS. Healthy glandular tissue contained significantly higher levels of citrate (43.1 £ 21.2 mmol/kg)
and polyamines (PA) (18.5 =+ [5.6 mmeol/kg), and lower levels of the choline-containing
compounds choline (3.52 + 1.44 mmol/kg), phosphocholine (PC) and glycerophosphaocholine (GPC)
{[t-choline],yeun= 7.06 = 2.36 nﬁ'mol/kg) than PCa tissue ([Citrate]em = 19.6 % 12.7 mmol/kg, p<0.01;
[PAlmesn = 5.28 + 5.44 mmol/kg, p < 0.01; [t-choline]yen = 13.8 + 7.4 mmol/kg, p < 0.01). Healthy
stromal tissue contained lower, levels of choline compounds ([t-choline]nean = 7.04 & 3.10 mmol/kg,
p < 0.01) than PCa, but was similarly low in citrate ([Citrate],cay = 16.1 = 5.6 mmol/kg) and polyamines
([PA]mean = 3.15 % 1.81 mmol/kg) [177]. In addition, levels of taurine, myo-inositol and scyllo-inositol
were higher in PCa than cither healthy tissue component [176]. Remarkably, larger increases in cheline
and dccrcases in citratc and polyamines (p = 0.05) corrclated with morc aggressive cancers [176].
Using an improved quantitatior: method by combining HR-MAS MRS with T} and T relaxation times
optimisation and internal concentration standards, Swanson er al. [177] confirmed their earlicr
observations [176]. In addition, they observed clevated concentrations of lactate (69.8 £ 27.1 mmol/kg,
p < 0.01) and alanine (12.6 + 6.8 mmol/kg, p < 0.01) in PCa comparcd with healthy glandular or
stromal tissue [177]. Elevated levels of lactate (1.59 + 0.61 mmol/kg, p < 0.0001) and alanine
(0.26 + 0.07 111|110ng, p<0. 0(‘01) in PCa versus healthy samples ([lactate] e = 0.61 + 0.28 mmol/kg;
[(Alalmean = 0.14 £ 0.06 mmol/kg) were also recently confirmed by combining HR-MAS MRS with the
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clectronic reference to access r-r vive concentrations (ERETIC) method [178] as external concentration
standard on TRUS-guided bio, )sy samples [179]. Finally, HR-MAS MRS can be combined with the
use of "C-labeled substrates as probes to characterise the various metabolic pathways involved in PCa
in greater detail [180,181]. '

As new biomarkers for PCa arc discovered, it is highly likely that newer and more sensitive
methods of detection promiselto reveal even more markers in this technology-driven discipline. For

example a recent study of metabolite profiles in urine, blood plasma and surgical tissue samples of

benign, PCa and metastatic PCa, characterised levels of a large number of metabolites by LC-MS and
GC-MS, and found that sarcosine levels were increased in PCa (p = 0.0004 in urine sediments, and
p = 0.0025 in urine supernatants) and the increase corrclated with the invasiveness of the cancer [181].
Indeed, the mere addition of exogenous sarcosine caused benign prostate epithelial cells to assume an
invasive phenotype.

[n the same vein, a combination of different analytical techniques with different strengths that
complement cach other is likely make the process of biomarker discovery more robust. The successiul
route to future PCa biomarker discovery will involve a combination of different techniques and hinges
on the integration of information gained from different tissues (urine, EPF, plasma, biopsies) different
analytical techniques (MRS and MS) and even different hierarchical levels (genomics, proteomics and
mectabolomics).

12. Conclusions

It is expected that, when accurate markers for detection become established in routine clinical
practice, those patients with normal marker profiles will be able to be spared TRUS biopsies with the
accompanying potential for unfoward effects. If these men are considered to be at-risk of developing
PCa subsequently, non-invasive testing for abnormal marker profiles will be able to be repeated, as
appropriate. By contrast, an zpnormal detection marker profile indicating the presence of tumour
would select patients for prognostic profiling and prostatic biopsies. A favourable prognostic profile
would increase confidence in pursuance of an active surveillance or close observation managemert
stratcgy. On the other hand, a most unfavourable prognostic profile would indicatc a very high
likelihood that the discase is no longer localised and is expected to be already micro-metastatic. Thus,
the advent of reliable markers' 10! detection and prognosis promises to facilitate tailored management
to individuals with levels of confidence not currently available. At this point in time, it is evident that

no one marker by itself is able ‘o accurately detect all cancers with 100% sensitivity and specilicity, lel

alone reliably predict outcome, so there is a move to include several markers to improve detection rates.

Currently, this usually involves total serum PSA, amongst others, with the most commonly used
molecular marker PCA3, testing for which is available commercially.
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continuation of Box No lll: Observatichs whare unity of invention is lacking

Group I: Clabns 1-17, drawn to a method for determiting a likelihood of cancer recurrenca In a palient with prostate conhuor, comprising:
measuring an sxpression level of at least one gene in a biologleal sampls cumptising prostate fissue obtalned from the patient, whotain
the at least ono gene cuinprises a gene from Tablos 34, 3B, 4A, 4B, SA, 5B, BA, 6B, 7 A, 7B, 8A, 8B, I0A, or (0B, or genos lhat
coexpress with the at least one gane; predivting a likellhood of cancer recurrence for the patient;

wharain an expression lavel of any géne in Tables 3A, 44, 5A, GA, 7 A, BA, and I0A iz posilively assoclaled with an increased risk of
rocurrenca, and whoreln an expression level of any gane in Tablas 38, 4B, 583, 60, 78 8B, and 0B Iz nogatively asscclatod with a
Incrensed risk of recurrence; or a method for determining a likelthoed of upgrading or upstaging in a palient with proslale cancor,
aemprising: maasuring an exprasslon lovel of at least one gene in a blologleal sample comprising prostata tssue obtalned from the
pafient, whareih tho at least one gene comprisas a gane [roin Table 13A or 13B, or genes that co-uxpress with the at least one gong;
wlhorein an exprosslon level of any gene In Tables I3A Is positively associated with an increased risk of upgrading/upstaging, and
whoroin an expression leval of any gene in Table 138 is nagalively assoclaled wilth o Increased Hsk of upgradingfupstaging.

Group II: Clalins 18-20, drawn to a melhad for delvrinining a likellhood of cancer recurrence [n a patient wilh prostate cancar,
cotnprlsing: measuring an oxprosstan level of at least one micraRNA In a biological sample comprising prostate lissito obtalned from the
palient, whereln the at least ono micrcRNA is a microRNA selacted from hsa-miR-93; hsa-miR-106l; hsa-miR-2k; hsa-mIR-449a; hsa-
miR- 182; hsa-mIR-279; hsa-miR-104; hsa-miR-14l hsa-miRk-92a; hsa-miR-22; hsa-miR-20b; hsamilR-

210; hsa-miR-331; hsa-mIR-191; haa-mIR-425; hsa-miR-200¢; hsa-miR-300-5p; hsamiR- 133a; hsa-miR-30a; hsa-miR-222; hsa-m(R-I;
hsa-miR-145; hsa-miR-486-5p; hua-miR- 19b; hsa-miR-205; hsa-miR-31; hsa-mIR-155; hsa-miR-208; hsa-miR-99a; and hsa-miRI4Gb-
5p; and normalizing sald oxpression level to oblain 8 normalized expression level; whorpln a nunmalized exprossion lovel olhsa-miiR-93;
haa-miR-106b; hiza-mIR-21; hea-miR-d48x; hse-aniR-182; hsa-miR-27a; hsa-miR-103; hsa-miR-141; hsa-miR-92a; hsamiR- 22; hsa-miR-
28b: hse-mIR-210; haa-miR-33(; hsa-mIR-181; hsa-miR-425; and heamlR- 200¢ [s posilivety assoclated with an incronsed sk of
recurrence; and wheroin a normalized exprossion level olhsa-miR-30e-5p; hsa-miR-133a; hsa-miR- 30a; hsa-miR-222; hsa-mIR-I; hsa-
miR-145; hsa-miR-186-5p; hea-miR-19b; hsa-mik-204; hsa-miR-31; hsa-mIR-155; hsa-miR-206; hsa-miR-95a; and hsa-miR-146b-5p is
negotively associatod wilh an Increased rlsk of recurrence. ;

Tha Inventions listed as Groups I-H do not relate to a single general inventive cohgept under PCT Rule 13.1 hacause, under PCT Rule
13.2, lhay lack the sume or corresponding special technical features for the following reasons:

Group | doas not include the Inventiva concept of measuring an exprassion level of at least one microRNA I a binlogical sample
comprlsing prostate ssue oblained from the patlant, wherein the at least one microRNA is a microRNA selected from hsa-miR-93; hsa-
miR-106b; hsa-miR-21; hsa-miR-449n; hsa-mlR- 182; hsa-miR-27a; hsa-miR-103; hsa-miR-14k haa-mIR-92a; hsa-miR-22; hea-miR-29b;
hsamiR- 210, hsa-miR-331; heg-miR-191; hsa-miR-425; hsa-mIR-200c; hsa-nlRkR-30e-5p; haamiR- 133a; hsa-miR-304; haa-miR-222; hsa
-miR-l; hsa-miR-145; hsa-miR-486-5p; hsa-miR- 19b; hsa-mIR-205; hsa-miR-31; hsa-miR-155; hsa-miR-206; hsa-miR-99a; and haa-
miRI46b- 5p; atwd normalizing saigd exprussion level to obtain a normalized exprasslon lovel; whnraln a normallzed expression lovel ofhsa
-miR-93; hsa-miR-106b; hsa-miR-2k hsa-miR-449a; hsa-miR-182; hsa-tnlR-27qa; hsa-miR-1023; hsn-miR-141; hsa-miR-92a; hsamiR- 22;
hsa-miR-280; hsa-mIR-210; hsa-mil-331; hea-miR-191; hsa-miR-425; and hsamiR- 200 Is positively associated with an Increased risk
of recurronce; and wherein a normalized exprasslon level ofhsa-miR-30e-5p; hsa-miRk-133a; hsa-miR- 30a; hsa-mIR-222; hsa-miR-I; hsa
-miR-145; hsa.-miRk-480-5p; hsa-1nlR-19L; hsa-miR-205; hsa-miR-3; hsg-miR-155; haa-miR-206; hsa-miR-894a; and haa-miR-146L-5p Is
nuegatively associalod wilh an Increased rlsk of rocurrence, as required by Group |1,

Group Il does not includa the Inventive concept.of maasuring an exprossion lavel of at laast ane gane in a biological sample coinpilsing
prostate fissua obtalned from the patient, wharein the at least anc gene comprisos a gona from Tablas 3A, 3B, 4A, 4B, 5A, 58, 6A, 6B, 7
A, 7B, 8A, 8B, 104, or [013, or genes that coaxprass wlth the at least one geno; predicling a likelihood of cancer recurrence for the pationt;
whorein an exprossion level of any gene In Tablas 3A, 4A, 5A, 6A, 7 A, 8A, und 10A is positively associnted with an Incronsod risk of
recurrence, and wharein en exprosslon level of any gene in Tables 303, 4B, 5B, 88, 7B 88, and 10B Is negativaly assoclated wih a
Iheroased risk of recurrance; or measuring an oxprossion level of at least one gone in a biological sampte comprsing prostate fissue
obtained from the patlont, whereln 1F o 8! leas!t one gonho comprises a gena from Table 134 or 3B, or genes that co-express with tho al
lenst one geno; whereln an expresslon laved of any gene In Tables 13A [s positively associated with ah Increased risk of
upgradingfupstaging, end whoreln an expression lavel of any gone In Table 138 is negalively associnted with & Increased risk of
upgradingfupsiaging, as required by Group |,

contihuod on next blank page -

Fomm PCT/ISA/210 (extra sheet) (July 2009)




INTERNATIGNAL SEARCIL REPORT International application Mo.

PCTIUS 1145253

conlinuation of provious page

Groups -1l share 1he technlcal feature of a method for determining a likellheod of cancer meurrence In a pationt with prosiale cancor,
comprising muausro an expreasion lovel of at least one nuclele acid | & blological sample; predicling a likelihood of cancer rucurrenco for
the pallent, whoreln an expression losel of a spacifled nuclele acid is positively associuled with an Increased risk of recurrenco; and
whoreln an exprossion tevel of n secend specifled nuclelc acld is nagatlve assoclaled with Incroasad risk of rocurrence. Howaver, this
shared tachnlcal fealure doos not reprasent a contribullon over tho prior art, specifically, US 2009/0298082 A1 to Kiee ot al. (heraiafter
'Klee') teachos a methoed for determining a likelllxod of cancer recurence in a palient with prostate cancer [Absiroct; para [0009),
[0034]-'After therapy for prostala cancer many men develop a rising PSA. Such men may develop a local or mutastatic recurrence that
warranls further therapy. However many men will have no avidenco of disnase progresslon other than the rising PSA and vl have a
guod cutcome. A case-contral dosign, Incorporating test and validation coharts, was used to test the arsoclation of gono oxproession
rosulls with oulcome alter PSA progression, Using arrays aplimized for poraffin-ombedded tissus RMAs, a geno oxpression mndel
significantly associated with systemic progrossion aftar PSA progrossion was davelopad, Tho model alao pradicted prostate cancar
desalh o

(in men wilh systemic progrosslon} and systemic progreasion beyond 5 years (In PSA controls) willi huzard ratios 2.5 and 4.7,
mlapeciivaly (log-rank p-values of 0.0007 and 0.0805). The measurement of gene expression pattemn may bo useful for datennining
which ]

men may benellt [rum addilionat therzipy after PSA recurence.”), comprising:

—measuring an cxpression level of at laast one gono In o btalogical :ample comprising prostate tissus eblained from the patient, wherein
the =t loasl one gene comptises a geno from Tables 3A, 3B, 4A, 4B, 5A, 5B, 6A, 6B, 7 A, 7B, BA, 8B, 10A, or 10B {table 2-RAD21,
SRNGAZ, TOP2A,; Flg 1; para [0023]-{0024]); .

~-predicting a llkellhood of cancer recurrence for the patient (para [0009], [0023], {0034]):;

-—wherain an expression lovel of any gone In Tables 3A, 4A, 5A, GA, 7 A, BA, and 10A is pogitively associated with an Increasod risk of
recurrence {tabla 2; fig 1 7 RAD21 and TOR2A; para [0023], [0034], [0062]), and

~~-wharsin an axpression tevel of any.gone in Tebles 38, 483, 5B, 6B, 78 8B, and 108 |s negatlvely associatod with o Increased risk of
recturrenco (table 2; fig 1-SROSAZ; prra [0023], [0034], [0062]).

As said share technical fealure was known at the time of the Invention, thls connot he consldered a spoclal techntcal feature that would
otherwise unify the groups. i

Groups |-Il therefore lack unily undor PCT Rule 13 bacauso thay do not share a sama or corrasponding special tachnical fealo,
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Box No. 1 Basis of this opinion.

1. With regard 10 the language, this opinion has been established en the basis of!
IX’ the infernational application in the language in which it was filed,

D # trunslation ol the international npplication into . which is the language ofa
translation firrnished for the purposes of inleruational scarch (Rules 12.3(o) and 23. 1{b)}.

21 D This opinien has been ¢stablished toking imto account thergetification ofan obvious mistzle authorized by or notified
tu this Authority uider Rule 91 (Rule 43 bis, [{a))

3. With regord to any nucleotide and/or amino acld sequence disclosed in the international application, this epinian has been
cstablished on the busis ef’ a sequence listing filed pr furnished:

a8, (mesns)
D on paper

in clectronic form

D in the internatinnal application as filed
D tagether wilh the international application in electronic form

suhsequently to thiz Anthority for the purposes of search

4, D In addition, in the case that morc than one version or capy of a sequenee bsting hus been filed or furnished, the required

stalements that the information in the subsequent or idditional copics is fdentical 10 that in the application as filed or
does not go beyond the opplication as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISAZ3T (Box No. 1) (July 2011)
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Box No. TV Lack of urity of invention

I In response to (he invitation (Form PCT/ISA/206) to pay addilionnl fees the applicunt has, within the appicable time limit:
D paid addilional fees
D paid additionat fccélundcr protest and, where applicable, the protest foe
D paid additiona! fees under prolest bul the applicable protest fee was not paid
[X] nul paid additionnal fees

2, D ‘This Authority found that the requirement of unity of invenlion is nol complicd with and chose not to invite the applicant tu
pay udditionnl fecs.

3. This Authority considers thal the requirement of unity of invenlion in accordance with Rule 13,1, 13.2 and 133 s

[:, complied with

not complicd with for the “olicving reasons:

This application contains the following Inventions or greups of inventions which are not so linked as to form a single general Inventiva
concapl under PCT Rula 13.1. In order for all Inventlons 1o bo examinod, the appropriate additlenal examination fees must bo pald.

Group I: Clalms 1-17, drawn to a methyd for dotemmining a likellhood of cancor recurrence in a patlent with prostata cancer, comprising:
measuring on expression lovel of at loast one gena in & hiclogleal sample comprising proslale lissue obtainad from the patlant, wherein
the at lesst one gane comprises a gene from Tables 3A, 303, 4A, 4R, 5A, 5B, 6A, 68, ¥ A, /B, 6A, BB, 1A, or I0B, or genes ihat
coexpross with tho at least ono geno; predicting a likelihood of cancer recurrence for the pationt;

wherein an expression level of any gens In Tables 3A, 4A, 5A, 6A, 7 A, BA, and I0A Is positivoly associatod wilh an Incressed risk of
recurronce, end whaorein an exprossion level of any gene in Tablas 3B, 40, 5B, 6B, 7B 88, and 108 is negativoly assocluled with a
Increased risk of racurrenco; or a melhod for datarmining a Hikelihood of upgrading of upstaglng In & patient with prostate cancer,
comprising: muasuring an expression lovel of at loast one gene In a biologizal sample compriaing prostate tissue obtalned from the
pallent, whorein the at least ona genc comprises a genae from Table 13A or 3B, or genes that co-oxpress with the at [aast ono gene;
whareln an axprasston level of any gona in Tables [3A [s posltively assaclatad with an increased risk of upyradingfupstaging, and
whereln an axprasslon level of any gena [n Tablo 13B is negatively assaciated with a Increasad risk of upgradingfupstaging.

Group lI: Claims 18-20, drawn to a method for determining a llkellhood of cancer recurrence in a pafiant with prostale cancer, comprising:
measuring an expresslon level of at Ioast one microRNA In a blological sample comprising prostale lissua oblained from tha patlant,
wharaln the ot loast one microRNA Is a microRNA seleclnd from hsa-mli-93; hsa-miR-106L; hea-miR-21; hsa-mIR-449a; hsa-miR- 162;
hsa-miR-27a; haa-miR-103; hsa-miR-14; hsa-miR-92a; hsa-mIR-22; haa-mIR-29t; hsamIR-

210; hsa-milR-331; hsa-miR-181; hsa-miR-425; hsa-miR-200c; hsa-mIR-3Dc-5p; heamiR- 133a; hsa-miR-30a; hsa-miR-222; hsa-miR-;
hun-miR-145; hea-miR-4B6-5p; hsa-miIR- 19b; hsa-miR-205; hea-miR-31; hsa-miR-155; hsa-mIR-206; hsa-miR-5%a; and hsa-miii46b- 5p;
and nomalizing said expresslon leve! to obtain a normallzed exprosslon leval; whereln a normalized expression level ofhsa-miR-93; hsa-
miR-106b; hsa-mIR-2I; hsa-miR-d49e; hsa-miR-182; hsa-miR-27a; hsa-miR-103; hsa-miR-141; hsa-miR-D2a; hsamiR- 22; hsa-miR-290;
hsa-miR-210; hsa-mifR-330; hsa-miR-191; hsa-miR-425; and hsamiR- 200¢ Is positively assoclatad with an increased risk of rocurrence;
andd wherein a normalized expression level ofhan-miR-308-5p; hsa-miR-133a; hea-miRk- 30a; hsa-miR-222; hsa-tmR-}; hsa-miR-145; hea-
miR-486-5p; hsa-miiR-18b; hsa-miR-205; hsa-miR-3i; hsa-miR-155; hsa-miR-206; hsa-miR-99a; and hsa-mik- 146b-6p iz nogatively
associated wilh en Increased rsk of recurrenca.

Tha inventions listod as Groups I-1) do nut rolate to a single general inventlve concept under PGT Rulo 13.1 because, under PCT Rule
13.2, lhoy lack the same or corrospor.ding special tachnical features for the following reasons:

continued In next supplemantal box;

4. Consequently, this opinion hes been established in respect of the following parts of the intemational application:

EI all paris : ,

K{ the pests refating (o claims Nos, 1-17

Foarm PCT/ISA/237 (Box Mo, §V) (July 2011)
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Box No. ¥V Reasoned statement under Rule 435f5.1(2)() with repard to novelly, inventlve step nr indusirial applicability;
citntions and explas ~tiens supperting such statement

1. Statement

Novelty (N) Claims 6-10, 14-18 . e YES
Claims -5, 11-13 and 17 s NO

Inventive step (18) Claims None YES
: Claims 117 a NO

Industrial applicability (1A) Claiins 117 Lo - YES
' Claims Monu ) } MO

2, Citations and explanations:

Clalms 1-5, 11-13 and 17 lack novelly under PCT Articte 33(2) as being anticipated by US 2009/0298082 A1 lo Klao ot af, (hereinaftar
“Klea'}, !

Regarding clalm 1, Klea teaches a mothod for delennining a likelihood of cancer recurronce In o patlent with prostato cancer (abstract;
para [0008), [0010]-prognosing tha human as fator developing systemic diseaso or as not Ialar doveloping systemic disaase baseod on ot
least the exprassion profils score’, "The method can be perfortned ot the time of tho rotrapuble radlaf prostatectorny’, {0034]-'Aftor therapy
for prostato cancar many men davelop s rising PSA, Such men may davelop a local or metastatic recurrence that warranls furthor thompy.
Howaver muny men will have no evldence of disease progression othar than the rising PSA and wil have a good outcome. A case-cunirol
design, Incorporating test and validalion cohorts, was Lsed 1o tost the assodialion of gene pxpression results wilh culcoma aller PSA
progression. Using wrrays oplimized for paralfin-cmbedded tissue RNAg, a gene expression medal significantly associated with systemle
progresslan after PSA progresslon we's developad, Tha madel also predicted proslata cancar daath {In men wilh systemlc progrossion)
and syslem|c progresslon buyond 5 years (In PSA controls) with hazard rotios 2.5 end 4.7, respectively (log-rank p-values of 0.0007 and
0.0005). The nwasuroment of gono o tpress|on pattern may be usefil for datermining which men may benefit from additional therapy afler
PSA rocurrence,’), comprising:
-mgasuring an expresslun lovel of at least one gane in a blological sample comprising prostate tissue obtained from the patient, wherein
the al |east ona gene comprises & gene from Tables 34, 3B, 4A, 4, 54, 5B, 6A, 6B, YA, 7R, BA, 8B, 10A, or 10B {tabln 2-RADZ1,
SROSA2, TOP2A; Fig 1 para 0023]-[0024])
--predicting a likelihood of cancor recurrence for the patiant (para [0009], [0023], [0034]);

—~wheroln an exprosslon level of any gone In Tables 3A, 47, 5A, 6A, 7 A, BA, and 10A s pusitivaly essoclated with an incroasad risk
of recurrencu (tablo 2, 3; fig 1-RADZ1 and TOP2A,; para [0023}, {0034], [0062]), and

--—whereln an axprosslon level of any gene in Tables 3B, 48, 513, 6B, 7B 88, and 108 Is nogativaly associaled with o Increased risk of
recurrence (table 2; fly 1-SRDEA2; para [0023], [0034), [0062]).

Regurding ¢loim 2, i{les teachas sold ‘cxpresslon level Is meosured using an RMA transcript of the al least one gena (pora [D010-'mMRNA
axprogsion levels').

Regarding claim 3, Kloo leachos sald oxpression is moeasured using an oligonucleotide assoclated wilh Lthe at leasl one gene {para [0010]
and [0075}-"Oligonuclootide probe se!s').

Regarding clalm 4, Kina taaches nonmallzing said expression level 1o obtaln a normalized exprossion level (para J0D24], [0D48)-
‘Expression of sach geno was measured (the number of cycles required to achleve a threshold, or Gl in iphcate and then normalized
relative to the sot of four reference gones.’}.

Rogarding ¢laim 5, Kles teaches generating a report based on tha Recurrence Scara (RS) {para [0010]- expressiun profile score’, and
10030]-{0031] - 'the levels of biomarkers {e.g., an expression level score) can be used in combination wilth enc or more other factors to
assess a prostate cancer patiant, For examplo, expression level scoraa can be used In combinallon with the clinical stage, the serusn PSA
laval, andfor the Glenson score of the prostate cancer to dalerming, at tho ime of PSA recccunrence or at lhe time of ratropubic radial
proslatectomy, whelhor or not a matrenal will later deveiop systemic disease., 'A professional can ba assisted by (1) delermining the level
of ene or tnora than one blomarker In a samplo, and {2) communicating information about that Jevel to that professional'). ;

Ragarding clalm 11, Klee teachos the biologlcal sample comprises prostata tumor issue with the primary Gleason pattern for sald proslate
lumor (para [0058] and Table 1A).

Regarding claim 12, Klea teaches the bleloglcal samples comprises prostate tumer lissue with the highost Gleason pattern for sald
prastate tumor {(para {0038} and [0055)-J0056] and Table 1A - 'Gloason 8-10 turnors').

Regarding clalm 13. Kloe teachus tho blological sample |a prostate umor Ussue (para [0024] and J0056]).

conlinued In next blank supplemunlal box
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Supplemental Box

- i e

In case the space in any nfth‘r prcccdlng hoxes is not sufficient,

Continuption of:
IV.3: Lack of unity of Invention

Group | does not inciude Ihe Inventive concept of measuring an expression levol of at least one microRNA In a blologleal sample
comprising prostato lssue oblained fram the patient, wheraln the at lvast one microRNA i a microRNA salucted from hsa-miR-93; han-
mIR-106b; hsa-miR-2I; han-miR-1449a; hsu-tniR- 182; hsa-miR-27a; hsa-miR-103; hsa-mlR-141; hsa-miR-92a; hea-miR-22; hsa-mIR-290b;
hsamIR- 210; hsa-miR-331; hsa-miR-191; hsa-mIR-425; haa-miR-200c; hsa-tnIR-30¢-8p; hsamiR- 133a; hsa-mlR-300; hsa-miR-222; haa-
miR-I; hsa-mIR-145; hsa-miR-486-5p; hisa-mIR- 181; hsa-mik-205; hsa-mIR-31; hsa-miR-155; hsa-mk-206; hsa-miR-98n; and hsa-
miRI46b- 5p; and normalizing sald exprossion level to abtaln a normalized expression level; witareln a normalizad expresslon leval ofhsa.
miRk-93; hsa-miR-106b; hsa-mIR-2; h:a-miR-449a; hsa-miR-182; hsa-miR-27s; hsa-mIR-103; hsa-mIR-141; hsa-miR-Y2a; hsamlR- 22; han
-miR-29b; hsa-miR-210; hsa-miR-331; hea-miR-19; hsa-tnllR-425; and hsamiR- 200¢ i3 positively sssoclaled with an Incransed sk of
racurranco; and whereln a nermalizad exprassion level ofisa-miR-300-5p; hsa-miR-132a; hsa-miRk- 30a; hsa-miR-222; hsa-mIR-+; hsa-miR
-145; hsa-miR-4EB6-5p; hsa-miR-19b; hea-miR-205; hsa-miR-3); hsa-miR-155; hsa-miR-206; hsa-miR-88a; and hso-miR-146L-5p |3
negetively assotlatad with an increased risk of recurrence, as requited by Group |1,

Group |l does nat includa the Inventlve cancapt of moasuring an expression level of at laast ane gena in o bistoglical samplo comprising
prostato lissue obtalnm! from the pallent, wharain tho ot foast one gene comprises a gane from Tables 3A, 38, 4A, 48, 5A, 50, BA, 6B, 7
A, 7B, 04, BB, I0A, or 10B, or gones that coexpress wilh the at least one gene; pradicting o tikelihood of cancor recumenco for the palient;
vihatoln an expression lovol of any yena In Tables 3A, 40, 5A, 64, 7 A, BA, and IDA |s positively associatad with an Increased risk of
racurrance, and wherein an oxpression lavel of any gene in Tables 313, 40, 5B, 6R, 78 BB, and 108 |s negatively associatod with a
increased rlsk of recurrence; or  measuring an oxpression level of at least one gene In a blological samiple comprlsing prostate tissur
obtalned from the patient, wherelh tho at least one gene camprises a gena fron Table 13A or 1213, or genes that co-exprass wilh tho at least
one gena; whorain an expression level of any gene in Tablea 13A Is pusitively assocliated with an Increased risk of upgrading/upstaging,
and whereln an oxpression level of ar»r gene In Tuble 138 is ncgatively assoctated with a Inereased risk of upgradingfupsiaging, as
rogulred by Group |,

Groups Il sharo the technical feature of 8 method for determining a fikelihood of cancer recurrenca In a palion! with prostalo cuncer,
comppising meausre an oxpression level of at least one nuclels peld 1 a biclogleal samiple; predicling a likeliheod of cancer recurrence for
the patient, whereln an expresslon levol of o specified nucleic acid is positively associated with an incroased rlsk of recurrence; and
wherein an expression levol of a second speciliod nucloic acld is negatlve associalad with Increased rlsk of recurence. However, this
shared technleal foature does nol' ropresent a contributlon over Lhe prior art, specifically, US 2009/0298082 A1 1o Kloe ot al. {hereinafter
'Kles'} teaches a methed for determining a likellhood of cancer recurrence In a pallont with prostate cancer (abstract; para (0009],
[0034]-"After therapy for prosiate cancer meny man develop 6 rising PSA, Such men may develop a local or metastatic recurrance that
warrants further therapy. Howaver many mun will have no evidence of diseaso pregression other than the rising PSA and will have a
good outcoms. A casa-cantrol design, Incorporating test and validalion cohorls, was used 1o test Lha assnclation of geno exprossion
results with cutcome afler PSA progressicn. Using arrays optimized for parafiin-embedded lissue RNAS, o gene exprassion modal
stgnificantly assoclated with systemic progression aller PSA progression was developed. The model also pradictad prostate cancer death
(in men with systemlc progression) and systemic progression boyond & years {In PSA controla) with hazard ratios 2.5 and 4.7,
respectively (log-rank p-values of 0.0907 and 0.0005). The measurement of gene exprassion paltern may be useful for delermining which
men may benefit from additional tharapy after PSA rocurrence,’), comprising:

--moasuring an expression laval of at least one gene In a bieloglcal sample comprising prostate tissuo obtained from the patisnt, whorein
the at leas{ one gene comprises a gene from Tablea 3A, 38, 4A, 4B, 5A, 58, GA, 6B, 7 A, 7B, BA, 88, 104, or 10B (table 2-RAD21,
SRD5A2, TOP2A; Fig 1; para [0023)-[C024]);

—predicting a lkellhood of cancer recurronce for tho patient (para [000SY, [0023], [0034]);

—-whereln sn axprossion leval of any gene in Tablas 3A, 4A, 5A, GA, 7 A, BA, and 10A is positivoly associated with an increased risk of
recurrence (table 2; fiy 1. RAD21 and TOP2A; pora [0023], [0034], [0062]), and

——whereln an oxpression level of any gene in Tables 3B, 4B, 58, 68, 78 BE, and 108 is negatively assoclaled with a increased risk of
racurrence (table 2; fig 1-SRDSA2; para [0023], [0034], [0062]).

As sald sharo 1achmca| fenturo was known at the Uime of the invenllen, this cannot be consldared a spacial tochnical fvaslure that would
othorwise unlly tha groups.

Groups -1l therefore ack unity under PCT Rule 13 becausa they do not share a sama or corresponding special tachnleal feature.
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Regarding clalm 17, Klee teaches a mislhod for detarmining a fkelihood of upgrading or upstaging (h a patient with prostate cancer (para
[0023]-"which patients, at the {ime of ratropuble radlal prostatectomy, will Iater devolop systemic disease, and (3) which petienls, ot the
UIrno of systemic disnase, will later dlo {rom prostate cancer’), comprlaling:
~mensuring an exprassion level of at least one gano in a biglogical sataple comprising prostate tlssue obtalned from the patlent {pare
[0023}-[[0024]), wherain tho at leasl une gene cumprises a gena Trom Tabla 13A (fig 1-TOP2A; para [0010] . BUBI, para [0062] and Table
2, TOP2A, TPX2), or 13B (para [0062] and Table 2 . SRD5A2 and AZGP1)}, or genes that co-exprasa with the al least ono geno;
--wiherein an axpression lovel of any gene in Tabloa 13A Is positively assuciatod with an increased risk of upgradingfupstaging (fig 1
TOP2A; para [0012], [0023], [0D34], [0062] and Table 3 -BUB1 },and
~whereln an oxprossion laval of siy gono in Table 138 Is negalively asseciated with a Increased risk of uparading/upstaging {table 2; fig 1
~SRDEAZ; pura [0023), [0034], [0062];,

b

Claims 14 and 16 lack an inventive stop under PCT Aricle 33(3) as bolng obvious nver Klew,

Rogarding claim 14, Klea does not Gx'pressly discinse that ihe blologlcal sample Is non-tumar prostatu ssuo, howaver, this would have
boen obvious {o ona of ordinary skilt in the art, because it was cornmon practice in the art to also nwesure rolevant gene sxpression in
lissues neighbioring the tumor tissuo so as to asseass e possiblity of residual tumor cells rotnalning in the aubject, becauso the presence
of suld rosldual tumor cells wera commonly known In the arl to be a ma|or eauss of cancer recurrenca.

Regarding claim 18, Kloe discloses that the at lenst ene gene comprises a gene from Tablas 10A or 10B (fig 1-SRD5AZ; parn 0061];
Table 2 - SRD5A2).

Kloo doos not exprossly disclose that teaches the blologleal sample Is nun-lumor prostate tissue, howaver, this would have beun obvlbus
to one of ardinary skill In the art, because it was common practice In the art to alse moasure relovant gene axprassion in tssuos
neighboring tho tumor lissue 5o as to assess tho possibllity of residual tumor cells remaining the subject, wheroln sald residual lumer cells
wore commonly known in the art lo bg a major cause of cancer recurrcneo.

Clalms 6, 7 and 10 Iack an inventiva slep under PCT Articla 33(3) as bolng obvious ovor Klee, as above, in view of US 2000/0223279 Al
to Glinskii et al, (herolnafler 'Glinskil’),

Rugurding clalm 6, Kleo taochos tha report comprisea an estimals of rocurrence tisk (para [0010] and [0030)-[0021]-1n dotormining, ...at
the time of ralropuble radial prostatectamy, whelher or not a mammal will later develop systemic disaasse or Iis determining, at the time of
systemlc diseass, whelher or not a mammal will laler dle of prosiate cancer’).

Klee does not specificslly toach sald $stimate is based on clinical recirtonco-free interval {(eRF1). However, Klae does teach tha cstimate
of recurrenco risk is busod on varlous facters Including clinlcal measurementa (para [00307).

Furthor Glinskil leachos a method for determinihg o likelthood of cancer recumence In o pallont with prostate cancer {para [oD16)-[o017)
and [0023]), wherein the astimata of racurrence risk i3 bagad on dinfcal recurrence-frea interval {cRF1) {para [0123)) (para [0035]-¢lnical
end-polnt diseaso-frae Interval (DFIY, {01311, [0140]- ralapse-frec’). [t would have been obvious ta one of ordinary skill In tho art to have
periormed a meathod for determining a likolihood of cancer recurrence in a patient with prostate cancer as claimed, wherein said estimate ig|
basod on clinleal recurrence-frae interval {cREN}, In viow of Kleo teaching determining an estimale of rocurrence risk of prostata cuncer
using various factars Including elinical and biochemical measuramants (para [0030]), end In light of Glinskil tesching dotenmining the
estimata of recurranca sk of prostate cancer (para [0017]), based on factars Including clinical recurrence-frea Intervat (GRFI) (para
[0123]), slnce a skllled arflsan would have rendlly appreciated use of delernining factors including cRFI as faught by Glinskil appliod to the
methods to determine recurrence risk of prostate cancer laught by Klee, to Imprave the accuracy of risk disgnosls by Increasing the
number of prodicting factors, !

Regarding clalm 7, Kieo does hot cxpicassly disclose that the RS s basod on a binchemieal recurrence-free intarval (bREN). Howoever, Klea
discloses estimaling rocurrence risk Lased an various faclors Including binchemical measurement.

Furthor Glinskil discloses a method for dutenrmining a risk of cancer recurtenco In a patient with prostate cancer (para [0016)-[0017] and
{0023]), whoreln the eslimato of recurrence risk is based on a biochemlcal rocurrence frae interval (LRFE) (para [009%5]-The end point for
survival analysis in prostale cancer was the biochomical recurronce defined by serum PSA Increase sftor therapy. Disoase.free interval
(DF1) was defined as lhe ime periad betwean the date of radical prostatectomy {RP) and the date of PSA relupsa (rocurrence group) or
date of last follow-up (non-recurrence group)'), based on this disslostre, one of erdinary skill in tha arl would have found it obvigus to
incorporate said bRFI into the mothod disclosed by Klee so as to achlove a more accutate prognosis by Incormorating varlous different
paramators. .

Regarding claim 10, Kles doos not specifically teach the patiant has earfy-stage prostale cancer,  Glinskii teachas a method for
delermining « likelihood of cancer resurrence In a patient with prostala cancer (para 1001€]-(0017] Aand [0023]), whetein lhe palient has
early-slago prostale cancer (para [0033] and [0140]). # would have baen obvious to one of ardinary skill In the art to hava porformed a
method for determining a likellhood <f cancer recurronce in a patlent wilh prostate eancor as claimod, wheraln the patient has caily-stage
prostate cancer, In view of Klee teaching a mathod for detemining a Hkelihood of cancer recurranee in 2 pationt with prostate cancer in
patients having various stages of cancer {para [0055] and Table 1), and In view of Glinskli toaching a method lor dolarmining a likallhood
of cancer recurrence In a patient with. prostate cancer (para [0016] and [{0023]), wharaln tho patient has enrly-slags prostate cancer {para
{0033 and [0140]}, since a skillod artisan would have readily appreciated applicatlon of the Kies mathods ta patiants having oarly stogo
cancar, In order to determine risk al an carly stage, thus proventing possibly nogalive treatment optlons for those at low risk and Increasing
survival likelihood in patlents at higher risk.

continued in noxt supplemental box

Form PCT/ISA/237 (Supplemental Box) (July 20113




] A T
W RITTEN OPINION OF THE International application Mo.

INTERNATIONAL SEARCHING AUTIORITY RSN

Supplemental Box

In casc the space in any of the preceding boxes is not sufficient.

Conlinuvation of: |
previous supplamental box

Claims 8.9 and 15 lack an inventiva al.ap under PCT Article 33{3) as being cbvious over Kles, as above, In view of US 20070212702 A1 (o
Tomlins et al. (herelnafter “fomiins").

Rugarding claim 8-9, Klos doss not oxprossly disclose thal the biofogleal sample has a positive TMPRSS2 fusion status or a negative
TMPRSS2 fusion slalus, However, Tomlina discloses that TMPRSS2 fuslon is common In prustato cancer (para [0006], [0034], [0418])
and that a subjucl with a prostato {umer that has a posliive TMPRSS2 fusion atatus has a much worse prognosis than b subjoc! with a
negative TMPRES?2 fuslon alatus {(para [0184], [0197], [0411]), based on this disclogure, one of ordinary skill in the art would have found it
obvious that both a sample having a positive TMPRSS2 status and a sample having a negaliva TMPRSSZ status could bs used In the
method disclosed by Klee to further determine the lilkelihvod of recurtence In ordor to achieve a more accurata and complale prognosls.

Regarding ¢taim 15, Klee does not sp2cifically teach classiying the patient as TMPRSS2 fusion posltivo or negallve, whereln an
expression lovol of any genn In Table-8A Is associated wilh a positive TMPRSS2 fusion slalus, and whereln un oxpression lovel of any
geno in Tablo 9D is assoclated with e negative TMPRSS2 fusion slatus, Huwever, Klee teaches Lhat

—an expression evaol of a gena In Table 9A s poaltivoly associated wilhin increased risk of prostato cancer systemic progression (table 3-
S51.CA4A1; para [0063]); and

—an expression level of A gena In Tuble 98 Is negalively assoclaled with Incroased risk of proslate cancer systemic progression {flg 1-
SRD5AZ; tabla 2; para [0010], [0023]-[0024]) .

Further Tomiins discloses that TMPRSS2 fusion ts common In prostate cancer {para [0008], [0094], [0418}) and thal a subjoct with =
prostata tumor lhat bas a poslilve TMPRSS2 fusion sfatus has a much worse prognaosis than a subjbct with a negative TMPRSS2 fusion
slatus (para [0194], [0197), [0411]). based on this disclosure, one uf ordinary skill In tha arl would have found It obvious classify the patient
as TMPRSS2 fuslon pusitiva or negatlva, and to assoclate tho oxpression lavel of one or more gene in Table & which Is s positivaly
assnciated within increased risk of prostate cancer systemic prograssion disclosod by Klae with positive TMPRSS2 fusion stalus which
indicalas o worse prognosis than negative TMPRSS2 {usion status as taught by Tomling; and to ossodiate the expresslon level of one or
nora gene In 1able 98 which Is negatively asscciated with increased risk of prostate cancur systemic progression as tought by IKlea with
negativo TMIPRSS2 fusion stalus whizh Indleates a botter prognosis as shown by Tomilin, ao as to furher stratily he prostale cancer using
a combinalion of mullipla parameters in oider to achicve a more acurate prognosis,

Claims 1-17 have Industrinl appllcabillty as defined by PCT Ardicle 33(4) becatise the aubject matter can be mada or used [n the industry,

Form PCTASAS23T (Supplemental Box) (July 2011)




INTERNATIONAL JOURNAL OF ONCOLOGY 25 797-819, 30

Genome-wide gene-expression profiles of breast-cancer cells
purified with laser microbeam microdissection: Identification

of genes associated with progression and metastas

S

TOSHIHIKO NISHIDATE', TOYOMASA KATAGIRI', MENG-IAY LIN', YURIA MANO'. YOSHIO MIKI®,
FUINO KASUMIY, MASATAKA YOSHIMOTOY, TATSUHIKO TSUNODAS.
KOICHT THRATA? and YUSUKE NAKAMURA!

]l..;lerzllor}-' of Molecular Medicine. Human Genome Center. Institute of Medical Science. The University of Tokyo, Tokyo:

- oo " . " - 3 . .. N 1 -
First Department of Surgerv, Sapporo Medical University, School of Medicine. Hokkaido; *Departments of

Molecular Diagnosis, Cancer Institute, YBreast Surgery, Cancer tnstitule Hospital, The Japanese Foundation of

Clancer Researel:. Tokyo: 5

“Laboratory for Medical nfonmatics, SNP Rescareh Center,

RIKEN (Institute of Physical and Cherical Research). Yokolima, Japan

Received May 25, 2(04: Accepted July 2, 2004

Abstract. Breast carcinoma is a complex discase charac-
wrized by accumulation of multiple genetic alterations, and
the understanding of the moleevtar basis of manmary
wmorigenesis is still incomplete. Ir this study we analyzed
gone-expression profiles of 81 surgical specimens of 12 ductal
carcinoma iz sitee (DCIS) and 69 invasive duetal carcinoma
(IDCY, Atter applying Jaser-microheam micro-dissection o
all samples we achicved 98-99¢ pure populations of breast
cancer eells, and of norml breast epithelial cells used as
controls. A cDNA-microarray analysis of 23,040 genes in
these samples and a subsequent unsupervised hicracchicnl
clustering distinguished two tumor “roups, mainly in terms
of estrogen-receptar (ER ) status, We then undertonk 2 super-
vised analysis and fdentified 325 genes that were commonly
either up- or down-repulated in hoth pathologically discrete
stages (DCIS anel IDCY, indicating that these genes might
play important roles in malignant transformation of breast
ductal cells. In addition, we searched invasion-associated gene
candidates whose expression was attered in IDC, but not in
DCIS, and identified 24 up-regulated genes and 41 down-
regulated genes. Furthermore, we identified 341 genes that
were expressed differently in tumors from patients with lymph
node metastasis as oppoesed to no metastasis. On that basis
we developed a scaring system that correlated well with

Correspondence to: Dr Y. Nukanura, Laboraw v of Molecular
Medicine, Human Genome Center, Institute of Medical Scichee,
The University ol Tokyo, 4-6-1 Shirokanedai. Minato-ku, Tukya
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E-muail; yusuke@imsu-tokyo ac jp

Kev words: hreast cancer, invasive ductal carcinomit, ductal
carcinomit by sine, lnser micrabeam microdissection, cDNA micro
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the nictastatic status. Tumors from all of the 37 test paticnts
with lymph-node metastasis vielded positive scores by our
definition. whereas 38 of the 40 tumors (955 ) without lymph
node metastasis had negative scores, Our data should provide
useful information for identifying predictive wmarkers for
mvasion or metastasis, amd suggest potential tareet molecules
for treatment of breast eancers.

Introduction

Breast cancer s a comples disease characterized by
accumulation of genetic and epigenctic changes in u large
number of genes. A multi step model of mammary carcino
genesis, .o, transformation of normal cells through stages of
atypical ductal hyperplasia, ductal carcmoma i siree (DOIS),
and invasive ductal carcinoma (1DC), is similar to the stages
of carcinogenesis in other tissues, but the precise molecular
miechanisms driving breast cancer remain inknown. Obviously,
molecular factors leading to development of primary breast
ancer, ifs progression, and its metastasis wonld be likely
targets Tor development of better tools Tar prevention and
treatment of this disease,

Gene-expression profiles obtained by ¢DNA microniray
analysis can provide a considerable anmount of information
for characterizing the nature of individual cancers: the promise
of such information lics in its potential for improving clinical
strategics for treating neoplastic diseases through development
af novel drugs (1). With that goal in mind. we have been
inalyzing expression profiles of (wmars from various tissues
using ¢DNA microarrays (2-8). This technologpy has fucled
repurts indicating that thonsauds of genes can show distinet
patterns of expression in different types of breast cancer (9-15).
However, although those stwdics have highlighted candidate
genes that might he useful as dingnostic markers, dita based
on expression of mRNAs isolated from tumor masses might
not exactly reflect changes during the course of mammary
careinogencsis becanse: i) tmor masses are penerally mixiures
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Table L. Clinicopathological features of patients exanvined.

NISHIDATE ¢ wf. GENE-EXPRESSION PROFILES IN BREAST CANCERS

RS

[} No. Agpe in Menopausal T N Stage Histological
operation status type

MMEO10003 51 pre 2 | ) 2 a? 1
MMEQ 100044 47 pre 2 | 0 2 al +
MM 10005 44 pre 2 0 0 2 al +
MMEKOI0013 45 pre 2 | 0 2 al -
MMEKQOL0016 4+ pre 2 0] 0 2 al -
MMEOT0025 46 pre 2 t] ] i il +
MMEO 10031 29 pre 2 2 0 i a3 -
MMEKO10037 62 post {} 4] {} {1 la +
MMEO 1042 47 pre 2 | 0 2 al 4
MMEKO 10086 42 pre 2 0 {} 22 al +
MMEKO10102 M| pre 2 [ 0 ¥ u2 +
MMRKOID110 39 pre o 0 0 2 al .
MMEKO D129 52 pre 2 2 U ¥ al -
MMEKO10135 41 pre 2 0 0 2 al 1
MMEKOIDI3R Rh pre L 4] i 2 al 1
MMEKG10143 51 pre 2 | 0 2 ad +
MMKO10147 49 pre 2 | f] 2 al b
MMRKOTO149 a5 pre 2 0 {) 2 ad :
MMKODIO175 Rh pre 2 0 {) 2 al +
MMEGIOT78 3l pre 0 0 {} f Ia +
MMEKO010207 40 pre 2 t 0 2 al +
MMEO10214 12 pre 2 | 8] 2 al -
MMIKO10247 48 pre 2 i 0 2 a?
MMKNO10252 §2 pre 2 | i 2 az
MMEKO10253 47 pre 2 0 0 2 al
MMIKOT0302 46 pic 2 | 0 2 al -
MMRO10304 48 pre 2 | 0 2 HR +
MMKOID320 53 pust 0 {) {) {1 fa £
MMIEO10327 43 pre 2 I {) 2 il +
MMEKD 13341 42 pre 2 ! {1 g al -
MMKO10370 40 pre pi I 0 2 a3 +
MMEKO10397 38 pre 2 | 0 2 al +
MMEOI0411 46 pre 2 0 i 2 al 1
MMEKO 0431 50 pre £ ] 0 2 ) -
MMEKO10435 49 pre 2 | 0 2 id +
MMRO D53 49 pre 2] 1 0 8 al b
MMKO10471 42 pre 2 | (} 2 al
MMKO10473 40 pre 2 ! 0 2 al -
MMKOITO47R an pre 2 2 0 3 a2 +
MMKQO1049 1 46 pre 2 0 0 2 ad t
MMEKO10497 44 pre 0 0 0 0 la .
MMRO 10500 45 pre 2 0 0 2 al +
MMKO 10502 51 pre 2 ) 0 2 al
MMEKO10508 51 pre 2 | 0 2 w2
MMKO0321 21 pre 2 0 0 2 al
MMEKO10352 49 e 2 0 0] 2 al -
MMEKO1)554 3 pre 2 0 0 2 al t
MMEKOID571 45 pre 2 1 i < a3 +
MMKQO10391 40 pre 0 0 0 0 la :
MMEO1061 3 37 pre ] ] 8] ] la ;
MMRKO 10623 R pre 2 | 0 2 al i
MMEKO 10624 39 pre 2 | 0 2 al i
MMIO10626 48 pre 2 0 0 2 al -
MMEKO10631 41 pre 2 0 0 2 al +
MMEKO10640 33 pre )] 0 0 f] Ia 3
MMEKO 10644 47 pre 24 2 0 2 itd +
MMEKO 0616 A7 pre 2 | 1 3 a3 +
MMKO10660 46 pre 2 0 0 2 al -
MMEKOINOT | 45 pre 2 0 0 2 al -
MMEKOD 0679 (i post (0 ] [} { T +
MMEKOT06R0 58 pust 4] f] 0 0 la
MMEKO010709 33 pre 2 it 1] o al

MMEOTO7 1] 51 pre () ] 1] (] fa .
MM 10724 H) pre 2 l () 2 atd 1
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Table T, Continued.
1D No. Agein Menopausal T N M Stage Histological LR PeR

operition status type

MM[\{H()J 44 41 pre 0 { 0 0 Ia b +
MMEKOI0758 40 . opre 2 l (4 2 al + 4
MMIKOLO760 I i pre 2 1] ( 2 al +
MMKO10702 50 pre 2 i 0 3 al + +
MMKO 10769 33 pre 2 0 0 2 a2 -
MMEKQ10772 45 pre 2 | 0 i ad
MMEKOD 10779 46 pre 2 | 1] 2 a2 -
MMEKHNOTR() 31 pre 2 {} 0 2 a2
MMEO 1071 4d pre 2 (] 0 2 ul + t
MMKO 10794 52 pre 2 | 0 2 al + +
MMKOTO818 51 pre 2 ] ) 2 al + 4
MMKO10835 42 pre 0 0 0 0 la + +
MMRO 0846 47 pre 2 0 0 2 al + 4
MMEKOTORSS 42 pic 2 | (1 2 a3 ¥ !
MMEKO 1080 a2 pre 2 | 0 2 al
MMKO 10569 45 ) pre 3 0 0 g al - -
MMEKO10903 47 . pre 2 0 0 2 a i ¥ +

All information were judged aceording to te' Japanese Breast Cancer Society. T, tumor stage: N, lymph node metastasis stows; M., distant
metastasis. Hiswlogical type: La, ductal carcinoma i sire: al, papillotbular careinoma (well-differentiated): 22, solid @bular cutinon
(mnderately-difTerentinted): a3, seirrthous earcinoma {peardy-differentiated).

of various cell populations such as inflammatory cells,

stroma eells. and fibroblasts in addition to cancer cells and i)
the proportions of cach cell type valy significantly from one
individual to another (the prf_}pn'rrtit:’\m of cancer cells in g
given breast tumor being (rom 20 10 90%). Therelore, most
of microwrray data published previously are likely to have
been influenced significamly by cellular heterogencily
among tunor preparations except a few reports {(16,17),
Furthermore, since breast cancers originate from epithelial
cells, normal breast tissue used ag 4 control to determine
which genes might have changed during mammary carcino-
genesis will contain a farge proportion of adipocytes. llulhor
complicating the interpretation of results,

To investigate differences in gene-cxpression patterns
between breast-caneer cells and their tissue of origin, we
purificd populations of breast-cancer cells and normal breast

epithelial ductal cells by means of lascr-microbeim micro-
disscetion (LMB) before analyzing the expression profiles of
81 breast tumors, including 12 DCIS and 69 DC, using a
¢DNA microarray representing 23.040 genes. The data
from these experiments not only should provide important
information about breast timorigenesis, but should be valuable
for identitying candidate genes whose products might serve
as diagnostic markers andfor as molecular targets for treatment
of breast eancer,

Materials and methods
Patients and tissue smmples. Primary breast cancers were

abtained with informed consent from 81 patients (12 ductal
carcinomas in sitir and 60 T2-stage IDC 2-5 cm in diameter)

(T2). with o median age of 45 (range 21-68 vears), who were
treated at the Department of Breast Surgery. Cancer Institute
Hospital, Tokyo. Clinical information way obtained from

medical records and cach tumor was diapnosed by
pathologists according to histopathological sub-type and
grade. Tumor tissues were also evaluated according o the
fapanese Cancer Society classification: clinical stage was
Judged according 1o the Japanese Breast Cancer Society's
TNM classification. Expression of estrogen and progesterone
reeeptors was determined by EIA: ER was judged ax negative
when it was <I3 fmol/img protein, A mixture of RNAs
isolated from normal hreast ductal cells of 15 pre-menopausal
breast-cancer patients served as a normal control |

Tissue samples and LAMM. Clinical and pathological
infornmation for cach patient is summatized in Table [ Samples
were embedded in TissucTek OCT medium (Sakura, Tokyo,
Japan) and stored at -80°C until vse. Frozen specimens were
serially sectioned in 8-pum slices with a eryostat and stained
with hematoxylin and cosin ro define the analvzed regions,
We purified cancer and normal duetal cells which were clear v
observed by a pathologist nsing the £7. Cut LMM Syslem
(SL Microtest GrubH . Germany) following the mianulacturer's
protocol, with several modifications; we handled the cancer
tissues carcfully fo minimize the effects of tissuc collection
and storage. We clectrophoresed total RNAs extracted from
residual tissue of cach case on a denaturing agarose gel, 1o
confinn quality by the presence of ribosomal RNA bands.

RNA extraction and 17-based amplification. Total RNA was
extracted from each population of microdissected cells intg
AS0 pl of RLT Jysis buffer (Qiagen, Valencia, CAY. The
extracted RNA was treated for 30 min at room temperature
with 30 units of DNuase | (Qiagen). After inactivation of
DNase T at 70°C for 1 min, RNAs were purificd with an
RNeusy Mini Kit (Qiagen) according o the manufacturer’s
procedures. All of the DNase Treated RNA was subjected to
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T7-based amplification using the Ampliseribe T7-
Transcription Kit (Epicentre Technologics, Madison. M1).
Anti-sense RNA amplificd by this methad aceurately reffects
the proportions in the original RMA source (18.19). as we
have confirmed by semi-quantitative reverse transcription-
palymerase chain reaction (RT-PCR) experimems (209, Tw
cyeles of amplification yiekled 2R.8-329.4 pg of amplificd
RNAs (aRNAs) for each sample. On the other hand.
amplification of RNAs in microdissected normal cells from
[5 pre-menopausal patients or 12 post-nienopausal paticnts
except samples on Table [ yickled towals of 2240.2 and
20238 py respectively. Then 2.5-pig aligquots of aRNA from
cach prepacation of breast-cancer cells and normal breast
ductal cells were reverse-transcribed in the presence of
Cy5-dCTP and CyX-dCTP (Amersham Biosciences,
Buckinghamshire, UK, respectively.:

cDNA microarrays amd qequisition of dete, We established o
“genome-wide” cDNA microurray system containing 23 040
cDNAS selected from the UniGene database (buikl #1315 of
the National Center for Biotechnology Informalion (NCBI),
cDNA microaray slides were prepared as descried previously
(21}, except that the PCR products were spotted in duplicate
on type-7 glass slides (Amersham Biosciences) using a
Luciden Array Spotter (Amersham Biosciences), 9,216 acnes
were spotted in duplicute on a single slide, We prepared two
and half sets of shides (lotal 23,040 genes), on each of which
the same 32 housckeeping genes and two kinds of negative-
control genes were spotted as well.

Hybridization and washing were peeformad according to
protocols deseribed previously (21). Signal intensities of Cy3
id Cy 5 from the 23.040 spots were quantified and analyzed
by substituting backgrounds, using Array Vision software
(Imaging Research Ine. St Catharines, Ontario, Cimada).
Subsequently the fluorescent intensitics of CyS ttumory aud
Cy3 (control) for each target spot were adjusted so that
the mean Cy3/Cy3 ratio of 52 housekeeping senes on the
array was cqual to ene. Becanse dat: derived from low signal
infensitics are less veliable, we determined a cu-off value on
cach slide as deseribed previously (20% and excluded penes
front further amalysis when both Cy3 and Cy5 dves vielded
signal intensitics lower than the cul-oif, For other penes we
calenlited the Cy3Cy3 ratio using the raw data of cach sanmiple.

Culcvdation of contamination percentiage. Perili pin (PLINY and
fatty aciid binding protein 4 (FABP4) are expressed exclusively
in adipose tissue and mammirey pland, as had been determined
by their expression profiles in 29 nefmal hunum tissues on a
¢DNA microarray (21). These genes were used to evaluate
the proportion of adipocytes present in populations of
microdissected normal breast ductal epithelial cells. Amplified
RNAs derived from poly A* RNA isolated from normal whole-
mammary gland tissues (B0 Clontech, San Diego. CA) and
from microdissected normal breast duetal cpithelial vells were
reverse-ranseribed in the presence of CyS-dCTP or Cya-
dCTP. respectively. After hybridization on microarray slides,
we caleulated the CyS/Cy3 vatio as described above. The
average of cach ratio was decided by e result using manimary
gland tissues and microdissected normal breast duetal cells
from pre-menopansal and past-menopinsal paticnts.

Since MUCT is significantly over-cxpressed in bhreasl
cancers, we measured expression of this pene 1o evaluate the
proportion of brewst-cancer cells in each population of whole
breast-cancer or microdissected breast-cancer cells. Fach
aRNA of whole breast-cancer tissues (cases [0153W and
10397W), and of microdissected breast-cancer cells (cuses
10397 and 10453 were labeled with Cy5-dCTP, whereas 2
mixture of microdissected normal breast ductal cells trom
pre-menepausal patients was labeled with Cy2-dCTP. We
calculated the Cy5/Cy3 ratios as relative cxpression ratios, as
follows: expression levels of MUCE wore ealenlnted as the
ratio of MUCT in whole hreast-cancer tissues to 0 mixtnre of
microdissected notmal breast ductal cells, and as the ralio of
MUCT in microdissected breast cancer cells to a mixture of
micradissected normal breast ductal cells,

Cluster analysis accarding to gene-cxpression profiles, We
applied an wasupervised hierarchical clustering method (o
both genes and tumars, To obtein repraducible clusters for
classification of 102 samples, we sclected 710 genes for
which valid data were obtained in 80% of the experiments,

md whose expression ratios vivied by standaed deviations of

more than 1.1. The analysis was performed using wel-availahle
software {Cluster and TreeView) made by Dr M. Lisen
thitpii/genome-www3 stantord .edu/MicroArray/SMID/
restech.html). Prior to application of the clustering algorithm.
we log-transfonmed the Thwresceenee ratio for cach spat and
then median-centered the data for cach sample 1o remove
experimental biases and used average linkage.

identification of up- or downeregulated eenes in DCLS versis
IDC, The relative expression ratio of cach gene (Cy3/Cy3
intensity ratio) was classified into one of four caregories:
) up-regulated (expression ratio >3.00: by down-regulated
fexpresston ratin <0.33): ¢) unchanged texpression ratio
between 0.33 and 303 and d) not expressed (or slight
expression but under the cul-off Tevel for detection). We used
these categories t deteet a set of genes for which clhanges
in the expression ratios were common among samples. Tu

deteet candidate genes that were commonly up- or down-
regulated in each group. the averall expression palterns
af 23040 genes were first sereened to select genes with
expression ratios of =310 ar (L33 that were present in >50¢
of the groups categorized.

Semi-quantitative RT-PCR. We selected five up-regulated
genes and confirmed their expression levels by semi-
quantitative RT-PCR experiments, A -1 aliquot of aRNA
from cach swple was reverse-transeribed for single stranded
cBNAs using random primer and Superscript H (Invitrogen,
Carlshbad, CA). Each ¢DNA mixture was diluted for
subsequent PCR amplification with the primer sets showan in
Table 11, Lxpression of GAPDI served as an internal control
becuuse GAPDI expression levels were consistent
throughout all samples through the ¢DNA microarray data.
PCR reactions were optimized for the number of cycles o
ensure product intensity ar the linear phase of amplification.

Identification of genes asseciated with histelogival stasus.
ER status aned Dvanph node metastasis af hreast cancers. We

o\
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Table I1. Primer sequences for semi-quantitative RT-PCR experiments.

Accession No, Symbol Forward primer Reverse primer

AL261804 EST SSCTGTTCTGGCTTCGTTATGTTCT-3 S-AGAAAATACGGTCCTCTTGTTGE-3
AA205414 APIS2 FS-CACTGTAATGCACGACATTTGA-¥ SLGTTACAGCTTAGCACAAGGCATC-
AALGT V4 LOC253782  3-ACCTCTGAGTTTGATITCCCAA-3 SSCOAGGOTTGTAACAATCTACTGG-Y
AAGTOURT GST S-GAAACTGTACGGOGGTTAAAGAGY  3.CATCAATGTGGTGAGTGACATCT-3
H22566 DACH S-AAGCCCTTGOAACAGAACATACT-Y  S-CAGTAAACGTGGTTCTCACATTG- 3
NM_002046 GAPDI S-COACCACTTTGTCAAGCTCA-3 S-GGTTOGAGCACAGOGTACTTTATT. 3

103267
DCIS

| 10502T
IDC

10341N

e
&8 105027

o s IDC
ol

il .

5 x'ﬁ

10341N

ductal cells

Figure 1. Pwrification of caneer cells fom DOIS {103y and 1DC CI050ITY, andd novmad hreast ductal epithetial cells (LORMINY, by means of Taser mivie-
heant microdissection (LMMY. Images of pre-mierodisseeted glane a), post-mizrodissected (lane b and nerodissected cells (lane ¢ are shown afier stinming
with hematoxylin and eosin,

selected discriminating genes using two criteria: a) signal  of the cases.ind by IMed -Med | =1 (ER status) or 0.5 (histo
intensities higher than the cut-off level in at least 70% (ER pathological status and Tvmph node metastasisy of the cases,
status) or 304 {histological statuy or lymph-node metastasis) where Med indicates the median devived from log-transformed
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Figmre 2. Unsnpervised two-dimensional Nigrarehical elustering mualysis ol

102 samples on (he Basis of expression of 700 genes, A Faedy hovizanal row
represents o single pene, and cach vertical column correspomls to oo breasd-
cancer patient. In each well a ced or green coler indicates a tanscript level
respectively above or below the median for that gene seress all simples,

Asterisks idicate the major listological type, and o shap e minor
friom the same patient were
alyzed. A ved owtline in the dendrogemm indicares one dnplicwted case.
Black, melanped expression. BR,ER status measwed by FIA: LN, lvmiph-
nixte metistisis stius; £YRT, expression prui_"lp_‘:: of ESRI in bis microareay.
Mypre. mammiary ghid tissue/pre-menapsinsal micronlissoeted nomal dnel
cells: Mapost. mammiary gl tissue/post-menopausal microdissected
noemal ductal ealls; misPre, pre-menopausal microdiss

histological tvpe in cases where two lesion:

wled nocmal ductal
cellsipro-menepausal microdisseeted normal dustal cells: mixMost, pasts
menopsal nicredissecied nomal ductal cellwpre-meropansil mricrotdissected
normal ductal cells, The average of cach ragio was decided by the 1esult
when we wsed mammary-ghoid tissae and ficrodisseeted normal breast
thietal cells from pre-mesepavsal and post-rienepansal patients, B Supe -
vised hicrchival chustering analysis of 97 gene s selected by randon-
Permuttion test Bl vertical eolumm L‘urn'.j;]mm!s ] of 4 ER-positive
or 28 ER-negative cases selected from amang pre-menopatsal pratients.
Cach horizontal row represents | of the 97 enes that were clustered in
dilferenl branches accirdimg (o similaritiessin relative expression ratios.
Genes inthe lower main branch were expressed at a relatively high level in
mmors with 25K 1 expression. Those in the upper branch were expressed at
relatively lagh levels in ESRE-negative tamdrs, C, Superyised olustering
mnalysis wsing 25 penes than showed differential expression withis pairs of
well- tal} o poarly-differentizted (a3) invasive ductal cancer calls micro-
dissected from bieast-caneers of ciglt pu Eumr'\j_.

relative expression ratios in node-positive or node-negative
cases. Next. we applied a random-permutation test to identify
genes that were expressed differently hetween one group
tgroup A) and another (group B). Mein () and stanelard (o}
devintions were calculuded from the log-transformed relative
expression ratios of cach gene in group A (r) and group B (n)
cases. A diserimination score (DS) for cach gene was defined
as follows: DS = (1, - p, ), + «,). We caried ot permutation
tests to estimate the ability of individual genes fo distinguish
between groups A and B: samples wire randomly permutiated
between the two classes 10,000 lingzs, Since the DS dataset
of cach gene showed 4 normal distiibution, we caleulaed a
p-vihue for the user-defined grouping (22).

A it

803

Calculation of prediction score for Ivmph node metastasis.
We caleulated prediction scores according to procedures
described previously (22}, Bach gene (pi) votes for either
lymph node-negative or nade-positive depending oo whetlier
the expression level (xi) in the sample is closer to the mean
expression level of node-negative or -positive in reference
samples. The magnitude of the vote (vi) reflects the deviation
of the expression level in the sample from the average of the
two classes: Vi = 1x, - (n, + w021 We summed the votes to
oblain total votes for the node-negative (Vr) and node-positive
(Vn), and caleulated PS values as follows: PS = (Vr - Vol
(Vr+ Vi) x 100-15.8, reflecting the margin of victory in the
direetion of either node-negative or nede-positive. P§ values
rimge from =120 0 120: a higher absolute value of PS retlecis
a stromger prediction.

Evaluation of elassification and lvave-one-out test. We
caleulated the classification score (C8) using prediction scores
of lymph node-negatives (PSr} and node-positives (PSn) in
cich pene set us follows: CS = (g, - Mg Vit + 0pg, ). A
lavger value of C8 indicates hetter separation of the two groups
by the prediction-scoring system. For the leave-one-out test.
one sumple is withheld, the permutation p-vilue and mean
expression levels are caleufated using remaining samples.
and the class of the withhekl sample is subsequently evaluated
by caleulating its prediction score, We repeated this procedure
for each of the 20 samples,

Resulls

Partfication of breast cunder colls and novinad dieetal epitheliol
cells by LMM. Because breast tumors contain mixtures of
different cell types. any differences observed in expression
profiles using MRNAs from tumor masses are influenced 1o a
large extent by the proportions of various ccfl types present.
Moreover, since the great majority of cells in normal breast
tissuc are adipocytes, we considered whole-hreast tissue
to be unsuitable for wnalyzing genetic alterations associated
with mammary carcinogenesis. Henee. o obtain precise
gene-cxpression profiles during the course of hreast-cancer
development and progression. we purified hoth cancerous
cells and normal ductal epithelial cells (for control) by LMM,
Fig. I shows representative examples of IS, 1DC, and
norial ductal epithelium hefore and after microdissection
from clinical specimens.

We estimated the proportion of adipocyles in (he micro
dissected population of normal breast ductal epithelial cells
by measuring the signal intensities of two genes, perilipin
(PLINY and fatty acid-hinding protein 4 (FARPS). which
are expressed bighly and specifically in adipose tissues (213,
When we compared the signul intensitics of those genes
in whole mamminy-gland tissue with signals of the micro-
disseeted normal breast ductal epithelial cells, the average
ratio of signal intensities of the twa genes were approximately
99.4%%, an indication that the proportion of adipocytes in the
microdissected normal breast ductal cells was only about 0).6%
tsection Caleulation of contamination pereentage in Materials
und methods).

We also analyzed the expression levels of mucin | (MUCH.
which shown to be significantly over-expressed in breast
vimeer cells (23.24), The CyS/Cy3 ratios of this gene in two
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Tahle M1 Genes with aliered expression between ER-positive and ER -negative tumors.
i

Accession No.  Symbol . Giene namie p-value  LR- pmmu
AWU49747 GATAS GATA hinding protein 3 ’ 32120 +
BIERGE234 ESTs ESTs 22014 +
Al'D37335 CAI2 Carbonic anhydrase N1 1.6E-13 il
BIF724977 ASBLS Ankyyin repeat and SOCS box-contuining 13 RSLE-13 {
NM_004636  SEMA3ER Scoa domain. inmmumoglobulin domain (Ig), shor basic domain, VI3 !

\L‘Ll’(‘[’(}ll (scruaphorin) 33
NM_000125  ESR{ I \[T‘t aen receptor 1 12612 +
MT3554 CoNDI Cyclin DU (PRADI: parathyroid adenomatosis 1) IVE-12 t
NM_(05544  IRSI Insulin receptor substrate JAE-12 +
M 14745 BCL2 B-cell CLLAymphoma 2 S-12 b
BER26171 BCMPI Breast cancer membrane protein 11 - 28R4 +
AlOS7270 SIAIL2 Seven in abseatin homolog 2 (Drasophila) , 2.8E-11 t
LOT033 HMGCL - 3-Hydroxymethyl-3-methylglutaryl-Coenzynmie A lvase - 2RLE-1] 4

) (hydrosymethylglutaricaciduria )
ABBOA523 {ILR2 Une-51-like kinase 2 (O, eleguns) 40111 +
ALIT37588 EST Hypaihetieal protein DKFZp434K 1210 5.2 i
ALI137566° EST © . Hnnrﬂ \:r,uzr'm MRNA; cDNA DKTIZpS860G0321 1
AF038421 GIFRAL Family reeeptor a 1 o+
ALI94045 Fi6sL2 16 like protein 2 b
3G 163478 ESTs ESTs, weakly similar to BAU_FIUMAN brain-specific +
: angiogenesis inhibitor | precursar (21, sapiens)
M3 1627 XBPrt X-hox hinding protein 1 LG 10 +
AATIO2GY ST Home sapiens, clone IMAGEA794107. mRNA [L26E-10 +
NM_06763  BTG?2 BTG family, member 2 1 9E-10 +
AWS04052 SECTSL SECIS (S, cerevisiae)-like 210 +
NM_(0)5400  PRKCE Protgin kinase C 2AE-10 1
AlG2E1SI1 XBPi X-bog binding protein | 27610 i
AT043045 FEND Filariin B, B (actin bindling protein 278) ASE-10 +
U31383 GNGH) Guanine nucleotide binding protein (G proteind.y 10 J6E-10 +
LI0OA33 RTINS Reticulon | 306010 +
AKD25009 SIGIRR Single [g - 1R related mulecnle 02610 -+
ALO3O253 LIV-1 LIV protein, estrogen regulated TALE-10 b
AWR10662 KIAAD239  KIAAD239 protein ROE-10 4
D369 KNI Kinectin | (kinesin reeeptor) 1.5E-09 +
NM_00165  GIAT Gap junction protein, « 1,43 kDa (connexin 43) 15609 +
AAZINTY Clorf2} Chrosnosome | uan reading frame 21 1.8E-00 I
AF251056 CAPS2 Caleyphosphine 2 1.9E-00 +
AlF061016 UGDIH UDP-glucose dehwdrogenuse 2.0E-09 +
UD2544 MAGED2 Melunoma antigen, family D, 2 ' 2AE-09 - +
BLEGIT336 RIPLIZA Ribosomal protein 1.13a ALY b
AKO24102 MYSTT MYST histone acctyltransferase | 25LE-09 1
BEZ12902 EST Homa sapiens mRNA: ¢cDNA DKFZp5641053 2.80-09 +
AKN25430 FLI2I827 Hypethetical protein FLIZI827 EXV TR F
AL3T0T13 ESTs LSTy, weakly similar to hypothetical protein FLI20378 (7, sapiens) EROEEIL +
AlLO2RAN3 LESTs ]"ST& JRE-09 +
AKQO22249 EST Homo sapiens cDNA FLI2187 fis. clone MAMMA 1000831 A25-09 1
AIS6ES2T EST Honnior sapiens cDNA FLI3A849 fis. clone NT2NE2H 1687 SO +
ALI33074 TRSIINPE  Tamor protein p33 inducible nuclear protein | SAL-00 i
AFO22116 PRKART Protein kinuse. AMP-activated. B | non-catalytic subumit SRR R ERED) +
AT007170 Clorf34 Clwomosome 1 open reading frame 3 9.7E-09 +
AF042081 SHIBGRL SH2 domain binding glutanic acid-rich protein like ; [.2F.08 |
AKO027813 MGC 10744 Hypathetical protein MGC 107:14 LAENS +
M37609 GLI3 GLI-Kruppel family member GLI3 (Greig 17608 [
) cephslopolysyndactyly syndrome)

AL359600 ST Homg sapiens mRNAT ¢cDNA DKFZp347C136 1.9T-08 +
BQUOKDAY TIMP] ‘Tissut inhibitor of metalloproteinase 1 (erythroid potentiating

.:Llwt\f collagenase inhibitor) 20008 4+
AFITISY HELOT Hmnu]n}_ of yeast inn;_ chain polymsaturated fatty acid 2206-08 +

' clongation enzyme

ALIS7499 RADBSEP Rabaptin-3 22008 2
AK023199 EST Hamo sapieas cDNA FLI313T (s, clone NT2RP303 150 25E-08 t
JO5176 SERPINAT  Serine (or eysteine) proteinase inhibitor. clade A J2EAR I

(e T amtiproteinase, antitrypsing, member 3
AADZSTOI KIAAD3S KIAAO303 pratein AALE-08 -
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Table L Continned.

b

%

Accession No. Symbol Gene narie prvalue ER-positive
ATI00588 MAPIKS Mitogen-nctivated protein kinase Kinase 4 4 E-08 +
AAGE2EG] ESTs ESTs, moderately similar to hypothetical protein FLI20378 4.O6L-08 -+
(Hame supiens)
M26393 ACADS Acyl-Coenzyme A dehydrogenase. -2 10 C-3 short chain SAL-08 +
NM_001609 ACADSHE Acyl-Coenzyme A dehydrogenase, short/hranched chain 5.5E-08 i
U91543 D3 Chromadomain helicase DNA binding protein 3 5.7E-08 +
AKO23813 FLIO08I Hypothetical protein FLITONS T 60608 o+
BEITIT7IL FLI20727 Hypothetical protein FLI20727 T.0LE-08 +
ALO49YRT EST Home sapiens mRNA: cDNA DKFZp364TF112 T2E-08 +
AWOBTR94 EST LEST 821 08 +
AKD00350 FLI20343 Hypothetical protein FLI20343 L IE-07 -,
AA4TEI93 neez Dipeptidylpeptidase 7 LIE-07 +
BEGTI06] PPING Protein (peptidyl-proly] cis/trans isomerase) NIMA- 1.26-07 4
interacting, - (parvulin)
ABOIT L35 LGS Discs, Lirge (Drosophila) homalog S 12507 4
LI15203 TrE: Trefoil factor 3 ¢intestinal) LA107 1
NM_001552 1GFBPY Insulin-like growth factor hinding protein 4 1A4E-07 +
M37230 [LGST Interleukin 6 signal transcducer (gp 130, oncostatin M receptor) | .SE-07 #
NO2706 ST Tomao sapiens ¢cDNA FLIS46] (s, clone TERRA 2020977 1 .5E-07 b
Ma0704 AREG Amphircgulin (schwannoma-derived growth factor) 1.8L-07 |
ABOMOO6 BiLfi2 Basic helix-loop-helix domain containing. class B, 2 221507 1
MI5518 PLAT Plasminogen activator, tissuc 23E07 +
BM697477 Shrml Shroom-related protein 24107 i
R45974 CELSRT Cadherin, COF LAG seven-pass G-lype receptor | JoE07 +
Hlamingo homolog, Drasaphila}
ALO4D3I6S ST Homo sapicns mRNA: ¢DNA DKTZp3R6A0N618 G.515-07 i
NM_003225 TEE] Trefoil factor | (breast cancer, est rogen-indncible 7AER-07 +
seejuence expressed in)
Al733356 LST Home sapicits cDNA FLI3 1746 (is, clone NT2RI2007334 T8E-07 +
ATNT7ERS3 KEAATZ43 KIAA 1243 protein 82607 1
N30179 PLAI Prostate differentiation factor 1 DA i
BGO264249 SFRS2 Splicing factor. argininefserine-rich 2 2AL-06
Allgu272 ESTs ESTs 2AE06 +
103827 NSEPS Nuclease sensitive clement binding protein | JOE-06 -
AJ2T6469 C200rf35 Chromoseme 20 open reading framie 33 J4LE-00 +
AWID5100 LOC201562 Hypothetical protein LOC201562 39106
JOa817 GSTMI Glutathione S-transferase M1 4 8L-00 +
AI288571 LEF] Limphoid enhancer-binding factor | 5.11E-06 +
AFDGY3NN PECT Frrowsomal D3, D2-enoyl-CoA isomerase 53606 |
AAG2LO0S EST EST 67500 -
AlTIV4R6 LESTs LSTs §0E-06 1
ABI438 AMPIH Amphiphysin (Stiff-Man syndrome with breast cancer 8606 !
128 kD autoantigen)
89606 PDXK Pyridoxad (pyridoxine, vitamin B6) kinase 85L-06 2
NM_017555 FGIN2 Egl nine homolog 2 (C. clegans) 92LE-00 +

LR-positive, + indicutes the genes that relatively over-expressed in the ER-positive group as compared with the ER-negative group: - indicates
the: genes i relutively under-expressed-in te ER-positive group as compared with the ER-negative group.

populations of microdissected breast cancer cells (cases 10307
and 10433} were 18.2 and 17.0, whereas the vatios in the
corresponding whole-tumor cell populations were 12.5 and
3.25 (69 and 31%,) respectively, Thése results suggested that
Cy5/Cy3 ratios of genes that appear to be up-regulated in
whole-tumor preparations are likely to be underestimated due
to contamination by a large proportion of non-cancerous cells.

Unsupervised clustering analvsis of gere-expression frrofiles.
We first applied an unsupervised twe-dimensional hierarchical
clustering algorithm to group genes an the basis of similaritics

i expression patterns. using the data from 102 experiments
corvesponding ta 92 clinical hreast cancer specimens (two
distinet histological lesions were examined in ten cases and
onc case was analyzed i duplicate), 2 breast cancer lissues
withomt microdissection, 6 microdissected normal-breas
ductal cells, and 2 whole mammary-gland tissues withoul
microdissection. Reproducible clusters were obtained using
the expression data for 710 genes (Materials and methodsy;
the 102 samples were clustered into twe major groups and one
miner group (groups A. B and C) on the hasis of their
expression profiles (Fig. 2A). Profiles from the single



806 NISHIDATE et ad: GENE-EXPRESSION PROFILES IN BREAST CANCERS

Tuble [V. Genes with altered expression between well- or poorly-differentinted cancer.

p-value Poarly

Accession No. Symbol Ciene name
AlS53712 TNESEL Tumor necrosis factor (ligand) superfamily, member 11 1.2E-00 ¢
BIY73LNM LOC201725  Hypaothetical protein LOC201725 EMATRIN +
AVTS2313 KPNAG Karyopherin « & (importin a0 7) L0 +
AKO26898 Foxpi Frorkhead hox Pl TALE-O4 4
AA48107 ITGAS Integrin. e« 5 (fibronectin receptor, a polypeptide) TYE-04 +
ARQOI067 NFATS Nuclear factor of activated T-cells 5. tonicity-responsive R2E-D +
ABOO7YI19 KIAAQ50 KIAADAS0 gene product I 8E-03 +
BGO2612Y SFRS2 Splicing factor, arginine/serine-rich 2 20103
MIT770 FGIR2 [ibrahlast growth factor recepror 2 (hacteria-expressed kinase, 2. 1E03
keratinocyre prowth factor receptor. craniofacial dysostosis 1,
Crouzon syndrome. Pfeiffer syndrome, Jackson-Weiss syndrome)
L0O2785 SLC26A3 Selute carrier family 26, member 3 27E-03
BI037102 ST Homo sapiens, clone MGC 17290 IMAGE: 3460701, mRENA, 28003
complets eds
L12350 Ttnsz Thromhospondin 2 2RE-03 .
N36RTS LEST Homa sapiens, clone IMAGIEE:4994678, mRNA ARE-03 -
AL135342 LEST ESTs. weakly similar to newronal thresd protein (Home sapiens) 43E-03 -
AL49420 SINC3 Symdecan 3 (N-syndecan) 451503
AWUO 1424 KIANIRTO KIAAISTO protein 52104
AAS2317 DC-TMAFZ Ttrazpanin similar to TMASEQ 55603
FARNEY| EEFIG Lukaryotic translation clongation factor 1 y 603
Al423028 SMARCD3 SWISNE related, matrix associated, netin dependent regulator of 6 8E-3
chromatin, subtamily J, member 3
ABOO23YI MNT GISTAT (psewdogence) FOL-03 +
1332050 AARS Alanyl-tRNA synthetase TAE-03 -
BLERTOL49 RABT RAR7. member RAS oncogene family TOLE-03 -
AW291083 EST ESTs SOE-03
ALSORO 1 EST IESTs 82503
AKO23480 SKkP72 Stgnal recognition particle 72 K R.IE-03

Poarly: + indicates the genes that relatively over-cxpressed in the poorly-differentiated cases as compared with the well-dilferentiasted cases;
- indicates the genes (hat relatively under-expressed in e poorly-differentiated cases os compared with the well-dil ferentinted cases,

duplicated case fease  10149a1/10149a1T) were clustercd
next to cach other with the shortest branch in breast cancer
cases, supporting the reproducibility and reliability of our
microarray data. We investigated possible association of this
classification with clinical parameters such as estrogen
receptor (ERY status. bistolegical type, or lymph nede (1LN)
status. Only the ER status of the cancer cells showed some
association: of the 35 tumors diagriosed a5 ER-positive by
enzyme immunoassay (EIA), 45 wer: classified into the same
cluster (group By of the tumor dendrogram. These resulis
indicated that the mast significant factar influencing
expression patterns in breast cancers is ER status, Micro-
disseeted normal breast ductal eells (cases [00DIN, T0327N,
T0435N, and 10304N) and cancer tissues without micro-
disscction (cases 10433W and 10397W) constituted g
separate group (group C) that inclwled one microdissceted
wmor case (case 106607, an indication that om data derived
trom purified breast-cancer and normal breast ductal cells were
more precise in terms af breast eaoeer-specific expression
profiles than the profiles reported by athers (9-15).

Identification of gene clusters associated with clinical para-
meters. To detect genes that might retlect the TR status of
hreast cancers, we carried out o supervised clustering analysis

of 41 ER-positive and 28 ER-negative tumars of the 1DC ype.,
All of the timors we examined were fram pre menopiusal
patients, We listed 97 penes that were able 1o distinguish the
ER-pusitive and negative cases with permutation p-value
<0.0001 (Materials and methods) (Fig. 2B and Table 1D,
Among them, 92 were relatively over-expressed and the
ather 5 were under-cxpressed in the ER-positive proup as
comparcd with the ER-negative group. Genes thal were
over-cxpressed in the BR-positive group included GATA-
hinding protein 3 (GATAN, trefoil Gictor 3 (TFED, evelin 13
(CONDTY, MAPKEK homolag (MAP2KY), tissue inhibitor
of metalloprotease [ (TIMPI). insulin receptor substrate |
(RS 1), and GL1-Kruppel family member GLI3 (GLID.
Those genes were already known to be assoviated with TiR-
positive status (10,153, On our list, estrogen receptor (ESK1)
was rank-ordered no. 6 on the basis af magnitude of pevalug
{Tuble 1), and the classification of ESRY by its cxpression
profiles correlated closely with TR status in tumors mensured
by EEA {Fig. 23, battom panel) in most eases,

As Fig. 2A shows, histopathofogical tvpes judged by
microscopy were not clearly discerned by an unsuperyvised
clussification according to gene-expression patterns. However,
in 7 of the 10 cases in which samples of different histological
type were obtained from the same patient {cases 10864, (1419,
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it were eommanly up- or dowa-repalated b both DCES aned 100, 13, 744 peney

whose expression was furiler elevatal or decransed diring teansition from DCTS 1o 100 C, 63 genes that were up- ot down-reanlated specihieally i [DC. N,

nermal breast duetal cells,

0818, 10138, 10003, (0646 and [1135) the 2 samples were
clustered more closely 1o cach ather in one group than to
their respective types from other natients. This finding
suggess that two lesions prepare | from a single hreast
specimen could show similar expression patterns cven when
they are histologically distinet (1DC).

We subsequently carried out random-pernutation test to
scarch for genes thar would reflect histological differences
ti.c.. well- or poorly-differentiated lesions), using cight pairs
of microdissected 1DC swmples. As shown in Fig. 2C, a
supervised clustering analysis usimz 25 genes that showed
differential expression clearly sepaviued the two histolo gicully-
distinet groups of ductal-cancer cells, an indication that certain
aof those genes might be associated with invasivencss of breast
cancer (Table [V}, Among them, nuclear factor of activated
T-cells 5 (NFATS), andl integrin « 5 (/TGAS). whose posstble
roles in invasion and cell growth had been reported previously
(25,20).

Hdentification of genes commaonty up- or down-regilated in
DCIS aud IDC. Gene-expression profiles in 77 pre-mienopavsal
breast tmors (8 DCIS and 69 1DC) idewtified 78 zenes that
were commonly ap-regnlared >3-fold in tumors over normal

breast ductal cells, and 247 genes whase expression was
down-regulated to <173 of normal (Fig. 3A and B, Tables V
und VD). Among the genes commonly up-regulated in both
DCIS and IDC were neuropeptide Y receptor Y1 (NYRYTY ad
mucin 1 (MUCTH, already known to he over-expressed in
hrcast cancers (23.24.27). whercas among the commonly
down-regulated genes we documented transforming growth
factor b receptor 1 (TGFBR2) and carly growth response 2
(EGR2), both of which also show dystunction in various
cancers {I8,29). In particular, as Fig. 33 shows, expression
levels of 25 genes were further increased (19 =3-fold: 6
>5-fold) and levels of 49 genes were further decreased (30
<3-fold: 19 <5-fold) during nialipnant progression from DCLS
o [DC. The 25 up-regnlated genes inchided forkheml hoyx
MIE(FOXME). whose aver-expression stimulates expression
of eyelin BI (CONET) (30). Suppression of tumorigenicity 5
(875) and schwinomin-interacting protein | (SCHIP 1Y, both
of them known to function as mmer suppressors (31,32). were
among the genes showing decreased expression as wmalignaney
progressed.

We then attempted to identify genes whose expression was
altered in IDE but not in DCLS, and identified 24 up-regulated
genes and A1 down-regulated genes (Fig, 3C, Table V1. The
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Table V. Genes canmanly up- and down-regulated in DCIS or 1DC.

Up-regulated genes

Accession No. Symbaol Gene name

DY0041 NATT N-acetyltransterase 1 (arylamine N-acetyltransferase)

MI13755 Gir2 [nterferon. c-inducible protein (clone IFI-15K)

DE8304 SLC27AZ Solute carrier tamily 27 (fatty acid transporter), member 2

AW235061 SLCiAl Solute carrier family | (ncuronalfepithelial high affinity glutnmate transporter, system xagh,
member 1

KO2215 AGT Angiotensinogen [serine (or eysteine) proteinase inhibitor, clade A (w- | antiproteinase,
antitrypsin). member 8]

ABO3226] SCD stearoyl-CoA desaturase (8-9-desaturase)

NM_0O00909 NPYIR Neuropeptide Y receptor Y

AFDITT90 HEC Highly expressed in caneer, rich in lencine heplad repeats

NM_007019 URE2(C L hiquitin-conjugating enzyme E20

APOG5INE TSPAN-1 Tetraspan |

N70334 DUSPH) [l specificity phosphatase 10

AAO2IT71D SMCHLL SMO structural maintenance of chromosomes 4-like 1 (yeast)

AAGTOI8T LESTs ESTs

AKO01402 Cilarf3 Chromosome 10 open reading frime 3

AWYI9747 GATAS GATA binding protein 3

ARDDI472 ANLN Anillin, actin binding protein (seraps homolog, Drosophifa)

AATRL233 COLIAL Collagen, type 1« 1

ATOT0632 CST Homao sapiens clone 24405 mRNA sequence

H4 544 NPYIR Neuropeptide Y receptor Y|

AlO15982 CDCAL Call division cvele associnted |

NM_003979 RALT Petinoic acid induced 3

BES 16445 CLICG Chioride intracellular chiomel 6

Al361634 EST AT

AWT7340 EST fiome sapiens cDNA FILI3S379 fis, clone FEBRA20N2986

ALZ61R04 EST Hamo sapicns MSTPO20/(MSTD20) mRNA. complete cds

AK(26359 TPAM3 Tropomyosin 3

103473 ADPRT ADP-ribosyhransterase INAD® polyt ADP-rihose) polymicrase ]

NM_000T87 1HGD Homogentisate 1 2-dioxygenase (homogentisate oxidase)

L413964 PSEN2 Presenilin 2 (Alzhieimier discase 4)

JO5581 MUC! Mucin I, transmembrane

AAGOZI99 GLOCH lucocorticoid induced transcript |

LI37707 MPP3 Membrane protein, palmitoylated 3 (MAGUIC p33 subfamily member 3)

ABO3NYOS CBX3 Chromobox homolog 3 (HP] ¢ homolog. Drosophila)

AL 138409 LST Humio sapiens mRNA; cDNA DKEZp3131.231

AVT56928 SECOIG Cnehl g

AT2050684 115PA2 Heat shock 70 kDa protein 2

BE7 39464 ARLOIP ADP-ribosylation factor-like 6 interacting protein

Al0S1356 LOC253782 Hwpothetieal protein LOC253782

AALGTI94 LOC2537R2 Hypothetical protein LOC253782

MY0516 GFPT] Glutamine-fructose-6-phosphate transaminase |

AL133074 TPs3iNgi Tumor protein ps3 inducible puclear protein |

ALI37257 EST Lioma sapiens, clone IMAGIER:S296692, mRNA

AKU25240) LOC22382 LOC223082

AJOOT72 WHSCI Waolf-Hirschhorn syndrome candidate |1

U42068 RPN Glucose regulaled protein, 38 kDa

AJI32502 INI281 Zinc finger protein 281

Wa3I6is [ESTs [ESTs

AWOT7104 CYrrff2 Chromosome 9 open reading frame 12

AL347925 11SPh Heat shock 27 kDa protein |

ARD26587 NET-6 Transmembrane 4 superfamily member tetraspan NET-6

Al264621 LASS2 LAGI longevity assurance homuolog 2 (S, cerevisiae)

AATGTE2R FLII0980 Hypethetical protein FLI D980

AUL42681 FLII0702 Hypothetical protein FLI1O702

Down-regulated genes

Accession No. Synibol Gene name

X52186 ITGRE [tegrin, 34

NM_006297 XRCC! Meray repair complementing defective repair in Chinese hamster cells |

XT3460 RPL3 Kibosomal protein 1.3

NM_001436 it Fibrillarin

X30373 HOXDH) Frarica box D10

104208 IMPDIH2 FYIP tinosine monophosphate) dehydrogenase 2

24203 TRIM2Y Tripartite motif-containing 29

L10340 LEFIAZ Enkaeyotic translation clongation factor 1« 2
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Dawn-regulated genes

Accession Na. Symbal Gene name

Jo4621| SDC2 Syndecan 2 (heparan sulfate protcoglycan 1, cell surface-ussocinred, fibraglyean)

[LOR424 ASCLE Achaete-scute complex-like 1 (Drosophila)

ALITOTI3 EST ESTs, weakly similar to hypothetical protein FLI20378 (Tiome supiens)

AKI26900 EST Homo sapiens CONA: FLI23313 fis, clone HEPTIO1O

NM_OOT050  SSTR2 Samatostatin receptor 2

AAO322S ESTs ST .

N2291Y IFLI32332 Hypethetical protein FILI32332

AF2T2043 rM2¢ Inteeral membrane protein 20

MAE159 RPSAY Rilosomal protein S84, Y -linked

ALLRG97 [EST Homo sapiens, clone MGC: 10362 IMAGT3927 795, mRNA, complete cils

AATE0301 CTsF Cathepsin FF

MY2843 ZFP3G Zine finger protein 36, C3H type, homolog (mousce)

AASTOL86 EST Humim full-length cDNA 5-PRIME end of clone CSODKOO7Y BOS of Hela cells of 77, sapions

R56906 EST EST

AF2Z08860 TNERSF2L Tumar necrosis factor receptor superfamily, member 21

AKO25216 TAZ Transcriptional co-activator with PI¥Z-hinding motif (TAZ)

AATSE04 PTPNI Protein tyrosine phosphatase, non-receptor type |

AAG2ES30 ISYNAT Myao-inositol 1-phosphate synthase Al

AFI61416 RS2 Insilin receptor substrate 2

AL045V16 ESTs ESTs

AW30972 EST Homo supiens cDINA: FLI22864 fis, clone KAT02164

ALISGLY RNPC2 RNA-hinding region (RNP1, RRM) containing 2

AVTNR636 EIF3SaIP Eukaryotic translation initiation factor 3. subunit 6 interacting protein

U28977 CASPY Cuspase 4. apoptosis-related cysteine pratease

AVTO8328 MSCP Mitochondrial solute carrier protein

AAN2956 FLII2750 Hyputhetical protein FLI12750

AlY2S443 LEST Haono sapiens CONA FLI3RESS fis, clone MESAN201068 |

U 14966 RPLS Ribosomal protein L3

Al857997 TPEG Traphoblast glycoprotein

BrOY7545 MGP Matrix Gla protein

AWIT5754 FLI3SS64 Hypothetical protein FLI33564

ALIS2534 CAVI Cayeolin 1, eaveolae protein, 22 kDa

NM_00I985  ETrR Eleciron-transfer-flavaprotein, 3 polypeptide

Al74110 SERPINE2 Serine (or cysteine) proteinase inhibitor, clade IE (nexin, plasminogen activator inhibitor
typei 1) member 2

AWd444709 D47 CA7 amtigen (Rh-related antigen, integrin-nssociated signal transducery

BEOREY 10 COPER Care promoter element binding protein

AlIRIB5TY EST Honie sapiens, clone IMAGE: 30252586, mRNA, partial eds

S95936 TF Transterrin

AF074393 RPSORAS Ribozomal protein $6 kinase, 90 kDa, polypeptide 5

NM_0On03ot Chr4 CD 4 antigen

AKN27IR1 IBA2 lonized calcium binding wlapter molecule 2

X13079 PIGR Palyweric immunoglobulin receptor

NM_001313 DAR2 Disabled homolog 2, mitogen-responsive phosphoprotein Drosephila)

M3 1152 C4BPA Complement component 4 binding protein, «

X07606 KKT1S Keratin 18

AF016004 GPAoh Glyeopiatein MoB

NM_OMM078 CSkPY Cysteine anid glycine-rich protein |

136645 EPTIAL Ephad

D78011 DeYs Dihvdropyrimidinase

W60G630 JAM3 Junctional adhesion inolecule 3

AWOSGI T 482341 DNA segment oo chromosome | (unigue) 234 expressed seruence

AFD3S5752 CAVZ Caveolin 2

D37766 LAME3 Laminin. [} 3

LI66406 EFNG3 Cphrin-B3

X52001 EDN3 Endsthelin 3

NM_000856  GUCYIA3 Guanylate evelase |, soluble, o 3

Uen11s FiL Fowi and a haif LIM domains |

14520 KLI'S IKrufipel-like factor 3 (intestinal)

MUO4RT FOLIT Fulate hydrolase (prostate-specific membrane antigen} |

L09R72 FSCNT Fascin homolog 1, actin-hundling pratein (Strongviocentrerus UYL )

AR 1S MEIS2 Meis i, mycloid ccotropic viral integration site | hamolog 2 (mouse)

AT038540 RIN2 Reticulon 2

ATF049884 ARGHRPZ Arg/Abl-interacting protein ArgBP2

NM_001122  ADFpP Adipose differentiation-related protein

YOm926 MASP2 Mannan-binding lectin scrine pratecase 2

M58207 ZNF42

Zing finger protein 42 tmyeloid-specific retinoic acid-respongive)

|[°
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Down-regulated genes

Accession No,

Symbaol

ATO35811
AF177775
L07643
$76474
BE2996(1S
NM_006225
NM_005036

M22324

BESTI46
BE3G1244
ALMSY62
LOREYS
LI48707
X50134
DE1239
AKO26181
KOT144

U25138
X85337
DRAS97
NM_00-1024
BIF126636
DI37689
La1142
ABOHOI9GY
NM_002153
AVGIO61D
X03603

U47025
MS1349
A1264201
18018
NM_004350
BF37516
AT02720%
D 17408
NM_004010)
BF183952
M 16445
ATF035015
Al743624
AK025129
BI745405
AK02457%
AlS70306
H27853
BTO00047
AFI26780
AL700341
M87770

AA4S2368
NM_021200
AKO26342
AFZ51040
MR7507
MY7675
NM_020549
XO00457
W21
ALT69569

PNUTL2
ADORAT
CESI
LTT
NTRK2
MRAS
PLCDI
PPARA
ANPEP

TGERRR2
RPEISA
ST
MEF2(
PPEIRIA
RPLP2
eGP
PHLDAT
Chd

NONMBT
MYLK
1Yo
ATER
SAAlL
MGATS
STATSA
KIAATSRG
HSDI7B2
14
CSFER

PYGEH
SAAH
FECGR2
LTy
RUNNI
CRYAR
PROMILI
ONNY
DAMD-
CSTA
D2
EYA2
ELL2
DKIZP506H073
KNLKS
DKEFZp761121]
IRX]
CYorf1y
EST
RetSDR2
IEST
FGER2

FLI30046
PLEKTIBY
RIANZ
CSonfts
CASPL
ROR{
CHAT
HLA-DPAT
TP73L
EST

(iene namie

Peanut-like 2 (Dresophil)
Adenasing Al receplor
Carboxylesterase | (monocyte/macrophage sering esterase 1)

Lactotransferrin

Newratrophic tyrosine Kinase, receptor, type 2

Musecle RAS oneogene homolag

Fhursphaolipase C. 81

Peroxisome proliferative activated receptor, a

Alanyl (membrane) aminopeptidase taminopeptiduse N, wminopeptidase M, microsomal
aminopeptidase. CT 3, plsth

Transtorming growth factor, B receptor T (70780 kDo)

Ribosomal protein L18a

Heno sapiens. clone IMAGEA243767, mRNA

MADS box transcription enlameer factor 2. polypeptide C (myocyte enbancer factor 20)
Protein phosphatase 1. regulatory (nhibitor) subunit 1A

Fibasomal protein. large P2

Fe fragmient of 1gG binding protein

Pleckstrin homaology-like domain, family A, member |

CL74 antigen (invariant polypeptide of major histocompatibility complex. class (i antigen-

associaled)

Potassium large conductance caleivm-activated channel, sublamily M. i member |
Myuosin. light polypeptide kinase ;

Lymphocyte antigen 64 homolog. radioprotective 105 kDu (mouse)
Activating transcription factor 3

Sgrum amyloid Al

Mannosyl (8- 1.4-)-glycoprotein B-1 4-N-acetylplucosaminy ltransferase
Signal transducer and activator of transeription SA

KTAAIS36 protein

Fydroxysteroid (17-6) dehydrogenase 2

hiibitor of DNA binding 4. dominant negative helix-loop-helix protein
Colony stimulating factor-1 receptor, formerly McDonough feline sarcoma viral (v-fins)
oncogene iomolog

Phosphorylase. glycogen: brain

Serum amyloid Ad. constitutive

Early growth response 2 (Krox-20 homolog, Drosaphila)

efs variant gene 4 (KA enhancer binding protein, E1AT)

Eunt-related tramseription factor

Crystallin, « B

Prominin-like | (mousc)

Calponin 1, basic. smeoth muscle

Dystrophin (muscular dystrophy. Duchenne and Becker types)

Cystatin A (stefin A)

CD2 untigen (p5ty. sheep red bload cell receptor

Eyes absent homolog 2 (Drosophilay

ELL-related RNA polymerase [1. clongation factor

DKFZPS66H073 protein

IKallikrein 5

Hypathetical protein DKFZp761124 |

[roquois homeobox protein |

Chromosome 9 open reading frame 19

Home sapiens full length insert cDNA clone ZATICO8

Retinal short-chain dehydrogenasefreductase 2

ESTs. weakly similar to hypothetical protein FLI20489 (Honn sapiens)
Fibroblast growth factor receptor 2 (hacteria-expressed kinase. keratinoeyte growth
fictor receptor. craniofacial dysostosis 1, Crouzon syndrome, Preiffer syndrome.
Fackson-Weiss syndrome)

Hypathetical protein FL130046

Pleckstrin homology domain cantaining, family B (evecting) member 1
liuman immune assoeiated nucleotide 2

Chromaosome 3 open reading frame 6

Caspase 1, apoptosis-related cysteine protease (interleukin 1, i, convertase)
Receptor tyrosine kinase-like orphan receptor |

Choline acetyltraisferase

Major histocompatibility complex. class 1T, P ¢ |

Timor protein p73-like

LSTs

!
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Table V. Continued.
Down-regulated genes
Accession No, Symbeol Giene nime
KD2765 3 ' Complement component 3
AWOT 1100} FLITA90GA Hypothetical protein FLITAY06
ATO77044 RPAC2 Likely ortholog of mause RNA polymerase 1-3 (16 kDa subunit)
HTHR0A KIAADTY0 KIAAQ790 protein
ALOSO367 LOCI2106] Hypothetical protein LOC221061
ARKOD1643 FLILOTS1 Hypolhetical protein FLIIO78]
AWIB2273 EST © Homo sapiens cDNA FLIZISIT fis_clone NT2RI12000007
W6TYSL EST Hunim 86 A-3 mRNA expressed in chromosome 6-suppressed melanomi cells
ALI17605 LEST Lemo sapiens mRNAL cDNA DETFZp364N 163
Al3T6418 LST v Homo sapiens cDNA FLI3Z6Y fis, clone PLACEG012908
AAGR33T73 EST LEST
AKO22877 LST Home sapivns cDNA FLII2813 fis, clone NT2RP200D2340
NM 002258 KLRB! " Killer cell leetin-like receptor subfamily B, member |
Meu225 BPAG! Bullous pemphigoid antigen 1, 230/240 kDa
AW29U572 EHzr Carly hematopoietic zine finger
BEN44407 ARL? ADP-ribosylation factor-like 7
AA9IR297 IFLI2O7 16 Hypothetical protein FLI207 16
AATDO3LG ZD52F 1 Hypothetical gene ZDS2F10
AIR27230 APCDHDY Adenomatosis polyposis coli down-regulated |
AKOOND251 [FLIZ0244 Hypothetical protein FLI20244
N62152 KIAAI572 KIAATSTS protein
H53164 1saP! Interteron consensus sequence binding profein |
BLEIGAR21 W2 WAP fonr-lisulfide core damain 2
ALTT7462 ZFPIss Likely orthulog of maouse zine finger protein 385
NM_(OD3 186 TAGIN Transgelin
USES14 CHIsL2 Chitinase 3 Jike 2
ABO26125 ART- . ART-4 protein
ALDEOOS9 RIAA 750 KIAAT750 protein
AATIT005 SDCCAGHS Serologically defined colon cancer antigen 43
NM_{(})55928 MFEGES Milk fat globule-EGF factor § protein
D62470 NRXNS Neurexin 3
N29574 RAGD Rag I} protwein
K02276 MYC v-imye myelocytomatasis viral oncogene homolog (avian)
D78611 MEST Mesoderm specific transeript homolog (monse)
NM_022002 FXYD6 FXYD domain containing ion transport regulator 6
BI508473 RPLAES Ribosomal protein L13
NM_001613 ACTG2 5 Actingy 2, smooth muscle, enteric
R41532 LEST LS Ts, weukly similar to POL2_MOUSE retrovirus-related POL polyprowein
{Containg: Reverse transeriptase: Endonuclease) (M. musculus)
AA 42873 EST - IESTs
LIN3688 CYPIRI Cytochrome P430, family 1, subfamily B, polypeptide 1
WO4363 ST Homa sapiens full length insert cCDNA clome ZE12G01
Wed613 HSJ01 348 cDNA for differentially expressed CO16 pene
ALLIRgI2 LST Homeo sapiens mRNA; ¢DNA DKEZp761GI (1
D36N64 MAP2 Microtubule-associated protein 2
BI9O6R 38 KIAA2028 Similar to PH (pleckstrin homology ) domain
Al338623 FIXT Four jointed box 1 (Drosephifa)
AlL63022 ST 5Ty
ALDSOLO7 ThzZ Transcriptional co-activatar with PIYZ-hinding muotit (TAZ)
AlS6364 FLITA853 Hypothetical protein FLIT4855
Al3S 1508 DRCTNNBIA Down-regulated by Ctinbl|, «
AVTO0003 ARLOIPZ ADP-ribosylation-like factor 6 interacting protein 2
NM_{300700 ANXAT Anuexin Al
M4 HLA-DORT Major histocompatibility complex, class 11, DQ 13 |
AlSO8227 FLI2309| Hypothetical protein FLI2Z2091
BGO34740 ROPNI Roppatin, rhophilin associated protein |
ABOIT175 TBCIDA TBCI domain family. member -
ARO2H449 PP2135 PP2135 protein :
AWOTSTT0 LEST Hypaothetical protein DKIFZpS66A1524
AIS21IE3 EST Hemo sapiens cCDNA FLI3G32T fis, clone TITY MU2005 T8
AlOS7-150 SLC13A2 Solute carrier family 13 (sodium-dependent dicaboxylate wansportery, member 2
X86693 SPARCLI SPARC-Bike 1 {mast®, hevin)
Al224932 L4006 Hypothetical protein FLI40906

D1363y COND2Z Cyclin D2
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Table V1. Genes with elevated or decreased expression from DCIS 10 1DC,

Genes with elevated expression from DCIS to IDC

Accession No, Symhol
U74612 FOXMI
U63743 RIF2C
DRES32 PIK3R3
NM_{15532 27
14637 KIAADIDI
ALNI0T186 GPCd
711566 STMNI
ugo9L44 b
NM_062534 OAS!
S67310 6f
AAL192145 TMEPA!
ABONION PSMDI2
BERTE057 DKFZP364K0822
ABODI6OS CDCTLT
MOI670 F2-rer
AKO23414 FLIT13352
LO9235 ATPOVIAT
AL007152 ABIID?
(133632 NONKT
AAG2IT7I9 SMCALT
AF176228 DNMT3R
H22566 DACIH
ATTSSE04 FNT
ALIRYTT 1DI2
AA2054-14 APIS2

Gene nanie

Forkbead box M
Kinesin family member 2C

Phosphomesitide-3-kimse. regulatory subunit, polypeptide 3 (ps3. v)

Interferon, «-inducible protein 27

KIAAQIO gene product

Glypican 4

Stathmin Foncoprotein 18

Carboxypeptidase D

2 5oligoadenylate synthetase 1. 40446 kDa
B-factor, properdin

Transmembranc. prostate androgen induced RNA
Proteasome (prosome, mac-opain) 268 subunit. non-ATPase, 17
Hypothetical protein DKEZpS64K0822

CDCT cell division cyele 7-like 1 (S, cerevisiar)
Uhiguitin carvier protein

Hypothetical protein FLJ13352

ATPase, H* transporting. lysosomal 70 kD, VI subunit A isoform 1

Abhydrolase donmain containing 3

Potassium channel, subfamily K, member |

SMCH structural maintenance of chromosomes 4-hike 1 (veast)
DNA (cytosine-3-)-methyltransterase 3 B

Dachshund homolog (Drosephila)

Fibroneetin |

Isucitrate dehydrogenase 2 (NADP*), mitochondrial

-

Adaptor-related protein complex 1,6 2 subunit

Genes with deercased expression fram DCIS to DC

Accession No.

Symbuol

Gene name

ALOTONNY
LINS267
NM_005397
D131
N533586
L1288
MI12125
MOSOOO
AINNLISA
AW21712
ALIGOIT]
A93920
AlF132734
AlL33167
IDRR133
AL 144044
BEQOT773s
AAL3S34I
ALTIOIN2G
BE234330
BE264753
W73991
AFD91434
W67577

NM_002996
AA024459
NM_000163
AABSSI62
BE327623
BL671156
D12614
L13720
L1513
YO0711

SLCTAS
DSCi s
PODXI
AMT
TGAG
VIPRI
TPmM2
PREARIR
SOXIN
MXT
KIAA 164G
DESPO
SECS

LEST
TIYA22
PTEd
Cloorfs
GUNSL2
ST
ST
RBPr
EST
POGEC
CD74

CXICLI
EST

GIIR
NCAGT
EST
MAPRE?
LTA
MGCS560
55
LIMID

Solute camier family 1 (ghial high affinity glutanate transporter)
Down syndrome critical vegion gene |

Podocalyxin-like

Aminonmethyltransferase (glycine eleavage system protein T)
Integrina 6

Viasoactive intestinal peptide receptor |

Tropomyuosin 2 (5}

Protein kinase, cAMP-dependent, regulatory, type |,

SRY {sex determining rerion Y)-hox 10

MAX interacting protein |

KIAATGH protein

Dual specificity phosphatase 6

Secretory protein SECS

LESTs

HYA22 praiein

Peroxisomal acyl-CoA thioesterase

Chromosome 16 open reading frame 3

GCNS general control of amino-acid synthesis 5-like 2 {veast)
Homo sapicns mRNA: cDNA DRTZpS64111916

Homo sapiens mMRNA: cDNA DKFZpS64D016

Retino] hinding protein 1. cellular

Homa sapicns, clone IMAGE:A2492 17, mRNA

Flatelet derived growih fuctar C

member 3

CD74 antigen (invariant polypeptide of major histocompatibility comple . ¢luss 11

antigen-associated)

Chemokine (C-X3-C motit) ligand 1
ESTs

Girowth hormone receptor

NCAGIH

ESTs. weakly similar to hypothetical protein FLIZ0234 tHome sapiens)

Microtubule-assoctated protein, RP/ER family, member 2
Lymiphotoxin w € TNT superfamily. member 1
Hypothetical protein MGCS360

Suppression of tumorigenicity 5

Lactate debydrogenase I3
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Table V1. Comtinued.
CGienes with decreased expression from DCIS to 1DC
Accession No. Symihal Gene name
AlBS1212 EST
M31159 IGFRP3 Insulin-like growth factor binding protein 3
NM_ 014447 115052521 Arfaptin |
ABOITOSY TRIMZ Tripartite motif-containing 2
BTU69335 PDRT Pyruvate dehydrogenase kinase. isoenzyme -
AKO25950 KIAA TGOS Hypothetical protein FLI22297
E6V6I LHFPL2 Lipoma HMGIC fusion partner-like 2
AKD25953 EST Homeo sapicns cDNA: TLI22300 fis, clone HREO4759
AJ223812 CALDI Caldesmon |
R40594 LST Homa sapiens cDNA: FLI22845 fis, clone KAIASIYS
AFL45712 SCHIPY Schwannomin interacting protein |
AKD24966 FLIZ13TS Hypothetical protein FLI213 13
NM_003596 NN Nuclear factor /3
NM_{01613 ACTA2 Sctin, o 2, smooth muscle, aorta
HO364 | FAMI3AT Fanily vith sequence similarity 13, member Al
up-reguiated genes included ERRL2. CONBI and BUR IR .
(BUBI budding uninbibited by benzimidazoles- | homalog 5), Well-differenlialed type E%
known to be involved in development or invasion of caneers in T b GiE B = . e : }:’
a variety of tissues (33-35). Among tie down-regulated genes, . é € & g 8 88 5 5 5 33¢
we have reported that AXLDF (AXINT up-regulated-1), AIZE18D4 - i
which is frequently down-regulated in fung. liver. colon wnd st
Kidney cancers (36), might be involved also in invasion of

ARIET194
caneer cells.,

GAFDH

Verification of selocied genes by semi-quantitative RT-PCR. To
contirmthe reliability of the expression data obtained by cDNA
microarray analysis. we performed semi-quantitative RT-PCR
experiments for thrce genes (Accession Nos. AlI261804,
AA205444 and AATGETIO4) that were highly up-regulated in
informative tumors of the well-difl rentiated type, and two
{Accession Nos. AAGTOUST and H2I366) that were highly up-
regulated i informative tumors of ‘he poorly-differentiated
type. The RT-PCR results accorded well with those of the
microarray analysis in most of the tested cases (Fig. 4).

Development of u scoring method for prediction of Ivmph-
node metastasis. Metastasis to axillary lymph nedes is the
most important prognostic factor for paticnts with breast
cancer (37). To develop an cquation for achieving a scoring
parameter W predict metastasis o axial Iymph nodes, we
performed a random-permutation test 1o ientity genes thal
were differentially expressed in 20 wod.-positive cases and
20 node-negative cases of IDC, Followin g criteria described in
Materials and methods. we first selected the 93 discrimimating
genes that showed pernutation p-vilue <0001 between the
two groups. Using the leave-onc-out crass validation method.,
we sclected 34 genes showing the smallest p-value that could
provide the best separation of node-positive from nade-ncgative
cases (Table VI, As shown in Fig. SA, a hierarchical
clustering analysis using these 34 penes clearly classified all
) breast cancer cascs inta cither of the 1wo groups according
to Iymph node status. This set of 24 genes included some
key factors whose potential roles in metastasis had been
veported previously. On that basis we atiempted 10 construct

@
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Figure 4. Semi-guantitative RT-POR validtion of ovee-cypressed s,
sl i eapression of 3 penes in B2 swell-differentited temors tal fupper
pasel) and 2 genes in 12 poonlv-diftewentinted fumss 31 dewer panel),
along with GAPDH as an infernal control, The resulis of these semi-
yuwpstitative RT-PCR experiments corresponded to sipnals en the
microm iy, Normad breast ductal cells were prepared as amisture of sonmal
duatal epithelinl cells trom 15 pre-nemopasal pateats MG mdicates while
huan mismary gl

a prediction-scoring systeny that could clearly distinguish node
positive cases from nede-negative cases throngh the expression
profiles of this set of 34 penes (Materials and methods).

To clarify the system further, we caleulated prediction
seores for 17 pode-positive and 20 node -negative cases thal
had not been used in the original procedure for selecting
diseriminating genes. We chose a score of 7ero as a horderline
belween node-positive and node-negative groups (g, SB3),
On the basis of this defininon, all 17 cases with Iymph nosde
metastasis were judged o have positive scores, The 20 cases
without lymph node metastasis were given negative scores
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Tauble VUL Genes commonly up- or down-regulated in [DC.

Up-regulated genes

Accession No, Symbal Gene name

K420 COLIAT Collagen, type U1, « 1 (Chlers-Danlos syndrome type TV, autosomal dominant)
AFOH388 PRCI Protein regulitor of eytokinesis 1

AFL6149Y HSPCIS0 HSPCIS protein similar to ubiquitin-conjugating enzyme

AATRI233 COLIAT Collagen, type Lo |

Li16306 CSPG2 Chondroitin sulfate proteoglycan 2 (versican)

NM_(04425 ECM! Extracellular matrix protein |

NM_(N6855 KDELR3 KTHEL (Lys-Asp-Glu-Leu) endoplasmic reticulum profein reteion receplor 3
AI9T2071 CCNII Cyclin BI

AF237704 TOPK T-LAK cell-originated protein kinase

BLE747327 THSTIIC Hizstone 1, Ele

J03464 COLIA2 Collagen, type [, 2

ALOROGAN AGR2 Anterior gradient 2 homolog (Xenapus faevis)

AAYTI042 RITPNT Rhiphilin, Rho GTPase hinding protein |

Ald 19398 MGCIIGO2  Hypothetical protein MGC33662

All49552 EST ESTs, moderately similar to ERB2_HUMAN Receptor profein-tyrosinge kinase erb3-2

precursor (pl85erbB2) (NEU proto-oncogene) (c-erh3-2) (tyrosine kinase-tvpe cell surface
receptor HERZY (MLN 19) (M, supiens)

DI14874 ADM Adrenomedullin

X03674 Gorn Glueose-O-phasphate dehydrogenase

NM_{H12358 MAD2L} M A2 mitotic arrest deficient-like | (yenst)

B2 14508 cYes Cytochrome ¢, somatic

BGOANSG Tor2a Topoisomerase (DNAY [« 170 kDa

X37766 MMPI Matrix imetalloproteinase 11 (stromelysin 3)

AADZ9900) SULFT Sultatase [

ALOS33006 BURE BUBT budding uninhibited by henzimidazoles 1 homolay [} (veast)
AL07:4002 LGAMLSS Leetin, palactoside-binding, soluble 8 (palectin 8)

Down-regulated genes

Accession No. Symbol Ciene name

NM_0{184 GPC Glypicin 3

NM_006219 PIRICB Phisphainositide-3-kinase, catalytic, polypeptide

BE793000 RBPI Renne’ hinding protein 1, cellular

ALT17565 AXUD! AXINT up-regulated 1

BIFD35342 ZNIG Zine finger protein 6 (CMPX 1D

UD3688 CYrint Cytochrome P450, tamily 1, subfamily B, polypeptide 1
Al038193 EST Home sapiens, clone IMAGE: 3610040, mRNA

X72760 LAMDB2 Loinin, 3 2 (Janunin 8)

J03817 GSTMI Glutathione S-transferase M

Mo6u226 MAGA Monoamine oxidase A

BIFGOD 180 WASF2 WAS protein family . member 2

AL1336010 STAM2 Signal transducing adaptor molecule (SH3 domain and [TAM motif) 2
AF215981 GPi2 G protein-coupled receptor 2

BG 119704 EST Homo sapiens. clone IMAGEES2R600 1, mRNA. partial eds
AFQGTE00 CLECSTG C-type (caleinm dependeat, carbohydrate-recognition domain) lectin, superfamily member 6
AATI3ABY PIR3R] Phosphuinositide-3-kinase., regulatory subunit, polypeptide 1 (pRS )
AANIRI05 FRXW7 I-box and WD-40 domain protein 7 (archipelago lomalog, Drasophila)
AKOD21865 CRIP-1 CKZ interacting pratein 13 HQO024¢ protein

ARO01605 FLIIOTA Hypothetical protein FLI 0742

AlO4L186 HSrCis? HSPCI82 protein

AABT3363 ADIE Alcohol dehydrogenase 8

NM_013409 FST Follistatin

AKD0N322 FLI20315 Hypothetical protein FLI20315

ABO2063T KIAADZ30 KIAADR30 protein '

AAST2040 INHBE Inhibin, B 3 (activin AB B polypeptide)

NM_004430 LGRS Larly growth response 3

259984 EST E8Ts

D78013 DIYSI2 Dilrvdrapyrimidinasc-like 2

AlOSIR21 EST Heomo sapiens mRNA; CDNA DKEZp3 13M04 17

AAZNIN03 KIAA T30 KIAA T30 protein

NM_{104 107 FCGRT FFe fragment of [gG. receptor. transporter, «

AW268719 EST Homa sapiens cDNA FLI32438 fis. clone SKMUS2001402
BF446578 LOC221002  CG4853 gene product

BGOS844 ARIT Ras homolog gene family, member £
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Table VI Continued.
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Down-regulated genes

CGiene name

- Matrix metalloproteinase 2 (gefatinase A, 72 kDa gelatinase, 72 kKDa type [V collagenase)
* Erythrocyte membrane protein hand 4.1-like 2

Aceession No, Symbul

AT0340987 ALDOC Aldolase C. fructose-hisphosphate
Al052390 FLI2O071 ‘Dymeclin

NM_004530 MALP2

AT034999 ErPniiez

ALUIS1591 NAV2 Neuron navigator 2

AAMTTA LST [:8Ts

RG1253 STaCiallf

- B palactoside «-2 O-sialyHransferase 1

Table VI Genes

with altered expression between lymph node-positive and node-negative tumors.,

Accession No. Symbol Gene naje p-vidue LN
BEGR6125 URAS2 - Linquitin A-52 residue ribosomal protein fusion product | B.ITE-09
AAGIIO0 EST Homo sapiens, similar to heterngeneous nuclear LAL-07

ribonucleoprotein Al clone IMAGE; 2900557, mRNA
LOOGY2 CEACAM3 - Carcinoembryonic antigen-related cell adhesion moleeule 3 4.215-07 -
AWOSLI03 VAMPS Vesicle-associated membrane protein 2 (cellubreving 2200 |
AARLSGIY C2Hent07 Chromosome 21 open reading Mrame 97 206l06 .
W74302 MGCI1257 Hypathetical protein MGC11257 2412058 +
NM_002094 GSPTI Gl to S phase transition | 2705 1
T3517% KIAATOH) KIAATOA0 protein 32603 i
[.A6YES DNMW2 © Dynimin 2 S5 +
221507 LEFID Fukaryotie translation clongation Gactor 16 5.21: 08

. {puanine nucleotide exchange protein)

AISB1728 GI'ES " Cofilin 1 tnon-musele) ROE-03 1
NM_(01293 CINSIA Chloride chiamel, nucleotide-sensitive, 1A 9 0E-05 +
BTGE0RAT7 SENP2 Sentrin-specific protease YSOLE-05 i
AFHTA43 NDIFSS NADH dehydrogenase (ubiguinone) Fe-8 protein 3, 30 k1 Y.REE-05 1

(NADH-coenzyme Q reductase)
NM_ {14960 FUs Fusion, derived from t(12:16) malignant liposurconmn 9 K05 -
ARN23575 NOPS/INOPSS Nucleolar protein NOPS/NOPSR 1360 +
ATOR3245 PSS Proteasome (prosome, macropain) 268 subunit, non-ATPase. 13 1 5054001 t
AA129776 SUOXN Sulfite oxidase I.&E-04 {
U55766 HRB2 HIV-T rev binding protein 2 2.0L-04 +
BT526092 LOCISH67 Hypaothetical protein BCON3315 2. 1E-04 i
Br677579 THTPA Thinmine triphosphatuse 23 +
XUS260 ZRFI Zuotin related factor | 2AE04 +
3 EAO010 LOCSI255 - Hypothetical protein LOCS 1255 2764 1
AFO07165 DEAFT Deformed epiderniml sutoregulatory factor | (Drosophila)y 270504 +
XT8687 NEL ] - Stalidase | {lysosomal sialidase) IOkt +
AWO63200 EST Hdmo supiens, clone IMAGE:S286019, mRNA AAE-04 :
AKOG23240 UVGCGLT UDP-glucose ceramide glucosyltrunsferase-like | A0 +
MYSTI2 BRAF v-raf murine sarcoma viral oncogene homolog BI ATEA }
L3iR993 TUFM Tu trmslation clongation factor, mitochondrial 38R0 +
AWOI4268 FLIOT26 Hypothetical protein FLITD726 420504 +
D49547 DNAIBI Dual (Hspd hamolog, subfimaily B, member | 4 AE-(H +
BE466450 AP4ST Adaptor-related protein complex 4, o 1 subunit 351 +
ARODTY44 KIAAMTS KIAAD4TS gene product 490
AT034091 MRPIAG Mitochondrial ribosomal pratein 146

LN: b dudicates the genes that eelitively wviv-expressed in the LN-positive cases as compared with the LN negative cises: -
! A | §

SR04 +

indicites the

senes that relatively under-expressed in the LN-positive cases as compared with the 1.N-negative cases.

with two exceptions: thus 35 (95%) of the 37 cases were

Discussion

placed carrectly according to their Tymph node status (Fig. SC,

upper pancl). This result indicates thian our system can predict
LN status with a higher probability than any other reported
approach has been able o achieve.

Breast cancer is a mwltitactorinl discase that develops s a
result of interactions of various genetic. environmental, wd
hormonal factors. Although distinet pathological stages of
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breast cancer have been described, the molecular hasis of
differences among these stages is largely unknown. Genome-
wide expression analysis using microdissected-purified
populations of cancerous breast eells aud their originating
ductal epithelial cells makes it possible o identify genes that
are involved in mammary carcinogenesis (16.17). These data
can be useful for molecular classification, treatment, and
prediction of aufcomes in breast cancers as ina varicly of other
fumors.

Adipocytes account for =004 of the cells in the
mammary gland; the normal breast ductal epithelial eells from
which breast cancer originates coreespond to a very small
proportion of mammary tissne. Mence. analysis of gene-
cxpression profiles nging whole-tumor mass versus normal
whole mammary gland is significantdy influenced by the
proportion of cack cell type in the particulay tissues cxamined:
propertional dificrences of cancer cells, adipocytes,
fibroblasts, and inflanimatory celle cin significantly affect for
searching genes that are specifically involved in breast
carcinogenesis and generate false-positive or false-negative
data. Tuking these points into consideration, we applicd an
LMM system (o purily as much as possible the populations
of cancerous and normal epithelial cells obtained from
surgical specimens (3.8) (Fig. 1y, To evaluate the purity of
microdissected cell populations we incarporaed PLIN andd
FABP4. which are expressed abundantly in adipose tissue, in
our gene-expression profiling (213,

By applying the microdissection procedure carefully, we
were able o mininize the praportion of contaminating adipo-
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eytes o as little as 0.6% in preparations of normal breast
ductal epithelial cells. To evaluate the specificity of our profiles
ol breast-cuncer cells further, we exomined expression levels
of MUCT, 0 gene already known to be significantly up-
regulated in breast cancers (23.24). We compared the Cyd/
Cy3 ratios of that gene in cxperiments for which we used
whale breast cancer tissues from two patients with ratios
achicved using micradissected breast cancer cells, As a result,
its expression fevels in whole bredst cameer tissucs were
underestimated, being only 69 and 31% of their respective
microdizssected counterparts isalated !_. om the same individuals.
The results suggest that our microarray data derived from
nicrodissected tumers and normal breast ductal cpithelial
cells would be likely to show expression profiles preciscly
associated with the carcinogenic step. and to clarify
mechanisms leading to breast cancer,

We analyzed potential associations between expression
profiles and clinical patameters such as ER status, histological
type, and LN status. An unsuper rvisid elassitication analysis
divided timors into two major grow s tgroups A and By and
one minor group (group Ch: 82% of the yrimary hreast tumors
belonging to graup B were LR-positive, whereas 87% of the
tmors in group A were ER-negative as measured by 1A
(Fig. ZAY, indicating that the major fictor influencing the
expression patterns of breast-cancer cells is the BR status. To
revenl genes that were differentially expressed between the
ER-positive and ER-pegative groups, we carried out random
permutation tests and identificd 97 genes whose cxpression
was significantly different: 41 of the 97 genes had also been
sclected in the unsupervised clustering analysis, including
ESRE and genes such as BCL-2, CCNDE, and LIV-T that were
previously reported 1o be associated with GR status (38-40).
Estrogens are important regulators of growth and differentiation
of the normal nuammary glamd but alse contribute o
developmeut and progression of breast carcinomas (37).

A rundom-pernmtation test identified 25 eenes that were
differentially expressed between well “and pourly-differentinted
lesions isolated as separate samples from each of cight [DC
patients (Fig. 2C). Among these 25 genes., thrombospondin
(THEBS2), an extracelluliw matrix protein. appears (o play &
role in cell adbegion and cell migration (4 1), Integrin « §
UTGAS) is essential 1o cell invasion (26): and nuclear factor
of activated T-cells 5 (NVFATS), which is cxpressed in
invasive human ductal breast o arcinomas, is associated with
invasivencss of colon carcinomas i well (235), These zeNCS
might be associated with histological differences amonyg breast
cancers, _

The 78 elements we found to be up-regulated in DCIS
and [DC included genes encoding transeriptional factors and
proteins involved in the signal trnsduction pathway and in
the cell eycle (Tables ¥ and VD). We assnme that some of them
could play important roles in the mammary carcinugenesis,
The up-regulated genes included £ OXMI and CONBI, which
are also up-regulated in vurious o e ramor types. {J\cr—
expression of FOXM/ stimulates ¢ “pression of CONBLL
cell eycle-control protein that is required for passage 1hmm_h
G2 and mitosis (30). CONEL was more highly up-regulated
in IDC than in DCIS in our experiments. sugpesting that
over-expression of these two proteins might be important for
transition from DCIS te IDC. Although the functions of most

]

of the ather genes on this list are inknown at present, functional
analyses in future may shed light on the invasivencss of
breast cancer cells.

Finally. we focused an genes that might be invalved in
Iymph node metastasis, a critical clinical step in tumor
progression and ane of the mujor factors determining prognosis
of patients (37). Our discovery of a subset of 3 genes that
showed positive associations to lymph node metastasis should
contribute to an understanding of the precise biophysical
events involved, and might suggest molecular markers for
metastasis. For example, among thase 34 genes FUS [Tusion,
dertved from ({12:16) in malignant liposarcoma)] was down-
regulited in breast tumors with lymph noede metastasis. Since
wild-type FUS is reported to be important for genomic stability
(42}, down-regulation of this gene in our metastasis-positive
group night have led to genomic instability of cells and
consequent progression. Although our prediction scoring
system for lymph node metastasis using the expression profiles
of these 3 genes has potential for direeting the selection of
treatment methods and Tor improvement of quality of lite for
breast cancer patients, verification in a larper mumber of cases
will be essential before the system can be applicd in clinical
practice.

Cancer therapies direeted at specific moleculur altertions
observed in cancer cells, such as trastuzumab (Hercepting,
have been vitlidied in clinicul settings (4 A4y, This drug is
muore effective and betrer folerated thin traditional anti-cancer
agents, hecause it targets malignant cells very selectively
improves survival of cancer patients. Cancer trentnients in the
near future are expected to follow thix model, combining
canventional drogs with molecular-targeting agents that can
attick tumor cells that have specific characteristics. The
information provided here should belp to identity novel timor
minkers that may be present at abnorniad Tevels in blood or
nipple aspirates of a woman who has hreast cancer, and
prove useful for identifying molecular targets of novel drugs
to treat breast cancers,
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Genome-wide transcriptional analysis of carboplatin
response in chemosensitive and chemoresistant
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Abstract

We have recently described an ex vivo chemoresponse
assay for determining chemosensitivity in primary cultures
of human tumors. In this study, we have extended these
experiments in an effort to correlate chemoresponse data
with gene expression patterns at the level of transcription.
Primary cultures of cells derived from ovarian carcinomas
of individual patients (n = 6) were characterized using
the ChemoFx assay and classifi:d as either carboplatin
sensitive (n = 3) or resistant (n = 3). Three representa-
tive cultures of cells from each individual tumor were then
subjected to Affymetrix gene chip analysis {(n = 18) using
U9BA human gene chip arrays. Data were analyzed using
ihe dCHIP software package. We identified a significant
number of genes whose expression patterns were altered
between carboplatin chemosensitive and chemoresistant
cells, in normal culture conditions and in the presence
of carboplatin for either 2 or 72 hours. Among these
differentially expressed genes, we found a significant
proportion to be associated with apoptosis, cell-call
communication, cell adhesion, DNA repair, and cell pro-
liferation. In general, the molecular phenotype displayed
by chemoresistant cells was reflective of an extended life
span in culture in the presence of carboplatin and the
genes that define this phenotype are potential biomarkers
for the prognostic management of ovarian cancer patients.
[Mol Cancer Ther 2005;4(10):1605-16])

Introduction

Gene expression profiling at the level of transcription by
oligonuclectide microarray analysis is a powerful molecu-
lar tool for the discovery of gencs that are involved in a
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variety of disease processes, including cancer. Patterns of
global gene expression can reveal the molecular pathways
relevant to the disease process and identify potential new
therapeutic targets. The use of this technology for the
molecular classification of cancer was recently shown with
the identification of an expression profile that was
predictive of patient outcome for B-cell lymphoma (1).
In addition, this study showed that histologically similar
tumors can be differentialed based on their gene expression
profiles, Ultimately, these unique patterns of gene expres-
sion may be used as guidelines to direct different modes of
therapy.

Although it is widely recognized that patients with the
same histologic stage and grade of cancer respond to
therapies differently, few clinical tests can predict indi-
vidual patient responses. The next great challenge will be
to use the power of post-genomic technology, including
microarray analyses, to correlate gene expression patterns
with individual patient responses to clinical therapies.
The major objective of the current study was to determine
whether predictive gene expression patterns can be
identified that corrclate with the results of an ex vioo
chemoresponse assay done on primary cultures of cells
derived from ovarian carcinomas of individual patients.
Specifically, we used Affymetrix gene chip microarrays to
analyze gene expression patterns in 18 cell cultures that
were functionally characterized as cither chemoresponsive
or chemosensitive to carboplatin in vitro.

Materials and Methods

Patients

Tumors were submitted to Precision Therapeutics, Inc.
(Pittsburgh, PA) for assessment of chemoresponsiveness to
oncologist-selected  chemotherapeutic agents. They were
tested using the ChemoFx phenotypic chemoresponse
assay that assesses tumor cell viabilily in the presence of
a range of drug concentrations (sce below; Table 1).

Primary Cell Culture and the Chemo Fx Assay

Precision Therapeutics’ ChemoFx assay involves the
isolation, short-term growth, and drug dosage treatment
of epithelial cells derived from solid tumors (2, 3). At the
time of surgical “debulking,” picces of solid tumor are
obtained by the surgeon or pathologist and placed in
tissue culture transport medium for overnight shipment to
the laboratories of Precision Therapeutics. Upon arrival,
the tumor is minced into small picces and placed with
cell culture medium into multiple small flasks for cell
outgrowth. Over time, cells move out of the tumor picces
and form a monolayer on the bottom of the flask. Once
enough cells have migrated out of the ex wizo explant
picces, they are then trypsinized and reseeded into
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Table 1. Patient profiles

Patient Tumor Tumor Cell ChemoFx
no. type sile kill {%)* response '
1 PSA Liver 66 s
2 PSA Ovary C37 5
3 PSA Ovary B ]
4 PSA Ovary 4.8 It
5 PSA Ovary 3 R
6 PSA Omenlum 9 R

Ahbreviations: 1'SA, papillary serous adenocarcinoma; S, sensitive: 1,
resistant.

“Sa Coll kill at the highest drug dose (1000 mmol /1),

i vitro response to carboplatin.

microtiter plaies for cither the ChemoFx assay {described
below) or for immunohistochemistry analysis for the
identification of malignant epithelial cells, as previously
deseribed (2).

For the ChemoFx assay, ~ 350 cells in 10 pL. of medium
are seeded into 60-well microtiter plates and allowed to
attach and grow for 24 hours, After 24 hours in culture, 10
Hl. of six doses of 2x drug are dissolved in HBSS and
added to each well for 2 hours at 37°C. For the present
study, carboplatin was added in concentrations of 20, 50,
100, 200, 500, and 1,000 mmol/L. Plates are then rinsed
rapidly with HBSS four times to remove any drug residue,
and then fresh medium is added for 72 hours. After the
72 hours of recovery period, the medium and any
nonadherent dead cells are rinsca off with HBSS, and
the remaining cells are fixed for 5 1ninutes in 95% cthanol
containing the DNA intercalating blue fluorescent dye,
4 6-diamidino-2-phenylindole. The number of cells per
well was then quantitated by counting fluorescent nuclei
using an operator-controlled, computer-assisted image
analysis sysiem (Zeiss, Fertfordshire, United Kingdom)
customized for Precision Therapeutics. A complete dose-
responsc curve was gencrated for each drug evaluated.
The data arc presented graphically as the eytotoxic index.
The cytoloxic index (% kill) is defined as 1 — [no. of cells
in treated wells / no. of cells in centrol wells] x 100. For
cach drug dose, the cylotoxic indet was caleulated using
two columns of untreated cells in the plate as the negative
control. Drug responses were scored from 0 lo 5, with the
score determined by the number of drug doses where the
cylotoxic index was 235%. For the purposes of the present
study, a drug response score of 0 to 1 was considered
tesistant and a score of 3 to 5 was considered sensitive.

Affymetrix Gene Expression Ar:alysis

For oligonuclectide analysis usiry the Affymetrix plat-
form, RNA extraction, reverse transcription, cRNA prepa-
ration, and chip hybridization were done according to
the manufacturer’s instructions (Affymetrix, Santa Clara,
CA). The full protocol can be found at http: // www,
affymetrix.com/support/technical fmanua I/expression_
manualaffx. In brief, total RNA was extracted from
cultured cells using the Trizol (Invitrogen, Carlsbad, CA)

and RNeasy (Qiagen, Valencia, CA) protocols. Twenty
micrograms of purifiecd RNA were lhen used as a template
for double-stranded ¢DNA synthesis primed using a T7-
{dT)2; oligonucleotide. Double-stranded ¢DNA was then
used as a template for biotin-labeled cRNA preparation
using T7 RNA polymerase. Resulting cRNA was fragmented
and hybridized to Affymetrix GeneChip Human Genome
U95 version 2 (HG-U95A) oligonucleotide microarrays,

Affymetrix data were analyzed using the dCHIP
software package (4). The 18 DAT files generated by the
Affymetrix Microarray Suite version 5.0 were converted
into DCP files using JCHIP, as described previously by
Li and Wong {4). The DCP files were normalized, and raw
gene  expression data gencrated. Normalization  was
carried out according to the Invariant Set Normalization
method as deseribed by Li and Wong (5). The resulting
gene list was then fillered such that only genes whose
expression levels satisfied the following criteria were
included: 0.5 < 5D/mean >10, gene called P {present) in
20% of samples, and expression level 20 in >50% of
samples. Global comparisons of data derived from
resistant and sensitive cells was done as follows (where
E = experimental samples and B = baseline samples):
Emean/Bmean >2 or "?m'-nn/Emmm 323 B Bmean >100
of Brean — Emean >100; and P for testing Evon = Brean
< 0.03. The f statistic was computed as (mean, —
meang) / /[SE{mean,); + SE(meana)s) and its P computed
based on the { distribution, and the degree of freedom
is sct according to the Welch-modified two-sample | test.
The clustering algorithm used is as follows: the distance
between two genes is defined as 1 — r, where r is the
Pearson correlation cocfficient between the standardized
expression values (make mean = 0 and SD = 1) of the
two genes across the samples used. Full data sets are
available [accession no. GSE1926 {Gene Expression Omnibus
series)).”

Results

The experiments done in this study were designed 1o (a)
identify gencs whose expressions wete allered in primary
cultures of carboplatin-sensitive versus carboplatin-resis-
tant ovarian carcinoma cells; (b) to determine the differ-
ences in genomic response of chemosensitive versus
resistant cells to 2 or 72 hours of carboplatin exposure
in vitro; and (¢} to analyze the temporal genomic response
to carboplatin in either chemosensitive or resistant cells
independently of cach other. Affymetrix data sets were
oblained for three representative cultures of cells from each
of six individual tumors (18 arrays), of which, based on
data from the ChemoFx assay (Table 1), three were resistant
and three were sensitive ta carboplatin, Data were analyzed
using the dCHIP package (4) as described in Material and
Methods.

* htkp: 4/ wwrw . dCH Il.org
* http: f biosund hacvard.edu/complab/dehip/clustering litm
* http:f www.nebinlo.ni h.gov/ projects /geo/
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Carboplatin-Sensitive Ovarian fumor Cells Display a
Distinct Molecular Phenotype at the Level of Transcrip-

tion Relative to Resistant Cells

We first sought to identify genes whose altered expres-
sions correlated with chemosensitivity or resistance. We

>
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therefore compared expression profiles of sensitive and
resistant cells in culture without in wvifro exposure to
carboplatin. The underlying hypothesis for this experiment
was that fundamental differences in molecular phenotype
existat the mRNA level between ovarian tumor cells before

Table 2. Genes whose expressions {> 2-fold) are altered hetween carboplatin-sensitive and carboplatin-resistant cells (m= 3)

Gene Symbol Accession no. Function lold change (R/S) r
Proteoglycan 1, secrelory granule PRGI X17042 Apoplosis >-20 0.02932
Armadillo repeal prolein ALEX2 AB011084 >-20 0.012058
C-type (calcium-dependent, carbohydrate CLECSEF2 X96719 Cell-cell adhesion >-20 0.014593
recognition domain) lectin, superfamily
member 2 (aclivalion induced)
MD-2 pratein M2 (Lyd6) ABMA54Y Inflammalion =20 0.001373
Dihydropyrimidinase like 3 Drysis 1278014 Signal transduction >-20 0.029675
Cadherin 2, type 1, N-cadherin (neuronal) ClaH2 M34064 Cell-cell adhesion 14.08 0.013468
Fe fragment of IgG, receplor, transporler, « FCGRT uU12255 Immune response 13.22 0.01M78
Zinc finger prolein 238 ZNF238 AJ223321 DNA binding v.37 0.009983
Neuren navigator 3 NAVI ABO23155  Nucleotide binding, -7.62 0.02058
Hypothetical prolein BCO01096 — W87466 — -7.58 0.002457
KDEL (Lys-Asp-Glu-Leu) endoplasmic KDELR3 ALO35081  Protein transporl -7.23 0.007759
reliculum protein retention receptor 3
ALLI-fused gene from chromosome 1q AFIQ) U16954 Unknown -6.34 0.012183
Small nuclear ribonucleoprolein palypeplide N SNRPN U41303 RNA metabolism 6.01 0.009959
y-Aminobulyric acid(A) receptor-associated GABARAPLI wag281 Unknown -59 0.015469
protein like 1
Expressed sequence lags, weakly simile - ALO46Y40 —_ 5.5 0.028947
to hypolhetical protein FLJ22184 (H. saptiens)
FFe fragment of IgG, receptor, transporter, « FCGRT | U12255 Immune response 523 0.001166
Serine (or cysleine) proteinase inhibitor, SERPINEZ Al743134 Heparin binding 5.07 0.019903
clade E (nexin, plasminogen activator
inhibitor type 1), member 2
Adipose differentiation-related protein ADEP X97324 Lipid melabolism —4.8Y 0.002709
Melanoma anligen, family 1, 1 MAGED! W26633 Apoplosis ~d 87 0.0079
Major vaull prolein : MvP X7Y8R2 Protein transport +.36 0.000862
ReeQ protein like (DNA helicase Q1 likz) RECQL 1237984 DNA repair —4.27 0.017178
Retinilis pigmentosa 2 (X-linked recessive) Rr2 AJOO7590 Protein folding 4.23 0.005434
SEC24-related gene family, member I SEC241> ABOI8298  Prolein transport 395 0.020784
(Saccharomyces ceretisiae)
Leclin, galacloside-binding, soluble, 1 {galectin 1) LGALST ATS356 Cell-cell adhesion -3.8 0.018688
Myosin X MYQ10 AB018342  Cyloskelalal —3.45 0.013408
KDEL {Lys-Asp-Glu-Leu) endoplasmic reticulum KDELR3 MB8458 Prolein lransporl 3.0y 0.015031
prolein retenlion receptor 2
Nucleobindin 2 NUCE2 X76732 DNA binding -3.08 0.017437
Aclivin A receplor, lype | ACVRI 222534 Transforming growth 281 0.004938
: factor-B1 signaling
Small nuclear ribonucleoprotein polypeptide I SNRPF Al032612 RNA metabolism 2.59 0.017056
Fatty acid synthase FASN U29344 Lipid metabolism 2.74 0.006118
KIAA0116 protein — 029958 — 315 0.014451
100591 /FEATURE = exons 7-14/DEFINITION = — 1200591 — 316 0.00635
HUMRCCI H. sapiens RCC1 gene, exons 1-14,
. complete cds
Hypolhetical protein BCO08326 — AIS7614 — 3.2 0.0073631
Hypolhetical protein F1.J11220 — ALDS0064 — 320 0.001465
BCL2-associaled alhanogene BAG1 735491 Anliapoptosis 4.55 0.003866
DC12 protein DC12 AFD35296  Unknown 4.77 0.021593
Peroxisome proliferalor-activaled receptor y PPARG 140904 Signal transduction 6.79 0.027414
Ephrin A-1 EFNA1 M57730 Cell-cell signaling 520 0.067722*

Abbreviations: R, resistant; S, sensitive,

“Differentially expressed genes that did not reach significance but which were elearly altered.
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1608

Genome-Wide Response to Carboplatin

roslatonn 3 anlige: | famike 2, 4

Zing finge prodsl 235

warind (0 Uy dteine] Moléainie ihiv Lo, 2lade B (naean, pleer wagen selivingt hib o Lype T, ke 2
betzin. galanioy du-binding, aamnibve | aislarti-c 13

Rez@ zrote nd co [THIA he'loosa G dilke!

Hr-enlowa 3 (- linbed 1eresiivg)

Oty {i F, sse Al S e gritloe s o) ictin sty
KOTL (s B : lequlaansyns subicolu pastais sebeslie recapter 7
Adipvse Allgianlizlion -redate] iede n
AL s geie Frea o comimnosinie 4
o by deantin camsaslien 3
Fofragme | of &, receolon, trensyories, wlpal
KL vnefip-Ths st shisliplas s=bitulirs e selecdlioe enepane 3
Fe fragmert ol 195, recaster, transocnter, alpha
Anlivin A iweerdon, Lpps |
FMA Nucles nkon_cleoprolaln poypeptids 1o
revyegin », .
“rwaran ridviggedior 3
GABL!A: ragaplal-sssoimed protein ke |
75, Yaeaady el wilar to bypothesonn poxcain B33 08 o o waflane] 4 snpeany)
Mascw proneln B0 1026
FAZLZ rrtain
ANANE fepredl proted s ALEWD
SEC I xlatad gane Tsindly, ezt O (S, caevis ey

lizyg rroammbaee (et oo ad)

feonthobnd o 3
y I.otyeer 1 PeTashecn (naurer o)
hypeeasiics proiuin BCODI82,
] PAFEATURE v w214 /DEF FIT D ISR S0 Huno wupr ony RZSC gunn oeony 1,3 3,4, 8,46, 7 8,

smas Avclesr nkbon_ clsopmtsin sovypoptids F
CC12 crode
parocsomae prol lorat vo sctvazed rageston, gamera

Il 16 areton
hypathetiics protein FLJ 11220
BCL2 zecociaes arisnegone
fa:y aciz eynthasa

Figure 1. Two-fold expression changes at £ = 0, sensitive versus resistant [sce Table 2). Carboplatin sensitive and carboplatin resistant as determined by
ChemoFx assay. Numbers refer to patient ID as in Table 1. Red and blue boxes indicale up-regulation and down-regulation, respectively.

trcatment ex vivo with carboplatin and are polential
prognostic markers for the clinical identification of drug-
sensitive and drug-resistant tumors, Genes consistently
altered by 22-fold differences betwden chemosensitive and
resistant cells are shown in Table 2 and Fig. 1.

Interestingly, a number of the geaes whose cxpressions
are altered between sensilive and resistant cells play a role
in apoptosis. For cxample, the expression of BCL2-
associated athanogene (BAG1) is elevated in the chemo-
resistant cells relative to the chemosensitive cells. BAGT
encodes a protein with antiapoptotic function. In keeping
with this antiapoptotic phenotype, the proapoptotic factors
adipose differentiation—related protein (ADFP) and mela-
noma antigen family D1 (MAGED1) are elevated in
chemosensitive versus chemoresistant cells. Similarly,
proteoglycan 1 (PRG1), which has:been shown to trigger
apoptosis in HeLa cells (6), is very highly expressed “in
chemosensitive cells relative to resistanl cells. Chemo-
sensitive cells also expressed higher levels of galectin 1
(LGALST), c-type lectin supetfamily member 2 (CLECSF2),
RecQ prolein like (RECQL), activin A receptor (ACVR1I),
and armadille repeat protein (ALEX2). The possible
significance of these observations ié discussed below,

A number of uncharacterized genes are differentially
expressed between chemosensitive and resistant cells
without in wvitro exposure to carboplatin, Thuse include
expressed sequence tags, similar to hypothetical protein
FLJ22184, hypothetical protein BC001096, hypaothetical

protein FLJ11220, and KIAAU116 protein and expressed
sequence tags similar 1o TO0636 hypothetical protein
F21856. These may represent entirely novel markers for
chemoresistance in ovarian cancer.

Furthermore, there are a number of characlerized genes
whose altered expressions are difficult to interpret in
the context of chemoresistance. These include MD-2 protein
(LYS6), deafiress autosomal dominani 5, endoplasmic reti-
culum protein retention receptors 2 and 3 (KDELZ and
KDEL3), y-aminobutyric acid(A) receptor-associated pro-
tein like 1 (GABARAPLT), small nuclear ribonucleoprotein
polypeptide N (SNRPN), SEC24-related gene family
member D (SEC24D), retinitis pigmentosa 2 (RP2), and
nucleobindin 2 (NUCB2).

Transcriptional Response to Carboplatin Is Altered in
Chemoresistant versus Chemosensitive Qvarian Tumor
Cells

We next sought to identify genes whose exprossion levels
were altered by exposure to carboplatin ex vivo and
specifically 1o define the differences in this response, if
any, between chemoresistant and chemosensitive cultured
ovarian tumor cells. We hypolhesized that the molecular
response to drug expasure would be specific to each cell
type and that the differences between chemosensitive and
resistant cells might define potential markers for use in
predictive assays for discase prognosis. Chemoresistant
and sensitive cells, as defined by the ChemoFx assay
{Table 1), were exposed in culture to carboplatin for 2 or
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Table 3. Genes whose expressioris {> 2-fold) are altered hetween aarboplatin

. 2h {A) or 72 h (B) exposure 1o carboplatin in vitro In = 3}
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-sensitive and carboplatin-resistant cells following either

Gene p Symbol Accession Function Iold change B
y no. (R/S)
A. Two-hour exposure to carboplatin
Proteoglycan 1, secretory granule PRG1 X17042 Apoplosis >—20 0.02932
Armadillo repeat protein ALEX2 ABDI 1084 >-20 L.046459¢
C-lype (calcium-dependent, carbohydrate CLECSE2 X96719 Cell-cell adhesion > 20 0.03044*
recognilion domain) leclin, superfamily
member 2 (aclivation induced)
Dihydropyrimidinase-like 3 DPYSL3 1D78014 Signal transduction >-20 0.023379
MD-2 protein MD-2 (Ly96} ABO18549 Inflammation 17.497 0.0119M45
Zine fingei prolein 238 FNI238 AJ223321 DNA binding —12.25 0.004093
[FNvy-inducible protein 16 IF16 M63838 DNA binding, ~-11.11 0.012357
Fe frapment of IgG, receplor, transporter, FCGRT U12255 Immune response —10.45 0.008317
KDEL (Lys-Asp-Glu-Leu) endoplasmic KDELR3 ALD35081 Protein transport -7.78 0.028435
reliculum prolein retention receptor 3;
Neuron navigalor 3 ¥ NAVY ABD23155 Nucleolide binding - 6.493 0.004931
Small nuclear ribonucleoprolein polypentide N SNRPN U41303 RNA Metabaolism —6.41 0.007716
Hypothetical protein BC001096 , — W87466 — ~6.77 0.005009
ALL1-fused gene from chromosome 1q ATIQ U169254 Unknown 6.66 (1.019783
Expressed sequence lags, weakly similar ta — ALGA6940 — 5.74 0.027368
hypothetical protein FL)22184 (H. sapicns)
Serine (or cysleine) proteinase inhibitor, SERPINE2 Al743134 Heparin binding -5.65 0.01929
clade E (nexin, plasminogen activator
inhibilor type 1), member 2
RecQ protein like (DNA helicase Ql-like) RECOLT 037984 DNA repair —4.74 0.005347
Major vault prolein . MvP X79882 Protein transport -4.72 0.012515
Adipose differentiation-related protein” ADEP X97324 Lipid melabolism —4.71 0.005218
Te fragment of 1gG, receplor, lransporter, FCGRT U12255 Immune response -4.61 0.002221
Melanoma antigen, family D, 1 . MAGED1 W26633 Apoplosis — 153 0.010493
SEC24-relaled gene family, SEC2413 AB018293 Prolein transporl 1.3 0.006707
member 12 (8. cerevising) '
Leetin, galactoside-binding, soluble, 1 (palectin 1) LGALST Al335946 Cell-cell adhesion 3.93 0.012395
Retinitis pigmentosa 2 (X-linked recessive) - RP2 AJ007590 Protein folding -3 0.013383
HLA class IT region—expressed gene KE4 S1.C39A7 AL031228 Ton transport -3.3 0.005645
Myosin X MYOTI0 AB018342 Cytoskeletal 313 0.01942:4
Leukotrienc Ad hydrolase LTA4H J03459 Inflammation 263 0.029435
Regulator of chromosome condensation 1 RCC1 X12654 Cell cycle 2.69 0.003837
Small nuclear ribonucleoprotein polypebtide B SNRPr Al032612 RNA melabolism 28 0.025743
Chloride channel, nucleolide-sensilive, TA CILNSTA X917588 lon Lransport 28 0.01432
REST corepressor RCOR1 31388 DNA binding 2.81 0.001903
Programmed cell death 2 PLCD2 S78085 Apoplosis 2,89 0.004035
Melaslasis-associated 1 MTAT Uasia DNA binding 3.22 0.021499
D00591 /FEATURE = exons 7-14/DEFINITION = — 200591 — .26 0.010929
HUMRCC1 H. sapiens RCC1 gene,
exons 1-14, complele eds
DKFZP564C186 protein — ALD50019 — 337 0.003486
Hypolhetical protein BC008326 — AlD57614 - 337 0007721
MAX-interacting protein 1 MX1 107648 DNA binding 4.19 0.021369
BCL2-assosialed athanogene BAGT /35491 Anliapoptosis 4.81 0.028184
DC12 protein nciz AF035296 Unknown 4.91 0.015992
KIAAQ601 protein — ABOIT173 — 5 0.018079
Ephrin A-1 EFNA1 MA57730 Cell-cell signaling >20 1.06189*
B. Seventy-two-hour exposure to carbo slatin
Armadille repeat protein ALEX2 ABO11084 Unknown =20 0.03187*
Dihydropyrimidinase-like 3 ! DPYSL3 78014 Signal transduction >-20 0.003027+
Proleoglycan 1, secrelory granule PRGT X17042 Apoplosis =20 0.068708*

Abbreviations: R, resistant; S, sensitive.

“Differentially expressed genes that did not reach significance but which were clearly altered.

(Continued on e following page)
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Table 3. Genes whose expressions { > 2-fold} are altered between carboplatin-sensitive and carbaplatin-resistant cells fellowing eithar
~ 2h{A) or 72 h (B] exposure to carbaplatin in vitro (n = 3) [Cont'd)

Gene i Symbol Accession ['unction lFold change n
no, (R/5)
C-type (calcium-dependent, carbohydrate CLECSE2 X96719 Cell-cell adhesion >—20 0.017664

recognition domain) leclin, superfamily
member 2 (aclivation induced)

MID-2 prolein M1ID-2 (1y96) ABO18549 Inflammation >-20 0.005349
Fc fragment of IgG, receptor, transporler, FCGRT U12255 Immune response — 1494 0.025556
Sarcospan (Kras oncopene-associated gene) SSPN N21470 Cell-cell adhesion -12.65 0.004181
[FN~y-inducible protein 16 iFlie M63838 IDNA binding 769 0.006012
Fe fragment of IgG, receplor, transporter, « FCGRT 12255 Immune response ~6.61 0.02581
Adipose differenliation-relaled protein Aprp X97324 Lipid metabolism —a.65 0.002593
Glutathione peroxidase 1 D GPX1 X13710 Stress response 5316 0.027208
ALL1-fused gene from chromosome 1q Al1(2 U16954 Unknown —4.84 Q.019144
H. sapiens mRNA; cDNA DKEZp56d A026 s ALD50367 — -4.57 0.015384
(from clone DKFZp564A026)
RecQ protein like (DNA helicase Q1-like) RECQL1 L36140 DNA repair —+.42 0.018595
CLIP-170-related protein CLIPR-59 N99340 Unknown —4.29 0.003918
Aldehyde dehydrogenase 1 family, member A3 ALDHIA3Z un7919 Lipid metabolism -4.24 0.013915
H. sapiens unknown mRNA - Al674208 — —-i12 0.022238
Hypothetical protein BCO01096 x — W87466 — —4.05 0.017738
Serine/threonine kinase 17a STKI7A Al9a1743 Apoplosis -3.6 (.04848
(apoplosis inducing)
CGI-65 prolein . NOUFAFT AISGOB77 Milochondrial 3.34 (1.014449
cleclron Iransport
BET1 homolopue (5. cerevisiar) BETI ATID07551 Protein transporl -3 0.003188
CGI-100 protein TMEDS ALOS0084 Protein Iransporl =217 0.003929
H. sapiens clone 24416 mRNA sequence — AF052159 — 2.67 0.001003
KIAA1014 protein — AB023231 - 2.74 0.022371
CCCTC-binding factor {zinc¢ finger prolein) CTCr U25435 DNA binding 277 0.009499
Hypothetical prolein MGC3576 — Al525633 — 2.83 0.004847
{-3-hydroxyacyl-coenzyme A HADHSC X96752 Lipid melabolism 283 0.003823
dehydrogenase, short chain d
REST corepressor RCOR1 1231888 IDNA binding 2.99 0.001522
Chromobox homologue 1 CBX1 U35451 Chromatin assembly 311 0.029683
(HP1p homologue Drosophila)
Espressed sequence laps i — AIB27895 — 3.27 0.014036
Falty acid synthase FASN U29344 Lipid melabolism 334 0.001912
'_\“l Uracil-DNA glycosylase ¢ UNG Y09008 IDNA repair 3. 0.00155
Cyclin F CCNF 236714 Cell cycle 342 0.024405
MCM4 minichromosome MCM4 X74794 DNA repair 346 0.003692
mainlenance-deficient 4 (S. cerevisiar)
Vaccinia-related kinase 1 VRK1T ABO00449 'rolein Maodification 3.68 1.DOB79
KIAAD101 gene product — D14657 — 3.68 0.009866
Rad2 RAD2 HGA074-HT4344  IDNA repair 3.69 0.015096
Replication faclor C (aclivator 1) 3, 38 kDa RFC4q LO7341 DNA replicalion 73 0.004u902
KIAAQ186 gene product : — 1D80008 — 38 0.010346
MCM2 minichromosome ' MCM2 D21063 DNA replication 3.87 0.015244

maintenance-deficient 2,
mitotin (S. cerevisiae)

H2A hislone family, member X : H2ZAX X14850 Chromosome organizalion 3.89 0.0001 89
Paired basic amino acid cleaving syslem 4 PCSKo MB0482 Cell-cell signaling 41 0.003552
Flap structure-specilic endonuclease 1 FEN1 ACO04770 DNA /Repair 413 0.017241
Hypothetical protein FLJ10719 — W74442 — 4.21 0.023813
Desmoplakin (DP1 and DI nsp ALD31058 Cell-cell adhesion 4.28 0.011781
Adenosine deaminase, RNA-specific, ADARBL U76421 RNA melabolism 1.4 0.008376
B1 (RED1 homologue ral)
CICA5 cell division cycle 45 like (S. cerevisiar) CiC4s!, AJ223728 DNA replicalion 4.75 0.02302
DC12 prolein 1312 ATFN35296 Unknown 22 0.0035336

(Continued on the following page)
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Table 3. Genes whose expressions {> 2-fold) are altered betwaen carboplatin-sensitive and carboplatin-resistant cells following either
2 h [A) or 72 h (B} exposure to carboplatin jr vitro {n = 3} (Cont'd}

Gene Symbol Accession Funclion lold change P
no. (R/8)
v-myb myeloblastosis viral oncogene MYBI2 X13293 Anliapoptosis 7.26 0.0288061
homologue (avian) like 2
KIAA1028 prolein — AD028951 — 7.43 0.02605Y
KIAAQ906 prolein — ABO20713 — 808 0.006995
Ephrin-A1 EFNAT M57730 Cell-cell signaling >20 0.000447

72 hours. Genes whose expression levels were altered
following 2 hours of exposure to carboplatin are shown in
Table 3A and Fig. 2A. These data are strikingly similar to
those obtained when chemoresistant and chemosensitive
cells were compared in the absence of carbaplatin exposure
(Table 2). Specifically, of the genes identified as being
differentially expressed between sensitive and resistant
cells in the absence of carboplatin (Table 2), 79% were also
altered after 2 hours of exposure to carboplatin. This likely
indicates that relatively few alterat ons in gene expression
occur within the first 2 hours following the onset of
carboplatin exposure and therefore provides a convenient
external control for the experimental data summarized in
Table 2. Notably, a number of genes that were altered
between chemoresistant and chemosensitive cells in the
absence of carboplatin (Table 2} were also altered after
2 hours {and 72 hours) of carboplatin exposure. These
include PRG1, ALEX2, MD2, ephrin A-1 (EFNAT), and
RECQL1. Those genes whose altered expression was not
common to the unexposed and 2-hour carboplatin-exposed
cells are generally poorly characterized, and/or informa-
tion relating to their potential involvement in chemo-
sensitivity /resistance is limited. They included REST
corepressor (RCORT); leukotrine Ad hydrolase (LTA4IT);
HLA class 1l region—expressed gene KE4 (KE4); chloride
channel, nucleotide-sensitive 1A (CLNS1A); programmed
cell death 2 (PCD2); MAX-inleracting protein (MX1); and
IFNy-inducible protein 16 (IFIT5). One exception is
metastasis-associaled 1 (MTAT), which is discussed below.

In contrast, we found that following 72 hours of
exposure to carboplatin (Table 3B; Fig. 2B), differentially
expressed genes had only moderate overlap with those
identificd afler 2 hours of exposure or no exposure,
indicating a marked response at the level of transcription
lo 72 hours of carboplatin exposure. Specifically, of the 37
genes whose expressions were allered between chemo-
sensitive and resistant cells in the absence of carboplatin,
only 15 .(28%) overlapped with the 53 differentially
expressed genes identified after 72 hours of carboplatin
exposure. This suggests that the transcriptional response
to carboplatin overrides many of the transcriptional
differences that define the cells in Lheir carboplatin-free
bascline state.

We found marked differences in gene expression patterns
between the chemosensitive and resistant colls as shown in
Table 3B and Fig. 2B, For example, a number of genes of

functional significance in the context of drug response were
clevated in resistant versus sensitive cells. These genes
were either associated with cell proliferation, including
CDC45 cell division cycle 45 like (CDC45L), cyclin F
(CCNF), or DNA replication and repair, including replica-
tion factor C 4 (petivator 1) 38-kDa (RFC4), minichromosome
maintenance-deficient 2 (MCM2), MCM4, uracil-DNA
glycosylase (LING), flap structure-specific endenuclease
1 (FENT; also RAD2]. Also elevated in resistant cells
was v-myb myeloblastosis viral oncogene hemologue
(avian) like 2 (MYBL2), which encodes a protein with anti-
apoptotic activity. In keeping with the apoptosis-resistant
phenotype of chemoresistant cells, we also found that
serine/threonine kinase 17a (STK17A) was reduced in
chemoresistant cells. STK17A encodes a protein with pro-
apoptotic function (7).

We also identifiecd H2A histone family member X
(H2AX), which is involved in the maintenance of genome
integrity (sce below), as being elevated in resistant cells,
as well as chromobox homelogue 1 (IHPT). The elevated
expression of FIPL in chemoresistant cells is notable,
because loss of function of HP1 has been shown to cause
cell death (8), and the down-regulation of FIP 1« expression
is associated with the metastatic phenotype in breast
cancer (4).

Notable genes whose expressions were clevated in
chemosensitive cells included glutathione peroxidase 1
(GPX1) and [FI16, both of which have been previously
implicated in chemoresistance and apoptosis, respectively.
The significance of these observations is discussed below,

Finally, a number of uncharacterized genes were found Lo
be differentially expressed by 72 hours of carboplatin
exposure. These included KIAAQT0T gene product, hypo-
thetical protein BCOOT096, Homo sapiens clone 24416, CGI-
100 protein, and CGI65 protein.

Characterization of the Temporal Response to Carbo-
platin in either Chemaosensitive or Resistant Cells

We also searched our data for gencs whose expressions
were independently altered in a temporal fashion in cither
chemosensitive or resistant cells by exposure to carbopla-
tin. Using this approach with a 2-fold expression change
culoff, we found that in the chemosensitive cells, only
19 and 11 genes were altered when (2) { = 0 hour was
compared with { = 72 hours and (b) { = 2 hours was
compared with { = 72 hours, respectively, for the sensitive
cells {Table 4A). Furthermore, only two and three genes
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Figura 2. A, 2-fold expression
changes at t = 2, sensitive versus
rasistant (sec Table 3A). Carboplatin
sensitive and carboplatin rosistant
as dotermined by ChemoFx assay.
Numbaors refer to patient IR as in
Table 1. Red and blue boxes indicate
up-regulation and  down-regulation,
respectively. B, 2-fold expression
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sensitive and carboplatin resistant as
determined by ChemoFx assay.
Numbers refer to patient 1D as in
Table 1. Red and blue boxes Indicate
up-regulation and down-regulation,
respectivaly,
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were altered when (a) { = 0 hour was compared with { = 72
hours and (b) ¢ =2 hours was compared wilh { = 72 hours,
respectively, for the resistant cells (Table 4B). Not surpris-
ingly, we found considerable overlap between the t = 0
hour versus { = 72 hours and [ = 2 hours and § = 72 hours

Table 4. Genes whose expressions are temparally altered in (A) chemosensitive and

expasure in vitro

Molecular Cancer Therapeutics

comparisons, which is consistent with the previous finding
that few expression changes are evident when chemo-
sensitive and resistant cells were directly compared after
2 hours of carboplatin exposure (Table 3A). Interestingly,
we found very few statistically significant pene expression

(B) chemoresistant cells fallowing carhoplatin

0h P 2h r Gene

Symbol Function Accession Locus
versus versus no. link
72 h 72 h
A. Chemosensitive cells
172 0022345 |72 h DO18408  CIDC6 cell division cycle CDCé Cell cycle U77949 990
6 homologue (S. cerevisiac)
172h 0.025498 — — Inhibin, 3 A {aclivin A, INHBRB Cell cycle J03634 3624
activin AB & polypeplide)
172 h 0.01845 |72 h 0.033219  Kinetochore assaciated 2 KNTC1 Cell cycle/ ALFNTZ790 10403
IDNA repair
1720 0019354 |72 h 0024426 Flap structure-specific FENT DNA repair ACN04770 2237
endonuclease 1
172h  0.032797 —_— —_ Ribonuclestide reductase RRA2 DNA replication X59618 6241
M2 polypeplide
172h 0032727 |72 h 0033662 MCMY7 minichromosome MCMm7 DNA repair 1255716 4176
maintenance-deficient 7
(S. cerevisiac)
i72h 0021449 |72 h 002774 Rad?2 RAD2 DNA repair
[72h 0016836 |72h  0.032576 ‘Ubiquitin-specific protease 1 LIsP! Ubiquination cycle  AB014458 7398
172h 0016794 |72 K (1.027252  H4 hislone family, member G HISTIHAC Chromalin AA255502 8364
Organizalion
172h 0039039 |72 h 0.040177  Replication factar C RFCd DNA replicalion M87339 5984
(activalor 1) 4, 37 kDa
|72 h  0,035747 _ — ‘MCM4 minichromosome MCM4 DNA repair X74794 4173
maintenance-deficient 4
(5. cerevisine)
172 h 0.02134 — — ' Sprouly homologue 2 (Drasophiln) SPRYZ Cell-cell signaling  AFO39843 10253
[72h  0.024581 o — 1Fusion, derived from 1{12:16) Fus DNA binding/ 562140 2521
malignant liposarcoma unknown
172 h 0.033626 — — + “MAD, mothers against SMADY IDNA binding AFDID193 4042
" decapentaplegic transforming
homologue 7 (Drosopiiifa ) growth factor
B1 signalinyg
172h  0.021064 — — Gelsolin (amyloidosis, Finnish type) GSN Cyloskeletal Xod4412 2934
172 h 0.03123 — — . H2A histone family, HISTIHH2AH Chromatin 90551 8334
: member L organization
172h 0015597 172 h  0.02281 Chemokine (C-C motif) ligand 2 CcCL? Inflammalion/ M28225 6347
i cell-cell adhesion
172 h 0022596 172 W 0.022538 p8 prolein {candidale rs Apoplosis AlI557293 26471
of metastasis 1)
172k 0.009538 —_ — Chemokine (C-C molif) CCL2 Inflammation/ M26683 6347
ligand 2 cell-cell adhesion
B. Chemoresistant cells
172 0037631 |72 h  0.041482 [Inhibitor of DNA binding 2, iD1 DNA binding/ 1213891 3308
: dominant-negative development
helix-loop-helix pralein
— — J72h 0025638 HIP-1 responsive RTPPS01 DDITY DNA damage AAS22530 54541
{DNA damage—inducible response
lranscripl 4)
172 0028745 [72h  0.028122 Cyclin (2 CCNG2 Cell cycle V47414 S01
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changes following 2 or 72 hours of exposure to carboplatin
in chemoresistant cells. This suggests that the transcrip-
tional response to carboplatin is subtle in these cells and
this may reflect the chemoresistant nature of their behavior
in culture in the presence of the drug,

Strikingly, a large number of the genes altered by
exposure to carboplatin in chemosensitive cells arc
involved in DNA replicalion and maintenance, and these
are reduced by carboplatin exposure at the mRNA level.
These genes include, for example, MCM7, MCM4, REC4
(37 kDa), kinctochore-associated 2 (KNTC2), FENT, and
ribonucleotide reductase M2 polypeptide (RRM2). Genes
whose expressions were elevaled in chemosensitive cells
in response to carboplatin have a variety of functions but
include H2A histone family member L {IHISTIH2AC),
chemokine (C-C motif) ligand 2 (CCL2), Sprouty 2 (§PRY2),
Gelsolin (GSN), and p8 protein (P3).

Discussion : _

The data presented here are the result of a preliminary
investigation into the molecular phenotype of patient-
derived ovarian tumor cells in the context of sensitivity or
resistance to carboplatin, We have identified a number of
differentially expressed genes that define transcriptional
differences between chemosensitive and resistant cells and
temporal responses to carboplatin expressed in an ex vivo
setling. These genes represent a varisty of functional classes
but are biased towards those that encode proteins involved
in apoptosis, cell-cell communicaticn, cell anchorage, DNA
repair, and chiromosome stability, These findings are
consistent with increased survival of resistant cells in the
prescnce of carboplatin in culture as defined by the
ChemoFx assay.

One feature of our data was the finding that chemo-
sensitive cells in the absence of carboplatin have a trans-
triptional profile that can be associated with a proapoptotic
phenotype compared with chemoresistant cells. BAG-1, for
example, was elevated in chemoresistant relative to chemo-
sensitive cells. BAG-1 has been shown to inhibit apoptosis
(10, 11), and its overexpression  in resistant cells is
consistent with the ChemoFx data (Table 1). Significantly,
it has recently been suggested that BAG-1 up-regulation is
associated with the acquisition of péclitnxel resistance (12).
- PRG1, which was highly expressed in the chemosensitive
cells at all time points, has been shown to trigger apoptosis
in HeLa cells (6) and to mediate the clearance of apoptotic
cells by dendritic cells in vivo, Similarly, ADFP, which is a
perexisome proliferator—activated receptor vy target gene
(13), has been shown to be involved in apoptotic processes
in cpithelial cells derived from cervical carcinomas (14),
whereas MAGEDI is involved in the P75 neurotrophin
receptor—mediated programmed cell death pathway (15).
The increased expression in chemoseasitive cells of LGALSI
is perhaps not surprising, given that it encodes a protein
with antiproliferative function that may be associaled wilh
apoptasis in cancer cells (16). ALEXZ, which is also elevated
in chemosensitive cells, may play a role in tumor suppres-

sion {17). In general, these markers, which were elevated in
chemosensitive cells, confer proapoplolic traits that con-
tribute to defining the molecular phenotype underlying the
ChemoFx data presented in Table 1.

Our data also highlight a number of other genes that are
involved in DNA repair and mainlenance of chromosome
stability. For example, RECQL is a DNA hclicase that acks
to restore productive DNA replication following S-phase
arrest and hence prevent subsequent genomic inslability.
RECQL expression was found te be elevated in chemo-
sensitive cells, which is consistent with the previously
documented observation that loss of DNA repair function
has been correlated with resistance to a variely of DNA-
damaging agents, including many anticancer drugs (18).
Interestingly, chemosensitive cells were also found to
overexpress ACVRIL. Activin signaling may play a signif-
icant role in cell proliferation and ovarian tumor develop-
ment. Furthermore, several ovarian cancer cell lines
produce activin in vitro, and exogenaus activin induced
their proliferation (19-22). Paradoxically, the gene encod-
ing the major vault protein is overexpressed in chemo-
sensitive versus resistant cells. The major vault protein has
been associated with drug resistance in cancer, and its
overexpression has been suggested as a marker for chemo-
resistance in ovarian cancer {23). However, its usc in this
context has recently been called into question (24),

-Our analysis of the transcriptional response to carbopla-
tin at 2 hours revealed that very few robust alterations in
gene expression occur during the short duration of this
exposure. This likely reflects the fact that the temporal
response to drug stimulus requires >2 hours lo be
manifested at the transcriptional level. Those genes whose
expressions are allered following 2 hours of ¢a rboplatin
exposure are generally poorly characterized. Exceplion
include MTA1, overexpression of which has been associ-
ated with metastasis in ovarian cancer (25), and PCD2,
which is involved in apoptosis (26).

The effects of carboplatin were much more pronounced
after 72 hours and revealed alterations in the expression of
a variety of genes. These include those encoding cither
proteins involved in cell proliferation (CDC45L and
CCNF} or DNA replication and repair (RFC4, MCM?2,
MCM4, UNG, and FEN1/RAD2?), which not surprisingly
were coordinately elevaled in chemoresistant cells. Also
altered was the gene (DSP) that encodes the cell-cell
adhesion protein desmoplakin. Desmoplakin is an inter-
cellular junction protein in vertebrate epithelial cells that
is able to form both membrane anchorage sites for
intermediate-size filaments and interact with the plasma
membrane of adjacent cells to mediate stable intercellular
adhesion. Interestingly, a reduction in the DSP-encoded
pratein has been observed in drug-resistant breast cancer
cell lines (27), and a reduction in expression of the related
protein y-catenin has been observed in cisplatin-resistant
adenocarcinoma cell lines (28), although this was not
apparent in vur data.

The glycosylphosphatidylinositol-anchored ligand
EFNA1 preferentially binds to the receptor tyrosine kinase
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EFNA2, and EFNA1 cxpression was clevated in chemo-
resistant versus chemosensitive cells in the absence of
carboplatin and after 2 and 72 hours of carboplatin
exposure. It has recently been shown, in a colon carci-
noma cell line, that activation of EFNA2 by EFNAT may
trigger an indirecl growth signal via phosphorylation of
E-cadherin and B-catenin by overcoming contact inhibition
(29). Similarly elevated in chemoresistant cells is FASN,
which is almost universally up-regulated in human cancers
and is thought to be involved in the development,
maintenance, and enhancement of the malignant phene-
type. FASN protein inhibition induces programmed cell
death in human breast cancer cells (30). These observations
are consistent with our own data and suggest that a relative
reduction in FASN expression in chemosensitive cells may
be involved in their apoptosis. Paradoxically, however,
FASN expression has also been shown to induce apoptosis
in a prostate carcinoma cell line (31).

GPX1 is one of the most important antioxidant enzymes in
humans. It has been reported that the protein encoded by
GPX1 is protective against CD95-induced apoptosis in
cultured breast cancer cells, and that GPX1 overexpression
increases resistance to toxic challenges. Furthermore, GPX1
executes intracellular inactivation of the carboplatin relative
cisplatin, and detoxification of reactive oxygen species is a
mechanism for cisplatin resistance (32), Paradoxically, GPX1
is elevated in cn:‘boplatin-scnsii.i:vc cells in our data,
suggesting that GPX1 activity is not'an essential component
of carboplatin resistance in ovarian cancer cells, Clearly, our
observation that GPX1 expression is increased in chemo-
sensitive versus chemoresistant ovarian cancer cells requires
further investigation in the context of the previous data.

One gene of particular interest that we found to be up-
regulated in chemoresistant versus chemosensitive cells is
H2AX. This encodes a core component of chromatin that is
phosphorylated in chromatin-flanking DNA double-strand
breaks. It has recently been shown in mice that H2AX
helps prevent aberrant repair of Sot: programmed and
gencral DNA breakage and thereby functions as a dosage-
dependent suppressor of genomic instability and tumor
formation (33). Similarly, Celeste ct al, (34) recently showed
that loss of a single H2AX allele compromises genomic
integrity and enhances the susceptibility to cancer in the
absence of pB3. They report that H2AX acts as a “genomic
caretaker”” in protection against tumorigencsis. Although
this evidence is not directly relaled to chemoresistance, it
can plausibly be interpreted to suggest that H2AX over-
expression leads to improved maintenance of genomic
integrity in the face of carboplatin exposure,

The observation that IFI16 is overexpressed in chemo-
sensitive cells is significant, because.the IFI76 gene product
has recently been shown to negatively regulate p21/wafl,
resulting in p53-dependent cell cycle arrest (35). Our finding
that IFI16 mRNA is clevated in carboplatin-sensitive ova-
rian tumor cells suggesls a possible mechanism whereby
drug resistance is conferred, in-part, via a reduction in IF[16
expression. For example, cisplatin increases p21/wafl
profein levels (36). If carboplatin has the same effect,
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clevated 1FI16 could potentially counteract p21/wafl
induction, resulting in reduced apoptosis. Interestingly,
low p21/wafl protein levels have recently been shown to
sensitize tumor cells, albeit not ovarian lumor cells, Lo
apoptosis {37). Howcever, p21/wafl overexpression has
been found to result in apoptosis in ovarian cancer cell
lines (38), which would not support this hypothcesis.

In keeping with lhe above resulls, and consislent with an
association between cellular survival and chemoresistance,
analysis of Lhe temparal response to carboplatin in only the
chemosensitive cells revealed a coordinated alteration in
the expression levels of genes that are involved in DNA
replication and/or maintenance. For example, FENI,
whose expression is reduced by carboplatin, is a member
of the XPG/RAD2 endonuclease family and is one of 10
proteins essential for cell-free DNA replication. It processes
the 5 ends of Okazaki fragments in lagging strand DNA
synthesis and is involved in DNA repair (39). Similarly
down-regulated is RFC4, which is involved in the
clongation of primed DNA templates by DNA polymerase
& and DNA polymerase epsilon (39) and KNTC2, which is
one of several proteins involved in spindle checkpoint
signaling. This surveillance mechanism assures correct
segregation of chromosomes during cell division by
detecting unaligned chromosomes and causing prometa-
phase. arrest until the proper bipolar attachment of
chromosomes is achieved. Depletion of KNTC2 has been
shown to result in calastrophic mitotic exit (40), which is
consislent wilh the expected cellular response to a eytoloxic
compound such as carboplatin. Also down-regulated by
carboplatin in sensitive cells was CDC6, which is essential
for the initiation of DNA replication, The protein encoded
by CDC6 functions as a regulator at the carly stages of
DNA replication and is rapidly destroyed in cells under-
going apoptosis (41). Finally, RRM2 overexpression is
associated with gemcitabine chemoresistance in pancreatic
adenocarcinoma cells; in addition, lhat suppression of
RRM2 expression by small interfering RNA enhanced
gemeitabine-induced cytotoxicity in vifro has been shown
to result in markedly suppressed tumor growth, increased
tumor apoptosis, and inhibition of metastasis (42). These
observations are consistent with our finding that RRM2 is
down-regulated by carboplatin in chemosensitive cells.

In summary, we present preliminary data that defines the
transcriptome of cultured ovarian tumor cells that display
cither carboplatin sensitivity or resistance in an ex vito
assay of cell survival. Qur dala suggest that there is a com-
prehensive and coordinated alteration in gene expression
that defines an apoptosis-resistant phenotype in chemo-
resistant cells. The genes identified in the present study
have potential as markers of ovarian tumor chemosensi-
livity, both in the presence {and absence) of ex vim
carboplatin treatment. Although this is a preliminary
investigation into the molecular phenotype of carboplatin
resistance in avarian cancer, it provides a platform of
comprehensive and robust gene expression data that will
form the basis of future investigation by ourselves and
others.
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Abstract

Background: An increasing number of studies have profiled tumor specimens using distinet
microarray platforms and analysis techniques. With the accumulating amount of microarray data,

one of the most intriguing yet challenging tasks is to develop robust statistical models to integrate
the findings. :

Results: By applylng"'a two-stage Bayesian mixture modeling strategy, we were able to assimilate
and analyze four independent microarray studies to derive an inter-study validated "meta-
signature" associated with breast cancer prognosis. Combining multiple studies (n = 305 samples)
on a common probability scale, we developed a 90-gene meta-signature, which strongly associated
with survival in breast cancer patients. Given the set of independent studies using different
. microarray platforms which included spotted cDNAs, Affymetrix GeneChip, and inkjet
- oligenucleotides, the individually identified classifiers yielded gene sets predictive of survival in each
. study cohort. The study-specific gene signatures, however, had minimal overlap with each gther,
i and performed poorly in pairwise cross-validation. The meta-signature, on the other hand,
' ' accommodated- such heterogeneity and achieved comparable or better prognostic performance
when compared with the individual signatures. Further by comparing to a global standardization
method, the mixture model based data transformation demonstrated superior properties for data
integration and provided solid basis for building classifiers at the second stage. Functional
annotation revealed that genes involved in cell cycle and signal transduction activities were aver-
represented in the meta-signature,

: Conclusion: The mixturs madeling approach unifies disparate gene expression data on a common

§ ' probability scale allowing for robust, inter-study vafidated prognostic signatures to be obtained.

: With the emerging utility of microarrays for cancer prognosis, it will be important to establish

' paradigms to mota-analyze disparate genc expression data for prognostic signatures of potential
clinical use.

introduction ' = ful {ool in various aspects of cancer research [1]. With the
DNA microarray analysis has been shown 10 be a power-  increasing availability of published microarray data sels,
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there is a emendous need Lo develop approaches for val-
idating and integrating results across multiple studies. A
major concern in the meta-analysis of DNA microarrays is
the Jack of a single standard experimental platform for
data generation. Expression profiling data based on differ-
ent technologies can vary significantly in measurement
scale and variation structure. It poses a great challenge to
compare and integrate results across independent micro-
array studies. Tn 2 recent study of (iffuse large B cell lym-
phoma (DLBCL), Wright et al. [2] sought to bridge two
dilferent microarray platforms by validating findings from
. a cDNA lymphochip microarray using an independent
. dataset generated using Affymetrix oligonucleotide arrays,
Although the idea of training and testing classifiers is fre-
quently used for discriminant analysis, this application to
distinct expression array platforms is less common,

More systematic approaches have been propased for inte-
gration of findings from multiple*studies using different
array techiologies. Rhodes et al. [3] have proposed meth-
ods to summarize significance levels of a gene in discrim-
inating cancer versus normal samples across multiple
gene profiling studies, By ranking the g-values [1] from
sets of combinations, a cohort of genes from the four stud-
ies was identified to be abnormally expressed in prostate
cancer., Choi el al. [5] suggested combining effect size
using a hierarchical model, where the estimated effect size
in individual studies follows a normal distribution with
mean zero and between study variance 72 'Lhe effect size
was defined to be the difference bstween the tumor and
normal sample means divided by pooled standard devia-
tion. From a Bayesian perspective. Wang et al. [6] used
data from one study to generate a prior distribution of the
differences in logarithm of gene expression between dis-
cased and normal groups, and subsequenl microarray
studies updated the parameter values of the prior. Assum-
ing a normal error distribution, the differences were then
combined to form a posterior mean. Although phrased
using different model frameworks, these methods are sim-
ilar in the spirit of combining the standardized differences
between two sample means actoss multiple studies. It has
been shown, however, that the Of;;.‘:rlap hetween signifi-
cant gene detection on different array platforms is only
madezate duc to low comparability of independent data
sets [7]. 'The large variability brought in by microarray
datasets using different platforms is expected to affect the
" sensilivity and specifidty of summary slatistics con-
structed in various ways across studies. Given the inherent
differences of the microarray techniques, heterogeneity of
the sample populations, and low_comparability of the
independently generated data sets, meta-analysis of
microarrays remains a difficult task,

A recent study proposed a Bayesian mixture model based
transformation of DNA mi-croarray data with potential

http:/hnweve biomedcentral.com/1471-2164/5/94

features applicable to meta-analysis of microarray studies
[8]. The hasic idea is to estimate the probability of over-,
under- or baseline expression for gene samiple combina-
tions given the observed expression measurements. With
data-driven estimation of these quantities, one can trans-
late the Taw expression measurement into a probability of
differential expression. As a result, poe (i.¢,, probability of
expression) was introduced as a new scale and used in the
context of molecular classification [8]. The platform-free
property of this scale, however, motivaled us to incorpo-
rate poe in a framework to meta-analyze microarray data.
Severat desirable features of using poe as a new expression
scale indude the following: 1. poe provides a scaleless
measure and thereby facilitates data integration across
microarray platforms; 2. poe is a model-based transforma-
tion with direct biological implications in the context of
gene expression data, as it is estimated based on a method
that adopts an underlying mixture distribution that
acconunodates over-, under-, and unchanged expression
categories; 3. poe unmasks differential expression patterns
in microarray data by offsetting the influence of extreme
expression values [9]; 4. Data integration based on poe
allows merging of samples on the unified scale rather than
using gene-specific summaries.

[n recent publications of breast cancer microarray studies,
several groups have explored the hypothesis that the
capacily lo metastasize is intrinsic to the tumor and there-
fore can be revealed by gene expression pattern. Four
independent studies have correlated gene expression pro-
files generated from distinet DNA microarray platforms to
breast cancer prognosis [10-13}. Among the four, Sorlie et
al. [10] and Sotiriou et al. [12}, both cDNA microarray
studies, applied unsupervised clustering and identified
several breast cancer subtypes characlerized by differential
expression of a cohort of genes. I'urther, they correlated
the tumor subtypes derived from the expression profile
with survival outcome and in both cases found that, as
expected, the ERBB2+ subtype correlated with shorter sur-
vival times, On the other hand, van't Veer et al. [11], an
inkjet cligonudieotide array study, and I1luang et al. [13],
an Affymetrix GeneChip study, have built classification
models based on gene expression profiles to predict 5-year
or 3-year recurrence status. In all four studies, however,
the authors explored a common hypothesis that molecu-
lar profiles were able to provide a more accurate predic-
tion of patient survival compared with clinical/
pathological parameters. These studies therefore provided
an excellent basis for developing a meta-analysis of micro-
arrays with regard to disease prognosis.

In this proof-of-concept study, we propose a two-stage
meta-analysis of microdrrays based on poe. We applied
our method to the aforementioned breast cancer DNA
microarray data sets. With the strength of the poe transtor-
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mation and data integration, our goal was to develop an
inter-study validated meta-signature that predicts relapse-
free survival in breast cancer patients with improved sta-
tistical power and reliability. '

Results i

Development of the two-stage Bayesian mixture modeling
approach for the meta-analysls of microarray data

Figure 1 outlines the two-stage Buyesian mixture mode-
ling strategy. The idea is to build a scale that can be com-
bined across different microarray platforms, and therefore
allows simultancous examination of independent data
sets. The stage T of the analysis involves data-driven esti-
mation of posterior probability of differential expression,
namely poe. ‘The Bayesian hierarchical model employed
for estimation borrows strength across genes by assuming
further distributions for the gene-specific parameters (sce
Methods), For data integration purposcs, we focused on a
common set of 2,555 genes that were profiled in each of
the four studies. Although the cost for compiling common
genes is a loss of potential predictive features, it is not
unreasonable to assume, given the analogous hypothesis
explored in each study, thal the common set represents
the most relevant genes of interest for breast cancer prog-
nosis. The resulting values of poe répresent signed proba-
bility of differential expression for gene j in sample i, and
thus provide a unified measure acrss studies. Further, the
transformation improves contrast in each data set by
removing the influence of extreme expression values. In
stage 2, the expression profile of tumor samples from
multiple studies were combined on the poe scale to gener-
ale a ‘meta-cohort. The benefil of data integration using
_ poeis twofold, Yirst, it improves power of statistical analy-
sis by increasing the sample size, Sich integration of inde-
pendent data sets renders scositivity to those small yet
consistent expression changes for certain genes. Second, it
reduces the chance of false positise features due to arti-
facts from a single study, and allows reliable findings
across studies. In this paper, we integrated {our breast can-
cer microarray data sets of distinet platforms (Table 1),
and developed a prognostic meta-signature for disease
recurrence, 5

Building a gene expression meta-signature for breast
cancer prognosls

In the second stage of the analysis, We assessed the per-
formance of the genes found using the meta-analysis
methods based on classification acruracy. A complication
Is that while most methods of classification deal with data
from two populations, (he response with which we wish
(o build classifiers to predict js timé ta breast cancer recur-
rence. While the ideal data would have information on
time to recurrence on all subjects {polentially censored),
not all studies have the time to recurrence information
available and instead provide data on recurrence within a

http:ffwww.biomadcentral.com/1 471-2164/5/94

certain time interval {(e.g., recurrence within five years ver-
sus no recurrence within five years). To deal with this
issue, we ulilized a dichotomization where a bad outcome
Is recurrence during followup and a good outcome s
remaining recurrence-fiee for at least three years. The
additional constraint for the good outcome group is to
reduce potential bias introduced by short censoring due to
insufficient length of follow-up. This is particularly rete-
vant in cross-study analysis, given the heterogeneity in
patient recruitment criteria and study designs. Accord-
ingly, of the combined meta-cohort {n = 305) of breast
cancer patients, 48.9% were in the poor outcome group,
whereas 51.1% in the good outcome group. The sample
sizes for each study are shown in Table 1.

Each genc was then associated with the recurrence status
by a logistic regression within a leave-one-out cross vali-
dation scheme, and rank-ordered by the significance level

of the coelficient. As a result, 23 genes held up as sipnifi--

cant predictor of recurrence (P < 0.001) in all cross-valida-
tion steps, representing a cohort of essential penes
strongly associated with breast cancer recurrence. By ran-
dom chance, there would be on average 2.5 genes 1o be
found significant at P < 0.001 in a set of 2,555. By finding
23 genes with a P £ 0.001, it is clear that there arec much
more predictive features than would be expected by ran-
dom chance,

To identify a prognostic meta-signature, we define a risk
index (RI) as a linear combination of the poe profile and
the cocfficient estimates from (he univariate logistic
regression for each gene j. Large positive values of RI indi-
cate high risk of failure, whereas large negative values of RI
indicate low tisk of failure. Classification of sample i to
the risk groups is then based on the it leave-one-out risk

index. The dassifier is (%) = H{RI; >}, with ¢ being the
empirical quantiles of the risk indices. The number of
genes in a classifier is treated as a parameter and opti-
mized to minimize the prediction error rates. More delails
on building a classifier at the second stage are described in
the Methods section.

The 90-gene expression meta-signature predicts clinical
outceme in breast cancer patients

By minimizing the misclassification error, we oblained a
90 gene meta-signature that reliably predicts outcome in
the meta-cohort. This meta-signature classified 122
patients into a high risk group, where 84 (69%} of them
had a recurrence. On the other hand, the signature classi-
fied 183 patients into a low risk group, where 118 (64%)
of them did not recur by the end of the [ollowup. By cross-
tabulating the risk groups predicted by the meta-signature
and the actual recurrence status, we obtained an estimated
odds ratio of 4.0 (95% Cl: 2.5-6.5, P < 0.0001). In spite
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Goals: Inter-study validation of microarray data to
obtain prognostic profiles.
i

Strategy: Two-stage Bayesian mixture modeling,

Collect microarray data from studies that address
similar questions.

\
Obtain the set of genes that arc present on cach
independent array data, take base 2 logarithm and apply
proper normalization on each data set.

{

Fit mixture models through a Markov Chain Monte
Carlo (MCMC) sampling algorithm on each
independent raw data matrix and obtain poe(p”)

matrices by Bayes rule:

Stagel

lory ( Rerw) poe
58 42 .. 0R 06 . ]

-16 -3.1 . . -01 -02 . .
-

(o) T

d

Combine data on poe scale.
J

Stage2 Build prognostic signaturc on combined data matrix.

(Can be generalized to any type of microarray data
analyscs such as discriminant analysis, gene screening,
class identification and prediction, etc.)

Figure | o B om :
Meta-analysis of microarray data usiny a two-stage mixture model approach,

Page 4 of 16
{pago numbar nol for citation pumposes)




BMC Genomics 2004, 5:94

hilp:/fww.biomedcentral.com/1471-2164/5/94

Table I: Breast cancer gene exprossion data sats used in the prognostic mota-analysks. Bad outcome (Y = [} 1s defined as recurrence
durlng follow-up, and good outcome {Y = ) Is defined as remalning recurrence-free for at Ieast three years,

Authors Array platform MNumber of array elements Sample size (n) Good outcome (my) Bad outcome (n,)
Sorlic et of, Spotted <cDNA 8102 58 23 35
van't Veeretal.  Inkjex oligonucleatide 25000 78 44 34
Sotitiou et of, Spotted cDNA ~ 7650 98 53 45
Huang ct al Affymetrix chip ) 12625 71 36 kL

of the heterogencity of the combired patient population,
the meta-signature predicted the odds of recurrence for a
patient showing a high risk signature as four times of the
odds of recurrence for a patient showing a low risk signa-
ture, Several studlics have implicated that the lymph node
status is one of the principal dinical factors to classify
patients in relation to the risk of -)apse of breast cancer
[14-16]. Although there have beer controversial findings
with regard 10 its predictive values in breast cancer sur-
vival outcome, we have shown in the meta-cohort that the
nodal status is a significant risk factor of recurrence. The
estimated odds of recurrence for node-positive patients is
two times higher than the odds of recurrence for node-
negative patients (95% C1:1.3-3.2, P = 0.002) in the com-
bined samyples.

Kaplan-Meier analysis provides fuither évidence that the
meta-signature was a significanc prognostic index of
breast cancer recurrence in the Jv-eta-cohort (Figure 2),
The estimated three-year survival rate was 76.0%(x 3.2%)
for low risk signature and 45.9%(+ 4.5%}) for high risl sig-
nature. Nodal status, on the other hand, was less discrim-
inative at the three-year time point with an estimated
survival rate of 71.7%(+ 3.7%) for lymph node negative
palients and 56.2%(+ 4.0) for lymph node positive
patients. Node-negative patients, aithough generally con-
sidered to be at law risk of recurre: ice, are heterogeneous
in disease progression. About one (hird of node-negative
patients develop local recurrence [ 7). Many studies have
therefore explored the potential of using molecular
biomatkers (o further differentiate patient sursival out-
come in nodal negative cohort [18-21]. As shown in Fig-
ure 2C and 2D, the meta-signature further dilferentiated
48 (31.6%) of the LN- patients *n be at higher risk of
recurrence during followup (P < 0.0001). Similarly for
nodal positive patients, a cohort thovught 10 be at high risk
of recurrence, the meta-signature identified 79 {51.6%) of
the LN+ patients to have, in fact, lower recurrence risk
over time (P < 0.0001, Figure 2D). In contrast, nodal sta-
tus failed (o maintain its predictiv: power after control-
ling for the meta-signature risk groups (P = 0.05 and 0.12
in low risk signature and high risk signature group respec-
tively). A multivariate logistic regression model suggested
that the meta-signature is an independent predictor of the

recurrent sratus with respect 1o nodal status in the meta-
cohort (OR = 3.7(2.3-6.1), P <0.0001).

Compatison of the meta-signature to the study-specific
sighatures

To comprehend the potential gains of such two-stage
meta analysis over individual analysis in cach single study
cohort, we constructed study-wise gene expression si gna-
tures using the same method. By minimizing the misclas-
sification errors, we ohtained a signature consisting 10,
60, 100, and 130 genes for Sorlie, van't Veer, Sotirion, and
Huang study cohorl respectively (Additional file 5). The
results of the classifiers are summarized in Table 2. In fact,
not only did the size of the study-specific signatures vary
sighilicantly, but the elements of the signatures had very

little overlap. At most two genes appeared in more (han

one signature among the four. In addition, signature iden-
tified in one swdy tended to have poor perfonmance in
other studies. Table 3 lists the estimated odds ratios for
disease outcome and risk groups predicted by a gene
expression signature. An individual signature identified in
one study cohort demonstrated considerable shrinkage in
the odds ratio estimates and non-significant 95% confi-
dence intervals in the validation studies, indicating signif-
icantly reduced discriminative power in (he testing
cohorts. Kaplan-Meier analysis provided further evidence
that the study-specilic signatures performed poorly in
pairwise cross-validations (Additional file 6).

Meta-analysis accounts for such heterogeneity of the indi-
vidual signatures in two ways. First its overlap with the
study-specific signatures ranged from 3-40%. 'lhe
excluded genes are likely (o be cohort-specific findings
that can not be replicated. Second, the meta-signatre
recruited 41 genes not previously picked by any of the sin-
gle cohort signature, likely representing predictive features
with small but consistent effects previously masked in sin-
gle studies. When examining the performances of the gene
signatures, the meta-signature showed a comparable or
better performance compared with the individually op(i-
mized signatures both in the odds ratio estimates {Bottom
1ow of Table 3) and in Kaplan-Meier analysis (Figure 3).
‘This shows that the meta-signatuie can serve as a common

breast cancer recurrence index that is able to predict
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Figure 2 ' : .

The 90-gene meta-signaturc displayed greater performance than nodal status in predicting relapse-free survival in breast can-
cer, and it further predicts survival cutcome In nodal status sub-cohorts. (A) Lytph node status correlates with survival out-
come (P = 0.0004). (B) The meta-signature correlates with survival outcome (P =2 %109 (C) The mata-signature
differentiates risk groups in nodal negative patients {P =26 x 10-%). (D) The meta-signature predicts risk groups in nodal posi-
tive patients (P = 7.0 x ]{5), :
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Table 2: Comparisons of the number of genes (Size), the number of elements overlap with the meta-signature (overlap), and the
prediction arror rates for the signatures identified in individua) study cohort and in the meta-cohort.

Sorlie van't Veer
Size ] 60
Qverlap 4 14

Predlictlon error rate 028 ¢ 0.29

Sotiriou Huang Meta-cohort
90 140 90
19 [

.35 0.18 033

Table 3: Comparison of the performances of the individual signatures and the meta-signature In each single study cohort. Tabla lists
odds ratlos (95% confidence intervaf) comparing the odds of actual recurrence for thase being classified as high risk to the odds of
recurrence for those being elassifled as low risk of recurrence by each signature.

4 Cohort
Signature Sorlie {n = 58) van't Veer (n = 78) Sotlriou {n = 98) Huang {n = 71)
Sorlic (D = 10) 18.6 (5.0, 69.5) 2.1 (08, 5.4) 23 (1.0, 5.3) 10.87 (3.5. 33.6)
van't Veer (D = 60) 31 (11,9.2) 10.6 (3.3, 33.9) 4.1(1.7,9.7) 13 (05,34
Sotiriou (D = 100) 1.7 (0.6, 5.0) 35(1.4,B9) 7.8 (3.0, 20.1) 1.5 (0.6.3.7)
Huang (D = 130} S0{16 157 . 23 (0.9, 5.6) 0.9 (04, 2.0) 184.9 (30.1, 1137.2)
Meta (D = 90) 25.0 (4.2, 149.0) 4.1 (1.6, 10.6) 6.0 (2.5, 14.5) 5.8 (2.1, 16.5)

D is the number of genes in a signature. n'ls the sample size for each cohart,

patient survival in heterogeneous sample populations.
When a gene signature built in one study cohort performs
differently in another, such meta analysis provides a solu-
tion to identify a cross-study validated expression signa-
ture that helds across independent samples.

‘Compatison of data Integration besed on poe
transformation and simple linear rescaling

An alternative approach to integrating data across multi-
ple datasets is (o perform a study-wise global normaliza-
tion, For one study, let x; =(xj —¥)/sd.(x;) be the
glabally scaled expression value for gene j in sample 1.
Each study dataset is then standarcized ta have zero mean
and unit slandard deviation. The linearly rescaled values

can also be used for data integration purposes in that .

expression values generated from different array platforms
are standardized to » common scale.

Such an approach is less mn&pmjﬁonally challenging
compared 1o the mixture model-based rescaling described
in the previous sections. However, there are several advan-
tages to the mixture model-based transformation. First,
(he method incorporates biological information into esti-
mating the posterior probabilities of expression. The
transformed values carry meaningful interpretations as
signed probabilities of differential expression of a gene in
a particular sample. Second, the underdying normal and
uniform mixture distributions give equal density in the

tails and is effective in reducing the influence of extreme
expression values. And third, the Bayesian hierarchical
modeling approach horrows strength across genes result-
ing in shrinkage-type estimators for a large correlated
gene-specific parameter vector. This is a method in which
the high dimensional gene expression data are denoised.

To study the benefit of data integration based on poe com-
pared to that based on the lineaily rescaled values, we
compared the model performances based oo data in legra-
tion by these two methods. Figure 4A shows that with the
poe transformation, misclassification rates  steadily
decreases as more genes are used in the classifier. Perform-
ance based on linearly rescaled data (Figure 4B), however,
is unpredictable. Figure 4C and 41D uses a 90-gene meta-
signature based on poe and based on the global standatd-
ization respectively in predicting survival. The signature
based on poe is noticeably better than the signature based
on global standardization in differentiating patients at
low risk of recurrence from those at high risk of recur-
rence. Taken together, the poe transformation outperforns
the linear rescaling method in combining multiple micro-
array data sets. The mela-signatuce identified based on poe
values therefore offers more reliable prediction of recur-
rence-free survival in the meta-cohort.
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Figure 3 .
The 90-gene meta-signature achleves simiiar or better performance than the individually optimized signatures. A and E com-
pare the Kaplan-Meler curves stratified by high versus low risk group predicted by the study-specific signature and by the merta-

signature respectively in the Sorlie scudy cohort; B and F show similar comparison in the van't Veer study cohort; C and G
show similar comparison in the Sotiriou study cohért; and D and H show comparison in the Huang study cobort,
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global standardized data in differentiating patients at low risk of recurrence from those at high risk of recurrenca,
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Figure 5 .

The 90 gene meta-signature displayea two distinct patterns of expression in breast cancer groups. (A) Heat map representa-
tion of differential expression probabilities for the 90 gene meta-signature across the combined samples. The top set of genes
showed consistently high probability »f over-expression {yellow) in the poor outcome group, and the bottom set of genes
showed consistently high probability of down-rogulation (blue) in the poor outcome group. (B) Heat map of log-transformed
raw data. Individually generated heat maps of the raw measurements of gene expression confirmed the distinct expression pat-
teras of the meta-signature from independent studies. Red represents up-regulation while gr een represents down-regulation. R
(recurred) — poor outcome group; RF (recurrence-free) — good outcome group.
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The meta-signature displays two distinct expression
patterns

‘A heat map representation of the poe profile for the 90
gene meta-signature revealed two listinet patterns of dif-
ferential expression {Figure 5A). Cenes in the top half of
the matrix displayed consistenty high probability of over-
expression (yellow) in the recurrent samples (R). On the
other hand, genes in the bottom half displayed preat
prabability of under-expression (lue) in the recurrent
group. Individually generated heat maps of the raw data
confirmed such distinct patterns at raw measurement ley-
els (Figure 5B). Funclional annétation revealed genes
involved in many important biolciical processes stich as
cell cycle regulation (e.g., CDG28 protein kinase regulator
subunit 2}, cell adhesion (e.g., chimokine C-X3-C maotif
receptor 1), and apoptosis {e.g., secreted frizzled-related
protein 4). A complete list of the meta-signature genes can
be found in the Additional file 7. Some of the genes in the
meta-signature were previously shown 1o correlated with
-breast cancer survival outcome, For example, Keyomarsi et
al. [22] demonstrated the assodation of the cell cycle reg-
wlator eyclin & and death due to breast cancer.

Enriched functional classes in the meta-signature

To gain a better understanding of (he processes related o
disease recurrence, we examined whether a particular
functionally defined biological process is enriched in the
recurrence signature. Lach of (lie ninety genes were
mapped to Gene ontology (GO} térms and then grouped
by functional casses. Based on the hypergeometric
distribution, we calculated the sigpificance of over-repre-
sentation of a particular process in the signature, ligure 6
demonstrated the top seven enriched functional groups in
the meta-sigiiature, comparing the total proportion {oul
of 2310 annotated) and the signatiire proportion (out of
85 annotated) of genes in each group. Cell cycle regula-
tion is the most highly over-represented category (P =
0.001). All genes under this catezory except BCL2 dis-
played increased expression level, reflecting elevated cell
cycle activities. Signal ransduction represents the fargest
functional class over-represented in the meta-signature,
Genes involved in signalling pathways that regulate cell
growth (VEGE, PPP2RSC), immune response (TRAF3),
apoptosis (SFRP4), and other processes are found to con-
stitute 15.7% of the meta-signature compared to the 9.7%
in the entire gene set (the commofg set).

Discussion !

Several important issues to consider when integraling
microarray studies include use of different gene expres-
sion measurement scales, varying analytical power and
reliability of the results for individual studies. To account
for these isstres, we proposed a two-stage mixiure mode-
ling strategy, the strength of whichi wag built on the mix-
ture model based transformation and the subsequent data

hitp:fhrvw . biom edcenh-alZcomf 1471-2164/5/94

. Integration on the poe scale. In particular, poe provides a

unified platform-free scale, and simultaneously enhances
the intrinsic contrast in the expression data. Furthermore,
combining sample pools on the poe scale mitigates the
influence of potential artifacts from a single study. The
benefit of such data integration is reflected on two counts.
One, integrated sample cohorts improve the reliability of
the findings by guarding against false positive results from
a single study. Two, it increases the statistical power (o
detecl small consistent effects that can be otherwise
masked by inadequacy of the sample size of an individual
data set. By implementing this modeling approach, we
were able lo combine information from four microarray
studies to build an inter-study validated meta-signature
for predicting survival in breast cancer patients,

As described carlier, a common set of 2555 genes was used
in this meta-analysis, as it is important to provide the
same context for data-driven estimation of the posterior
probabilities. Although we assume the common set com-
prises the most biologically relevant genes, the loss of
potential predictive genes, however, may offset the statis-
tical zower of the analysis. For exanple, one of our recent
studies has established the polycomb protein FZH2 (o be
an independent predictor of breast cancer survival out-
come(23]. This gene was filtered out of the meta-analysis
as one of the studies [12] did not profile 2112, However,
in each of the vther three studies where EZIH2 was profiled
on the array, its expression level was found to correlate
with survival (data not shown), which confirmed its role

© as a prognostic marker. Altemative approaches to allow

genes profiled in some studies but not others is a topic for
future research.

Functional annotation of the meta-signature revealed
genes such as Cydlin E and BCL2, which were previously
shown 1o be correlated with survival outcome in breast
cancer [22,24]. A strength of the inter-study validated
signature is the capability of recruiting genes which may
not be siguificant in one study due to limiting sample size
or artifacts of the experiments. In this sense, the meta-sig.
nature will be more stable and less subjective to variations
in subsets of the samples. As a result, the predictive genes
in a meta-signature may carry more reliable information
about tumor progression and patient survival,

In conclusion, a distinction of the analysis presented here
relative 1o those by other authors |3,6] is that we sought
to find genes that were predictive of recurrence rather than
predictive of diseased versus nondiseased status. Given
the heterogeneity of the tumors with respect to treatment
response and survival outcome, a prognostic prediction
analysis is generally more difficult because it is a more
complicated phenotype. Further, a prognostic signature
(dassifier] of failure risk trained in one cohort is often

Page 11 of 16
(rrage numnber nof for citation purposes)




BMC Genomics 2004, 5:04 : bitp:/fswr biomedceniral.comf1471-2164/5/94

bl

0.18
[ =
o O Population Fraction
§ -~} |H Slgnatura Fraction
e« ] =~ . . |l &=® T T
P=0,06 P_=ﬂ,nﬁ P=0.09
&
Regulation of  Amine acid Signal Protain Requlation of
cell cycle fransport . Goioxingsle transduction folding lon transpon CDK aciivity
TFDP1 SLC3A2 | PPP1CB TANRD1 FKBP1A GARRD CKS2
PCTK1 SLC12A5 Chs2 VEGF CCT7 SLC21A3 CDEN3
VEGF . CCNE1 TRAF3 _CCT4 SLC12A5
CoT7 : CCNC GABRD
MYBLZ ; PPP2RSC
CCT4 . SFRP4
CCNE1 INSR
CCNC . ADRA2A
BCL2 : ] SCAP1
) GUCA1A
Figure's :

Top seven over-represented functional classes in the meta-signature. Black bars represent proportion of genes associated with
each of the GO terms among the meta-signature, and whice bars represent the corresponding proportion among the total
study population of 2555 genes. P-value represents the significance of over-representation based on a hypergeometric distribu-
tlon, and is calculated as the probability of observing larger proportion of a particular functional group genes in the meta-signa-
ture than in the entire genc'set, The meta-signature genes are listed under cach functional class,

times difficult to validate in independent cohorts. The ~ Methods

meta-analysis method presented here may potentially  Dato collection and preparation

provide more powerful gene signatures that are predictive  “The breast cancer microarray data sets were obtained at
of prognosis because they are validated across multiple  the author's websites from four recently published studies
studies. - [10-13]. Each data were preprocessed, either by a lowess
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nonnalization for two-channel microarray data [25] or a
robust analysis for Aflymetrix dat:. [26]. We filtered for a
common set of 2,555 genes from these four studies by
Unigene Cluster IDs. Each data matrix of the 2,555 genes
was then normalized by median centering and dividing by
the standard deviation for cach gene, Missing data were
imputed by the k-nearest neighbors imputation algorithm
[27].

Mixture modeh'ng of microarray data

Each of the four raw data sets was ireated as an expression
matrix X with elements xy, where = 1. .., my, j=1,.., n (&
=1, ., 4 and n = 2,555). The expression measurement xy
can be the ratio of the two fluorescent dye hybridization
intensities for the spolted cINA arrays[10,12] and the
Intjek oligonucleotide array [11], or averaged difference
between the perfect match and mismatch probe
hybridizations for the Affymetsix gene chip [13]. Let Ji he
a latent class varable, and g indicates over-, under- or
nonmal expression for each entry of the R matrices. We
have: '

1 genej is overexpressed in sample §;
e = 0 genej is normaly expressed in sample i;
~1 gene j is underexpressed in sample i,

The valites of e; are Iatent and not directly observed from
the data. We were interested in estimating the probabili-
ties of ¢y being 1-or -1 given the observed raw expression

%y which were denoted as pj =Pr(e;=1|x;) and

bij = Prley =~1| x) . Estimates of these latent quantities
were oblained under a Bayesian mixture model setting. In
particular, we assume the raw exp: ession x falls into one
of the three expression categories. For each gene j, the

expression then arises from a mixture of three
distributions:

(ley=1) ~ [1,0 ). Goyleg= 0} » fo;(+), and (xyley=-1) ~ f.
L

In the mixlure, f, ;. fo;and £, ;are the density functions of
the following distributions: '

Ufe +ppe 481 ) Nl +pp07). and U=} +a; + j1j,05 + ;)

respectively. Here, U refers to a uniform distribution and
N relers 10 a nnormal distribution, ¢ + #;is both the mean

of the normal distribution and the threshold point in the
uniform distribution. i is the gene effect and a; is the

+

sample cffect. ‘The ki and xj provide limits to the uni-

form distribution in the mixture, and are set to be at Jeast

hitp:/fvew blomedcentral.com/1471-2164/5/94

+ —_ 2 . -
3a. 7 =Ple;=1)and 7] = Pe;=-1) are the multinomial
probabilities for e;. With the specifications of models, we
can aalculate the latent quantities by Bayes' rule:

i)
A fils)enr f L)+ 0 =m) =x] Mo {x7)

B = Pley =1lxy) = ()

w5 Laglay) ]
3] fi o)+ 8T L lag) + =) =87, ()

Py = ey = =] xg) = (2)

By noting that the supports for the two uniform distribu-
tions are disjoint, the probabilities of differential expres-
sion are mutually exclusive with the forms:

G at et U] ” (p+lp-)=[n'—f&__

' l-nt -y LT N B A 2 ¥

A one dimension measure can thus be constructed as poe
= pt - p. As a result, poe ranges from -1 to 1, and can be
interpreted as the signed conditional probability of differ-
ential expression,

To bomrow strength across genes, the estimation of the
gene-specific parameters was formulated under a Bayesian
hierarchical model setting. Given the large amount of
parameters, prior distributions were specified to model
the variation of the gene-specific paramelter estimates, in
particular,

B NOT) xf o~ Bxp(OF); togit(n] ) w NBF 13 )

-2 : e i i ST
0" ~ Camma(r,A). k7 ~Exp(0g); logit(r; ) ~ N(8;,75).

We followed the recommendations of Parmigiani et al, [8]
in terms of the prior choices. A Metropolis-Hastings
MCMC sampling algorithm was then implemented 1o
approximate the posterior distributions of the parameters.
Data augmentation started at a set of data-driven
iniGaling parameler values. For example, trimmed means
and variances across samnples were used as the initial val-
ues for the parameters in the normal distribution of the
mixture. Further details of the Bayesian hierarchical mix-
ture model used here can be found in Parmigiani et al. |8).

Matrices of poe(p* = p* ~p7) were obtained for each of
the five data sets (Additional files 1, 2, 3, 4).

. Leave-one-out cross validation and risk index computation

For the combined sample pool of the breast cancer
patienis (the meta-cohort}, we defined outcome groups as
recurred during followup and remained relapse-free for at
least 3 years. In particular, Let T; be the event time for sub-
ject i, C; be the censoring time for subject i, and &= 1{T;
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<(;} be the censoring indicator. Define a new outcome
variable,

L 55 =1

_ 0, §=0and Gt

where t* can be specified with clinical knowledge. We
chose (* = 3 years in this study. We then consider
constructing classifiers using y; note that ¥ = 1 corresponds
to the poor outcome group and y = 0 ta the good outcome

group. The sample sizes for each study are shown in Table
1. -

Y=

Logistic regression was.used to build a classifier for prog-
nosis. For each genej, we fit the following univariate logis-
tic regression model using data from all studies:

logiu{Pr(y; =1 xy)} =a1; + ;.
where x* is the rescaled value that allows data integration

across multiple studies. The esti-mated values of B B

are then used to form a risk score using a variation of the
compound covariate predictor method [28,29); for a
given set of covariate vahues x,, ..., X, the risk index is

givenas RI = E;i] ﬁjx}- .

If we wanl 10 assess the performance of (he classifier, we
must deal with the issue of training and testing the model
using the same data. An "honest* sstimate of the predic-
Lion error rate is obtained using leave-one-out cross-vali-

dation. Define a risk index RI; -_-Ef':l Bj’_,vxa;, where

; K B2 .
i= 1""'21':1 my, and f;_; is (e elfect estimate for gene

j in the combined meta-cohort without the i# sample, The
risk index for sample i is a weightec linear combination of
the expression profiles of the top I7 genes, where the rank-
ing of the genes is based on their corresponding siguilfi-
cance in the univariale logistic model fit. Classification of
sample f 10 the risk groups is then based on the i leave-

onc-out risk index, i.e., C(X') = H{R};>c} with ¢ being the
empirical quantiles (40% - 70th) of the RI's. The number of
genes D in a classifier is (reated as a parameter and opti-
mized to minimize the prediction error rates,

The list of the (op cumudative genes in the meta-signature
was obtained by ranking ail 2,558 genes by the number of
times in the leave-one-out cross-validation steps thal each
one had a P-value {rom the univajiate logistic regressiot
less than Q,001,

http:/farvew biomedeentral.com{1471-2164/5/94

Heat map display

We used the trecview software |30] to generate a heat map
representation of the poe pro-files of the meta-signature,
Yellow represents high probability of over-expression and
blue represents high probability of under-expression. For
heat maps of mw data matrices, we preprocessed the data
by mean centering and then dividing by the standard devi-
ation for each row. The means and the standard devia-
tions used in the normalization were the relapse-free (RF)
sample means and variances for each study data. The val-
ues for the recurrence (R} samples alter standardizing then
represented the number of standard deviations over or
under the mean RF sample expression.
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Additional material

Additional File 5

Plots of misclassification ratae. The POF file lists plots of miselassification
etror vates for classifiers identificd in each indiviidual study cohort and the
tnetn-coliort.

Click here for file

|Littp:/fwww biomedcentzal.comfcontentfsupplementary/1471-
21G4-5-94-85 PDF|

Additional File 6

Plots of Kaplan-Meier curves. The POF file Tists Kaplan Meder plots for
study-wise cross-validation of the individually identified signanemes. A
gene signatnre was trained in one study colort and wsed to validate in
each of the other study cohorts as testing sots,

Click here for file
[htp:/fwww.biomedcentral.com/content/supplementary/1471-
2164-5-94-56.PDF|

Additional File 7
Meta-signature gens fist. The excal file contains a list of Unigene 1D, gence
symbol, and full name of the 90 genes in e metet-sigatature,
Click here for file .
[http:ffwww hiomedcentral.comfcontent/supplementary/ 1471-
- 2164-5-94-57 xls|

Additional File 1

POE fmputation of the Sarlie data. The excel fiie contains a rable of

[ imputed signed probability mattix transfornied from the Sorfie et al. sty
data {2,555 times 58 in dimension),

Click here for file
[huagfwww.biomedcential.comfeontent/supplementaryf1471-

2164-5-94-81.xls|
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Abstract

Background: An increasing number of studies have profiled tumor specimans using distinet
microarray platforms and analysis techniques. With the accumulating amount of microarray data,

one of the most intriguing yet challenging tasks is to develop robust statistical models to integrate
the findings. i

Results: By applying a two-stage Bayesian mixture medeling strategy, we were able to assimilate
and apalyze four independent microarray studies to derive an inter-study validated "meta-
signature” associatec with breast cancer prognosis. Combining multiple studies (n = 305 samples)
on a common prabability scale, we developed a 90-gene meta-signature, which strongly associated
with survival in breast cancer patients. Given the set of independent studics using different

. microarray platforms which included spotted c¢DNAs, Affymetrix GeneChip, and inkjet
oligonucleotides, the individually identified classifiers yielded gene sets predictive of survival in cach
study cohort. The study-specific gene signatures, however, had minimal overlap with each other,
and performed poorly in pairwise crass-validation, The meta-signature, on the other hand,
accommodated such'heterogeneity and achieved comparable or better prognostic perlormance
when compared with the individual signatures. Further by comparing to a global standardization
method, the mixture mode! based data transformation demonstrated superior properties for data
integration and preyided solid basis for building classifiers at the second stage. Functional
annotation revealed that genes involved in cell cycle and signal transduction activities were over-
represented in the meta-signature,

Conclusion: The mixture modeling approach unifies disparate gene expression data on a common
probability scale allowing for robust, inter-study validated prognostic signatures to be cobtained.
With the emerging utility of microarrays for cancer prognosis, it will be important to establish

~ paradigms to mota-analyze disparate gene expression data for prognostic signatures of potential
clinleal use, :

introduction ful tool in various aspects of cancer research [1]. With the
DNA microarray analysis has been shown (o be a power-  increasing availability of published microarray data sets,
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Adenocarcinomas of the prostate can be categorized into tumor
grades based on the extent to which the cancers histologically
resemble normal prostate glands. Because grades are surrogates of
intrinsic tumor behavior, characterizing the molecular phenotype
of arade is of potential clinical importance. To identify molecular
alterations underlying prostate cancer grades, we used microdis-
section to obtain specific cohorts of cancer cells corresponding to
the most common Gleason patterns {patterns 3, 4, and 5) from 29
radical prostatectomy samples, We paired each cancer sample with
matched benign lumenal prostate epithelial cells and profiled
transcript abundance levels by microarray analysis. We identified
an 86-gene madel capable of distinguishing low-grade (pattern 3)
from high-grade (patterns 4 and 5) cancers. This modael performed
withh 76% accuracy when applied to an independent set of 30
primary prostate carcinomas, Using tissue. microarrays comprising
=800 prostate samples, we confirmed a significant association
between high levels of monoamine oxidase A expression and
paotly differentiated cancars by immunchistochemistry. We also
confirmed grade-associated levels of defender against death
(DAD1) protein and HSD17[34 transcripts by immunochistochemistry
and quantitative RT-PCR, respectively. The altered expression of
these genes provides functional insighis into grade-associated
features of therapy resistance and tissue imvasion. Furthermore, in
identifying a profile of 86 genes that ‘distinguish high- from
low-grade carcinomas, we have generated a set of potential
targets for modulating the development and progression of the
lethal prostate cancer phenotype.

carcinoma | monoamine oxidase A | microarray | expression profile

he prognosis and choice of therapy for prostate cancer is

based primarily on three parameters obtained at the time of
diagnosis: clinical stage, serum prostate-specific antigen (PSA),
and the Gleason score of the cancer (13, The Gleason grading
system, which is based on microscopic tumor archilccture,
consists of five histological palterns thal annolate cancers inlo
categories exhibiting well differentiated (pattern 1) to poorly
differentiated (pattern §) features (2, 3). A number from | 10 5
is assigned to the most prevalent patiern. A second number, also
from L to 5, is assigned Lo the seecond mos: prevalent pattern. 'I'he
Gleason grade, which is the sum of these two numbers, has a
ralue between 2 and 10. In current practice, the vast majority of
prostate cancers have a Gleason score of =6 (4, ). Henee,
tumors composed of patterns 3, 4, and/or 5 arc considered
clinically significant, The reporting of individual Gleason pat-
lerns is nol a trivial distinction, because ‘the amount of pattern
4 and the presence of any pattern 5 has been highly correlated
with probability of cancer disscminatiol, response to therapy,
discase outcome, paticnt-management ‘decisions, and clinical-
trial enrollment (6, 7). Numerous studies have demonstraled a
dircet correlation between Gleason score and clinical measure-
ments of disease outcome, including death due to tumor within

www.pnas.ory/cgi/doi/10.1073/pnas.0603678103

rsity, Washington, DC 20007; **Deparlment of Pathology, Emory University,

15 years and likelihood of remaining free of biochemical evi-
dence of discase recurrence aller either delinilive, polentially
curative radical prostalectomy or radiation therapy (8). Al-
though different Gleason palterns are histologically distinctive,
the molecular features underlying these tumor phenolypes are
not precisely defined. Tn this stucdy, we sought o characterize the
molecular profile of prostate carcinomas of specific Gleason
patlerns. Tumor cell transeripl levels were used 1o develop a
model capable of distinguishing the low-grade (pattern 3) from
high-grade (patlerns 4 and 5) tumors. We validated the predic-
tive power of the model by using an independent set of primary
prostate cancers and confirmed grade-associated differences in
protein-cxpression levels using a third sample cohort. Together,
these results identify both consistent and divergent [eatures of
the molecular framework that underlies the histological classi-
lication of cancer grade.

Results and Discussion -

Gene-Expression Profiles Associated with Prostate Cancer Grades. '['o
identily molecular alterations correlating with histological tumor
grade, we used laser-caplure microdisseetion 1o exclusively ac-
quire the epithelial cell component of prostate carcinoma foci
corresponding to individual Gleason patiern 3, 4, or 5 cancers.
After lincar amplification, gene-expression alterations in tumor
cells were measured by ¢cDNA microarray hybridizations in a
head-to-head Tashion against patient-matched microdissected
benign scerelory epithelial cells. A total of 121 benign and
neoplastic samples from 59 radical prostalcclomies and 30
prostate needle core biopsies contributed to the analysis.

To assess the generalized applicabilily and consistency of the
methods, we lirst sought to identify consistent prostale cancer-
associaled transeript alterations irrespective of grade. Using
microdissceted epithelium from radical prostatectomy samples,
we identificd 736 genes with allered expression levels hetween
benign and neoplastic epithelium (false discovery rate <0.01%).
This cohort included several genes previously reparted to be
dilferentially expressed in prostate cancers, such as hepsin,
AMACR, und CAMKK2 (Fig. 14) (9-12). These lindings pro-
vided validation that our methods replicated results of earlier
expression-profiling studies, despite using the very small sample
quantities obtained by laser microdissection and subjecting the

Conflict of interest staternent: No conflicts declared.

Abbreviations: IHC, immunohistochemical; MAGA, manoamine oxidase A; PAM, prediction
analysis for microarrays; TMA, tissue microarray,

Data deposition: The microarray data sets reported In this paper have been deposited in
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Fig. 1. Gene-expression changes associated with prastate cancer grade. (4)
Genesdifferentially expressed between microdissected benign and neoplastic
proslate epithelium were identified in a supervised analysis of transcript
profiles of 32 matched samples from 29 individuals. A Statistical Analysis Of
Microarrays (SAM)} one-sample ¢ test comparing cancerous epithelium to
malched benign epithelium across all Gleason patterns identilied 736 differ-
entially expressed genes (false discovery rate =0.05%). Cancer-associated
transcript alterations for several genes with previcusly described alterations in
prostate carcinoma are shown, {8) Identification of gena-expression alter-
ations predictive of Gleason pattern. PAM analys:s of gene-expression proliles
generated from microdissected Gleason patterr: 3, 4, and 5 cancers. Circles
represent the training error, Triangles represent the leave-one-out cross-
validation error. The x axis shows the number of array clones {and correspond-
Ing unique genes) used for classification. (C) Principal-components analysis of
grade-specific prostate cancers using the 40-gene (51-clone} Gleason pattern
classifier, For each sample, the scare on the first {x axis) and sacond (y axis)
principal component is plotled. Gleason patiern 3 (circle) samples are gener-
ally distinct from Gleason pattern 4 and 5 sample space (triangle and diamond,
respectively). Pattern 4 and 5 samples were intermixed, indicating a high
degree of molecular similarity. Three misclassified samples {under cross-
validation of the 40-gene model} betwean pattern 3 and pattern 4/5 cancers
are denoted in blue.

10992 | www.pnas.org/cgi/doi/ 10,1073/ pnas. 0603678102

RNA from these samples to amplification and transeript quan-
titation by microarray analysis.

To identify gene-expression alterations that associated with
specilic Gleason patterns, we used a supervised-learning ap-
proach, Prediction Analysis for Microarrays (PAM) that repre-
sents a modification of standard nearest-neighbor classification
(13). Models comprising 40, 64, and 86 genes were able to
partition Gleason 3 vs. Gleason 4 and 5 cancers with 90%, 849,
and 81% accuracy (under leave-one-out cross-validation) (Fig.
1B). We were unable to identify a cohort of genes that could
distinguish between pattern 4 and 5 cancers with sufficiently high
accuracy to be uscful, suggesting a high degree of similarity
between these cancer histologies or substantial molecular het-
crogencity in one or both of these groups. Therclore, we grouped
pallern 4 and 5 cancers Logelher for subsequent COMPATISONS.
Principal-components znalysis of (he 4)-pene model demon-
strated segregation of cancers according 1o histological grade,
with only one patiern 4/5 cancer misclassified as a paltern 3, and
two patlern 3 cancers misclassilied as pattern 4/5 (Figs, 1€ and
24). Rereview of the histology and the specific composition of
cells acquired by laser-capture microdisseetion did not alier the
histological classification of these samples. Although CGleason
patterns can be reproducibly categorized (L4), there are clear
examples of heterogeneity in clinical behavior within cach
histological category (15). I'urther studics are required to de-
termine whether molecular signatures within a specilic cancer
pattern exhibit prognostic power.

Performance Characteristics of the Gleason Grade Classifier. T'o
determine the gencral applicability of the Gleason paltern
classificr, we generated and analyzed an independent prostale
cancer gene-cxpression dala set derived from microdissecled
matched benign and ncoplasiic epithelium [rom 30 prostale
ncedle biopsics. We measured expression alierations by microar-
ray hybridizalion and assessed the models that provided the
greatest discriminatory power in the original prostatectomy
samples. The classifier comprised 86 genes (109 clones), includ-
ing the 40 genes with 90% discriminatory power in the original
radical prostatectomy cases performed with highest accuracy,
producing a 76% overall correct classilication rate (P = 0,050,
lisher’s exact test) (Fig. 2/3) on this independent sample set. Of
the 12 cancers histologically called Gleason pattern 3, all but one
was correctly classified. Of (he cancers with a histological
classilication of 4 or 4 -+ 5, 6 of 11 were correctly identificd (IFig.
2B). As expected, microdissected samples recognized 1o contain
mixed grades of 3 + 4 or 4 + 3 cancer cells were divided between
pattern 3 or patlern 4 molecular categorics. These results supgest
that pattern 3 cancers exhibil relatively consistent molecular
allerations, whereas cancers with histological features of pat-
lerns 4 and 5 are more diverse and, in some cases, exhibil
molecular fealures common (o patlern 3 cancers.

We next attempled (o compare our results with other reporis
correlating prostale tumor gene expression with grade. These
comparisons were problemalic, because all publicly available
prostate cancer data sets generated expression profiles and
classifiers based on Gleason-sum scores rather than individual
patterns. For example, a given Gleason-sum score 8 cancer could
be composed of patterns 5 + 3 or 4 + 4. Reports by Singh et al.
(I1) and LaPointe et al. (12) identificd 29 and 42 penes,
respectively, that statistically associated with Gleason-sum score.
However, only three genes, SPARC, BGN, and COL A2, werce in
common hetween these analyses. None of the genes comprising
our classifier were present in (he published grade-associated
gene sels. An additional contributor (o these discrepancics
concerns the use of samples that, although enriched for tumor,
also contain variable amounts of tumor-adjacent siroma, benign
glands, and inflammatory cells. Alterations in the expression of
genes in tumor-adjacent stroma is well recognized (16). In the
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Fig. 2. Genes associated with specific Gleason pattern prostate cancers, (4)
Shown are the 86 genes exhibiting the greatost discriminatory power to
partition cancer grades using an independent set of prostate cancer tissues,
Genes are ordered according to ¢ test score, The 40 genes used in the original
PAM model are denoted by asterisks. (B) Application of the 86-gene Gleasan
classification model to an independent test set of 23 prostate cancers of
singular pattern (e.g., 3 + 3) or exclusively high grade (4 + 4 or 4 « 5) resulted
in an overall classification accuracy of 74%. The predicted pattern of 7 addi-
tional cancers of mixed low grade and high grale (3 1 4and 4 1 3) varied
between pattern 2 and pattern 4/5. The functicnal properties of grade-
classifying genes are annotated in Table 1, which is published as supporting
information on the PNAS web site.

conlext of these studics, the expression of SPARC has been
shown (o be up-regulaled in (he stroma adjacent to non-small-
cell lung cancers (17) and pancreatic ¢ scinomas (18) and may
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be similarly overexpressed in prostate cancer-adjacent stroma. A

final source of discrepancies between studies involves technical
variables, atiributable, for example, to the use of different
platforms (cDNA arrays vs. Alfymetrix chips) and the necessity
ol amplilying RNA before hybridization.

Although the grade-discriminatory gene sels derived from our
analyses and those of prior studics exhibited no concordance, we
explored the ability of the Gleason grade classilier to partition
prostate cancers in available data sets that were composed of
singular grade combinations such as 3 + 3 and 4 + 4. O 86 genes
used in our classifier, 77 were present in the study by LaPointe
et al., with sufficient dala to allow for grade-associated analyses.
Unsupervised hicrarchical clustering of samples using these 77
genes praduced two major clusters generally partitioned accord-
ing to grade, Of 26 tumors with Gleason 3 + 3 histology, 19
(73%) were correetly classified, as were 11 of 15 tumors (73%)
with 4 + 4 or 4 + 5 Gleason patlerns.

Characteristics and Confirmation of Gleason Grade-Assaciated Mo-
lecular Alterations. Several genes that we found (o be associated
with prostate cancer cell differentiation patterns have been
linked to cancer grade or stage classifications. A study ol breast
carcinomas found a statistical relationship between increased
expression of the antioxidant enzyme peroxiredoxin 5 (PRDXS)
and larger umor size, positive lymph node status, and shorter
survival (19). Elevated levels of the transcription elongation
factor TCEBI1/Elongin C are associated with advanced andro-
gen-independent prostate cancers (20), and changes in the
subcellular localization of the membrane metalloendopeplidase
MME/CD10 expression arc linked to prostate cancer grade (21 ).
Immunohistochemical analysis of the Akt-regulated transcrip-
lional repressor NSEP/YB-1 demonstrales a slrong positive
correlation with Gleason grade (22). NSLEP/YB-1 may influence
cancer progression through multiple mechanisms that include
enhancement of anchorage-independent cell growth and up-
regulation of the p-glycoprotein multidrug-resistance protein
(22, 23).

Many genes exhibiting altered expression in high- relative to
low-grade prostale cancers possess characteristics supporting
polential roles in cancer cell survival, invasion, or melastasis, OF
the 86 genes we used for grade classilication, 6 are located o
chromosome 8. Of these, 4 map 1o 8q21-23, a region shown 1o
be amplified in >40% of primary prostale cancers in association
with higher cancer grades (24). The expression of 4 genes
involved in aspects of sex hormone metabolism or regulation
were inereased in higher-grade cancers, including two members
ol the 178-hydroxysieroid dehydrogenase {(1ISD) family,
HSD17B3 and HSD17p4. The 3-a-hydraxysteroid dehydroge-
nasc DIIRSY is capable of catalyzing the conversion of 3-a-
anrostancdiol to dihydratestosterone (25) and also contributes
to the B-oxidation of fatty acids. The expression of HISD174,
also known as D-bifunctional protein, was recently shown 1o be
up-regulated in ncoplastic prostate epithelium (26). We con-
lirmed this result using quantitative RT-PCR analysis of micro-
dissceted prostate epithelium and further eonfirmed (he grade-
associaled elevation of [ISD17B4 transcripts found in the
microarray-based analyses (sce Supporting Materials and Meth-
ods and Fig, 4, which are published as supporting information on
the PNAS web site). Together, these results suggest the emer-
gence ol mechanisms that favor intracrine utilization of alter-
native androgen precursors by tumor cells, Five members of the
1us homologue gene family RHOT2, RITOA, RAB2, RABOA, and
RABIS were up-regulated in high-grade cancers. The RABIS-
related gene, RARB2S5, was recently shown lo influence the
malignant polential of breast and ovarian cancers, sugpesting
that members of this gene lamily may be general mediators of
epithelial cancer progression (27). The products of RHOA,
CAPZA2, HIMGBI, NAM231, D63, and Saposin C have all been
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Fig. 3. IHC analysis of Gleason grade-associa ted'gen:e expressicn. Representative immunohistochemical staining of Gleason pattern 3 (a2 ande), 4 {& and f), and
5 {cand g) prostate adenocarcinoma for MAOA {a—c)and DAD1 {e-g) expression. Magnifications are x400. Summary of MAOA {1,358 scoreable samples) (d) and
DAD1 (437 scoreable samples) {d and /) expression quantitation in tissue cores comprised of benign secretory epithelium and specific Gleason pattern

adenocarcinomas.

shown to directly modulate tumor progression through enhanced
cell malility, invasion, or metasiasis.

Immunohistochemical (IHC) Analysis of Gleason Grade-Associated
Protein Expression. In current clinical practice, diagnostic and
prognostic cancer markers are most commonly assessed by using
IHC quantitation. We sought (o determine whether grade-
associated altcrations identified through transcript profiling
would have corresponding changes in pitein levels discernable
by {HC. Although immunoperoxidase histochemistry is an im-
prezise method of protein quantification; it is the only technique
currently available for assessing protein levels in small (issuce
samples and localizing expression to specific cell types. We
focused on two pathways known to be associated with prostatc
cancer behavior: neuroendocrine effectors and apoptosis (28,
29-31). Of the 80 genes in the grade’ classifier with known
biological functions, 5 are reported 1o modulate ncuropeptide or
aminc metabolism: moncamine oxidasc A (MAOA), YWIIAZ/
14=3-3-(, OAZ2, CPE, and SLC2243. MACA is encoded by a
polymorphic gene localed on the X chromosome (hat calalyzes
the oxidative deamination of biogenic amines, such as cal-
ccholamines and indolamine transmitters, throughout the body.
Gene variants conferring up o 50-lold’ differences in MAOA
activily have been associaled with-a variety of neurological and
psychosocial disorders, but few studies of MAOA in the conlext
of cancer biology have been reported. The physiological func-
tions of amine oxidases remain to be-conmipletely established, but
amine metabolism is linked (o essential cellular processes such
as cell growth and dillerentiation (32). The byproducts of amine
metabolism include M0, and hydroxyl radicals thal may con-
tribute to aspects of lumorigenesis, including redox-sensitive
pathways such as MAP-kinasc signaling (33).

‘I'o further characterize the association belween MAOA ex-
pression and the differentiation state of prostate caneers, we
measured MAOA protein levels by THC on panels of tissue
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microarrays (TMAS) representing independent patient cohorls
ot cvaluated in the initial analyses of transcript levels. A
comparison of 469 benign and 889 cancerous samples demon-
strated that MAQOA protein expression was elevated in cancer-
ous cpithelium relalive to benign seeretory cpithelium (P <
0.0001, proportional odds-regression analysis) (34) (Fig. 3 a—d),
and MAOA expression was signilicantly elevaled in Gleason 4 or
5 samples relative (o Gleason 3 samples (P < 0.0001, propor-
tional odds-regression analysis). The Tinding that high levels of
expression of MAOA protein characterizes high-grade proslate
carcinoma raiscs the possibility that patients on long-term
MAOA inhibitors might have lower [requencies of high-grade
prostate cancer il MAOA plays a mechanistic role in the
development of high-grade prostale cancer.

Six genes functionally linked to (he regulation of apoplosis
were present in the cohort of grade-classilying genes. OF these,
the gene encoding defender against death {(DADI) provides an
intriguing link belween apoptosis and Ihe influence of tumor
survival factors associaled with perincural invasion {PNI).
DADI is a downstream target of the NIFKI3 survival pathway and
exhibils an antiapoptotic function (35). #u vitro studics modeling
PNl-associaled proslate cancer growth measured increased pro-
liferation, reduced apoptosis, and clevaled expression of NFER
and DADI in tumor cells located in proximity o ganglia and
nerve tissue (36). We evaluated the expression of DADI protein
by [TIC in TMAs of formalin-fixed radical prostatectomy cores
that, together, comprised 131 benign and 306 cancerous samples.
High DADI expression was significantly associated with can-
cerous epithelium relative lo benign seerelory epithelium (P <
0.0001). In agreement with the transeript analyses, DADI pro-
tein levels also exhibited a strong association with Gleason
pattern. Cancers of patlerns 4 and 5 were more likely Lo stain
intensely than low-grade cancer of pattern 3 (P < 0.0001) {Iig.
3e-ir).
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Conclusions

In this study, we have identificd a panel of molecular alterations
that associale with the histological interpretation of prostate
cancer grades. The panel performed with high accuracy across
three independent pancls .of prostate, adenocarcinomas pro-
cessed and analyzed by using di\'ergc:"__-_tl techniques, Gleason
patierns 4 and 5 cancers were virtually tndiStinguishable at the
molecular level with our model. This finding is in accord with the
clinical observation that Gleason pallerns 4 and 5 tumors arc
associated with similar prognoses and, tius, are managed iden-
tically (37). If demonstrated to be mechanislically involved in
cancer progression, the proteins encoded by grade-discriminat-
ing gencs could serve as targets for pharmaceutical inhibition.
Grade-discriminatory proteins may also have ulility as serum
markers for idenlifying high-grade prostate cancer. In this
context, the association of MAOA exbression with prosiale
cancer and grade is a {inding that [urther implicates neuroen-
docrine features as mediators of prosicie carcinogenesis. ‘This
linding has clinical importance, because ihe presence and extenl
ol a neuroendocrine component in a prostate carcinoma corre-
lates with tumor aggressiveness (37). The ready availability of
monaminc oxidase inhibitors offers an immediate opportunily to
determine the clinical relevance of this finding.

]

Materials and Methods !
Tissue Acquisition. All materials were acquired and used in
conformity with Institutional Review Board-approved protocols
at the University of Washington and Oregon Ilcalth & Science
University. Two types of tissue were used for this study: fresh,
nonfixed tissue as a source of RNA for laser microdissection and
formalin-fixed, paraffin-embedded tissu® for IHC studics. The
nonlixed tissue consisted of frozen tissue blocks from radical
prostatectomies and an independent saraple set of frozen tissue
blocks containing prostalc needle core biopsics. Delails af tissuc
handling are provided in Supporting Materials and Methods.
Fixed tissue sumples consisted of two types: blocks correspond-
ing to the fresh tissue samples that were used for the laser
microdisscetion preparations and TMAs.

Laser-Capture Microdissection (LCM) and RNA Preparation. I'rozen
seclions (8 pm) were cut [rom optimal cutting temperature
medium (OCT) blocks and immcdialély lixed in cold Y5%
ethanol. After bricl (5-10 seconds) slaining with hematoxylin
using the HistoGene staining solution i Aitturus Engineering
Mountain View, CA), the scctions were dehydrated in 1009
cthanol, followed by xylenes (per the manufacturer's protocol).
Epithelial cells (=5,000) from both histologically benign glands
and cancer glands were separately laser-capture microdissceted
by asing the Arcturus PixCell 11 instrument. Only one Gleason
patiern was included in cach laser-captured cancer sample. A
lotal of 32 different Gleason patterns were capiured from the 29
radical prostatectomy samples: 12 Gleasan patlern 3, 12 Gleason
patiernd, and 8 Gleason pattern § samplés. A total of 30 Gleason
patterns were captured from the 30 needle core biopsy samples,
with some samples comprising combinations of Gleason pat-
lerns. Matched benign epithelium was captured for cach cancer
sample, for a total of 121 samples, Digital photographs were
taken of tissue scetions before, during; and after LCM and
assessed independently by two investigators to conlirm the
Gleason patterns of the laser-captured cells. RNA extraction and
. amplilication were performed by using standard procedurcs
deseribed in Supporting Materials and Methods.

Microarray Hybridization, Data Acquisition, and Analysis. rostate
Expression Database ¢DNA microa rrays were prepared on polyl .-
lysine-coaled glass microscope slides by using a roboticspotling ool
as described in ref. 38. cDNA probes were made from 2 g of
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amplified RNA and randomly labeled with either Cy3 or CYS dye
to account for dye bias. Patient-matched normal and cancer probes
were combined, filtered, and competitively hybridized 10 microar-
rays under a coverslip for 14 h at 63°C. Lurther details are provided
in Stipporiing Materiols and Methods.

Iluorescenl array images were collected [or both Cy3 and Cys
cmissions by using a GenePix 40001 [Nuorescent scanner {Axon
Instruments, Foster City, CA). The image-intensity data were
gridded and extracted by using GENEPIX PRO 4.1 soltware, The
specilics of microarray data processing are provided in Support-
ing Materials and Metlods. Microarray data sets from this stu dy
are deposited in the GEO respository under accession no,
GSES132,

To compare the overall expression patterns of all radical pros-
latectomy cancer samples to their patient-matched normal samples,
the filtered log-ratio measurements were analyzed by using the
Significance Analysis of Microarrays (SAM) procedure (39) (www-
slztt‘slanfmd.cdu,/~lihs/S/\M). In this analysis, a ene-sample ¢ test
was used [0 determine which genes were significantly diff crentially
expressed belween cancer samples and their patient-matched nor-
mal samples. We call the set of significant genes the Cxpression
prolile associated with prostate cancer.

To identify gene-expression alierations associated with specilic
Gleason paiterns, we used Prediction Analysis for Microarrays
(PAM) (13), a supervised classification method. Tull technical
details are provided on the PAM web sile (www-slal.stanford.edu/
~tibs/PPAM). We divided the radical prostateclomy samples inlo
two classes (Gleason pattern 3 and Gleason patiern 4 or 5) and
applied PAM 1o identify several small gene cohorts that classilied
the samples with low error rates under leave-out-one cross-
validation. To evaluate the predictive propertics of (hese gene sels,
we classificd an independent sample set of Gleason patlern cancers
compused of prostale needle core biopsy samples, An additional
visual assessment of the degree (o which our gene model partitioned
the radical prostatectomy samples by Gleason patlern was under-
taken by using principal-components analysis of the samples (40).

Quantitative (q)RT-PCR, c'INA was penerated from | pe ol aRNA
by using 2 pg of random hexamers for priming reverse tran-
scription by SuperScript 11 (200 units per reaction: Invitrogen).
qRT-PCRs were done in triplicate, by using ~5 ng of cDNA, 0.2
mM cach primer, and SYBR green PCR masler mix {Applied
Biosystems) in a 20-pl reaction volume, Reactions were carried
out and analyzed by using an Applicd Biosystems 7900 sequence
detector. Samples were normalized 1o the eycle threshold value
obtained during the exponential amplification of RPLI3A. The
expression level of HSDI7134 was calculated. Values were re-
ported as the ratio of gene expression in neoplastic to normal
cpithelium. Additional details and primer sequences are pro-
vided in Supporting Materials and Methods.

TMAs. Fight TMAs were used for these studies, All samples in all
arrays were provided in duplicate. Two arrays of predominantly
primary prostale cancers (of 159 and 234 samples, respectively)
have been described (41). Six arrays represented a range of
Gleason grades, a mix of prostate cancer tissue of different
biologic states [normal, atrophy, benign prostatic hyperplasia
(BPH), prostatic intracpithelial ncoplasia {PIN), primary pros-
tate carcinoma, and metastatic prostale carcinomal, and a mix of
dilferent normal and ncoplastic tissues. Altogether, 469 unique
samples of benign prostate glands and 889 unique samples of
primary prostate carcinoma (572 Gleason patiern 3, 276 Gleason
paticrn 4, and 41 Gleason pattern 5) were used for MAOA
immunostaining. And 131 unique samples of benign prostale
glands and 306 unique samples of primary proslate carcinoma
(211 Gleason pallern 3, 77 Gleason paltern 4, and 18 Gleason
patlern 5) were used for DAD] immunostaining,
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IHC. Antibodies recognizing MAOA (sc{ZOlSﬁ; Sania Cruz Bio-
technology) and DADI (s¢-25557: Santa Cruz Biolechnology) were
used 1o stain TMAs composed of benign and neoplastic prostate
tissues. Specificity of labeling was confirmed by both omission of the
primary antibody and immunostaining the scetions with a primary
antibody against an irrelevant antigen, Immunolocalization was
done by using a three-step avidin-biotin-aeroxidase methad. The
sections were counlerstained with hematosylin, Further details are
previded in Supporting Materials and Methods.

IHC stains were evaluated by using the following calegorical
compositional scale: 0, no expression; 1, <5% of the cells express
the antigen; 2, 5-20% of the cells express the antigen; and 3,
20-100% of cells express the antigen. The lollowing cell Lypes were
cvaluated: secretory and basal cpithelia;, high-grade PIN, and
Gleason pattern 3, pattern 4, and patters 5 tumor cells, When a
seetion had several Gleason patlerns, cach patiern was scored.

To test for differences in the staining intensily of different cell
Lypes, we used a proportional-odds model and included the
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Adenocarcinomas of the prostate can be categorized inte tumor
grades based an the extent to which the cancers histologically
resémble normal prostate glands. Because grades are surrogates of
intrinsic tumor behavior, characterizing tie molecular phenotype
of grade is of potential clinical importance. To identify molecular
alterations underlying prostate cancer grades, we used micradis-
section to obtain specific cohorts of cancer cells corresponding to
the most common Gleason patterns (patterns 3, 4, and 5) from 29
radical prostatectomy samples. We paired each cancer sample with
matched benign lumenal prostate epithelial cells and profiled
transcript abundance levels by micrearray analysis, We identifiad
an 86-gene model capable of distinguishing low-grade (pattern 3)
from high-grade (patterns 4 and 5) cancers. This model performed
with 76% accuracy when applied to an independent set of 30
primary prostate carcinomas. Using tissue microarrays comprising
>800 prostate samples, we confirmed a significant association
between high levels of moncamine oxidase A expression and
poorly differentiated cancers by immunchistochemistry, We also
confirmed grade-associated levels of dafender against death
(DAD1} protein and HSD 1784 transcripts by immunohistochemistry
and quantitative RT-PCR, respectively. The altered expression of
these genes provides functional insights into grade-associated
features of therapy resistance and tissue invasion. Furthermore, in
identifying a profile of 86 genes that Jdistinguish high- from
low-grade carcinomas, we have generated a set of potential
targets for modulating the development and progression of the
lethal prostate cancer phenotype.

carcinoma | monoamine oxidase A | microarray | expression profile

Thc prognosis and choice of therapy for prostate cancer is
based primarily on three parameters obizined at the time of
diagnosis: clinical stage, serum prostate-specilic antigen (PSA),
and the Gleason score of the eancer (1). The Gleason grading
system, which is bascd on microscopic tumor architecture,
consists of five histological patterns that annotate cancers into
calegories exhibiting well differentiated (pattern 1) to poorly
dilferentiated (patiern 5) features (2, 3). A number from | 105
is assigned to the most prevalent pattern. A sccond number, also
from | 10 5, is assigned 1o the second mos: prevalent pattern, 'I'he
Gleason grade, which is the sum of these two numbers, has a
value between 2 and 10. In current practice, the vast majority of
prostate cancers have a Gleason score of =6 (4, 5). Henee,
lumors composed of patterns 3, 4, and/or 5 are considered
clinically significant. The reporting of individual Gleason pat-
terns is not a trivial distinclion, because the amount of patlern
4 and the presence of any pattern 5 has been highly correlated
with probability of cancer dissemination, response to therapy,
discase outcome, palient-management “decisions, and clinical-
trial enroliment (6, 7). Numerous studies have demonstrated a
dirtel correlstion between Gleason score and elin ical measure-
ments of discase outcome, including death duc to tumor within

www.pnas.org/cgi/doi/10.1073/pnas 0603678103

15 years and likelihood of remaining free of hiochemical evi-
dence of disease recurrence after cither definitive, potentially
curative radical prostateclomy or radiation therapy (8). Al-
though different Gleason patlerns are histologically distinctive,
the molecular features underlying these tumor phenotypes are
nol precisely defined. In this study, we sought 1o characterize the
maleeular profile of prostale carcinomas of specilic Gleason
patterns. Tumor cell transeript levels were used to develop a
model capable of distinguishing the low-grade (pattern 3) from
high-grade (patterns 4 and 5) lumors, We validated the predic-
tive power of the model by using an independent set of primary
prostale cancers and confirmed grade-associated diffcrences in
protein-cxpression levels using a third sample cohorl. Together,
these resulls identify both consistent and divergent features of
the molecular framework that underlies the histological classi-
lication of cancer grade,

Results and Discussion

Gene-Expression Profiles Associated with Prostate Cancer Grades. ''o
identity molceular alterations correlating with histological tumor
grade, we used laser-caplure microdissection lo exclusively ac-
quire the cpithelial cell component of prostate carcinoma foei
corresponding to individual Gleason pattern 3, 4, or § cancers.
After linear amplification, gene-expression alterations in tumor
cells were measured by eDNA microarray hybridizations in a
head-lo-head fashion against patient-matehed microdissected
benign scerctory epitlizlial cells. A (otal of 121 benign and
neoplastic samples from 59 radical prostatectomies and 30
prostate needle core biopsics contributed to the analysis.

To assess the generalized applicability and consistency of the
methods, we lirst sought to identify consistent prostate cancer-
associaled transeripl allerations irrespective of grade. Using
microdissceted epithelium from radical prostatectomy saniples,
we identificd 736 genes with altcred expression levels belween
benign and neoplastic epithelium (false discavery rate <0.01%).
Lhis cohort included several genes previously reported to be
dilferentially expressed in prostale cancers, such as hepsin,
AMACR, and CAMKK? (Fig. 1A4) (9-12). These findings pro-
vided validation that our methods replicated results of earlier
expression-profiling studics, despite using the very small sample
quantitics obtained by laser microdissection and subjecting the
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Abstract

Baclkground: Invasive ductal ad lobular carcinomas (IDC and ILC}) are the most common histological types of breast
cancer. Clinical follow-up data and metastatic patterns suggest that the development and progression of these tumors

are different. The aim of our study was to identify gene expression proflles of IDC and ILC in relation to normal breast
epithelial cells.

Methods: We examined 30 samples {normal ductal and lobular cells from 10 patients, IDC cells from 5 patients, ILC
cells from 5 patients) microdissacted from cryosections of ten mastectomy specimens from postmenopausal patients.
Fifey nanograms of total RNA were amplified and labeled by PCR and in vitro transcription. Samples were analysed upon
Affymetrix UI33 Plus 2.0 Arrays. The expression of seven differentially expressed genes (CDHI, EMPI, DDRI, DVLI,
KRTS, KRTS, KRT17) was verified by immunohistochemistry on tissue microarrays, Expression of ASPN mRNA was
validated by in situ hybridization on frozen sections, and CTHRC 1, ASPN and COL3A! were tested by PCR.

Results: Using GCOS pairwise comparison algorithm and rank products we have identified 84 named genes common
to ILC versus normal cell types, 74 named genes common to 1D versus normal cell types, 78 named genes differentially
expressed between normal ductal and lobular cells, and 28 named genes between IDC and ILC. Genes distinguishing
between IDC and ILC are invoived in epithelial-mesenchymal transition, TGF-beta and Wit signaling. These changes
were present in both tumor types but appeared to be more prominent in ILC. Immunchistochemistry for several novel
markers (EMP1, DVLI, DDRI} distinguished large sets of IDC from ILC.

Conclusion: IDC and ILC can be differentiated both at the gene and protein levels. In this study we report twa candidate
genes, asporin {ASPN) and collagen triple helix repeat containing | (CTHRC!) which might be significant in breast
carcinogenesis. Besides E-cadherin, the proteins validated on tissue microarrays (EMF1, DVLI, DDRI} may represent
novel immunchistochemical markers helpful in distinguishing between IDC and ILC, Further studies with larger sets of
patients are needed to verify the gene expression profiles of various histological types of breast cancer in order to
determine molecular subchssifizations, prognosis and the optimum treatment strategies,

Page 1 of 20
{page number nof for citation purposes)




8MC Cancer 2007, 7:55

Background
Invasive ductal (IDC) and lobular carcinomas (ILC) are
the most common histological types of breast cancer
[1,2). The terminology of ductal and lobular carcinomas
is considered to be controversial as on purely anatomical
grounds there is no justification for this nomenclature.
Both carcinomas are derived fron: the terminal duct lobu-
lar unit (TDLU), and the differences in their morphology
are likely to reflect the differences in mechanisms of car-
cinogenesis rather than the anatomical origin of the
lesions. At presentation the clinical pathological parame-
 ters such as tumor site, size, grade and stage are similar for
both tumor types [3], however, clinical follow-up data
and the patterns ol metastasis suggest that their develop-
ment and progression are differ:nt [4,5]. Treatment for
stage-matched tumors is similar [6], but ILCs are often
resistant to neoadjuvant therapy. [7]. Although patients
with [LCs are older, have low grade tumor and less lym-
phatic invasion, they have no survival advantage com-
pared with IDCs [8,9].

Expression profiling using microurrays is a powerful tech-
nology which enables the simultaneous study of the
expression of thousands of genes and, in conjunction with
laser capture microdissection, the high-throughput
genetic analysis of morphologically distinct cell subpopu-
lations within tumor tissue [10,11]. Microarray analysis
has a number of applications, including tumor classifica-
tion, molecular pathway modeling, functional genomics,
and coroparison of gene expression profiles between
groups [12]. The study of gene expression in primary
breast tumor tissues is complicated for two major reasons,
Firsl, breast cancer consists of many different cell types,
including normal epithelial, stromal, adipose and
endothelial cells. Second, tumor cells are morphologically
and genetically diverse [13]. The recent development of
laser capture microdissection has provided an opportu-
nity to generale gene expression signatures from individ-
ual cell types [14-20.

Microarrays were used for analy-is of breast tuinor sub-
classes with clinical implication [21,22], for analysis of
gene expression changes in single breast cancer cells from
within the same tumor [14], for expression analysis of dif-
ferent gene families in breast cancer [23,24], and for anal-
ysis of gene expression in different cellular and tumor
types [25-28]. ER status of the tumor was the most impor-
tant discriminator of expression subtypes. Unsupervised
hierarchical clustering segregatec these tumors into two
main clusters based on their basal (predominantly ER
negative) and luminal (predomirantly ER positive) char-
acteristics [29]. Ductal breast cancer classes have been
identified with aggressive phenotype and poor prognosis
versus those with good prognosis [30-32]. Another study
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reported distinct expression patterns based on BRCA1 and
BRCA2 status [33].

To date, few papers have been published on gene expres-
sion profiles of normal cell populations in the mammary
gland [34]. Several studies suggest differences in expres-
sion profiles of IDC and ILC. Inactivating mutations of E-
cadherin gene are very frequent in 11.C [35]. However, the
loss of C-cadherin expression was shown to be an inde-
pendent prognostic marker for recurrence, especially in
node-negative breast cancer patients, irrespective of the
histological type [36). Abnormal cytoplasmic and nuclear
localization of p120, a member of the E-cadherin/catenin
achesion complex, is mediated by E-cadherin loss and
occurs in the early stages of ILC [37]. Non-microdissected
IDC and ILC tissues have also been used to study specific
gene expression profiles of lobular and ductal wmors
(38.39]. We aimed to identify genes differentially
expressed between normal cell types (ductal and lobular),
between tumor cells and normal cells as well as between
tumor types (ductal no special type and lobular). Despite
examining limited number of patients, our study is the
first full genome analysis of microdissected ductal and
lobular tumor and normal cells which allowed us to
detect normal mammary epithelium- and cancer-specific
genes.

Methods

Laser capture microdissection and RNA isolation
Altogether ten surgical specimens with either invasive
ductal carcinoma NST (no special type) (n = 5) orinvasive
lobular carcinoma (n = 5) were investigated. This research
protocol was approved by the cthics committee at Palacky
University. Tumor and normal tissues from the same
mammary gland we-e identified by an experienced
pathologist, snap-frozen in liquid nitrogen and stored at -
80°C for further analysis, For microdissection, {rozen tis-
sues were embedded in TissueTek medium and cut on

standard cryostat (Leica CM1850, Leica Microsystems .

GmbH, Wetzlar, Germany). Frozen sections {7 pm) were
immediately fixed in acetone, stained by hematoxylin and
dehydrated in alcohol and xylene. All solutions were pre-
pared using diethyl pyrocarbonate-treated water. RiNase
free instruments and RnaseZap (Sigma, St Louis, MO,
USA) were used throughout.

At least 1000 infiltrating ductal or lobular tumor cells
together with normal lobular and ductal cells were micro-
dissected from cryosections using the Veritas™ Laser Cap-
ture Microdissection System (Arcturus Bioscience, Inc,
Mountain View, CA, USA) according to standard proto-
cols. When microdissecting narmal cells, no attempt has
been made to exclude basal or myoepithelial cells for two
reasons. First, both ducts and lobules are atrophic in men-
opause, and no clearly defined layers of luminal and
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mycepithelial cells are preserved, Second, it is impossible
to exclude contamination with or entrapment of myoepi-
thelial cells during the microdissection procedure. Caps
with captured cells were directly -placed in 100 pl lysis
buffer (Qiagen, [ilden, Germany). Total cellular RNA was
isolated (RNeasy” Micro Kit, Qiagen) according to manu-
facturer's recommendations and subsequently quantified
on a Nanodrop spectrophotometer (Nanodrop Technalo-
gies, Wilmington, DE, USA),

RNA amplification, microarray target synthesis and
hybridization _ '

Fifty nanograms of total RNA wer reverse transcribed and
amplified by Microarray Target Amplification Kit (Roche
diagnostics, Basel, Switzerland).:In brief, tatal RNA (50

ng} was converted into ¢cDNA using a modified oligo (dT)

primer (TAS-T7 Oligo (dT),,). A unique Target Amplifica-
tion Sequence (TAS) with no homology to any known
sequences in public databases generated the 3' anchor on
the cDNA for subsequent PCR amplification. In order to
include a 5' anchor sequence on the ¢cDNA, the TAS-
(dN),o primer was used for the initiation of the second
strand cDNA synthesis. After puritication using the Micro-
array Target Purification Kit (Roche), PCR was performed
using the TAS primer and Expand ?C? Enzyme Mix which
is optimized for long (>1 kb) and‘unbiased PCR products,
In order to ensure that messages were not amplified to sat-
uration, the optimal number of PCR cycles was estimated
by preliminary PCR and agarose electrophoresis of PCR
products from cycles 21, 24, 27, 30 and 33. The optimal
'number of PCR cycles was set either to 27 cycles for
patients 3, 4, 8, 9, and 10 or 29 cycles for patients 1, 2, 5,
6, and 7. All three populations from each patient were
amplified by the same number of PCR cycles. If higher
PCR cycling was needed for anv cell population, new
microdissection, RNA isolation, cDNA synthesis and PCR
amplification were performed until the same PCR cycling
was possible. After purification with the Microarray Target
Purification Kit (Roche), the PCR products were labeled
with biotin-14-CTP (Invitrogen, CarlsBad, CA, USA) and
biotin-16-UTP (Roche) by in wvitro transcription using
Microarray RNA Target Synthesis Kit T7 (Roche). The
labeled cRNA was purified using the Microarray Target
Purification Kit (Roche), quantified by spectrophotome-
ter and checked by agarose electrophoresis. The entire
amplification and labeling process was monitored by
GeneChip® Eukaryotic Poly-A RNA Control Kit (Affyme-
trix, Santa Clara, CA, USA) with ~xogenous positive con-
trols which were spiled into the ‘iotal RNA before cDNA
synthesis. In all cases, 25 g of each biotinylated cRNA
preparation was fragmented, assessed by gel electrophore-
sis,-and placed in hybridization cocktail containing bioti-
nylated hybridization controls (GeneChip™ Eukaryotic
Hybridization Control Kit, Affymetrix). Samples were first
hybridized to Test3 Arrays for 16 hours, washed, stained
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using antibody-mediated signal amplification and
scanned. After passing this quality control stage, the sam-
ples were hybridized onto the large Human Genome
U133 Plus 2.0 Arrays (Affymetrix).

Micraarray data analysis

Scanned images of microarray chips were analysed by the
GCOS (GeneChip Operating Software) from Affymetrix
with the default settings except that the target signal was
set to 100. Differentially expressed genes between cell
types were identified using the GCOS change algorithm
and Rank Products (RP) [40] following RMA (Robust
Multiarray Analysis) [41]. GCOS pairwise analysis was
performed to compare gene expression levels among the
normal lobular, normal ductal and tumor cells within
individual patients and between lobular and ductal carci-
noma cells of different patients. For each comparison
between two cell types, the number of increase and
decrease calls of each probe set was calculated using MS
Excel and probe sets with the highest number of consist-
ent changes among all patients were identified. Probe
level quantile normalization [40] and robust multiarray
analysis [41] on the raw. CEL files were performed using
the Affymetrix package of the Bioconductor [42]. The cut-
off value of percentage of false-positives for RP analysis
was set to 10%. Gene lists were uploaded to DAVID (Dala-
base for Annotaticn, Visualization and Integrated Discov-
ery) [43], and functional annotation was performed,
Further informations on genes were obtained from public
databases, such as Gene Cards [44| and NETAFFX Analysis
Center [45]. Hierarchical clustering was performed using
dChip software [46]. The data discussed in this publica-
tion have been deposited in NCBI Gene Expression
Omnibus (GEO) [47], and are accessible through GEO
Series accession number GSE5764.

Validation by immunochistochemistry

Seven differentially expressed genes were verified by
immunohistochemical staining on tissue microarrays
(TMA), which were constructed from 119 breast cancer
cases and conlained 278 cores of 2.0 mm diameter. They
consisted of 80 ductal carcinomas, 29 lobular carcinomas,
one tubular carcinoma, 3 medullary carcinamas, 2 tubu-
lar-lobular carcinomas, 2 mixed ductal-lobular carcino-
mas, one mucinous and one papillary carcinoma, The
construction of the tissue microarrays was done using a
tissue arrayer {Beecher Instruments, Inc., Sun Prairie, WI,
USA) |48]. The paraffin sections from 22 additional breast
cancer samples containing normal mammary gland struc-
tures were used for comparison.

TMA sectians were stained using standard immunohisto-
chemical methods. Monoclonal mouse antibodies against
cytokeratin 17 (diluticn 1:100, clone 2D4-1G9, Abnova,
Taipei, Taiwan), cytokeratin 5/6 (dilution 1:100, clone
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D5/16 B4, Dako, Denmark) and E-cadherin (dilution
1:50, clone NCH-38, Dako), polyclonal mouse antibodies
against EMP1 (epithelial membrane antigen 1; dilution
1:100, clone 2D4-1GY, Abnova), DDR1 (discoidin
domain receptor 1; dilution 1:100, Abnova) and DVL1
(human homolog of the Drosophila dishevelled gene;
dilution 1:100, Abnova) were used. Microwave antigen
retrieval was performed in citrate buffer (pH 6.0). For
antigen visualization, the EnVision/HRP system and
DAB+ (Dako) were used, slides tvere subsequently coun-
terstained with hematoxylin, dehydrated and mounted in
Canadian balsam. Immunohistochemical procedure was
optimized by testing different antigen retrieval methods
and negative controls. We regarded cells as immunoreac-
tive when an obvious membranous or submembranous
(E-cadherin, DDR1, EMP1) and cytoplasnic {cytokerat-
ins, DVL1) staining was seen; Immunoreactivity was
scored as follows: retained (++) when more than 50% of
membrane/cytoplasm were strongly positive, reduced (+)
when 10-50% of the membrane/cytoplasm were positive,
and absent (-) when 0-10% of the membrane/cytoplasm
were positive. Frequencies of positive and negative stain-
ing in tumor and normal tissues were compared hy
Fisher's exact test (Statistica 6.0, StatSoft, Prague, Czech
Republic).

Yalidgtion by in situ hybridization

Asporin mRNA expression was verified by chromogenic in
situ hybridization (CISH) on frozen sections. Fluorescein
labeled oligonucleotide (5'AAG TTG GTG-GTA AGC CIT
TAG GAA CTG AGG-FAM) was designed to the junction of
exons five and six of the asporin mRNA (Generi Biotech,
Hradec Kralove, Czech Republic); Sections were mounted
on Superfrost Plus slides and stored at -80°C until further
staining. Before CISH, the sections were heated at 50°C
for 2 min, and then dried at roomytemperature for 30 min.
Tissues were delipidized in chloroform at room tempera-
ture for 5 min and dried to evaporate the chloroform.
Block of endogenous peroxidase aclivity was followed by
incubation of tissue sections in 10% paraformaldehyde
for 7 min, then washed in PBS for’3 min and in 2x §5C (1x
SSC contains 150 mM NaCl, 15-mM sodium citrate; pH
7.2) twice for 5 min. The section® were covered with 100
ul hybridization bulfer (60% fosmamide, 5x SSC) con-
taining 150 ng/ml of probe and incubated in moist cham-
ber at 37°C for 22 hours. After the hybridization,
unbound probe was washed from the sections at 37°C by
2x §8C for 5 min, then three times with 60% formamide
in 0.2x S5C at 37°C for 5 min, and twice with 2x 88C at
room temperature for 5 min. Then polyclonal rabbit anti-
FITC/HRP (dilution 1:40, Dakc) was applied at room
temperature for 45 min, followed by washing in 2x $SC
twice for 10 min. For visualization, DAB+ (Dako) was
used, slides were subsequently counterstained with hema-
toxylin, dehydrated and mounted in Canadian balsam.
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Validation by PCR

Preducts after PCR amplification (see RNA amplification,
microarray target synthesis and hybridization) were used
for verification of CTHRC1, ASPN and COL3AI gene
expression using gene specific PCR. The primers were as
follows: CTHRCI forward 5'ACA AGT GCC AAC CCA
GAT AGC AAG, reverse 5'ATC GCA CIT CIT CIG TGG
AAG GAC (20 gycles 0f 95°C, 59°Cand 72°C 1 mineach,
product length 79 bp, kindly provided by Dr. Danuta
Radzioch, McGill University, Montreal, Canada), ASPN
forward 5'GTT CAG CIT GGG AAC TIT GGA ATG TAA,
reverse 5'ACE GCA ATA GAT GCT TGT TTC TCT CAA CCC
(20 cycles of 95°C, 58.5°C and 72°C 1 min each, product
length 243 bp [modified from [49]], and COL3A1 forward
STTG TCA ACC AGT GCA AGT GAC CGCA G, reverse
5TGG TGA GCA CAG TGA TTG GTC TGC A (20 cycles of
95°G, 59°C and 72°C 1 min each, product length 276
bp) [50]. PCR products were separated on 10% polyacry-
lamide gels, stained with ethidium bromide and captured
using a gel documentaticn system {(DIANA 11 with cooled
CCD camera, Raytest, Germany). Band intensities,
expressed as "OD (optical density) x em”, were assessed
by Multi-Analyst densitometric software {Bio-Rad, USA).
The results were correlated with flucrescence signals from
the relevant Affymetris probe sets by Spearman coefficient
using Statistica 6.0 software (StatSoft, Czech Republic).

Results

Unsupervised clustering

The clinical and histopathological characteristics includ-
ing lymph node status, tumor grade, expression of estro-
genfprogesterone receptors (ER/PgR), c-erbB-B2/1ER2/
neu and accompanying lesions of ten breast cancer
patients are shown in Table 1. We microdissected normal
and tumor cells from these cases which resulted in a total
of 30 samples for gene expression profiling (10 normal
ductal, 10 normal lobular, 5 tumor ductal and 5 tumor
lobular). Unsupervised clustering of all samples was per-
formed wusing all probe sets without filtering. No tumor
types were grouped together but two large clusters were
evident: one mainly consisted of tumor cells and the other
cluster mainly of normal cells. This clearly suggests differ-
ences in global gene expression profiles of tumor and nor-
mal cells (Figure 1),

Genes differentially expressed between normal ductal and
febular cells

In this comparison 367 probe sets were identified by pair-
wise comparison, and 501 probe sets by Rank Products
(RP). There were 82 probe sets (78 named genes) identi-
fied by both methods. In paitwise comparisons, the differ-
entially expressed genes were found by selecting those
with count of changes more than 6 (out of 10, either
increase or decrease). Multiple cylokeratins (5, 7, 14, 15,
17) were expressed in both cells, but none of them was
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Table 1: Clinical ancd histopathologicul characteristics of breast cancer patients involved in microarray analysis

Ne Diagnosis Gradel” AC LN ER! PgR3 HER-2 Bel-2 E-CD
I IDC G3 IDH N, 0 0 0 80% >90%
2 IDC G2 nane N, 405 0 0 B0% >90%
3 IDC G2 noene Ny 10% 2% 0 70% »90%
4 IDC G3 nene Mg 0% 50% 2+12 100% >90%
5 IDC G2 oCis Mg G0% |9 0 95% >90%
6 ILC G2 LCis Ng 0 0 ] 30% 4]

7 ILC Gl - none N, 803 80% 0 100% 0
8 ILC Gl none N, 50% 0 0 80% 0
2 ILC G2 LCI5 N, 0 4} 0 <5% 0
10 ILC Gl nong Ny 50% 0% 1] BO% 0

ITumors were graded using the Nattingham cembined histologic grading system.

2No gene amplification was detected by flucrescent in situ hybridization.

3A complete H-score was calculated by summing the products of the percentage cells stained at a given staining intensity (0~100) and the staining

fntensity (0-3).

AC, accompanying changes; DCIS, ductal carcinoma It sitw; E-CD, E-cadherin; ER, estrogen receptar; [DC, invasive ductal carcinama, IDH,
intraductal hyperplasia; ILC, invasiva lobular carcinoma; LCIS, lobular carcinoma in sitt; LN, lymph node; PgR, progesterone receptor,

useful to separate two cell types. Genes encoding proteins
involved in proteolysis and metabolism (USP25,
TMPRSS3, ACACB), protein biosynthesis and modifica-
tion (PDE4DIP, LOXL1), ion transport (CLCN3, GABRP)
and protein kinase cascade (MAP4I(5) as well as genes reg-
ulating transcription (RFXAP, HSZEP36) were upregu-
lated in ductal cells. However, genes regulating cell
growth, activation and motility {TSPANS), genes encod-
ing actin-binding proteins (EH?3P1), small leucine-rich
proteoglycan (IDCN), and proteins with CTPase activity
(RHOBTB3, ARHGEF9) were overexpressed in lobular
cells (Table 2). Hierarchical clustering of normal cell types
based on the 82 probe sets found by both RP and pairwise
comparison showed that gene expression profiles of nor-
mal ductal and lobular cells from the same patients were
similar, and they could not be vrell separated from each
other (Figure 2).

Genes differentially expressed between tumor cell types
and normal cells

A comparison of ductal carcinoma cells with normal duc-
tal cells identified 1055 probe sets by pairwise analysis,
604 probe sets by RP and 326 probe sets by both methods.
A comparison of ductal carcinon: a cells with nermal lob-
ular cells identified 792 probe scts by pairwise analysis,
347 probe sets by RP and 171 probe sets by both methods.
A comparison of lobular carcinoma cells with normal
ductal cells identified 1022 probe sets by pairwise analy-
sis, 350 probe sets by RP and 201 probe sets by both
methods. A comparison of lobular carcinoma cells with
normal lobular cells identified 983 probe sets by pairwise
analysis, 344 probe sets by RP an 1 208 probe sets by both
methods (see Additional file 1). In painwise comparisons,
the differentially expressed genes were identified by select-
ing those with count of changes more than 4 (out of 5,
either increase or decrease).

Comparison between lobular carcinoma and normal eells

Combined pairwise analysis and RP have identified 106
differentially expressed probe sets (84 named genes) com-
mon to lobular carcinama versus normal ductal and lob-
ular cells. Of these probe sets, several genes encoding
proteins involved in extracellular matrix (ECM)-tumor
interaction and focal adhesion (COL6A3, COL8AL,
CTHRCI, TrBS2, COMP) were upregulated, whereas
ITGA2gene with the same function was downregulated in
tumor cells. ASPN (asporin) was one of the upregulated
genes with the highest fold change. It encodes a protein
with porin activity which belongs to a family of leucine-
rich repeat (LRR) proteins associated with the cartilage
ratrix. '

Of the differentially expressed genes involved in Wnt sig-
naling, SFRP2 (secreted frizzled-related protein 2) and
WISP1 (WNT1 inducible signaling pathway protein 1)
were upregulated in lobular carcinomas. Several genes
encoding proteins involved in actin, calcium and metal
ion binding were downregulated (MYBPCI1, DST, PIP,
CA2), and some genes with the same function (BGN,
ADAM12) were upregulated in lobular carcinomas.
CDH1 (E-cadherin) was downregulated in lobular tumors
accompanied by downregulation of ITGA2 (integrin,
alpha 2) which it is a ligand of. Several other genes were
differentially expressed between Iobular carcinomas and
normal cells. LYZ/LILRBI was upregulated in lobular can-
cer cells. Other downregulated genes were as follows:
CGNL1 is a cellular myosin that appears to play a role in
cytokinesis, cell shape, and specialized functions such as
secretion and capping; EHF encodes a protein that
belongs to an ETS transcription factor subfamily charac-
terized by epithelial-specific expression (ESEs). This pro-
tein may be involved in epithelial differentiation and
carcinogenesis; CLIC6 encodes a-member of the chloride
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Unsupervised hierarchical clustering of all samples
using all probe sets. No wmor types are grouped
together, however, two large clusters are evident: ane {blue}
mainly consists of tumor cells and the other {black} mainly
consists of normal cells. This suggests differences in global
gene expression profiles of tumor and normal cells. 1-10,
case numbers; D, ductal normal cel's; L, lobular normal cells;
Tdue, ductal tumor; Tlob, lobular tvmor.
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intracellular channel family of proteins and is involved in
ion transport {Table 3).

Comparison between ductal carcinoma and normal cells
Combined pairwise analysis and RP have identified 90
differentially expressed probe sets (74 named genes) com-
mon {o ductal carcinoina versus normal ductal and lebu-
lar cells. In particular, transcription regulators (ATF3,
PIGRY), genes encoding proteins with cytokine and growth
factor activity (PTN, CX3CL1) and genes encoding pro-
teins involved in ion transport and metabolism (ATP1A2,
MMP7) were downregulated in ductal carcinomas when
compared with normal cells (Table 3).

Comparison between both types of tumor cells and narmaf cells
Of 90 probe sets differentially expressed between ductal
carcinoma and both normal cells, and 106 probe sets dif-
ferentially expressed between lobular carcinoma and both
normal cells, only 25 probe sets were common (Table 3).
Hierarchical clustering based on those 25 probe sets
showed that tumor samples were grouped together, how-
ever, gene expression profiles of normal cell types from
cases 10 and 3 were different from other normal cells, and
tumor cells from case 2 were dilferent from other tumor
cells (Figure 3).

Several upregulated genes (collagen type I, 1, V, XI,
fibronectin 1, versican) were related (0 tumor- ECM inter-
actions and focal adhesion. Iowever, another gene medi-
ating focal adhesion, MYLK, was downregulated in tumor
cells. This gene encodes a myosin light polypeptide kinase
containing 1 fibronectin type-I11 domain. Genes encoding
proteins involved in jon and electron transport (CYB5R2,
GABRP), and genes encoding proteins with transcription
factor and regulator activity (ELI'S, ID4) were downregu-
lated in both populations of tumor cells. They have also
been implicated as regulators of cell proliferation, differ-
entiation, and mansformation. In addition, genes
involved in cell differentiation and apoptosis (PDZK1)
and genes encoding actin and’ actin-binding proteins
(CNN1, ACTA2) were also downregulated in both types of
tumeor cells. Wnt signaling molecules were differentially
expressed in our samples. Of these, SFRP1 (secreted friz-
zled-related protein 1} was downregulated in tumor cells,
and genes involved in calcium regulation pathway were
not significantly changed. Structural constituents of
cytoskeleton such as type 1 (14, 15, 17, 23) and type 11 (5)
keratins were downregulated in tumor cells. Several ather
genes were also differentially expressed between tumor
and normal cells. PI15 (peptidase inhibitor 15) was
downregulated, whereas LRRC15 (leucine rich repeat con-
taining 15} was upregulated in both tumor cells,
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Table 2: Genes differentially expressed between normal lobular versus normal ductal cells by both rank products and pairwise analysis

Probe Set! Gene Symhbol Gena Title

Rank products Pairwise comparison

Faold-change IncriDecr
Regulation of transeription
229411 _at RFXARS Regul: :ary factor X-assaciaced procein .30 176
229732 _ac HsZFpas) ZFP-36 for a zine finger protein 3.0 0/6
207117 _ac HpkT Kruepnal-related zinc finger protein 14 &l
Protein biesynthesis and modification
214130_s_ac PDE4DIPL Phosphodiesterase 4D interacting protein {myomegalin) -12 113
232752 _ac —taxth d CONA FLJ10302 fis. clone NT2RM2E00042 (lysyl oxidase-lika 1) BR| 146
Proteslysis and metabolism
49452_ac ACACBY Acety! Coenzyma A carboxylase bera -18 o/
220419_s_at usp2sl Ubiquitin specific paptidase 25 2.9 114
20177 _s_at TMrRss 3L Transmembrane proteass, serine 3 .28 116
len trenzpore
201735_s_ac cienid Chlarida channel 3 -2.8 i3
205044 _ar GABRPL Gammi-aminohutyric acid (GABA) A receptor, pi 13 I8
Actin binding
212650 _ac EHBRIT EH domain binding procein | 6 /0
GTPase activity
202975_s_ac RHOBTR3T Rho-raiated BTB domain containing 3 25 M
203264_s_ac ARHGEFST Cded2 guanine nucleotide exchange factor (GEF) 9 26 610
Regulation of cell development, activation, jrowth and motility
209890_ac TSPANST Tetraspanin £ 26 70
Smafl leucine-rich proteoglycan {step) famHy
211896 s ar  DONT Decorin 20 7
Protein kinose carcade
211081 _=_at Map4rsl Micogen-activated protein kinase kinase kinase kinasa 5 -2 17
Other
06157 _at T3l Pentraxin-ralated gene, rapidly induced by IL-1 beta 18 ur
218431 _ac Clduorfizzl Chramesome [4 open reading frame 133 27 o7
218514_ac FLj105874 Hypethetical procein FLJ 10587 2.5 \r
226760 _ac LC203411° Hypathrtical prorein LOCI0141 | 0 &2

T - upregulated in normal lobular cells; * — downregulated in normal lobular cells

|Affymetrix probe set number; If there *.=1s more than ane probe set for the particular gene found among top 20 changed genes (accarding to the
fold change), the probe set with the highast fold changs is used and number of other probe set is indicated.

Genes differentially expressed between ductal and lobular
carcinomas

in this comparison 208 probe sets were identified by pair-
wise comparison, 122 probe sets by RP, and 32 probe sets
(28 named genes) by both methoeds (Table 4). In Pairwise
comparisons, the differentially expressed genes were iden-
tified by selecting those with count of changes more than
19 (out of 25 inter-patient comparison, every ductal carci-
noma against every lobular carcizioma, either increase or
decrease}. These tumors were well separated by hierarchi-
cal clustering based on all 325 probe sets identified by RP
and/or pairwise analysis (Figure 4). The expression of
genes encoding proteins involved in cell adhesion was
changed. Although CDHI (E-cacherin), a classical mem-
ber of the cadherin superfamily, was downregulated,
THBS4 encoding calcium-binding adhesive glycoprotein,
thrombospondin-4, was upregulated in all lobular carci-
nomas. DDRT encoding receptor tyrasine kinase was over-
expressed in ductal carcinomas.

The DVLI gene encoding protein involved in Wnt signal-
ing and the leucine-rich repeat jrotein ASPN (asporin}
were upregulated in lobular carcinomas. Ductal carcino-

mas showed upregulated genes which are involved in cell
proliferation, signaling and cell cycle regulation, includ-
ing RHOU, member of the Rho family of GTPases stimu-
lating quiescent cells to reenter the cell cycle; PCSKG
encoding a calcium-dependent serine endoprotease;
PPKCI encoding calcium-independent and phospholipid-
dependent protein kinase C; PPPICB encoding prolein
phosphatase 3; and CKS2 encoding a component of the
CDC28 protein kinase. Epithelial membrane protein 1
(EMP1) was the only upregulated gene involved in cell
growth and proliferation in lobular carcinomas. These

“changes were accompanied by the differential expression

of transcription regulators. Majority of genes with this
function were upregulated in ductal carcinomas such as
AHCTFL, IRAKI, NRIPI, ADNP. Qverexpressed genes in
lobular carcinomas were the tumor suppressor FOXP1
and another transcription regulator MID].

The genes encoding proteins involved in ubiquitin-medi-
aled proteolysis, such as USP3, RKHD2 and TTC3, and
nuclear components, such as DTL, GLCC11, TICl4,
FAMS54A, HIST1H3B, were upregulated in ductal carcino-
mas. Majority of genes encoding proteins with enzyme
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Figure 2 W

Hierarchical clustering of normal ductal and lobular
cells based on 82 probe sets folind by both rank prod-
ucts and pairwise analysis, Ducsal and lobular cells from
the same patlents tend to cluster together, and they can not
be well separated from each other. This suggests expected
similarities of expresslon signatures:In normal epithelial {duc-
tal and lobular) cells of mammary gland tree. 1-10, case num-
bers; D, ductal normal cells; L, lobular normal cells.
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activity or implicated in metabolism were also upregu-
lated in ductal carcinomas (STK4, SLC1A2, B3GALTS,
OSBPL10, CRBN, CHML, YWHAB).

Two lobular and three ductal carcinomas were estrogen
receptor-negative, whereas three lobular and two ductal
carcinomas were estrogen receptor-positive. Hierarchical
clustering using all probe sets was performed to determine
whether receptor-positive and receptor-negative tumors
could be separated. The tumors of the same histological
type showed similar gene expression profiles without <if-
ferences in relation to ER status as well as to other clinical
parameters such as nodal status, stage and the expression
of other immunohistochemical markers (data not
shown).

Validation by immunohistochemistry on tissue microarrays
Seven differentially expressed genes (KRTS5, KR16 and
KRT17 between tumor and normal cells, CDI{1, EMPI,
DDRI and DVLI between lobular and ductal carcinomas)
were verified by immunohistochemical detection of pro-
teins on TMA slides comprising of cores from 119 cases.
The clinical and histopathological characteristics of these
patients are shown in Table 5. The reduced expression or
absence of cytokeratins 5/6 and 17 (KRTS5, KRT6, KRT17)
was found in both tumor tissues in comparison to termi-
nal ductlobular units in 22 normal mammary tissues (p <
0.0001) (Table 6 and Figure 5). In a majority of ducts and
lobules including TDLU, these cytokerating were
expressed in both basal and luminal cells, verifying the
previously described variability of the expression of basal
Cytokeratins and their relationship to the cellular origin
[51}. Cytokeratin 5 and 17 have also been found in a sub-
set of breast cancer and identified patients with poor clin-
ical outcome [31].

[-cadherin (CDH1) has successfully separated ductal and
lobular invasive carcinomas. It was absent in 93.3% of
lobular tumers compared with only 15% of ductal tumars
(p< 0.0001). Epithelial membrane protein 1 (EMP1), dis-
coidin domain receptor 1 (DDR1) and human homolog
of the Drosophila dishevelled gene (IDV1.1) were found by
pairwise comparison analysis to be differentially
expressed between lobular and ductal carcinomas. Immu-
nohistachemistry confirmed higher expression of DVLI
and EMPL in lobular carcinomas and of DDRI in ductal
carcinomas (p < 0.0001) (Table 7 and Tigure 5). Of the
spedal type carcinomas included on TMA slides, a papil-
lary and two medullary carcinomas were positive for basal
cytokeratins, one out of three medullary carcinomas was
positive for EMP1 and E-cadherin, a ductal-lobular carci-
noma was positive for DDR1, all other special type carci-
nomas were negative for these markers, and finally none
were positive for DVL] (data not shown),
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Table 3: Genes differentially expressed between tumor versus normal cells by both rank products and pairwise analysis

Probe Sat!

Gene Symhsl

Gene Title

Faold-change

Tduc Tiob
'
Lobular carcinoma vs normal cells 5 L D L b
(T - upregulated in Tlob, & - downregulathd in Tleb)
Extracelluiar matrix-receptor interactian ar;.ij focal adhesion {epithefial hymof transitiony
I3 14 _ar - 11Gazd ' Incegrin, alpha 2 n n -7 -56.2
201438 _at COLeAaT Collagen. type V1 alpha 3 n n 15 7.7
203083_ac THB52T Thrombospondin 2 n n 6.5 6.5
205713 _s_ac comrt Carellage oligomeric matrix proceln n a 67 8.l
226237 _ac coLaait Collgen. type VIl alpha | n n 9.4 59
'225681._“ CTHRCIT Collagen triple helix repeat containing ‘) n n 18.5 18.4
219087 _ac Asent . Asparin n n 223 2.
WNT signalling .
12312 5 ac 323122 _s_ae SFRPZT i1 Secrered frizzled.related protein 2 n n 5839 7471
229807 _at wiseit §I WNT | inducible signaling pathway protein | n n 9.l 124
Actin, calcium and metal ion binding i .
204455_at DsTl : Dystenin n n 222 -18.3
214087 _s_at MYBRCIL ‘ Myosin binding protein €, slaw type n n -0 -122
209301 _ar a2l Carbonlc anhydrasa || n n =22 87
206509_ac - ppl Pralactin-induced proteln n n 70 -6
200131 s_at COHIL Cadherin 1. type 1, E-cadherin n n 6.2 7.2
26777 _at © o ADAMIZT ADAM metallopeptidase domain 12 n n 5.7 53
213905_x_at BGNFSDCCAG;‘.; T’ . Biglycantserologically defined colan cancer anrigen 33 n n 83 732
Cther !
27742 _ac : ctcsl Chleride intracellular channel & " n 2.3 82
225817_ac conLid Cingulin.like | n n 59 78
219850_s_at EHFL Ees homologous factor n n -1 -6.3
2139755 _at LYZMREIT Lysoryme n n 108 73
Ductal carcinoma vs normal cells i
(+ —upregulated in Tduc, L = downregulated in Tduc)
Repulation of tronscription
202672 _s_at ATF3) Activating transcription facror 3 45 Ey i n n
226147 _s_ac PIGRL Polymeric immunoglobulin recepror 4.8 -10 n n
Cytakine and growth factor activiey :
209466_%_ac 211737 _%_at PTNL Pleiotrophin -5.8.7.1 83-125 n n
023 _act cX3CLH Chemokine (C-X3-C motif) ligand | 16 83 n n
lon transpart ond metobolism
203296_s_at ATPIAZL ATPase. NaHK+ transporting, alpha 2 832 2.6 n n
204259 _at MMP7L Matrix metallopeptidass 7 4.5 T2 n n
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Table 3: Ganes differentially expressed between tumor versus normal <ells by both rank products and pairwise analysis {Continued)

217353 _ar

SULFIL

Sulfatase | 4.6 40 n n
Other
1552602 _ar LOCI 18430 Srrall brease epithelial mucin A -10.4 n n
223623 _at ECRGHL Esophageal cancer refated gene 4 proreln 6.6 =56 n n
206548 _ac Fij235561 Hypochatieal procain FLJ21556 -63 =112 n n
218585_s_at ont Denticleless omolog {Drosophila) 18 18 n n
Tumor vs normal cells
(T ~ upreguiated in tumor, 1 - downregulated in tumor)

*Extracaluler matrix-rocoptar interaction ond focal adhesion (opithaisbmasanchymal wandtiony SRR
224823 _ac YLKl Myusin, light pelypeptide kinase -3.5 -34 -59 -5.4
204620_5_at 221731 _x_at cspe2T Chondroitin sulfate proteoglycan 2 (versican) 3035 4953 4540 L¥: 19
221779 _ac cotsazt Collagen, type V, alpha 2 15 14 23 1.3
211161 _s_ar coL3AIT Collagen, gype III, alpha | 11 33 2.8 149
212464 _s_at mitT Fibronectin | 52 5.0 1.0 105
202311 _s_nt 2023 10_s_at COLIAIT Collagen, type |, alpha | 5651 6051 12.7 104 13.0 10.8
37897_at coLyiat Collagen, eype X1, alpha | 67 7.8 6.6 59
202401_s_at coviazt Collagen, type |, alpha 2 &8 1o 0.5 183
fon and electron transport
205044_at GABRPL Gamma-aminobucyric acld (GABA) A receprar, pl 4.2 8.7 62 8.6
220230_s_at CYRSR2L Cytochrome b5 reductase 2 36 18 A3 1.2
Regulation of transeription i
220625 s _at ELFSL E74-like factor 5 fers domain transcription factar) -4.0 -18 -59 -B4
209292 _ar 14 Inhibitar of DNA binding 4 .29 -5 10.8 -5
Actin and actin-binding proteins
20395] _at CNMI L Czlponin !, bask, smooth muscle -6.7 6.6 -6.9 7.3
3140 ar AcTAZL Actin, alpha 2, smooth muscle. zorta -40 -4, A7 -4.0
WNT signaling
202037 _5_ac SFRPIL Secreted frizzled-related protein | =l | -8.8 -85 73
Intermediate filament proteins
209351 _ac KRT 41 Keratin 14 129 310 219 240
205157 s _ar KRTI74 Keratin 17 177 214 9.9 -126
212730_a DML Desmuslin -10.0 -10.4 72 75
201820 _ac KRT5L Kenatin § B3 127 113 120
Other

. 129947 _at pisl Peptidase inhibitor 15 . -65 7.5 -18.5 -15.0
205380_at FDZEIL PDZ domain contalning | 45 .58 42 64
213909 _ac LRRCIST Leweine rich repeat containing 15 62 57 73 118

Tduc ~ ductal tumer; Tlob - lobular tumur; 2 - normal ductal cells; L —normal lobular cells; n - not differentially expressed among top 20 genes,
'Affymetrix prebe set number; If there was mora than one probe set for the particular gene found among top 20 changed genes (according to the
fold change), the prebe set with the highest fold change is used and number of other probe set is indicated,
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Figure 3

Hierarchical clustering of tumor and normal samples
based on 25 probe sets common to ductal and lobu-
lar carcinoma versus normal cells identified by both
rank products and pairwise anaysis. Tumor samples are
grouped together, however, gene expression profiles of nor-
mal cell types from cases |0 and 3 are different from those of
other normal cells, and tumor cells frors case 2 are different
from those of other tumor cells. 1-10, case numbers; D, duc-
tal normal cells; L, Iobular normal calls; Tdue, ductal tumor;
Tlob, lobular tumor.

Validation of asporin expression by in situ hybridization
Combined RP and pairwise conparison showed that
ASPN was one of the most uprezulated genes in lobular
carcinomas, when compared wih normal ductal {fold
change 23.3) and lobular (fold change 22.1) cells as well
as with ductal carcinomas (fold change 3.9). None of the
available antibodies against aspcrin worked on paraffin
sections, therefore we utilised chromogenic in situ hybrid-
ization to detect asporin mRNA in frozen sections. All five
lobular carcinomas appeared positive, whereas five cases
of ductal carcinomas were negative or weakly and focally
positive which is in agreement with the microarray data
(Figure 6).

Validation of CTHRCI, ASPN and COL3A| by PCR

Besides asporin, CTHRC1 was also upregulated in lobular
cancer cells, when compared with normal ductal celis
{fold change 48.4) and lobular cells (fold change 18.5),
and COL3AI was upregulated inhoth IDC and ILC cells,
when compared with normal ducal cells (fold change 3.3
and 14.9, respectively) and lobular cells (fold change 4.1
and 9.8, respectively). As both RNA and ¢cDNA were fully
utilized for amplification, we used PCR amplification

http:#fwww biomedcentral.com/1471-2407/7/55

products (see Methods) for validation by another PCR
with specific primers. The results of semi-quantitative PCR
correlated with the microarray data, Spearman coeffi-
cients were r = 0.85, r = 0,73 and r = 0.70 for CTHRC]I,
ASPN and COL3A1, respectively (all significant at p <
0.0001) (Figure 7).

Discussion

We examined 30 samples (microdissected turor and nor-
mal ductal and lobular cells) from postmenopausal
patients with lobular and ductal invasive breast carcino-
mas using Affymetrix arrays. Cenes differentially
expressed between the normal ductal and lobular cell
types, which are less likely to be affected by fluctuating
levels of female hormones as they were derived from post-
menepausal women, are involved in ion transport and
protein kinase cascade, protein biosynthesis and modifi-
cation, proteolysis and metabolism, regulation of tran-
scription and  cell growth. HMowever, hierarchical
clustering of normal cell types based on the 82 probe sets
identified by both RP and pairwise comparison showed
that the gene expression profiles of normal ductal and
lobular cells taken from the same patient are more similar
to each other than ductal cells or lobular cells from differ-
ent patients, and thus could not be well separated from
each other. This may suggest expected similaritics between
expression signatures in normal epithelial (ductal and
lobular) cells of the mammary gland. Since both IDC and
ILC are believed to start in the terminal duct lobular unit
(TDLU) of the breast [1,2), and these normal cell popula-
tions showed similar zene expression proliles, it is likely
that the different morphological appearances of the two
tumor types are mediated by differences in their mecha-
nisms of carcinogenesis.

Combined pairwise comparison and RP analysis revealed
that ductal and lobular carcinomas have a number of
genes in commen, however, they can be discriminated
both at the gene and protein levels in our study. cDNA
microarrays have previously been used to distinguish
between IDC and ILC [38,39]. Unsupervised clustering of
tumors failed to separate the two subtypes. There were 8
genes identified by MaxT permutation analysis using t
tests, significance analysis for microarrays (SAM) and pre-
diction analysis for microarrays (PAM) (E-cadherin, sur-
vivin, cathepsin B, TPI1, SPRY1, SCYAl4, TFAP2B, and
thrombospondin 4), and an additional 3 were identified
by SAM and PAM (osteopentin, HLA-G, and CHC1) [38].
It has also been found that over half of ILCs differed from
IDCs in global transcription programs, whereas the
remaining ILCs closely resembled IDCs. Fifty two percent
of the IL.Cs (“typical” ILCs) clustered together and dis-
played different gene expression profiles from the 1DCs,
whereas the other ILCs ("ductal-like" I1LCs) were distrib-
uted between different IDC subtypes. Many of the differ-
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Table 4: Genes differentially expressed in lobular versus ductal invasive carcinomas by rank products andfor pairwise analysis

Probe Set!  Gene Symbol  Gene Title Rank products Palrwisa
comparison
Fold-change IncrDecr
Coll adheslon
2131 sac COHIY Cadherin |. type |, E-cadherin {epithelial) 6.0 e
W7169_x_a  DDRIL Discaidin d=main receptor family, memiber | " 51y
204776 _ar THES4T Thrombospandin 4 n 1212
219087 _zc ASPNT Asporin (LF R class 1) 39 20
Wnt signalling
223168 _at RHOUL RAS hamolag genn family, member U n 0
203230 _at DYLIT Dishevelled, dsh homalog 1 (Drasophila) n 2010
Frotein ublquitinatian
215392 _ac useil Ubiquitin specific peptidase 3 -5.0 1121
218247 s ac  RKHDz! Ring finger and KH domaln cencaning 2 -6 oy
1569472 _s_at  TTC3L Tetrarrieopeptide repeat dormain 3 -4.5 023
Regulatlon of transcription
2261 15_ac AHCTF1L AT hack cantaining transeription factor | -40 on?
200587_s_at  (AAKIL Interleukin-| recepror-associated kinase | n 119
W59 _s_ac  NRIPIL Muclear rec:otor inceraceing protein [ n of e
01773 _at ADNPL Activity-dependent neuroprotector n 0120
203837_s_at  MIDIT Midline | (Cple/BBB syndrome) 40 20/0
235444 _ar FOXPIT Farkhead ke Pt n 1944
Electron and prateln transport
204350 _a sroopl 5100 cakeiumn binding protein P -5.3 ofry
225177 _ar rAntIFipTd RABI! family interacting protein 1 (class I) .15 U2l
204041 _at MAOBT Monoamine 'oxidise B 35 2074
212902 _at seczaat SEC24 related gene famlly. member A ER 192
Cell eycle regulation, celf proliferation and signafing
204170 s_ac K52l CDCZ8 prorsin kinase regulatory subunic 2 48 0
207414_s_at  PCSKSL Proprotein convertase subtilisin/kexin type 6 n 1%
209678_s ar  PRKCIL Proteln kini e C, jota n o2
207817 _at PPP3CBE Pratein phosphatase 3, caralytic subunit, beta lsoform {caiineurin A brea) n 024
201324 at EMPIT Epithelial membrane protain | n 200
Metabalism and enzyme activity .
205507_at ceald Carboxypertidas Bl (dssue) 111 0119
223746 _ar 5Tk Serine/threc zine kinate 4 45 0
225491 _ac siciazl Solute carvier family | (glial high affinicy glummara transporter), member 2 -1 0720
211379 _x at  BIGALTIL UDP-GatberaGlcNAc bera 1,3-galactosylransferase, polypeptide 3 A0 020
219073 s ar  OSBPLIGL Oxysterol bir ding pratein-like 10 4.0 1721
229366_at CRBNL Cereblon -6 0o
6350 _ac CHMLL . Choroideremia-lke (Rab escart protein 2) n 024
NI sac YWHABL Tyrosine 3.iv ygenaseltryptaphan 5. g ac protein, beta polypeptide n 1120
49452 _ar Achcnt Aceryl-Coerzyme A carboxylase bata n 1940
ROTT0_s ar LOCEITZOT Transpason.derived Busterd transposase-like 53 410
Actin end cytoskeletal protein binding
211776 _s_ac  EPB4)L3) Erythrocyte membrane proteln band 4,1-like 3 -53 w21
201341 _at ENCIL Ectodermal-neural eartex {wich BTB-like damain) n 1943
Nuclear components
218585 s a1 DTLL Denticlalass hemalog (Drosophila) N 1119
225706 _a Glechd Glucocortier,id Induced transeript | -45 025
241863 _x_at  TTCI4L Tetrarricope peide repeat domain 14 4.4 110
228069 _ar FAMS4AL Family with sequance similaricy 54, member A -0 0120
Wa5T6_s_at  HISTIHIBL Histone I, F!3b 33 1119
Other
1568838 ac ...l Fulllength <DNA clone CSODFO33YE |7 of Fetal brain of Homo szpiens (human) 5.0 1720
26067 _at 2001141 Chremoesama 20 open reading frame 114 -4.9 o9
1553979 at — L Homeo saplets. clone IMAGE3906992, mRNA -4 one
23053t MGCISS34L  Hypothetical protein MGC15634 ¥ 220
226671 _at g CDNA clons IMAGE4797 120 .38 220
219768 _at VICNIT V-set domain concaining T cell activatlon inhibitor | 78 2172
214657_s_at  TocRWAT Traphoblast-derived nonpcoding RNA 45 21
213004_at ANGPTLZT Angiopalatin.like 2 n 19/4

* - upregulated in lebulzr carcinoma; 4 - downregulated in lobular ¢arcinoma; n -

positives, Incridecr — increase

1All 32 probe sets identified by combine!

comparison were validated by
pairwise analysis,

or decrea:= In lobular versus ductal carcinoma by pairwise comparison.

paii vise comparison and rank products are included, also a
immunchiztachemistry (DVLI, DDR |, EMP 1}, therefore, functional

gene not found by rank praducts at the level of 10% of false

number of genes found by pairwise
categories also include named genes identified by
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Figure 4

Hierarchical clustering of invasive ductal and lobular
breast carcinomas based on 327 probe sets identified
by rank preducts and/or pairwitie analysis. Tumor types
are well separated. 1-10, case numbers; Tdue, ductal tumor;
Tleb, lobular tumor,

entially expressed genes encode for proteins involved in
cell adhesion/motility, lipid/fatty acid transport and
metabolism, immune/defense response, and electron
transport. Many genes distinguishing between typical and
ductal-like ILCs are involved in regulation of cell growth
and immune response [39]. However, these two previous
studies examined whole tumor tissues without microdis-
section, suggesting that expressior of a number of genes
could be related not only to tumor cells but also to other
components of mammary tissue such as stromal, adipose,
endothelial etc. Our study is the first full genome analysis

http:/fsww. biomedcentral.com/1471-2407/7/55

of microdissected ductal and lobular tumor and normal
cells reporting both normal mammary epithelium- and
cancer-specific genes expression profiles.

Importandy, CDHI (E-cadherin gene) was downregulated
in our lobular carcinomas, and immunchistochemistry
confirmed this loss at the protein level within tumors. E-
cadherin is considered to be the most important cell adhe-
sion molecule in the mammary gland. It acts as a tumor
suppressor inhibiting invasion and metastasis. Mutations
of this gene are correlated with gastric, breast, colorectal,
thyroid and ovarian cancer. During tumor progression, E-
cadherin can be functionally inactivated or silenced by
different mechanisms such as post-translational control,
somatic mutations, downregulation of gene expression
through promoter hypermethylation, histone deacetyla-
tion, and transcriptional repression [52,53). The latter
induces cellular responses leading to the conversion of
epithelial cells into invasive mesenchymal-like cells with
increased motility and invasiveness, and this process is
called an epithelial-mesenchymal transition (EMT) [52].
To date, it is believed that lost, non-polar or cytoplasmic
expression of E-cadherin protein and/or transcriptional
repression of its mRNA are hallmarks of EMT in cancer
progression [53-55]. It has also been shown that several
proteins such as fibronectin and integrin avB6 |54), Lts,
TGFB, FGF-1,-2,-8, a-SMA4, collagen type I, Il and throm-
bospondins increase in abundance during EMT [56], con-
versely, amongst proteins that decrease in abundance are
E-cadherin and cytokeratins [54]. According to our results,
collagen type I and 111, fibronectin and Ets domain tran-
scription factor are upregulated and cytokeratins are
downregulated in both tumor cell types. The expression of
collagens and other ‘mesenchyme-associated genes in
microdissected breast cancer cells was also confirmed by
Nishidate and co-workers [57]. In addition, pairwise com-
parisons revealed that thrombospondin 4 was upregu-
lated only in lobular cancer cells, which agrees with the
literature [38]. Thus we propose that the EMT plays a role
in both tumor types but appears to be more important in
lobular carcinomas. The EMT phenomenon seems to be
promising because multiple molecules involved in EMT,
such as receptor- and SRC-family tyrosine kinases, RAS
and other small GTPases, can be envisioned as targets for
anti-EMT therapy [58).

The tissue microenvironment, including the ECM-cell and
cell-cell interactions, plays an important role in both nor-
mal mammary gland development and cancer. Neoplastic
transformation of cells dramatically alters the synthesis of
prateoglycans and other ECM proteins both in tumor and
the surrounding matrix [59]. This can stimulate the
growth and spread of tumor cells by decreasing the adhe-
sive functions of the ECM [60]. Both tumor types exam-
ined show upregulated genes involved in tumor-ECM
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Table 5: Clinical and histopathological characteristics of TMA cases

http:/fwww.biomedcentral.com/1471-2407 /7155

Features 1DC 1.c
Gl 6 (7.5%) 15 (51.7%)
ey L S7(71.3%) 11 (37.9%)
G3 17 (21.2%) 3(10.3%)
ER+ 57 (71.3%) 19 {65.5%)
PR+ 50 (62.5%) 17 {58.6%)

HER-2+ 12 {15%) I (3.4%)

Bel-2+ 13 (16.3%) 4(13.8%)
N, : 56 (70%) 21 (72.4%)
N, d 16 (20%) 6 (20.7%)
N, 8 (10%) 2 (6.5%)
Toral number of cases t B0 29

ER, estrogen receptor; G1-3, grade 1-3; IDC, invasive duceal carcinama; ILC, invasive lobular carcinoma; Ng_y, lymph node status; PgR,

progesterone receptor; TMA, tissue mic-carray.

interactions, cell adhesion and migration processes
including metastasis. Expression of majority of the pro-
teins encoded by these genes is related to TGEB or Wnt sig-
naling, and both the TGF} and Wnt pathways may affect
ECM.

Asporin is a cartilage extracellulir protein that has been
reported to be associated with knee and hip osteoarthritis.
This leucine-rich repeat protein, was shown to interact
with and inhibit TGIB signaling which is thought to lead
to insufficient quantities of aggrecan and type II collagen
in osteoarthritis [61,62]. Asporin was more upregulated in
our lobular carcinomas when compared with ductal
tumors as well as with normal cé_ll types. Overexpression
of asporin mRNA in lobular cartinomas was then con-
firmed by chromogenic in sity hybridization and PCR, In
support of our findings, upregulaiion of this gene has also
been described in microdissected androgen-independent
prostate cancer cells using Affymetrix Human Genome
U133A GeneChips [63]. The authors did not discuss it
and importantly, asporin has not been related to carcing-
genesis to date. ¢

We have found another candidate gene, collagen triple
helix repeat containing 1 (CTHRC1), which was upregu-
lated in ILC in comparison with normal cells, and its
expression was also validated by PCR. Aberrant expression
of CTHRCI has recently been reported in human solid
tumors, including cancers of the gastrointestinal tract,

lung, breast, thyroid, ovarian, cervix, liver, and the pan-
creas. It is associated with cancer tissue invasion and
metastasis and potentially plays important functional
roles in cancer progression, perhaps by increasing cancer
cell migration |64). TGFB upregulates GTHRCI, versican,
ADAM12, and downregulates SFRP1 and E-cadherin [65-
67]. The loss of SFRPI is known to be associated with
breast cancer progression and poor prognosis in early
stages [68], and a similar expression profile is seen in our
study. SFRP1 is downregulated and versican is upregu-
lated in both tumor types. Furthermore, pairwise com par-
ison identified other overexpressed genes in lobular
carcinoma such as SFRP2 and ADAMI2. E-cadherin,
wiich is downregulated in lobular cancer cells, can also be
tepressed by TGFp-induced expression of transcription
factor complexes [69]. TGIP signaling inhibitors have
been shown to prevent EMT, to inhibit mammary tumor
viability and to block metastasis in various murine mod-
els [70]. According to these results, we propose that dereg-
ulated TGFp signaling is likely to be more important in
lobular carcinogenesis.

Watsignaling molecules are also expressed in our samples
in several comparisons. The Wnt proteins are small
secreted glycoprateins which are involved in the self-
renewal of stem cells and may be responsible for the
maintenance of mature tissues [71]. On binding to Friz-
zled receptors, Wnis can aclivate canonical {B-catenin-
dependent) andfor non-canonical (B-catenin-independ-

Table & Immunchistochemical stainiifg of cytakeratins in tumor and normai tissues

Antibodies ! Tumors Normal tissues (n = 21) Fisher's p value
Cytokeratin 5/6 Ductal carcinomas (n = 80) 9{11.2%) 22 (100%) <0.0001
Lobular carcinomas (n = 29) 3 (10.3%) ' <0.0001
Cytokeratin |7 Dtuctal carcinomas (n = 80) 8(10%) 22 (100%) <0.0001
Lobular carcinomas (n = 29) 2 (6.9%) <0.0001
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Representative immunohistocliemical staining for the selected proteins: E-cadherin, DDRI, DVLI, cytokeratin
516, cytakeratin 1 7 and EMPL. 1.1. E-cadherin is negative in lobular carcinoma: 1.2. E-cadherin is positive in ductal carci-
noma; 2.1. DDRI is negative in lobular carcinoma; 2.2. DDRI is pesitive in ductal carcinoma; 3.1. DVLI is positive in lobular
carcinoma; 3.2, DVLI is negative in ductal carcinoma; 4.1. Cytokeratin 5/6 is negative in lobular carcinoma cells, but its expres-
sion is retained in normal ductal epithelial cells; 4.2, Cytokeratin 5/6 is negative in ductal carcinoma cells; 4.3. Duct lobular unit
in normal mammary gland tissue Is positive for cytoleeratin 5/6; 5.1 Cytokeratin 17 is negative in lobular carcinoma cells, but Its
expression is retained in normal ductal epithelial cells; 5.2. Cytokeratin 17 is negative in ductal carcinoma cells, but its expres-
sion Is retained in normal ductal epithelial cells; 5,3. Duct lobular unit in normal mamma ry gland tissue Is positive for cytokera-
tin 17; 6.1. EMP1 is positive in lobular carcinoma; 6.2. EMPI [s negative in ductal carcinoma.

entWnt/planar cell polarity pathway and Wnt/Ca2+ path-  pathway are not significantly changed. The promoter of
way) Wnt signaling [72,73|. Downregulation of frizzled  fibronectin 1 contains LEFfTCR-binding sites, making it a
related proteins has been described in breast cancer [68].  direct target of canonical Wnt signaling [59,74]. Fibronec-
Of these, SFRP1 is downregulated in both types of our  tin 1 is also upregulated in both timor types. However,
tumor cells, and genes involved in calcium regulation  there is a difference in Wnt signaling between ILC and

Table 7: mmunchistochemistry differentiates ductal and lobular carcinomas

Antibadies Ductal earcinomas (n = 80) Lobular carcinomas (n = 29) Fisher's p value

E-cadherin ‘ 68 (85%) 2 (6.7%) <0.000]
DVLI 20(25%) 28 (96.5%) <0.000|
EMPI - 13 {16.3%) 27 (93.1%) <0.0001
DDRI . 77 (96.2%) 4 {13.8%) <0.0001
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Figure 6
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Asporin mRNA detection by caromogenic in situ hybridization. 1-2, Various magnifications (x 100, x400, x400) of
lobular carcinoma; red arrows, lobular tumor cells are positive; blue arrows, stromal cells are negative: 3. Ductal carcinoma is

negative (%200}

IDC. SULF1 (sulfatase 1) is upregulated and MMP7 is
downregulated only in IDCs. MMP7 is a confirmed Wnt
target [75] and it has been shown to be activated in both
canonical [76,77] and non-canonical Wnt signaling [78].
Binding Wnt ligands to frizzled -eceptors is regulated by
the 6-O sulfation-desulfation of ~ell surface heparan sul-
fates (HSs) by sulfatase 1. Sulfatec HSs bind to Wnt ligand
with high affinity and inhibit Wnt signaling. Sulfatase 1
removes 0-6 sulfates from HSs and reduces their binding
to Wnt ligands which in tumn allows the formation of
functional Wnt-Frizzled complexes and thus promotes
Wt signaling [79,80]. Frizzled-related proteins also have
heparin-binding domains that promote the formation of
Wnt-Frizzled complexes [81]. Although SULF1 is upregu-
lated, SFRP1 and MMP? are downregulated in ductal can-
cer cells, whereas SFRP2 and other Wnt molecules, such as
DVLI and WISP1, are upregulated in lobular cancer cells.
This suggests that Wnt signaling is activated in ILC cells
but not in IDC cells. Since mRNA level of B-catenin was
not changed between normal and tumor cells, the expres-
sion of Wnt molecules appears to be B-catenin-independ-
ent, favoring the non-canonical Wnt signaling in ILC,
There is evidence that Wnts acting through the non-
canonical pathway can promote tumor progression
[82,83] which may also be true in ILC,

In addition to Wnt molecules such as DVL1, pairwise
comparison revealed that EMPI, gene encoding a tumor-
associated membrane protein invalved in cell-cell interac-
tions and proliferation control [84], was upregulated,
whereas DDRI, epithelial-specific receptor kinase capable
of binding Wnt5 and regulating the adhesion of mam-
mary cells [85,86], was downregulated in IL.Cs. Immuno-
histochemistry has also confirmed the same differential
expression of these three proteins in IDC and ILC on tis-

sue microarrays, Thus'all the evidence suggests that the
two tumeor types can be distinguished both at the gene and
protein levels. Specific changes in gene and protein
expression are likely to reflect the differences in mecha-
nisms of carcinogenesis as well as the specific histological
and clinical characteristics of these wumaors derived from
the same anatomical compartment, TDLU.

Conclusion

Microdissection of normal and tumor cell types from the
breast and full genome expression analysis by Affymelrix
arrays allowed us to provide novel data on breast cancer.
Invasive lobular and ductal breast carcinomas can be dif-
ferentiated bath at the gene and protein levels, Despile
analyzing only thirty samples from ten patients, the
results are in good accordance with previous literature
[14,38,39,57,64]. Our data provide evidence for deregu-
lated TGEB and Wnt signaling accompanied by the over-
expression of mesenchyme-associated genes like the
collagens, asporin and others which might be occurring in
conjunction with an altered EMT. We propose that dereg-
ulated TGFB signaling and EMT phenomenon are
involved in both tumor types, but they seem to be more
important in lobular carcinomas which is in concordance
with the loss of E-cadherin expression and their distinet
morphology from ductal tumors, In this study we report
two candidate genes, asporin (ASPN) and collagen triple
helix repeat containing 1 (CTHRC1), which might be sig-
nificant in mammary gland carcinogenesis and may also
be important either in cancer diagnosis or therapy.
Besides E-cadherin, the proteins validated on tissue
microarrays by immunohistochemistry (EMP1, DVLI,
DDR1) may represent novel tissue markers helpful in the
differentiation of ductal and lobular cancers. Further stud-
ies with larger sets of patients are needed to verify the gene
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Figure 7

PCR validation of microarray results for CTHRC] (1), ASPN (2), and COL3AI (3). Fluorescence signals from Affyme-
trix probe sets (225681 _at, 219087_at and 21| 161_s_at, respectiveiy} and optical density of PCR bands (OD * ¢m) were
transformed to a percentage of the nighest value. 1~10, case numbers; Tduc, ductal tumer; Tlob, lobular tumor; D, normal duc-
tal cells; L, normal lobufar cells.
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expression profiles of various his.'to]ogical types of breast
cancer in order to determine molecular subclassifications,
prognosis, and the optimum treatment strategics.

Abbreviations :

ADAM12 = ADAM metallopepticiase domain 12; ASPN =
Asporin; CK = Cywokeratin; CTHRC1 = Collagen triple
helix repeat containing 1; DAVID = Database for Annota-
tion, Visualization and Integrated Discovery; DDR1 = Dis-
coidin domain receptor I; DVLI = Human homolog of
the Drosophila dishevelled gene; ECM = Extracellular
matrix; EMP1 = Epithelial membrane antigen 1; EMT =
Epithelial-mesenchymal transition; ER = Estrogen recep-
tor; GCOS = GeneChip Operating Software; 1DC = Inva-
sive ductal carcinoma; ILC = Invasive lobular carcinoma;
ISH = In situ hybridization; IVT = [n witro transcription;
PCR = Polymerase chain reaction; PgR = Progesterone
receptor; RMA = Robust multiarray analysis; RNA = Ribo-
nudeic acid; RP = Rank prodicts analysis; SFRP1 =
Secreted frizzled-related protein 1; TDLU = Terminal duct
lobular unit; TGP = Tra nsforming growth factor p ; TMA
= Tissue microarray; WISP1 = WNTI inducible signaling
pathway protein 1.
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Abstract

Prostate cancer is the most common solid tumor amoeng men in Western industrialized countrics. A
major problem in prestate cancer treatment is the development of androgen-independence, as
androgen-deprivation therapy is the basic therapy for the disease. Molecular mechanisms behind
prostate cancer and androgen-independent growth development are poorly known,

In this study, subtractive hybridization was used for the generation of a ¢cDNA library specific for
prostate cancer. Analysis of the cDNA library revealed over-expression of several ribosomal
proteins namely L4, L5, L7a, L23a, L30, L37, S14 and S18, in prostate cancer cell lines. Over-
expression of L7a and L.37 was also confirmed in prostate cancer tissue samples.

Further, cDNA array was used in order to examine differentially expressed genes in androgen-
dependent and androgun-idependent prostate cancer cell line LNCaP. Monoamine oxidase A. an
Expressed Sequence Tag (EST) similar to rat P044, and EST AA412049 were highly over-
expressed in androgen-dependent LNCaP cells. Tissue-type plasminogen activator, interferon-
inducible protein p78 (MxB), an EST similar te galectin-1, follistatin, fatty acid-binding protein §,
EST AAG609749, anncxin 1, the interferon-inducible gene 1-8U and phospholipase D1 werc highly
over-cxpressed in androgen-independent LNCal> cells. The EST similar to rat P044, the EST
similar to galectin-1, follistatin, annexin 1 and the interferon-inducible gene 1-8U were also
cexpressed in benign prostatic hyperplasia tissue. The Y-linked ribosomal protein S4, Mat-8, and
EST AA307912 were aighly expressed in benign prostatic hyperplasia tissue.

In sine hybridization of mouse embryos and adult mousc tissues revealed the cxpression of
TMPRSS2 in the epithelium throughout the gastrointestinal, urogenital and respiratory tracts during
development. In human multiple tissue RNA dot blot, the highest level of expression was detected
in prostate, and lower levels in colon, stomach and salivary gland. TMPRSS2 transcri pt levels were
signiticantly higher in prostate cancer tissue between benign and malignant epithelium of prostate
cancer patients with untreated discase. Similarly, in poorly differentiated adenocarcinomas,
expression in malignant tissue was significantly higher. Enzymatic mutation detection and dircet
sequencing of TMPRSS2 coding region revealed only one deletion in aggressive discase among 9
non-aggressive and 9 ¢ggressive prostate cancer samples. No other mutations were found. Detecled
7-base pair deletion leads to premature stop codon and disruption of serine protease substrate
binding and catalytic active site,

We cloned scveral potential genes whase expression is clanged during prostate cancer initiation or
progression. These genes may serve as prostate cancer markers, and further studics are needed to
clarify the expression of these proteins during the discase.

Keywords: gene expression profiling, prostatic neoplasms, messen ger RNA, cultured tumor cells
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5 Resuits

5.1 Characterization of prostate cancer-specific cDNA library (I)

Subtractive hybridization was used for the generation of a ¢cDNA library specific for
prostate cancer. One hundred clones were sequenced, 45 of which were clones conlaining
artificial cloning vector fragments. Eight clones were cDNAs encoding ribosomal
proteins (RP), namely L4, L5, L7a, L23a, 130, L37, S14 and S18. In slot blot analyses,
expression of all these cDNAs was higher in at least one prostate cancer cell line (DU-
145, LNCaP, PC-3) compared to BPIH. RPL4 mRNA was significantly over-expressed
only in androgen-derendent LNCaP cell line. RPL30 and RPL7a were significantly over-
expressed in androgen-independent prostate cancer cell lines PC-3 and PC-3/DU-145,
respectively. In situ aybridization was used for studying RPL7a and RPL37 expression in
prostate tissue. Results indicate clearly elevated levels of RPL7a and RPL37 transeripts in
prostate cancer tissue compared to benign prostatic tissuc.

Among sequenced clones were several known, or lately published, genes to have
functional significance in prostate carcinogenesis. In addition, there were some clones
that were not identical to any published sequence. hPAD was prescut as two clones, as
well as FAS apoptosis inhibitory molecule (Schneider ef al. 1999), Seven clones encoding
mitochondrial cytochrome proteins were detected, Na+/K-+-ATPase B1 subunit, recently
shown to be an androgen down-regulated gene in androgen responsive cell line and an
over-expressed gene in androgen-independent cell lines (Blok et of, 1999), was also
cloned. FHL2/DRAL cDNA found from this library was shortly identified as a novel
tissue-specific co-activator of the androgen-receptor (Muller e af. 2000). [lowever, all
clones were screened in Northern blot and/or dot blot analyses, but we were not able to
confirm differcntial expression in the above mentioned cases.
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5.2 Differentially expressed genes in two LNCaP cell lines (I

RNA isolated from androgen-dependent and androgen-independent LNCaP cell lines was
used for cDNA array screening. The loss of PSA production in LNCaP cells was regarded
as a marker of andrcgen-independent cell growth, The growth induction by androgen was
lost simultancously to PSA production (data not shown). Genes with most prominent
differential expression were sclected for further characterization by Northern blot and in
sitr hybridization. Genes were studied for their expression in androgen-dependent and
androgen-independent LNCaP cell lines, PC-3 cell line and in BPH, and for some cascs
in DU-145 cell line, hy Northern blotting.

Monoamine oxidase A, EST similar to rat P044, and EST AA412049 were highly
over-expressed in androgen-dependent LNCaP cells. Tissue-type plasminogen activator,
MxB, EST similar to galectin-1, follistatin, fatty acid-binding protein 5, EST AA609749,
annexin 1, the interferon-inducible gene 1-8U, and phospholipase D1 were highly over-
expressed in androgen-independent LNCaP cells. The Y-linked ribosomal protein S4,
Mat-8, and EST AA307912 were most prominently expressed in BPH tissue,

In situ hybridization analyses showed monoamine oxidase A, EST AA412049, and
fatty acid-binding pratein 5 transcripts in both benign and malignant epithelium of human
prostate. EST similar to rat PO44 was expressed at low level, but was detectable in both
benign and malignant prostate tissue. EST AA781244 was expressed in BPIH tissue and
androgen-dependen: LNCaP cell line, and both benign and malignant prostate cpithelium.
EST similar to gasectin-1 was expressed in stroma of human prostate, Interferon-
inducible gene 1-8U was expressed mainly in benign epithelium. In cancer tissue,
expression was concentrated in some locaiions. Further, in some places expression was
also detectable in stroma, 2°-5" oligoadenylate synthetase 2 was expressed in androgen-
independent LNCaP cell line among DU-145, PC-3 cells and BPH tissue. 1t was
expressed at a low level in prostate tissue, and expression was detected only in part of the
prostate cancer samysles analysed.

Some related genes were characteristic for different LNCaP cell lines. In androgen-
dependent LNCaP cells, serine proteases PSA, KLK2, TMPRSS? and kallikrein 1 were
over-expressed. Inteiferon-inducible genes 2°-5" oligoadenylate synthetase 2, MxA, MxB,
interferon-inducible protein 17, a 56-kDa protein, interferon-alpha-inducible protein 27,
interferon-gamma-inducible protein 16 and the interferon-inducible gene |-8U were over-
cxpressed in androgen-independent LNCaP cell line. Differential expression for protein
phosphatase 3 and myosin VI was seen in the array. They were, however, expressed at
comparable levels in androgen-dependent and androgen-independent LNCaP cell lines.

As a summary, none of the selected differentially expressed genes were functional
exclusively in distinetly pathological states of prostate or normal/BPI1 tissue.

5.3 Cloniny and tissue distribution of mouse TMPRSS2 (I1n

To study the tissue-distribution and ontogeny of TMPRSS2, mouse TMPRSS2 ¢cDNA was
cloned and in situ hybridization was used for expression analyses. RT-PCR and RACE
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were used for cloning of the mouse TMPRSS2 cDNA. Analysis of cloned cDNA revealed
77.1% identity in coding region with human TMPRSS2. Predicted mouse TMPRSS2
protein contains 490 aa residucs and shares 81.4% similarity and 77.3% identity with
human TMPRSS2. The serine protease domain of mouse TMPRSS2 has conserved active
site residues His294. Asp343 and Ser439. The Asp433 residue in the substrate binding
site suggests that mouse TMPRSS2 will have trypsin-like proteolytic activity with
cleavage after Lys :r Arg residues, In Northern blot analysis, mouse TMPRSS2 was
mainly expressed in prostate and kidney among the tissues studied (heart, brain, spleen,
lung, liver, skeletal muscle, - kidney, testis and prostate). A hybridization signal
corresponding Lo a mRNA species of approximately 3.1 kb in size and another weakly
hybridizing mRNA species of 1.85 kb were detected, In sifu hybridization of mousc
embryos from days 8 to 16 and adult mouse tissues revealed the expression of TMPRSS2
in the epithelium throughout the gastrointestinal, urogenital and respiratory tracts during
development. In adi:lt mouse tissues, expression of TMPRSS2 was highest in prostate
luminal epithelial ccils. Expression was evident in the epithelium of small intestine villi
and intestinal glands. In mouse kidney, expression was located in cpithelium covering the
pelvis and, to a lower extent, in distal convoluted and collecting tubules. In lungs, airway
epithelium expressed TMPRSS2, while alveolar epithelium did not. In addition. bile
duets in liver and epithelium of uterine tubes express mouse TMPRSS2. After completion
of mouse TMPRSS2 studies, an identical cDNA clone was published (Jacquinet et .
2000). Mouse TMPRSS2 (identified as epitheliasin) was located at chromosome 16q. The
protein was expressed primarily in the apical surfaces of renal tubular and airway
epithelial cells (Jacquinet et af. 2000).

5.4 Tissue distribution of human TMPRSS2 mRNA (111)
Human TMPRSS2 mRNA expression was studied in multiple tissue Dot blot (Human
RNA Master Blot, Clontech). The highest level of expression was detected in prostate,
and lower levels in colon, stomach and salivary gland. Some expression was further
detected in mammary gland, pancreas, kidney, liver, small intestine, lung, trachea, fetal
kidney and fetal lung, '

5.5 In situ hybyidization analysis of TMPRSS2 expression in human
prostate (111, 1V)

Because of conflicting localization of published human TMPRSS2 in prostaie (Lin ef o,
1999) and that seen in mouse prostate, in sifi hybridization of human prostate samples
was done. Human TMPRSS2 mRNA expression was detected in luminal epithelial cells
of human prostate; identical to the localization of mouse TMPRSS?2 in prostate.
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Localization of expression in luminal epithelial cells was also confirmed by identifying
basal epithelial cells by CK-HMW staining.

Because TMPRSS2 ¢DNA was differentially expressed in androgen-dependent and
androgen-independent LNCaP cell lines, we cxamined the expression of TMPRSS2
mRNA in prostate tissue in order to reveal its potential significance for diagnostic
purposes. Nine patients with BPII and 23 patients with adenocarcinoma of the prostate
were selected. TMPRSS2 transcript. levels were significantly higher in prostate cancer
tissue between benign and malignant epithelium of prostate cancer patients with
untreated (no chemical treatments for prostate diseases, or surgical castration) disease
(paired differences ‘mean 0.29 (95% C1 0.05-0.53), p=0.022). Similarly, in poorly
differentiated adenocarcinomas, expression in malignant tissue was significantly higher
(paired differences mean 0.53 (95% Cl 0.15-0.90), p=0.014). Furthermore, in endocrine-
treated samples (chrﬁnical or surgical castration, or anti-androgen) expression in benign
arcas was lower thgn in untreated samples (mean difference 0.25 (95% CI 0.08-0.42),
p=0.007).

5.6 Mutational analysis of TMPRSS2 coding region (IV)

Because TMPRSS2 was over-expressed in prostate cancer, the coding region was
examined for the presence of mutations. Enzymatic mutation detection and direct
sequencing of TMP:1SS2 coding region revealed only one deletion in aggressive disease
among 9 non-aggrcs};ivc and 9 aggressive prostate cancer samples. Additional 14 samples
from clinically aggressive cases were used for direct sequencing of the same exon. No
other mutations were found. The detected 7-bp deletion leads to premature stop codon
and disruption of serine protcase substrate binding and catalytic active site. Nucleotide
403 was replaced in all samples (C—G), and nucleotide 1527 change A—G was detected
in all samples as we!l, Polymorphism detected is presented in Table 2.

Table 2. Polymorphism detected in TMPRSS2 coding region. Respective nucleotides in
TMPRSS2 ¢DNA (Accession number U75329), affected nucleotide, prevalence of
polymorphism in this material and possible amino acid change due to polvmorphism are
presented,

Nucleotides in U75329 nucleotide change Prevalence amino acid change
280-281 CASTG 2/18 75 Thr—75Met
534 2 A—=G 16/18 160Met— 160Val
824 ) C—-T 14/18 -

833 T=C 6/18 -
1211 GoT C38




6 Discussion

6.1 Ribosomal proteins over-expressed in prostate cancer

Several ribosomal proteins shown to be over-expressed in prostale cancer in this study
have also been described in other contexts. RPL7a is DNA-damage inducible (Ben-Ishai
et al. 1990). Further, the trk-2h oncogene encodes a chimeric phosphoprotein, which
consists of the amino-terminal region of human RPL7a fused to the trk receptor tyrosine
kinase domain (Ziemiccki ef af. 1990). RPL4 and RPL30 inhibit their own translation
(Wool 1996, and references therein). RPL3 interacts with MDM2, which in turn is able to
bind to p53 and thus inhibit the cell cycle arrest and apoptosis inductive functions of p53
(Marechal ef al. 1997). RPL23a mRNA is down-regulated during interferon-f-mediated
growth inhibition. 37LRP/p40 protein has been identified as a ribosomal protein and a
precursor of the 67-kDa laminin receptor, whose enhanced expression is associated with
tumor invasion and metastatic potential. However, 37LRP/p40 is different from RP37L
presented in this study. Over-expression of some ribosomal proteins have been reported at
least in carcinomas of colon and breast, in addition to squamous cell and hepatocellular
carcinomas {Naora ‘& Naora 1999, and references therein). The elevated ribosomal
protein encoding mRNA expression shown in this study was, to our knowledge, the first
time this phenomenon was described in prostate-cancer. .

Ribosome biogenesis is accurately tuned to the cellular need for protein synthesis and
increased ribosome  biogenesis is generally associated with increased proliferative
activity. Because ribosome assembly and function is dependent on a stoichiometric
balance of ribosomu! proteins, a fall in the synthesis of one or more ribosomal proteins
may conceivably reduce the efficiency of the translational apparatus, or even render it
inoperative, and thereby signal the cell to self-destruct (reviewed by Naora & Naora
1999). There is increasing evidence of ribosomal proteins having functions other than
translational apparatus, including cell growth and death regulation (reviewed by Waol ef
al. 1995, Wool 1996, Naora & Naora 1999, and Chen & Toannou 1999). These findings
suggest that induction of some ribosomal protein synthesis is merely occasionally
associated with increased protein synthesis. For some ribosomal proteins, over-
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expression is conneeted to the malignant transformation. Certain levels of ribosomal
protein expression may be needed for survival of cells, but this threshold-level may vary
in cells affected by different processes, such as transformation, Finally, the same
ribosomal protein expression in different tissues or cells may function separately.

6.2 Differentially expressed genes in androgen-dependent and
androgen-independent LNCaP cell lines

Genes over-expressed in androgen-dependent LNCaP cells included serine prolcases
PSA, KLK2, kallikrein | and TMPRSS2, which likely reflect androgen up-regulated
genes in this LNCaP cell line, although kallikrein 1 is not known to be regulated by
androgens. Transmembrane proteins TMPRSS2, Mat-8 (Schiemann ef af. 1998) and nma
(Degen ef al. 1996) may be associated with adhesive properties in androgen-dependent
LNCaP cells. Up-regulation of MxA and MxB genes in androgen-independent LNCaP
cells, and simultancous down-regulation of TMPRSS2 in the same cells indicates a
distinct regulatory mechanism for TMPRSS2 down-regulation, as all these genes are
located close to each other at chromosome 21q. This expression pattern is thus not likely
be a consequence of loss of chromosomal material at chromosome 21 seen in androgen-
independent LNCaP cell line variants (Ilyytinen ef af. 1997). Further, ETS2 whose
expression was elevated in some prostate cancer samples (Liu ef al. 1997), is located in
the same area. ET32 is translocated to chromosome 8 in the commonly found
translocation in paticnts with acute myeloid leukemia with morphology M2 (AML-M2)
(Sacchi ef al. 1988). Taken together, these results indicate the potential significance of
this area in a subset of progressive prostate cancers.

Over-expression of several interferon-inducible genes in androgen-independent
LNCaP cells may be a consequence of the activation of interferon-activated pathways in
those cells. An interesting speculative possibility for over-expression of interferon-
inducible genes in androgen-independent LNCaP cells is the existence of viral organism
activating prostate ‘cancer or its progression, as scen with human papillomavirus
promoted cervical carcinomas (Durst ef al. 1987). Expression of 2'-5’ oligoadenylate
synthetase 2 and interferon-inducible gene 1-8U was varying in prostate tissue, as shown
here. 2-5" oligoadenylate synthetase polymerizes 2°-5" oligoadenylates from adenosine
triphosphate. 2°-5 oligoadenylates in turn are responsible for RNaseL activation, which is
needed for RNA degradation and antiviral activation. Due to its central role in RNA
degradation, the olizoadenylate-RNaseL pathway is likely to play an important role in
growth regulation and probably also in malignant transformation. Interferon-inducible
gene 1-8U, a gene without known function, was recently shown to be over-expressed in
ulcerative colitis-associated colon cancers (Hisamatsu er af. 1999), Further studics are
needed in order to clarify the significance of this gene in prostate cancer.

‘The widely used prostate cancer model LNCaP (Horoszewicz et al. 1980,
loroszewicz et al. 183), and androgen-independent variant of LNCaP (van Steenbrugge
et al. 1991), have been utilized for differential gene expression studies, but the results are
poorly applicable 1o clinical material, and also reproducibility in human tissue is
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unsatisfactory (Chang ef al. 1997, Kokontis ef af. 1998, Stubbs ef af. 1999, Chang ef af,
1999, Blok er ail. 1999), LNCaP cells have been raised from human prostate cancer lymph
node metastasis, Thorefore it is no wonder that results that are hardly reproducible in
primary prostate cancer tissue are obtained. There is a lack of widely characterized
prostate cancer cell lines representing organ-confined or non-metastasis-origin prostate
cancer, and primary cultures (Clarke & Merchant 1980) arc used for this purpose (Krill e
al. 1997). Maintaining primary cell cultures is hard, and slow growth rate and
transformation of the cells in the culture are substantial problems (Zwergel ef al. 1998,
Truschel ef al. 1994 Xenograft models for prostate cancer (Navone ef af. 1998) arc one
way of studying prostate cancer and its progression, but because they do not represent
primary prostate cancer, similar weaknesses exist as in the case of cultured cells. To date,
several xenograft models have been presented, e.g. CWR22 (Cheng e al. 1996b) and
TabBO (Navone et al. 2000). The use of cell line models has been a must for elfective
gene expression studies in prostate cancer as they are reproducible and availability of
material is not the limiting factor in the study. The utilization of sensitive methods, such
as RT-PCR, may be used on a small scale, but screening of a great number of clones by
RT-PCR is laborious and time-consuming, and reliable quantification as well as
contaminations pose great problems. Generation of a pool of potential differentially
expressed mRNAs can casily be done from prostate tissue samples, as shown here. The
lack of an effective screening method for those clones has been a major problem in our
studies. Some time ago a sophisticated method, tissue microarray, was described
(Kononen ef af. 1998) and used (Bubendorf ef af. 1999). Tissue microarrays are definitely
a method of choice for gene expression studies from now on, as single hybridization will
give expression data for tens or hundreds of different specimens.

6.3 TMPRSS2

TMPRSS2 mRNA c'istribution in human tissues revealed expression in human cpithelinl
tissues in respiratory, gastrointestinal and urogenital tracts. Expression was also scen in
mammary gland and liver. Expression was thus seen mainly in sccretory epithelial organs,
In mouse liver, TMPRSS2 expression was localized in bile ducts and was, in other words.
found in epithelial cells in mice as well, Further, TMPRSS2 protein is expressed
primarily in the apical surfaces of renal tubular and airway epithelial cells (Jacquinet ef
al. 2000). There are at least two explanations for this distribution, First, TMPRSS2
function is associated with and needed in those secretory epithelial tissues. 1t could
function either in association with secretory function or with the protection of epithelium.
Second, TMPRSS2 nay function mainly in prostate, and mRNA expression seen in other
tissues is just leakage ui the gene in the epithelium without functional significance in
these tissues (as secn e.g. with imprinted genes of mouse embryonic stem cell lines
(Szabo & Mann 1994)),

Cell surface proleases may serve as receptors for foreign organisms. Human
ammopeptidase N (CDI3) is a metalloprotease on intestinal, lung and kidney epithelial
cell surfaces. It is a receptor for at least human coronavirus 2295 (Yeager ef af. 1992) and
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human cytomegalovirus (Soderberg ef al. 1993). Aminopeptidase N in animals also has a
similar receptor fuition for influenza A virus (Kido ef af. 1992) and transmissable
gastrocnteritis virus (Delmas ef al. 1992). Protease-activated receptors {PARs) are self-
activated by tethczed peptide ligands that become exposed after extracellular

aminoterminal cleavage by thrombin or trypsin (Dery er af. 1998). Protective function of

trypsin mediated by PAR-2 has been suggested in pancreatitis, as PAR-2-associated
ductal secretion may promote clearance of toxins and debris (Nguyen ef al. 1999).
Trypsin released from the airway epithelium can initiate powerful bronchoprotection in
the airways by activation of epithelial PAR-2 (Cocks ef af. 1999). Some proteases cleave
PARs at areas other than the activating site to generate a receptor that is unresponsive to
subsequent proteolytic activation (Dery ef al. 1998, and references therein). Interestingly,
PAR-2 is expressed in gastrointestinal tract, pancreas, kidney, liver, airway, prostate,
ovary, and eye (Nystedt ef al. 1995, Dery et al. 1998, and references therein), partly
covering the expression distribution of TMPRSS2. TMPRSS?2 could possibly activate
PAR-2 in prostate and mediate specific protective signals there.

TMPRSS2 encoces transmembrane serine protease with intracellular, LDL receplor
class A (LDLRA), scavenger-receptor cysteine rich (SRCR) and serine protease-like
domains (Paoleni-Giacobino ef af. 1997). Similar, structurally complicated proteins have
been described lately (enterokinase (Kitamolo ef . 1994), human airway trypsin-like
protease (HAT) (Yamaoka es al. 1998) and corin (Yan ef af. 1999)). These lype 2
transmembrane proteins may be synthesized as a membrane-bound precursor proteins
translocated to the cell surface, processed to a soluble form, and released. 1t is unknown
whether the membrane-bound TMPRSS2 is active on the cell surface, Activation of many
of the proteases present in blood, pancreas, and other tissues gocs through pro-enzyme
proteolysis to an ac'ive serine protease (e¢.g. PSA (Takayama ef o/, 1997), trypsin and
enterokinase (Kitamto er al, 1994), and hepatocyte growth factor (Mizuno ef al, 1994)).
Bacillus amyloliquefaciens substilisin is synthesized as a membrane-associated precursor
and released outside the cell after.it is auto-catalytically converted to an active form
(Power ef al. 1986), and only mature substilisin has been detected extracellularly (Wells
et al. 1983). Some proteases, exemplified by angiotensin-converting enzyme, convert
peptides to their principal biological forms in the extracellular fluid and thereby mediate
their function.

‘Recently, a serine protease PSA has been shown to have antiangiogenic activity
(Fortier ef al. 1999, Heidtmann er al. 1999). TMPRSS2 could also have activity for

proteolysis of plasminogen to angiostatin (Gately e al. 1997), and down-regulation of

TMPRSS2 may have a harmful effect for tumor growth-limiting angiogenesis inhibition.
TMPRSS2 is over-expressed in prostale cancer tissue. Compared to the results from
LNCaP cell lines, results obtained from prostate tissue are somewhat conflicting,
However, LNCaP cells are isolated from prostate cancer lymph node metastasis, and due
to heterogeneily of prostate cancer, several clonal variants are likely to exist in prostate
tumors, Down-regulation of TMPRSS2 expression may exist in some androgen-
independent cancer clones similar to androgen-independent LNCaP cells. The TMPRSS2
coding region deletion detected in a sample from a prostate cancer paticnt with
agpressive, chemotherapy-resistant prostate cancer is likely to have also functional
significance, as it leads (o the premature stop codon and disruption in substrate binding
and catalytic triad of serine protease domain, This deletion potentially inactivates the
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enzyme (Carter & Wells 1988), probably leading to a totally non-functional protein. In
that way all serine protease domain functions speculated here may be reduced or lost.
This deletion was detected only in | out of 32 prostate cancer samples, so it seems to be a
rare event. The possible existence of this deletion in prostate cancer metastases remains to
be solved.

6.4 Conclusions
':l'.

Prostate cancer is thz most common cancer among aging men. With occult carcinoma of
the prostate, watchful waiting is useful action when the discase affects men over 70 years
ol age. The most witlely used treatment for prostate cancer is androgen ablation therapy,
which can be put into effect by orchiectomy or by medical castration using luteinizing
hermone-releasing hormone (LHRI [}-agonists with or without antiandrogens. [lowever, a
remarkable portion of diagnosed prostate cancers have alrcady metastasized at the time of
diagnosis, and, furthermore, the long-term response to endocrine treatment is often poor.
For the moment, the mechanisms behind androgen-independence of prostate cancer are
mainly unsolved. Differentially expressed genes in various types of prostale diseases may
give clues for genes affecting the respective disease states. On the other hand, normal
phenotype may contain cells with cancer genotype long before clinical cancer is
detectable (Tsao et al, 2000).

This study shows, for the first time, over-expression of mRNAs for several ribosomal
proteins in prostate cancer. This over-expression in prostate cancer is most likely to
involve extraribosomal functions of thesc proteins. The use of androgen-dependent and
androgen-independent LNCaP cell lines offers a fascinating possibility to study
differential gene expression in a very limited cell population. But this is simultaneously a
weakness, as heterogenous prostate cancer probably very seldom contains cancer cells
with exclusively similar characteristics and hardly ever cells identical to LNCaP, The
previously unknown differential expression of several cDNAs was shown in different
prostate cancer cell)lines. The genes examined using in sitv hybridization revealed no
striking differences Hetween benign and malignant prostate tissues, but to further study
their significance for androgen-dependence and metastasis, more detailed experiments
need to be done. Bascd on their known functions, many of these gencs arc polential
candidates for carcinogenesis. Serine protease TMPRSS2 has the potential to act on
numerous processes, and its gene is thus an interesting candidate to be affected during
malignant transformation. Based on its structure, TMPRSS2 could also be a serum
marker for prostate diseases. Antibodies specific for TMPRSS2 are needed in order to
study further its significance in prostatic diseascs and their diagnosis,

In the near future. as soon as all the human genes have been sequenced and powerful
techniques, such as{cDINA microarrays and tissue microarrays, are effectively used for
cancer gene examination, the focus of research in this field will shift to functional studies.
At the present, it can be said that there is no single prostate cancer gene, but (he
development and progression of cancer is a combination of numerous genes aflecting the
disease. Furthermore, these changes in gene expression may, in the worst case, be
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individually regulated and result in more or less unique disease characteristics for cach
person affected.
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