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Patente de Modelo de Utilidad

Via Nacional

Via PCT (fase nacional)

]
Cap.| ] cap i [ ]

No. Solicitud Internacional PCT/JP2007/072099
Fecha de Presentacion Internacional 14 Noviembre 2007

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comisidn de la Comunidad Andina, se comunica;

1. Documentos estudiados

Descripcion:
Reivindicaciones:
Dibujos:
Secuencias:
Prioridad:

2. Analisis de la Prioridad

Folios 69 a 138 27/Mayo/2009
Folios 139 a 140 27/Mayo/2009
Folios 156 a 167 27/Mayo/2009
Folios 142 a 155 27/Mayo/2009
JP 2006-308482 14/Noviembre/2006

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 8 D 4886), y su contenido técnico corresponde con el de Ia

prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: “Aptamero contra midcina y uso del mismo”

El problema planteado en esta solicitud consiste en suministrar moléculas capaces
de inhibir la actividad de midcina

Para resolver este problema técnico la solicitud en estudio proporciona aptameros
que antagonizan con micina, un complejo que comprende un aptamerc que seune e
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inhibe la actividad de midcina y una sustancia funcional como una sustancia de
afinidad, de marcaje, una enzima, una droga que desarrolle un medio, un inhibidor de
migracion o un agente de diagnostico.

El objeto de la presente Solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): A61K38/00; A61P35/00; A61P43/00; A61P9/00; C12N15/09;
C12N15/115; GO1N33/53; GO1N33/566

4. Excepcidn a la Patentabilidad (Art 20 D 486 literales (d))

Ei objeto de la reivindicaciones 13 v 15 a no es patentable de acuerdo con el Art
citado. ya que corresponden a métodos de tratamiento

5. De la Solicitud de Patente
Titulo

Eltituto inctuye la expresion “uso” la cual no es patentable bajo el Art. 14 D486, porio
cual se sugiere al Solicitante hacer la correccidn necesaria.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La rewindicacion 1 no es clara por que no define la estructura del aptamero
reclamado, de la misma manera las reivindicaciones 2 a 7 no especifican ia
estructura del aptamero de interés y pretenden caracterizarlo por un resultado
a alcanzar, se recuerda al solicitante que debe especificar las secuencia y
demas caracteristicas esenciales de la molécula que desea proteger.

La reivindicacion 8 no es clara por que: el literal b, no especifica cuales son los
nucledtidos “sustituidos, deletados, insertado, afiadidos”, e! solicitante debe
especificar cuales son las modificaciones exactas que cumplen con las
caracteristicas esenciales del a invencién. Por otra parte |a palabra "deletados”
no existe en espainol, es solicitante debe sustituirla por suprimidos. Por otra
parte tanto el literal a como el b hacen referencia a que los nucleotidos
contenidos en el aptamero son tales que las bases 2' ya sean pirimidinas o
purinas “son atomos de fluor o sustituidos por atomos o grupos seleccionados
def grupo que consiste de atomos de hidrogeno, grupos hidroxi y grupos
metoxi”. No es claro para el examinador como un nucledtido es remplazado
por un atome de fidor o por aiguno de los grupos seleccionados, si el
solicitante se refiere a que dichos nucledtidos tienen sustituciones con los
grupos mencionados debe modificar la redaccion de la reivindicacion para que
esta sea precisa, y ya que las sustituciones son las mismas ya sea pirimidina o
purina eliminar los numerales i y ii. Por Uitimo, en la descripcion solo se
encuentra sustentada la sustitucion con fldor (folio 100 linea 17 a 20), no se
encuentra mencién de sustituciones con los otros grupos mencionados,
ademas se divulga que las SEQ ID NO: 3 (tabla 2) y SEQ ID NOs: 21, 34, 37,
38, 65 (tablas 3 y 4) no presentan la actividad deseada. Se sugiere al
solicitante restringa el aicance de la reivindicacion a lo divulgado en la
descripcion.

- Las reivindicaiones 9 a 12 no son claras por que se refieren a complejos vy
farmacos pero no proporcionan las caracteristicas esenciales de dichas
composiciones. Se recuerda al solicitante que estas composiciones deben ser
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caracterizadas por todos sus componentes y sus respectivas proporciones,
ademas la reivindicacioén 11, no tiene sustento en al descripcion, donde no se
divulga el efecto de los complejos mencionado ni se especifica la estructura de
“la sustancia de afinidad” utilizada.

- Elmétodo de la reivindicacion 16 no es claro por que no especifica los pasos
secuenciales, ni lo reactivos ni materiales necesarios para llevar a cabo la
deteccion del aptamero de interes, el solicitante debe proporcionar informacion
suficiente para que la invencion se reproducible,

6. Determinacion del Estado de la Técnica
El Estado de la Técnica se determind con base en |la fecha de presentacién de la

solicitud de prioridad: 14/Noviembre/2008, y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

item | Documento Titulo Fec':ha de .
L__ ] Publicacién
_ ! Antisense Oligodeoxynucieotide
! i Targeted to Midkine, a Heparin-

Cancer Research 61, binding Growth -
| D1 5486 — 8491 Factor, Suppresses 1/Diciembre/2001
3 Tumorigenicity of Mouse Rectal
! Carcinoma Cells
: Nature Biotechnology . . .
. D2 Volume 22 Number Oligo ohgﬁarchlyg—tfhe surprisingly Junio/2004
| 5, p649 small world of aptamers

D1
Divulga reactivos antitumorales que inhiben la actividad de midcina.
http://cancerres aacrjournals.org/content/61/23/8486 full pdf+himi

D2 divulga aptameros que consisten en oligonucledtidos los cuales son
quimicamente idénticos a las drogas antisentido.
http./iwww.ncbt.nlm.nih.gov/pubmed/15175673

7. Examen de Patentabilidad (Art 14 D486)
Nivel Inventivo (Art18 D4386)

La reivindicaciéon 1 consiste en “Un aptamero que posee una actividad inhibidora contra
midcina.”

__ Caracteristicas esenciales i D1 | D5

' i Apatameros para el

Aptgmero tratamiento de cancer

! Oligonucledtidos con
Actividad inhibidora de midcina actividad inhibiora de
midcina

L.os documentos D1 y D2 se consideran el estado de la técnica cercano a la
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invencién definida en la reivindicacion 1 porque:

D1 divulga oligonucleotidos antisentido fosforotioato-modificados cuyo objetivo es la
midcina en sus fragmentos N- o C-terminal (ver figura 1), dichos cligonucleotidos
fueron administrados a células CMT-93 que no expresaron pleiotrophin, Dichos
oligonucledtidos presentaron efectos inhibitorios in vivo, el estado de ia técnica
demostrd que los oligonucledtidos antisentido administrados con colageno A
suprimen el crecimiento de ceélulas tumorales in vivo y que por lo tanto, los
oligonucledtidos antisentido dirigidos a midcina representan las drogas farmacéuticas,

D2 divulga aptameros que son oligonucledtidos los cuales son gquimicamente
idénticos a las drogas antisentido con aplicaciones terapéuticas (ver pagina 1).

La diferencia entre la invencion, definida en la reivindicacion 1 v D1 es que la
invenscion  se refiere especificamente a aptameros, mientras D1 divulga
oligonucledtidos que inhiben |a actividad de midcina pero no hace referencia espcifica
a aptameros,

La diferencia entre la invencion, definida en la reivindicacién 1 y D2 es que la
invencidn se refiere especificamente a aptameros que inhiben midcina, mientras D2
divulga en forma general los aptdmeros, su estructura y usos terapéuticos.

I efecto que logra el incluir fa utilizacion de aptameros que inhiben la actividad de
midcina es su mayor especificidad, disminuyendo los efectos secundarios en el
tratamiento de enfermedades relacionadas con la actividad de midcina.

Por lo tanto, e! Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “cémo modificar el los oligonucleotidos divulgados en D1 para
como aptameros para que tengan mayor afinidad a su objetivo (la midcina) y no a
otras proteinas presentes”.

Sin embargo, la utilizacion de aptameros para aumentar la especifidad de
oligonucleotidos en el tratamiento de enfermedades como el cancer fue previamente
divulgado en D2 (tabla 1 y en general el texto).

En consecuencia, la persona del oficio normalmente versada en la materia, incluiria
los aptameros divulgados en D2 en el procedimiento de D1 para llegar asi al objeto
de [a reivindicacion 1 de la solicitud. Por lo cual se considera obvia.

El mismo razonamiento puede aplicarse para las reivindicaciones dependientes 2 a 7
y 9 a 15, que tienen las mismas caracteristicas esenciales, y aquellas que no se
encuentran divulgadas en D1 o D2 no tienen sustento en |a descripcién, tal como se
menciono anteriormente.

8. Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:
TRAREERE HIE SONC }
: Item Documento Reivindicaciones Requisito que afecta |
| afectadas ,
: | —
pp o GancerResearch 61, 8486 1a7y9a15 Nivel Inventivo
; ~ Nature Biotechnology ~ _ : B
i 02 _ Volume 22 Number 6, p649 Ta7y8aisb Nivel Inventive
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En cumplimiento del articulo 45 de la Decision 486 de |la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del termino de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2 literal e), del
capitulo quinto def titulo primero de la Circular Unica No. 10 de 2001.

d%_

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterigarequerimiento fue notificado por fijacibn en lista, de fecha

1502019,

labcrado por: Sandra Carclina Crespo Cérdenas
Revisado Por: Consuelo Leguizamon Leguizamon
Aprobado per: José Luis Salazar Lopez
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Antisense Oligodeoxynucleotide Targeted to Midkine, a Heparin-binding Growth

. . ¢ . . !
Factor, Suppresses Tumorigenicity of Moeuse Rectal Carcinoma Cells

Y ehihmmg Tahei, henjr Kadomatsu, Seiichi Matsun, Hiroshi Htoh, Kunihiko Nakazawa, Shunichiro Kubota, and

. 2
{abharht Viaramatsu
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Muthepe o ML g heparin-inding sroweh factar, is overespressed in a
ot cange ab nmmean coremeias and is belivved to conribute ™ rumar-
O and bemor progressten, To o deselup an antitumor reagent. v
arvenet g plesplirethinate antecnse oligodeoxsnuckeatide molecule
s the secangdary structure of YN mRN A, The aptisense MK at the
ac o ob 3 ey suppressed VK praduerion by € MT-93 minnse rectal
v g cells atter cationic lippsome-mediated rranstection. 10 13% of
v wtrod puignress Phe growsh of ¢ M-S cells and thietr colony
Tt in sl agar were inhibited by the addition of the antisense MK,
. Ak ex e cantre] reavent. the sense VK Shawed no elfects. On s.c
o b it ande auve. CMTO3 cells teansfected with the antisense VMK
sl cpnars mach smafler than rhnce by control eells, Finaliv, un-
et OV eetfs were inaculiied ro rude mice, and 7 dass later the
rodreens MR oy with arelocoliasenr was directy injected into the
wocermed tumor tesaea tooevaduate the cwrative effects the injretion was
sttt mtery ) of 2 weeks, During the period of 10-41 dayvs afler
o Tew b Here, the rate of mierease of tnmor volume treated with the
Atrse i ViR s fonnd 1o be ahaut L2-fald lower than that seen after
ertavment wth the sense Mk, On this aceasion. proliferation of tushor
»ls gs estimated by S-hromedeoxyuridine incorporation was steongly
nhebited, whereas angiogenests was bess affected. These Ondines strongly
suggesied the usetulness of VK antivense oligodesss nucleotide as a new
reageit for caneer therape,

INERODUCTION

~ae o me fagtaes and components of their siengd-
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Mo demenests gy Gises (1) Thus, grawnth

Mgty "

- ae hecone ane of the major targets to
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R endethielial groweh tactor, basic Hhio-

SO e s reeepioy i nianoma 120 3 and insuline
. et jeclor-s eeeplor, hepatogy e growth faclor, and wnior
aen s e e chobtistoma 1 8% However, growth factor-

= ey el naney st althe initial stage. Lhe range of

coor et s thet can e rreated s restricted. and injection of reagents
Yoot amaw tornsgbion hos heen effective in only a few cases (3. 7.

RO epar asbinedng erowth facur (80 9) appears w0 he an

Cwne aec  cherapy s NIK woa 3 13000 protein rich in

[
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e T Imnpaebtreen e Bapan Nociers £ che Promomon
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o s s T Y e B D smsc o Showoeku, Nagawva J00-5550
, [N o X T T s i it e med g d-
et are 0L, ehzadvovvnugleaude, MR, nisdkine: PTN.

nad o
tea o etam, Bidlsd Sshiamadeavvenndine & collagen, ate-
Cow o, o B ASORFV rev e contiod fur A%, A5 Arnsense-2
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Dok b NS e Audicine [ AL Naeave Diiversiy Schaal of
e ameod Chomnsery and Mewdobian, treadnote School of Afedicors Dieversitv of Tedvo, Toke J1220033 I8 NS K Jopa
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basic amine acids and cvaieine (8, 91 and shares - 30" sequence
identity with anather heparin-incding growth Tactor, PIN {10L alae
catted heparin-binding prowth associated molecude {151, VI s over-
expressed in a variety of tumors such as esophogeal. zastriv. celon,
pancreativ. hepatocellular, lung. breast, and wrinary bladder careino-
mas 1 12--17 ) newrablastoma (13) and Wilins” tumor 1121, whereas in
nornnt adult nesue. s expression is usoully low er undereciable (10,
12), Onrranstection of the eDNAL VK ranstorms NTHIT3 cela 118
MK promotes survival (19, 200 growth {200 22% and migraton
123 25) ol many cells. These activities in combination are believed 1o
confribute w oncogenesis and tumor progression. Indeed. the affinity-
purified antibody to MK parthy suppressed growth of Witms™ nimor
cells in culture (221 Uhe present studs was porlommed wodevelop a
more polent antitumaor reagent. For this pupose. we designed VK
antisense DN and examined their anticancer activiry against a rectal
carcmoma cell line with particular atiention 10 treatment of esah-
lished tamars by inatumeral injection, For in vive treatment. we
adopted a new gene rranster method using a biomatenal, AL collagen.
preparcd Irom bovine dermal codlagen (24} hecause antisenee cilvcts
with the uid of cationie lipids in culture are not ahways reproducible
vive (27}

MATERIALS AND METHODS

ODNs. Phospharothingte-modified O1Ns were svmthesized with an auio-
mated solid-phase nucleotide synthesizer (Expdite8800 Nuclew Acid Syathe-
»i% System. Apphied Biesystems) and subsequently purilud wsing @ Wakopak
Handy ODS columm {Waters). MK antisense ODNs corresponding w difterent
reginns of mouse MK coding sequence were synthesized  The sequence and
logation of gach 1IN i MKk cDNA (Refl 28: 1ig. 1) were a5 foliows:

amtnence-1, 5 =AAGAAGCOICOOTLL TGUAT-Y (hases 1 o 201

AN SLAGGHL GALAATGAAGAAG-3 (hases 15 10 3D,

anbsensg-1 ST TOCAAATTCUTTOTIL O3 (hases 218 0 2350, ang

antisense-4 S -GOUUTTAGTUACGOGOGAT- (hiases 349 0 16k

Sense and reverse OXDNs for AS were also dasiened as conwals

SEN, 3CHICTECC IO GO -3, and

REV. 3GAAGAAGGAAGAGCGGGA-Y.

Cell Culture Conditions and Tranfection of ODNS CMT-93 cells
tAmerican Type  ulture Collection. Rochvalle. MDY derived from mouse
rectal carcinoma were maintained in DVEM with 1% hent-inactivated FRS at
37 °C in a hendificd atmosphere of 3% CO- Cels were inocutared at <
densite of 3 % 107 cells"35amm tissue endture dish and culmred ender the
ahove condimons Adter 15 h when cells reached 1o 7= 0% confluenve, thes
were transtected with CHXNS in serum-free medium usig Lipotect AMINE -
Mus (Tife Technologies, Tne., Grand Island. NY) i accordance with the
manulaciurer’s msruetions. Thus, 3 pl of cach QDN stoek solution (1 s
and the plus roagent (10 phy wers mived in DAIFM e85 p)y ina small, stenite
mhe, Afer immedire mixing with a Vorlex miver and standing at room
temperatuee for 15 min, the LipefectAMINE resgens (3 pdy in DMEN 1100 1y
wirs added, and the mixiure was left ut room temperature T 15 min Then, 0§
mioi DMEM was added 10 gencrate ODN-transiecnon comples Medum was
remeved from the culture of CMT-93 eclls, and the OTN-iransfection con-
plex. the total volumwe of which was | ml. was added. Atter incubation for 3 h
at 37 90 1 ml of DMEM with 10% 188 was sdded. and incubanion was
enntinued for 4 h. For proliferation analysis, colony tenmation in soft agar. and
i ovive wmerigenicity swudy. the wansiccted  gells  were

recavered by
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200 2o o3 Brdi rd 16 b belore sacnfice as deseribed by Marso er wl (7
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confoeat mictoscopy (MRC 1024 io-Rad).

Apoprotic cells were estimated using Apoptosis Detection kit Tukarse Shuza
Coo Leb. Shiga. Tapm based on the teiminal deoxynticieotidy] sransfensse-
meilialed nich end-laheling method (32).

Intratumor Microvesset Density Assessment, Microvessel counting of
CD3 PECAM-1 pasinive vessels was performed oy deseribed by Weidner o
af 1331 1o determine intratumaor micravesseh density, the five vascular arcas
within a seunon were selectes] and fmages were oblained with 2006-fold
magnitication imicroseope Neld. 666 pry - 666 pm. 8444 mmr 3 under
conlocal micrescope and computer sysiem. Mecrovessels m each image ol (ne
areas were independently counted on a computcr display and the anthimetiead
mean in each area was used 1o caleulate the mean mratumor microvessel
densirve for each nnmar secrion.

Statistical Anmdvsis. The darn were wals 7ed usmg the Mann-Whimey !
test and probabihiy vakues <005 were considered 0 midicate simmlians
dillerentes

RESLL IS

LAfects of MK Antisense ONNs on CMT-23 Carcinoma Cells in
Culture. We predicted the secondin structure of mouse MK mRNA
by computer analysis (Genetya-Mae, Version Hy the aigorithm for
the valculation wis that of Zuker and Sticgler 1313, We designed MK
antisense ODNs 0 argel Joop regions of the mRNA (Fig, 1, OF the
four antisense YN syathesized, only AS suppressed synihesis and
secretion ol MK in CV =93 rectal carcinoma cells after transteetion
with the aid of LipofectAMINE-plus ¢y, 2,03 SEN and REV ODNS
for AN showed no elfects (Fig. 281 Densitomerric analyvais of thie
blets revealed that § g ot AS suppressed MK production o 13% of

AkDa1 2 3 4 5

31 4

21.5
Monaisnar: sttt it |
t4.4 * MK

wa 1 2 3 4
B a4

21.5+

i PR
10.4 MK

Fig 2 Western bistting analvsrs of MK secietion in CMT-97 cell~ rarstevted witt
vanchs QDM cetls were tansfected will § po atisyied (F e F8AS ciume )
antisense-3 (Lane 310 anlisense-4 flape <. o0 oo ODN dlann 5 espectinely A cells
were branstected with & use A8 tlome DUSEN Mfame 2L REV. (Lowe 3y or 0o QDN e
4 Condivened mzdium were separated by SDS-PAGE, amd the Mi proten was dolectad
wilh ann-ME annbody
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S choa cee e e vilues were Y180 11280 and 1647 pedmd
S REN Cand SN respettives
Gied o cultures of CNT-93 cells 1t inhibited their
Shpapoechaic 205 gavcadter Laddition, However, SEN showed no
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whrevt g Nddition of 3 agmi of MK gholished the elfect

R R ST I LTI AN (I

e clleet o AR was specilic, Beesuse the level

st ef untreaied celts was about 1.3 18 ng/ml, the

ddzd MK was net mieh eveessive,
ey tarmaion in soft agar, o pruperty elosely associated with
Sty G e sLo sappressed Iy AN bul ot by SEN or REV

s b enons s added MK alse counteracted AS on colony
Ao b 3 Tl g higher concentration o MK (31 ngimiy
daed e areiadon iy this sustemy imay be explained by
oo einn 0 Ml owith g
L ffects of M wntisense ODN on Tumor Growth in Nude Mice,
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tored wile A
ety Jevred e the banor
wiers were medstred at o regu-
v oapoto AU daeos watdy cabipars andd

cae AN e ey inibited production o ME i CM1-93 cells

sabopncd e crawily and coleny formation i sefi agar, we

RN
swwilated e

cetlaren

examined the effects ef AS on tumor formation by these cells
CMT-93 celts woere reeated with AS or SEN with the aid of Lipo-
fectAMINE-plus and were s.c. inoeulated into male nude mice. Afler
inoculation {7 days). tnnor formation was clearly ohserved by SFN-
prefreated cells, whereas barely visible tumor was formed by AN-
pretreated cells (Fig. 44) At thar dme. additfonal AS or SEN was
injected with A, collagen but withou! Lipalect AMINE-plus. In ani-
mals inpcted with SEN-transfected cells. massive and angiogenic
salid fumors were abserved, whercas the AS-transiected eclls vielded
much smaller fumors {Fig. 44). This reduced tumor growth was
dependent an the dose o AS injected (Fig. 451 and 4h-pa AS
intubited tumer growth by 80% as compared with SEN=trealed cells
(Fig. 4.

Treatment of Preformed Tumonrs by MK Antisense QDN W
then injected preformed mmars with A3, Untreated CMT-93 colls
wore inoculated into nude mice. After inoculation (7 dayst when a
palpable tumor was lormed. SEN or AS with or without A. collagen
was njecied into the wmnr, and te injecion was repeated every 34
dayvs. LipofectAMINE-plus was not used in this serics of experiments,
AS with A, collagen markedly suppressed wumor growth as compared
with SEN with AL collagen (P = 0,081 Fig, 343 The rate of nerense
of wmor volinne treated with AS with A collagen win ~d 2-fuld
lower than that seen afier reatment with SEN with AL collagen 10 41
davs after tnitlation of tumor therapy (Fig. 54). AS injection withou

AL collingen wis Jens effective. although AS alone also delay ed wmor
growth as compured with SCN alone £ <0 Gal: Fig 54 SLN with
AL collagen ~carcely snhibited wimor growih ax compared with SN
wione of PBY injection (Fig. 54). indicating that A collnpen alone
does not have antitiinorigenic activity o CMT-93 cells This poin
was directly examined by injecting A, collagen o CMT-93 mimar
(Fig. SB) Indeed. the AL colligen-injecied tumors exhibit growth
propertics indistinguishable trom untreated tumors (Fig. 58).

In the above eaperiment, tumor growth was monitored by deter-
mining funtor volume estimated with calipers. At the end of the stude
(41 days afrer initiation of tumor therapy). i of the animals were
sacrificed. and tumor weight was determined, AS with A, coHlagen
significanily suppressed the increase of wmor weight as compared
with contrels 11z, 507 Furthermare. we faund that intrammor injee-
don of AS with AL collagen resulted in sipnificant reduction of
wmaral MK content as deteninined by ELISA in accordance with thelr
therapeutic effects (Fig. 504
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~ s on edher tandl et o imonitored  smmy-
cc e v ngersapatiers of 1dD sl owas narkediy sup-
et Frestneet with AN with AL coliagen as cempared with

71 the nmber of dividing
20%0 ar that in e tatier et both 10 and

S alier awmation of therapy, The degree of suppression of cell
v

ey wath SN woth A coliagen (g

ST (R T T AT e T RO I

oo e ded wellb with the degree of suppression of
ot o thonate, However, no significunt differences were ohserved
e alapeptosis determined byothe werminal deoxs nueteoti-
s-fevase-medinted nick end labeling method (32) benveen tu-

ceoreated with AN with AL eoltagen and those treated with SEN

Voo e d D ol <hoan,

DISCLSS1ON

Anantisense ODN o MK suceessfully suppressed synthesis ol MK
in CME-93 rectal carcinoma cells leading to inkibition of their grow (b
in culture and colony formation in sofl agar. Furthermore, tumor
formation by the treated celfls in nude iice was markedIy inhibired.
Even injeciion of the antisense QDN into preformed timor tissue
suppressed tumor growth signiticantly. These results clearly ostah-
lished that MK paticipates in growth of tumaor cells koth in virre and
in vivg, Although MK is known o be an angingenic tactor (361,
angiogenests in twimors treated with A% with AL collagen way only
slightly inhibited in this occasion. In contrist. A% with AL collugen
strongly inhibited cell division of the nuner cells i vivn, Thus, we
considered that MK antizense QDN inhibited growth of the tumor
principally by its anticell proliferation activity with seme comtribation
of the anbungingenic activiy.

Treatment of pregrown tumors by ingection with antisense ar si-

bozyme reagents w growth faciors mr receptors has been successiul s
oaly g few cases (370 Targeting nf hisic fibroblast growth factor ana
He reeeptor maskedly suppressed melanoma growth in nude mice
through prevention ot angiogenesis (3). Growth of mesothchoma in
rude mice was suppressed by transtorming growth factor #-2 anti-
sense ODN (71 The results of the presem investigation strongly
suggested Thal MI-directed therapy is o promising method for et
ment of malignancy. The most awractive point of MK-tarpeted theraps
is preferential expression of MK in tumers (12175 The wimaors
associaled expresston of MK also enabled the wsage of the VMk-
pramater to medmre temar-specific expression of suicide genes (37
38y Serum MK fevel has recentls been intraduced as a tumor marker
elevated m o wide variety of malignancics (391, Therelore, MK 15
molecule with multiple implications in clinical oncology.

PN which has - 300 sequenee identinn with MK has porew
tumorigenic potential in NIHITI celis (400 Transfection with o
rihozyme-cleaving PTN mRNA lus been shown to suppress growid of
pancreatic carcinoma. choliocarcinoma, and melanoma (41 43),
whereus trestinent of preformed wmors with the ribozvme has not
been reported. Recent studies have revealed componenis of signafing
receplors lor MK and PIN (24, 44-30). and the downstreum signaling
svslems (19, 50 -52), Much of the identificd signaling molecules ure
shared hetween MK and PTN: they are receptor-like protein frosine
phosphatiase £ (24 46. 501 syndecans (44, 131, phosphatidylinositod
3'-kinase (17, 30, 31y and extracellular signal-regulated Kinase (17,
3L St Because of the similar bislowical activitics af MK and PTN
1331 and their shared signaling molecules. simultancous inhibition of

400 -
M SEN + A collagen
{JAs + A, collagen

300 4

200 =

Microvessel density
-
(=]
[=]
L

10 17
Days of therapy

Fig, b Decreased vessel density o tumors ingected with 4% with A coliapen
Histological secuons trom tumers dgected with AN o SEN mived with A, colfapen waie
immunostained for endothelial cells with anti-CDIL antiboddies W examined fou
exersed wmers on both day 10 ancl 17 after therapy and muratnimar miierovesse! densiy
rvesselamin?) was determined  Results represent the means 1o = 4 umara) »ars =+ 8D
P GNE oerss SEN 4 AL eollagen.
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W T one N TRy antisense treatment suphressed

vl by weeor cells v TN, eolkipen is unigque by that
A el 3T VC Furthermore. A, collagen shows

cranteene o oxeer o animals, because antigenic wlopep-

et o ende b the collagen are eliminated by pepsin
S 26 Ve wonsider thit addition of AL collugen resulted in

coiaac b eetuliar uptabe nuclease resistmee, and prolonged release
Aombivenae DN as in the case of plasmid DINA 1261 AL

o Tedie womples with QDN s phenamenon s re-
i

"

It has been reported that phosphorothioate GDNs inleract and
regulate the heparin-binding proteing including saome growth tactors
and that the interaction is sometimes sequence specilic (341 Contri-
bution of such & mechanism to effecs of antisense MK ODN s
probably Tow. if any. because antisense MK ODN otler than phos-
pherothioae QDN exhibited similar activitics” and antisense VK
ODN was considered 1o be stowly released and detivered 10 tumor
vells. prubabby as a camples with AL collagen. [owever, veeurrenee
of such action of phesphorothioate QDN (34 should he taken into
account in future stuces,

In conclusion. we demonstrated potent growth inhibiton effeets of
MK antizense GDN on rectad carcinoma growth w viva, Because
sirong expression of ME is pot obsenved freguently in adult tissue (8,
12171 MK-directed therapy is expeeted 1o show stringent Lnnor
specificity with Jow side eftects. Much work remains to be pertermed
before MK antisense ODN can be applied 10 treanment of human
vancer. Specifically. iumor suppressive effects of the reagent should
be examined in ather tvpes of umors o deline the scope of MK-
Jdirecwed therapy

ACKNOWLEDGVIENTS
Weo thagk Yunke | wjitani for her excellent techmieal aysistanee

REFERENCES

I Adgenan: S A Groveth fators and capeer Suenee ¢Wazh D0, 237 e (152
1091,

DOk T, Tuvagev. J. G Mivagawa, T Sasanma. T, Jochi A Jashi. B T, R
Clafev. X, and Blasbere, K G. Lemon gooseth maslofazion by sense and annsease
wasculin endutbeinal growth fuctor gene cvpresaen, oflecls on anpropenssis, vaseula
permeatlity: bload volume, bload flow, flusrodeosvgiucose uptake. and praditesa-
fen of b melaoms wtrcerebal senopafls Concer Res 35 185 492
1948

b Wang, Y. and Becker. D. Antisense targeting ¢f basic tihrablast growth tactor and

fibroblist aresrls Sacier 1ecepton-1 m lianan melanomas Blocks neeatiasnal ;g
cencsis and umor prowth, Nal Med | 50 887 893, 1997
4 Radand. ¥ lohasen. T.R . Chernieky. © | . Schulze I Butend P llan.} and
Han, o Suppeession of msbin-like wonth facter tvpe | recepton by a tiple-ketix
steatgg bl 1GF-1 uanseripoon and tnmrggame poiennal of vl Co phichlnaen
cel's I'roc Narb Acad. Sci USAL 94 2831 3839 [
5 Abomder, B Ronganathan, S Ll B Fielding ko Book. A thetz 4 Bigger @
andd Datena, ) Reversion of human ghoblasioma malienases by U6 amafl audea
RAA ribozy e fanpeting o seatter factorhepatacvte growwth iator and comat expres
son o Nt Cancer st v 1338 1556, puow
Agrarwal. T Bl Schwara T Heean, MO F and Rande, BUF Tuple holic-fmnme
vhipedecsyvbomicleatides Im’gﬂ?d 1o the Auman auner necrows tactor - TN gene
mhubit 2 M prodiction and block the UNF-depemdent growih of b ghoblastoma
it eelis Canea Res, f6 ST86-- 2100, (0un
Mauzo A L Teazpamck. 1Y R Reluasen, B W 8
N toes spetfic for T tonmminge

and Serdt B vng serse

s factos B2 wifubee the gaowaf oy
Eraltgon s o Doth as vers and s e Canea B 57 33000 3007,

fohadiaaise b Tamentra, M and Muaaasse, T eDNA clomne and seaeoreney ot

rnew vene niunseb expressed g hfereran e lze - emnros, e ia

wolls aed e ma-estabton poiod oF monse anbrvogeiests Thocaar Riaping, Re-
FOOTI LTI L WA I DA IS K R

owasahr W Napste b Hatmeka Holone P oRommas 0 Mueatsa, 1Y Lo
Ko Tasumic M, and foagaks FLoSolution stngture of mrikme ©oogw heparin-tinding
urow th facion EMBO J. f6 0936 Cndg, 1oh

WLL Y S Mier, £ G Chauban, A K, Watson MO, Hotfoan B A Rodoe
COML Abaandn, T and Renel, T.F, Clonmy and expgssion of a developmentaliy
regulated prawin that imduces mitogenic and veurite vilgrowtl avmary Science
sk [0) 250 1840 [62d, 1990,

I Merenmies, 5 oand Ramvala, Ho Malecular cioning of the 18-kDa growiheassociaiad
protwein of developing brain, J 8iok. Chem.. 265 16721--163234, 800

2 Tsarsn, A kadomaian, Ko Aatsubaga, S Nakagisva, A L Hamanone M ke, S
Shimasa, HoOhe YL oand Musamatsa, T, A new Tamitly of hepann-bumbling growi
differernation lacios  increased midkine expeesmon in Wims' temor and eiher
homi carciioinas Cimger Res., $3- 1281 (288, |94

, S bt o b hese-mentioned action of AL cellagen.” L3 Gurver ROD T Chan, C 5 and Milner, PG Reciproeal expression of plasaaphi
aned imidhime m nmmal versus malipnant lting tsstes A 1 Respr Celi Mot Shai |

4o d03 den, Wl
L LR A ] ) L Garser, RO Jr. Radiord. T, M, Donra-Reller, o Wick, MR and Midner, Pt
et bl T HRG Y Sovany 5 Novahara, A Savo, o loh, Midiatie and plewiiophin axpressiem i nommal and malienant s Gasie {anes

: el oo oy decarboay Jase-divceted  stsense Phita « 74 1583 1390, 1994
f s et paar vestinal wmes eeowth, aibimtied
N 1 - _ ——_— -
B Y. Tahur, wipohibhed obseranons
8490

Downloaded from cancerres.aacrjournals.org on August 13, 2012
Copyright ® 2001 American Association for Cancer Research



AN TN DN
. T swiden U PDewel TR Zhaec HO L wan, & oand S
et oand e, ol elvwed
- hh -2 et s
[ e 0 Kewdiasds o & O MO A 1 add AL
Tk e enpresan s hran gasininaies g cancers
‘. P T LY
[ Do s Mk PR md Mo, AT g s o~
. PR S LR B { LY
I e s 4 SSEE Blea L e 2RES 2518 NG
i ot MO Akee v Tar, W Muramateu, and i
b e rmare o NINATS cesle B 17 ances
T -
o eyt Adnawa B Murgmatsu. HO Mmgmasg T
Vo N e b e cateeendent apopionis v the svimoauoen
s evdae dud phosphands limestol Ykmass m culured i
" SERTE LR U]
1~ o o ko Saki S0 Mupwatse, 1 il
oo il ey Wene T aen celbs from cisplutu-mduced apoprosis
TRue L e o ndh Huahom 107 o9 277, Tiog, S
oo o Punibeation of reesmbmam midkine and exam-
! s U s es el companisen of dew heparin Binding Al
4 v, T P RY B8N je9)
. Ao arzewn s Va1 and Muramesa, T 2
©ren o Rl ot dirorentiabion tact e snmcechen -
ey Tren Boepl g7 Y 410 s
et ! Mo e H o saee b Tene S and Yivamatsa . T 43
e e b avtokme mo mtiammaan, e
ot Rl g s wdn onflamieeton sy ne
foet e et 11
ook e D actnatn b Muanesa 0 1 mad
% St b cpe plosg liatase 11 CRPLE B binds p
' S NG (LT L TN RN o arinine TR ot mdbane  the
UM e e, DT T 20T [y .
- e Do F O e et W Tkematsr, S Sehama, 5. 43
Sy T N e v s, VO Ranamee, T Huar ML Senol W
' Seda toonatee 1 R orestenoas medel 13 suppressed m
' WA devest . J03 M 1A 2000
. Caa Y Nawakant SooSwmita Y fhsada AL loh 13 Nagal Y. 1n
TUoow A s em b plasand DNA wz v using 2ielocollasen as o
Ve v Pt N M SOTHT ThHI |06y
-t " T a1 e enoronglon g v afte 1"
. Lo ro ot oce e leoxsileemie: P
TR R N T
R T AU S P PPV YIRS W £ ¢ 1R RO
* o actenn feeter penaty o the 1%
Voo (TP BT B PR S w Ll
o . s b EoAatecns WA gy
[ L mer grosth and prevenss
R Y . e et Aead Suee USAL wF
‘.
v . Hada M Daup T kadewnatan, Ko low, 5
~ - SIPRSNE siovane-linked unmoneas oy tor
o s b beaabnnea ot irdhing levels i developimy moaw brn
e e wth el Garcinoias ) Brochen Sev 117
Al |
o) T Raghen [ F L ALenodeie, O A and van der Kopel AL
e e e e e s pan o g mabilzvation m buman jumeur
R e TR md R
Yohee v M nd fensSeeson, S0 A tdentitication of pogramimed cell 52
Bt PRl e DN ogmentiation 1 Cell Bia'
)
Soegph oM e Eafean ) Tame aamogeness and - 32
: REL ALY ' DUV B S )
P S RN segadvtives 451y 54
. . IR S
hEL ]

" Kimnwpen |,

Y NIR

Bowl 73 0 lesme, & EL Bradain, D E . Mekmglu, MUK and Bram St
Coangn, s el wrowth teguoeients of two bsgas sitraiamaal cojon Cramape oo
Imes i mencliver and soft agarose. Cancer Res . 4% 2464 1474, 988
Chongioar, | Zhang, H-T Dennan, 5, Ziche M oand Bickuell, R An angioeaitie
sobe fid the veniehines midkine wad plewirephan wm meigene<es Cioneer Res 27
1814 'Rl ewT

Adet v Reveslds 2N Yanawnoie, Modinrzle WOF Oveninrt, W A oaranharg,
SN rawatr 1 and Cunted 13 Midacnz comoetcrshaced adenl s’ tectol
delnery for pedranee sohd mmors, Cancer Res | Ao JA0DS. 310, 2000
Muguew M Yoshuda, Yo Tada, Y . Nama M Maedn, T Baha, R, Kadomara
ko Moramate, T Mataubaa, S Nakagawara, 4. Sakivama, 5. aed Tagawa M
Lxprossion of herpes complex vims-thvinidine kinase gene contredled by a pronyager
region of the mickane gene confers sclectine cvtotanicity o yanciciovr i human
carcimema cells ot 1 Canger, 47 723727, 2001,

kematsu. 5 Yane, AL Aridome. Ko Kikoch, M Kuanan, H Nagane, {1 Okamato,
K. Oda, Mo Sakumin, b, Ackow, T, Muamatsu. H., Kadematsu, K and Muramatse,
T Senan asdking levels are inercased 4 paticnts wath varions vpes o ¢arinnmgs
Br.J. Canger, &7 301 706, 2000,

Chauhan. A. K L Y. 5..and Dewel. T F Plerotrophim tavsforms NiH 1T3 cell< and
mduces tamors in node mice Proe Natl, Aead Scr. USA, 40 079-6K2, 1992,
Weher, D.. Klomp. 11 J, Czubavke. [ Welisten. A sk Jubl [E Plendrophes can
bz rate-dmmitng for pancreatic cancer celi growth Canver Res oo S84 SURY v
Crabuybo, FoSchualie, AL ML Berebem, G 3 Land Wellstan, & Molanonu angro-
gehests and iuetasass modulmed by pbozvime taveerme of the vecreted wrowth fact .
plewtraplis Proc Natl Acad. Sa. USAL ¥ 13751 147 g

Sehulte, & % e 5. Rinty, Al Crobavbe, FooRierdd, a0 T and Weltsiem, &
[uman tophrobiast and chonocarsinoma expression of the growth factor mtetatroplin
anripyable W geom-hne senion of an endogenous setrovias Prae Natl Aead So
L5a s 24750 . 117kd, 1900

Rawte i Cherisoy, MA Carev. D F . Nolo, R and Rauvala 7§ ledapios ta
neronal cel surface receplor of hepann hmdimg powth-assooimed motegule (HR-

GAMD Tdennficanon as Mesvndecsn (sndecan-3: 1 Riol Chem., e 120509
1300, fa9q
Musidin, oA Safmivata, MO Muramasa, T, Muramarse, H . Raovala, H o Lel-

wnen, Eodalkinen, M and ThesledT. 1 Fapreswon af the hopunia-bindue evokmes,
madkime (M0 and HB-GAM fpleictrophin) 1x asseciatesd with epithelial-maengby-
mal mwractions during fetal development and organopenesis Deselopment ¢ ¢
AT 1Yus

Maeda. 5. and Noda, M. Involvement of receptor-hike piotemn tvmsine phosphatass
¢ RPTPE and it fwand pleiohophm bepanasbupding prowih-pasocated molecule
fHB-GAM 0 ovuronal migiaton 1 Colt Baol | 42 20024 | 998

Meng, K Rednguez-Fena, A . Dimsron T Chen, W Yamm, Mo Node, M and
Deoel. Db Pleenoplg signals inciessed tvtosine phosphordation o B-calenn
Bireuzl nacesauen el the minuste caalvig actialy o the reeemoenps prscins
¢ photrese 0 Proe Nath Avad Ser USAL 6T 2603 208, Mn
Muciara s Ao ko Saboguehn N kemnatst, N Sabans, S, Musamatse |
TOE eeepive-tencted protem as a companent of the midhing recepion B
Biophy - Ree vrmmun L 078 56941 2000

Storca - b Kues A Apmer, AL Sumitha, ELoSeutton 13, Alalerezvk, & Canglies,
[ Lo Wen 10 Rarasanov, A Riceel, A0 T, and Wellslom, A Tdennlicavon »r
anaplaste ivinphoma kinase a- a receptos for the pronth tacer plawtrophin 1[5 ?
Chem 250 16772 10779, 2

DM Thematen, 5. Maeda, N, Tehibani-Tanaha, K. vakina, . “oda A
Muramatsn, T. and Kadomatau, X [Taptotzeae migranon induced dv micking
hrvodvemenl of protein=tyrosine phosphatisie ¢ mrogen-activated protem hinase, -
phasphiindy lnosiol V-hinase. I Biob, Chem . 276 13&nd. 15578 20

Seattea. B Almad 8 Riegel. A T and Wellster & Sipaal mansduction pathisay -
mveh ed in the mitogenic actisity of plecotoplun Inplication of mirgen-activai:
potan hinase and phosphoinesnide 3-hmase patiwan~ 1 Fiol Chars |, 70 19588 -
T9sid jyud

£ rimi

Kuksonen. M Saanien. J, katkhines, N Peng H B and Ranvaea
H Coacun-Sie banase sygnahing pathway iz mvolved e Nesondecan-dependen
neunte outgrowtn L Riol Chem, 3700 10702 10708, 19w,

hurtz, A Sehnliz, A ML and Wellstem. A Pleeoplion aab midhie w nonnag
davalepment and orer rolepy Gt Rey Onesg L 40 {95177, 1903

Fomewdld % Moot Ranedo, B F Inbnbimon o hivl aftminy legie Ginoblast prenh
fucter bindieg by oliconecieanedes T el Chem 3700 21708 2172 Jims

Downloaded from cancerres.aacrjournals.org on August 13, 2012
Copyright @ 2001 American Association for Cancer Research



. ® 2004 Nature Publishing Group http‘HwWW.|1atu.:n1!naturcbiotechnalogy

Oligo oligarchy—the surprisingly
small world of aptamers

HEs seepticism about nucleic acid therapeutics shaped the
orpettive lardscape for emerging aptamer companies?
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Attes & hiatus of over two vears, the hiorech
st public offering window is open- but
wath v different focus, Where investors once
throw cas't at companies with platfarm tech-
©oogies but nn eraducts or foreseeable pro-
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worectiy bind protems. Thice of 21 companies
o e pubiic since dast Qutober  Ryetech
New York, (Berkeley, €A,
I and Corgentedh 7S, San Francisco, CA,
CeA vk on this unproven
vrodality, A faurth company,  Archemix
Cambridge, MA. USAY raised 350 milhon in
Al o IOk sumy in this macket. All
FTEN -{C‘-{C‘lf: ) T

B I AT SNt

Prenavayx

largely

tact
s hennealie suniler o two largely Lailed

that  ithese  drugs

Lhoe b Pashe antmensy amd
STV

) T S are apliior oom-

peT oo e st FIGKCtS anviime aoon,

e e Avcenereable as i the interest i

Cres ameutic siretegy s the concentration
of Pledectiit property (1P assets ito just a
that
ity slockod maost conpeittive thrests. See
Labie 1t

L pTavers apocar 0 have suceess-

1t 0f Canpanies.”

Third time the charm?
Aptamiers o reTshvely short Jusualiv 12-30
S, singke strandad oligonuclentides that
et speditivg stable canformations m i
sd i dahitly o very specific protemn tar-
Iiorerms o dheumics] compositan, these
coccanad Tnmands e essentiadiv identicd to
Ci s drugs—maecd, RNA aptamers have
bucr madificd in some ol the same ways as
atisense molecules teoavold problems of
Coond e degradanon in the blond-
sree i aind short serunm hali-dite, But because
thes taxget proteins, aptamers, unlike anti-
ense drugs, can work against cither ra- or
wisawcchdar targets- —obviating the need, at
irast ton some applications, o get the mole-

cules nside of ells
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Yet whuereas antisense and another nucleic
acid-based therapeutic technology, ribo-
have brought investors more
heartache than success. the reception far

zymes,

aptamers remains enthusiastic, tThe most
recent setback for antisense came on May 3,
when an FUA panel reiected Genasense, an
aptisense Jdroag for malignant melanoma
develuped by Genta i Berkeley 1Heights, NE
USAY and Avents (Strasbaurg, France), that
produced eguivecal clinical resulis.)

Tlow did aptamers, an cven younger
nucleic acid-based modality, gain the confi-
dence of twice-shy investors? The amhassador
for this new kind of therapeutic is a drug
called Macugen {(pegaptanib sodium), being
developed by Evetech for the treatment af the
‘wet' forms of age-related macular degencra-
tion (AMDL Although many companies that
became newly public i 2003 brought disap-
poinling returns to investors, byetech brought
i a nne-day return of 34% and has been the
minth-best-pertorming PO in the past 12
manths acrosy all industries. Despite the fact
that Macugen i Evetech’s anly produci—
there i nothing else in the company’s pipeline
even temotely dose tu the clinic—Evetech
commands a markel cap north of $1.4 hillion,

That rich valuation can be attributed to
some very robust resudts in interim anabvses
of two pivotal phase 273 triads, and w e huge
potential market {or Macugen—some 1.0
million <ases of wet AMD in the United States
alone, with an estimated 200,000 new ases
cach vear, a figure likely to grow as our papu-
lation ages. A sweetheart deal the company
landed with Phizer (Groton, CT, USAY didn't
hurt either- it brings Everech up to 730 mil
lion in various payments and slill feaves the
youny company an equat share of all profits.
Eyctech intends to submit a licensing applica-
ticn to the FLA in the third quarter of this vear,
and with an accelerated approval agreement
{rom the agency, Macugen stands a very good
chanee af reaching the public in carly 2003,

&l

Class distinction
What is more exciting to some venture capi-
talists than this single product, however, is the
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Figure 1 The thrombin zptamer {ague) forms a
snecific binding surface with the Lhrombin
nrotein {Lluel,

virtues of aptamers as a therapoutic class to
reat any number of ilinesses. in theory, these
molecules offer some ol the best of bnth small
mojecules and menoclonal antibodies.

On the smatl-molecule side of the equation
is the stability and seeming lack of immuno-
genicity  of aptamers. Anthenv  Adamis.
Eyetech's CSO and cafounder, describes them
as “rock stable”

"You can heat them up to 30 or 90 degrees
[Celsius], coal them down, and they will still
work,” he says. "They can survive i rather
harsh environments with various solvents.”
Adamis believes the natural stability of apta-
mers will eventually help his company
develop an extended release or alicrnative
delivery formulation of Macugen, which was
given by intravitreal injection every six weeks
in clinical trials, In addition, no evidence of
antibody development ar other immunn-
genicity to Macugen was observed in clinical
trials, he savs—a claim echocd by others who
have used aptamer therapeutics in the clinie.

Aptamers may also share some commien
ground with small motecutes when it wones
to manafacturing. Making Mocugen, savs
Adamis, “is a siraightforward 15-step syn-
thetic process. Uniike an antibodv. where
you hove to build a gigantic fermenta-
tion plant, this is straightiorward chemical
synthesis” Archemix president and CEO
Errol De Souza adds that the synthetic process
is also relatively [ree of patent and rov-
alty entanglements that surround antibedy
production.

On the amtibody side of the equation is
the specificity and  binding  affinity  of
aptamers, Aplamers have a larger surface area
in comparison to small molecules, offering
more topological and chemical points of
interaction with targets, and thus antibody

649
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b dissecianon constants (Fig. L Interms of
seilicrty, Adamis netes, “aptamers have
mee ciate d that aave 2 10200 told preater
ah oty o ot ane versas theophvlline—and
oo molocales that dfer soly by g
st proup!” Mavugen, for instance, hinds
Ty one ol six iseforms Gsoform 1631 of
vaseanal etidothelisl growih Lactor (VEGEF: a
speetfiaaty that Adanus argues makes the drug
sd more etievtive than g complete
TG Blockade

Aptamer olipopoly
AT echese thaats o minnd, some investors are
ity that aptamers will find a cdgnificant
“ohe o omeraw’s pharmacopeia. And
ntthedies. where entrepreneurns must
wave 3 very eampetitive landscape, the iniel-
A omoperty [P mights surrounding
G cers e peatarkabiy centralized.
Lisolieesbi Al call e atiribuled in
wtgt partio Lar v sxod, one ol the dovelopers
al i e viee process ted selecting aplamers
v of largs combimarerial pools of ohigo-
euleondes, zalled STTFX: «for systematic
fon of Hgadnd- ov exponeniial entich
sat vkl wong with venture capitalise
dud Nehagen (Roeulder,

L [T AL

COT A s o plest s edhmology,

The company later merged with Vestar to
hecame NeXstar, which was in wirn acguired
by Gilead Sciences {Foster City, CA, USA) in
[EEHE

Altheugh a decade of work went intn
aptamers, including the developiment of
Macugen (then calicd NX-1R38) as far as a
phase 1 trial. (nlead’s imanagement decided (o
focus the business around the company’s
antiviral dreup iranchises, and ta divest both
the aplamer and oncology assews af the com-
pany. Gold has since gone on to found Soma-
Logic (Boulder, CO, USA Y which is focused
on diagnostic applications of apramers.

Evetech rights o
Macugen from Gilead in 2000—indeed, the

licensed  exclusive
company was formed specifically 1o 1ake
advantage of that licensing epportunity, In
October 2001, the rest of Gilead's aptuner
asseis went to Archemix, with Gilead recelv-
ing $17.5 million plus warrants in Archemux.

Using  the SELEX which
Archemix now owns the exclusive rights for
discovering therapeutic molecules, research-
ers are able to screen huge libraries on the
ordet of HHF 40 unique oligonuclentides
against their targets, The SELEX eslate
includes not just this discovery process, how-

process, 1o

cver, but over 175 patents on specific com-

Table 1 Therapeutic aptamers in clinical development

Tpary cariierd

Status

ot e Ky, JEA)
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SpnLe e Esimy WAL LSA)

S8 b o TAL LSAY
Bt ot Myers Squiob)

. awox TBerkelay, TA, LISA]

flerng Brreg o
Foare P orer

Tezw Yook, NY, JBA)
Prizan) ‘

21 7ar)

Huyler Hery

Sa Tiogn CRALJSA)

CKL e 20 Thoo

Drug hadication}

Aerol 00 {Lancar)

ARC-183 (short half-iife anticozgulantfantithrembotic
for CABG)

ProMune (nen-smali-call lung cences, melanoma,
cutaneous T-rell lymphoma)

Actilon {hepatitis €)

Vaximmone adjuvant {¢apcer)

Aslhmag and allergy compounds

E2F decoy (¢ prevant vein gra®t faitu-e)

AC.1018 ISS 'inked {0 ragweed allergen {ragweed}

101£ 155 as adjuvari mixed with bepatitis B alfergen
as prophylaxis, (A-linked version for therapeutic use
1s 11 praciunical davelopment)

1018 1SS inhalation {asthma)

Mazugen {al' forms of wet AMD)

Macugen {d-abetic macular edema}
Macugzn {ret:nal vein ozclusion)

HY32055 (cancer}

Phase I launched September 2003

positions and methods of use—including
claims as broad as“a nen-natarally occurring
nucleic acid ligand having a specific binding
affinity lor a target molecule. said target mol-
eeule being a protein, wherem sad nucle
acid ligand 15 not a nuclere acid having the
known physiological funciion of being bound
by the target melecule™, In other words, they
have rights to any aucleic acld sequence that
hinds to any protein—the entire universe of
synthetic aplamers—as long as i doesn’l
involve a known natural process., such as the
interaction  between  transeription
and IYNA,

One key way in which aptamers differ from
both small molecules and antibodics is in the
potential universe of drug candidates. With
potential therapeutics limited 10 oligonu-
cleotides ranging from abewt [0 1 40 bases in
length. there is @ finite aumber of molecules
to be sereened - stark contrast te combina
torial syathesis of small molecule librares,
whete even the kargest collection represents
an infinitestmal piece of conceivable chemical

[actors

.\'.P"]CC.

The three-dimensional diversity of apta
mers is somewhat smaller than potental
sequence diversity, suggests Archemix evecu-
tive vice president Martin Stanton. Reversing

Phase 1 planned for gsecond half of 2004

Phase 2; phase 3 trial pfanned for late 2004.
Phase 1/2 data available late 2004; phase 2
pianred for second half 2004

Fhase 1—development done by pariners

Two products scheduled to enter phase 1+ 2004

Enrpllment complete in twa phase 3 trials. Phase 1/2 1nal
for arteriovengus graft failure planned for first half of 2004,

Phase 2/3 trial launched February 2004,
Phase 3 trial planned for 2004,

Phase 2, results in md-2004

interim results of two pivotat phase 2/2 trials reported:
NDA filing planned for third quarter 2004

Phase 2 inals angoing

Fhase 2 trial planned for 2004

Phase 2 pianned for summer 2004

A0 e elates wacy ar degeneration: CABG, coronary artery bypass grafting; NDA. new drug epplication.
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S0 ot o the stnctural portinn of the
Foocodie fopsleace, dees ot oappuar to
e cdrteresee e the nan shape ot the

dey o ity of T ‘.’il}[ﬂ\' I d

aoccevend auni of b practial
. CPoLIvSise. Using SFiEX, Archemix
“vareaers are able 1o get o suceess or failure
cote yiieady than they mivh with wonven

senral vstall muiecale screening.

Backdoor into celis

Crher micractions between nucleic acid lig-

snds ond protems that have “knowwn physia-

St feetion” woutd hence presuntably fall
o

e ol Archenics broad net. Three com

caaos e ot them reshhe public this

are workme on sptamers that target
Pec s epua 9 TTRY o dendriic celis

H e ptor appears to provide a

soluinen e what 1 atherwise a drawback of

1.

oot appers that THRY evalved speciti-

apbmurs chey dent zet into cells very wel
f & }

Ll o bing eertanm nudieic acsds into intra-
o U campartmenss called endosomes.

o i genomes of vertebrates, cvtasine and
gwanine 14 and Gooseldom vecur tugether in
swwqueace  and when they do, the evtosine i
wst’ v methylated. Unimethylated CpdG dinu-
ectides, however “where the p represents a
v oesphate bond  ocur Brequently un bacter-

Cecnnes ot s now widelys behieved that
o s enead o mechansm o reoogniee
Cobiis sty et horest aiader aad T LRY

L T R R IN

Voot ot ante cells d sed o

S N T T VE TRy O A s PAT
Fo-o v sesearchess o duth the University
i T B O TAD T'SAL and the

T

Uacceaty of Galitorma San Dicgo s UCSD,
oospiore the ddea of wsing CpG-containing
immuestimulatory sequences as therapeu-
ties, The resuiting UCSDY patents  were
Berkeley, CA, USAy
vacreas Artaur Riteg, who while at the

dvensed to Dynavax
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A vand corr Pharmaceutival Group
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whos==Divnavan, with a primary facus on
allega, asthing and hepativs B, Colev with a
fovis an Gancer vaventes, Hyvbridon Came
braee. MAD USA o also working on
wlanirs o TLRY, but has developed a con-
pg s athutic Smniamostinnulatory
v instent of CpGs, which mav pat them
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sobvade the 18 Dartie surroundimg Dvaavax

dned U oaleyn

Sald R REOTECHNCOLOGY VOi o ML 22

SUOMHAER A

Smooth sailing

With the exception of this one pazent dispute,
the aptamier space 15 remarkably placid.
Becauwe of Archemix's broad ownership of
IP nights n the field, there are relatively
few competitars in the space and virtually
no legal wrangling. It 18 probabhy impossble
1o 1ell whether the concentration of [P in
one compdny is in any way slowing the poten-
tial development of apramer drugs, but
Archermsx has thus far been willing to grant
licenses to other companies seeking 1o
develop aptamer drugs. “Licensing is at least
a puortion of their business model.” says Chris
Rusconi, vice presidem of discavery and
development at Regado Blosciences (Morris-
ville, NC. USA) a voung company working
on “antidote-conirolled” aptamwers, where a
therapeutic effect can be arned off by intro-
ducing 4 sequence complementary 1 a por-
tien ol the therapeutic sequence. "o they
want 1o go and enable 4 thousand little com-
petitors? T dun't think so. But they've contem-
plated this and they've been a very good
corporate partner.”

Archemix has likewise granted a license
to Apiamera (Louisville, KY. USA), which is
develaping an aptamer that targets nucleotin,
a target found on the surface of many kinds
of cancer cells, In both these cases, Archemix
has kept a stuke In any resulting commiercial
drugss they have alse granted a luense 1o
Noxxon Pharna (Berlind that does not bear
rovalties. Noaon is developing ‘Spergelmers,
t-larm meirror-image aptamers thal have
grester stabadity movive than unmodified
RNAY Other aptamers in cliniaal develop-
ment have achieved stabilicy against nuclease
degradation through a bag of tricks used with
antisense  drugs—2-OH  modifications  of
ribose and 3" ‘end caps’ Lo block exonuclease
activity, or modifications of backbone linkage
ur bases.

Overcoming obstacles
There are a fow drwbacks 10 aplamers, In
terms of manulicturing cost, they are much
mere hke antibodies than small molecules.
Evetech n't revealing manufacturing costs for
Macugen, but Archemix’s Stanton esiimates
that his company’s first clinical candidate, an
anticoagulant called ARC-183, will cost $50 or
teas per gram at manufacturing scale. Since
aptamers have a lower molecular weight than
antibodies but similar binding affinity, they
should cost far less than antibodies on a per
dose basis 1 gram of Macugen vields 3,000
demes, notes Byerecls Adamis), but still much
more than small melecules.

A more serious limitation of aptamers is
fanyiliar o those who have worked with other
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nucleic acid therapeutics: thev do not under
normal arcnstances, get nside of cells,
“Aptamers get in as well or as badlv as anti-
sense or SiRNA" acknowledyes De Souza, but
since they target protems instead of message,
drug developers have more flextbility in select-
ing their tavgets. "As part of our business strat-
cgv. we've aiid in the first phase ol our
business plan that all of our targets will be
extracetfular—just because we do not want 1o
struggle with the cell barrier that antisense has
struggled with”

Perhaps the most limiting drawback has
o do with serum half-life. Unlike antibadies,
which can linger in the bloodstream for days
or even wecks, aptamers are quickly climi-
nated by the kidnevs, ARC- 183, deliberately
designed for a short duration of action, has a
haif-life of about 2 minutes. This can be
increased by artaching polvethylene glycol
{PEG) molecules 1o the oligonucloeotides---
Macugen, for instance, is linked 10 two
branching 20 k?a PEGs—burt there are limits
1o whar this can achieve. The longest half-life
Archemix has achieved for any aptamer is just
over 24 hours, although Stanton notes that
this result s from rais and should double or
mere in humans, De Soura argues that the
ability to “dial up and down™ half-lfe with df-
ferent size PEGs can be an advantage, but il
appears that the flexibility is for now some-
what limited on the upper end.

Nevertheless, i Eyetech gains U8 miarketing
approval for Macugen in 2005, it wilt bea huge
vindication for apramers o a therapewtic
class—one that antisense and ribozymes have
never really earned- -and proof that Evetech's
founders made a shrewd gamble by licensing
Macugen when it was in phase 1. “Evetech
wok a risk en a whole new therapeutic madal-
iy, says De Souza, With the current enthusi-
asmy surrounding this class of molecules, it
may o fonger be dear how risky that decision
secired a few vears ago. Evetech’s success will
probably benefit Archemin as well, “We
founded this comipany on the heliel that
aptamers are underappreciated and ready 1o
be commercialized.” says Stanton. “It was a bit
of a leap at the time, and 1 don't think it was
widely appreciated.”

Karl Thicl is a freclance writer bused i
Porthand, Oregon, USA.
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