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Ira. 11 FATENTEIYM Eve: 378 FASENACIONALI 
J Act. 411 PRESENTACION Folios: 183 

FORMULARIO UNCO DE SOUCITUD DE PATENTE 

PCT 

ENTRADA EN FASE NACIONAL 
SOLICITUD DE: 

O atente de InvenciOn. D Patente de Modelo de Utilidad. 

I1 CapItulo I. 0 CapItulo U. 
Nombre: COLEY PHARMACEUTICAL 

O 
GROUP, INC. Y SANOFI 

SOLICITANTE 
AVENTIS U.S. LLC 

sociedades constituidas y existentes bajo las 
(71) leyes de los Estados de Delaware y Nueva 

Jersey, Estados Unidos de America. 

DirecciOn: 93 Worcester Street, 
Suite 101, 
Wellesley, 
Masachusetts 02481, - IDENTIFICACION Estados Unidos de America 

C.C. D NIT 0 
Y 

C.E. 0 Otro 0 
DirecciOn: 55 Corporate Drive, Cual  

Bridgewater, 
Nueva Jersey 08807, Nümero  

Estados Unidos de America 

Domicilio: Wellesley, 
Masachusetts 02481, 
Estados Unidos de America 

Y 
Domicilio: Bridgewater, 

Nueva Jersey 0807, 
Estados _Unidos _de_America  

Nombre: EMILIO FERRERO IDENTIFICACION 

G Dirección: Carrera  4a. No. 72-35 C.C. NIT 0 
REPRESENTANTE 

TelØfono: 3473611 
C. E. 0 Otro 0 

Fax: 211 8650 
0 APODERAD O Cual  E-mail: cIientescamyp.com.  

Domicilio: Bogota,Colombia. Nümero 438.019 T.P 31.929 
 Arthur M. KRIEG 2. George Tilo DE SANCTIS 

01.
 

173 Winding River Road, 8 Titus Road, 
Wellesley, Skillman, 

INVENTOR (ES) Masachusetts 02482, Nueva Jersey 08556, 

(72) Estados Unidos de America Estados Unidos de America 

3. Sthephen Leslie UNDERWOOD 4. Raymond Antonhy JUPP 
9 Encampment Drive, 32 Rose Terrace, 
Bedminister, Chatham, 
Nueva Jersey 07921, Nueva Jersey 07928, 
Estados Unidos de America Estados Unidos de America 

5. John A. Jr SCHMIDT 
19 Fairway Drive, 
Green Brook, 
Nueva Jersey 08812, 
Estados Unidos de America 



CAVELIER ABOGADOS ICOLO 16180-841001-3 ID-11192 Q 
PCT (86) 
Solicitud Internacional No. PCT/US2006/013193 Fecha: 10 de abril de 2006 

Publicación Internacional No. WO 2006/110607 A2 Fecha: 19 de Octubre de 2006 

TItulo (54) 
6 METODOS PARA TRATAR ASMA EXACERBADA POR ENFERMEDAD INFECCIOSA 

Clasificación Internacional (51)A61K 031/7088 I21t7 11/0s 

Prioridad (33) Pals de Origen (32) Fecha(31) NUmero de Solicitud 

US 08 de abril de 2005 60/669,548 SlII NOD 

(D Comprobante de pago No.: 07-84,938 Fecha: 16 de Octubre de 2007 

Anexos: 

IJ Corn probante de pago de la tasa de presentación de la solicitud por 
$ 

482.000.00. 

D Comprobante de pago por reivindicaciôn de prioridad. 
I1 Docurnento que acredita la existencia 

y 

representaciôn legal cuando el solicitante sea persona 
jurIdica. 

t1 Poderes, Si fuere el caso.(COLEY PHARMACEUTICAL GROUP, INC) 

O Documento de cesiOn del inventor al solicitante o a su causante. 
O Declaraciones. 
F.I Copia de la solicitud internacional. (Resumen, descripción, reivindicaciones, dibujos) 

Traducción de la solicitud internacional al castellano. (Resumen, descripciOn, reivindicaciones, 
dibujos) 

O Copia del examen preliminar efectuado por la [PEA. 
O Traducción del examen prelirninar efectuado por la IPEA. 
O De ser el caso, copia del contrato de acceso. 
O De ser el caso, documento que acredite la licencia o autorizaciOn de uso de conocimientos 

tradicionales de las comuriidades indIgenas. 
O De ser el caso, certificado de depOsito del material biolOgico. 
II Arte final 12x12 
O De ser el caso, informaciôn sobre otras solicitudes de patente o tItulos obtenidos en el 

extranjero por el mismo titular o su causante, relacionadas parcial o totalmente con la invención 
de eSta solicitud. 

1I Otros: VER HOJA DE DOCUMENTOS ANEXOS 



CAVELIER ABOGADOS 

Fo 
COLO 16180-841-001-3 
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NOMBRE: EMILIO FERRERO 
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C.C. 438.019 de UsaguØn T.P. 31.929 
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DOCUMENTOS ANEXOS 

1. Z PublicaciOn Internacional WO 2006/110607 A2 

DescripciOn: 

PÆginas 61 en el idioma original 

Paginas 90 en espanol 

Reivindicaciones: NUmero (s) 31 

Figuras: Nümero (s) 

2. Z Forma PCT/ISAI2I0. Informe de Büsqueda Internacional. 

3. Z Forma PCT/IB/306. NotificaciOn de la inscripcion de un cambio de Nombre del solicitante 

de SANOFI- AVENTIS U.S.P. LLC a SANOFI-AVENTIS U.S. LLC 

4. ZlExtracto de publicación. 

NO SE REALIZARON MODIFICACIONES EN LA FASE 
INTERNACIONAL 
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The Commonwealth  of fMassacfiusetts 

William Francis Galvin 
Secretary of the Commonwealth 

APOSTI I 
(Convention de La Haye c 

1. Country: United States of America 

This public document 

2. has been signed by: Ellen Wing 

3. acting in the capacity of: Notary Public 

4. bears the seal/stamp of: 
the State of Massachusetts, whose commissic 

Certified 
5. at: Boston, Massachusetts 6 
7. by: the Secretary of the Commonwealth 

8. No.: 1051966 
9. Seal/stamp: 

10. Signature: 

2L 

William Francis Galvin 
Secretary of the Commonwealth 

- ----. ,.-

COMO NQTkU S--Ttl ((- ...ULO 

UE FOGOW -tA’3 t LA 

FOT 

2 5 OCT 2 DA 
prepared by MSbarde/fa 

ill) A N r EJ’tA ’ 

a. - 
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CAVELIER 181 
ABOGADOS 
EDIFICIO SISKI 

CARRERA 4a N’ 72.35 
BOGOTA, 8�COLOMBIA 

REPRESENTACION V PODER 

Representación y Poder 
Apostile para patentes, 
industriales, marcas 
comerciales, enseæas, 
comerciales, licencias. 

con autenticación notarial y 
modelos de utilidad, diseæos 

de fÆbrica, nombres 
nombres de doininio, lemas 

Representation and Power-of-Attorney with notarial 
authentication and Apostifle for patents, utility models, 
industrial designs, trademarks, commercial names, trade 
emblems, domain names, slogans, licenses. 

REPRESENTATION AND POWER-OF-
ATTORNEY 

Yo (nosotros), abajo firmado (s)/1 (we), the undersigned 

COLEY PHARMACEUTICAL GROUP, INC. 

domiciliado (s) en/of 93 Worcester Street, Suite 101, 

- Wellesley, Massachussets 02481, United States of America 

pot ci presente nombramos a EMILIO FERRERO, tpa. 31929; 
GONZALO PERDOMO, tpa. 831; LUZ CLEMENCLA DE PAEZ, 
tpa. 23555 y GERMAN CAVELIER, tpa. 832, domiciliados en la 
Canera 4a No 72-35, Bogota, Colombia, en obedecimiento a to 
dispuesto en el paragrafo lo del Articulo 543 del Codigo de 
Comercio, ci primero como principal y los dernªs como suplentes, en 
su orden, como mis (nuestros) representantes en todos los asuntos de 
propiedad industrial con facultad Para recibir notificaciones y 
nombrar apoderados judiciales o extrajudiciales. El primer 
representante suplente reemplazarÆ al principal en caso de ausencia o 
iinpedimento temporal o definitivo de aqul. La misma regia Se 
aplicarÆ cuando ci segundo representante suplente h’a de reemplazar 
al primero, o ci tercero al segundo. En tales casos, ci representante 
principal, o ci primero, o segundo suplente, en su caso, o ambos, 
declararÆn su intenciÆn de no ejercer la representación mediante 
declaración autenticada por Notario Püblico en Colombia, o por 
Notario u otro Funcionario Püblico, o Consul de Colombia, en ci 
extranjero; y Si se tratare de impedimento, con ci certiticado 
respectivo. Si alguno de los nomnbrados faltare definitivamnente, el 
siguiente tomatO su lugar. Cuando cesare la ausencia o impedimento 
del representante principal, o de su primero o segundo suplentes, en 
su caso, podrOn ejercer Ia representaciOn, en su orden, uno u otros 
segUn ci caso, asumindo1a pot ci solo hecho de ejercerla, cesando en 
ese momento ci ejercicio de la representaciOn por ci primero, segundo 
o tercer suplente en su caso. 
AdemOs, confiero (conferimos) poder a los abogados arriba 
nombrados, Para obtener la protecciOn de mi (nuestra) propiedad 
industrial y contra la competencia desleal, a cuyo efecto autorizo 
(amos) a los dichos apoderados Para que me (nos) representen ante 
cualesquiera entidades o personas, ejerzan o no jurisdieción, 

' CAVELIER ABOGADOS 
WPPODEOI-181 (MINUTA N°12.l.I.2.6 USA) 

in due compliance with the terms of paragraph 1st. of article 543 of 
the Commercial Code, do hereby appoint EMILIO FERRERO, tpa. 

31929; GONZALO PERDOMO, tpa. 831; LUZ CLEMENCIA DE 
PAEZ, tpa. 23555 and GERMAN CAVELIER, tpa. 832, domiciled 

at Carrera 4a 
No 72_35, BogolO, Colombia, the first as principal and 

the others as alternates, in the order of their appointment, as our 
representatives for all industrial property matters with faculty to 
receive notifications and to appoint attorneys in and out of Court. 
The first alternate shall replace the principal in case of his absence or 
of temporal or definitive impediment. The same rule will apply when 
the second alternate representative is to replace the first one, or when 
the third is to replace the first or second alternates in their turn, or 
both of them, second. In such cases, the principal representative, or 
the first or second alternates in their turn, or both of them, shall state 
their intention not to act as representatives through a declaration 

given before a Notary Public in Colombia, or before a Notary or 
another Public Official or a Colombian Consul abroad; and in case of 
impediment, the appropriate certificate shall suffice. If any of the 

appointees were to be definitely absent, the following alternate shall 
take his place. When the absence or impediment of the principal 
representative or of the first or second alternate in their turn cea 
the representation can be taken again in their equence, by th 
principal, the first or second alternate depend on case, and & 
mere fact or its erciso’ wjitsuffjce..,: xera of the 

representation by r4eir turn 
iCQP;  shall end at such tieFO. InO

 
a ttII,.we g1ma w4orney in 

favor of the above_ mame) attorneysaLJaw so that they 
may obtain 

the protection of ny (our) mnZsia eJQi against the unfair 

competition for which purpose I (we) authorize the said at,trneys to 

represent me (us) before any authorities or persons with without 
NA 

4S , 



[IJ 

especialrnete ante las del orden adininistrativo, contencioso-
administrativo ’ judicial, asi corno los tribunales de arbitramento, en 
todo lo concerniente a Los siguientes asuntos: a) Obtención de 
patentes de invenciOn, modelos de utilidad y disenos industriales; el 
registro de marcas de fÆbrica, colectivas, defensivas, de servicio, 
lemas comerciales, nombres comerciales, enseæas, nombres de 
dominio, variedades vegetales y denominaciones de origen; so 
renovación, traspaso, cambio de nombre o domicilio, cancelación 
voluntaria; y el i-egistro de ’licencias de uso de esos derechos; b) Las 
acciones de competencia desleal, protección del consumidor, 
oposiciones u observaciones, cancelaciOn administrativa y judicial, 
nulidad, medidas cautelares, concesión de licencias,  la tutela, la 
protecciOn de secretos industriales, y en general los juicios civiles, 
penales, administrativos o contencioso.administrativos relacionados 
con estos derechos; acciones y procesos que promovamos o se nos 
promuevan. Y para que en todos los asuntos arriba determinados, 
puedan sustituir este mandato, transigir, conciliar, admitir los hechos 
del proceso, desistir, cancelar, recibir, renunciar, y ratificar los actos 
de agentes ofidosos. 

jurisdiction, specially those administrative, administrative 
contentious and judicial, as well as before Arbitration Court, in all 
matters concerning the following: a) Obtainment of patents, utility 
models and industrial designs; the registration of trademarks, 
collective, defensive and service marks, slogans, commercial 

names, trade emblems, domain names, vegetal varieties and 
denominations of origin; its renewal, assignment, change of name or 
domicile, voluntary cancellation; and the registration of licenses of 
use of the above rights; b) Actions of unfair competition, protection 

to the consumer, oppositions or observations, administrative or Court 
cancellation, nullity, infringement, granting of licenses, the action for 

writ mandamus, the protection of trade secrets, and in general the 
civil, penal, and administrative suits relating to those rights; actions 

and suits instituted by me (us) or against me (us). And that in all the 
above matters they may substitute this Power of Attorney, 

compromise, conciliate, admit the facts of the case, desist, cancel, 

receive, resign, and ratify acts done by representatives without a 
power of attorney. 

Dado y firmado hoy/Given and signed this 

en/in 

' CAVELIER ABOGADOS 
WPPODEOI-1 81 (MINUTA N-12.1.1.2.6 USA) 

COMO N()TAHC SfXrO QL L’rNjLO 
TI BOGOTA. IAGO CCN’.......I 
OT.)C ’:(ru  

25 
OCIL 

J   N 



CERTIFICACION NOTARIAL (INDIVIDUO) 

A los  dias del mes de  

de 200 ante ml, Notario Pübiico o Funcionario Autorizado de 

compareció(eron) personalmente  

a quien(es) doy fe de conocer y me consta que es(son) la(s) 

persona(s) firmante(s) del documento que precede, y 
quien(es) tiene(n) capacidad legal para otorgarlo 

NOTARIAL CERTIFICATION (INDIVIDUAL) 

On this  / 
day of vi 1v! 

200’, before me, a Notary Public or ttestingfficiaI of  

(ôm?Thhasi[rs  
personally appeared -fj’Ob/i L. 

to me known, and known to me to be the person(s) who executed 

that foregoing document, and who has(have) legal capacity to 

execute it. 

NOTARIO PUBLICO 0 FUNCIONARLO AUTORIZADO --- NOTARY PUBLIC OR ATTESTING OF1CIAL 

CERTIFICACION NOTARIAL (SOCIEDAD) 

A los ____________ dias del mes de’2t 
de 200 $ compareció(eron) ante ml, 

koL4-- picc/3// 
Quien(es) conozco personalmente y que firma(n) este documento 

en representaciOn de la Sociedad/compania denominada 

COLEY PHARMACEUTICAL GROUP, INC. 
Certifico: 

1. Que he visto los siguientes documentos:* 

,q&(0 e4v167 jqkPA-–t4Q$ tJ 

jCLt4f/.. eat 1OD zb 

2.Que dichos documentos prueban lo siguiente: 

2.l.Que COLEY PHARMACEUTICAL GROUP, 
INC. 
es una Sociedad/Companla leglmen,e constituida y existente 

de acuerdo con las leyes de LjJ ,jj_tL..... 

2.2.Que el domicilio de dicha Sociedad/Companla es 
93 Worcester Street, Suite 101, Wellesley, 

.Massachussets 02481, Estados Unidos de America 
2.3. Que el objeto u objetos para los cuales se otorga el 

presente poder estÆn comprendidos dentro del objeto social de 

la mencionada Sociedad/Compaæia. 

2.4.Que el(los) Sr.(Sres.)  

estÆ(n) autorizado(s) para otorgar el presente Poder. 

Ciudad 

Estado 6144- 
Hoy de 200 £ 

NOTARIAL CERTIFICATION (CORPORATION) 

On this 
/ 
jj1 day of iIl/U.A. 

200 appeared before e 

L. 

who(m) I know personally and who(m) signed this document as 

representative(s) of the Corporation/Company named 

COLEY PHARMACEUTICAL GROUP, INC. 
I certify: 
That I have seen the1follQwirn’ umnt 4 

2. That the above documents duly prove the following; 

2.l.That COLEY PHARMACEUTICAL GROUP, 
INC. 
is a Corporation/Company legally constituted and in existence 

in accordance with the laws /dtf)jK, t4..c4 

2.2.That the domicile of said Corporation/Company is 

93 Worcester Street, Suite 101, Wellesley, 
Massachussets 02421 Unitd.$tapf iç 
2.3. That the purpose orptirposea ’oi wtllcht fet’J4er of 
Attorney is granted arts comprised within th ’Ao*’1 
purposes set forth in the charter of the me rpiraiion/ 
Company. .. Ip) 29Q1 
2.4. That Mr.(Messrs.)  

is(are) authorized to grant the presŁiL pqwefttræ 

City  

State Md 3 5,6 ü . t7 US 4-
This day 200 

NOTARIO PUBLICO 0 FUNCIONARIO AUTOR1ZADO --- NOTARY PUBLIC OR ATTESTING OFICIAL 

* Los documentos que certifican la existencia legal de La conlpaæla deben * The documents that certify the legal existence of the company 
identiticarse con fecha y origen must be identified with date ON � � � 

' CAVELIER ABOGADOS 
WPPODEOI -181 (MINUTA N°12. 1.1.2.6 USA) 

Zil 

/1 W4 
fflulimrn/77. 

ELLEN WING 
Notary PubiC 

Commonwealth of Massadi4s 
MyComn*sioflEiiSSF&) 13,20 



C. COMO rcRw M. 
L* h.) UE LA 
OTCJCO 

LlGj ojc. ..........- r-. -r 

25 OCT 
20Q1 

J.� 
t.LLJINA 

---

' CAVELJER ABOGADOS 
WPPODEOI-1 81 (MINUTA N-12.1.1.2.6 USA) 



TRADUCCION OFICIAL No. 06.15/05b realizada por Diego Vargas, Traductor 

Of icial, Resoluciôn  No. 0001 de 1999 del Ministerio de Justicia y 

registrado ante el Ministerio de Relaciories Exteriores de Colombia. 

A continuación se traducen los sellos y 1ealizaciones de un 

documento mediante el cual COLEY PHARMACEUTICAL GROUP, INC., 

domiciliada en 93 Worcester Street, Suite 101, Wellesley, 

Massachusetts 02481, Estados Unidos de America, otorga derechos de 

representación y poder a los Doctores EMILIO FERRERO, tpa. 31929; 

GONZALO PERDOMO, tpa. 831; LUZ CLEMENCIA DE PAEZ, tpa. 23555 y 

GERMAN CAVELIER, tpa. 832, domiciliados en la Carrera 4 No. 72-35, 

. Bogota, Colombia. 

Dado y firmado el 10 de febrero de 2005 en Wellsley, Massachusetts, 

Estados Unidos de America, por Robert L. Bratzler, Presidente y 

Director Ejecutivo. 

Firma Firma Ileqible 

CERTIFICADO NOTARIAL (SOCIEDAD) por medio de la cual se certifica la 

firma anterior del seæor Robert L. Bratzler en representación de 

O 
COLEY PHARMACEUTICAL GROUP, INC. y asI mismo c.ertifica qu,la 

MC)FOT

 

11) BOCC-CT 
c-- LA 

anterior es una sociedad legalmente 

acuerdo a las leyes del Estado de Delaware, de 

America, domiciliada en 93 Worcester Street, Suite 10, Wellesley, 
JL\, 

Massachusetts 02481, Estados Unidos de AmØridAdnse 

certifica que el seæor Robert L. Bratzler estÆ autorizado para 

otorgar el presente poder. 

Dado y firmado en la ciudad de Wellesley, Estado de Massachusetts, 

Estados Unidos de America, el 10 de febrero de 2005. 

Firma Ilegible 

Ellen Wing 

MI ComisiOn Vence Febrero 13 de 2009 

:1-



El Estado de Massachusetts 

William Francis Galvin 

Secretario del Estado 

APOSTI LLA 

(Convention de La Haye du 5 octubre 1961) 

1. Pals: Estados Unidos de America 

Este documento p6b1ico 

2. ha sido firmado por: Ellen Wing 

3. actuando en capacidad de: Notario Püblico 

4. lleva el sello/estarnpilla de: 

el Estado de Massachusetts, cuya comisiOn vence el 13 de Febrero de 

2009 

CERTIFICADO 

5. en: Boston, Massachusetts 6. el: 1 de marzo de 2005 

7. por: el Secretario del Estado 

8. No.: 1051966 

9. Sello/estarnpilla: Gran Sello del Estado 

10. Firma: 

. Firma ilegible 
coMr) 

JLO 

William Francis Galvin 

Secretario del Estado 
7 5 OCT 

Es traducción fiel y completa de la cual se,e deJa6opa(ŁrYeCth 

oficina para su confrontación. 

DVZ/ID-6818/WPCLO02G/CQLQ 14306-841-001-6 

/I ) 

OlEdO F. VARGAE3 Z. 
TRADUCTOR E )NTERPRETE OFICIAL 

ESPAl10L- INGLES - INGLES - ESPAJOL 

RES. 0001 DE ENERO 4 DE 1999 

MINISTERIO DE JUST1CA 

2 
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date PCT 19 October 2006 (19.10.2006) 

(51) International Patent Classification: 
A61K 31/7088 (2006.01) 

(10) International Publication Number 

WO 2006/110607 A2 

(74) Agent: LOCKHART, Helen, C.; Wolf, Greenfield & 
Sacks, P.C., 600 Atlantic Avenue, Boston, MA 02210 
(US). 

(21) International Application Number:
PCT/1JS2006/013193 (81) 

(22) International Filing Date: 10 April 2006 (10.04.2006) 

(25) Filing Language: English 

(26) Publication Language: 

(30) Priority Data: 

English 

60/669,548 8 April 2005 (08.04.2005) US 

(71) Applicants (for all designated States except US): COLEY 
PHARMACEUTICAL GROUP, INC. [US/US]; 93 
Worcester Street, Suite 101, Wellesley, MA 02481 (US). 
SANOFI-AVENTIS U.S.P. LLC [US/US]; 300 Somerset 
Corporate Boulevard, Bridgewater, NJ 08807 (US). 

(72) Inventors; and 
(75) Inventors/Applicants (for US only): KRIEG, Arthur, 

M. [US/US]; 173 Winding River Road, Wellesley, MA 
02482 (US). DE SANCTIS, George, Tb [CA/US]; 8 
Titus Road, Skillman, NJ 08558 (US). UNDERWOOD, 
Stephen, Leslie [GB/US]; 9 Encampment Drive, Bed-
minister, NJ 07921 (US). JUPP, Raymond, Anthony 
[GB/US]; 32 Rose Terrace, Chatham, NJ 07928 (US). 
SCHMIDT, John, A., Jr. [US/US]; 19 Fairway Drive, 
Green Brook, NJ 08812 (US). 

Delmnatedtates (unless otherwise indicated, for every 
/6a of nati$nal protection available): AE, AG, AL, AM, 
AT, AU, ,,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO. CP/CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, Fl, 
GB, 9, GE, GH, GM, HE, RU, ID, IL, IN, IS, JP, KE, 

ZK’KM, KN, KP, KR, KZ, LC, LK, LR, LS, IT, LU, IV, 
I1’Y, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SM, SY, TJ, TM, TN, TR, TI’, TZ, UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, Fl, 
FR, GB, GR, RU, IE, IS, IT, IT, LU, IV, MC, NL, PL, PT, 
RO, SE, SI,SK, TR), OAPI (BF, BJ, CF, CG, Cl, CM, GA, 

GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 
- without international search report and to be republished 

upon receipt of that report 

Foi-two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette. 

(54) Title: METHODS FOR TREATING INFECTIOUS DISEASE EXACERBATED ASTHMA 

CpG ODN (INTRANASAL) 

VIRUS INFECTION 
(INTRANASAL) 

ANTIGEN 
SENSITIZE ANTIGEN CHALLENGES (INTRANASAL) 

.4 4, 4, 4, 
[DAY:  0 7 19 21 24 26 28 31 33 34 35 38 40 j 

MEASURE AIRWAY 
INFLAMMATION AND 

HYpERREACTIVflY 
' 

TREATMENT TREATMENT TREATMENT 
WEEK 1 WEEK 2 WEEK 3 

(57) Abstract: The invention relates to methods of treating infectious disease exacerbated asthma. In particular, the methods are 

r�u 

useful for treating viral exacerbated asthma using CpG oligonucleotides. 



J 

V 

WO 2006/110607 PCT/US2006/013193 /13 

-1-
1V[ETIIODS FOR TREATING INFECTIOUS DISEASE EXACERBATED 

ASTHMA 

FIELD OF THE INVENTION 

5 The present invention relates generally to methods of treating asthma that is 

exacerbated by infectious disease using immunostimulatory oligonucleotides, as well as 

compositions thereof. 

BACKGROUND OF THE INVENTION 

Bacterial DNA has immune stimulatory effects to activate B cells and natural 

10 killer cells, but vertebrate DNA does not (Tokunaga, T., et al., 1988. Jpn. .J. Cancer Res. 

79:682-686; Tokunaga, T., et al., 1984, JNCJ72:955-962; Messina, J.P., et al., 1991, J. 

Immunol. 147:1759-1764; and reviewed in Krieg, 1998, In: Applied Oligonucleotide 

Technology, C.A. Stein and A.M. Krieg, (Eds.), John Wiley and Sons, Inc., New York, 

NY, pp. 431-448). It is now understood that these immune stimulatory effects of 

15 h.cterial DNA are a result of the presence of unmethylated CpG dinucleotides in 

iticular base contexts (CpG motifs), which are common in bacterial DNA, but 

hylated and underrepresented in vertebrate DNA(Krieg et al, 1995 Nature 374:546-

155’,);

74:546-

5- ’; Krieg, 1999 Biochim. Biophys. Acta 93321:1-10). The immune stimulatory effects 

of bacterial DNA can be mimicked with synthetic oligodeoxynucleotides (ODN) 

20 containing these CpG motifs. Such CpG ODN have highly stimulatory effects on human 

and murine leukocytes, inducing B cell proliferation; cytokine and immuno globulin 

secretion; natural killer (NK) cell lytic activity and IFN-y secretion; and activation of 

dendritic cells (DCs) and other antigen presenting cells to express costimulatory 

molecules and secrete cytokines, especially the Thi-like cytokines that are important in 

25 promoting the development of Thl -like T cell responses. These immune stimulatory 

effects of native phosphodiester backbone CpG ODN are highly CpG specific in that the 

40 effects are dramatically reduced if the CpG motif is methylated, changed to a GpC, or 

otherwise eliminated or altered (Krieg et al, 1995 Nature 374:546-549; Hartmann et at, 

1999 Proc. Natl. Acad. Sci USA 96:9305-10). 

30 In early studies, it was thought that the immune stimulatory CpG motif followed 

the formula purine-purine-CpG-pyrimidine-pyrimidine (Krieg et al, 1995 Nature 

374:546-549; Pisetsky, 1996 J. Immunol. 156:421-423; Hacker et at, 1998 EMBO J. 

17:6230-6240; Lipford et al, 1998 Trends in Microbiol. 6:496-500). However, it is now 
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clear that mouse lymphocytes respond quite well to phosphodiester CpG motifs that do 

not follow this "formula" (Yi et al., 1998 J. immunol. 160:5898-5906) and the same is 

true of human B cells and dendritic cells (Hartmann et al, 1999 Proc. Natl. Acad. Sci 

USA 96:9305-10; Liang, 1996 J. Clin. Invest. 98:1119-1129). 

5 Several different classes of CpG oligonucleotides has recently been described. 

One class is potent for activating B cells but is relatively weak in inducing IFN-cL and 

NK cell activation; this class has been termed the B class. The B class CpG 

oligonucleotides typically are fully stabilized and include an unmethylated CpG 

dinucleotide within certain preferred base contexts. See, e.g., U.S. Patent Nos. 

10 6,194,388; 6,207,646; 6,214,806; 6,218,371; 6,239,116; and 6,339,068. Another class of 

CpG oligonucleotides activates B cells and NK cells and induces IFN-a; this class has 

been termed the C-class. The C-class CpG oligonucleotides, as first characterized, 

� 
typically are fully stabilized, include a B class-type sequence and a (IC-rich palindrome 

or near-palindrome. This class has been described in co-pending U.S. provisional patent 

15 application 60/313,273, filed August 17, 2001 and US 10/224,523 filed on August 19, 

2002 and related PCT Patent Application PCTIUS02/26468 published under 

International Publication Number WO 03/015711. 

SUMMARY OF THE INVENTION 

20 It has been discovered herein that CpG oligonucleotides (CpG ODN) are 

particularly effective in combating infections, and particularly upper respiratory tract 

virus, that are a cause of asthma exacerbations. In some aspects of the invention C-class 

CpG ODN are particularly effective for carrying out the methods. As shown in the 

Examples below, C-class CpG ODN induced a panel of IFN-associated genes in the 

25 mouse, including those for anti-viral proteins, and protected against airway inflammation 
40 exacerbated by combined antigen and virus exposures. 

In some aspects the invention relates to a method for treating viral exacerbated 

asthma, by administering to an asthmatic subject an effective amount of a C-class CpG 

oligonucleotide for treating viral exacerbated asthma. 

30 In other aspects the invention relates to a method for treating viral exacerbated 

asthma by identifying an asthmatic subject at risk of viral infection, and administering to 

the asthmatic subject an effective amount of a CpG oligonucleotide for treating viral 
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exacerbated asthma. The subject may be identified by a medical worker. In other 

embodiments the subject is identified based on exposure to a risk factor for viral 

infection. 

According to other aspects the invention is a method for treating viral 

5 exacerbated asthma by administering to an asthmatic subject undergoing a non-CpG 

asthma therapy an effective amount of a CpG oligonucleotide for treating viral 

exacerbated asthma. The non-CpG asthma therapy may be a steroid therapy. In some 

embodiments the non-CpG asthma therapy is administered at a different time than the 

CpG oligonucleotide. In other embodiments the non-CpG asthma therapy is 

10 administered at the same time as the CpG oligonucleotide. 

A method for treating infectious disease exacerbated asthma by identifying an 

asthmatic subject at risk of infection, and administering to the asthmatic subject an 

. effective amount of a CpG oligonucleotide for treating infectious disease exacerbated 

asthma is provided according to other aspects of the invention. 

15 In another aspect the invention is a method for treating viral exacerbated asthma, 

by identifying a risk factor for viral infection, and administering to an asthmatic subject 

an effective amount of a CpG oligonucleotide for treating viral exacerbated asthma 

during a period of time when the asthmatic subject is at risk of viral infection. In some 

embodiments the risk factor is influenza season. in other embodiments the risk factor is 

20 travel to a destination with a high risk of viral exposure. 

In some embodiments the viral exacerbated asthma is caused by a respiratory 

virus. Optionally the respiratory virus is not RSV. In other embodiments the viral 

exacerbated asthma is caused by influenza virus. 

The CpG oligonucleotide in some embodiments is a C-class oligonucleotide. The 

25 C-class oligonucleotide may optionally be a semi-soft oligonucleotide, such as, for 

instance, SEQ ID NO: 10. 

A method for treating viral exacerbated asthma, by identifying an asthmatic 

subject at risk of viral infection, and administering to the asthmatic subject a CpG 

oligonucleotide in an amount that is sub-therapeutic for treating viral infection, wherein 

30 the CpG oligonucleotide is effective for reducing immune cell accumulation is also 

provided. The immune cell may be, for instance, a neutrophil or an eosinophil. 
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In other aspects the invention is a method for treating viral exacerbated asthma, 

by identifying an asthmatic subject at risk of viral infection, and administering to the 

asthmatic subject at least three doses of CpG oligonucleotide, wherein the at least three 

doses of CpG oligonucleotide are temporally separated from one another by at least three 

days. In some embodiments the doses are separated from one another by 1 week, 2 

weeks, 3 weeks, one month, one year or any integer value there between. 

Use of an oligonucleotide of the invention for stimulating an immune response 

and or the treatment of viral exacerbated asthma is also provided as an aspect of the 

invention. 

10 A method for manufacturing a medicament of an oligonucleotide of the invention 

for stimulating an immune response and or the treatment of viral exacerbated asthma is 

also provided. 

SEach of the limitations of the invention can encompass various embodiments of 

the invention. It is, therefore, anticipated that each of the limitations of the invention 

15 involving any one element or combinations of elements can be included in each aspect of 

the invention. This invention is not limited in its application to the details of 

construction and the arrangement of components set forth in the following description or 

illustrated in the drawings. The invention is capable of other embodiments and of being 

practiced or of being carried out in various ways. Also, the phraseology and terminology 

20 used herein is for the purpose of description and should not be regarded as limiting. The 

use of "including," "comprising," or "having," "containing", "involving", and variations 

thereof herein, is meant to encompass the items listed thereafter and equivalents thereof 

as well as additional items. 

BRIEF DESCRIPTION OF DRAWINGS 

25 The figures are illustrative only and are not required for enablement of the 

invention disclosed herein. 

Figure 1 is a schematic of an abbreviated study schedule showing some of the 

experimental conditions carried out in Example 1 and 2. 

Figure 2 is a schematic of a detailed study schedule showing an experimental 

30 condition carried out in Example 1 (#3). 

Figure 3 is a series of graphs depicting 1FN-c (Figure 3a), IPN-y (Figure 3b), and 

I?- 10 (Figure 3c) induction, and a second series of graphs depicting the upregulation of 
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for 2’5’-oligoadenylate synthetase (Figure 3d), Mxl (Figure 3e), and indolearnine 2,3-

dioxygenase (Figure 31) in mouse lung. The x-axes represent tg of oligonucleotide per 

kg of mouse. The y-axes represent cytokine in pg/mi (Figures 3a-3c) or the amount of 

RNA as a ratio of GAPDH RNA (Figures 3d-3f). 

5 Figure 4a is a graph depicting viral nuclear protein titer in mouse lungs. The x-

axis represents pg of oligonucleotide per kg of mouse (infected or uninfected) and the y-

axis represents absorbance. Figures 4b and 4c are graphs showing neutrophils and 

mononuclear cells, respectively, that are present in bronchoalveolar lavage fluid. The x-

axes represent ig of oligonucleotide per kg of mouse (infected or uninfected) and the y-

10 axes represent numbers of cells x 1 03/ml. 

Figure 5 is a series of graphs depicting total cells accumulated in response to 

treatment, including total leukocytes (Figure 5a), neutrophils (Figure 5b), and 

mononuclear cells (Figure 5c) in bronchoaveolar lavage fluid in antigen challenged and 

Svirus infected mice. The x-axes represent challenge categories of mice and the y-axes 

15 represent numbers of cells x 1 06/ml (5a) or x 1 03/ml (5b and 5c). 

Figure 6a is a graph depicting methacholine-induced increase in airway 

resistance. The x-axis represents mg/ml methacholine and the y-axis represents airway 

resistance as 
% of unchallenged control. Figure 6b shows the baseline airway resistance. 

Figure 6c shows areas under the methacholine dose-response curve. Results are 

20 presented as mean – SEM (n =7 - 9). ). * P <0.05 compared with group indicated 

(Mann-Whitney two-tailed test). 

Figure 7 is a series of graphs depicting total cells accumulated in response to 

treatment, including total leukocytes (Figure 7a), eosinophils (Figure 7b), neutrophils 

(Figure 7c), and mononuclear cells (Figure 7d) as well as mouse body weight (Figure 

25 7e). The x-axes represent challenge categories of mice. 

Figure 8 is a series of graphs demonstrating induction of TLR9-associated 

cytokines in mouse airways in vivo. Figure 8a shows IFNa, Figure 8b shows IFNy, 

Figure 8c shows IP-1 0, Figure 8d shows IL-6, and Figure 8e shows IL-12p40. Results 

are presented as mean – SEM (n = 10). The x-axes represent pLg of oligonucleotide per 

30 kg of mouse and the y-axes represent cytokine concentration in pg/mi. 

Figure 9 is a series of graphs demonstrating induction of cytokines ex vivo. 

Figure 9a shows IL-5, Figure 9b shows IL-13, and Figure 9c shows IFN’y. Results are 
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presented as mean :L SEM (n = 7-8). * P <0.05 compared with vehicle-treated group 

(Kruskal-Wallis test followed by Dunn’s test for multiple comparisons). The x-axes 

represent jig of oligonucleotide per kg of mouse and the y-axes represent cytokine 

concentration in pg/mi. 

Figure 10 is two graphs showing suppression of antigen-induced accumulations 

of eosinophils and lymphocytes in mouse airways in vivo by SEQ ID NO: 10. Figure 1 Oa 

shows IgE production and Figure lOb shows IgG2a production. Results are presented as 

mean – SEM (n = 9-10). * P <0.05 compared with vehicle-treated group (Kruskal-

Wallis test followed by Dunn’s test for multiple comparisons). The x-axes represent p.g 

10 of oligonucleotide per kg of mouse (sensitized or unsensitized) and the y-axes represent 

absorbance units as a measurement of serum antibody titer. 

Figure 11 is four graphs demonstrating the accumulations of eosinophils and 

Slymphocytes in mouse airways in vivo after administration of SEQ ID NO: 10. Figure 

11 a shows total leukocytes present, Figure 1 lb shows eosinophils, Figure 11 c shows 

15 CD4-positive T cells, and Figure lid shows B cells. Results are presented as mean – 

SEM (n = 6). * P <0.05 compared with vehicle-treated group (Kruskal-Wallis test 

followed by Dunn’s test for multiple comparisons). The x-axes represent jig of 

oligonucleotide per kg of mouse (sensitized or unsensitized) and the y-axes represent 

number of cells. 

20 

DETAILED DESCRIPTION 

Toll-like receptor 9 (TLR9) allows discrete populations of immune cells to 

recognize unmethylated CpG oligodeoxynucleotides or oligonucleotides (CpG ODN) 

and to activate host defense mechanisms and initiate immune effects, resulting in 

25 suppressed Th2-type responses. Different classes of CpG ODN have been described on 

the basis of structure and activity characteristics. C-class CpG ODN generally have a 5’ 

end stimulatory sequence containing at least one CpG motif, and a GC-rich palindrome. 

C-class CpG ODN induce very high titers of interferon alpha (IFNc) from immune cells. 

According to some aspects of the invention, it has been discovered that C-class 

30 CpG ODN are of particular value as a novel therapy for upper respiratory tract infections 

and preferably viral infections as they exacerbate allergic asthma. The data presented in 

the Examples below, have demonstrated that when dosed into mouse airways, a C-class 
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CpG ODN can induce IFN-associated genes known to have immune-modifying and/or 

anti-viral activities. In particular, 2’5’-oligoadenylate synthetase and Mxl (mouse 

homologue of MxA) are known to have marked anti-viral activity. In our mouse models, 

a C-class CpG ODN showed protective effects against influenza infection, and 

5 suppressed the exacerbated airway inflammation induced by combined antigen challenge 

and influenza infection. 

Thus, in some aspects the invention relates to methods for treating infectious 

disease exacerbated asthma, and in particular viral exacerbated asthma. Bacterial, viral, 

and fungal infections exacerbate and/or induce asthma. Infectious disease exacerbated 

10 asthma is a condition which occurs in an asthmatic subject. The asthmatic subject, one 

who has been diagnosed with asthma or is otherwise susceptible to asthma, when 

exposed to an infectious agent experiences an asthmatic response or an existing/ongoing 

S 
asthmatic attack is worsened. 

Thus, the invention in one aspect involves the finding that CpG 

15 inimunostiniulatory oligonucleotides are useful in treating infectious disease 

exacerbated asthma. 

In some embodiments the subject is at risk of viral infection. A subject at risk of 

viral infection is one who has any risk of exposure to an infection causing pathogen. For 

instance, a subject at risk may be a subject who is planning to travel to an area where a 

20 particular type of infectious agent is found or it may be a subject who through lifestyle or 

medical procedures is exposed to bodily fluids which may contain infectious organisms 

or directly to the organism or even any subject living in an area where an infectious 

organism or an allergen has been identified. Subjects at risk of developing infection also 

include general populations to which a medical agency recommends vaccination with a 

25 particular infectious organism antigen. A subject at risk of viral infection may be 

Sidentified in a variety of ways, such as by a medical worker. Medical workers include 

doctors, nurses, technicians and any other practitioners in the medical field. The subject 

at risk of a viral infection may also be identified based on exposure to a risk factor for 

viral infection. 

30 In aspects of the invention the method for identifying a risk factor for viral 

infection is directed at treating subjects in anticipation of exposure to a viral agent or 
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season (e.g., in anticipation of the flu and cold season). Such seasonal times are 

generally known and more specifically determined on an annual basis. 

A subject having an infection is a subject that has been exposed to an infectious 

pathogen and has acute or chronic detectable levels of the pathogen in the body. An 

infectious disease, as used herein, is a disease arising from the presence of a foreign 

microorganism in the body. 

A subject at risk of developing asthma includes those subjects that have been 

identified as having asthma but that don’t have the active disease during the CpG 

ininiunostimulatory oligonucleotide treatment as well as subjects that are considered to 

10 be at risk of developing these diseases because of genetic or environmental factors. 

Th2 cytokines, especially IL-4 and IL-5 are elevated in the airways of asthmatic 

subjects. These cytokines promote important aspects of the asthmatic inflammatory 

Sresponse, including IgE isotope switching, eosinophil chemotaxis and activation and 

mast cell growth. Thi cytokines, especially IFN-y and IL-12, can suppress the formation 

15 of Th2 clones and production of Th2 cytokines. Asthma refers to a disorder of the 

respiratory system characterized by inflammation, narrowing of the airways and 

increased reactivity of the airways to inhaled agents. Asthma is frequently, although not 

exclusively associated with atopic or allergic symptoms. 

A subject shall mean a human or vertebrate animal including but not limited to a 

20 dog, cat, horse, cow, pig, sheep, goat, turkey, chicken, primate, e.g., monkey, and fish 

(aquaculture species), e.g. salmon. 

As used herein, the term treat, treated, or treating when used with respect to an 

disorder such as an infectious disease or asthma refers to a prophylactic treatment which 

increases the resistance of a subject to development of the disease (e.g., to infection with 

. 25 a pathogen) or, in other words, decreases the likelihood that the subject will develop the 

disease (e.g., become infected with the pathogen) as well as a treatment after the subject 

has developed the disease in order to fight the disease (e.g., reduce or eliminate the 

infection) or prevent the disease from becoming worse. 

Examples of viruses that have been found in humans include but are not limited 

30 to: Retroviridae (e.g. human immunodeficiency viruses, such as HIV- 1 (also referred to 

as HDTV-III, LAVE or HTLV-llh/LAV, or HIV-III; and other isolates, such as HIV-LP; 

Picornaviridac (e.g. polio viruses, hepatitis A virus; enteroviruses, human Coxsackie 
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viruses, rhinoviruses, echoviruses); Calciviridae (e.g. strains that cause gastroenteritis); 

Togaviridae (e.g. equine encephalitis viruses, rubella viruses); Flaviridae (e.g. dengue 

viruses, encephalitis viruses, yellow fever viruses); Coronoviridae (e.g. coronaviruses); 

Rhabdoviradae (e.g. vesicular stomatitis viruses, rabies viruses); Filoviridae (e.g. ebola 

viruses); Paramyxoviridae (e.g. parainfluenza viruses, mumps virus, measles virus, 

respiratory syncytial virus); Orthornyxoviridae (e.g. influenza viruses); Bungaviridae 

(e.g. Hantaan viruses, bunga viruses, phieboviruses and Nairo viruses); Arena viridae 

(hemorrhagic fever viruses); Reoviridae (e.g. reoviruses, orbiviurses and rotaviruses); 

Birnaviridae; Hepadnaviridae (Hepatitis B virus); Parvovirida (parvoviruses); 

10 Papovaviridae (papilloma viruses, polyoma viruses); Adenoviridae (most adenoviruses); 

Herpesviridae (herpes simplex virus (HSV) 1 and 2, varicella zoster virus, 

cytomegalovirus (CMV), herpes virus; Poxviridae (variola viruses, vaccinia viruses, pox 

Sviruses); and Iridoviridae (e.g. African swine fever virus); and unclassified viruses (e.g. 

the agent of delta hepatitis (thought to be a defective satellite of hepatitis B virus), the 

15 agents of non-A, non-B hepatitis (class 1 = internally transmitted; class 2 = parenterally 

transmitted (i.e. Hepatitis C); Norwalk and related viruses, and astroviruses). 

Both gram negative and gram positive bacteria serve as antigens in vertebrate 

animals. Such gram positive bacteria include, but are not limited to, Pasteurella species, 

Staphylococci species, and Streptococcus species. Gram negative bacteria include, but 

20 are not limited to, Escherichia coli, Pseudomonas species, and Salmonella species. 

Specific examples of infectious bacteria include but are not limited to, Helicobacter 

pyloris, Borelia burgdorferi, Legionellapneunophilia, Mycobacteria sps (e.g. M 

tuberculosis, M aviurn, M intracellulare, M kansali, M gordonae), Staphylococcus 

aureus, Neisseria gonorrhoeae, Neisseria meningitidis, Listeria monocyto genes, 

25 Streptococcus pyogenes (Group A Streptococcus), Streptococcus agalactiae (Group B 

Streptococcus), Streptococcus (viridans group), Streptococcus faecalis, Streptococcus 

bovis, Streptococcus (anaerobic sps.), Streptococcus pneurnoniae, pathogenic 

Campylobacter sp., Enterococcus sp., Haernophilus influenzae, Bacillus antracis, 

corynebacterium diphtheriae, corynebacterium sp., Erysipelothrix rhusiopathiae, 

30 Clostridium peifringers, Clostridium tetani, Enterobacter aero genes, Kiebsiella 

pneumoniae, Pasturella multocida, Bacteroides sp., Fusobacterium nucleatuin, 
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Streptobacillus monilformis, Treponema pallidium, Treponema pertenue, Leptospira, 

Rickettsia, and Actinomyces israelli. 

Examples of fungi include Cryptococcus neoformans, Histoplasma capsulatum, 

C’occidio ides immitis, Blastomyces dermatitidis, Chlainydia trachomatis, Candida 

5 albicans. 

Other infectious organisms (i.e., protists) include Plasmodium spp. such as 

Plasmodiumfalciparum, Plasmodium malariae, Plasmodium ovaTe, and Plasmodium 

vivax and Toxoplasma gondil. Blood-borne and/or tissues parasites include Plasmodium 

spp., Babesia microti, I3abesia divergens, Leishmania tropica, Leishmania spp., 

10 Leishmania braziliensis, Leishmania donovani, Trypanosoma gambiense and 

Trypanosoma rhodesiense (African sleeping sickness), Trypanosoma cruzi (Chagas’ 

disease), and Toxoplasma gondli. 

SOther medically relevant microorganisms have been described extensively in the 

literature, e.g., see C.G.A Thomas, Medical Microbiology, Bailliere Tindall, Great 

15 Britain 1983, the entire contents of which is hereby incorporated by reference. 

In some instances the viral exacerbated asthma is caused by a respiratory virus 

and in particular an upper respiratory virus such as influenza. Optionally the respiratory 

virus may not be RSV (respiratory syncicial virus). 

The method for treating viral exacerbated asthma may also include the use of a 

20 combination of CpG oligonucleotides with anti-microbials or a non-CpG asthma therapy 

such as an asthma medicament. The alternative therapeutic, i.e. the anti-microbial or 

asthma medicament may be administered at a different time than the CpG 

oligonucleotide or at the same time as the CpG oligonucleotide. 

The asthmatic subject is administered an effective amount of a CpG 

25 oligonucleotide for treating viral exacerbated asthma. If a combination of therapeutics is 

administered the CpG oligonucleotide may be administered to the subject in an amount 

effective to prevent viral infection and the asthma medicament may be administered to 

the subject when symptoms of allergy or asthma appear. Thus, the CpG oligonucleotide 

may be administered to the subject and then the asthma medicament may be 

30 subsequently administered to the subject or they are administered together at the same 

time. 
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The CpG oligonucleotides contain specific sequences found to elicit an immune 

response. These specific sequences that elicit an immune response are referred to as 

"immunostimulatory motifs", and the oligonucleotides that contain immunostimulatory 

motifs are referred to as "imniunostimulatory oligonucleotide molecules" and, 

equivalently, "immunostimulatory oligonucleotides". The immunostimulatory 

oligonucleotides of the invention thus include at least one immunostimulatory motif. In 

a preferred embodiment the immunostimulatory motif is an "internal immunostimulatory 

motif’. The term "internal immunostimulatory motif’ refers to the position of the motif 

sequence within a longer oligonucleotide sequence, which is longer in length than the 

10 motif sequence by at least one nucleotide linked to both the 5’ and 3’ ends of the 

immunostimulatory motif sequence. 

The CpG oligonucleotides include at least one unmethylated CpG dinucleotide. 

An oligonucleotide containing at least one unmethylated CpG dinucleotide is a 

Soligonucleotide molecule which contains an unmethylated cytosine-guanine dinucleotide 

15 sequence (i.e., "CpG DNA" or DNA containing a 5’ cytosine followed by 3’ guanine and 

linked by a phosphate bond) and activates the immune system. The entire CpG 

oligonucleotide can be unmethylated or portions may be unmethylated but at least the C 

of the 5’ CG 3’ must be unmethylated. 

The methods of the invention may embrace the use of A class, B class and C 

20 class CpG immunostimulatory oligonucleotides. As to CpG oligonucleotides, it has 

recently been described that there are different classes of CpG oligonucleotides. One 

class is potent for activating B cells but is relatively weak in inducing IFN-a and NK cell 

activation; this class has been termed the B class. The B class CpG oligonucleotides 

typically are fully stabilized and include an unmethylated CpG dinucleotide within 

25 certain preferred base contexts. See, e.g., U.S. Patent Nos. 6,194,388; 6,207,646; 

� 6,214,806; 6,218,371; 6,239,116; and 6,339,068. Another class is potent for inducing 

IFN-ct and NK cell activation but is relatively weak at stimulating B cells; this class has 

been termed the A class. The A class CpG oligonucleotides typically have stabilized 

poly-G sequences at 5’ and 3’ ends and a palindromic phosphodiester CpG dinucleotide-

30 containing sequence of at least 6 nucleotides. See, for example, published patent 

application PCT/tJS00/26527 (WO 01/22990). Yet another class of CpG 
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oligonucleotides activates B cells and NK cells and induces IFN-cx; this class has been 

termed the C-class. The C-class CpG oligonucleotides, as first characterized, typically 

are fully stabilized, include a B class-type sequence and a GC-rich palindrome or near-

palindrome. This class has been described in U.S. patent application 10/224,523 filed on 

5 August 19, 2002, and US 10/978,282 filed October 29, 2004 the entire contents of which 

are incorporated herein by reference. 

"A class" CpG immunostimulatory oligonucleotides have been described in U.S. 

Non-Provisional Patent Application Serial No.: 09/672,126 and published PCT 

application PCT/IJS00/26527 (WO 01/22990), both filed on September 27, 2000 as well 

10 as in USP 6,207,646 B 1. These oligonucleotides are characterized by the ability to 

induce high levels of interferon-alpha while having minimal effects on B cell activation. 

The A class CpG immunostimulatory oligonucleotides do not necessarily contain a 

S 
hexamer palindrome GACGTC, AGCGCT, or AACGTT described by Yamamoto and 

colleagues. Yamamoto S et al. Jlmmunol 148:4072-6 (1992). 

15 B class CpG immunostimulatory oligonucleotides strongly activate human B 

cells but have minimal effects inducing interferon-a. B class CpG immunostimulatory 

oligonucleotides have been described in USPs 6,194,388 B   and 6,239,116 Bi, issued on 

February 27, 2001 and May 29, 2001 respectively. 

In one embodiment the invention provides a B class CpG oligonucleotide 

20 represented by at least the formula: 

5’ XiX2CGX3X 3’ 

wherein X1, X2, X3, and X4 are nucleotides. In one embodiment X2 is adenine, guanine, 

or thymine. In another embodiment X3 is cytosine, adenine, or thymine. 

In another embodiment the invention provides an isolated B class CpG 

25 oligonucleotide represented by at least the formula: 

5’ N1X1X2CGX3X4N2 3’ 

wherein X1, X2, X3, and X4 are nucleotides and N is any nucleotide and N1 and N2 are 

oligonucleotide sequences composed of from about 0-25 N’s each. In one embodiment 

X1X2 is a dinucleotide selected from the group consisting of: GpT, GpO, GpA, ApA, 

30 ApT, ApG, CpT, CpA, CpG, TpA, TpT, and TpG; and X3X4 is a dinucleotide selected 

from the group consisting of: TpT, ApT, TpG, ApG, CpG, TpC, ApC, CpC, TpA, ApA, 

and CpA. Preferably X1X2 is GpA or GpT and X3X4 is TpT. In other embodiments X1 
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or X2 or both are purines and X3 or X4 or both are pyrimidines or X1X2 is GpA and X3 or 

X4 or both are pyrimidines. In another preferred embodiment X1X2 is a dinucleotide 

selected from the group consisting of: TpA, ApA, ApC, ApO, and GpG. In yet another 

embodiment X3X4 is a dinucleotide selected from the group consisting of: TpT, TpA, 

TpG, ApA, ApG, GpA, and CpA. X1X2 in another embodiment is a dinucleotide 

selected from the group consisting of: TpT, TpG, ApT, (3pC, CpC, CpT, TpC, OpT and 

CpG; X3 is a nucleotide selected from the group consisting of A and T and X4 is a 

nucleotide, but wherein when X1X2 is TpC, GpT, or CpG, X3X4 is not TpC, ApT or 

ApC. In some embodiments the oligonucleotide has a 57C. 

10 In another preferred embodiment the CpG oligonucleotide has the sequence 5’ 

TCN1TX1X2CGX3X4 3’ (SEQ ID NO 56). The CpG oligonucleotides of the invention in 

some embodiments include X1X2 selected from the group consisting of OpT, (lpG, GpA 

and ApA and X3X4 is selected from the group consisting of TpT, CpT and TpC. 

The B class CpG oligonucleotide sequences of the invention are those broadly 

15 described above as well as disclosed in PCT Published Patent Applications 

PCTIUS95/01 570 and PCT/US97/1 9791, and USP 6,194,388 B   and USP 6,239,116 Bi, 

issued February 27, 2001 and May 29, 2001 respectively. Exemplary sequences include 

but are not limited to those disclosed in these latter applications and patents. 

The C class immunostimulatory oligonucleotides contain at least two distinct 

20 motifs and have unique and desirable stimulatory effects on cells of the immune system. 

Some of these ODN have both a traditional "stimulatory" CpG sequence and a 

rich" or "B-cell neutralizing" motif. These combination motif oligonucleotides have 

immune stimulating effects that fall somewhere between those effects associated with 

traditional "class B" CpG ODN, which are strong inducers of B cell activation and 

25 dendritic cell (DC) activation, and those effects associated with class A CpG ODN which 

are strong inducers of IFN-(x and natural killer (NK) cell activation but relatively poor 

inducers of B-cell and DC activation. While preferred class B CpG ODN often have 

phosphorothioate backbones and preferred class A CpG ODN have mixed or chimeric 

backbones, the C class of combination motif immune stimulatory oligonucleotides may 
30 have either stabilized, e.g., phosphorothioate, chimeric, or phosphodiester backbones, 

and in some preferred embodiments, they have semi-soft backbones. 
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The stimulatory domain or motif may be defined by a formula: 5’ XIDCGHX2 3’. 

D is a nucleotide other than C. C is cytosine. G is guanine. H is a nucleotide other than 

G. 

X1 and X2 are any oligonucleotide sequence 0 to 10 nucleotides long. X1 may 

5 include a CG, in which case there is preferably a T immediately preceding this CG. In 

some embodiments DCG is TCG. X1 is preferably from 0 to 6 nucleotides in length. In 

some embodiments X2 does not contain any poly G or poly A motifs. In other 

embodiments the immunostimulatory oligonucleotide has a poly-T sequence at the 5’ end 

or at the 3’ end. As used herein, "poly-A" or "poly-T" shall refer to a stretch of four or 

10 more consecutive A’s or T’s respectively, e.g., 5’ AAAA Tor 5’ TTTT 3’. As used 

herein, "poly-G end" shall refer to a stretch of four or more consecutive G’s, e.g., 5’ 

0000 3’, occurring at the 5’ end or the 3’ end of a oligonucleotide. As used herein, 

. "polyG oligonucleotide" shall refer to a oligonucleotide having the formula 5’ 

XIX2GGGX3X4 3’ wherein X1, X2, X3, and X4 are nucleotides and preferably at least one 

15 ofX3 and X4isaG. 

Some preferred designs for the B cell stimulatory domain under this formula 

comprise TTTTTCG, TCG, TTCG, TUCG, TTTTCG, TCGT, TTCGT, TTTCGT, 

TCGTCGT. 

The second motif of the oligonucleotide is referred to as either P or N and is 

20 positioned immediately 5’ to X1 or immediately 3’ to X2. 

N is a B-cell neutralizing sequence that begins with a CGG trinucleotide and is at 

least 10 nucleotides long. A B-cell neutralizing motif includes at least one CpG 

sequence in which the CO is preceded by a C or followed by a G (Krieg AM et al. (1998) 

Proc Nail Acad Sci USA 95:12631-12636) or is a CG containing DNA sequence in 

25 which the C of the CO is methylated. As used herein, "CpG" shall refer to a 5’ cytosine 
� (C) followed by a 3’ guanine (0) and linked by a phosphate bond. At least the C of the 5’ 

CO 3’ must be unmethylated. Neutralizing motifs are motifs which have some degree of 

immunostimulatory capability when present in an otherwise non-stimulatory motif, but, 

which when present in the context of other immunostimulatory motifs serve to reduce the 

30 immunostimulatory potential of the other motifs. 

P is a GC-rich palindrome containing sequence at least 10 nucleotides long. As 

used herein, "palindrome" and, equivalently, "palindromic sequence" shall refer to an 
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inverted repeat, i.e., a sequence such as ABCDEE’D’C’B’A’ in which A and A’, B and B’, 

etc., are bases capable of forming the usual Watson-Crick base pairs. 

As used herein, "GC-rich palindrome" shall refer to a palindrome having a base 

composition of at least two-thirds G’s and C’s. In some embodiments the GC-rich 

domain is preferably 3’ to the "B cell stimulatory domain". In the case of a 10-base long 

GC-rich palindrome, the palindrome thus contains at least 8 0’s and C’s. In the case of a 

12-base long GC-rich palindrome, the palindrome also contains at least 8 0’s and C’s. 

In the case of a 1 4-mer GC-rich palindrome, at least ten bases of the palindrome are 0’s 

and C’s. In some embodiments the GC-rich palindrome is made up exclusively of 0’s 

10 and C’s. 

In some embodiments the GC-rich palindrome has a base composition of at least 

81 percent 0’s and C’s. In the case of such a 10-base long GC-rich palindrome, the 

Spalindrome thus is made exclusively of G’s and C’s. In the case of such a 12-base long 

GC-rich palindrome, it is preferred that at least ten bases (83 percent) of the palindrome 

15 are G’s and C’s. In some preferred embodiments, a 12-base long GC-rich palindrome is 

made exclusively of G’s and C’s. In the case of a 14-mer GC-rich palindrome, at least 

twelve bases (86 percent) of the palindrome are 0’s and C’s. In some preferred 

embodiments, a 14-base long GC-rich palindrome is made exclusively of GIs and C’s. 

The C’s of a GC-rich palindrome can be umnethylated or they can be methylated. 

20 In general this domain has at least 3 Cs and Os, more preferably 4 of each, and 

most preferably 5 or more of each. The number of Cs and Gs in this domain need not be 

identical. It is preferred that the Cs and Gs are arranged so that they are able to form a 

self-complementary duplex, or palindrome, such as CCGCGCGG. This may be 

interrupted by As or Ts, but it is preferred that the self-complementarity is at least 

25 partially preserved as for example in the motifs CGACGTTCGTCG (SEQ ID NO: 49) or 

CGGCGCCGTGCCG (SEQ ID NO: 50). When complementarity is not preserved, it is 

preferred that the non-complementary base pairs be TO. In a preferred embodiment 

there are no more than 3 consecutive bases that are not part of the palindrome, preferably 

no more than 2, and most preferably only 1. In some embodiments the GC-rich 

30 palindrome includes at least one COG trimer, at least one CCG trimer, or at least one 

CGCG tetramer. In other embodiments the GC-rich palindrome is not 
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CCCCCCGGGGGG (SEQ ID NO: 51) or GGGGGGCCCCCC (SEQ ID NO: 52), 

CCCCCGGGGG (SEQ JD NO: 53) or GGGGGCCCCC (SEQ ID NO: 54). 

At least one of the G’s of the (IC rich region may be substituted with an inosine 

(I). In some embodiments P includes more than one I. 

In certain embodiments the immunostimulatory oligonucleotide has one of the 

following formulas 5’ NXIDCGHX2 3’, 5’ X1DCGHX2N 3’, 5’ PX1DCGHX2 3’, 5’ 

X1DCGHX2P 3’,5’ X1DCGHX2PX3 3’, 5’ XDCGHPX3 3’, 5’ DCGHX2PX3 3’,S’ 

TCGHX2PX3 3’, 5’ DCGHPX3 3’, or 5’ DCGHP 3. 

In other aspects the invention provides immune stimulatory oligonucleotides 

which are defined by a formula: 5’ N1PyGN2P 3’. N1 is any sequence I to 6 nucleotides 

long. Py is a pyrimidine. G is guanine. N2 is any sequence 0 to 30 nucleotides long. P 

is a GC-rich palindrome containing sequence at least 10 nucleotides long. 

N1 and N2 may contain more than 50% pyrimidines, and more preferably more 

than 50% T. N1 may include a CG, in which case there is preferably a T immediately 

preceding this CG. In some embodiments N1PyG is TCG (such as ODN 5376, which has 

a 5’ TCGG), and most preferably a TCGN2, where N2 is not G. 

N1PyGN2P may include one or more inosine (I) nucleotides. Either the C or the 

G in Ni may be replaced by inosine, but the CpI is preferred to the IpG. For inosine 

substitutions such as IpG, the optimal activity may be achieved with the use of a "semi-

soft" or chimeric backbone, where the linkage between the IG or the CI is 

phosphodiester. N1 may include at least one CI, TCI, IG or TIG motif. 

In certain embodiments N1PyGN2 is a sequence selected from the group 

consisting of TTTTTCG, TCG, TTCG, TTTCG, TTTTCG, TCGT, TTCGT, UTCOT, 

and TCGTCGT. 

C-Class ODN are also described in US Patent Application Serial Number 

10/978,283 filed on October 28, 2004. The nucleic acids described therein are all 

incorporated by reference. 

Some non limiting examples of CpG oligonucleotides useful according to the 

invention include: 

[ 

SEQ ID 
NO 

Sequence 

1 T*Cj3*QG*T*c_G*T*T*C_G*G**(I*j**Q*c*c*G 
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2 T*C G*T*C G*A*C G*T*T*C G*G*C*G*C G*C*G*C*C*G 

3 TC G*G*A*C G*T*T*C G*G*C*G*C G*C*G*C*C*G 

4 T*C G*G*A*C G*T*T*C G*G*C*G*C*G*C*C*G 

5 T*C GC G*T*C G*T*T*C G*G*C*G*C*G*C*C*G 

6 T*C G*A*C G*T*T*C G*G*C*G*C G*C*G*C*C*G 

7 T*QG*A*QG*T*T*C_G*G*C*G*C*G*C*C*G 

8 T*C GC G*T*C G*T*T*C G*G*C*G*C*C*G 

9 T*C G*C G*A*C G*T*T*C G*G*C*G*C G*C*G*C*C*G 

10 T*C G*T*C G*T*C G*T*T*C G*G*C*G*C G*C*G*C*C*G 

11 T*C*G*T*C*U*T*T*T*T*G*A*C*G*T*T*T*T*G*T*C*G*T*T 

12 T*C*G*T*C*G*T*T*T*T*G*T*C*G*T*T*T*T*G*T*C*G*T*T 

13 T*C*G*T*C G*T*T*T*T*A*C G*G*C*G*C*C G*T*G*C*C*G 

14 T*C G*T*C G*T*T*T*T*G*A*C U*T*T*TT*G*T*C G*T*T 

15 T*C G*T*C G*A*C G*T*T*C G*G*C*G*C G*C*G*C*C*G 

16 T*CGACGTCGTGG*G*G*G 
17 T*C*G*A*C*G*T*C*G*A*C*G*T*G*A*C*G*T*G 
18 T*C*G*A*C*G*T*C*G*A*C*G*T*G*A*C*G 
19 T*T*C_G*T*C G*T*T*T*T G*T*C G*T*T 

20 T*T*T*C G*T*C G*T*T*T*C G*T*C G*T*T 

21 T*C*G*T*C G*T*A*C G*G*C*G*C*C G*T*G*C*C*G 

22 
- 

T*C*G*T*C G*T*T*A*C G*G*C*G*C*C G*T*G*C*C*G 

23 T*C*G*A*C*G*T*C*G*A*C*G*T*G*A*C*Q*T*T 
24 

- 

T*C*G*T*C G*A*C G*A*T*C G*G*C*G*C*C G*T*G*C*C*G 

25 
- 26 T*C*G*A*C U*T*C*G*A*CG*T*G*A*C*G*T*T 

27 
- 

T*C*G*A*C G*T*C*G*A*C*G*T G*A*C*G*T*T 
28 T*C*G*T*Cj3*T*T*T*A*C_G*G*c*o*c*c G*T*G*C*C*G*T 
29 T*C G*T*C G*T*T*T*T*G*A*C G*T*T*T*T*G*T*C G*T*T 
30 

- 

T*CG*T*T*T*T*G*A*C G*T*T*T*T*G*T*C G*T*T 
31 T*C G*T*T*T*T*G*A*C G*T*T 
32 

- 

T*C G*T*C G*T*T*T T*G*A*C G*T*T*T*T*G*T*C G*T*T 
33 T*C G*T*C G*T*T*TT*G*A*C G*T*T*T T*G*T*CG*T*T 
34 T*C _G*T*CG*T_T*TT*G_A*CG*TT*i[T*G T*C G*T*T 
35 TCGTCGTTTTGACGTTTTGTCGTT ----------.---
36 ---.--.-- 

G*T*C G*T*T*T*T*G*A*C G*T*T*T*T*G*T*C G*T*T 
37 

-. 
T*CJ3*T*C_G*T*T*T*T*G*A*CG*T*T*T*T*G*T*C 
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38 T*C G*T*C G*T*T*T*T*G*A*C 
39 G*T*T*T*T*G*A*C G*T*T*T*T*G*T*C 
40 G*T*T*T*T*G*A*C G*T*T*T*T*G*T*C G*T*T 

- 41 G*T*C G*T*T*T*T*G*A*C G*T*T 
42 T*C G*T*T*T*T*G*A*C G*T*T*T*T*G*T*C 
43 G*T*C G*T*T*T*T*G*A*C G*T*T*T*T*G*T*C 
44 G*T*C G*T*T*T*T*G*A*C 
45 C G*T*C G*T*T*T*T*G*A*C G*T*T*T*T*G*T*C G*T*T 

46 T*C*G*A*T*C*G*T*T*T*T TC G*T*G*C*G*T*T*T*T*T 

47 T*C*G*C*GA*C G*T*T*C*G*C*G*C G*C*G*C*G 

48 T*C_G*G*A*C_G*T*T*C_G*G*C*G*C*G*C*C*G 

49 CGACGTTCGTCG 

50 CGGCGCCGTGCCG 

51 CCCCCCGGGGGG 

52 GGGGGGCCCCCC 

53 CCCCCGGGGG 

54 GGGGGCCCCC 

55 T*G_C*T*C_G*T*C_G*T*T*CJ3*G*C*G*C_G*C*G*C*C*G 

56 TCXTXXCGXX 

57 T*CJ3*T*QG*T*T*C_G*G*C*G*C*G*C*C*G 

The immunostimulatory oligonucleotide molecules may have a chimeric 

backbone. For purposes of the instant invention, a chimeric backbone refers to a 

partially stabilized backbone, wherein at least one internucleotide linkage is 

5 phosphodiester or phosphodiester-like, and wherein at least one other internucleotide 

linkage is a stabilized internucleotide linkage, wherein the at least one phosphodiester or 

phosphodiester-like linkage and the at least one stabilized linkage are different. Since 

boranophosphonate linkages have been reported to be stabilized relative to 

phosphodiester linkages, for purposes of the chimeric nature of the backbone, 

10 boranophosphonate linkages can be classified either as phosphodiester-like or as 

stabilized, depending on the context. For example, a chimeric backbone according to the 

instant invention could in one embodiment include at least one phosphodiester 

(phosphodiester or phosphodiester-like) linkage and at least one boranophosphonate 

(stabilized) linkage. In another embodiment a chimeric backbone according to the 
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instant invention could include boranophosphonate (phosphodiester or phosphodiester-

like)

hosphodiester-

like) and phosphorothioate (stabilized) linkages. A "stabilized intemucleotide linkage" 

shall mean an intemucleotide linkage that is relatively resistant to in vivo degradation 

(e.g., via an exo- or endo-nuclease), compared to a phosphodiester internucleotide 

linkage. Preferred stabilized intemucleotide linkages include, without limitation, 

phosphorothioate, phosphorodithioate, methyiphosphonate, and methylphosphorothio ate. 

Other stabilized intemucleotide linkages include, without limitation: peptide, alkyl, 

dephospho, and others as described above. 

Modified backbones such as phosphorothioates may be synthesized using 

10 automated techniques employing either phosphoramidate or H-phosphonate chemistries. 

Aryl- and alkyl-phosphonates can be made, e.g., as described in U.S. Patent No. 

4,469,863; and alkyiphosphotriesters (in which the charged oxygen moiety is alkylated 

as described in U.S. Patent No. 5,023,243 and European Patent No. 092,574) can be 

prepared by automated solid phase synthesis using commercially available reagents. 

15 Methods for making other DNA backbone modifications and substitutions have been 

described. Uhlmann E et al. (1990) Chem Rev 90:544; Goodchild J (1990) Bioconjugate 

Chem 1:165. Methods for preparing chimeric oligonucleotides are also known. For 

instance patents issued to Uhlmann et al have described such techniques. 

Mixed backbone modified ODN may be synthesized using a commercially 

20 available DNA synthesizer and standard phosphoramidite chemistry. (F. E. Eckstein, 

"Oligonucleotides and Analogues - A Practical Approach" IRL Press, Oxford, UK, 1991, 

and M. D. Matteucci and M. H. Caruthers, Tetrahedron Let. 21, 719 (1980)) After 

coupling, PS linkages are introduced by sulfurization using the Beaucage reagent (R. P. 

Iyer, W. Egan, J. B. Regan and S. L. Beaucage, J. Am. Chem. Soc. 112, 1253 (1990)) 

25 (0.075 M in acetonitrile) or phenyl acetyl disulfide (PADS) followed by capping with 

acetic anhydride, 2,6-lutidine in tetrahydrofurane (1:1:8; v:v:v) and N-methylimidazole 

(16 % in tetrahydrofurane). This capping step is performed after the sulfurization 

reaction to minimize formation of undesired phosphodiester (P0) linkages at positions 

where a phosphorothioate linkage should be located. In the case of the introduction of a 
30 phosphodiester linkage, e.g. at a CpG dinucleotide, the intermediate phosphorous-Ill is 

oxidized by treatment with a solution of iodine in water/pyridine. After cleavage from 
the solid support and final deprotection by treatment with concentrated ammonia (15 hrs 
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at 501C), the ODN are analyzed by HPLC on a Gen-Pak Fax column (Millipore-Waters) 

using a NaCl-gradient (e.g. buffer A: 10 mM NaH2PO4 in acetonitrile/water = 1 :4/v:v 

pH 6.8; buffer B: 10 mMNaH2PO4, 1.5 MNaC1 in acetonitrile/water 1:4/v:v; 5 to 60 

% B in 30 minutes at 1 ml./min) or by capillary gel electrophoresis. The ODN can be 

purified by HPLC or by FPLC on a Source High Performance column (Amersham 

Pharmacia). HPLC-homogeneous fractions are combined and desalted via a Cl 8 column 

or by ultrafiltration. The ODN was analyzed by MALDI-TOF mass spectrometry to 

confirm the calculated mass. 

The oligonucleotides of the invention can also include other modifications. 

10 These include nonionic DNA analogs, such as alkyl- and aryl-phosphates (in which the 

charged phosphonate oxygen is replaced by an alkyl or aryl group), phosphodiester and 

alkyiphosphotriesters, in which the charged oxygen moiety is alkylated. 

Oligonucleotides which contain diol, such as tetraethyleneglycol orhexaethyleneglycol, 

at either or both termini have also been shown to be substantially resistant to nuclease 

15 degradation. 

In some embodiments the oligonucleotides may be soft or semi-soft 

oligonucleotides. A soft oligonucleotide is an immunostimulatory oligonucleotide 

having a partially stabilized backbone, in which phosphodiester or phosphodiester-like 

internucleotide linkages occur only within and immediately adjacent to at least one 

20 internal pyrimidine -purine dinucleotide (YZ). Preferably YZ is YG, a pyrimidine-

guanosine (YG) dinucleotide. The at least one internal YZ dinucleotide itself has a 

phosphodiester or phosphodiester-like internucleotide linkage. A phosphodiester or 

phosphodiester-like internucleotide linkage occurring immediately adjacent to the at least 

one internal YZ dinucleotide can be 5’, 3’, or both 5’ and 3’ to the at least one internal YZ 

25 dinucleotide. 

In particular, phosphodiester or phosphodiester-like internucleotide linkages 

involve "internal dinucleotides". An internal dinucleotide in general shall mean any pair 

of adjacent nucleotides connected by an internucleotide linkage, in which neither 

nucleotide in the pair of nucleotides is a terminal nucleotide, i.e., neither nucleotide in 

30 the pair of nucleotides is a nucleotide defining the 5’ or 3’ end of the oligonucleotide. 

Thus a linear oligonucleotide that is n nucleotides long has a total of n-I dinucleotides 
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and only n-3 internal dinucleotides. Each internucleotide linkage in an internal 

dinucleotide is an internal internucleotide linkage. Thus a linear oligonucleotide that is n 

nucleotides long has a total of n-i internucleotide linkages and only n-3 internal 

internucleotide linkages. The strategically placed phosphodiester or phosphodiester-like 

internucleotide linkages, therefore, refer to phosphodiester or phosphodiester-like 

internucleotide linkages positioned between any pair of nucleotides in the 

oligonucleotide sequence. In some embodiments the phosphodiester or phosphodiester-

like internucleotide linkages are not positioned between either pair of nucleotides closest 

to the 5’ or 3’ end. 

10 Preferably a phosphodiester or phosphodiester-like internucleotide linkage 

occurring immediately adjacent to the at least one internal YZ dinucleotide is itself an 

internal internucleotide linkage. Thus for a sequence N1 YZ N2, wherein N1 and N2 are 

each, independent of the other, any single nucleotide, the YZ dinucleotide has a 

phosphodiester or phosphodiester-like internucleotide linkage, and in addition (a) N1 and 

15 Y are linked by a phosphodiester or phosphodiester-like internucleotide linkage when N1 

is an internal nucleotide, (b) Z and N2 are linked by a phosphodiester or 

phosphodiester-like internucleotide linkage when N2 is an internal nucleotide, or (c) N1 

and Y are linked by a phosphodiester or phosphodiester-like internucleotide linkage 

when N1 is an internal nucleotide and Z and N2 are linked by a phosphodiester or 

20 phosphodiester-like internucleotide linkage when N2 is an internal nucleotide. 

Soft oligonucleotides according to the instant invention are believed to be 

relatively susceptible to nuclease cleavage compared to completely stabilized 

oligonucleotides. Without meaning to be bound to a particular theory or mechanism, it is 

believed that soft oligonucleotides of the invention are cleavable to fragments with 

. 25 reduced or no irnmunostimulatory activity relative to full-length soft oligonucleotides. 

Incorporation of at least one nuclease-sensitive internucleotide linkage, particularly near 

the middle of the oligonucleotide, is believed to provide an "off switch" which alters the 

pharmacokinetics of the oligonucleotide so as to reduce the duration of maximal 

immunostimulatory activity of the oligonucleotide. This can be of particular value in 

30 tissues and in clinical applications in which it is desirable to avoid injury related to 

chronic local inflammation or immunostimulation, e.g., the kidney. 
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 semi-soft oligonucleotide is an immunostimulatory oligonucleotide having a 

partially stabilized backbone, in which phosphodiester or phosphodiester-like 

internucleotide linkages occur only within at least one internal pyrimidine-purine (YZ) 

dinucleotide. Semi-soft oligonucleotides generally possess increased 

5 immunostimulatory potency relative to corresponding fully stabilized 

immunostimulatory oligonucleotides. Due to the greater potency of semi-soft 

oligonucleotides, semi-soft oligonucleotides may be used, in some instances, at lower 

effective concentations and have lower effective doses than conventional fully stabilized 

immunostimulatory oligonucleotides in order to achieve a desired biological effect. 

10 It is believed that the foregoing properties of semi-soft oligonucleotides generally 

increase with increasing "dose" of phosphodiester or phosphodiester-like internucleotide 

linkages involving internal YZ dinucleotides. Thus it is believed, for example, that 

generally for a given oligonucleotide sequence with five internal YZ dinucleotides, an 

oligonucleotide with five internal phosphodiester or phosphodiester-like YZ 

15 internucleotide linkages is more immunostimulatory than an oligonucleotide with four 

internal phosphodiester or phosphodiester-like YG internucleotide linkages, which in 

turn is more immunostimulatory than an oligonucleotide with three internal 

phosphodiester or phosphodiester-like YZ internucleotide linkages, which in turn is more 

immunostimulatory than an oligonucleotide with two internal phosphodiester or 

20 phosphodiester-like YZ internucleotide linkages, which in turn is more 

iminunostimulatory than an oligonucleotide with one internal phosphodiester or 

phosphodiester-like YZ internucleotide linkage. Importantly, inclusion of even one 

internal phosphodiester or phosphodiester-like YZ internucleotide linkage is believed to 

be advantageous over no internal phosphodiester or phosphodiester-like YZ 

25 internucleotide linkage. In addition to the number of phosphodiester or phosphodiester-

like internucleotide linkages, the position along the length of the oligonucleotide can also 

affect potency. 

The soft and semi-soft oligonucleotides will generally include, in addition to the 

phosphodiester or phosphodiester-like internucleotide linkages at preferred internal 

30 positions, 5’ and 3’ ends that are resistant to degradation. Such degradation-resistant ends 

can involve any suitable modification that results in an increased resistance against 

exonuclease digestion over corresponding unmodified ends. For instance, the 5’ and 3’ 
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ends can be stabilized by the inclusion there of at least one phosphate modification of the 

backbone. In a preferred embodiment, the at least one phosphate modification of the 

backbone at each end is independently a phosphorothioate, phosphorodithioate, 

methyiphosphonate, or methylphosphorothioate internucleotide linkage. In another 

5 embodiment, the degradation-resistant end includes one or more nucleotide units 

connected by peptide or amide linkages at the 3’ end. 

A phosphodiester internucleotide linkage is the type of linkage characteristic of 

oligonucleotides found in nature. The phosphodiester internucleotide linkage includes a 

phosphorus atom flanked by two bridging oxygen atoms and bound also by two 

10 additional oxygen atoms, one charged and the other uncharged. Phosphodiester 

internucleotide linkage is particularly preferred when it is important to reduce the tissue 

half-life of the oligonucleotide. 

A phosphodiester-like intemucleotide linkage is a phosphorus-containing 

Sbridging group that is chemically and/or diastereomerically similar to phosphodiester. 

15 Measures of similarity to phosphodiester include susceptibility to nuclease digestion and 

ability to activate RNAse H. Thus for example phosphodiester, but not 

phosphorothioate, oligonucleotides are susceptible to nuclease digestion, while both 

phosphodiester and phosphorothioate oligonucleotides activate RNAse H. In a preferred 

embodiment the phosphodiester-like internucleotide linkage is boranophosphate (or 

20 equivalently, boranophosphonate) linkage. U.S. Patent No. 5,177,198; U.S. Patent No. 

5,859,231; U.S. Patent No, 6,160,109; U.S. Patent No. 6,207,819; Sergueev et al., (1998) 

JAm Chem Soc 120:9417-27. In another preferred embodiment the phosphodiester-like 

internucleotide linkage is diasteromerically pure Rp phosphorothioate. It is believed that 

diasteromerically pure Rp phosphorothioate is more susceptible to nuclease digestion 

25 and is better at activating RNAse H than mixed or diastereomerically pure Sp 

phosphorothioate. Stereoisomers of CpG oligonucleotides are the subject of co-pending 

U.S. patent application 09/361,575 filed July 27, 1999, and published PCT application 

PCT/US99/17 100 (WO 00/06588). It is to be noted that for purposes of the instant 

invention, the term "phosphodiester-like internucleotide linkage" specifically excludes 
0 phosphorodithioate and methyiphosphonate internucleotide linkages. 

As described above the soft and semi-soft oligonucleotides of the invention may 
have phosphodiester like linkages between C and G. One example of a phosphodiester-
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like linkage is a phosphorothioate linkage in an Rp conformation. Oligonucleotide p-

chirality can have apparently opposite effects on the immune activity of a CpG 

oligonucleotide, depending upon the time point at which activity is measured. At an 

early time point of 40 minutes, the R but not the Sp stereoisomer of phosphorothioate 

CpG oligonucleotide induces JNK phosphorylation in mouse spleen cells. In contrast, 

when assayed at a late time point of 44 hr, the Sp but not the R stereoisomer is active in 

stimulating spleen cell proliferation. This difference in the kinetics and bioactivity of the 

R and Sp stereoisomers does not result from any difference in cell uptake, but rather 

most likely is due to two opposing biologic roles of the p-chirality. First, the enhanced 

10 activity of the Rp stereoisomer compared to the Sp for stimulating immune cells at early 

time points indicates that the Rp may be more effective at interacting with the CpG 

receptor, TLR9, or inducing the downstream signaling pathways. On the other hand, the 

. faster degradation of the Rp PS-oligonucleotides compared to the Sp results in a much 

shorter duration of signaling, so that the Sp PS-oligonucleotides appear to be more 

15 biologically active when tested at later time points. 

A surprisingly strong effect is achieved by the p-chirality at the CpG dinucleotide 

itself. In comparison to a stereo-random CpG oligonucleotide the congener in which the 

single CpG dinucleotide was linked in Rp was slightly more active, while the congener 

containing an Sp linkage was nearly inactive for inducing spleen cell proliferation. 

20 The size (i.e., the number of nucleotide residues along the length of the 

oligonucleotide) of the immunostimulatory oligonucleotide may also contribute to the 

stimulatory activity of the oligonucleotide. For facilitating uptake into cells 

immunostimulatory oligonucleotides preferably have a minimum length of 6 nucleotide 

residues. Oligonucleoticles of any size greater than 6 nucleotides (even many kb long) 

25 are capable of inducing an immune response according to the invention if sufficient 

immunostimulatory motifs are present, since larger oligonucleotides are degraded inside 

of cells. It is believed by the instant inventors that semi-soft oligonucleotides as short as 

4 nucleotides can also be immunostimulatory if they can be delivered to the interior of 

the cell. In certain preferred embodiments according to the instant invention, the 

30 immunostimulatory oligonucleotides are between 4 and 100 nucleotides long. In typical 

embodiments the immunostimulatory oligonucleotides are between 6 and 40 nucleotides 

long. In certain embodiments according to the instant invention, the immunostimulatory 
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oligonucleotides are between 6 and 19 nucleotides long. The immunostimulatory 

oligonucleotides generally have a length in the range of between 4 and 100 and in some 

embodiments 8 and 40. The length may be in the range of between 16 and 24 

nucleotides. 

5 The term "oligonucleotide" also encompasses oligonucleotides with substitutions 

or modifications, such as in the bases and/or sugars. For example, they include 

oligonucleotides having backbone sugars that are covalently attached to low molecular 

weight organic groups other than a hydroxyl group at the 2’ position and other than a 

phosphate group or hydroxy group at the 5’ position. Thus modified oligonucleotides 

10 may include a 2’-O-alkylated ribose group. In addition, modified oligonucleotides may 

include sugars such as arabinose or 2’-fluoroarabinose instead of ribose. Thus the 

oligonucleotides may be heterogeneous in backbone composition thereby containing any 

possible combination of polymer units linked together such as peptide-nucleic acids 

(which have an amino acid backbone with oligonucleotide bases). 

is Oligonucleotides also include substituted purines and pyrimidines such as C-5 

propyne pyrimidine and 7-deaza-7-substituted purine modified bases. Wagner RW et al. 

(1996) Nat Biotechnol 14:840-4. Purines and pyrimidines include but are not limited to 

adenine, cytosine, guanine, thymine, 5-methylcytosine, 5-hydroxycytosine, 

5-fluorocytosine, 2-aminopurine, 2-amino-6-chloropurine, 2,6-diaminopurine, 

20 hypoxanthine, and other naturally and non-naturally occurring nucleobases, substituted 

and unsubstituted aromatic moieties. Other such modifications are well known to those 

of skill in the art. 

The immunostimulatory oligonucleotides of the instant invention can encompass 

various chemical modifications and substitutions, in comparison to natural RNA and 

25 DNA, involving a phosphodiester internucleotide bridge, a -D-ribose unit and/or a 

natural nucleotide base (adenine, guanine, cytosine, thymine, uracil). Examples of 

chemical modifications are known to the skilled person and are described, for example, 

in Uhlmann E et al. (1990) Chem Rev 90:543; "Protocols for Oligonucleotides and 

Analogs" Synthesis and Properties & Synthesis and Analytical Techniques, S. Agrawal, 

30 Ed, Humana Press, Totowa, USA 1993; Crooke ST et al. (1996) Annu Rev Pharmacol 

Toxicol 36:107-129; and Hun.ziker Jet al. (1995) Mod Synth Methods 7:331-417. An 

oligonucleotide according to the invention may have one or more modifications, wherein 
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each modification is located at a particular phosphodiester intemucleotide bridge and/or 

at a particular (3 -D-ribose unit and/or at a particular natural nucleotide base position in 

comparison to an oligonucleotide of the same sequence which is composed of natural 

DNA or RNA. 

5 For example, the invention relates to an oligonucleotide which may comprise one 

or more modifications and wherein each modification is independently selected from: 

a) the replacement of a phosphodiester intemucleotide bridge located at the 3’ and/or 

the 5’ end of a nucleotide by a modified internucleotide bridge, 

b) the replacement of phosphodiester bridge located at the 3’ and/or the 5’ end of a 

10 nucleotide by a dephospho bridge, 

c) the replacement of a sugar phosphate unit from the sugar phosphate backbone by 

another unit, 

d) the replacement of a -D-ribose unit by a modified sugar unit, and 

e) the replacement of a natural nucleotide base by a modified nucleotide base. 

15 More detailed examples for the chemical modification of an oligonucleotide are 

as follows. 

A phosphodiester internucleotide bridge located at the 3’ and/or the 5’ end of a 

nucleotide can be replaced by a modified internucleotide bridge, wherein the modified 

internucleotide bridge is for example selected from phosphorothioate, 

20 phosphorodithioate, NR’R2-phosphoramidate, boranophosphate, a-hydroxybenzyl 

phosphonate, phosphate-(C1 -C21)-0-alkyl ester, phosphate-[(C6-C12)aryl-(C1-C21)-O-

alkyl Jester, (C 1-C8)alkylphosphonate and/or (C5-C12)arylphosphonate bridges, (C7-C12)-

c-hydroxymethyl-aryl (e.g., disclosed in WO 95/01363), wherein (C6-C12)aryl, (C6-

C20)aryl and (C6-C14)aryl are optionally substituted by halogen, alkyl, alkoxy, nitro, 

25 cyano, and where R’ and R2 are, independently of each other, hydrogen, (C1-C18)-alkyl, 

(C6-C20)-aryl, (C6-Ci4)-aryl-(Cl .-Cg)-alkyl, preferably hydrogen, (CI-C8)-alkyl, preferably 

(Ci-C4)-alkyl and/or methoxyethyl, or R’ and R2 form, together with the nitrogen atom 

carrying them, a 5-6-membered heterocyclic ring which can additionally contain a 

further heteroatom from the group 0, S and N. 

30 The replacement of a phosphodiester bridge located at the 3’ and/or the 5’ end of a 

nucleotide by a dephospho bridge (dephospho bridges are described, for example, in 
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Uhlmann E and Peyman A in "Methods in Molecular Biology", Vol. 20, "Protocols for 

Oligonucleotides and Analogs", S. Agrawal, Ed., Humana Press, Totowa 1993, Chapter 

16, pp. 355 fl), wherein a dephospho bridge is for example selected from the dephospho 

bridges formacetal, 3’-thioformacetal, methyihydroxylamine, oxime, methylenedimethyl-

5 hydrazo, dimethylenesulfone and/or silyl groups. 

A sugar phosphate unit (i.e., a l-D-ribose and phosphodiester internucleotide 

bridge together forming a sugar phosphate unit) from the sugar phosphate backbone (i.e., 

a sugar phosphate backbone is composed of sugar phosphate units) can be replaced by 

another unit, wherein the other unit is for example suitable to build up a "morpholino-

10 derivative" oligomer (as described, for example, in Stirchak EP et al. (1989) 

Oligonucleotides Res 17:6129-41), that is, e.g., the replacement by a morpholino-

derivative unit; or to build up a polyamide oligonucleotide ("PNA"; as described for 

example, in Nielsen PE et al. (1994) Bioconjug Chem 5:3-7), that is, e.g., the 

� replacement by a PNA backbone unit, e.g., by 2-aminoethyiglycine. 

15 A -ribose unit or a 3-D-2’-deoxyribose unit can be replaced by a modified sugar 

unit, wherein the modified sugar unit is for example selected from 13-D-ribose, o-D-2’-

deoxyribose, L-2’-deoxyribose, 2’-F-2’-deoxyribose, T-F-arabinose, 2’-O-(C1-C6)alkyl-

ribose, preferably 2’-O-(CI-C6)alkyl-ribose is 2’-0-methylribose, 2’-O-(C2-C6)alkenyl-

ribose, 2’-[O-(C1-C6)alkyl-O-(CI-C6)alkylJ-ribose, 2’NH22Ldeoxyribose, jl-D-xylo-

20 furanose, a-arabinofuranose, 2,4-dideoxy-3-D-erythro-hexo-pyranose, and carbocyclic 

(described, for example, in Froehier J (1992) Am Chem Soc 114:8320) and/or open-chain 

sugar analogs (described, for example, in Vandendriessche et al. (1993) Tetrahedron 

49:7223) and/or bicyclosugar analogs (described, for example, in Tarkov M et al. (1993) 

Helv Chin2Acta 76:481). 

. 25 In some embodiments the sugar is 2’-O-methylribose, particularly for one or both 

nucleotides linked by a phosphodiester or phosphodiester-like internucleotide linkage. 

Oligonucleotides also include substituted purines and pyrimidines such as C-S 

propyne pyrimidine and 7-deaza-7-substituted purine modified bases. Wagner RW et al. 

(1996) Nat Biotechnol 14:840-4. Purines and pyrimidines include but are not limited to 

30 adenine, cytosine, guanine, and thymine, and other naturally and non-naturally occurring 

nucleobases, substituted and unsubstituted aromatic moieties. 
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A modified base is any base which is chemically distinct from the naturally 

occurring bases typically found in DNA and RNA such as T, C, G, A, and U, but which 

share basic chemical structures with these naturally occurring bases. The modified 

nucleotide base may be, for example, selected from hypoxanthine, uracil, dihydrouracil, 

5 pseudouracil, 2-thiouracil, 4-thiouracil, 5-aniinouracil, 5-(C1-C6)-alkyluracil, 5-(C2-C6)-

ailcenyluracil, 5-(C2-C6)-alkynyluracil, 5-(hydroxymethyl)uracil, 5-chiorouracil, 

5-fluorouracil, 5-bromouracil, 5-hydroxycytosine, 5-(C1-C6)-alkylcytosine, 5-(C2-C6)-

alkenylcytosine, 5-(C2-C6)-alkynylcytosine, 5-chlorocytosine, 5-fluorocytosine, 

5-bromocytosine, N 2 -dimethylguanine, 2,4-diamino-purine, 8-azapurine, a substituted 

10 7-deazapurine, preferably 7-deaza-7-substituted and/or 7-deaza-8-substituted purine, 5-

hydroxymethylcytosine, N4-alkylcytosine, e.g., N4-ethylcytosine, 5-

hydroxydeoxycytidine, 5-hydroxymethyldeoxycytidine, N4-allcyldeoxycytidine, e.g., 

N4-ethyldeoxycytidine, 6-thiodeoxyguanosine, and deoxyribonucleotides of nitropyrrole, 

C5-propynylpyrimidine, and diaminopurine e.g., 2,6-diaminopurine, inosine, 

15 5-methylcytosine, 2-aminopurine, 2-amino-6-chloropurine, hypoxanthine or other 

modifications of a natural nucleotide bases. This list is meant to be exemplary and is not 

to be interpreted to be limiting. 

In particular formulas described herein a set of modified bases is defined. For 

instance the letter Y is used to refer to a nucleotide containing a cytosine or a modified 

20 cytosine. A modified cytosine as used herein is a naturally occurring or non-naturally 

occurring pyrimidine base analog of cytosine which can replace this base without 

impairing the imniunostimulatory activity of the oligonucleotide. Modified cytosines 

include but are not limited to 5-substituted cytosines (e.g. 5-methyl-cytosine, 5-fluoro-

cytosine, 5-chioro-cytosine, 5-bromo-cytosine, 5-iodo-cytosine, 5-hydroxy-cytosine, 5-

25 hydroxymethyl-cytosine, 5-difluoromethyl-cytosine, and unsubstituted or substituted 5-

alkynyl-cyto sine), 6-substituted cytosines, N4-substituted cytosines (e.g. N4-ethyl-

cytosine), 5-aza-cytosine, 2-mercapto-cytosine, isocytosine, pseudo-isocytosine, cytosine 

analogs with condensed ring systems (e.g. N,N’-propylene cytosine or phenoxazine), and 

uracil and its derivatives (e.g. 5-fluoro-uracil, 5-bromo-uracil, 5-bromovinyl-uracil, 4-

30 thio-uracil, 5-hydroxy-uracil, 5-propynyl-uracil). Some of the preferred cytosines 

include 5-methyl-cytosine, 5-fluoro-cytosine, 5-hydroxy-cytosine, 5-hydroxymethyl-

cytosine, and N4-ethyl-cytosine. In another embodiment of the invention, the cytosine 
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base 

29

-base is substituted by a universal base (e.g. 3-nitropyrrole, P-base), an aromatic ring 

system (e.g. fluorobenzene or difiuorobenzene) or a hydrogen atom (dSpacer). 

The letter Z is used to refer to guanine or a modified guanine base. A modified 

guanine as used herein is a naturally occurring or non-naturally occurring purine base 

analog of guanine which can replace this base without impairing the immunostimulatory 

activity of the oligonucleotide. Modified guanines include but are not limited to 

7-deazaguanine, 7-deaza-7-substituted guanine (such as 

7-deaza-7-(C2-C6)alkynylguanine), 7-deaza-8-substituted guanine, hypoxanthine, N2-

substituted guanines (e.g. N2-methyl-guanine), 5-amino-3-methyl-3H,6H-thiazolo [4,5-

10 d]pyrimidine-2,7-dione, 2,6-diaminopurine, 2-aminopurine, purine, indole, adenine, 

substituted adenines (e.g. N6-methyl-adenine, 8-oxo-adenine) 8-substituted guanine (e.g. 

8-hydroxyguanine and 8-bromoguanine), and 6-thioguanine. In another embodiment of 

the invention, the guanine base is substituted by a universal base (e.g. 4-methyl-indole, 

S5-nitro-indole, and K-base), an aromatic ring system (e.g. benzimidazole or dichioro-

15 benzimidazole, 1-methyl-i H-[l ,2,4]triazole-3-carboxylic acid amide) or a hydrogen 

atom (dSpacer). 

The oligonucleotides may have one or more accessible 5’ ends. It is possible to 

create modified oligonucleotides having two such 5’ ends. This may be achieved, for 

instance by attaching two oligonucleotides through a 3’-3’ linkage to generate an 

20 oligonucleotide having one or two accessible 5’ ends. The 3’3’-linkage may be a 

phosphodiester, phosphorothioate or any other modified intemucleotide bridge. Methods 

for accomplishing such linkages are known in the art. For instance, such linkages have 

been described in Seliger, H.; et al., Oligonucleotide analogs with terminal 3’-3’- and 5’-

5’-intemucleotidic linkages as antisense inhibitors of viral gene expression, Nucleotides 

25 & Nucleotides (1991), 10(1-3), 469-77 and Jiang, et al., Pseudo-cyclic oligonucleotides: 

in vitro and in vivo properties, Bioorganic & Medicinal Chemistry (1999), 7(12), 2727-

2735. 

Additionally, 3’3’-linked oligonucleotides where the linkage between the 3’-

terminal nucleotides is not a phosphodiester, phosphorothioate or other modified bridge, 

30 can be prepared using an additional spacer, such as tn- or tetra-ethylenglycol phosphate 

moiety (Durand, M. et al, Triple-helix formation by an oligonucleotide containing one 

(dA) 12 and two (dT) 12 sequences bridged by two hexaethylene glycol chains, 

4T) 
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Biochemistry (1992), 31(38), 9197-204, US Patent No. 5658738, and US Patent No. 

5668265). Alternatively, the non-nucleotidic linker may be derived from ethanediol, 

propanediol, or from an abasic deoxyribose (dSpacer) unit (Fontanel, Marie Laurence et 

al., Sterical recognition by T4 polynucleotide kinase of non-nucleosidic moieties 5’-

attached to oligonucleotides; Oligonucleotides Research (1994), 22(11), 2022-7) using 

standard phosphoramidite chemistry. The non-nucleotidic linkers can be incorporated 

once or multiple times, or combined with each other allowing for any desirable distance 

between the 3’-ends of the two ODNs to be linked. 

The oligonucleotides are partially resistant to degradation (e.g., are stabilized). A 

10 "stabilized oligonucleotide molecule" shall mean an oligonucleotide that is relatively 

resistant to in vivo degradation (e.g. via an exo- or endo-nuclease). Oligonucleotide 

stabilization can be accomplished via backbone modifications. Oligonucleotides having 

phosphorothioate linkages provide maximal activity and protect the oligonucleotide from 

degradation by intracellular exo- and endo-nucleases. Other modified oligonucleotides 

15 include phosphodiester modified oligonucleotides, combinations of phosphodiester and 

phosphorothioate oligonucleotide, methyiphosphonate, methylphosphorothioate, 

phosphorodithioate, p-ethoxy, and combinations thereof. 

Modified backbones such as phosphorothioates may be synthesized using 

automated techniques employing either phosphoramidate or H-phosphonate chemistries. 

20 Aryl-and alkyl-phosphonates can be made, e.g., as described in U.S. Patent No. 

4,469,863; and alkyiphosphotriesters (in which the charged oxygen moiety is alkylated 

as described in U.S. Patent No. 5,023,243 and European Patent No. 092,574) can be 

prepared by automated solid phase synthesis using commercially available reagents. 

Methods for making other DNA backbone modifications and substitutions have been 

25 described (e.g., Uhlmann, E. and Peyman, A., Chem. Rev. 90-.544,1990; Goodchild, S., 

ioconjugate Chem. 1:165, 1990). 

Other stabilized oligonucleotides include: nonionic DNA analogs, such as alkyl-

and aryl-phosphates (in which the charged phosphonate oxygen is replaced by an alkyl or 

aryl group), phosphodiester and alkyiphosphotriesters, in which the charged oxygen 

30 moiety is alkylated. Oligonucleotides which contain diol, such as tetraethyleneglycol or 

hexaethyleneglycol, at either or both termini have also been shown to be substantially 

resistant to nuclease degradation. 
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The iminunostimulatory oligonucleotides may also contain one or more unusual 

linkages between the nucleotide or nucleotide-analogous moieties. The usual 

intemucleoside linkage is a 3’S ’-linkage. All other linkages are considered to be unusual 

internucleoside linkages, such as 2’5’-, 5’5’-, 393’-, 2’2’-, 2’3’ -linkages. The 

nomenclature 2’ to 5’ is chosen according to the carbon atom of ribose. However, if 

unnatural sugar moieties are employed, such as ring-expanded sugar analogs (e.g. 

hexanose, cylohexene or pyranose) or bi- or tricyclic sugar analogs, then this 

nomenclature changes according to the nomenclature of the monomer. In 3’-deoxy-ji-D-

ribopyranose analogs (also called p-DNA), the mononucleotides are e.g. connected via a 

10 4’2 -linkage. 

If the oligonucleotide contains one 3’3 ’-linkage, then this oligonucleotide may 

have two unlinked 5’-ends. Similarly, if the oligonucleotide contains one 5’5’-linkage, 

then this oligonucleotide may have two unlinked 3’ -ends. The accessibility of unlinked 

Sends of nucleotides may be better accessible by their receptors. Both types of unusual 

15 linkages (3’3’- and 5’5’) were described by Ramaiho Ortigao et al. (Antisense Research 

and Development (1992) 2, 129-46), whereby oligonucleotides having a 3 ’3 ’-linkage 

were reported to show enhanced stability towards cleavage by nucleases. 

Different types of linkages can also be combined in one molecule which may lead 

to branching of the oligomer. If one part of the oligonucleotide is connected at the 3’ -end 

20 via a 3’3’ -linkage to a second oligonucleotide part and at the 2’-end via a 2 ’3 ’-linkage to 

a third part of the molecule, this results e.g. in a branched oligonucleotide with three 5’-

ends (3’3’-, 2’3’ -branched). 

In principle, linkages between different parts of an oligonucleotide or between 

different oligonucleotides, respectively, can occur via all parts of the molecule, as long 

25 as this does not negatively interfere with the recognition by its receptor. According to 

the nature of the oligonucleotide, the linkage can involve the sugar moiety (Su), the 

heterocyclic nucleobase (Ba) or the phosphate backbone (Ph). Thus, linkages of the type 

Su-Su. Su-Ph, Su-Ba, Ba-Ba, Ba-Su, Ba-Ph, Ph-Ph, Ph-Su, and Ph-Ba are possible. If 

the oligonucleotides are further modified by certain non-nucleotidic substituents, the 

30 linkage can also occur via the modified parts of the oligonucleotides. These 

modifications also include modified oligonucleotides, e.g. PNA, LNA, or Morpholino 

Oligonucleotide analogs. 
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The linkages are preferably composed of C, H, N,O, S, B, P, and Halogen, 

containing 3 to 300 atoms. An example with 3 atoms is an acetal linkage (ODN1-3’-0-

CH2-0-3 ’.-ODN2) connecting e.g. the 3 ’-hydroxy group of one nucleotide to the 3’-

hydroxy group of a second oligonucleotide. An example with about 300 atoms is PEG-

40 (tetraconta polyethyleneglycol). Preferred linkages are phosphodiester, 

phosphorothioate, methyiphosphonate, phosphoramidate, boranophosphonate, amide, 

ether, thioether, acetal , thioacetal, urea, thiourea, sulfonamide, Schif Base and 

disulfide linkages. It is also possible to use the Solulink BioConjugation System i.e., 

(www.trilinkbiotech.com). 

10 If the oligonucleotide is composed of two or more sequence parts, these parts can 

be identical or different. Thus, in an oligonucleotide with a 3’3’ -linkage, the sequences 

can be identical 5 ’-ODNi -3’3 ’-ODNi -5’ or different 5’-ODN1 -3 ’3 ’-ODN2-5’. 

S 
Furthermore, the chemical modification of the various oligonucleotide parts as well as 

the linker connecting them may be different. Since the uptake of short oligonucleotides 

15 appears to be less efficient than that of long oligonucleotides, linking of two or more 

short sequences results in improved immune stimulation. The length of the short 

oligonucleotides is preferably 2-20 nucleotides, more preferably 3-16 nucleotides, but 

most preferably 5-10 nucleotides. Preferred are linked oligonucleotides which have two 

or more unlinked 5’ -ends. 

20 The oligonucleotide partial sequences may also be linked by non-nucleotidic 

linkers, in particular abasic linkers (dSpacers), trietyhiene glycol units or hexaethylene 

glycol units. Further preferred linkers are alkylamino linkers, such as C3, C6, Cl 2 

aminolinkers, and also alkylthiol linkers, such as C3 or C6 thiol linkers. The 

oligonucleotides can also be linked by aromatic residues which may be further 

25 substituted by alkyl or substituted alkyl groups. The oligonucleotides may also contain a 

Doubler or Trebler unit (www.glenres.com), in particular those oligonucleotides with a 

3 ’3 ’-linkage. Branching of the oligonucleotides by multiple doubler, trebler, or other 

multiplier units leads to dendrimers which are a further embodiment of this invention. 

The oligonucleotides may also contain linker units resulting from peptide modifying 

30 reagents or oligonucleotide modifying reagents (ww.glenres.com). Furthermore, it 

may contain one or more natural or unnatural amino acid residues which are connected 

by peptide (amide) linkages. 
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Another possibility for linking oligonucleotides is via crosslinking of the 

heterocyclic bases (Verma and Eckstein; Annu. Rev. Biochem. (1998) 67: 99-134; page 

124). A linkage between the sugar moiety of one sequence part with the heterocyclic 

base of another sequence part (Iyer et al. Curr. Opin. Mol. Therapeutics (1999) 1: 344-

358; page 352) may also be used. 

The different oligonucleotides are synthesized by established methods and can 

be linked together on-line during solid-phase synthesis. Alternatively, they may be 

linked together post-synthesis of the individual partial sequences. 

S 
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5’ 

branching via linker 

CpG immuriostimulatory oligonucleotides can be combined with other 

therapeutic agents. The CpG inununostimulatory oligonucleotide and other therapeutic 

agent may be administered simultaneously or sequentially. When the other therapeutic 

agents are administered simultaneously they can be administered in the same or separate 
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formulations, 

36

-formulations, but are administered at the same time. The other therapeutic agents are 

administered sequentially with one another and with CpG immunostimulatory 

oligonucleotide, when the administration of the other therapeutic agents and the CpG 

immunostimulatory oligonucleotide is temporally separated. The separation in time 

between the administration of these compounds may be a matter of minutes or it may be 

longer. Other therapeutic agents include but are not limited to anti-microbials and anti 

asthma medicaments. 

The oligonucleotides of the invention may be administered to a subject with an 

anti-microbial agent. An anti-microbial agent, as used herein, refers to a naturally-

10 occurring or synthetic compound which is capable of killing or inhibiting infectious 

microorganisms. The type of anti-microbial agent useful according to the invention will 

depend upon the type of microorganism with which the subject is infected or at risk of 

� becoming infected. Anti-microbial agents include but are not limited to anti-bacterial 

agents, anti-viral agents, anti-fungal agents and anti-parasitic agents. Phrases such as 

15 "anti-infective agent", "anti-bacterial agent", "anti-viral agent", "anti-fungal agent", 

"anti-parasitic agent" and "parasiticide" have well-established meanings to those of 

ordinary skill in the art and are defined in standard medical texts. Briefly, anti-bacterial 

agents kill or inhibit bacteria, and include antibiotics as well as other synthetic or natural 

compounds having similar functions. Antibiotics are low molecular weight molecules 

20 which are produced as secondary metabolites by cells, such as microorganisms. In 

general, antibiotics interfere with one or more bacterial functions or structures which are 

specific for the microorganism and which are not present in host cells. Anti-viral agents 

can be isolated from natural sources or synthesized and are useful for killing or inhibiting 

viruses. Anti-fungal agents are used to treat superficial fungal infections as well as 

25 opportunistic and primary systemic fungal infections. Anti-parasite agents kill or inhibit 

parasites. 

Examples of anti-parasitic agents, also referred to as parasiticides useful for 

human administration include but are not limited to albendazole, amplictericin B, 

benznidazole, bithionol, ehioroquine HC1, chioroquine phosphate, clindamycin, 

30 dehydroemetine, diethylcarbamazine, diloxanide furoate, eflomithine, furazolidaone, 

glucocorticoids, halofantrjne, iodoquinol, ivermectin, mebendazole, mefloquine, 

meglumine antimonjate, melarsoprol, metrifonate, metronidazole, niclosamide, 
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nifurtimox, oxamniquine, paromomycin, pentamidine isethionate, piperazine, 

praziquantel, primaquine phosphate, proguanil, pyrantel pamoate, pyrimethanmine-

sulfonamides, pyrimethanmine-sulfadoxine, quinacrine HC1, quinine sulfate, quinidine 

gluconate, spiramycin, stibogluconate sodium (sodium antimony gluconate), suramin, 

5 tetracycline, doxycycline, thiabendazole, tinidazole, trimethroprim-sulfamethoxazole, 

and tryparsamide some of which are used alone or in combination with others. 

Antibacterial agents kill or inhibit the growth or function of bacteria. A large 

class of antibacterial agents is antibiotics. Antibiotics, which are effective for killing or 

inhibiting a wide range of bacteria, are referred to as broad spectrum antibiotics. Other 

10 types of antibiotics are predominantly effective against the bacteria of the class gram-

positive or gram-negative. These types of antibiotics are referred to as narrow spectrum 

antibiotics. Other antibiotics which are effective against a single organism or disease 

and not against other types of bacteria, are referred to as limited spectrum antibiotics. 

Antibacterial agents are sometimes classified based on their primary mode of action. In 

15 general, antibacterial agents are cell wall synthesis inhibitors, cell membrane inhibitors, 

protein synthesis inhibitors, oligonucleotide synthesis or functional inhibitors, and 

competitive inhibitors. 

Antiviral agents are compounds which prevent infection of cells by viruses or 

replication of the virus within the cell. There are many fewer antiviral drugs than 

20 antibacterial drugs because the process of viral replication is so closely related to DNA 

replication within the host cell, that non-specific antiviral agents would often be toxic to 

the host. There are several stages within the process of viral infection which can be 

blocked or inhibited by antiviral agents. These stages include, attachment of the virus to 

the host cell (immunoglobulin or binding peptides), ’uncoating of the virus (e.g. 

� 25 amantadine), synthesis or translation of viral mP.NA (e.g. interferon), replication of viral 

RNA or DNA (e.g. nucleotide analogues), maturation of new virus proteins (e.g. protease 

inhibitors), and budding and release of the virus. 

Nucleotide analogues are synthetic compounds which are similar to nucleotides, 

but which have an incomplete or abnormal deoxyribose or ribose group. Once the 

30 nucleotide analogues are in the cell, they are phosphorylated, producing the triphosphate 

formed which competes with normal nucleotides for incorporation into the viral DNA or 

RNA. Once the triphosphate form of the nucleotide analogue is incorporated into the 
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growing oligonucleotide chain, it causes irreversible association with the viral 

polymerase and thus chain termination. Nucleotide analogues include, but are not 

limited to, acyclovir (used for the treatment of herpes simplex virus and varicella-zoster 

virus), gancyclovir (useful for the treatment of cytomegalovirus), idoxuridine, ribavirin 

(useful for the treatment of respiratory syncitial virus), dideoxyinosine, dideoxycytidine, 

zidovudine (azidothymidine), imiquirnod, and resimiquimod. 

The interferons are cytolcines which are secreted by virus-infected cells as well as 

immune cells. The interferons function by binding to specific receptors on cells adjacent 

to the infected cells, causing the change in the cell which protects it from infection by the 

10 virus, a and 0-interferon also induce the expression of Class I and Class II MHC 

molecules on the surface of infected cells, resulting in increased antigen presentation for 

host immune cell recognition. a and -interferons are available as recombinant forms 

and have been used for the treatment of chronic hepatitis B and C infection. At the 

dosages which are effective for anti-viral therapy, interferons have severe side effects 

15 such as fever, malaise and weight loss. 

Anti-viral agents useful in the invention include but are not limited to 

immunoglobulins, amantadine, interferons, nucleotide analogues, and protease inhibitors. 

Specific examples of anti-virals include but are not limited to Acemannan; Acyclovir; 

Acyclovir Sodium; Adefovir; Alovudine; Alvircept Sudotox; Amantadine 

20 Hydrochloride; Aranotin; Arildone; Atevirdine Mesylate; Avridine; Cidofovir; 

Cipamfylline; Cytarabine Hydrochloride; Delavirdine Mesylate; Desciclovir; 

Didanosine; Disoxaril; Edoxudine; Enviradene; Enviroxime; Famciclovir; Famotine 

Hydrochloride; Fiacitabine; Fialuridine; Fosarilate; Foscamet Sodium; Fosfonet Sodium; 

Ganciclovir; Ganciclovir Sodium; Idoxuridine; Kethoxal; Laniivudine; Lobucavir; 

. 25 Memotine Hydrochloride; Methisazone; Nevirapine; Penciclovir; Pirodavir; Ribavirin; 

Rimantadine Hydrochloride; Saquinavir Mesylate; Somantadine Hydrochloride; 

Sorivudine; Statolon; Stavudine; Tilorone Hydrochloride; Trifluridine; Valacyclovir 

Hydrochloride; Vidarabine; Vidarabine Phosphate; Vidarabine Sodium Phosphate; 

Viroxime; Zalcitabine; Zidovudine; and Zinviroxime. 

30 Anti-fungal agents are useful for the treatment and prevention of infective fungi. 

Anti-fungal agents are sometimes classified by their mechanism of action. Some anti-

fungal agents function as cell wall inhibitors by inhibiting glucose synthase. These 
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include, but are not limited to, basiunginlECB. Other anti-fungal agents function by 

destabilizing membrane integrity. These include, but are not limited to, immidazoles, 

such as clotrimazole, sertaconzole, fluconazole, itraconazole, ketoconazole, miconazole, 

and voriconacole, as well as FK 463, amphotericin B, BAY 38-9502, MK 991, 

pradimicin, UK 292, butenafine, and terbinafine. Other anti-fungal agents function by 

breaking down chitin (e.g. chitinase) or immunosuppression (501 cream). 

An "asthma medicament" as used herein is a composition of matter which 

reduces the symptoms, inhibits the asthmatic reaction, or prevents the development of an 

asthmatic reaction. Various types of medicaments for the treatment of asthma are 

10 described in the Guidelines For The Diagnosis and Management of Asthma, Expert 

Panel Report 2, NIH Publication No. 97/4051, July 19, 1997, the entire contents of which 

are incorporated herein by reference. The summary of the medicaments as described in 

. the NIH publication is presented below. 

Asthma medicaments include, but are not limited to, steroids, PDE-4 inhibitors, 

15 bronchodilatorfbeta-2 agonists, K+ channel openers, VLA-4 antagonists, neurokin 

antagonists, TXA2 synthesis inhibitors, xanthanines, arachidonic acid antagonists, 5 

lipoxygenase inhibitors, thromboxin A2 receptor antagonists, thromboxane A2 

antagonists, inhibitor of 5-lipox activation proteins, and protease inhibitors. 

Bronchodilator/beta-2 agonists are a class of compounds which cause 

20 bronchodilation or smooth muscle relaxation. Bronchodilator/beta-2 agonists include, 

but are not limited to, salmeterol, salbutamol, albuterol, terbutaline, D2522/formoterol, 

fenoterol, bitolterol, pirbuerol methylxanthines and orciprenaline. Long-acting f32 

agonists and bronchodilators are compounds which are used for long-term prevention of 

symptoms in addition to the anti-inflammatory therapies. They function by causing 

25 bronchodilation, or smooth muscle relaxation, following adenylate cyclase activation and 

Sincrease in cyclic AMP producing functional antagonism of bronchoconstriction. These 

compounds also inhibit mast cell mediator release, decrease vascular permeability and 

increase mucociliary clearance. Long-acting 132 agonists include, but are not limited to, 

salmeterol and albuterol. These compounds are usually used in combination with 

30 corticosteroids and generally are not used without any inflammatory therapy. They have 

been associated with side effects such as tachycardia, skeletal muscle tremor, 

hypokalemia, and prolongation of QTc interval in overdose. 
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Methyixanthines, including for instance theophylline, have been used for long-

term control and prevention of symptoms. These compounds cause bronchodilation 

resulting from phosphodiesterase inhibition and likely adenosine antagonism. It is also 

believed that these compounds may effect eosinophilic infiltration into bronchial mucosa 

and decrease T-lymphocyte numbers in the epithelium. Dose-related acute toxicities are 

a particular problem with these types of compounds. As a result, routine serum 

concentration must be monitored in order to account for the toxicity and narrow 

therapeutic range arising from individual differences in metabolic clearance. Side effects 

include tachycardia, nausea and vomiting, tachyarrhythmias, central nervous system 

10 stimulation, headache, seizures, hematemesis, hyperglycemia and hypokalemia. Short-

acting P2 agonists/bronchodilators relax airway smooth muscle, causing the increase in 

air flow. These types of compounds are a preferred drug for the treatment of acute 

. asthmatic systems. Previously, short-acting P2 agonists had been prescribed on a 

regularly-scheduled basis in order to improve overall asthma symptoms. Later reports, 

15 however, suggested that regular use of this class of drugs produced significant 

diminution in asthma control and pulmonary function (Sears, et al. Lancet; 336:1391-6, 

1990). Other studies showed that regular use of some types of 32 agonists produced no 

harmful effects over a four-month period but also produced no demonstrable effects 

(Drazen, et al., N. Eng. J. Med.; 335:841-7, 1996). As a result of these studies, the daily 

20 use of short-acting P2 agonists is not generally recommended. Short-acting 132 agonists 

include, but are not limited to, albuterol, bitolterol, pirbuterol, and terbutaline. Some of 

the adverse effects associated with the mastration of short-acting 132 agonists include 

tachycardia, skeletal muscle tremor, hypokalemia, increased lactic acid, headache, and 

hyperglycemia. 

25 The CpG immunostimulatory oligonucleotides may be directly administered to 

the subject or may be administered in conjunction with a nucleic acid delivery complex. 

A nucleic acid delivery complex shall mean a nucleic acid molecule associated with (e.g. 

ionically or covalently bound to; or encapsulated within) a targeting means (e.g. a 

molecule that results in higher affinity binding to target cell. Examples of nucleic acid 

30 delivery complexes include oligonucleotides associated with a sterol (e.g. cholesterol), a 

lipid (e.g. a cationic lipid, virosome or liposome), or a target cell specific binding agent 
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(e.g. a ligand recognized by target cell specific receptor). Preferred complexes may be 

sufficiently stable in vivo to prevent significant uncoupling prior to internalization by the 

target cell. However, the complex can be cleavable under appropriate conditions within 

the cell so that the nucleic acid is released in a functional form. 

Delivery vehicles or delivery devices for delivering antigen and oligonucleotides 

to surfaces have been described. The CpG immunostimulatory oligonucleotide and/or 

the antigen and/or other therapeutics may be administered alone (e.g., in saline or buffer) 

or using any delivery vehicles known in the art. For instance the following delivery 

vehicles have been described: Cochleates; Emulsonies, ISCOMs; Liposomes; Live 

to bacterial vectors (e.g., Salmonella, Escherichia coli, Bacillus calmatte-guerin, Shigella, 

Lactobacillus); Live viral vectors (e.g., Vaccinia, adenovirus, Herpes Simplex); 

Microspheres; Oligonucleotide vaccines; Polymers; Polymer rings; Proteosomes; 

. Sodium Fluoride; Transgenic plants; Virosomes; Virus-like particles, Other delivery 

vehicles are known in the art and some additional examples are provided below in the 

is discussion of vectors. 

The term effective amount of a CpG immunostimulatory oligonucleotide refers to 

the amount necessary or sufficient to realize a desired biologic effect. For example, an 

effective amount is that amount sufficient to reduce or prevent further induction of viral 

load in order to avoid exacerbation of asthma. Combined with the teachings provided 

20 herein, by choosing among the various active compounds and weighing factors such as 

potency, relative bioavailability, patient body weight, severity of adverse side-effects and 

preferred mode of administration, an effective prophylactic or therapeutic treatment 

regimen can be planned which does not cause substantial toxicity and yet is entirely 

effective to treat the particular subject. The effective amount for any particular 

25 application can vary depending on such factors as the disease or condition being treated, 

the particular CpG immunostimulatory oligonucleotide being administered the size of the 

subject, or the severity of the disease or condition. One of ordinary skill in the art can 

empirically determine the effective amount of a particular CpG immunostimulatory 

oligonucleotide and/or other therapeutic agent without necessitating undue 

30 experimentation. 

Subject doses of the compounds described herein for mucosal or local delivery 

typically range from about 0.1 g to 10 mg per administration, which depending on the 
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application 42-application could be given daily, weekly, or monthly and any other amount of time 

therebetween. More typically mucosal or local doses range from about 10 jig to 5 mg 

per administration, and most typically from about 100 pg to 1 mg, with 2 - 4 

administrations being spaced days or weeks apart. More typically, immune stimulant 

5 doses range from 1 gg to 10 mg per administration, and most typically 10 jLg  to 1 mg, 

with daily or weekly administrations. Subject doses of the compounds described herein 

for parenteral delivery for the purpose of inducing an immune response may be typically 

5 to 10,000 times higher than the effective mucosal dose, and more typically 10 to 1,000 

times higher, and most typically 20 to 100 times higher. Doses of the compounds 

10 described herein for parenteral delivery for the purpose of inducing an innate immune 

response or for inducing an immune response when the CpG inimunostimulatory 

oligonucleotides are administered in combination with other therapeutic agents or in 

� 
specialized delivery vehicles typically range from about 0.1 jig to 10 mg per 

administration, which depending on the application could be given daily, weekly, or 

15 monthly and any other amount of time therebetween. More typically parenteral doses for 

these purposes range from about 10 jig to 5 mg per administration, and most typically 

from about 100 j.tg to I mg, with 2- 4 administrations being spaced days or weeks apart. 

In some embodiments, however, parenteral doses for these purposes may be used in a 

range of 5 to 10,000 times higher than the typical doses described above. The 

20 oligonucleotides may be administered in multiple doses over extended period of time. 

For any compound described herein the therapeutically effective amount can be 

initially determined from animal models. A therapeutically effective dose can also be 

determined from human data for CpG oligonucleotides which have been tested in 

humans (human clinical trials have been initiated) and for compounds which are known 

25 to exhibit similar pharmacological activities, such as other adjuvants, e.g., LT and other 

antigens for vaccination purposes. Higher doses may be required for parenteral 

administration. The applied dose can be adjusted based on the relative bioavailability 

and potency of the administered compound. Adjusting the dose to achieve maximal 

efficacy based on the methods described above and other methods as are well-known in 

30 the art is well within the capabilities of the ordinarily skilled artisan, 
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 formulations of the invention are administered in pharmaceutically 

acceptable solutions, which may routinely contain pharmaceutically acceptable 

concentrations of salt, buffering agents, preservatives, compatible carriers, adjuvants, and 

optionally other therapeutic ingredients. 

5 For use in therapy, an effective amount of the CpG iniinunostimulatory 

oligonucleotide can be administered to a subject by any mode that delivers the 

oligonucleotide to the desired surface, e.g., mucosal, systemic. Administering the 

pharmaceutical composition of the present invention may be accomplished by any means 

known to the skilled artisan. Preferred routes of administration include but are not 

10 limited to oral, parenteral, intramuscular, intranasal, sublingual, intratracheal, inhalation, 

ocular, vaginal, and rectal. 

For oral administration, the compounds (i.e., CpG immunostimulatory 

oligonucleotides and other therapeutic agents) can be formulated readily by combining 

the active compound(s) with pharmaceutically acceptable carriers well known in the art. 

15 Such carriers enable the compounds of the invention to be formulated as tablets, pills, 

dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral 

ingestion by a subject to be treated. Pharmaceutical preparations for oral use can be 

obtained as solid excipient, optionally grinding a resulting mixture, and processing the 

mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or 

20 clragee cores. Suitable excipients are, in particular, fillers such as sugars, including 

lactose, sucrose, mannitol, or sorbitol; cellulose preparations such as, for example, maize 

starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose, 

hydroxypropylmethyl-cellulose, sodium carboxymethyleellulose, and/or 

polyvinylpyrrolidone (PVP). If desired, disintegrating agents may be added, such as the 

25 cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium 

alginate. Optionally the oral formulations may also be formulated in saline or buffers, 

i.e. EDTA for neutralizing internal acid conditions or may be administered without any 

carriers. 

Also specifically contemplated are oral dosage forms of the above component or 

30 components. The component or components may be chemically modified so that oral 

delivery of the derivative is efficacious. Generally, the chemical modification contemplated 

is the attachment of at least one moiety to the component molecule itself, where said moiety 

* 
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permits (a) inhibition of proteolysis; and (b) uptake into the blood stream from the stomach 

or intestine. Also desired is the increase in overall stability of the component or 

components and increase in circulation time in the body. Examples of such moieties 

include: polyethylene glycol, copolymers of ethylene glycol and propylene glycol, 

carboxymethyl cellulose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone and polyproline. 

Abuchowski and Davis, 1981, "Soluble Polymer-Enzyme Adducts" In: Enzymes as Drugs, 

Hocenberg and Roberts, eds., Wiley-Interscience, New York, NY, pp. 367-3 83; Newmark, 

et al., 1982, J. App!. Biochem. 4:185-189. Other polymers that could be used are poly-i ,3-

dioxolane and poly-1,3,6-tioxocane. Preferred for pharmaceutical usage, as indicated 

10 above, are polyethylene glycol moieties. 

For the component (or derivative) the location of release may be the stomach, the 

small intestine (the duodenum, the jejunum, or the ileum), or the large intestine. One 

skilled in the art has available formulations which will not dissolve in the stomach, yet will 

Srelease the material in the duodenum or elsewhere in the intestine. Preferably, the release 

15 will avoid the deleterious effects of the stomach environment, either by protection of the 

oligonucleotide (or derivative) or by release of the biologically active material beyond the 

stomach environment, such as in the intestine. 

To ensure full gastric resistance a coating impermeable to at least p1-i 5.0 is 

essential. Examples of the more common inert ingredients that are used as enteric coatings 

20 are cellulose acetate trimellitate (CAT), hydroxypropylmethylcellulose phthalate (HPMCP), 

HPMCP 50, HPMCP 55, polyvinyl acetate phthalate (PVAP), Eudragit L30D, Aquateric, 

cellulose acetate phthalate (CAP), Eudragit L, Eudragit S, and Shellac. These coatings 

may be used as mixed films. 

A coating or mixture of coatings can also be used on tablets, which are not intended 

25 for protection against the stomach. This can include sugar coatings, or coatings which 

make the tablet easier to swallow. Capsules may consist of a hard shell (such as gelatin) for 

delivery of dry therapeutic i.e. powder; for liquid forms, a soft gelatin shell may be used. 

The shell material of cachets could be thick starch or other edible paper. For pills, lozenges, 

molded tablets or tablet triturates, moist massing techniques can be used. 

30 The therapeutic can be included in the formulation as fine multi-particulates in the 

form of granules or pellets of particle size about 1 mm. The formulation of the material for 
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 administration could also be as a powder, lightly compressed plugs or even as 

tablets. The therapeutic could be prepared by compression. 

Colorants and flavoring agents may all be included. For example, the 

oligonucleotide (or derivative) may be formulated (such as by liposome or microsphere 

5 encapsulation) and then further contained within an edible product, such as a refrigerated 

beverage containing colorants and flavoring agents. 

One may dilute or increase the volume of the therapeutic with an inert material. 

These diluents could include carbohydrates, especially mannitol, a-lactose, anhydrous 

lactose, cellulose, sucrose, modified dextrans and starch. Certain inorganic salts may be 

10 also be used as fillers including calcium triphosphate, magnesium carbonate and sodium 

chloride. Some commercially available diluents are Fast-Flo, Emdex, STA-Rx 1500, 

Emcornpress and Avicell. 

Disintegrants may be included in the formulation of the therapeutic into a solid 

dosage form. Materials used as disintegrates include but are not limited to starch, including 

15 the commercial disintegrant based on starch, Explotab. Sodium starch glycolate, Amberlite, 

sodium carboxymethylcellulose, ultramylopectin, sodium alginate, gelatin, orange peel, 

acid carboxymethyl cellulose, natural sponge and bentoriite may all be used. Another form 

of the disintegrants are the insoluble cationic exchange resins. Powdered gums may be 

used as disintegrants and as binders and these can include powdered gums such as agar, 

20 Karaya or tragacanth. Alginic acid and its sodium salt are also useful as disintegrants. 

Binders may be used to hold the therapeutic agent together to form a hard tablet and 

include materials from natural products such as acacia, tragacanth, starch and gelatin. 

Others include methyl cellulose (MC), ethyl cellulose (BC) and carboxymethyl cellulose 

(CMC). Polyvinyl pyrrolidone (PVP) and hydroxypropylmethyl cellulose (HPMC) could 

25 both be used in alcoholic solutions to granulate the therapeutic. 

An anti-frictional agent may be included in the formulation of the therapeutic to 

prevent sticking during the formulation process. Lubricants may be used as a layer 

between the therapeutic and the die wall, and these can include but are not limited to; stearic 

acid including its magnesium and calcium salts, polytetrafluoroethylene (PTFE), liquid 

30 paraffin, vegetable oils and waxes. Soluble lubricants may also be used such as sodium 

lauryl sulfate, magnesium lauryl sulfate, polyethylene glycol of various molecular weights, 

Carbowax 4000 and 6000. 
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 gelatin for use in an inhaler or insufflator may be formulated containing a powder 

mix of the compound and a suitable powder base such as lactose or starch. 

Also contemplated herein is pulmonary delivery of the oligonucleotides (or 

derivatives thereof). The oligonucleotide (or derivative) is delivered to the lungs of a 

5 mammal while inhaling and traverses across the lung epithelial lining to the blood stream. 

Other reports of inhaled molecules include Adjei et al,, 1990, Pharmaceutical Research, 

7:565-569; Adjei et al., 1990, International Journal of Pharmaceutics, 63:135-144 

(leuprolide acetate); Braquet et al., 1989, Journal of Cardiovascular Pharmacology, 

13(suppl. 5):14-146 (endothelin-1); Hubbard et al., 1989, Annals of Internal Medicine, 

10 Vol. III, pp. 206-212 (al. antitrypsin); Smith etal., 1989, J. Clin. Invest. 84:1145-1146 

(a-i -proteinase); Oswein et al., 1990, "Aerosolization of Proteins", Proceedings of 

Symposium on Respiratory Drug Delivery II, Keystone, Colorado, March, (recombinant 

human growth hormone); Debs et al., 1988, J. Jmmunol. 140:3482-3488 (interferon-g and 

tumor necrosis factor alpha) and Platz et al., U.S. Patent No. 5,284,656 (granulocyte colony 

15 stimulating factor). A method and composition for pulmonary delivery of drugs for 

systemic effect is described in U.S. Patent No. 5,451,569, issued September 19, 1995 to 

Wong etal. 

Contemplated for use in the practice of this invention are a wide range of 

mechanical devices designed for pulmonary delivery of therapeutic products, including but 

20 not limited to nebulizers, metered dose inhalers, and powder inhalers, all of which are 

familiar to those skilled in the art. 

Some specific examples of commercially available devices suitable for the practice 

of this invention are the Ultravent nebulizer, manufactured by Mailinekrodt, Inc., 

St. Louis, Missouri; the Acorn II nebulizer, manufactured by Marquest Medical Products, 

25 Englewood, Colorado; the Ventolin metered dose inhaler, manufactured by Glaxo Inc., 

Research Triangle Park, North Carolina; and the Spinhaler powder inhaler, manufactured 

by Fisons Corp., Bedford, Massachusetts. 

All such devices require the use of formulations suitable for the dispensing of 

oligonucleotide (or derivative). Typically, each formulation is specific to the type of device 

30 employed and may involve the use of an appropriate propellant material, in addition to the 

usual diluents, adjuvants and/or carriers useful in therapy. Also, the use of liposomes, 

microcapsules or microspheres, inclusion complexes, or other types of carriers is 

110 
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contemplated. Chemically modified oligonucleotide may also be prepared in different 

formulations depending on the type of chemical modification or the type of device 

employed. 

Formulations suitable for use with a nebulizer, either jet or ultrasonic, will typically 

comprise oligonucleotide (or derivative) dissolved in water at a concentration of about 0.1 

to 25 mg of biologically active oligonucleotide per mL of solution. The formulation may 

also include a buffer and a simple sugar (e.g, for oligonucleotide stabilization and 

regulation of osmotic pressure). The nebulizer formulation may also contain a surfactant, to 

reduce or prevent surface induced aggregation of the oligonucleotide caused by atomization 

10 of the solution in forming the aerosol. 

Formulations for use with a metered-dose inhaler device will generally comprise a 

finely divided powder containing the oligonucleotide (or derivative) suspended in a 

propellant with the aid of a surfactant. The propellant may be any conventional material 

employed for this purpose, such as a chiorofluorocarbon, a hydrochiorofluorocarbon, a 

15 hydrofluorocarbon, or a hydrocarbon, including trichiorofluoromethane, 

dichlorodjfluoromethane, dichlorotetrafluoroethanol, and 1,1,1 ,2-tetrafluoroethane, or 

combinations thereof. Suitable surfactants include sorbitan trioleate and soya lecithin. 

Oleic acid may also be useful as a surfactant. 

Formulations for dispensing from a powder inhaler device will comprise a finely 

20 divided dry powder containing oligonucleotide (or derivative) and may also include a 

bulking agent, such as lactose, sorbitol, sucrose, or mannitol in amounts which facilitate 

dispersal of the powder from the device, e.g, 50 to 90% by weight of the formulation. The 

oligonucleotide (or derivative) should most advantageously be prepared in particulate form 

with an average particle size of less than 10 mm (or microns), most preferably 0.5 to 5 mm, 

25 for most effective delivery to the distal lung. 

40 Nasal delivery of a pharmaceutical composition of the present invention is also 

contemplated. Nasal delivery allows the passage of a pharmaceutical composition of the 

present invention to the blood stream directly after administering the therapeutic product 

to the nose, without the necessity for deposition of the product in the lung. Formulations 

30 for nasal delivery include those with dextran or cyclodextran. 

For nasal administration, a useful device is a small, hard bottle to which a 

metered dose sprayer is attached. In one embodiment, the metered dose is delivered by 
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drawing the pharmaceutical composition of the present invention solution into a chamber 

of defined volume, which chamber has an aperture dimensioned to aerosolize and aerosol 

formulation by forming a spray when a liquid in the chamber is compressed. The 

chamber is compressed to administer the pharmaceutical composition of the present 

invention. In a specific embodiment, the chamber is a piston arrangement. Such devices 

are commercially available. 

Alternatively, a plastic squeeze bottle with an aperture or opening dimensioned to 

aerosolize an aerosol formulation by forming a spray when squeezed is used. The 

opening is usually found in the top of the bottle, and the top is generally tapered to 

10 partially fit in the nasal passages for efficient administration of the aerosol formulation. 

Preferably, the nasal inhaler will provide a metered amount of the aerosol formulation, 

for administration of a measured dose of the drug. 

SThe compounds, when it is desirable to deliver them systemically, may be 

formulated for parenteral administration by injection, e.g., by bolus injection or 

15 continuous infusion. Formulations for injection may be presented in unit dosage form, 

e.g., in ampoules or in multi-dose containers, with an added preservative. The 

compositions may take such forms as suspensions, solutions or emulsions in oily or 

aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing 

and/or dispersing agents. 

20 Pharmaceutical formulations for parenteral administration include aqueous 

solutions of the active compounds in water-soluble form. Additionally, suspensions of 

the active compounds may be prepared as appropriate oily injection suspensions. 

Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic 

fatty acid esters, such as ethyl oleate or triglycerides, or liposonies. Aqueous injection 

25 suspensions may contain substances which increase the viscosity of the suspension, such 

10 as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension may 

also contain suitable stabilizers or agents which increase the solubility of the compounds 

to allow for the preparation of highly concentrated solutions. 

Alternatively, the active compounds may be in powder form for constitution with 

30 a suitable vehicle, e.g., sterile pyrogen-free water, before use. 
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The compounds may also be formulated in rectal or vaginal compositions such as 

suppositories or retention enemas, e.g., containing conventional suppository bases such 

as cocoa butter or other glycerides. 

In addition to the formulations described previously, the compounds may also be 

5 formulated as a depot preparation. Such long acting formulations may be formulated 

with suitable polymeric or hydrophobic materials (for example as an emulsion in an 

acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for example, 

as a sparingly soluble salt. 

The pharmaceutical compositions also may comprise suitable solid or gel phase 

10 carriers or excipients. Examples of such carriers or excipients include but are not limited 

to calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, 

gelatin, and polymers such as polyethylene glycols. 

SSuitable liquid or solid pharmaceutical preparation forms are, for example, 

aqueous or saline solutions for inhalation, microencapsulated, encochleated, coated onto 

15 microscopic gold particles, contained in liposomes, nebulized, aerosols, pellets for 

implantation into the skin, or dried onto a sharp object to be scratched into the skin. The 

pharmaceutical compositions also include granules, powders, tablets, coated tablets, 

(micro)capsules, suppositories, syrups, emulsions, suspensions, creams, drops or 

preparations with protracted release of active compounds, in whose preparation 

20 excipients and additives and/or auxiliaries such as disintegrants, binders, coating agents, 

swelling agents, lubricants, flavorings, sweeteners or solubilizers are customarily used as 

described above. The pharmaceutical compositions are suitable for use in a variety of 

drug delivery systems. For a brief review of methods for drug delivery, see Langer, 

Science 249:1527-1533, 1990, which is incorporated herein by reference. 

25 The CpG immunostimulatory oligonucleotides and optionally other therapeutics 

Smay be administered per se (neat) or in the form of a pharmaceutically acceptable salt. 

When used in medicine the salts should be pharmaceutically acceptable, but non-

pharmaceutically acceptable salts may conveniently be used to prepare pharmaceutically 

acceptable salts thereof. Such salts include, but are not limited to, those prepared from 

30 the following acids: hydrochloric, hydrobromic, sulphuric, nitric, phosphoric, maleic, 

acetic, salicylic, p-toluene sulphoruic, tartaric, citric, methane suiphonic, formic, malonic, 

succinic, naphthalene-2-sulphonic, and benzene sulphonic. Also, such salts can be 
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prepared as alkaline metal or alkaline earth salts, such as sodium, potassium or calcium 

salts of the carboxylic acid group. 

Suitable buffering agents include: acetic acid and a salt (1-2% w/v); citric acid 

and a salt (1-3% w/v); boric acid and a salt (0.5-2.5% w/v); and phosphoric acid and a 

salt (0.8-2% w/v). Suitable preservatives include benzalkonium chloride (0.003-0.03% 

w/v); chlorobutanol (0.3-0.9% w/v); parabens (0.01-0.25% w/v) and thimerosal (0.004-

0.02% w/v). 

The term pharmaceutically-acceptable carrier means one or more compatible 

solid or liquid filler, diluents or encapsulating substances which are suitable for 

10 administration to a human or other vertebrate animal. The term carrier denotes an 

organic or inorganic ingredient, natural or synthetic, with which the active ingredient is 

combined to facilitate the application. The components of the pharmaceutical 

compositions also are capable of being commingled with the compounds of the present 

invention, and with each other, in a manner such that there is no interaction which would 

15 substantially impair the desired pharmaceutical efficiency. 

The present invention is further illustrated by the following Examples, which in 

no way should be construed as further limiting. The entire contents of all of the 

references (including literature references, issued patents, published patent applications, 

and co-pending patent applications) cited throughout this application are hereby 

20 expressly incorporated by reference. 

EXAMPLES 

Example 1 

1. Induction of IFN(x and IFN-associated genes by a C-class CpG ODN (SEQ 

25 IDNO:10) 

Methods: Mice (male, BALB/c) received SEQ ID NO:10 (100 pjg/kg in Figures 

3a-3c or 10, 100, or 1000 .tg/kg in Figures 3d-3f) or saline by intranasal instillation. 

Secreted proteins (IFN a, IFN y, and IF 10) were assayed in bronchoalveolar lavage fluid 

15 hours later, or gene expression in lung tissue was analyzed by real-time PCR 30 hours 

30 later. 
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Results: 

52

-Results: C-class CpG ODN induced secretion of IFNa, IFNy and interferon-

inducible protein- 10 (IP- 10). The results are shown in Figure 3. 

Since the CpG ODN stimulated secretion of IFNa in mouse airways, we 

investigated whether the interferon-inducible gene for indoleamine 2,3 dioxygenase 

becomes expressed in the lung. When instilled in the airways, the CpG ODN did 

increase expression of mRNA for this immune-modulating enzyme (Fig. 3f). Mxl, and 

indoleamine 2,3-dioxygenase were also upregulated in mouse lung (Figures 3d and 3e). 

2. Anti-viral effects of a C-class CpG ODN 

Because respiratory tract virus infections are a major cause of asthma 

10 exacerbations, a mouse model was established in which airway inflammation is 

exacerbated by combined antigen challenge and virus infection. 

Methods Mice received two adminsitrations of SEQ ID NO: 10 at 30, 100, or 300 

igIkg, 4 days apart, by intranasal instillation in 40 j.tl saline. Two days after the last 

dose, mice were infected with influenza virus (influenza type A, subtype H1N1, mouse 

15 adapted strain PR8, 200 EID50, in 40 pl saline) by intranasal instillation. 

Virus load in the lung (Takara Biomedical enzyme immunoassay for nuclear 

protein) and airway inflammation (counts of cells recovered by bronchoalveolar lavage) 

were assessed 6 days after virus infection. 

Results: Pretreatment with SEQ ID NO: 10 reduced influenza virus load in the 

20 lung (Figure 4a) and virus-induced accumulation of leukocytes (including neutrophils 

and mononuclear cells) in the airways (Figures 4b and 4c). The results are shown in 

Figure 4. 

3. Protective effects of a C-class CpG ODN against antigen- and virus-induced 

airway inflammation and hyperreactivty 

25 Methods Mice were sensitized with antigen (cockroach, 10 .tg, intraperitoneal 

with aluminum hydroxide adjuvant) and then challenged twice each week for three 

weeks with intranasal antigen (10 tg in 40 j.il saline). Mice were infected with influenza 
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virus by intranasal instillation before the last pair of antigen challenges. Alternatively, 

separate mice received antigen challenge alone or virus infection alone. 

SEQ ID NO: 10 (100 g/kg) was administered intranasally once each week, two 

days before the first antigen challenge of the week. Airway inflammation (counts of 

cells recovered by bronchoalveolar lavage) and airway hyperreactivity to inhaled 

methacholine (Sigma, St. Louis, MO, USA) were assessed 48 hours after the last antigen 

challenge. Mice were anaesthetized with sodium pentobarbitone (60 mg/kg, 

intraperitoneal) and mechanically ventilated through a tracheal cannula. Cells were 

recovered from the airways by bronchoalveolar lavage performed with 1 ml of RPMI 

10 1640 medium containing 10% fetal bovine serum (both from Invitrogen, Carlsbad, CA, 

USA) instilled through a tracheal cannula. Airway resistance was calculated from 

measurements of pulmonary airflow and intratracheal pressure using respiratory 

mechanics software (Buxco Research Systems, Wilmington, NC, USA). After recording 

baseline airway resistance, increasing concentrations of methacholine aerosol (5 - 100 

is mg/ml for 5 seconds, at 5 minute intervals) were delivered through the tracheal cannula. 

The resulting bronchoconstriction was measured as increase in airway resistance. For 

each animal, the area under the methacholine dose-response curve was calculated. 

Analysis of data: Statistical significance of differences between treatment group 

and untreated control group means were determined using the Mann-Whitney test or 

20 Kruskal-Wallis multiple comparison test (* P<0.05). 

Results: Mice that were both antigen-challenged and virus-infected showed a 

more severe accumulation of leukocytes (including neutrophils and mononuclear cells) 

in the airways than mice that were either antigen challenged alone or virus infected alone 

ID (Figures 5a-5c). 

25 These mice also developed airway hyperreactivity. When dosed into the airways 

once each week for three weeks, the CpG ODN protected mice against the exacerbated 

airways inflammation and the fall in body weight, and almost completely prevented the 

increase in baseline airway resistance and the development of airway hyperreactivity 

(Figures 6a-6c). 
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Example 2 

It has been demonstrated that the class C CpG oligodeoxynucleotide can suppress 

influenza virus load and virus-induced airway inflammation in mice. In Example 2 the 

protective effects of SEQ ID NO: 10 against the exacerbated airway inflammation 

5 induced by combined influenza virus infection and antigen challenge were examined. 

Methods 

1. Antigen and virus administrations: 

Mice (male BALB/c) were sensitized on study days 0 and 7 with antigen 

(cockroach, 10 pig, intraperitoneal) with aluminum hydroxide adjuvant (Pierce Alum). 

10 Mice were antigen challenged by exposure to intranasally-administered antigen 

(10 fig in 40 jil saline), twice each week for three consecutive weeks. The first challenge 

was on study day 21. - 

Mice were infected with influenza virus (influenza type A, subtype H1N1, mouse 

adapted strain PR8, 200 E1D50 in 40 p1 saline) by intranasal instillation on study day 34 

15 (i.e. before the last pair of antigen challenges). 

Alternatively, separate groups of mice received antigen challenge alone or virus 

infection alone. 

2. Treatment with SEQ ID NO: 10: 

SEQ ID NO: 10 (100 j.tg/kg) was administered intranasally once each week, two 

20 days before the first antigen challenge of the week. 

3. Endpoints: 

Airway inflammation was assessed 48 hours after the last antigen challenge. 

Cells in airways were recovered by bronchoalveolar lavage. Differential cell counts 

were made by light microscopy from cytocentrifuge preparations stained with Wright-

25 Giemza stain. 

iimarv of study protocol 

Table 2 
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Results 

Characterization of virus- and antigen-induced airway inflammation 

Infection with influenza virus alone or antigen challenge alone each caused an 

5 increase in the total number of leukocytes in bronchoalveolar lavage fluid (Figure 7). In 

fe 
virus-infected mice, this cell accumulation included a marked neutrophilia, whereas in 

antigen-challenged mice, the accumulation included a marked eosinophilia. 

When compared with mice that received antigen challenge alone, those that were 

antigen-challenged and virus-infected showed an exacerbated accumulation of 

o leukocytes in bronchoalveolar lavage fluid (Figure 7). This increased accumulation 

included both neutrophils and mononuclear cells. However, these mice showed reduced 

eosinophilia. 

Effects of SEQ 1D NO: 10: 

Treatment with SEQ ID NO: 10 (100 j.tg/kg) did not suppress the virus-induced 

15 neutrophilia (Figure 7). This finding was expected at this dose. It has been determined 

that a higher dose of 300 .tg/kg generally demonstrates better anti-virus effects. 

In contrast, SEQ 1D NO: 10 (100 Vg/kg) significantly suppressed antigen-induced 

cellular infiltration (Figure 7). 

An important finding of this study was that SEQ ID NO: 10 (100 j.tg/kg) 

20 significantly suppressed the exacerbated airway inflammation induced in mice that were 

both virus-infected and antigen-challenged. The exacerbated accumulations of 

neutrophils and mononuclear cells were both suppressed (Figure 7). 
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 addition to exacerbated airway inflammation, mice that were both virus-

infected and antigen-challenged showed a marked loss of body weight. This was 

significantly suppressed in mice treated with SEQ ID NO: 10. 

5 Example 3 

Induction of TLR9-associated cytokines from mouse splenocytes in vitro, and in 

the mouse lung in vivo 

The ability of SEQ ID NO: 10 to induce secretion of TLR9-associated cytokines 

from murine splenocytes in vitro was examined. 

10 Methods 

Stimulation of cytokines from splenocytes in vitro 

Splenocytes were pooled from 6 mice and incubated with ODNs (0. 1, 1 or 10 

tgIml) for 36 hours. Cells were isolated mechanically by gently pushing chopped mouse 

spleens through a cell sieve (70 I.Im pore size). Cells (1x107, pooled from 6 mice) were 

15 incubated (370C, 5% CO2) in 1 ml medium (RPMI 1640 containing 10 % fetal bovine 

serum, both from Invitrogen, Carlsbad, CA, USA). SEQ ID NO: 10 or control ODN 

(with reversed CpG motifs) or either of the two domains of SEQ ID NO: 10 (5’ end 

stimulatory sequence and palindrome) were added to give concentrations of 0. 1, 1 or 10 

4g/ml. After incubation for 24 hours, culture medium was assayed as described below 

20 for secreted cytokines (IFNcx, IFNy, interferon-inducible protein [IP]- 10, IL-6, ILA 0 and 

TNFa). 

Stimulation of cytokines in mouse airways 

Mice received SEQ ID NO: 10 (10- 1000 ig/kg) or vehicle (40 jti saline) delivered 

into the airways by intranasal instillation carried out under light isoflurane anaesthesia. 

25 Twenty-four hours later, bronchoalveolar lavage was performed through a tracheal 

cannula using 1 ml of saline. Cytokine concentrations (TFNct, IFNy, IP- 10, IL-6 and IL-

12p4.0) in bronchoalveloar lavage fluid were assayed. 

Results 

As shown in table one, SEQ ID NO: 10 induced secretion of TLR9-associated 
30 cytokines from isolated murine splenocytes. In contrast, a control ODN with reversed 

CpG motifs, the 5’ end stimulatory sequence of SEQ ID NO: 10 alone, or the palindrome 

111 
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alone alone had no marked activity. The highest titers of each cytokine were induced with 

ODNs at 10 tg/ml (data from lower concentrations are not shown). n.d. = not detected 

(<12 pg/mI). Thus, SEQ ID NO: 10 induced secretions of WNc, IFNy, IP-lO, IL-6, IL-

10 and TNFa in a concentration-dependent manner. The highest titers of each cytokine 

S were induced with SEQ ID NO: 10 at 10 jig/ml. 

To evaluate the importance of correctly-ordered CpG motifs for this biological 

activity of SEQ ID NO: 10, the assay was repeated with an ODN with the same sequence 

as SEQ ID NO: 10 but with reversed CpG motifs in the 5’ end stimulatory sequence 

(SEQ ID NO: 55). The control oligonucleotide showed almost no ability to induce these 

10 TLR9-associated cytokines. The 5’ end stimulatory sequence of SEQ ID NO: 10 alone, 

or the palindrome alone, also had no marked activity demonstrating that an intact 

molecule with both these domains is required for activity (sequences shown in Table 3). 

15 

Table 3 

Cytokine titer (pg/ml) induced by ODN (10 .iglml) 

ODN IFNa IFNy IP-10 IL-6 IL-10 TNFa 

Medium alone 

QID NO: 10 

Control ODN 

Stimulatory sequence 

alone 

Palindrome alone 

34.4 n.d. 21.9 64.8 n.d. n.d. 

199.0 

22.1 

19.5 

18.8 

539.9 111.1 11531.5 113.1 71.1.. 

n.d. 22.4 537.5 n.d. n.d. 

n.d. 

n.d. 

17.9 427.1 n.d. 21.0 

17.7 59.0 n.d. n.d. 

It was then investigated whether SEQ ID NO: 10 could induce TLR9-associated 

cytokines when dosed into mouse airways in vivo. SEQ ID NO:10 induced secretion of 

IFNci, IFNy, IP-1 0, IL-6 and IL-i 2p40 as demonstrated by increased concentrations of 

these cytokines In bronchoalveolar lavage fluid (Fig. 8). 
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Example 4 

SEQ ID NO: 10 induces immune deviation away from a Th2 response to antigen 

sensitization. 

5 To determine whether SEQ ID NO: 10 could suppress a Th2 response to antigen 

sensitization when injected into the mouse footpad together with a sensitizing antigen 

(ovalbumin), the mice were re-stimulated with antigen in a recall assay ex vivo. 

Methods 

Mice were sensitized with antigen (10 p.g grade V ovalbumin, Sigma, St. Louis, 

10 MO, USA) injected into the right rear footpad. Antigen was injected either alone, or 

together with SEQ ID NO: 10 (10-1000 jig/kg). In each case, total injection volume was 

20 jil. Six days later, the draining popliteal lymph node was removed and a cell 

suspension was prepared by gently pushing the nodes through a cell sieve (70jim pore 

size). An antigen recall assay was carried out ex vivo by incubating (3 7°C, 5% CO2) 

15 lxi 06 unfractionated lymph node cells in 220 jil medium (RPMI 1640 containing 10 % 

fetal bovine serum, both from Invitrogen, Carlsbad, CA, USA) in the presence or 

absence of antigen (ovalbumin, 10 jig / ml). After incubation for 36 hours, culture 

medium was assayed as described below for secreted cytokines (IL-5, IL-1 3 and IFNy). 

Results 

20 Popliteal lymph node cells from sensitized mice secreted IL-5, IL- i 3 and IFNy 

(Fig. 9). Cells incubated in the absence of antigen, or with a control antigen (cockroach) 

to which the mice had not been sensitized, did not secrete detectable titers of any of these 

cytokines (< 19 pg/mi). Cells isolated from SEQ ID NO: 10-treated animals showed 

attenuated antigen-induced secretions of the Th2 cytokines IL-5 and IL- 13. In contrast, 

25 secretion of the Thi cytoidne IFNy was markedly increased (Fig. 9c). Cells incubated in 

the absence of antigen, or with a control antigen (cockroach) to which the mice had not 

been sensitized, did not secrete detectable titers of any of these cytokines (< 10 pg/mI). 

Example 5 

30 
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SEQ ID NO: 10 suppresses antigen-induced IgE production and stimulates IaG2a 

production in the mouse in vivo. 

It was next determined whether SEQ ID NO: 10 could alter the profile of 

immunoglobulin production when dosed to mice at the time of antigen sensitization. 

5 Methods 

Mice were antigen sensitized twice, 7 days apart, with intraperitoneal antigen (10 

grade V ovalbumin, Sigma, St. Louis, MO, USA) dissolved in aluminum hydroxide 

adjuvant (0.2 ml, Pierce Imject Alum, Rockford, IL, USA). Mice received SEQ ID 

NO: 10 (1-1000 tg/kg) or control vehicle (saline, 10 ml/kg) by intraperitoneal injection 

10 two days before each of the two sensitizations, and on the day of each sensitization. 

Mice were bled by cardiac puncture 12 days after the second sensitization. Serum was 

collected by centrifugation and assayed as follows for ovalbumin-specific IgE and 

IgG2a. 

ELISAs were carried out in microtiter plates (Nunc, Rochester, NY, USA), with 

15 washes using 0.05% polysorbate 20 (Sigma, St. Louis, MO, USA) in phosphate buffered 

saline (Invitrogen, Carlsbad, CA, USA) between each of the following steps. Plates were 

coated with ovalbumin (150 p.1 of 100 p.g/ml) in binding buffer (0.1M NaHCO3, Sigma) 

for 15 hours at 4°C. Plates were then blocked with assay diluent (200 p.1 / well, 

Pharmingen, BD Biosciences, Franklin Lakes, NJ, USA) for 2 hours at 20°C. Serum 

20 samples (diluted 1 in 40 in assay diluent, 100 p.1 / well) were added and left for 2 hours at 

20°C. Biotin-conjugated rat anti-mouse IgE or IgG2a (Pharmingen) (2 p.g/ml in assay 

diluent, 100 p.1 / well) were added and left for 2 hours at 4°C. Streptavidin-conjugated 

horseradish peroxidase (Pharmingen, diluted 1:1000 in assay diluent, 100 p.1/well) was 
then added and left for 1 hour at 20°C. Tetramethyl benzidine substrate reagent 

25 (Pharmingen, 100 p.1/well) was added for 30 minutes at 20°C and the reaction was then 
stopped with 2N sulphuric acid (50 p.1/well). Absorbance at 450 nm was measured using 
a spectrophotometer (Spectramax, Molecular Devices, Sunnyvale, CA, USA). 

Results 

30 SEQ ID NO: 10 suppressed the production of antigen-specific IgE (85% 
suppression with a dose of 1000 p.g/kg) and potentiated the production of IgG2a 
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 further evidence of immune deviation away from a Th2 response to antigen 

(Fig. 10). 

Example 6 

SEO ID NO: 10 suppresses antigen-induced accumulations of eosinophils and 

lypiphocytes in mouse airways in vivo. 

Examples 4 and 5 demonstrate that SEQ ID NO: 10 is able to suppress Th2 

immune responses. Therefore, the protective effects of SEQ ID NO: 10 in a mouse 

10 model of antigen-induced airway inflammation were examined. 

Methods 

Mice were sensitized with intraperitoneal antigen (cockroach) and then antigen 

challenged twice a week for 2 weeks with antigen instilled into the airways. During each 

Sof the 2 challenge weeks, mice were treated once with SEQ ID NO: 10 or vehicle (Veh) 

15 instilled into the airways. Alternatively, mice were untreated (Untr). Bronchoalveolar 

lavage was performed 48 hours after the last antigen challenge and recovered cells were 

counted. Total leukocytes (a) and eosinophils (b) were counted with an automated cell 

counter. 

Results 

20 As this experimental model shares hallmark features of allergic asthma, the 

protective effects of SEQ ID NO: 10 for this indication were examined When dosed into 

the airways once each week for two weeks, SEQ ID NO: 10 suppressed the airway 

accumulations of eosinophils, T cells and B cells that were induced by intrapulmonary 

antigen challenge (Fig. 11). At the highest dose tested (300 p.g/kg), SEQ ID NO: 10 

25 suppressed accumulations of these cells by 78%, 65% and 79% respectively. 

Conclusions: 

In both children and adults with existing asthma, infections with respiratory tract 

viruses are important precipitants for airway obstruction and wheezing. The 

30 inflammatory processes involved are complex. However, virus-induced neutrophul and 
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-mononuclear cell recruitment and activation are implicated in aggravating the airway 

obstruction that contributes to these asthma exacerbations. The data presented herein 

demonstrate that CpG ODN, particularly C-class ODN, markedly suppress the 

exacerbated accumulations of neutrophils and mononuclear cells induced in mice by 

combined virus infection and antigen challenge. 

The foregoing written specification is considered to be sufficient to enable one 

skilled in the art to practice the invention. The present invention is not to be limited in 

scope by examples provided, since the examples are intended as a single illustration of 

10 one aspect of the invention and other functionally equivalent embodiments are within the 

scope of the invention. Various modifications of the invention in addition to those 

shown and described herein will become apparent to those skilled in the art from the 

foregoing description and fall within the scope of the appended claims. The advantages 

and objects of the invention are not necessarily encompassed by each embodiment of the 

15 invention. 

What is claimed is: 
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1. A method for treating viral exacerbated asthma, comprising: 

administering to an asthmatic subject an effective amount of a C-class CpG 

5 oligonucleotide for treating viral exacerbated asthma. 

2. The method of claim 1, wherein the viral exacerbated asthma is caused by a 

respiratory virus. 

10 3. The method of claim 2, wherein the respiratory virus is not RSV. 

4. The method of claim 1, wherein the viral exacerbated asthma is caused by 

influenza virus. 

15 5. The method of claim 1, wherein the subject is identified by a medical worker. 

6. The method of claim 1, wherein the subject is identified based on exposure to 

a risk factor for viral infection. 

20 7. The method of claim I, wherein the method includes the step of identifying an 

asthmatic subject at risk of viral infection. 

8. The method of claim 1, wherein the C-class oligonucleotide is a semi-soft 

oligonucleotide. 

25 

� 9. The method of claim 1, wherein the C-class oligonucleotide is SEQ ID NO: 10. 

10. A method for treating viral exacerbated asthma, comprising: 

identifying an asthmatic subject at risk of viral infection, and 

30 administering to the asthmatic subject an effective amount of a CpG 

oligonucleotide for treating viral exacerbated asthma. 
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11. The method of claim 10, wherein the viral exacerbated asthma is caused by a 

respiratory virus. 

5 12. The method of claim 11, wherein the respiratory virus is not RSV. 

13. The method of claim 10, wherein the viral exacerbated asthma is caused by 

influenza virus. 

10 14. The method of claim 10, wherein the risk factor is influenza season. 

15. The method of claim 10, wherein the risk factor is travel to a destination with 

a high risk of viral exposure. 

15 16. The method of claim 10, wherein the CpG oligonucleotide is a C-class 

oligonucleotide. 

20 

17. The method of claim 16, wherein the C-class oligonucleotide is a semi-soft 

oligonucleotide. 

NO: 10. 

18. The method of claim 16, wherein the C-class oligonucleotide is SEQ ID 

19. A method for treating viral exacerbated asthma, comprising: 

25 administering to an asthmatic subject undergoing a non-CpG asthma therapy an 

40 effective amount of a CpG oligonucleotide for treating viral exacerbated asthma. 

20. The method of claim 19, wherein the non-CpG asthma therapy is steroid 

therapy. 

30 21. The method of claim 19, wherein the non-CpG asthma therapy is 

administered at a different time than the CpG oligonucleotide. 



WO 2006/110607 PCT/US2006/013193 

-64-

22. 
64-22.

 The method of claim 19, wherein the non-CpG asthma therapy is 

administered at the same time as the CpG oligonucleotide. 

23. The method of claim 19, wherein the CpG oligonucleotide is a C-class 

5 oligonucleotide. 

24. The method of claim 23, wherein the C-class oligonucleotide is a semi-soft 

oligonucleotide. 

10 25. The method of claim 23, wherein the C-class oligonucleotide is SEQ ID 

NO: 10. 

26. A method for treating infectious disease exacerbated asthma, comprising: 

identifying an asthmatic subject at risk of infection, and 

15 administering to the asthmatic subject an effective amount of a CpG 

oligonucleotide for treating infectious disease exacerbated asthma. 

27. A method for treating viral exacerbated asthma, comprising: 

identifying an asthmatic subject at risk of viral infection, and 

20 administering to the asthmatic subject a CpG oligonucleotide in an amount that is 

sub-therapeutic for treating viral infection, wherein the CpG oligonucleotide is effective 

25 

for reducing immune cell accumulation. 

28. The method of claim 27, wherein the immune cell is a neutrophil. 

29. The method of claim 27, wherein the immune cell is an eosinophil 

30. A method for treating viral exacerbated asthma, comprising: 

identifying an asthmatic subject at risk of viral infection, and 
30 administering to the asthmatic subject at least three doses of CpG 

oligonucleotide, wherein the at least three doses of CpG oligonucleotide are temporally 
separated from one another by at least three days. 
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METODOS PARA TRATAR ASMA EXACERBADA POR ENFERMEDAD 

INFECCIOSA 

CAMPO DE LA INVENCION 

La presente invenciôn se relaciona de manera general con mØtodos para tratar 

asma que es exacerbada por una enfermedad infecciosa utilizando 

oligonucleotidos inmunoestimuladores, asi como tambiØn composiciones de este. 

� 
10 ANTECEDENTES DE LA INVENCION 

El ADN bacteriano tiene unos efectos estimuladores inmunes para activar las 

cØlulas B y las cØlulas asesinas naturales, pero el ADN de vertebrados no 

(Tokunaga, T., et al., 1988. Jpn. J. Cancer Res. 79: 682-686; Tokunaga, Tet al, 

15 1984, JNCI 72: 955-962; Messina, J. P. et al., 1991, J. Immunol. 147:1759-1764; y 

reviewed in Krieg, 1998, In: Applied Oligonucleotide Technology, C.A. Stein and 

A.M. Krieg, (Eds.) John Wiley and Sons, Inc., New York, NY, pp, 431-448). Se 

entiende ahora que estos efectos estimuladores inmunes del ADN bacterial son el 

resultado de la presencia de oligonucleOtidos CpG no metilados en los contextos 

20 de base particular (motivos CpG), que son comunes en el ADN bacteriano, pero 

metilados y subrepresentados en el ADN de vertebrados (Krieg et al, 1995 Nature 

374: 546-549; Krieg, 1999 Biochim. Biophys. Acta 93321: 1-10). Los efectos 

estimuladores inmunes del ADN bacteriano se pueden semejar con los 

oligodexosinucleOtidos sintØticos (ODN) que contienen estos motivos CpG. Tales 

25 CpG ODN tienen efectos altamente estimuladores sobre los leucocitos de humano 

y de murino, induciendo la proliferación de cØlulas B; la secreción de citoquina e 

inmunoglobulina; la actividad Iltica de cØlulas asesinas naturales (NK) y la 
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secreciôn de IFN-y ; y la activación de cØlulas dendrIticas (DC) y otras cØlulas que 

presentan antigeno para expresar molØculas coestimuladoras y secretar 

citoquinas, especialmente la citoquina similares a Thi que son importantes para 

promover el desarrollo de las respuestas de las cØlulas T similares a Thi. Estos 

5 efectos estimuladores inmunes de la estructura de fosfodiØster nativa CpG ODN 

son CpG altamente especIficos en que los efectos se reducen dramÆticamente si 

el motivo CpG es metilado, cambiado a CpG, o eliminado o alterado de otra 

manera (Krieg et al 1995 Nature 374-546-549; Hartmann et al, 1999 Proc. NatI. 

Acad. Sci USA 96: 9305-10). 

�10 

En estudios anteriores, se penso que el motivo CpG estimulador inmune segula la 

formula de purina-purina- CpG �pirimidina-pirimidina (Krieg et al, 1995 Nature 374: 

546-549; Pisetsky, 1996 J. Immunol. 156: 421-423; Hacker et al., 1998 EMBO J. 

17: 6230-6240; Lipford et al, 1998 Trends in Microbiol. 6: 496-500). Sin embargo, 

15 es ahora clara que los linfocitos de ratOn responden muy bien a los motives CpG 

de fosfodiester que no siguen esta "fOrmula" (Yl et al, 1998 J. Immunol. 160: 5898-

5906) y lo mismo es cjerto de las cØlulas B humanas y las cØlulas dendrIticas 

40 
(Hartmann et al, 1999 Proc. Nati. Acad. Sd. USA 96: 9305-10; Liang, 1996 J. Clin. 

Invest. 98: 1119-1129). 

Varias diferentes clases de oligonudleOtidos CpG han sido recientemente 

descritos. Una clase es potente para activar las cØlulas B pero es relativamente 

dØbil para inducir la activaciOn de cØlulas IFN-y y NK; esta clase se ha 

denominado la clase B. Los oligonulceOtidos CpG clase B son tipicamente 

25 completamente estabilizados e indluyen un dicnucleOtido CpG no metilado dentro 

de ciertos contextos de base preferidos. Ver, por ejemplo, Patente U.S. Nos. 

6,194,388; 6,207,646; 6,214,806; 6,218,371; 6,239,116; y 6,339,068. Otra clase de 
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oligonucleotidos CpG activan las cØlulas B y las cØlulas NK e inducen IFN-y; esta 

clase se ha denominado clase C. Los oligonulceotidos CpG clase C, como se 

caracterizaron primero, tIpicamente son completamente estabilizados, incluyendo 

una secuencia tipo clase B y un palIndromo rico en GC 0 un palIndromo cercano. 

5 Esta clase se ha descrito en la solicitud de Patente U.S. copendiente 60/313,273, 

presentada en Agosto 17, 2001 y la US 10/224,523 presentada en Agosto 19, 

2002 y la solicitud de Patente PCT PCT1US02126468 publicada bajo el nUmero de 

publicación internacional WO 03/015711. 

� 
10 RESUMEN DE LA INVENCION 

Se ha descubierto aqul que los oligonucleôtidos CpG (CpG ODN) son 

particularmente efectivos para combatir infecciones, y particularmente virus del 

tracto respiratorlo superior, que son (a causa de exacerbaciones de asma. En 

15 algunos aspectos de la invenciOn los CpG ODN clase C son particularmente 

efectivos para Ilevar a cabo los mØtodos. Como se muestra en los ejemplos de 

adelante, los CpG ODN clase C indujeron un panel de genes asociado con IFN en 

40 
el ratón, incluyendo que ellas para protelnas antivirales y protelnas contra 

inflamación de las vias aØreas exacerbadas mediante un antIgeno combinado y 

20 exposiciones a virus. 

25 

En algunos aspectos (a invenciôn se relaciona con un mØtodo para tratar asma 

exacerbada por virus, al administrar a un sujeto asmÆtico una cantidad efectiva de 

oligonucleotido CpG clase C para tratar el asma exacerbado por virus. 

En otro aspecto (a invención se relaciona con un mØtodo para tratar asma 

exacerbada por virus al identificar un sujeto asmÆtico en riesgo de infección viral. 
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4b ( 

Y administrarle al sujeto asmÆtico una cantidad efectiva de oligonucleôtido CpG 

para tratamiento de asma exacerbada por virus. El sujeto se puede identificar por 

medio de un trabajador medico. En otras modalidades el sujeto se identifica con 

base en la exposiciôn del factor de riesgo a infecciOn viral. 

De acuerdo con otros aspectos la invenciOn es un mØtodo para tratar asma 

exacerbada por virus al administrar a un sujeto asmÆtico que sufre una terapia de 

asma no CpG una cantidad efectiva de un oligonucleotido CpG para tratar el asma 

exacerbada por virus. La terapia de asma no CpG puede ser una terapia de 

10 esteroide. En algunas modalidades la terapia de asma no CpG se administra en 

un momento diferente al del oligonucleotido CpG. En otras modalidades la terapia 

de asma no CpG se administra al mismo tiempo que el oligonucleotido CpG. 

Un mØtodo para tratar asma exacerbada por enfermedad infecciosa al identificar 

15 un sujeto asmÆtico en riesgo de infecciOn, y administrarle al sujeto asmÆtico una 

cantidad efectiva de un oligonucleOtido CpG para tratar asma exacerbada por 

enfermedad infecciosa se suministra de acuerdo a otros aspectos de la invención. 

En otro aspecto la invención es un mØtodo para tratar asma exacerbada por virus, 

20 al identificar un factor de riesgo para ía infección viral, y administrar a un sujeto 

asmÆtico una cantidad efectiva de un oligonucleotido CpG para tratar asma 

exacerbada por virus durante un perlodo de tiempo cuando el sujeto asmÆtico estÆ 

en riesgo de infección viral. En algunas modalidades el factor de riesgo es la 

estaciOn de influenza. En otras modalidades el factor de riesgo es un viaje a un 

25 destino con un alto riesgo de exposicion a virus. 
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En algunas modalidades el asma exacerbada por virus es causada por un virus 

respiratorio. Opcionalmente el virus respiratorio no es RSV. En otras modalidades 

el asma exacerbada por virus es causada por el virus de la influenza. 

5 El oligonucleôtido CpG en algunas modalidades es un oligonucleotido clase C. El 

oligonucleOtido clase C puede opcionalmente ser un oligonucleotido semi-suave, 

tal como, por ejemplo, la SEQ ID NO: 10. 

Un mØtodo para tratar el asma exacerbada por virus, al identificar un sujeto 

10 asmÆtico en riesgo de infecciOn viral, 
y 

administrarle al sujeto asmÆtico un 

oligonucleotido CpG en una cantidad que es sub-terapØutica para tratar la 

15 

infección viral, en donde el oligonucleôtido CpG es efectivo para reducir  la 

acumulaciOn de cØlula inmune tambiØn se suministra. La cØlula inmune puede ser, 

por ejemplo, un neutrOfilo o un eosinOfilo. 

En otros aspectos la invenciôn es un mØtodo para tratar el asma exacerbada por 

virus, al identificar un sujeto asmÆtico en riesgo de infecciOn viral, y administrarle 

al sujeto asmÆtico por lo menos tres dosis del oligonucleOtido CpG, en donde por 

lo menos tres dosis del oligonucleotido CpG son temporalmente separadas una de 

20 la otra por al menos tres dias. En algunas modalidades las dosis se separan una 

de la otra durante 1 semana, 2 semanas, 3 semanas, un mes, un aæo o cualquier 

valor entero entre estas. 

El uso de un oligonucleotido de la invenciOn para estimular una respuesta inmune 

25 y o el tratamiento de asma exacerbada por virus tambiØn se suministra como un 

aspecto de la invenciOn. 
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9 

Un mØtodo para elaborar un medicamento de un oligonucleôtido de la invenciOn 

para estimular una respuesta inmune y o el tratamiento del asma exacerbada por 

virus tambiØn se suministra. 

5 Cada una de las limitaciones de la invención puede comprender varias 

modalidades de la invenciOn. Este, por lo tanto, anticipa que cada una de las 

Jimitaciones de la invenciôn que involucra cualquier elemento o combinaciones de 

elementos se puede incluir en cada aspecto de la invenciôn. Esta invención no 

estÆ limitada es su aplicaciOn a los detalles de construcciOn y la disposiciOn de los 

10 componentes establecida en la siguiente descripción o ilustrada en los dibujos. La 

invención es capaz de otras modalidades y de ser practicada o de ser Ilevada a 

cabo de varias maneras. TambiØn, la fraseologia y la terminologia utilizada aqul, 

es para el propôsito de descripciôn y no se debe considerar limitante. El uso de 

"que incluye", "que comprende", o "que tiene", "que contiene", "que involucra", y 

15 variaciones de Østas aqul, significa comprender los items listados posteriormente y 

los equivalentes de Østos asI como tambiØn los items adicionales. 

BREVE DESCRIPCIÔN DE LOS DIBUJOS 
. 

20 Las Figuras son ilustrativas solamente y no se requieren para posibilitar la 

25 

invención descrita aqui. 

La Figura I es un esquema de un programa de estudio abreviado que muestra 

algunas de las condiciones experimentales Ilevadas a cabo en el Ejemplo I y 2. 

La Figura 2 es un esquema de un programa de estudio detallado que muestra una 

condición experimental Ilevada a cabo en el Ejemplo 1 (#3). 
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La Figura 3 es una serie de graficas que describen la inducciOn IFN-a (Figura 3a), 

IFN-y (Figura 3b), e IP-10 (Figura 3c), y una segunda serie de graficas que 

describen la regulaciOn hacia arriba para la 2’5’-oligoadenilato sintetiza (Figura 

5 3b), Mxl (Figura 3e), e indolamina 2,3-dioxigenaza (Figura 3fl en pulmôn de ratôn. 

Los ejes x representan pg de oligonucleOtido por kg de ratOn. Los ejes y 

representan citoquina en pg/ml (Figuras 3a-3c) o la cantidad de ARN como una 

proporción del ARN GAPDH (Figuras 3d -3f). 

10 La Figura 4a es una grafica que describe el titulo de proteina nuclear viral en 

pulmones de ratón. El eje de la x representa pg de oligonucleOtido por kg de ratón 

(infectado o no infectado) y el eje de la y representa absorbancia. Las Figuras 4b y 

4c son grÆficas que muestran neutrófilos  y cØlulas mononucleares, 

respectivamente, que estÆn presentes en fluido de lavado broncoalveolar. El eje 

15 de la x representa pg de oligonucleotido por kg de ratón (infectado o no infectado) 

y el eje de la y representa nOmeros de cØlulas x 103/mI. 

La Figura 5 es una serie de graficas que describe las cØlulas totates acumuladas 

en respuesta al tratamiento, incluyendo leucocitos totales (Figura 5a), neutrOfilos 

20 (Figura 5b), y cØlulas mononucleares (Figura 5c) en un fluido de lavado 

broncoalveolar en antIgeno expuesto y ratones infectados por virus. El eje de la x 

representa las categorlas de exposición de los ratones y el eje de la y representa 

los nUmeros de cØlulas x 1 061m1 o x 1 03/mI (5b y 5c). 

25 La Figura 6a es una grÆfica que describe el incremento inducido por metacolina en 

resistencia de vIas aØreas. El eje de la x representa mg/ml de metacolina y el eje 

de la y representa la resistencia de las vias aØreas como % del control no 
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expuesto. La Figura 6b muestra la resistencia de las vias aØreas de linea base. La 

Figura 6c muestra las areas bajo la curva de’  respuesta de dosis de metacolina. 

Los resultados se representan como una media – SEM (n=7-9). ). < 0.05 

comparado con el grupo indicado (Prueba de dos colas Mann-Whitney). 

La Figura 7 es una serie de grÆficas que describen las cØlulas totales acumuladas 

en respuesta al tratamiento, incluyendo los leucocitos totales (Figura 7a), 

eosinOfilos (Figura 7b), neutrOfilos (Figura 7c), y las cØlulas mononucleares (Figura 

7d) asi como tambiØn el peso del cuerpo de ratOn (Figura 7e). El eje de x 

10 representa las categorias de exposiciôn de los ratones. 

La Figura 8 es una serie de graficas que demuestran la inducciôn de las citoquinas 

asociadas a TLR9 en vias aØreas de ratOn in vivo. La Figura 8a muestra IFNa, la 

Figura 8b muestra IFNy, la Figura 8c muestra IP-10, Ia Figura 8d muestra IL-6, y la 

15 Figura 8e muestra IL-12p40. Los resultados se presentan como una media – SEM 

(n = 10). El eje de x representa pg de oligonucleotido por kg de ratón y el eje de y 

representa la concentración de citoquina en pg/mi. 

La Figura 9 es una serie de grÆficas que demuestran la inducciôn de las citoquinas 

20 ex vivo. La Figura 9a muestra IL-5, la Figura 9b muestra IL-13, y la Figura 9c 

muestra IFNy. Los resultados se representan como la media – SEM (n = 7-8). *JD< 

0.05 comparado con el grupo tratado de vehiculo (prueba Kruskal-Wallis seguida 

por la prueba de Dunn para comparaciones multiples). El eje de x representa pg 

de oligonucieOtido por kg de ratOn y el eje de y representa concentraciOn de 

25 citoquina en pg/mi. 
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expuesto. La Figura 6b muestra la resistencia de las vIas aØreas de linea base. La 

Figura 6c muestra las areas bajo la curva de respuesta de dosis de metacolina. 

Los resultados se representan como una media – SEM (n=7-9). ). < 0.05 

comparado con el grupo indicado (Prueba de dos colas Mann-Whitney). 

La Figura 7 es una serie de grÆficas que describen las cØlulas totales acumuladas 

en respuesta al tratamiento, incluyendo los leucocitos totales (Figura 7a), 

eosinófiios  (Figura 7b), neutrOfilos (Figura 7c), y las cØlulas mononucleares (Figura 

7d) asI como tambiØn el peso del cuerpo de ratón (Figura 7e). El eje de x 

10 representa las categorlas de exposiciOn de los ratones. 

La Figura 8 es una serie de grÆficas que demuestran la inducciOn de las citoquinas 

asociadas a TLR9 en vias aØreas de ratôn in vivo. La Figura Ba muestra lFNa, la 

Figura 8b muestra IFNy, la Figura 8c muestra IP-10, la Figura 8d muestra IL-6, y la 

15 Figura Be muestra IL-12p40. Los resultados se presentan como una media – SEM 

(n = 10). El eje de x representa pg de oligonucleotido por kg de ratón y el eje de y 

representa la concentraciôn de citoquina en pg/ml. 

La Figura 9 es una serie de graficas que demuestran la inducciôn de las citoquinas 

20 ex vivo. La Figura 9a muestra IL-5, la Figura 9b muestra IL-13, y la Figura 9c 

muestra IFNy. Los resultados se representan como la media – SEM (n = 7-8). *D< 

0.05 comparado con el grupo tratado de vehIculo (prueba Kruskal-Wallis seguida 

por la prueba de Dunn para comparaciones multiples). El eje de x representa pg 

de oligonucleotido por kg de ratón y el eje de y representa concentraciOn de 

25 citoquina en pg/mi. 
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La Figura 10 son dos graficas que muestran la supresion de las acumulaciones 

inducidas por antigeno de eosinôfilos y linfocitos en Was aØreas de ratOn in vivo 

por la SEQ ID NO:10. La Figura lOa muestra la produccion de IgE y la Figura lOb 

muestra la producción de lgG2a. Los resultados se presentan como la media – 

5 SEM (n = 9-10). * <0.05 comparado con el grupo tratado con vehiculo (prueba 

.10 

Kruskal-Wallis seguida por la prueba de Dunn para comparaciones m(iltiples). El 

eje de la x representa pg de oligonucleotido por kg de ratOn (sensibilizado o no 

sensibilizado) y el eje de la y representa unidades de absorbancia como una 

mediad del tItuto de anticuerpo de suero. 

La Figura 11 son cuatro graficas que demuestran las acumulaciones de eosinofIlos 

y linfocitos en las vias aØreas de ratôn in vivo despuØs de la administración de la 

SEQ ID NO: 10. La Figura ha muestra los leucocitos totales presentes, la Figura 

lib muestra los eosinôfilos, la  Figura 11  muestra las cØlulas T positivas CD4, y la 

15 Figura lid muestra las cØlulas B. Los resultados se presentan como la media – 

20 

SEM (n = 6). *p < 0.05 comparado con el grupo tratado con vehIculo (prueba 

Kruskal-Wallis seguida por la prueba de Dunn para comparaciones mUltiples). El 

eje de la x representa pg de oligonucleotido por kg de ratôn (sensibilizado o no 

sensibilizado) y el eje de la y representa nUmero de cØlulas. 

DESCRIPCION DETALLADA 

El receptor 9 similar a Toll (TLR9) permite a poblaciones discretas de cØlulas 

inmunes reconocer oligodesoxinucleOtidos u oligonucleótidos CpG no metilados 

25 (CpG ODN) y activar mecanismos de defensa de huØsped e iniciar los efectos 

inmunes, dando como resultado respuestas tipo Th2 suprimidas. Diferentes clases 

de CpG ODN se han descrito sobre la base de la estructura y actividad 
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5 

caracteristicas. El CpG ODN clase C generalmente tiene una secuencia 

estimuladora final 5’ que contiene por lo menos un motivo CpG, y un palindromo 

rico en GC. El CpG ODN calase C se induce muy altos tItulos de interferon alfa 

(IFNa) de cØlulas inmunes. 

De acuerdo con algunos aspectos de la invenciOn, se ha descubierto que CpG 

ODN clase C son de particular valor como una terapia novedosa para las 

infecciones del tracto respiratorio alto y preferiblemente las infecciones virales en 

la medida en que ellas exacerban el asma alergica. Los datos presentados en los 

10 Ejemplos de adelante, han demostrado que cuando se dosifica en las vIas aØreas 

del ratón, un CpG ODN clase C puede inducir genes asociados con IFN conocidos 

por tener actividades modificantes inmunes y/o antivirales. En particular, la 2’5’-

oligoadenilato sintetiza y el Mxl (homologo de ratón de MxA) son conocidos por 

tener una actividad antiviral marcada. En nuestros modelos de ratôn, un CpG ODN 

15 clase C mostrô efectos protectores contra la infecciOn de influenza, y suprimió la 

inflamaciôn de las via aØrea exacerbada inducida al combinar la exposiciOn de 

antIgeno y la infecciôn de influenza. 

Asi, en algunos aspectos la invenciOn se relaciona con mØtodos para tratar asma 

20 exacerbada por enfermedad infecciosa, y en particular asma exacerbada por virus. 

Las infecciones bacterianas, virales y fungosas exacerban y/o inducen el asma. El 

asma exacerbada por enfermedad infeccionas es una condición que ocurre en un 

sujeto asmÆtico. El sujeto asmÆtico, uno a quien se le ha diagnosticado asma o es 

susceptible de otra forma al asma, cuando se expone a un agente infeccioso y 

25 experimenta una respuesta asmÆtica 0 Ufl ataque asmÆtico existente/en proceso 

se empeora. 
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Asi, la invenciOn en un aspecto involucra el hallazgo de que los oligonucleôtidos 

inmunoestimuladores de CpG son Utiles para tratar asma exacerbada por 

enfermedad infecciosa. 

5 En algunas modatidades el sujeto estÆ en riesgo de infecciOn viral. Un sujeto en 

riesgo de infección viral es aquel que tiene algün riesgo de exponerse a un 

patogeno que causa una infecciôn. Por ejempo, un sujeto en riesgo puede ser Un 

sujeto que esta planeando viajar a un area donde un tipo particular de agente 

infeccioso se encuentra o puede ser un sujeto quien a travØs de su estilo de vida 0 

10 procedimientos medicos estÆ expuesto a los fluidos del cuerpo que pueden 

contener organismos infecciosos o directamente al organismo o aCm cualquier 

sujeto que viva en un area donde un organismo infeccioso o un alergeno se ha 

identificado. Los sujetos en riesgo de desarrollar infecciOn tambiØn incluyen 

poblaciones generates a las cuates la agencia mØdica le recomienda vacunaciôn 

15 con un antigeno de organismo infeccioso particular. Un sujeto en riesgo de 

infección viral se puede identificar en una variedad de formas, tat como por un 

trabajador medico. Los trabajadores medicos incluyen doctores, enfermeras, 

tØcnicos y cualquier otro practicante en el campo medico. El sujeto en riesgo de 

una infecciôn viral tambiØn se puede identificar con base en la exposiciOn a un 

20 factor de riesgo para la infección viral. 

En aspectos de la invenciôn el mØtodo para identificar un factor de riesgo para la 

infección viral estÆ dirigido a tratar sujetos en anticipación a la exposicion a un 

agente viral o la estaciôn (por ejemplo, en anticipaciOn a (a estaciOn de gripa a 

25 resfriado). Tales tiempos estacionales son generalmente conocidos y mÆs 

especificamente determinados sobre una base anual. 
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Un sujeto que tiene una infección es un sujeto que ha sido expuesto a un 

patOgeno infeccioso y tienen niveles detectables agudos a crOnicos del patOgeno 

en el cuerpo. Una enfermedad infecciosa, como se utiliza aqul, es una enfermedad 

que surge de la presencia de un microorganismo extraæo en el cuerpo. 

Un sujeto en riesgo de desarrollar asma incluye aquellos sujetos que han sido 

identificados por tener asma pero que no tienen una enfermedad activa durante el 

tratamiento de otigonucteotido inmunoestimulador CpG asI coma tambiØn los 

sujetos que son considerados par estar en riesgo de desarrollar estas 

10 enfermedades en razón de los factores geneticos o ambientales. 

Las citoquinas Th2, especialmente IL-4 y IL-5 estÆn elevadas en las Was aØreas 

de los sujetos asmÆticos. Estas citoquinas promueven aspectos importantes de la 

respuesta inflamatoria asmÆtica, que incluye la conmutaciOn del isOtopo IgE, la 

15 quimiotaxis del eosinôfilo y la activaciOn y el crecimiento de la cØlula mÆstil. Las 

citoquinas Thi, especialmente lEN-V Y IL-12, pueden suprimir la formación de 

clones Th2 y la producciOn de citoquinas Th2. El asma se refiere a una afecciôn 

del sistema respiratorio caracterizada por la infIamaciOn, excretamiento de las vias 

aØreas y reactividad creciente de las vias aØreas a los agentes inhalados. El asma 

20 es frecuentemente, aunque no exclusivamente asociada con sIntomas atOpicos 0 

25 

alergicos. 

Un sujeto debe significar un animal humano o vertebrado que incluye pero no estÆ 

limitado a un perro, gato, caballo, vaca, cerdo, oveja, cabra, pavo, polio, primate, 

por ejemplo, mono, y pez (especies de acuacuitura), por ejemplo, salmon. 

Coma se utiliza aquI, el tØrmino tratar, tratado, o que trata cuando se utiliza con 

respecto a una afecciOn tal como una enfermedad infecciosa o asma se refiere a 
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un tratamiento profilÆctico que incrementa la resistencia del sujeto al desarrollo de 

Pa enfermedad (por ejemplo, a una infecciOn con un patOgeno) o, en otras 

palabras, disminuye Pa probabilidad de que el sujeto desarrotle Pa enfermedad (por 

ejemplo, se infecte con el patOgeno) asI como tamblØn un tratamiento despuØs de 

5 que el sujeto ha desarrollado Pa enfermedad con el fin de luchar con la enfermedad 

(par ejemplo, reducir a eliminar Pa infección) o evitar que la enfermedad se 

empeore. 

Ejemplos de virus que se han encontrado en humanos incluyen pero no estÆn 

� 
10 limitados a: Retroviridae (por ejemplo, los virus de la inmunodeficiencia humana, 

tales coma el VIH-1 (tambiØn denominado como HDTV-111, LAVE o HTLV-!Il/LAV, o 

VIH-111; y otros aislados, tales como el VIH-LP; el Picornaviridae (por ejemplo, el 

virus del p110, el virus de Pa hepatitis A; los enterovirus, los virus Coxsackie 

humanos, los rinovirus, los ecovirus); Calciviridae (por ejemplo, las cepas que 

15 originan Pa gastroenteritis); Togaviridae (p0 r ejemplo, el virus de la encefaitis 

equina, el virus de Pa rubØola); Flaviridae (por ejemplo, el virus del dengue, el virus 

de Pa encefalitis, el virus de Pa fiebre amarilla); el Coronoviridae (por ejemplo, 

. coronavirus); Rhabdoviradae (por ejemplo, el virus de la estomatitis vesicular, el 

virus de Pa rabia); el Filoviridae (por ejemplo, el virus del ebola); Paramyxoviridae 

20 (por ejemplo, el virus de la parainfluenza, el virus de las paperas, el virus del 

sarampion, el virus sincital respiratorio); OrthomyxovIridae (par ejemplo, el virus de 

la influenza); Bungaviridae (par ejemplo, et virus Hantaan, el virus bunga, los virus 

flebovirus y Nairo); el Arena viridae (virus de Pa fiebre hemorragica); Reoviridae 

(por ejemplo, los reonvirus, orbivirus y rotavirus); Birnaviridae; Hepadnaviridae 

25 (virus de la Hepatitis B); Pariovirida (los parvovirus); Papovaviridae (virus del 

papiloma, virus del polioma); Adenoviridae (la mayorIa de los adenovirus); 

Herpesviridae (virus del herpes simples (HSV) 1 y 2, virus zoster de varicela, el 
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citomegalovirus (CMV), el virus del herpes; Poxviridae (el virus de la viruela, el 

virus de vaccinia, el virus de enfermedad eruptiva); e Iridoviridae (por ejemplo, el 

virus de la fiebre de cerdo africano); y los virus no clasificados (por ejemplo, el 

agente de la hepatitis delta (que se cree que es un satØlite defectuoso del virus de 

5 la hepatitis B), los agentes de la hepatitis no A, no B (clase I = internamente 

transmitido; clase 2 = parenteralmente transmitido (es decir, Hepatitis C); Norwalk 

y los virus relacionados, y los astrovirus). 

Tanto las bacterias gram negatives como las gram positives sirven como 

10 antIgenos en animates vertebrados. Tales bacterias gram positives incluyen, pero 

no estÆn limitadas a, las especies de Pasteurella, las especies de Staphylococci, y 

las especies de Streptococcus. Las bacterias gam negativas incluyen, pero no 

estÆn limitadas a, Escherichia colt especies de Pseudomonas, y especies de 

Salmonella. Ejemplos especificos de las bacterias infecciosas incluyen pero no 

15 estÆn limitados a, Helicobacter pyloris, Bore/ia burgdorferi, Legionella 

pneumophilia, Mycobacteria sps (por ejemplo, M. tuberculosis, M. avium, 

M. intracellulare, M. kansaii M. gordonae), Staphylococcus aureus, Neisseria 

is 

gonorrhoeae, Neisseria meningitidis, Listeria monocyto genes, Streptococcus 

pyo genes (Streptococcus Grupo A), Streptococcus agalactiae (Streptococcus 

20 Grupo B), Streptococcus (grupo viridans), Streptococcus faecalis, Streptococcus 

bovis, Streptococcus (especies anaerôbicas), Streptococcus pneumoniae, 

Campylobacter sp., patOgeno, Enterococcus sp., Haemphllus influenzae, Bacillus 

antracis, co,ynebacterium diphtheriae, co,ynebacterium sp., Ei’ysipelothrix 

rhusiopathiae, Clostridium perfringers, Clostridium tetani, Enterobacter aero genes, 

25 Klebsiella pneumoniae, Pasture/la multocida, Bacteroides sp., Fusobacterium 

nucleatum, Streptobacillus moniliformis, Treponema pallidium, Treponema 

pertenue, Leptospira, Rickettsia, y Actinomyces israelli. 
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Ejemplos de hongos incluyen Cyptococcus neoformans, Histo plasma capsulatum, 

Coccidioides immitis, Blastomyces dermatitidis, Chlamydia trachomatis, Candida 

albicans. 

Otros organismos infecciosos (es decir, protistos) incluyen Plasmodium spp. tal 

como Plasmodium falciparum, Plasmodium malariae, Plasmodium ovale, y 

Plasmodium vivax y Toxoplasma gondli. Los parÆsitos de origen sanguIneo y/o de 

los tejidos incluyen el Plasmodium ssp., el Babesia microti, Babesia divergens, 

op 

10 Leishmania tropica, Leishmania ssp., Leishmania braziliensis, Leishmania 

donovani, Tripanosoma gambiense y Tripanosoma rhodesiense (enfermedad del 

C 

sueæo africano), Tripanosoma cruzi (enfermedad de Chagas), y Toxoplasma 

gondii. 

15 Otros microorganismos mØdicamente relevantes se han descrito extensivamente 

20 

en la literatura, por ejemplo, ver C.G.A. Thomas, Medical Microbiology, Bailliere 

Tindall, Great Britain 1983, cuyos contenidos completos se incorporan aqul como 

referenda. 

En algunos casos el asma exacerbada por virus es causada por un virus 

respiratorio y en particular un virus respiratorio alto tal como la influenza. 

Opcionalmente, el virus respiratorio puede no ser RSV (virus sincicial respiratorio). 

25 El mØtodo para tratar el asma exacerbada por virus tambiØn puede incluir el uso 

de una combinaciOn de oligonucleOtidos CpG con anti-microbianos o una terapia 

contra el asma no CpG tal como un medicamento para asma. La terapØutica 
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alternativa, es decir, el medicamento anti-microbiano o para el asma se puede 

administrar en un tiempo diferente que el oligonucleôtido CpG o al mismo tiempo 

que el oligonucleOtido CpG. 

5 A sujeto asmÆtico se le administra una cantidad efectiva de un oligonucleótido 

CpG para tratar el asma exacerbada por virus. Si una combinaciOn de terpØuticos 

se administra el oligonucleótido CpG se puede administrar al sujeto en una 

cantidad efectiva para evitar la infecciOn viral y el medicamento del asma se puede 

administrar al sujeto cuando aparecen los smntomas de alergia o asma. As!, el 

� 
10 oligonucleOtido CpG se puede administrar al sujeto y Juego el medicamento para el 

asma se puede administrar posteriormente al sujeto o ellos se administran juntos 

al mismo tiempo. 

Los oligonucleotidos CpG contienen secuencias especificas encontradas para 

15 elicitar una respuesta inmune. Estas secuencias especIficas que elicitan una 

respuesta inmune se denominan como "motivos inmunoestimuladores", y los 

oligonucleotidos que contienen los motivos inmunoestimuladores se denominan 

. como "molØculas de oligonucleOtido inmunoestimuladoras" y, equivalentemente, 

"otigonucleOtidos inmunoestimuladores". Los oligonucfeOtidos 

20 inmunoestimuladores de la invenciOn incluyen asi por lo menos un motivo 

inmunoestimulador. En una modalidad preferida el motivo inmunoestimulador es 

un "motivo inmunoestimulador interno". El tØrmino "motivo inmunoestimulador 

interno" se refiere a la posiciOn de la secuencia del motivo dentro de la secuencia 

del oligonucleótido mÆs largo, que es mÆs largo en longitud que la secuencia de 

25 motivo en por to menos un nucleOtido ligado tanto a los extremos 5’ como 3’ de la 

secuencia de motivo inmunoestimulador. 
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Los oligonucleotidos CpG incluyen por Jo menos un dinucleótido CpG no metilado. 

Un oligonucleôtido que contiene por lo menos un dinucleOtido CpG no metilado es 

una molØcuta de otigonuc(eotido que contiene una secuencia de dinucleOtido de 

citosina-guanina no metilada (es decir, el "ADN del CpG" o el ADN que contiene 

5 una citosina 5’ seguida por guanina 3’ y ligada por un enlace fosfato) y activa el 

sistema inmune. El oligonucleOtido CpG completo se puede no metilar o las 

porciones se pueden no mutilar pero por lo menos el C del 5’ CG 3’ debe ser no 

metilado. 

� 

10 Los mØtodos de la invenciôn pueden abarcar el USC de oligonucleOtidos CpG 

inmunoestimuladores clase A, clase B 
y 

clase C. En relaciOn con los 

oligonucleótidos CpG, se ha descrito recientemente que existen diferentes clases 

de oligonucleotidos CpG. Una clase es potente para activar las cØlutas B pero es 

relativamente debit para inducir la activaciôn de cØlula IFN-a y NK ; esta clase se 

15 ha denominado la clase B. Los oligonucleotidos CpG clase B tIpicamente son 

completamente estabilizados e incluyen un dinucleOtido CpG no metilado dentro 

de ciertos contextos de base preferidos. Ver, por ejemplo, las Patentes Nos. 

� 
6,194,388; 6,207,646; 6,214,806; 6,218,371; 6,239,116; y 6,339,068. Otra clase es 

potente para inducir la activaciOn de la cØlula IFN-a y NK pero es relativamente 

20 dØbil al estimular las cØlulas B; esta clase se ha denominado la clase A. Los 

oligonucleotidos CpG clase A tpicamente tienen secuencias poli-G estabilizadas 

en los extremos 5’ y 3’ y una secuencias que contiene dinucleótido CpG 

fosfodiØster palindrômica en por lo menos 6 nucleótidos. Ver, por ejempto, (a 

solicitud de patente publicada PCT/USOO/26527 (WO 01/22990). ACm otra clase de 

25 oligonucleotidos CpG activan las cØlulas B y las cØlulas NK e inducen el IFN-a; 

esta clase se ha denominado (a clase C. Los oligonucleOtidos CpG clase C, como 

se caracterizaron primero, tIpicamente son completamente estabilizados, incluyen 
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5 

una secuencia tipo clase B y un palindromo rico en GC o un palindromo cercano. 

Esta clase se ha descrito en la solicitud de patente U.S. 10/224,523 presentada en 

agosto 19, 2002, y la US 10/978,282 presentada en octubre 29, 2004 cuyos 

contenidos completos se incorporan aqul como referencia. 

Los oligonucleotidos CpG inmunoestimuladores "clase A" se han descrito en la 

Solicitud de Patente no Provisional U.S. Serie No. 09/672,126 y la solicitud PCT 

publicada PCTIUSOO/26527 (WO 01/22990), ambas presentadas en septiembre 

27, 2000 asi como tambiØn la USP 6,207,646 BI. Estos oligonucleotidos se 

10 caracterizan por la capacidad de inducir altos niveles de interferOn-alfa aunque 

15 

teniendo efectos mmnimos sobre la activación de la cØlula B. Los oligonucleotidos 

CpG inmunoestimuladores clase A no necesariamente contienen un GACGTC, 

AGCGCT, o AACGTT palindromo hexamero descrito por Yamamoto y cotegas. 

Yamamoto S et al. J immunol 148:4072-6 (1992). 

Los oligonucleotidos CpG inmunoestimuladores clase B activan fuertemente las 

cØlulas B humana pero tienen efectos minimos induciendo interferon-a. Los 

Ooligonucleótidos  CpG inmunoestimuladores clase B se han descrito en [as USP 

6,194,388 Bi y 6,239,116 61, otorgadas en febrero 27, 2001 y mayo 29, 2001 

20 respectivamente. 

25 

En una modalidad la invención suministra un oligonucleotido CpG clase B 

representado en por lo menos la fOrmula: 

5’X1 X2CGX3X43’ 

En donde X1, X2, X3, y X4 son nucleOtidos. En una modalidad X2 es adenina, 

guanina, o timina. En otra modalidad X3 es citosina, adenina, 0 timina. 
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En otra modalidad la invenciOn suministra un oligonucleótido CpG clase B aislado 

representado en por 10 menos la fOrmula: 

5 5’N1X1X2CGX3X4N23’ 

En donde X1, X2, X3, yX4 son nucleOtidos y N es cualquier nucleôtido y N1 y N2 son 

secuencias de oligonucleOtido compuestos desde aproximadamente 0-25 Ns cada 

uno. En una modalidad el X1X2 es un dinucleôtido seleccionado del grupo que 

10 consiste de: GpT, GpG, GpA, ApA, ApT, ApG, CpT, CpA, CpG, TpA, TpT, y TpG; y 

X3X4 es un dinucleOtido seleccionado del grupo que consiste de: TpT, ApT, TpG, 

ApG, CpG, TpC, ApC, CpC, TpA, ApA, y CpA. Preferibtemente X1X2 es GpA 0 

GpT y X3X4 es TpT. En otras modalidades X1 y X2 0 ambas son purinas y X3 y X4 o 

ambas son pirimidinas 0 X1X2 es GpA y X3 o X4 o ambos son pirimidinas. En otra 

15 modalidad preferida X1X2 es un dinucleótido seleccionado del grupo que consiste 

de: TpA, ApA, ApC, ApG, y GpG. En aUn otra modalidad X3X4 es un dinucleôtido 

seleccionado del grupo que consiste de: TpT, TpA, TpG, ApA, ApG, GpA, y CpA. 

X1X2 en otra modalidad es un dinucleOtido seleccionado del grupo que consiste de: 

TpT, TpG, ApT, GpC, CpC, CpT, TpC, GpT y CpG; X3 es un nucleOtido 

20 seleccionado del grupo que consiste de A y T y X4 es un nucleOtido, pero en 

donde cuando X1X2 es TpC, GpT, 0 CpG, X3X4 no es TpC, ApT 0 ApC. En algunas 

modalidades el oligonucleotido tiene un 57C. 

En otra modalidad preferida el oligonucleOtido CpG tiene la secuencia 5’ 

25 TCN1TX1X2CGX3X43’ (SEQ ID NO:56). Los oligonucleOtidos CpG de la invenciOn 

en algunas modalidades incluyen X1X2 seleccionado del grupo que consiste de 

cj)f 
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GpT, GpG, GpA y ApA y X3X4 se selecciona del grupo que consiste de TpT, CpT y 

TpC. 

Las secuencias de oligonucleotido CpG clase B de la invención son aquellas 

5 ampliamente descritas anteriormente asi como tambiØn descritas en las 

�10 

Solicitudes de Patente PCT Publicadas PCT/US95/01570 y PCT/US97/19791, y 

USP 6,194,388 BI y USP 6,239,116 Bi, otorgadas en febrero 27, 2001 y mayo 29, 

2001 respectivamente. Las secuencias de ejemplo incluyen pero no estÆn 

limitadas a aquellas descritas en estas Ultimas solicitudes y patentes. 

Los oligonucleotidos inmunoestimuladores clase C contiene por lo menos dos 

diferentes motivos y tiene efectos estimuladores Unicos y deseables sobre las 

cØlulas del sistema inmune. Algunos de estos ODN tienen tanto una secuencia 

CpG "estimuladora" tradicional como un motivo "rico en GC" o "neutralizante de 

15 cØlula B". Estos oligonucleOtidos de motivo de combinaciOn tienen efectos 

estimulantes inmunes que caen en alguna parte entre aquellos efectos asociados 

con el CpG ODN "clase B" tradicional, que son fuertes inductores de la activaciôn 

. de la cØlula B y la activaciOn de la cØlula dendrItica (DC), y aquellos efectos 

asociados con el CpG ODN clase A que son inductores fuertes de lEN-a y la 

20 activación de cØlula asesina natural (NK) pero inductores relativamente pobres de 

activaciOn de cØlula B y DC. Aunque el CpG ODN clase B preferido tiene a 

menudo estructuras de fosforotloato y el CpG ODN clase A preferido tiene 

estructuras mezcladas o quimØricas, la clase C de los oligonucleótidos 

estimuladores inmunes de motivo de combinaciOn pueden tener estructuras 

25 estabilizadas, por ejemplo, fosforotloato, quimØrico o estructuras fosfodiØster, y en 

algunas modalidades preferidas, ellos tienen estructuras semi-suaves. 

p 
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El dominio o motivo estimulador se puede definir por una fOrmula: 5’X1DCGHX2 3’. 

D es un nucleOtido diferente de C. C es una citosina. G es guanina. H es un 

nucleôtido diferente de G. 

5 X1 y X2 son cualquier secuencia de otigonucleótido de 0 a 10 nucleOtidos de largo. 

X1 puede incluir un CG, en cuyo caso existe preferiblemente un T que precede 

inmediatamente este CG. En algunas modalidades DCG es TCG. Xi es 

preferiblemente de 0 a 6 nucleOtidos de largo. En algunas modalidades X2 no 

contienen ningOn motivo poli G o poli A. En otras modalidades el oligonucleOtido 

10 inmunoestimulador tiene una secuencia poli T en el extremo 5’ o en el extremo 3’. 

Como se utiliza aqul, "poli-A" o "poli-T" se debe referir al estiramiento de cuatro a 

mÆs A’ o T’ consecutivos respectivamente, por ejemplo, 5’ AAAA 3’ o 5’ TTTT 3’. 

Como se utiliza aquI, "extremo poli-G" se debe referir at estiramiento de cuatro a 

mÆs G’s consecutivos, por ejemplo, 5’ GGGG 3’, que ocurren en el extremo 5’ o en 

15 el extremo 3’ de un oligonucleotido. Coma se utiliza aqul, "el oligonucleOtido poi-G" 

se debe referir a un otigonucleOtido que tiene la fOrmula 5’ X1X2GGGX3X4 3’ en 

donde X1, X2, X3, y X4 son nucleOtidos y preferiblemente por Jo menos uno de X3 y 

X4 es un G. 

20 Algunos diseæos preferidos para el dominio estimulador de cØlula B bajo esta 

fOrmula comprende TTTTTCG, TCG, TTCG, TTTCG, TTTTCG, TCGT, TTCGT, 

TTTCGT, TCGTCGT. 

El segundo motivo del oligonucleOtido se denomina coma P o N y se posiciona 

25 inmediatamente 5’a X1 o inmediatamente 3’ a X2. 
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N es una secuencia neutralizante de cØlula B que inicia con un trinucleOtido CGG y 

es de por Jo menos 10 nucleOtidos de largo. El motivo neutralizante de la cØlula B 

incluye por Jo menos una secuencia CpG en la cual el CG es precedido por una C 

o seguido por una G (Krieg AM et al. (1998) Proc Nat! Acad Sci USA 95:12631-

5 12636) o es una secuencia de ADN que contiene CO en la cual la C de la CO es 

metfiada. Como se utiliza aqul, "CpG" se debe referir a una citosina 5’ (C) seguida 

por una guanina 3’ (G) y ligada por un enlace fosfato. Por lo menos el C del 5’ CG 

3’ debe ser no metilado. Los motivos neutralizantes son motivos que tienen algün 

grado de capacidad inmunoestimuladora cuando estÆ presente en otro motivo no 

10 estimulador, pero, el cual cuando estÆ presente en el contexto de otros motivos 

inmunoestimu lad ores sirven para reducir el potencial inmunoestimulador de los 

otros motivos. 

P es una secuencia que contiene un palindromo rico en GC por lo menos 10 

15 nucleôtidos de largo. Como se utiliza aqul, "palindromo" y, equivalentemente, 

"secuencia palidrOmica" se debe referir a una repeticiOn invertida, es decir, una 

secuencia tal como ABCDEE’D’C’B’A’ en la cual A y A’, B y B’, etc., son bases 

capaces de formar los pares de base de Watson-Crick usuales. 

20 Como se utilia aqul, "palIndromo rico en GC" se debe referir a un palindromo que 

tiene una composiciOn base de por Jo menos dos tercios de G’s y C’s. En algunas 

modalidades el dominio rico en CC es preferiblemente 3’ al "dominio estimulador 

de cØlula B". En el caso de un palindromo rico en GC largo de 10 bases, el 

palindromo contiene as! por Jo menos 8 0’s y C’s. En el caso de un palindromo 

25 rico en GC largo de 12 bases, el palindromo tambiØn contiene por Jo menos 8 G’s 

y C’s. En el caso de un palindromo rico en GC 14 mero, por Jo menos diez bases 
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tot 

del palindromo son G’s y C’s. En algunas modalidades el palIndromo rico en GC 

se hace exciusivamente de G’s y C’s. 

En algunas modalidades el palindromo rico en GC tiene una composiciôn base de 

5 por lo menos 81 por ciento de G y C. En el caso de tal palindromo rico en GC 

largo con 10 bases, el palindromo es asi hecho exciusivamente de G’s y C’s. En el 

caso de tal palindromo rico en GC largo de 12 bases, se prefiere que por lo menos 

diez bases (83 por ciento) del palindromo sean G y C. En algunas modalidades 

preferidas, un palindromo rico en GC largo de 12 bases es hecho exclusivamente 

10 de G y C. En el caso de un palindromo rico en GC de 14 mero, por lo menos doce 

bases (86 por ciento) del palindromo son G y C. En algunas modalidades 

15 

preferidas, un palindromo rico en GC largo de 14 bases es hecho exciusivamente 

de G’s y C’s. Las C’s del palindromo rico en GC pueden ser no metiladas o ellas 

pueden ser metiladas. 

En general este dominio tiene por lo menos 3 C’s y G’s mÆs preferiblemente 4 de 

cada una, y mÆs preferiblemente 5 o mÆs de cada uno. El nUmero de C’s y G’s en 

este dominio no necesita ser idØntico. Se prefiere que las C’s y las G’s estØn 

dispuestas de tal forma que ellas sean capaces de formar un duplex auto-

20 complementario, 0 palindromo, tal como CCGCGCGG. Esto se puede interrumpir 

por As o Ts, pero se prefiere que la auto-complementariedad sea por lo menos 

parcialmente preservada coma por ejemplo los motivos CGACGTTCGTCG (SEQ 

ID NO: 49) o CGGCGCCGTGCCG (SEQ ID NO:50). Cuando la 

complementariedad no se preserva, se prefiere que los pares bases no 

25 complementarios sean TG. En una modalidad preferida existen no mÆs de 3 bases 

consecutivas que no son parte del palindromo, preferiblemente no mÆs de 2m y 

mÆs preferiblemente solo 1. En algunas modalidades el palindromo rico en GC 
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incluye por Jo menos un trimero CGG, por lo menos un trimero CCG, 0 por lo 

menos un tetrÆmero CGCG. En otras modalidades el palIndromo rico en GC no es 

CCCCCCGGGGGG (SEQ ID NO: 51) o GGGGGGCCCCCC (SEQ ID NO: 52), 

CCCCCGGGGG (SEQ ID NO: 53) o GGGGGCCCCC (SEQ ID NO: 54). 

Por lo menos uno de los G’s de la region rica en GC se puede sustituir con una 

inopina (I). En algunas modalidades P incluye mÆs de un I. 

En ciertas modalidades el oligonucleótido inmunoestimulador tiene una de las 

� 

10 siguientes fOrmulas 5’ NX1DCGHX2 3’, 5’ X1DCGHX2N 3’, 5’ PX1DCGHX2 3’, 5’ 

X1DCGHX2P 3’, 5’ X1DCGHX2PX3 3’, 5’ X1DCGHPX3 3’, 5’ DCGHX2PX3 3’, 5’ 

TCGHX2PX3 3’, 5’ DCGHPX3 3’, o 5’ DCGHP 3’. 

En otros aspectos la invenciOn suministra oligonucleOtidos inmunoestimuladores 

15 que se definen por una fOrmula: 5’ N1PyGN2P 3’. N1 es cualquier secuencia de I a 

6 nucleótidos de largo. Py es una pirimidina. G es guanina. N2 es cualquier 

secuencia de 0 a 30 nucleOtidos de largo. P es un palIndromo rico en GC que 

contiene la secuencia de por lo menos 10 nucleOtidos de largo. 

20 N1 y N2 puede contener mÆs de 50% de pirimidinas, y mÆs preferiblemente mÆs de 

25 

50% de T. N1 puede incluir un CG, en cuyo caso existe preferiblemente un T que 

precede inmediatamente este CG. En algunas modalidades N1PyG es TCG (tal 

como ODN 5376, que tiene un 5’ TCGG), y mÆs preferiblemente un TCGN2, donde 

N2 noes C. 

N1PyGN2P puede incluir uno o mÆs nuc(eOtidos de inosina (1). El C 0 el G en Ni 

se pueden reemplazar por inosina, pero el Cpl es preferido al lpG. Para las 
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sustituciones de inosina tal como lpG, la actividad Optima se puede lograr con el 

uso de una estructura quimØrica o "semi-suave", donde el enlace entre el IG 0 el 

Cl es fosfodiØster. El N1 puede incluir por lo menos uno motivo Cl, TCI, IG, o TIG. 

5 En ciertas modalidades N1PyGN2 es una secuencia seleccionada del grupo que 

consiste de TTTTTCG, TCG, TTCG, TTTCG, TTTTCG, TCGT, TTCGT, TTTCGT, 

y TCGTCGT. 

Los ODN clase C tambiØn se describen en la Solicitud de Patente US Serie 

10 NUmero 10/978,283 presentada en octubre 28, 2004. Los Æcidos nucleicos 

descritos aqul son todos incorporados por referencia. 

Algunos ejemplos no limitantes de oligonucleOtidos CpG Utiles de acuerdo con la 

invenciOn incluyen: 

15 

SEQ ID Sequence 
NO_____ _ 

1 1 C (i(sG4T*C (J?T* I G’( GC"C’(r 
.,.............. . .... - - - 

20 

25 
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2 1’C CrV (G*jV Q* C G*GC*G4 
( (j*Cr( (; CG 

3 

4 

5 

6 

7 

S 

T*C 
G*C OA*C ji IT C G GCG* CO$C*G$CC*G 

U) TC O*TC G*TC GTTC (GCGC G(,’*G4C*C*G 

11 

12 

13 TCG* EC  

14T*CG*i*6G*T*T 

15 TCG*JCG*ACG*T*T*CG(;*CJ*c. 

16 T*CGACOTCGTGG*GG+G 
17 

18 

19 

20 

TTC G*T*C GT*PT GTC G*T*T 

T*T1C GTC OTrTc (ii’C (J*T#T 

T*C*G*T*C G*TMC G*GC*GCC G*TGC*CG 21 

22 T*C*GT*C O*1*TMCG*G*CG*C*C GTG*C*C*G 

23 TC*G*A 

24  
25 T C*CG*CG*C*C*O1 TY’CC’G 

T*C*G*MC G*TCGAC G*T*G*A*CG*T*T 26 

27 T*C*GA*C G*TCG*A*C*G*T G*A*CG*TT 
28 TC*G*T*CGT.*T*T*A*CG*GC*G*C*C GTGC*C*G*1 

30 F 4T*i*TPG .ACC*T1*T*F*o41*C(J*T*T 
11 T*C3*i **T4O4A*C(*T4T  
32 TC G1C O*T1T PGA(,’ G*rP1*1G1*C G*T*T 
33 T’4C OT*C G1*P1 1GAC G*T1$1 T*G*T*C G*F* 

- 

34 

36 
37 

- - -__,__ - 

1 *C (3T*C (j* r 1 1 t4(x C oi  rc G4 1 I 
IGc CT TTT I (rAççfTTJ  iccif I’ 

* 

Cr1C (*J*1* :14J*( Q*J* 
- --------____ 

1 C G TC 0*1*1 T* .1 G_C 0*1* 1*T* rso*i*c 



O 
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[ 38 
- 

1’C GTC  

(*TTT*T*(I*A*C  
40 O*T*F*’J*OA*C G*T*’F*TT*GT4C GT’T 

 41 
42 TC &*F*T*  
43 GT*C G$T*T*T*T*G*A*C_GT*T*T*’P(YT*C 
44 CiTC G*T*T*TT*G*MC  
45 C_G *o*T!rcGT*1’***T 

1*CGtA*T((,1T*1*J F C GT4G3Ctr JJ*f 46 

47 

??48 

49 CGACGTTCGTCG 

50 CG(JCGCCGTGCCG 

51 CCCCCC 000000 

GG(J000CCCCCC - 

53 CCCCC00000 

54 GGGGOCCCCC 

55 GG*CG*CG*C*O*C*C*O 

56 i’CXIX XCOXX 

57 T*CGT(G*T*T*CG*0*C*G*C*G*C*C*G 

Las molØculas de oligonucleOtido inmunoestimulador pueden tener una estructura 

quimØrica. Para los propôsitos de la presente invenciOn, una estructura quimØrica 

se refiere a una estructura parcialmente estabilizada, en donde por Ia menos Un 

enlace internucleôtido es fosfodiØster o similar a fosfodiØster, y en donde por lo 

menos otro enlace de internocleOtido es un enlace de internucleOitdo estabilizado, 

en donde por lo menos el fosfodiØster o enlace similar a fosfodiØster y por lo 

10 menos el enlace estabilizado son diferentes. En razón a que los enlaces 

boranofosfonato han sido reportados por ser estabilizados con relaciOn a los 

enlaces fosfodiØster, para propOsitos de la naturaleza quimØrica de la estructura, 

los enlaces boranofosfonato se pueden clasificar como similares a fosfodiØster a 

coma estabilizados, dependiendo del contexto. Por ejemplo, una estructura 

077 
to) 
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e.g.
47-e.g.

 gelatin for use in an inhaler or insufflator may be formulated containing a powder 

mix of the compound and a suitable powder base such as lactose or starch. 

Also contemplated herein is pulmonary delivery of the oligonucleotides (or 

derivatives thereof). The oligonucleotide (or derivative) is delivered to the lungs of a 

5 mammal while inhaling and traverses across the lung epithelial lining to the blood stream. 

Other reports of inhaled molecules include Adjei et al,, 1990, Pharmaceutical Research, 

7:565-569; Adjei et al., 1990, International Journal of Pharmaceutics, 63:135-144 

(leuprolide acetate); Braquet et al., 1989, Journal of Cardiovascular Pharmacology, 

13(suppl. 5):14-146 (endothelin-1); Hubbard et al., 1989, Annals of Internal Medicine, 

10 Vol. III, pp. 206-212 (al. antitrypsin); Smith etal., 1989, J. Clin. Invest. 84:1145-1146 

(a-i -proteinase); Oswein et al., 1990, "Aerosolization of Proteins", Proceedings of 

Symposium on Respiratory Drug Delivery II, Keystone, Colorado, March, (recombinant 

human growth hormone); Debs et al., 1988, J. Jmmunol. 140:3482-3488 (interferon-g and 

tumor necrosis factor alpha) and Platz et al., U.S. Patent No. 5,284,656 (granulocyte colony 

15 stimulating factor). A method and composition for pulmonary delivery of drugs for 

systemic effect is described in U.S. Patent No. 5,451,569, issued September 19, 1995 to 

Wong etal. 

Contemplated for use in the practice of this invention are a wide range of 

mechanical devices designed for pulmonary delivery of therapeutic products, including but 

20 not limited to nebulizers, metered dose inhalers, and powder inhalers, all of which are 

familiar to those skilled in the art. 

Some specific examples of commercially available devices suitable for the practice 

of this invention are the Ultravent nebulizer, manufactured by Mailinekrodt, Inc., 

St. Louis, Missouri; the Acorn II nebulizer, manufactured by Marquest Medical Products, 

25 Englewood, Colorado; the Ventolin metered dose inhaler, manufactured by Glaxo Inc., 

Research Triangle Park, North Carolina; and the Spinhaler powder inhaler, manufactured 

by Fisons Corp., Bedford, Massachusetts. 

All such devices require the use of formulations suitable for the dispensing of 

oligonucleotide (or derivative). Typically, each formulation is specific to the type of device 

30 employed and may involve the use of an appropriate propellant material, in addition to the 

usual diluents, adjuvants and/or carriers useful in therapy. Also, the use of liposomes, 

microcapsules or microspheres, inclusion complexes, or other types of carriers is 

110 
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contemplated. Chemically modified oligonucleotide may also be prepared in different 

formulations depending on the type of chemical modification or the type of device 

employed. 

Formulations suitable for use with a nebulizer, either jet or ultrasonic, will typically 

comprise oligonucleotide (or derivative) dissolved in water at a concentration of about 0.1 

to 25 mg of biologically active oligonucleotide per mL of solution. The formulation may 

also include a buffer and a simple sugar (e.g, for oligonucleotide stabilization and 

regulation of osmotic pressure). The nebulizer formulation may also contain a surfactant, to 

reduce or prevent surface induced aggregation of the oligonucleotide caused by atomization 

10 of the solution in forming the aerosol. 

Formulations for use with a metered-dose inhaler device will generally comprise a 

finely divided powder containing the oligonucleotide (or derivative) suspended in a 

propellant with the aid of a surfactant. The propellant may be any conventional material 

employed for this purpose, such as a chiorofluorocarbon, a hydrochiorofluorocarbon, a 

15 hydrofluorocarbon, or a hydrocarbon, including trichiorofluoromethane, 

dichlorodjfluoromethane, dichlorotetrafluoroethanol, and 1,1,1 ,2-tetrafluoroethane, or 

combinations thereof. Suitable surfactants include sorbitan trioleate and soya lecithin. 

Oleic acid may also be useful as a surfactant. 

Formulations for dispensing from a powder inhaler device will comprise a finely 

20 divided dry powder containing oligonucleotide (or derivative) and may also include a 

bulking agent, such as lactose, sorbitol, sucrose, or mannitol in amounts which facilitate 

dispersal of the powder from the device, e.g, 50 to 90% by weight of the formulation. The 

oligonucleotide (or derivative) should most advantageously be prepared in particulate form 

with an average particle size of less than 10 mm (or microns), most preferably 0.5 to 5 mm, 

25 for most effective delivery to the distal lung. 

40 Nasal delivery of a pharmaceutical composition of the present invention is also 

contemplated. Nasal delivery allows the passage of a pharmaceutical composition of the 

present invention to the blood stream directly after administering the therapeutic product 

to the nose, without the necessity for deposition of the product in the lung. Formulations 

30 for nasal delivery include those with dextran or cyclodextran. 

For nasal administration, a useful device is a small, hard bottle to which a 

metered dose sprayer is attached. In one embodiment, the metered dose is delivered by 
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drawing the pharmaceutical composition of the present invention solution into a chamber 

of defined volume, which chamber has an aperture dimensioned to aerosolize and aerosol 

formulation by forming a spray when a liquid in the chamber is compressed. The 

chamber is compressed to administer the pharmaceutical composition of the present 

invention. In a specific embodiment, the chamber is a piston arrangement. Such devices 

are commercially available. 

Alternatively, a plastic squeeze bottle with an aperture or opening dimensioned to 

aerosolize an aerosol formulation by forming a spray when squeezed is used. The 

opening is usually found in the top of the bottle, and the top is generally tapered to 

10 partially fit in the nasal passages for efficient administration of the aerosol formulation. 

Preferably, the nasal inhaler will provide a metered amount of the aerosol formulation, 

for administration of a measured dose of the drug. 

SThe compounds, when it is desirable to deliver them systemically, may be 

formulated for parenteral administration by injection, e.g., by bolus injection or 

15 continuous infusion. Formulations for injection may be presented in unit dosage form, 

e.g., in ampoules or in multi-dose containers, with an added preservative. The 

compositions may take such forms as suspensions, solutions or emulsions in oily or 

aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing 

and/or dispersing agents. 

20 Pharmaceutical formulations for parenteral administration include aqueous 

solutions of the active compounds in water-soluble form. Additionally, suspensions of 

the active compounds may be prepared as appropriate oily injection suspensions. 

Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic 

fatty acid esters, such as ethyl oleate or triglycerides, or liposonies. Aqueous injection 

25 suspensions may contain substances which increase the viscosity of the suspension, such 

10 as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension may 

also contain suitable stabilizers or agents which increase the solubility of the compounds 

to allow for the preparation of highly concentrated solutions. 

Alternatively, the active compounds may be in powder form for constitution with 

30 a suitable vehicle, e.g., sterile pyrogen-free water, before use. 
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The compounds may also be formulated in rectal or vaginal compositions such as 

suppositories or retention enemas, e.g., containing conventional suppository bases such 

as cocoa butter or other glycerides. 

In addition to the formulations described previously, the compounds may also be 

5 formulated as a depot preparation. Such long acting formulations may be formulated 

with suitable polymeric or hydrophobic materials (for example as an emulsion in an 

acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for example, 

as a sparingly soluble salt. 

The pharmaceutical compositions also may comprise suitable solid or gel phase 

10 carriers or excipients. Examples of such carriers or excipients include but are not limited 

to calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, 

gelatin, and polymers such as polyethylene glycols. 

SSuitable liquid or solid pharmaceutical preparation forms are, for example, 

aqueous or saline solutions for inhalation, microencapsulated, encochleated, coated onto 

15 microscopic gold particles, contained in liposomes, nebulized, aerosols, pellets for 

implantation into the skin, or dried onto a sharp object to be scratched into the skin. The 

pharmaceutical compositions also include granules, powders, tablets, coated tablets, 

(micro)capsules, suppositories, syrups, emulsions, suspensions, creams, drops or 

preparations with protracted release of active compounds, in whose preparation 

20 excipients and additives and/or auxiliaries such as disintegrants, binders, coating agents, 

swelling agents, lubricants, flavorings, sweeteners or solubilizers are customarily used as 

described above. The pharmaceutical compositions are suitable for use in a variety of 

drug delivery systems. For a brief review of methods for drug delivery, see Langer, 

Science 249:1527-1533, 1990, which is incorporated herein by reference. 

25 The CpG immunostimulatory oligonucleotides and optionally other therapeutics 

Smay be administered per se (neat) or in the form of a pharmaceutically acceptable salt. 

When used in medicine the salts should be pharmaceutically acceptable, but non-

pharmaceutically acceptable salts may conveniently be used to prepare pharmaceutically 

acceptable salts thereof. Such salts include, but are not limited to, those prepared from 

30 the following acids: hydrochloric, hydrobromic, sulphuric, nitric, phosphoric, maleic, 

acetic, salicylic, p-toluene sulphoruic, tartaric, citric, methane suiphonic, formic, malonic, 

succinic, naphthalene-2-sulphonic, and benzene sulphonic. Also, such salts can be 
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prepared as alkaline metal or alkaline earth salts, such as sodium, potassium or calcium 

salts of the carboxylic acid group. 

Suitable buffering agents include: acetic acid and a salt (1-2% w/v); citric acid 

and a salt (1-3% w/v); boric acid and a salt (0.5-2.5% w/v); and phosphoric acid and a 

salt (0.8-2% w/v). Suitable preservatives include benzalkonium chloride (0.003-0.03% 

w/v); chlorobutanol (0.3-0.9% w/v); parabens (0.01-0.25% w/v) and thimerosal (0.004-

0.02% w/v). 

The term pharmaceutically-acceptable carrier means one or more compatible 

solid or liquid filler, diluents or encapsulating substances which are suitable for 

10 administration to a human or other vertebrate animal. The term carrier denotes an 

organic or inorganic ingredient, natural or synthetic, with which the active ingredient is 

combined to facilitate the application. The components of the pharmaceutical 

compositions also are capable of being commingled with the compounds of the present 

invention, and with each other, in a manner such that there is no interaction which would 

15 substantially impair the desired pharmaceutical efficiency. 

The present invention is further illustrated by the following Examples, which in 

no way should be construed as further limiting. The entire contents of all of the 

references (including literature references, issued patents, published patent applications, 

and co-pending patent applications) cited throughout this application are hereby 

20 expressly incorporated by reference. 

EXAMPLES 

Example 1 

1. Induction of IFN(x and IFN-associated genes by a C-class CpG ODN (SEQ 

25 IDNO:10) 

Methods: Mice (male, BALB/c) received SEQ ID NO:10 (100 pjg/kg in Figures 

3a-3c or 10, 100, or 1000 .tg/kg in Figures 3d-3f) or saline by intranasal instillation. 

Secreted proteins (IFN a, IFN y, and IF 10) were assayed in bronchoalveolar lavage fluid 

15 hours later, or gene expression in lung tissue was analyzed by real-time PCR 30 hours 

30 later. 
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Results: 

52

-Results: C-class CpG ODN induced secretion of IFNa, IFNy and interferon-

inducible protein- 10 (IP- 10). The results are shown in Figure 3. 

Since the CpG ODN stimulated secretion of IFNa in mouse airways, we 

investigated whether the interferon-inducible gene for indoleamine 2,3 dioxygenase 

becomes expressed in the lung. When instilled in the airways, the CpG ODN did 

increase expression of mRNA for this immune-modulating enzyme (Fig. 3f). Mxl, and 

indoleamine 2,3-dioxygenase were also upregulated in mouse lung (Figures 3d and 3e). 

2. Anti-viral effects of a C-class CpG ODN 

Because respiratory tract virus infections are a major cause of asthma 

10 exacerbations, a mouse model was established in which airway inflammation is 

exacerbated by combined antigen challenge and virus infection. 

Methods Mice received two adminsitrations of SEQ ID NO: 10 at 30, 100, or 300 

igIkg, 4 days apart, by intranasal instillation in 40 j.tl saline. Two days after the last 

dose, mice were infected with influenza virus (influenza type A, subtype H1N1, mouse 

15 adapted strain PR8, 200 EID50, in 40 pl saline) by intranasal instillation. 

Virus load in the lung (Takara Biomedical enzyme immunoassay for nuclear 

protein) and airway inflammation (counts of cells recovered by bronchoalveolar lavage) 

were assessed 6 days after virus infection. 

Results: Pretreatment with SEQ ID NO: 10 reduced influenza virus load in the 

20 lung (Figure 4a) and virus-induced accumulation of leukocytes (including neutrophils 

and mononuclear cells) in the airways (Figures 4b and 4c). The results are shown in 

Figure 4. 

3. Protective effects of a C-class CpG ODN against antigen- and virus-induced 

airway inflammation and hyperreactivty 

25 Methods Mice were sensitized with antigen (cockroach, 10 .tg, intraperitoneal 

with aluminum hydroxide adjuvant) and then challenged twice each week for three 

weeks with intranasal antigen (10 tg in 40 j.il saline). Mice were infected with influenza 
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virus by intranasal instillation before the last pair of antigen challenges. Alternatively, 

separate mice received antigen challenge alone or virus infection alone. 

SEQ ID NO: 10 (100 g/kg) was administered intranasally once each week, two 

days before the first antigen challenge of the week. Airway inflammation (counts of 

cells recovered by bronchoalveolar lavage) and airway hyperreactivity to inhaled 

methacholine (Sigma, St. Louis, MO, USA) were assessed 48 hours after the last antigen 

challenge. Mice were anaesthetized with sodium pentobarbitone (60 mg/kg, 

intraperitoneal) and mechanically ventilated through a tracheal cannula. Cells were 

recovered from the airways by bronchoalveolar lavage performed with 1 ml of RPMI 

10 1640 medium containing 10% fetal bovine serum (both from Invitrogen, Carlsbad, CA, 

USA) instilled through a tracheal cannula. Airway resistance was calculated from 

measurements of pulmonary airflow and intratracheal pressure using respiratory 

mechanics software (Buxco Research Systems, Wilmington, NC, USA). After recording 

baseline airway resistance, increasing concentrations of methacholine aerosol (5 - 100 

is mg/ml for 5 seconds, at 5 minute intervals) were delivered through the tracheal cannula. 

The resulting bronchoconstriction was measured as increase in airway resistance. For 

each animal, the area under the methacholine dose-response curve was calculated. 

Analysis of data: Statistical significance of differences between treatment group 

and untreated control group means were determined using the Mann-Whitney test or 

20 Kruskal-Wallis multiple comparison test (* P<0.05). 

Results: Mice that were both antigen-challenged and virus-infected showed a 

more severe accumulation of leukocytes (including neutrophils and mononuclear cells) 

in the airways than mice that were either antigen challenged alone or virus infected alone 

ID (Figures 5a-5c). 

25 These mice also developed airway hyperreactivity. When dosed into the airways 

once each week for three weeks, the CpG ODN protected mice against the exacerbated 

airways inflammation and the fall in body weight, and almost completely prevented the 

increase in baseline airway resistance and the development of airway hyperreactivity 

(Figures 6a-6c). 


