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(57) ABSTRACT 
The invention provides methods for identifying and treating 
subjects having hepatitis C infections. In some instances, the 
subjects are those that are non-responsive to non-CpG 
therapy. Preferably, the subjects are treated With C class CpG 
irnrnunostirnulatory nucleic acids having a semi-soft back 
bone. 
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Figure 3 
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Figure 7 
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Figure 11 
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METHODS AND PRODUCTS RELATED TO 
TREATMENT AND PREVENTION OF HEPATITIS 

C VIRUS INFECTION 

FIELD OF THE INVENTION 

[0001] The invention provides methods and products for 
the treatment of subjects chronically infected With hepatitis 
C virus. 

BACKGROUND OF THE INVENTION 

[0002] The hepatitis C virus (HCV) is a positive strand 
RNA virus of the Flavivirus family that infects hepatocytes 
of humans and some other primates. First characteriZed in 
1989 (1), HCV has a 9.5 kb genome that encodes for three 
structural proteins: core and tWo envelope glycoproteins (E1 
and E2), as Well as several non-structural (NS) proteins that 
are involved in the viral replication and interaction With the 
host cell 

[0003] HCV is a serious public health concern, causing 
>90% of parenteral non-A, non-B hepatitis From 0.4 to 
1.5% of the World’s population is infected (3, 4), including 
about 300,000 Canadians (Health Canada). Epidemiological 
statistics are dif?cult to compile since the vast majority of 
acute infections are subclinical; hoWever it is estimated that 
50-80% of HCV infected individuals fail to clear the virus, 
and most of these become life-long carriers. About 50% of 
carriers develop chronic hepatitis and 20% of these Will 
develop liver cirrhosis, many of Whom Will subsequently 
develop hepatocellular carcinoma (5-9). Hepatitis C causes 
an estimated 8,000 to 10,000 deaths annually in the United 
States (CDC). 

[0004] In the United States and Canada, there are tWo 
different regimens, Which have been approved as therapy for 
hepatitis C: monotherapy With alpha interferon and combi 
nation therapy With alpha interferon and Ribavirin. Although 
more expensive and associated With more side effects, 
combination therapy consistently yields higher rates of 
sustained response than monotherapy. 

[0005] Several forms of alpha interferon are available 
(alpha-2a, alpha-2b, and consensus interferon (Alfacon)). 
These interferons are typically given subcutaneously three 
times Weekly. Pegylated interferon, i.e., alpha interferon 
modi?ed by addition of polyethylene glycol (PEG) in order 
to increase the duration in the circulation, is another of 
interferon, and it is given only once Weekly. Ribavirin, in 
contrast, is an oral antiviral agent that is given tWice a day 
in 200 mg capsules. 

[0006] Side effects of alpha interferon include: fatigue, 
muscle aches, headaches, nausea and vomiting, skin irrita 
tion at the injection site, loW-grade fever, Weight loss, 
irritability, depression, suicide, mild bone marroW suppres 
sion and hair loss (reversible). For Ribavirin the side effects 
include; anemia fatigue and irritability, itching, skin rash, 
nasal stuf?ness, sinusitis and cough. 

[0007] Treatment With interferon alone or in combination 
With interferon and Ribavirin leads to rapid improvements in 
serum ALT levels in 50-75% of patients and the disappear 
ance of detectable HCV RNA from the serum in 30-50% of 
patients. Long-term improvement in liver disease usually 
occurs only if HCV RNA disappears during therapy and 
stays undetectable for at least 6 months after therapy is 
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completed. Combination treatment results in both a higher 
rate of loss of HCV RNA on treatment and a loWer rate of 
relapse When treatment is complete. HoWever, results 
depend strongly on the genotype of virus, With better results 
being obtained for genotypes 2 and 3 (about 90% With 1 year 
of treatment With pegylated IFN-ot and Ribavirin), but much 
poorer results (about 40% sustained response) for genotype 
1 HCV. The majority of HCV chronic carriers in North 
America noW are of genotype 1. 

[0008] The optimal duration of treatment varies depending 
on Whether interferon monotherapy or combination therapy 
is used, as Well as by HCV genotype. Typically, the duration 
ranges from 6 to 12 months. 

[0009] There is currently no vaccine against HCV, or 
highly effective therapy for chronic infection. Thus there is 
an urgent need for an effective treatment that could be used 
to treat chronic carriers. 

SUMMARY OF THE INVENTION 

[0010] The invention is premised in part on several sur 
prising ?ndings including the observation that CpG immu 
nostimulatory nucleic acids can be used to treat subjects that 
are chronically infected With hepatitis C virus (HCV) and 
that are non-responsive to previously administered non-CpG 
therapies. The invention is further premised in part on the 
observation that a synergistic response can be had in such 
subjects from the combined use of CpG immunostimulatory 
nucleic acids and an anti-viral agent such as IFN-alpha. 

[0011] In one aspect, the invention provides a method of 
treating a subject having an HCV infection that Was not 
successfully treated using a previous non-CpG therapy com 
prising administering to a subject in need of such treatment 
a CpG immunostimulatory nucleic acid in an amount effec 
tive to treat the infection. 

[0012] In one embodiment, the non-CpG therapy includes 
interferon-alpha. In a related embodiment, the interferon 
alpha is interferon-alpha-2b, interferon-alpha-2a or consen 
sus interferon-alpha. In another embodiment, the non-CpG 
therapy includes interferon-alpha and Ribavirin, or inter 
feron-alpha and Ribavirin and emantidine. In some impor 
tant embodiments, the non-CpG therapy includes pegylated 
interferon-alpha and an anti-viral such as Ribavirin. 

[0013] In one embodiment, the CpG immunostimulatory 
nucleic acid is an A class CpG immunostimulatory nucleic 
acid. In another embodiment, the CpG immunostimulatory 
nucleic acid is a B class CpG immunostimulatory nucleic 
acid. 

[0014] In yet a further embodiment, the CpG immuno 
stimulatory nucleic acid is a C class CpG immunostimula 
tory nucleic acid. 

[0015] The method may optionally comprise administra 
tion of an anti-viral such as interferon-alpha to the subject 
along With the CpG immunostimulatory nucleic acid. The 
interferon-alpha may be interferon-alpha-2b, interferon-al 
pha-2a or consensus interferon alpha, but is not so limited. 
In one embodiment, the anti-viral is administered substan 
tially simultaneously With the CpG immunostimulatory 
nucleic acid. 

[0016] In one embodiment, the CpG immunostimulatory 
nucleic acid comprises a backbone modi?cation. In a related 
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embodiment, the backbone modi?cation is a phosphorothio 
ate backbone modi?cation. In some important embodiment, 
the CpG immunostimulatory nucleic acid comprises a semi 
soft backbone. In other important embodiments, the CpG 
immunostimulatory nucleic acid is a C class immunostimu 
latory nucleic acid having a semi-soft backbone. 

[0017] Thus, in another aspect, a method is provided for 
treating a subject having an HCV infection that Was not 
successfully treated using a previous non-CpG therapy com 
prising administering to a subject in need of such treatment 
a C class CpG immunostimulatory nucleic acid having a 
semi-soft backbone in an amount effective to treat the 
infection. 

[0018] In yet another aspect, a method is provided for 
treating a subject having an HCV infection that Was not 
successfully treated using a previous non-CpG therapy com 
prising contacting peripheral blood mononuclear cells from 
a subject in need of such treatment, With a CpG immuno 
stimulatory nucleic acid in an amount effective to stimulate 
an immune response, and re-infusing the cells into the 
subject. 
[0019] In one embodiment, the peripheral blood mono 
nuclear cells comprise dendritic cells. In another embodi 
ment, the dendritic cells comprise plasmacytoid dendritic 
cells. In one embodiment, the CpG immunostimulatory 
nucleic acid is a C class immunostimulatory nucleic acid. In 
a related embodiment, the C class immunostimulatory 
nucleic acid has a semi-soft backbone. 

[0020] In another aspect, the invention provides a method 
of treating a subject having an HCV infection and likely to 
be non-responsive to a non-CpG therapy comprising admin 
istering to a subject in need of such treatment a CpG 
immunostimulatory nucleic acid in an amount effective to 
treat the infection. 

[0021] In one embodiment, the method further comprises 
identifying a subject likely to be non-responsive to a non 
CpG therapy. In one embodiment, the subject is identi?ed as 
likely to be non-responsive based on an assay of interferon 
alpha produced per dendritic cell. In another embodiment, 
the subject is identi?ed as likely to be non-responsive based 
on HCV genotype. 

[0022] In one embodiment, the non-CpG therapy includes 
IFN-alpha. In a related embodiment, the non-CpG therapy 
includes interferon-alpha and Ribavirin. 

[0023] In one embodiment, the method further comprises 
administering to the subject an anti-viral agent. In important 
embodiments, the anti-viral agent is interferon-alpha. The 
interferon-alpha may be interferon-alpha-2b, interferon-al 
pha-2a or consensus interferon alpha, but it is not so limited. 
In one embodiment, the interferon-alpha is administered in 
a sub-therapeutic amount, and optionally the combination of 
the CpG immunostimulatory nucleic acid and the interferon 
alpha is synergistic. 

[0024] In one embodiment, the CpG immunostimulatory 
nucleic acid used to treat the subject is an A class CpG 
immunostimulatory nucleic acid, a B class CpG immuno 
stimulatory nucleic acid, or a C class CpG immunostimu 
latory nucleic acid. 

[0025] In one embodiment, the CpG immunostimulatory 
nucleic acid used to identify Whether a subject is likely to be 
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non-responsive to a non-CpG therapy is an A class CpG 
immunostimulatory nucleic acid, or a C class CpG immu 
nostimulatory nucleic acid. 

[0026] In one embodiment, the anti-viral agent is admin 
istered to the subject substantially simultaneously With the 
CpG immunostimulatory nucleic acid. In other embodi 
ments, the interferon-alpha is administered for a period prior 
to treatment With the CpG immunostimulatory nucleic acid. 

[0027] In certain embodiments, the CpG immunostimula 
tory nucleic acid comprises a backbone modi?cation. In 
related embodiments, the backbone modi?cation is a phos 
phorothioate backbone modi?cation. In some preferred 
embodiments, the CpG immunostimulatory nucleic acid 
comprises a semi-soft backbone, and some even more pre 
ferred embodiments, the CpG immunostimulatory nucleic 
acid is a C class CpG immunostimulatory nucleic acid 
having a semi-soft backbone. 

[0028] In another aspect, a method is provided for treating 
a subject having an HCV infection and likely to be non 
responsive to a non-CpG therapy comprising administering 
to a subject in need of such treatment a C class CpG 
immunostimulatory nucleic acid having a semi-soft back 
bone in an amount effective to treat the infection. 

[0029] In yet another aspect, the invention provides a 
method for screening CpG immunostimulatory nucleic acids 
useful in the treatment of chronic hepatitis C viral infection. 
The method involves contacting peripheral blood mono 
nuclear cells from a subject having a chronic hepatitis C 
viral infection, to a CpG immunostimulatory nucleic acid, 
and measuring a test response of the blood mononuclear 
cells after exposure. The subject from Which the peripheral 
blood mononuclear cells Wherein the subject Was not suc 
cessfully treated using a previous therapy. 

[0030] In one embodiment, the test response is selected 
from the group consisting of B cell stimulation, secretion of 
IL-6, secretion of IL-10, secretion of IL-12, secretion of 
interferon-gamma, secretion of type 1 interferons (alpha+ 
beta), secretion of IP-lO, NK activity, expression of CD80, 
expression of CD 86, expression of CD83, and upregulation 
of class II MHC expression. 

[0031] In another embodiment, the peripheral blood 
mononuclear cells comprise dendritic cells. In a related 
embodiment, the dendritic cells comprise plasmacytoid den 
dritic cells. In still another embodiment, the cells are den 
dritic cells and the test response is selected from the group 
consisting of secretion of IL-12, secretion of type 1 inter 
ferons, expression of CD80, expression of CD 86, expres 
sion of CD83, and upregulation of class II MHC expression. 

[0032] In one embodiment, the contacting occurs in vitro. 
In another embodiment, the peripheral blood mononuclear 
cells are cultured. In yet another embodiment, the CpG 
immunostimulatory nucleic acid is added to the cultured 
peripheral blood mononuclear cells. 

[0033] In one embodiment, the previous therapy is a 
non-CpG therapy. In another embodiment, the non-CpG 
therapy comprises interferon-alpha. In another embodiment, 
the non-CpG therapy further comprises Ribavirin. In other 
embodiments, the interferon-alpha is pegylated interferon 
alpha. In one embodiment, the previous therapy is therapy 
With a CpG nucleic acid of a different sequence or class. 
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[0034] In other embodiments, the method further com 
prises screening the CpG immunostimulatory nucleic acid 
for the ability to stimulate a control response from peripheral 
blood mononuclear cells from a normal subject. 

[0035] The method may further comprise contacting 
peripheral blood mononuclear cells to interferon-alpha sub 
stantially simultaneously With the CpG immunostimulatory 
nucleic acid. 

[0036] In one embodiment, the CpG immunostimulatory 
nucleic acid comprises a backbone modi?cation. In a related 
embodiment, the backbone modi?cation is a phosphorothio 
ate backbone modi?cation. In important embodiments, the 
CpG immunostimulatory nucleic acid comprises a semi-soft 
backbone. The CpG immunostimulatory nucleic acid may 
be an A class CpG immunostimulatory nucleic acid, a B 
class CpG immunostimulatory nucleic acid, or a C class 
CpG immunostimulatory nucleic acid. In some embodi 
ments, the CpG immunostimulatory nucleic acid is a C class 
immunostimulatory nucleic acid, and in other embodiments, 
the CpG immunostimulatory nucleic acid is a C class 
immunostimulatory nucleic acid With a semi-soft backbone. 

[0037] In another aspect, the invention provides a method 
for identifying a subject having an HCV infection and likely 
to be non-responsive to a non-CpG therapy. The method 
involves exposing peripheral blood mononuclear cells har 
vested from a subject having a hepatitis C viral infection to 
a CpG immunostimulatory nucleic acid, measuring inter 
feron-alpha produced from the cells, and determining an 
amount of interferon-alpha produced per dendritic cell, 
Wherein an amount that is beloW 1.0 pg/ml is indicative of 
a subject that is likely to be non-responsive to a non-CpG 
therapy. In one embodiment, an amount that is beloW 0.5 
pg/ml is indicative of a subject that is likely to be non 
responsive to a non-CpG therapy. 

[0038] In one embodiment, the non-CpG therapy com 
prises interferon-alpha. In another embodiment, the non 
CpG therapy comprises Ribavirin. In another embodiment, 
the IFN-alpha is pegylated IFN-alpha. 

[0039] In some important embodiments, the CpG immu 
nostimulatory nucleic acid is an A class or a C class CpG 
immunostimulatory nucleic acid. 

[0040] In still other embodiments, the peripheral blood 
mononuclear cells are further eXposed to an anti-viral agent 
together With a CpG immunostimulatory nucleic acid. The 
anti-viral agent may be interferon-alpha, but it is not so 
limited. In one embodiment, the interferon-alpha is inter 
feron-alpha-2b, interferon-alpha-2a or consensus interferon 
alpha. 

[0041] In one embodiment, the peripheral blood mono 
nuclear cells comprise dendritic cells. In another embodi 
ment, the dendritic cells comprise plasmacytoid dendritic 
cells. 

[0042] In another embodiment, the hepatitis C viral infec 
tion is an acute hepatitis C viral infection. 

[0043] In another embodiment, the method further com 
prises determining a genotype of the HCV. 

[0044] In still a further aspect, a method is provided for 
identifying a subject having an HCV infection and likely to 
be non-responsive to a non-CpG therapy comprising eXpos 
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ing peripheral blood mononuclear cells harvested from a 
subject having a hepatitis C viral infection to an A class or 
a C class CpG immunostimulatory nucleic acid, measuring 
interferon-alpha produced from the cells, and determining 
an amount of interferon-alpha produced per dendritic cell, 
Wherein an amount that is beloW 1.0 pg/ml is indicative of 
a subject that is likely to be non-responsive to a non-CpG 
therapy. 
[0045] In yet another aspect, the invention provides a 
method of treating a subject having a hepatitis C viral 
infection comprising administering to a subject, identi?ed 
according to the method described above, a CpG immuno 
stimulatory nucleic acid molecule in an amount effective to 
treat the infection. 

[0046] In one embodiment, the method further comprises 
administering to the subject interferon-alpha. In one 
embodiment, the interferon-alpha is interferon-alpha-2b, 
interferon-alpha-2a or consensus interferon-alpha. 

[0047] In one embodiment, the CpG immunostimulatory 
nucleic acid used to treat the subject is an A class CpG 
immunostimulatory nucleic acid, a B class CpG immuno 
stimulatory nucleic acid, or a C class CpG immunostimu 
latory nucleic acid. 

[0048] In another embodiment, the CpG immunostimula 
tory nucleic acid comprises a backbone modi?cation. In a 
related embodiment, the backbone modi?cation is a phos 
phorothioate backbone modi?cation. In yet another embodi 
ment, the CpG immunostimulatory nucleic acid comprises a 
semi-soft backbone. 

[0049] In one embodiment, the hepatitis C viral infection 
is a chronic hepatitis C viral infection. In another embodi 
ment, the hepatitis C viral infection is an acute hepatitis C 
viral infection. 

[0050] Each of the limitations of the invention can encom 
pass various embodiments, of the invention. It is, therefore, 
anticipated that each of the limitations of the invention 
involving any one element or combinations of elements can 
be included in each aspect of the invention. 

[0051] These and other aspects of the invention are 
described in greater detail beloW. 

BRIEF DESCRIPTION OF THE FIGURES 

[0052] FIG. 1 shoWs the induction of IFN-ot secretion 
from HCV-infected and normal PBMCs folloWing stimula 
tion With 3 classes of CpG. PBMCs from normal or HCV 
infected subjects Were incubated With different classes of 
CpG for 48 h. Cell supernatants Were collected and assayed 
for IFN-ot secretion by commercial ELISA kits. The average 
IFN-ot secretion for 10 normal subjects and 10 HCV-in 
fected subjects are shoWn by the black bars. 

[0053] FIG. 2 shoWs the How cytometric analysis of 
freshly isolated PBMCs from chronic HCV carriers and 
normal subjects. PBMCs Were isolated from the blood of 
HCV infected subjects and from normal healthy donors and 
immunostained With ?uorescent-tagged anti-plasmacytoid 
dendritic cell (pDC) antibodies. Cells Were analyZed on a 
How cytometer and results Were compared to IFN-ot secre 
tion data on these same subjects When stimulated With CpG. 

[0054] FIG. 3 shoWs the IFN-ot induction by stimulation 
of PBMCs With C-class and soft-C oligonucleotides. 
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PBMCs from normal or HCV-infected subjects Were incu 
bated With different classes of CpG for 48 h. Cell superna 
tants Were collected and assayed for IFN-ot secretion by 
commercial ELISA kits. The average IFN-ot secretion for 10 
normal subjects and 10 HCV-infected subjects are shoWn by 
the black bars. 

[0055] FIG. 4 shoWs the IFN-ot induction following 
stimulation With a panel of semi-soft C-class CpG. PBMCs 
isolated from 5 HCV-infected subjects Were incubated With 
a panel of semi-soft C-class oligonucleotides for 48 h. Cell 
supernatants Were collected and assayed for IFN-ot secretion 
by commercial ELISA kits. The average IFN-ot secretion for 
5 HCV-infected subjects are shoWn by the black bars. 

[0056] FIG. 5 shoWs the IFN-y secretion folloWing stimu 
lation With three classes of CpG. PBMCs from normal or 
HCV-infected subjects Were incubated With different classes 
of CpG for 48 h. Cell supernatants Were collected and 
assayed for IFN-y secretion by commercial ELISA kits. The 
average IFN-y secretion for 10 normal subjects and 10 
HCV-infected subjects are shoWn by the black bars. 

[0057] FIG. 6 shoWs the IFN-y induction folloWing stimu 
lation With a panel of semi-soft C-class CpG. PBMCs 
isolated from 5 HCV-infected subjects Were incubated With 
a panel of semi-soft C-class oligonucleotides for 48 h. Cell 
supernatants Were collected and assayed for IFN-y secretion 
by commercial ELISA kits. The average IFN-y secretion for 
5 HCV subjects are shoWn by the black bars. 

[0058] FIG. 7 shoWs the IP-10 secretion folloWing stimu 
lation With three classes of CpG. PBMCs from normal or 
HCV-infected subjects Were incubated With different classes 
of CpG for 48 h. Cell supernatants Were collected and 
assayed for IP-10 secretion by commercial ELISA kits. The 
average IP-10 secretion for 10 normal subjects and 10 
HCV-infected subjects are shoWn by the black bars. 

[0059] FIG. 8 shoWs the effect of CpG on B cell prolif 
eration. PBMCs from HCV-infected or normal donors Were 
incubated With class A, B or C CpG for 5 days. Cells Were 
then pulsed With 3H-thymidine for 16 to 18 hours before 
measuring radioactivity. Values are represented as stimula 
tion indices in comparison With media control (SI=cpm 
incubated With CpG/cpm of cells incubated With media 

alone). 
[0060] FIG. 9 shoWs the effect of semi-soft C-class CpG 
on B cell proliferation. PBMCs from 5 HCV-infected sub 
jects Were incubated With A, B, C and semi-soft-C class CpG 
for 5 days. Cells Were then pulsed With 3H-thymidine for 16 
to 18 hours before measuring radioactivity. Values are 
represented as stimulation indices in comparison With media 
control (SI=cpm incubated With CpG/cpm of cells incubated 
With media alone). 

[0061] FIG. 10 shoWs the IL-10 secretion folloWing 
stimulation With three classes of CpG. PBMCs from normal 
or HCV-infected subjects Were incubated With different 
classes of CpG for 48 h. Cell supernatants Were collected 
and assayed for IL-10 secretion by commercial ELISA kits. 
The average IL-10 secretion for 10 normal subjects and 10 
HCV-infected subjects are shoWn by the black bars. 

[0062] FIG. 11 shoWs IFN-ot secretion folloWing stimu 
lation of HCV-infected cells With Ribavirin and CpG alone 
or in combination With Intron A. PBMCs from 10 HCV 
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infected subjects and 10 normal healthy donors Were incu 
bated With Intron A, Ribavirin or C-class CpG alone and also 
With and Without Intron A (a puri?ed eXogenous source of 
IFN-ot) for 48 hours. Cell supernatants Were collected and 
assayed for IFN-ot secretion by commercial ELISA kits. The 
amount of IFN-ot measured for Intron A alone for each 
subject, Was considered background and Was subtracted 
from Intron A, Ribavirin+Intron A and C-Class+Intron A for 
these same subjects before the data Was included in the 
graph. Mean values for normal and HCV subjects are 
indicated by black and White bars respectively. 

[0063] FIG. 12. Synergistic effect of CpG combined With 
Intron A on IFN-otsecretion by HCV-infected cells. PBMCs 
from 15 HCV-infected subjects Were incubated With C-class 
CpG alone or together With Intron A (a puri?ed eXogenous 
source of IFN-ot) for 48 hours. Cell supernatants Were 
collected and assayed for IFN-ot secretion by commercial 
ELISA kits. The amount of IFN-ot measured for Intron A 
alone for each subject, Was subtracted from CpG+Intron A 
for these same subjects before the data Was included in the 
graph. 
[0064] It is to be understood that the ?gures are not 
required for enablement of the claimed invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0065] It has been discovered according to the invention, 
that CpG oligonucleotides can activate PBMCs from 
patients chronically infected With HCV, including those Who 
have failed previous interferon-alpha (IFN-ot) therapy, in a 
manner similar to PBMCs from healthy subjects. 

[0066] It Was discovered that endogenous IFN-ot secretion 
Was strongly induced from plasmacytoid dendritic cells 
(PDC), Which are thought to be infected by HCV resulting 
in their dysfunction and reduced ability to respond to other 
stimuli. In some instances, the A and C CpG classes, Which 
induce high levels of IFN-ot in PBMCs from healthy vol 
unteers, Were found to induce the highest levels of IFN-ot 
from pDCs. It Was further discovered that the semi-soft C 
class CpG ODN are also particularly useful for this effect. 
These ODN may be preferred in some embodiments since 
they Will not accumulate in the kidney With repeat dosing. 

[0067] It has been further discovered according to the 
invention that neither eXogenous IFN-ot (Intron A) nor 
Ribavirin have any detectable direct immune stimulatory 
effects on PBMCs from normal subjects or HCV chronic 
carriers, When used alone or together. HoWever, When Intron 
A and CpG ODN (e.g., B or C classes) are used together, 
then a strong synergy for production of endogenous IFN-ot 
is observed. 

[0068] These results indicate that CpG ODN are an effec 
tive treatment alone, or together With IFN-ot, to treat chronic 
HCV infection. The invention provides methods and prod 
ucts for preventing and treating HCV infection, based on 
these ?ndings. 

[0069] Chronic infection appears to be due, at least in part, 
to the rapid mutation rate of HCV, resulting in the production 
of quasi-species that can escape immune surveillance (10, 
11). Both humoral and cell-mediated immune (CMI) 
responses can be detected in chronically infected individu 
als. While neutraliZing antibodies are critical to protection 
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from infection, cell-mediated immunity (CMI) appears to 
play the major role in viral clearance once infection is 
established. 

[0070] In one aspect, the invention provides a method of 
treating a subject infected With hepatitis C virus (HCV) Who 
is not successfully treated With a previous non-CpG therapy. 
The method comprises administering to a non-responsive 
subject in need of such treatment a CpG immunostimulatory 
nucleic acid in an amount effective to inhibit the infection. 

[0071] A non-CpG therapy, as used herein, is a therapy 
that uses active or inactive compounds that are not CpG 
immunostimulatory nucleic acids. In various embodiments, 
the non-CpG therapy includes interferon-alpha. Pegylated 
IFN-alpha is commonly administered to HCV subjects (e.g., 
human HCV patients), preferably in combination With Rib 
avirin and optionally amantadine. The interferon-alpha can 
be interferon-alpha-2b, interferon-alpha-2a or consensus 
interferon-alpha. All of the foregoing interferon-alpha treat 
ments are included in the de?nition of non-CpG therapy. 

[0072] A subject Who is not successfully treated With a 
previous non-CpG therapy is a subject Who notWithstanding 
prior treatment still has detectable viral load in their blood 
stream 6 months after the cessation of therapy. These 
subjects include those that may respond to a previous 
non-CpG therapy, but Who fail to control the infection and 
subsequently relapse as indicated by detectable viral load. 
As used herein and for the sake of simplicity, these subjects 
are referred to as “non-responders”, hoWever this term is to 
be understood as de?ned herein, and not as de?ned in a 
clinical setting. In other Words, although in a clinical setting 
a “non-responder” de?nes only that narroW subset of sub 
jects that fail to shoW any response to a treatment, the 
invention is directed to a broader category of subjects that 
While perhaps responding at some level to a previous 
treatment, are still not successfully treated. A subject that is 
successfully treated is one that has no detectable viral load 
in its bloodstream 6 months after the cessation of treatment. 
Successful treatment means treatment that leads to an unde 
tectable level of viral load in the bloodstream that is sus 
tained for at least 6 months after cessation of treatment. It is 
to be understood that a non-responder, as used herein, 
implicitly is also chronically infected With HCV. 

[0073] As used herein, When referring to treatment using 
CpG nucleic acids, the methods are used to achieve a 
successful treatment of subjects. Successful treatment of 
subjects using CpG treatment is de?ned as a reduction of 
viral load to undetectable levels in the bloodstream 6 months 
after the cessation of therapy. Interestingly, viral loads may 
not be observed to decrease during or immediately after 
CpG treatment, but rather may only decrease With time after 
treatment, With the ultimate result that there is no detectable 
virus in the bloodstream of these subjects 6 months folloW 
ing the cessation of treatment. To treat an infection therefore 
means to reduce viral load to an undetectable level in the 
bloodstream of a subject and to sustain that level for 6 
months folloWing the cessation of treatment. Effective 
amounts of agents are therefore administered to achieve this 
end result. 

[0074] In some embodiments, the potential non-respond 
ers may be identi?ed prospectively (i.e., prior to actual in 
vivo treatment With a non-CpG therapy), and the invention 
provides methods not only for the identi?cation of such 
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subjects but also for their treatment. Potential non-respond 
ers may be identi?ed by assessing their ability to respond to 
CpG immunostimulatory nucleic acids, particularly A class 
and C class. The ability to respond to CpG immunostimu 
latory nucleic acids Will be assessed by the amount of 
interferon-alpha that is produced per pDC in HCV infected 
subjects. It Was discovered, according to the invention, that 
HCV infected subjects that Would be unlikely to respond to 
non-CpG therapy such as IFN-alpha therapy could be iden 
ti?ed prior to receiving such treatment. The ability to 
identify such subjects prior to in vivo therapy eliminates 
unnecessary treatment and places the subjects in a therapeu 
tically advantageous position for treatment With the CpG 
immunostimulatory nucleic acids of the invention either 
alone or in combination With other anti-HCV therapies 
including but not limited to IFN-alpha. These subjects Would 
suffer from less cytotoXicity and the time period for viral 
groWth Would be reduced by not undergoing a treatment that 
Will be unsuccessful. Subjects having beloW a reasonable 
level of IFN-alpha induction per pDC are likely not to be 
successfully treated With IFN-alpha and thus should be 
treated using the methods provided herein. Measurement of 
IFN-alpha induction and pDC numbers are described in 
more detail in the Examples. 

[0075] It is to be understood that an HCV infected subject 
that is successfully treated With any of the therapeutic agents 
and methods discussed herein Will probably still have virus 
in their body. HoWever, While the subject is not able to 
completely eradicate the virus, it is able to control viral load 
(to undetectable levels). Although not intending to be bound 
by any particular theory, it is eXpected that the maintenance 
of undetectable viral loads in such subjects involve an 
immune system that is able to control viral replication and 
spread. 

[0076] One of ordinary skill given the teachings provided 
herein Will be able to determine Whether a subject is likely 
to be a “non-responder” to IFN-alpha therapy. As an 
eXample, if the IFN-alpha induction Were performed With an 
Aclass nucleic acid such as nucleic acid designated SEQ ID 
NO 1, under the culture conditions described in the 
Examples, then a normal response indicative of the ability to 
respond to IFN-alpha therapy Would be at least 1 pg/ml per 
pDC. An amount less than this is indicative of some pDC 
dysfunction. Amounts that are less than 0.5 pg/ml per pDC 
correlate With a higher probability of non-response to IFN 
alpha treatment. One of ordinary skill Will be able to 
determine such cutoffs for the particular type of nucleic acid 
used in the assay, and Will therefore be capable of identify 
ing subjects eXpected not to be successfully treated With 
IFN-alpha therapy (at least) prior to actually treating such 
subjects in that manner. 

[0077] In still other embodiments, the method of identi 
fying a subject Who is likely to be a non-responder to 
non-CpG therapy (e.g., IFN-alpha therapy) may further 
include identi?cation of the genotype of HCV he/she is 
infected With. It is more likely that a subject infected With a 
genotype 1 HCV Will not be successfully treated With 
IFN-alpha therapy, for eXample. Therefore, in addition to 
assessing the production of IFN-alpha per DC in such 
subjects, their HCV genotype can also be determined (using 
methods knoWn in the art), and this combination of infor 
mation can be used to identify a subject that is likely to be 
non-responsive to IFN-alpha therapy. 
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[0078] It is to be further understood that in some aspects, 
the invention provides a method for identifying a subject 
that is unlikely to be successfully treated using a non-CpG 
therapy (Without actually treating the subject With a non 
CpG therapy) and then treating the subject using either CpG 
immunostimulatory nucleic acids alone or in combination 
With an anti-viral agent such as but not limited to IFN-alpha. 

[0079] The above methods can also be used to screen 
subjects for their response to particular CpG immunostimu 
latory nucleic acids. 

[0080] In still other embodiments, the methods may 
involve the additional step of identifying subjects having 
received previous non-CpG therapy but not successfully 
treated. Those of ordinary skill, given the teachings provided 
herein, Will be able to identify such subjects. As an example, 
such subjects Would have detectable viral loads in their 
bloodstream 6 months after the cessation of treatment. In 
some embodiments, these subjects may also demonstrate a 
reduction in viral load immediately folloWing treatment, but 
this reduction is not sustained. 

[0081] The invention intends to treat subjects not success 
fully treated With a previous non-CpG therapy using, inter 
alia, CpG immunostimulatory nucleic acids alone or in 
combination With other active agents such as those previ 
ously described for HCV infection. As broadly de?ned, CpG 
immunostimulatory nucleic acids are nucleic acids having at 
least one CpG dinucleotide motif in Which at least the C of 
the dinucleotide is unmethylated. CpG immunostimulatory 
nucleic acids include but are not limited to A class, B class 
and C class CpG immunostimulatory nucleic acids, as 
described more fully herein and in the patent and patent 
applications cited herein and incorporated by reference. 
These classes of CpG immunostimulatory nucleic acid have 
differing properties and activation pro?les. 

[0082] In important embodiments, the CpG immuno 
stimulatory nucleic acid is a C class immunostimulatory 
nucleic acid. It Was surprisingly found, according to the 
invention, that C class immunostimulatory nucleic acids 
Were preferred in some embodiments, even though these 
nucleic acids possessed properties intermediate to those of A 
class and B class. The Examples provided herein demon 
strate that, even though pDC of chronically infected subjects 
not successfully treated With a previous non-CpG therapy 
are themselves infected With HCV and thereby dysfunc 
tional in some aspects, exposure of such cells to CpG 
immunostimulatory nucleic acids, and in particular C class 
immunostimulatory nucleic acids, restores their function. In 
some embodiments, it is also preferred that the C class 
immunostimulatory nucleic acids be either of a “soft” or 
“semi-soft” variety, as described in greater detail herein. In 
some preferred embodiments, the CpG immunostimulatory 
is a semi-soft C class nucleic acid. 

[0083] In other aspects, the CpG immunostimulatory 
nucleic acids are used in combination With active agents 
Which preferably include those previously described for 
HCV treatment. Of particular importance is the use of CpG 
immunostimulatory nucleic acids With interferon-0t (e.g., 
Intron A). The interferons that can be used in combination 
With the CpG immunostimulatory nucleic acids of the inven 
tion include but are not limited to interferon-alpha-2b, 
interferon-alpha-2a or consensus interferon alpha. Other 
anti-virals are described herein. Any of the CpG classes can 
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be used in these combinations. As an example, it Was 
unexpectedly found, according to the invention, that 
although exogenously administered interferon-0t fails to 
treat these subjects successfully, When combined With CpG 
immunostimulatory nucleic acids it is therapeutically ef? 
cacious. In some embodiments, the CpG immunostimula 
tory nucleic acid is a C class immunostimulatory nucleic 
acid. In come preferred embodiments, it is a semi-soft C 
class nucleic acid. 

[0084] The timing of administration of the CpG nucleic 
acid and anti-viral agent (e.g., interferon-alpha) may vary 
depending upon the subject and the severity of infection. 
The CpG nucleic acid may be administered substantially 
simultaneously With the CpG immunostimulatory nucleic 
acid. This means that the tWo agents may be combined prior 
to administration, or may be combined in the process of 
administration (e.g., With both feeding into an intravenous 
line in a subject), or they may be administered separately but 
Within a period of time that it Would take someone to 
perform tWo administrations (e.g., the time to inject a subject 
tWice). Regardless of Whether the agents are administered 
substantially simultaneously or in staggered fashion, the 
order may vary. Accordingly, in some embodiments, the 
CpG immunostimulatory nucleic acid may be administered 
prior to an anti-viral agent such as IFN-alpha While in others 
it may be administered folloWing the anti-viral agent. 

[0085] When CpG nucleic acids are used together With 
other anti-virals (e.g., IFN-alpha), these compounds may be 
administered in a combined amount that is therapeutically 
ef?cacious. The amount of either compound may therefore 
be sub-therapeutic or supra-therapeutic (i.e., beloW or above 
the amount that Would be therapeutically ef?cacious When 
administered alone). Alternatively, the compounds each may 
be administered in a therapeutic amount, but the combina 
tion of those agents creates a therapeutic bene?t such as a 
reduction of side effects. In preferred embodiments, if the 
anti-viral is IFN-alpha, it is administered in a therapeutic 
amount. Regardless of the actual amounts administered, the 
combination of agents may be synergistic. A synergistic 
response is one that is greater than the additive response 
expected by the combination of the agents. 

[0086] In still other aspects and in keeping With the 
description provided above, the invention provides methods 
for screening CpG nucleic acids for the ability to stimulate 
immune cells isolated from a subject chronically infected 
With HCV and not successfully treated With a non-CpG 
therapy or likely to be non-responders to non-CpG therapy. 
These screening methods are generally performed in vitro by 
contacting peripheral blood mononuclear cells (PBMCs) 
With a CpG immunostimulatory nucleic acid in an effective 
amount suf?cient to stimulate an immune response. The 
immune response can be measured by any number of 
markers, including IFN-alpha production, B cell stimulation, 
secretion of cytokines such as IL-6, IL-10, IL-12, interferon 
gamma, type 1 interferons (alpha+beta), chemokine secre 
tion such as IP-lO, NK activity, expression of costimulatory 
molecules (e.g., CD80, CD 86) and maturation molecules 
(e.g., CD83) and upregulation of class II MHC expression. 

[0087] In some important embodiments, the immune cells 
are dendritic cells, and preferably plasmacytoid dendritic 
cells (pDCs) and the immune response markers are speci?c 
to this cell type. These include but are not limited to 
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expression of costimulatory molecules (e.g., CD80 and 
CD86) expression of maturation molecules (e.g., CD83), 
expression and/or secretion of IL-12 and type 1 interferons 
(alpha+beta), and upregulation of class II MHC expression. 
It is to be understood that these in vitro assays are not 
dependent upon isolation of dendritic cells such as pDCs 
from the remainder of PBMCs. Rather the assays can be 
carried out in homogeneous populations of PBMCs. 

[0088] In still another aspect, the invention provides a 
method for identifying a subject having a chronic hepatitis 
C viral infection to be treated With a CpG immunostimula 
tory nucleic acid. The method involves exposing peripheral 
blood mononuclear cells harvested from a subject having a 
chronic hepatitis C viral infection to i) a CpG immunostimu 
latory nucleic acid, and ii) a CpG immunostimulatory 
nucleic acid and an anti-viral (e.g., interferon-alpha), and 
measuring response of the peripheral blood mononuclear 
cells after exposure. A response to a CpG immunostimula 
tory nucleic acid is indicative of a subject to be treated With 
a CpG immunostimulatory nucleic acid either folloWing or 
in place of a non-CpG therapy (as described above, but only 
after identifying a subject that is unlikely to respond to a 
non-CpG therapy). Aresponse to a CpG immunostimulatory 
nucleic acid together With an anti-viral agent (e.g., inter 
feron-alpha) that is greater than the response to CpG immu 
nostimulatory nucleic acid alone is indicative of a subject to 
be treated With the combination. As described herein, the 
anti-viral agent can be an interferon-alpha including but not 
limited to interferon-alpha-Zb, interferon-alpha-2a or con 
sensus interferon-alpha. Preferably, the peripheral blood 
mononuclear cells comprise dendritic cells such as plasma 
cytoid dendritic cells. The invention further includes treat 
ment of subjects identi?ed as just described using either 
CpG immunostimulatory nucleic acids alone or in combi 
nation With an anti-viral agent (e.g., IFN-alpha), depending 
upon the outcome of the screening assay. Clinical strategies 
comprise local and systemic in vivo administration of such 
nucleic acids, as Well as ex vivo strategies in Which pDCs 
isolated from non-responsive HCV infected subjects are 
activated in vitro With immunostimulatory nucleic acids and 
then reinfused into the patient locally or systemically. These 
therapeutic strategies may include the combination With 
other groWth factors (IL-3, GM-CSF, ?t3-ligand, etc.) as 
Well as With other stimuli (superantigens, viral products). 
Since natural IFN-ot is a family of more than a doZen 
separate gene products, the individual products of Which 
have unique activity pro?les, the clinical use of natural 
interferon may be preferable compared to recombinant 
IFN-ot derived from a single recombinant IFN-ot gene. 

[0089] The invention further provides a method activating 
pDCs from an Hepatitis C infected subject. The method 
involves isolating pDCs from the subject in need of such 
treatment, culturing the isolated pDCs in vitro, contacting 
the pDCs in vitro With an effective amount of an isolated 
immunostimulatory nucleic acid, and returning the con 
tacted cells to the subject. The cells can also be contacted in 
vitro With a groWth factor or With a cytokine. The immu 
nostimulatory nucleic acids and conditions calling for treat 
ment With IFN-ot according to this aspect of the invention 
are as described above. 

[0090] IFN-alpha itself represents a family of more than a 
doZen related, homologous proteins (isoforms, see Table 1 
beloW), each encoded by a unique gene and each exhibiting 
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a unique activity pro?le. The activities of the different 
alpha-interferon species on viruses can vary as much as 
tWenty-fold or more. IFN-alpha products in clinical use are 
recombinant proteins or highly puri?ed natural proteins of a 
single isoform. In the United States IFN-ot is available as 
recombinant human IFN-otZa (ROFERON-A), recombinant 
human IFN-otZb (INTRON A), and as puri?ed natural 
IFN-otn3 (ALFERON N). Outside the United States, IFN-ot 
is also available as puri?ed natural IFN-otnl (WELLF 
ERON). 

TABLE 1 

Family of Human IFN-OL 

[0091] Some of the methods of the invention require 
measurement of immune responses including detecting the 
presence of IFN-ot. Assays for IFN-ot are Well knoWn in the 
art. These include direct tests, e.g., enzyme-linked immun 
osorbent assay (ELISA) speci?c for at least one IFN-ot, and 
indirect tests, e.g., functional tests including NK cell acti 
vation/cytotoxicity (Trinchieri G Adv Immunol 47:187-376 
(1989) and phenotyping by ?uorescence-activated cell sort 
ing (FACS) analysis for class I MHC. Additional speci?c 
assay methods Well knoWn in the art can be particularly 
useful in settings Where local concentration or local presence 
of IFN-ot is of interest. These methods include, for example, 
immunohistochemistry, nucleic acid hybridiZation (e.g., 
Northern blotting), Western blotting, reverse transcriptase/ 
polymerase chain reaction (RT/PCR), and in situ RT/PCR. 
Intracellular IFN-ot can also be detected using ?oW cytom 
etry. 

[0092] The invention in some aspects involves measuring 
pDC activation. pDC activation can be assayed in a number 
of Ways. These include IFN-ot production, expression of 
costimulatory molecules (e.g., CD80 and CD86), expression 
of maturation molecules (e.g., CD83), expression of IL-12, 
and upregulation of class II MHC expression. Unlike admin 
istration of exogenous IFN-ot, activation of pDC leads to the 
production of various if not all the forms of IFN-ot, as Well 
as other type I IFN such as IFN-B. In some embodiments, 
therefore, the pDC are activated as measured by their ability 
to produce type I interferons including IFN-ot. 

[0093] The invention provides various methods that 
involve immunostimulatory nucleic acids. An immuno 
stimulatory nucleic acid is a nucleic acid molecule Which, 
upon contacting cells of the immune system, is itself capable 
of inducing contacted cells of the immune system to prolif 
erate and/or to become activated. The contacting can be 
direct or indirect, e.g., the immunostimulatory nucleic acid 
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may directly stimulate a ?rst type of immune cell to express 
a product Which may in turn stimulate a second type of 
immune cell Which has not been exposed to, or is not 
responsive to, the immunostimulatory nucleic acid. The 
immunostimulatory effect of the immunostimulatory nucleic 
acid is separate from any product that might happen to be 
encoded by the sequence of the immunostimulatory nucleic 
acid. Similarly, the immunostimulatory effect of an immu 
nostimulatory nucleic acid is distinct from and does not rely 
upon any antisense mechanism. 

[0094] Only certain nucleic acids are immunostimulatory 
nucleic acids. Originally it Was believed that certain palin 
dromic sequences Were immunostimulatory. Tokunaga T et 
al. Microbiol Immunol 36:55-66 (1992); Yamamoto T et al. 
Antisense Res Dev 4:119-22 (1994). Further Work demon 
strated that non-palindromic sequences are also immuno 
stimulatory provided they contained CpG dinucleotides 
Within particular sequence conteXts (CpG motifs). KriegAM 
et al. Nature 374:546-9 (1995). 

[0095] The immunostimulatory nucleic acids can be 
single-stranded or double-stranded. Generally, double 
stranded nucleic acid molecules are more stable in vivo, 
While single-stranded nucleic acid molecules have increased 
immune activity. Thus in some aspects of the invention it is 
preferred that the immunostimulatory nucleic acid be single 
stranded and in other aspects it is preferred that the immu 
nostimulatory nucleic acid be double-stranded. 

[0096] The methods and products provided in accordance 
With the invention relate to the use of CpG oligonucleotides. 
CpG ODN trigger most (>95%) B-cells to proliferate, 
secrete immunoglobulin (Ig), IL-6 and IL-12, and to be 
protected from apoptosis. In addition, CpG ODN cause DC 
maturation and also directly activate DCs, monocytes, and 
macrophages to secrete IFN-ot/B, IL-6, IL-12, GM-CSF, 
chemokines and TNF-ot. These cytokines stimulate natural 
killer (NK) cells to secrete IFN-y and have increased lytic 
activity. Overall, CpG induces a strong Th1-like pattern of 
cytokine production dominated by IL-12 and IFN-y With 
little secretion of Th2 cytokines. 

[0097] In addition to induction of innate immune 
responses, CpG DNA also augments antigen-speci?c 
responses due to a strong synergy betWeen the B-cell 
signalling pathWays triggered through the B-cell antigen 
receptor and by CpG, (ii) Th1-like cytokines that replace or 
augment antigen-speci?c T-help augmenting both B- and 
T-cell antigen-speci?c responses and (iii) up-regulation of 
co-stimulatory molecules that are required for cellular 
responses. 

[0098] CpG ODN has been shoWn to be a potent adjuvant 
to HBsAg in BALB/c mice With clear Th1-like responses 
(predominantly IgG2a antibodies and strong CTL) (49). 
CpG ODN Was found to be superior to other Th1 adjuvants 
such as monophosphoryl lipid A (MPL, CoriXa) or even 
complete Freund’s adjuvant (CFA) Which is too toXic for 
human use. Similar results have been reported using CpG 
ODN With a variety of other antigens (47, 50-53). CpG ODN 
have also been reported to redirect a Th2 response previ 
ously established by immuniZation With a Th2 antigen (i.e., 
Schistosomiasis surface antigen) (54) or a Th2 adjuvant (i.e., 
alum). 
[0099] There are at least three basic classes of CpG ODNs 
found to be effective at stimulating healthy human PBMCs 
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(Table 1). These have differential effects that are likely 
associated With the different modes of by Which CpG ODNs 
can stimulate immune cells. 

[0100] The B class of CpG ODN are synthesiZed With 
nuclease resistant phosphorothioate backbones and are gen 
erally characteriZed by good B-cell and DC activation, 
leading to the production of IL-12 and antibody, but only 
limited NK cell activation. This class of ODN functions Well 
as a vaccine adjuvant, as has already been demonstrated in 
a phase I/II clinical trial testing CpG (a member of this class) 
(SEQ ID NO.: 2) as an adjuvant to a commercial hepatitis B 
vaccine (60). 

[0101] The A class of CpG ODNs are synthesiZed With a 
chimeric backbone Where the 5‘ and 3‘ ends are phospho 
rothioate and the central CpG motif region is phosphodi 
ester. These ODNs are characteriZed by good NK cell and 
DC activation leading to greater production of IFN-ot but 
limited B-cell activation. 

[0102] The C class of CpG ODN are synthesiZed With a 
phosphorothioate backbone and have stimulatory properties 
intermediate to the other tWo classes of CpG ODNs (e.g., 
good activation of B-cells as Well as activation of NK cells 

and DCs). 

TABLE 1 

Pattern of in vitro immune activation induced 
by the three different classes of CpG ODNs 

Natural 
Class Backbone B-cells Killer cells Dendritic cells IFN-OL 

A SOS 2 + ++++ ++++ ++++ 

B S 1 ++++ ++ ++++ + 

C S 1 +++ +++ +++ +++ 

1 S-ODN are made With a phosphorothioate backbone 
2 SOS-ODN are made With a chimeric backbone Where the central CpG 
containing region has phosphodiester linkages and the 3‘ and 5‘ ends of the 
ODN are made With phosphorothioate linkages 

[0103] The methods of the invention may embrace the use 
of A class, B class and C class CpG immunostimulatory 
nucleic acids. As to CpG nucleic acids, it has recently been 
described that there are different classes of CpG nucleic 
acids. One class is potent for activating B cells but is 
relatively Weak in inducing IFN-ot and NK cell activation; 
this class has been termed the B class. The B class CpG 
nucleic acids typically are fully stabiliZed and include an 
unmethylated CpG dinucleotide Within certain preferred 
base conteXts. See, e.g., U.S. Pat. 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-ot and NK cell 
activation but is relatively Weak at stimulating B cells; this 
class has been termed the A class. The A class CpG nucleic 
acids typically have stabiliZed poly-G sequences at 5‘ and 3‘ 
ends and a palindromic phosphodiester CpG dinucleotide 
containing sequence of at least 6 nucleotides. See, for 
eXample, published patent application PCT/US00/26527 
(WO 01/22990). Yet another class of CpG nucleic acids 
activates B cells and NK cells and induces IFN-ot; this class 
has been termed the C-class. The C-class CpG nucleic acids, 
as ?rst 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 US. provi 
sional patent application 60/313,273, ?led Aug. 17, 2001, 
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U.S. Ser. No. 10/224,523 ?led on Aug. 19, 2002, and US the 
entire contents of Which are incorporated herein by refer 
ence. 

[0104] “A class” CpG immunostimulatory nucleic acids 
have been described in US. Non-Provisional patent appli 
cation Ser. No. 09/672,126 and published PCT application 
PCT/US00/26527 (WO 01/22990), both ?led on Sep. 27, 
2000. These nucleic acids are characteriZed by the ability to 
induce high levels of interferon-alpha While having minimal 
effects on B cell activation. The Aclass CpG immunostimu 
latory nucleic acid do not necessarily contain a heXamer 
palindrome GACGTC, AGCGCT, or AACGTT described by 
Yamamoto and colleagues. Yamamoto S et al. J Immunol 
148:4072-6 (1992). 

[0105] Exemplary sequences of A class immunostimula 
tory nucleic acids are described in US. Non-Provisional 
patent application Ser. No. 09/672,126 and published PCT 
application PCT/US00/26527 (WO 01/22990), both ?led on 
Sep. 27, 2000. 

[0106] B class CpG immunostimulatory nucleic acids 
strongly activate human B cells but have minimal effects 
inducing interferon-0t. B class CpG immunostimulatory 
nucleic acids have been described in US. Pat. Nos. 6,194, 
388 B1 and 6,239,116 B1, issued on Feb. 27, 2001 and May 
29, 2001 respectively. 

[0107] The CpG oligonucleotides of the invention are 
oligonucleotides Which include at least one unmethylated 
CpG dinucleotide. An oligonucleotide containing at least 
one unmethylated CpG dinucleotide is a nucleic acid mol 
ecule Which contains an unmethylated cytosine-guanine 
dinucleotide 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 terms CpG oligonucleotide or CpG 
nucleic acid as used herein refer to an immunostimulatory 
CpG oligonucleotide or a nucleic acid unless otherWise 
indicated. 

[0108] In one embodiment the invention provides a B 
class CpG oligonucleotide represented by at least the for 
mula: 

Wherein X1, X2, X3, and X4 are nucleotides. In one embodi 
ment X2 is adenine, guanine, or thymine. In another embodi 
ment X3 is cytosine, adenine, or thymine. 

[0109] In another embodiment the invention provides an 
isolated B class CpG oligonucleotide represented by at least 
the formula: 

Wherein X1, X2, X3, and X4 are nucleotides and N is any 
nucleotide and N1 and N2 are nucleic acid sequences com 
posed of from about 0-25 N’s each. In one embodiment 
XlX2 is a dinucleotide selected from the group consisting of: 
GpT, GpG, GpA, ApA, 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 XlX2 is GpA or GpT 
and X3X4 is TpT. In other embodiments X1 or X2 or both are 
purines and X3 or X4 or both are pyrimidines or XlX2 is GpA 
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and X3 or X4 or both are pyrimidines. In another preferred 
embodiment XlX2 is a dinucleotide selected from the group 
consisting of: TpA, ApA, ApC, ApG, and GpG. In yet 
another embodiment X3X4 is a dinucleotide selected from 
the group consisting of: TpT, TpA, TpG, ApA, ApG, GpA, 
and CpA. XlX2 in another embodiment is a dinucleotide 
selected from the group consisting of: TpT, TpG, ApT, GpC, 
CpC, CpT, TpC, GpT and CpG; X3 is a nucleotide selected 
from the group consisting of A and T and X4 is a nucleotide, 
but Wherein When XlX2 is TpC, GpT, or CpG, X3X4 is not 
TpC, ApT or ApC. 

[0110] In another preferred embodiment the CpG oligo 
nucleotide has the sequence 5‘ TCN1TX1X2CGX3X4 3‘ 
(SEQ ID NO.:26). The CpG oligonucleotides of the inven 
tion in some embodiments include XlX2 selected from the 
group consisting of GpT, GpG, GpA and ApA and X3X4 is 
selected from the group consisting of TpT, CpT and TpC. 

[0111] The B class CpG nucleic acid sequences of the 
invention are those broadly described above as Well as 
disclosed in PCT Published Patent Applications PCT/US95/ 
01570 and PCT/US97/19791, and US. Pat. No. 6,194,388 
B1 and US. Pat. No. 6,239,116 B1, issued Feb. 27, 2001 and 
May 29, 2001 respectively. Exemplary sequences include 
but are not limited to those disclosed in these latter appli 
cations and patents. 

[0112] The C class immunostimulatory nucleic acids con 
tain at least tWo distinct motifs 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 “GC-rich” or “B-cell neutralizing” motif. 
These combination motif nucleic acids have immune stimu 
lating effects that fall someWhere betWeen those effects 
associated With traditional “class B” CpG ODN, Which are 
strong inducers of B cell activation and dendritic cell (DC) 
activation, and those effects associated With a more recently 
described class of immune stimulatory nucleic acids (“class 
A” CpG ODN) Which are strong inducers of IFN-ot and 
natural killer (NK) cell activation but relatively poor induc 
ers of B-cell and DC activation. Krieg A M et al. (1995) 
Nature 374:546-9; Ballas Z K et al. (1996) J Immunol 
157:1840-5; Yamamoto S et al. (1992)]1mmun0l14814072 
6. While preferred class B CpG ODN often have phospho 
rothioate backbones and preferred class A CpG ODN have 
miXed or chimeric backbones, the C class of combination 
motif immune stimulatory nucleic acids may have either 
stabiliZed, e.g., phosphorothioate, chimeric, or phosphodi 
ester backbones, and in some preferred embodiments, they 
have semi-soft backbones. 

[0113] In one aspect the invention provides immune 
stimulatory nucleic acids belonging to this neW class of 
combination motif immune-stimulatory nucleic acids. The B 
cell stimulatory domain is de?ned by a formula: 5‘ 
XlDCGHX2 3‘. D is a nucleotide other than C. C is cytosine. 
G is guanine. H is a nucleotide other than G. 

[0114] X1 and X2 are any nucleic acid sequence 0 to 10 
nucleotides long. X1 may 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 nucleic acid has a poly-T sequence 
at the 5‘ end or at the 3‘ end. As used herein, “poly-A” or 
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“poly-T” shall refer to a stretch of four or more consecutive 
A’s or T’s respectively, e.g., 5‘ AAAA 3‘ or 5‘ TTTT 3‘. 

[0115] As used herein, “poly-G end” shall refer to a stretch 
of four or more consecutive G’s, e.g., 5‘ GGGG 3‘, occurring 
at the 5‘ end or the 3‘ end of a nucleic acid. As used herein, 
“poly-G nucleic acid” shall refer to a nucleic acid having the 
formula 5‘ X1X2GGGX3X4 3‘ Wherein X1, X2, X3, and X4 
are nucleotides and preferably at least one of X3 and X4 is a 
G. 

[0116] Some preferred designs for the B cell stimulatory 
domain under this formula comprise TTTTTCG, TCG, 
TTCG, TTTCG, TTTTCG, TCGT, TTCGT, TTTCGT, 
TCGTCGT. 

[0117] The second motif of the nucleic acid is referred to 
as either P or N and is positioned immediately 5‘ to X1 or 
immediately 3‘ to X2. 

[0118] 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 CG is preceded by a C or folloWed by a G 
(Krieg AM et al. (1998) Proc NatlAcad Sci USA 95:12631 
12636) or is a CG containing DNA sequence in Which the C 
of the CG is methylated. As used herein, “CpG” shall refer 
to a 5‘ cytosine (C) folloWed by a 3‘ guanine (G) and linked 
by a phosphate bond. At least the C of the S‘CG 3‘ must be 
unmethylated. NeutraliZing motifs are motifs Which has 
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 immunostimulatory potential of the other 
motifs. 

[0119] 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 
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. 

[0120] As used herein, “GC-rich palindrome” shall refer 
to a palindrome having a base composition of at least 
tWo-thirds G’s and Cs. 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 G’s and Cs. In the case 
of a 12-base long GC-rich palindrome, the palindrome also 
contains at least 8 G’s and Cs. In the case of a 14-mer 
GC-rich palindrome, at least ten bases of the palindrome are 
G’s and Cs. In some embodiments the GC-rich palindrome 
is made up exclusively of G’s and Cs. 

[0121] In some embodiments the GC-rich palindrome has 
a base composition of at least 81 percent G’s and Cs. In the 
case of such a 10-base long GC-rich palindrome, the palin 
drome thus is made exclusively of G’s and Cs. 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 are G’s 
and Cs. In some preferred embodiments, a 12-base long 
GC-rich palindrome is made exclusively of G’s and Cs. In 
the case of a 14-mer GC-rich palindrome, at least tWelve 
bases (86 percent) of the palindrome are G’s and Cs. In 
some preferred embodiments, a 14-base long GC-rich pal 
indrome is made exclusively of G’s and Cs. The C’s of a 
GC-rich palindrome can be unmethylated or they can be 
methylated. 
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[0122] In general this domain has at least 3 Cs and Gs, 
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 partially preserved as for example in the motifs 
CGACGTTCGTCG (SEQ ID NO: 27) or CGGCGCCGT 
GCCG (SEQ ID NO: 28). When complementarity is not 
preserved, it is preferred that the non-complementary base 
pairs be TG. 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 palindrome includes at least 
one CGG trimer, at least one CCG trimer, or at least one 
CGCG tetramer. In other embodiments the GC-rich palin 
drome is not CCCCCCGGGGGG (SEQ ID NO: 29) or 
GGGGGGCCCCCC (SEQ ID NO: 30), CCCCCGGGGG 
(SEQ ID NO: 31) or GGGGGCCCCC (SEQ ID NO: 32). 
[0123] At least one of the G’s of the GC rich region may 
be substituted With an inosine In some embodiments P 
includes more than one I. 

[0125] In other aspects the invention provides immune 
stimulatory nucleic acids Which are de?ned by a formula: 5‘ 
N1PyGN2P 3‘. N1 is any sequence 1 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. 

[0126] N1 and N2 may contain more than 50% pyrim 
idines, and more preferably more than 50% T. N1 may 
include a CG, in Which case there is preferably a T imme 
diately preceding this CG. In some embodiments NlPyG is 
TCG (such as ODN 5376, Which has a 5‘ TCGG), and most 
preferably a TCGN2, Where N2 is not G. 

[0127] N1PyGN2P may include one or more inosine (I) 
nucleotides. Either the C or the G in N1 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 phosphodi 
ester. N1 may include at least one CI, TCI, IG or TIG motif. 

[0128] In certain embodiments NlPyGN2 is a sequence 
selected from the group consisting of TTTTTCG, TCG, 
TTCG, TTTCG, TTTTCG, TCGT, TTCGT, TTTCGT, and 
TCGTCGT. 

[0129] Some non limiting examples of C-Class nucleic 
acids include: 

SEQ ID 
NO: Sequence 
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-continued 

SEQ ID 
NO: Sequence 

[0130] For facilitating uptake into cells, immunostimula 
tory nucleic acids, including CpG-containing oligonucle 
otides, are preferably in the range of 8 to 100 bases in length. 
However, nucleic acids of any siZe greater than 8 nucleotides 
(even many kb long) are capable of inducing an immune 
response according to the invention if sufficient immuno 
stimulatory motifs are present, since larger nucleic acids are 
degraded into oligonucleotides inside of cells. Preferably the 
immunostimulatory nucleic acid is in the range of betWeen 
8 and 100 nucleotides in length. In some preferred embodi 
ments the immunostimulatory nucleic acids is betWeen 12 
and 40 nucleotides in length. In more preferred embodi 
ments the immunostimulatory nucleic acids is betWeen 8 and 
30 nucleotides in length. In most preferred embodiments the 
immunostimulatory nucleic acids is betWeen 8 and 24 nucle 
otides in length. 

[0131] “Palindromic sequence” shall mean an inverted 
repeat, i.e., a sequence such as ABCDEE‘D° C‘B‘A‘ in Which 
A and A‘, B and B‘, C and C‘, D and D‘, and E and E‘ are 
bases capable of forming the usual Watson-Crick base pairs. 
In vivo, such palindromic sequences may form double 
stranded structures. In one embodiment the CpG oligonucle 
otide contains a palindromic sequence. A palindromic 
sequence used in this conteXt refers to a palindrome in Which 
the CpG is part of the palindrome, and preferably is the 
center of the palindrome. In another embodiment the CpG 
oligonucleotide is free of a palindrome. A CpG oligonucle 
otide that is free of a palindrome is one in Which the CpG 
dinucleotide is not part of a palindrome. Such an oligonucle 
otide may include a palindrome in Which the CpG is not the 
center of the palindrome. 

[0132] In some embodiments of the invention the immu 
nostimulatory oligonucleotides include immunostimulatory 
motifs Which are “CpG dinucleotides”. A CpG dinucleotide 
can be methylated or unmethylated. An immunostimulatory 
nucleic acid containing at least one unmethylated CpG 
dinucleotide is a nucleic acid molecule Which contains an 
unmethylated cytosine-guanine dinucleotide sequence (i.e., 
an unmethylated 5‘ cytidine folloWed by 3‘ guanosine and 
linked by a phosphate bond) and Which activates the 
immune system; such an immunostimulatory nucleic acid is 
a CpG nucleic acid. CpG nucleic acids have been described 
in a number of issued patents, published patent applications, 
and other publications, including US. Pat. Nos. 6,194,388; 
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6,207,646; 6,214,806; 6,218,371; 6,239,116; and 6,339,068. 
An immunostimulatory nucleic acid containing at least one 
methylated CpG dinucleotide is a nucleic acid Which con 
tains a methylated cytosine-guanine dinucleotide sequence 
(i.e., a methylated 5‘ cytidine folloWed by a 3‘ guanosine and 
linked by a phosphate bond) and Which activates the 
immune system. In other embodiments the immunostimu 
latory oligonucleotides are free of CpG dinucleotides. These 
oligonucleotides Which are free of CpG dinucleotides are 
referred to as non-CpG oligonucleotides, and they have 
non-CpG immunostimulatory motifs. The invention, there 
fore, also encompasses nucleic acids With other types of 
immunostimulatory motifs, Which can be methylated or 
unmethylated. The immunostimulatory oligonucleotides of 
the invention, further, can include any combination of 
methylated and unmethylated CpG and non-CpG immuno 
stimulatory motifs. 

[0133] The immunostimulatory nucleic acid molecules 
may have a chimeric backbone. For purposes of the instant 
invention, a chimeric backbone refers to a partially stabi 
liZed backbone, Wherein at least one internucleotide linkage 
is phosphodiester or phosphodiester-like, and Wherein at 
least one other internucleotide linkage is a stabiliZed inter 
nucleotide 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 phosphodi 
ester linkages, for purposes of the chimeric nature of the 
backbone, boranophosphonate linkages can be classi?ed 
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 instant invention could include boranophos 
phonate (phosphodiester or phosphodiester-like) and phos 
phorothioate (stabilized) linkages. A “stabiliZed internucle 
otide linkage” shall mean an internucleotide linkage that is 
relatively resistant to in vivo degradation (e.g., via an eXo 
or endo-nuclease), compared to a phosphodiester internucle 
otide linkage. Preferred stabiliZed internucleotide linkages 
include, Without limitation, phosphorothioate, phospho 
rodithioate, methylphosphonate, and methylphosphorothio 
ate. Other stabiliZed internucleotide linkages include, With 
out limitation: peptide, alkyl, dephospho, and others as 
described above. 

[0134] Modi?ed backbones such as phosphorothioates 
may be synthesiZed using automated techniques employing 
either phosphoramidate or H-phosphonate chemistries. 
Aryl- and alkyl-phosphonates can be made, e.g., as 
described in US. Pat. No. 4,469,863; and alkylphosphotri 
esters (in Which the charged oXygen moiety is alkylated as 
described in US. Pat. 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 modi?cations and substi 
tutions 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. 
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[0135] Mixed backbone modi?ed ODN may be synthe 
siZed using a commercially available DNA synthesizer and 
standard phosphoramidite chemistry. E. Eckstein, “Oli 
gonucleotides and Analogues—A Practical Approach” IRL 
Press, Oxford, UK, 1991, and M. D. Matteucci and M. H. 
Caruthers, Tetrahedron Lett. 21, 719 (1980)) After coupling, 
PS linkages are introduced by sulfuriZation using the Beau 
cage reagent (R. P. Iyer, W. Egan, J. B. Regan and S. L. 
Beaucage,J. Am. Chem. Soc. 112, 1253 (1990)) (0.075 M in 
acetonitrile) or phenyl acetyl disul?de (PADS) folloWed by 
capping With acetic anhydride, 2,6-lutidine in tetrahydro 
furane (1:1:8; v:v:v) and N-methylimidaZole (16% in tet 
rahydrofurane). This capping step is performed after the 
sulfuriZation reaction to minimiZe formation of undesired 
phosphodiester (PO) linkages at positions Where a phospho 
rothioate linkage should be located. In the case of the 
introduction of a phosphodiester linkage, eg at a CpG 
dinucleotide, the intermediate phosphorous-III is oXidiZed 
by treatment With a solution of iodine in Water/pyridine. 
After cleavage from the solid support and ?nal deprotection 
by treatment With concentrated ammonia (15 hrs at 50° C.), 
the ODN are analyZed by HPLC on a Gen-Pak Fax column 
(Millipore-Waters) using a NaCl-gradient (e.g. buffer A: 10 
mM NaHZPO4 in acetonitrile/Water=1:4/v:v pH 6.8; buffer 
B: 10 mM NaH2PO4, 1.5 M NaCl 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 puri?ed by HPLC or 
by FPLC on a Source High Performance column (Amer 
sham Pharmacia). HPLC-homogeneous fractions are com 
bined and desalted via a C18 column or by ultra?ltration. 
The ODN Was analyZed by MALDI-TOF mass spectrometry 
to con?rm the calculated mass. 

[0136] The nucleic acids of the invention can also include 
other modi?cations. 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 alkylphosphotriesters, in Which the 
charged oXygen moiety is alkylated. Nucleic acids Which 
contain diol, such as tetraethyleneglycol or heXaethyleneg 
lycol, at either or both termini have also been shoWn to be 
substantially resistant to nuclease degradation. 

[0137] 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 phosphodi 
ester-like internucleotide linkages occur only Within and 
immediately adjacent to at least one internal pyrimidine 
purine dinucleotide (YZ). Preferably YZ is YG, a pyrimi 
dine-guanosine (YG) dinucleotide. The at least one internal 
YZ dinucleotide itself has a phosphodiester or phosphodi 
ester-like internucleotide linkage. Aphosphodiester or phos 
phodiester-like internucleotide linkage occurring immedi 
ately 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 
dinucleotide. 

[0138] In particular, phosphodiester or phosphodiester 
like internucleotide linkages involve “internal dinucle 
otides”. 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 nucle 
otides is a terminal nucleotide, i.e., neither nucleotide in the 
pair of nucleotides is a nucleotide de?ning the 5‘ or 3‘ end 
of the oligonucleotide. Thus a linear oligonucleotide that is 
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n nucleotides long has a total of n-1 dinucleotides and only 
n-3 internal dinucleotides. Each internucleotide linkage in 
an internal dinucleotide is an internal internucleotide link 
age. Thus a linear oligonucleotide that is n nucleotides long 
has a total of n-1 internucleotide linkages and only n-3 
internal internucleotide linkages. The strategically placed 
phosphodiester or phosphodiester-like internucleotide link 
ages, therefore, refer to phosphodiester or phosphodiester 
like internucleotide linkages positioned betWeen any pair of 
nucleotides in the nucleic acid sequence. In some embodi 
ments the phosphodiester or phosphodiester-like internucle 
otide linkages are not positioned betWeen either pair of 
nucleotides closest to the 5‘ or 3‘ end. 

[0139] 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 addi 
tion (a) N1 and Y are linked by a phosphodiester or phos 
phodiester-like internucleotide linkage When N1 is an inter 
nal 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 phos 
phodiester or phosphodiester-like internucleotide linkage 
When N1 is an internal nucleotide and Z and N2 are linked by 
a phosphodiester or phosphodiester-like internucleotide 
linkage When N2 is an internal nucleotide. 

[0140] Soft oligonucleotides according to the instant 
invention are believed to be relatively susceptible to 
nuclease cleavage compared to completely stabiliZed oligo 
nucleotides. Without meaning to be bound to a particular 
theory or mechanism, it is believed that soft oligonucle 
otides of the invention are cleavable to fragments With 
reduced or no immunostimulatory 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 oli 
gonucleotide so as to reduce the duration of maXimal 
immunostimulatory activity of the oligonucleotide. This can 
be of particular value in tissues and in clinical applications 
in Which it is desirable to avoid injury related to chronic 
local in?ammation or immunostimulation, e.g., the kidney. 

[0141] A semi-soft oligonucleotide is an immunostimula 
tory oligonucleotide having a partially stabiliZed backbone, 
in Which phosphodiester or phosphodiester-like internucle 
otide linkages occur only Within at least one internal pyri 
midine-purine (YZ) dinucleotide. Semi-soft oligonucle 
otides generally possess increased immunostimulatory 
potency relative to corresponding fully stabiliZed immuno 
stimulatory 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. 

[0142] It is believed that the foregoing properties of semi 
soft oligonucleotides generally increase With increasing 
“dose” of phosphodiester or phosphodiester-like internucle 
otide linkages involving internal YZ dinucleotides. Thus it is 
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believed, for example, that generally for a given oligonucle 
otide sequence With ?ve internal YZ dinucleotides, an 
oligonucleotide With ?ve internal phosphodiester or phos 
phodiester-like YZ internucleotide linkages is more immu 
nostimulatory 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 phos 
phodiester-like YZ internucleotide linkages, Which in turn is 
more immunostimulatory than an oligonucleotide With tWo 
internal phosphodiester or phosphodiester-like YZ inter 
nucleotide linkages, Which in turn is more immunostimula 
tory than an oligonucleotide With one internal phosphodi 
ester 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 internucleotide linkage. In addi 
tion to the number of phosphodiester or phosphodiester-like 
internucleotide linkages, the position along the length of the 
nucleic acid can also affect potency. 

[0143] The soft and semi-soft oligonucleotides Will gen 
erally include, in addition to the phosphodiester or phos 
phodiester-like internucleotide linkages at preferred internal 
positions, 5‘ and 3‘ ends that are resistant to degradation. 
Such degradation-resistant ends can involve any suitable 
modi?cation that results in an increased resistance against 
eXonuclease digestion over corresponding unmodi?ed ends. 
For instance, the 5‘ and 3‘ ends can be stabilized by the 
inclusion there of at least one phosphate modi?cation of the 
backbone. In a preferred embodiment, the at least one 
phosphate modi?cation of the backbone at each end is 
independently a phosphorothioate, phosphorodithioate, 
methylphosphonate, or methylphosphorothioate internucle 
otide linkage. In another embodiment, the degradation 
resistant end includes one or more nucleotide units con 

nected by peptide or amide linkages at the 3‘ end. 

[0144] A phosphodiester internucleotide linkage is the 
type of linkage characteristic of nucleic acids found in 
nature. As shoWn in FIG. 20, the phosphodiester internucle 
otide linkage includes a phosphorus atom ?anked by tWo 
bridging oxygen atoms and bound also by tWo additional 
oXygen atoms, one charged and the other uncharged. Phos 
phodiester internucleotide linkage is particularly preferred 
When it is important to reduce the tissue half-life of the 
oligonucleotide. 

[0145] A phosphodiester-like internucleotide linkage is a 
phosphorus-containing bridging group that is chemically 
and/or diastereomerically similar to phosphodiester. Mea 
sures of similarity to phosphodiester include susceptibility to 
nuclease digestion and ability to activate RNAse H. Thus for 
eXample phosphodiester, but not phosphorothioate, oligo 
nucleotides are susceptible to nuclease digestion, While both 
phosphodiester and phosphorothioate oligonucleotides acti 
vate RNAse H. In a preferred embodiment the phosphodi 
ester-like internucleotide linkage is boranophosphate (or 
equivalently, boranophosphonate) linkage. US. Pat. No. 
5,177,198; US. Pat. No. 5,859,231; US. Pat. No. 6,160,109; 
US. Pat. No. 6,207,819; Sergueev et al., (1998)]Am Chem 
Soc 120:9417-27. In another preferred embodiment the 
phosphodiester-like internucleotide linkage is diasteromeri 
cally pure Rp phosphorothioate. It is believed that diastero 
merically pure Rp phosphorothioate is more susceptible to 
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nuclease digestion and is better at activating RNAse H than 
miXed or diastereomerically pure Sp phosphorothioate. Ste 
reoisomers of CpG oligonucleotides are the subject of 
co-pending US. patent application Ser. No. 09/361,575 ?led 
Jul. 27, 1999, and published PCT application PCT/US99/ 
17100 (WO 00/06588). It is to be noted that for purposes of 
the instant invention, the term “phosphodiester-like inter 
nucleotide linkage” speci?cally eXcludes phosphorodithio 
ate and methylphosphonate internucleotide linkages. 

[0146] As described above the soft and semi-soft oligo 
nucleotides of the invention may have phosphodiester like 
linkages betWeen C and G. One eXample of a phosphodi 
ester-like linkage is a phosphorothioate linkage in an Rp 
conformation. Oligonucleotide p-chirality can have appar 
ently 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 Rp 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 Rp stereoisomer is active in 
stimulating spleen cell proliferation. This difference in the 
kinetics and bioactivity of the Rp 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 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 
signalling pathWays. On the other hand, the faster degrada 
tion of the Rp PS-oligonucleotides compared to the Sp 
results in a much shorter duration of signalling, so that the 
Sp PS-oligonucleotides appear to be more biologically 
active When tested at later time points. 

[0147] 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. 

[0148] The siZe (i.e., the number of nucleotide residues 
along the length of the nucleic acid) of the immunostimu 
latory 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. Nucleic acids of 
any siZe greater than 6 nucleotides (even many kb long) are 
capable of inducing an immune response according to the 
invention if suf?cient immunostimulatory motifs are 
present, since larger nucleic acids 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 immunostimulatory oligonucleotides 
are betWeen 4 and 100 nucleotides long. In typical embodi 
ments the immunostimulatory oligonucleotides are betWeen 
6 and 40 nucleotides long. In certain preferred embodiments 
according to the instant invention, the immunostimulatory 
oligonucleotides are betWeen 6 and 19 nucleotides long. 

[0149] The immunostimulatory oligonucleotides gener 
ally have a length in the range of betWeen 4 and 100 and in 






































