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(57) ABSTRACT 

The present invention shows that DNA vaccine vectors can 
be improved by removal of CpG-N motifs and optional 
addition of CpG-S motifs. In addition, for high and long 
lasting levels of expression, the optimized vector should 
include a promoter/enhancer that is hot down-regulated by 
the cytokines induced by the immunostimulatory CpG 
motifs. Vectors and methods of use for immunostimulation 
are provided herein. The invention also provides improved 
gene therapy vectors by determining the CpG-N and CpG-S 
motifs present in the construct, removing Stimulatory CpG 
(CpG-S) motifs and/or inserting neutralizing CpG (CpG-N) 
motifs, thereby producing a nucleic acid construct providing 
enhanced expression of the therapeutic polypeptide. Meth 
ods of use for Such vectors are also included herein. 
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VECTORS AND METHODS FOR IMMUNIZATION 
OR THERAPEUTIC PROTOCOLS 

TECHNICAL FIELD 

0001. This invention relates generally to immune 
responses and more particularly to Vectors containing immu 
nostimulatory CpG motifs and/or a reduced number of 
neutralizing motifs and methods of use for immunization 
purposes as well as vectors containing neutralizing motifs 
and/or a reduced number of immunostimulatory CpG motifs 
and methods of use for gene therapy protocols. 

BACKGROUND 

0002 Bacterial DNA, but not vertebrate DNA, has direct 
immunostimulatory effects on peripheral blood mono 
nuclear cells (PBMC) in vitro (Messina et al., J. Immunol. 
147: 1759-1764, 1991; Tokanuga et al., JNCI. 72: 955, 
1994). These effects include proliferation of almost all 
(>95%) B cells and increased immunoglobulin (Ig) secretion 
(Krieg et al., Nature. 374: 546-549, 1995). In addition to its 
direct effects on B cells, CpG DNA also directly activates 
monocytes, macrophages, and dendritic cells to Secrete 
predominantly Th 1 cytokines, including high levels of 
IL-12 (Klinman, D., et al. Proc. Natl. Acad. Sci. USA. 93: 
2879-2883 (1996); Halpern et al., 1996; Cowdery et al., J. 
Immunol. 156: 4570-4575 (1996). These cytokines stimulate 
natural killer (NK) cells to secrete Y-interferon (IFN-Y) and 
to have increased lytic activity (Klinman et al., 1996, Supra; 
Cowdery et al., 1996, Supra; Yamamoto et al., J. Immunol. 
148: 4072-4076 (1992); Ballas et al., J. Immunol. 157: 
1840-1845 (1996)). These stimulatory effects have been 
found to be due to the presence of unmethylated CpG 
dinucleotides in a particular sequence context (CpG-S 
motifs) (Krieg et al., 1995, Supra). Activation may also be 
triggered by addition of Synthetic oligodeoxynucleotides 
(ODN) that contain CpG-S motifs (Tokunaga et al., Jpn. J. 
Cancer ReS. 79: 682-686 1988; Yi et al., J. Immunol. 156: 
558-564, 1996; Davis et al., J. Immunol. 160: 870-876, 
1998). 
0003. Unmethylated CpG dinucleotides are present at the 
expected frequency in bacterial DNA but are under-repre 
sented and methylated in vertebrate DNA (Bird, Trends in 
Genetics. 3: 342-347, 1987). Thus, vertebrate DNA essen 
tially does not contain CpG stimulatory (CpG-S) motifs and 
it appears likely that the rapid immune activation in response 
to CpG-S DNA may have evolved as one component of the 
innate immune defense mechanisms that recognize Struc 
tural patterns Specific to microbial molecules. 
0004 Viruses have evolved a broad range of Sophisti 
cated Strategies for avoiding host immune defenses. For 
example, nearly all DNA viruses and retroviruses appear to 
have escaped the defense mechanism of the mammalian 
immune System to respond to immunostimulatory CpG 
motifs. In most cases this has been accomplished through 
reducing their genomic content of CpG dinucleotides by 
50-94% from that expected based on random base usage 
(Karlin et al., J. Virol. 68: 2889-2897, 1994). CpG suppres 
Sion is absent from bacteriophage, indicating that it is not an 
inevitable result of having a Small genome. Statistical analy 
sis indicates that the CpG Suppression in lentiviruses is an 
evolutionary adaptation to replication in a eukaryotic host 
(Shaper et al., Nucl. Acids Res. 18: 5793-5797, 1990). 
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0005 Nearly all DNA viruses and retroviruses appear to 
have evolved to avoid this defense mechanism through 
reducing their genomic content of CpG dinucleotides by 
50-94% from that expected based on random base usage. 
CpG Suppression is absent from bacteriophage, indicating 
that it is not an inevitable result of having a Small genome. 
Statistical analysis indicates that the CpG Suppression in 
lentiviruses is an evolutionary adaptation to replication in a 
eukaryotic host. Adenoviruses, however, are an exception to 
this rule as they have the expected level of genomic CpG 
dinucleotides. Different groups of adenovirae can have quite 
different clinical characteristics. Serotype 2 and 5 adenovi 
ruses (Subgenus C) are endemic causes of upper respiratory 
infections and are notable for their ability to establish 
persistent infections in lymphocytes. These adenoviral Sero 
types are frequently modified by deletion of early genes for 
use in gene therapy applications, where a major clinical 
problem has been the frequent inflammatory immune 
responses to the viral particles. Serotype 12 adenovirus 
(Subgenus A) does not establish latency, but can be onco 
genIC. 

0006 Despite high levels of unmethylated CpG dinucle 
otides, Serotype 2 adenoviral DNA Surprisingly is nonstimu 
latory and can actually inhibit activation by bacterial DNA. 
The arrangement and flanking bases of the CpG dinucle 
otides are responsible for this difference. Even though type 
2 adenoviral DNA contains Six times the expected frequency 
of CpG dinucleotides, it has CpG-S motifs at only one 
quarter of the frequency predicted by chance. Instead, most 
CpG motifs are found in clusters of direct repeats or with a 
C on the 5' side or a G on the 3' side. It appears that such 
CpG motifs are immune-neutralizing (CpG-N) in that they 
block the Th1-type immune activation by CpG-S motifs in 
vitro. Likewise, when CpG-N ODN and CpG-S are admin 
istered with antigen, the antigen-specific immune response 
is blunted compared to that with CpG-S alone. When CpG-N 
ODN alone is administered in vivo with an antigen, Th2-like 
antigen-specific immune responses are induced. 
0007 B cell activation by CpG-S DNA is T cell inde 
pendent and antigen non-specific. However, B cell activa 
tion by low concentrations of CpG DNA has strong Synergy 
with Signals delivered through the B cell antigen receptor for 
both B cell proliferation and Ig secretion (Krieg et al., 1995, 
Sipra). This strong Synergy between the B cell signaling 
pathways triggered through the B cell antigen receptor and 
by CpG-S DNA promotes antigen specific immune 
responses. The Strong direct effects (T cell independent) of 
CpG-S DNA on B cells, as well as the induction of cytokines 
which could have indirect effects on B-cells via T-help 
pathways, Suggests utility of CpG-S DNA as a vaccine 
adjuvant. This could be applied either to classical antigen 
based vaccines or to DNA vaccines. CpG-S ODN have 
potent Th-1 like adjuvant effects with protein antigens (Chu 
et al., J. Exp. Med 186: 1623-1631 1997; Lipford et al., Eur: 
J. Immunol. 27: 2340-2344, 1997; Roman et al., Nature 
Med. 3: 849-854, 1997; Weiner et al., Proc. Natl. Acad. Sci. 
USA. 94: 10833, 1997; Davis et al., 1998, Supra, Mold 
oveanu et al., A Novel Adjuvant for Systemic and Mucosal 
Immunization with Influenza Virus. Vaccine (in press) 
1998). 

SUMMARY OF THE INVENTION 

0008. The present invention is based on the discovery 
that removal of neutralizing motifs (e.g., CpG-N or poly G) 
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from a vector used for immunization purposes, results in an 
antigen-specific immunostimulatory effect greater than with 
the starting vector. Further, when neutralizing motifs (e.g., 
CpG-N or poly G) are removed from the vector and stimu 
latory CpG-S motifs are inserted into the vector, the vector 
has even more enhanced immunostimulatory efficacy. 
0009. In a first embodiment, the invention provides a 
method for enhancing the immunostimulatory effect of an 
antigen encoded by nucleic acid contained in a nucleic acid 
construct including determining the CpG-N and CpG-S 
motifs present in the construct and removing neutralizing 
CpG (CpG-N) motifs and optionally inserting stimulatory 
CpG (CpG-S) motifs in the construct, thereby producing a 
nucleic acid construct having enhanced immunostimulatory 
efficacy. Preferably, the CpG-S motifs in the construct 
include a motif having the formula 5' X CGX 3' wherein at 
least one nucleotide Separates consecutive CpGS, X is 
adenine, guanine, or thymine and X is cytosine, thymine, or 
adenine. 

0010. In another embodiment, the invention provides a 
method for Stimulating a protective or therapeutic immune 
response in a Subject. The method includes administering to 
the Subject an effective amount of a nucleic acid construct 
produced by determining the CpG-N and CpG-S motifs 
present in the construct and removing neutralizing CpG 
(CpG-N) motifs and optionally inserting stimulatory CpG 
(CpG-S) motifs in the construct, thereby producing a nucleic 
acid construct having enhanced immunostimulatory efficacy 
and Stimulating a protective or therapeutic immune response 
in the Subject. Preferably, the nucleic acid construct contains 
a promoter that functions in eukaryotic cells and a nucleic 
acid Sequence that encodes an antigen to which the immune 
response is direct toward. Alternatively, an antigen can be 
admininstered simulataneously (e.g., admixture) with the 
nucleic acid construct. 

0011. In another embodiment, the invention provides a 
method for enhancing the expression of a therapeutic 
polypeptide in Vivo wherein the polypeptide is encoded by 
a nucleic acid contained in a nucleic acid construct. The 
method includes determining the CpG-N and CpG-S motifs 
present in the construct, optionally removing Stimulatory 
CpG (CpG-S) motifs and/or inserting neutralizing CpG 
(CpG-N) motifs, thereby producing a nucleic acid construct 
providing enhanced expression of the therapeutic polypep 
tide. 

0012. In yet another embodiment, the invention provides 
a method for enhancing the expression of a therapeutic 
polypeptide in Vivo. The method includes administering to a 
Subject a nucleic acid construct, wherein the construct is 
produced by determining the CpG-N and CpG-S motifs 
present in the construct and optionally removing Stimulatory 
CpG (CpG-S) motifs and/or inserting neutralizing CpG 
(CpG-N) motifs, thereby enhancing expression of the thera 
peutic polypeptide in the Subject. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a schematic diagram of the construction 
of puK21-Al. 
0.014 FIG. 2 is a schematic diagram of the construction 
of puK21-A2. 
0.015 FIG. 3 is a schematic diagram of the construction 
of puK21-A. 
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0016 FIG. 4 is a schematic diagram of the construction 
of pMAS. 
0017 FIG. 5 is a diagram of DNA vector pMAS. The 
following features are contained within pMAS. CMV pro 
moter which drives expression of inserted genes in eukary 
otic cells. BGH polyA for polyadenylation of transcribed 
mRNAS. Col. 1 origin of replication for high copy number 
growth in E. coli. Kanamycin resistance gene for Selection 
in E. coli. Polylinker for gene cloning. Unique restriction 
enzyme sites DraI-BstRI-Scal-AvalI-HpaII for inserting 
immune Stimulatory Sequences. 
0018 FIG. 6 shows the effect of adding S-ODN to 
plasmid DNA expressing reporter gene or antigen. ODN 
1826 (10 or 100 ug) was added to DNA constructs (10 ug) 
encoding hepatitis B surface antigen (HBSAg) (pCMV-S, 
FIG. 6A) or luciferase (pCMV-luc, FIG. 6B) DNA prior to 
intramuscular (IM) injection into mice. There was an ODN 
dose-dependent reduction in the induction of antibodies 
against HBSAg (anti-HBs, end-point dilution titers at 4 wk) 
by the pCMV-S DNA (FIG. 6A) and in the amount of 
luciferase expressed in relative light units per Sec per mg 
protein (RLU/sec/mg protein at 3 days) from the pCMV-luc 
DNA (FIG. 6B). This suggests that the lower humoral 
response with DNA vaccine plus ODN was due to decreased 
antigen expression. Each bar represents the mean of values 
derived from 10 animals (FIG. 6A) or 10 muscles (FIG. 6B) 
ands vertical lines represent the SEM. Numbers Superim 
posed on the bars indicate proportion of animals responding 
to the DNA vaccine (FIG. 6A); all muscles injected with 
pCMV-luc expressed luciferase (FIG. 6B). 
0019 FIG. 7 shows the interference of ODN with plas 
mid DNA depends on backbone and Sequence. Luciferase 
activity (RLU/sec/mg protein) in mouse muscles 3 days after 
they were injected with 10 ug pCMV-luc DNA to which had 
been added no ODN (none=white bar) or 100 lug of an ODN, 
which had one of three backbones: phosphorothioate 
(S=black bars: 1628, 1826, 1911, 1982, 2001 and 2017), 
phosphodiester (O=pale grey bar: 2061), or a phospho 
rothioate-phosphodiester chimera (SOS=dark grey bars: 
1585, 1844, 1972, 1980, 1981, 2018, 2021, 2022, 2023 and 
2042). Three S-ODN (1911, 1982 and 2017) and two 
SOS-ODN (1972 and 2042) did not contain any immuno 
stimulatory CpG motifs. One S-ODN (1628) and three 
SOS-ODN (1585, 1972, 1981) had poly-G ends and one 
SOS-ODN (2042) had a poly-G center. The (*) indicates 
ODN of identical sequence but different backbone: 1826 
(S-ODN), 1980 (SOS-ODN) and 2061 (O-ODN). All 
S-ODN (both CpG and non-CpG) resulted in decreased 
luciferase activity whereas SOS-ODN did not unless they 
had poly-G Sequences. 

0020 FIG. 8 shows the effect of temporal or spatial 
separation of plasmid DNA and S-ODN on gene expression. 
Luciferase activity (RLU/sec/mg protein) in mouse muscles 
3 or 14 days after they were injected with 10 ug pCMV-luc 
DNA. Some animals also received 10 ug CpG-SODN which 
was mixed with the DNA vaccine or was given at the same 
time but at a different Site, or was given 4 days prior to or 
7 days after the DNA vaccine. Only when the ODN was 
mixed directly with the DNA vaccine did it interfere with 
gene expression. 

0021 FIG. 9 shows the enhancement of in-vivo immune 
effects with optimized DNA vaccines. Mice were injected 
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with 10 ug of puK-S (black bars), pMAS-S (white bars), 
pMCG16-S (pale grey bars) or pMCG50-S (dark grey bars) 
plasmid DNA bilaterally (50 ul at 0.1 mg/ml in saline) into 
the TA muscle. FIG. 9A shows the anti-HIBs antibody 
response at 6 weeks (detected as described in methods). Bars 
represent the group means (n=5) for ELISA end-point dilu 
tion titers (performed in triplicate), and vertical lines repre 
sent the standard errors of the mean. The numbers on the 
bars indicate the ratio of IgG2a:IgG1 antibodies at 4 weeks, 
as determined in Separate assays (also in triplicate) using 
pooled plasma. FIG. 9B shows the cytotoxic T lymphocyte 
activity in Specifically restimulated (5 d) splenocytes taken 
from mice 8wk after DNA immunization. Bars represent the 
group means (n=3) for % specific lysis (performed in 
triplicate) at an effector:target (E:T) ratio of 10:1, dots 
represent the individual values. Non-Specific lytic activity 
determined with non-antigen-presenting target cells, which 
never exceeds 10%, has been Subtracted from values with 
HBSAg-expressing target cells to obtain % Specific lysis 
values. 

0022 FIG. 10 shows induction of a Th2-like response by 
a CpG-N motif and inhibition of the Th1-like response 
induced by a CpG-S motif. Anti-HBs antibody titers (IgG1 
and IgG-2a subclasses) in BALB/c mice 12 weeks after IM 
immunization with recombinant HBSAg, which was given 
alone (none) or with 10 ug stimulatory ODN (1826), 10 ug 
of neutralizing ODN (1631, 
CCGCGCGCGCGCGCGCGCG, 1984, TCCATGCCGT 
TCCTGCCGTT; O 2010 GCGGCGGGCG 
GCGCGCGCCC, CpG dinucleotides are underlined for 
clarity) or with 10 ug stimulatory ODN+10 ug neutralizing 
ODN. To improve nuclease resistance for these in vivo 
experiments, all ODN were phosphorothioate-modified. 
Each bar represents the group mean (n=10 for none, n=15 
for #1826 and n=5 for all other groups) for anti-HBs 
antibody titers as determined by end-point dilution ELISA 
assay. Black portions of bars indicate antibodies of IgG1 
Subclass (Th2-like) and grey portions indicate IgG2a Sub 
class (Th1-like). The numbers above each bar indicate the 
IgG2a/IgG1 ratio where a ratio>1 than indicates a predomi 
nantly Th1-like response and a ratio<1 indicates a predomi 
nantly Th2-like response (a value of 0 indicates a complete 
absence of IgG2a antibodies). 
0023 FIG. 11 shows enhancement of in vivo-immune 
effects with optimized DNA vaccines. Mice were injected 
with 10 ug of puK-S (black bars), pMAS-S (white bars), 
pMCG16-S (pale grey bars) or pMCG50-S (dark grey bars) 
plasmid DNA bilaterally (50 ul at 0.1 mg/ml in saline) into 
the TA muscle. Panel A. The anti-HBs antibody response at 
6 weeks (detected as described in methods). Bars represent 
the group means (n=5) for ELISA end-point dilution titers 
(performed in triplicate), and vertical lines represent the 
standard errors of the mean. The numbers on the bars 
indicate the ratio of IgG2a:IgG1 antibodies at 4 weeks, as 
determined in Separate assays (also in triplicate) using 
pooled plasma. Panel B: Cytotoxic T lymphocyte activity in 
Specifically restimulated (5 d) splenocytes taken from mice 
8 wk after DNA immunization. Bars represent the group 
means (n=3) for % Specific lysis (performed in triplicate) at 
an effector:target (E:T) ratio of 10:1, dots represent the 
individual values. Non-specific lytic activity determined 
with non-antigen-presenting target cells, which never 
exceeds 10%, has been subtracted from values with HBSAg 
expressing target cells to obtain % Specific lysis values. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0024. The present invention provides vectors for immu 
nization or therapeutic purposes based on the presence or 
absence of CpG dinucleotide immunomodulating motifs. 
For immunization purposes, immunostimulatory motifs 
(CpG-S) are desirable while immunoinhibitory CpG motifs 
(CpG-N) are undesirable, whereas for gene therapy pur 
poses, CpG-N are desirable and CpG-S are undesirable. 
Plasmid DNA expression cassettes were designed using 
CpG-S and CpG-N motifs. In the case of DNA vaccines, 
removal of CpG-N motifs and addition of CpG-S motifs 
should allow induction of a more potent and appropriately 
directed immune response. The opposite approach with gene 
therapy vectors, namely the removal of CpG-S motifs and 
addition of CpG-N motifs, allows longer lasting therapeutic 
effects by abrogating immune responses against the 
expressed protein. 

0.025) DNA Vaccines 
0026 DNA vaccines have been found to induce potent 
humoral and cell-mediated immune responses. These are 
frequently Th1-like, especially when the DNA is adminis 
tered by intramuscular injection (Davis, H. L. (1998) Gene 
based Vaccines. In: Advanced Gene Delivery: From Con 
cepts to Pharmaceutical Products (Ed. A. Rolland), Harwood 
Academic Publishers (in press); Donnelly et al., Life Sci 
ences 60:163, 1997; Donnelly et al., Ann Rev. Immunol. 
15:617, 1997; Sato et al., Science 273:352, 1996). Most 
DNA vaccines comprise antigen-expressing plasmid DNA 
vectors. Since Such plasmids are produced in bacteria and 
then purified, they usually contain Several unmethylated 
immunostimulatory CpG-S motifs. There is now convincing 
evidence that the presence of Such motifs is essential for the 
induction of immune responses with DNA vaccines (see 
Krieg et al., Trends Microbiology. 6: 23-27, 1998). For 
example, it has been shown that removal or methylation of 
potent CpG-S sequences from plasmid DNA vectors reduced 
or abolished the in vitro production of Th1 cytokines (e.g., 
IL-12, IFN-C, IFN-Y) from monocytes and the in vivo 
antibody and CTL response against an encoded antigen 
(B-galactosidase) (Sato et al., 1996, Supra; Klinman et al., J. 
Immunol. 158:3635-3639 (1997). Potent responses could be 
restored by cloning CpG-S motifs back into the vectors 
(Sato et al., 1996, Supra) or by coadministering CpG-SODN 
(Klinman et al., 1997, Supra). The humoral response in 
monkeys to a DNA vaccine can also be augmented by the 
addition of E. coli DNA (Gramzinski et al., Molec. Med. 4: 
109-119, 1998). It has also been shown that the strong Th1 
cytokine pattern induced by DNA vaccines can be obtained 
with a protein vaccine by the coadministration of empty 
plasmid vectors (Leclerc et al., Cell Immunology. 170: 
97-106, 1997). 
0027. The present invention shows that DNA vaccine 
vectors can be improved by removal of CpG-N motifs and 
further improved by the addition of CpG-S motifs. In 
addition, for high and long-lasting levels of expression, the 
optimized vector should preferably include a promoter/ 
enhancer, which is not down-regulated by the cytokines 
induced by the immunostimulatory CpG motifs. 
0028. It has been shown that the presence of unmethy 
lated CpG motifs in the DNA vaccines is essential for the 
induction of immune responses against the antigen, which is 
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expressed only in very Small quantities (Sato et al., 1996, 
Klinman et al., 1997, Supra). As such, the DNA vaccine 
provides its own adjuvant in the form of CpG DNA. Since 
single-stranded but not double-stranded DNA can induce 
immunostimulation in vitro, the CpG adjuvant effect of 
DNA vaccines in vivo is likely due to oligonucleotides 
resulting from plasmid degradation by nucleases. Only a 
small portion of the plasmid DNA injected into a muscle 
actually enters a cell and is expressed; the majority of the 
plasmid is degraded in the extracellular space. 

0029. The present invention provides DNA vaccine vec 
tors further improved by removal of undesirable immunoin 
hibitory CpG motifs and addition of appropriate CpG immu 
nostimulatory Sequences in the appropriate number and 
spacing. The correct choice of immunostimulatory CpG 
motifs could allow one to preferentially augment humoral or 
CTL responses, or to preferentially induce certain cytokines. 

0030 The optimized plasmid cassettes of the invention 
are ready to receive genes encoding any particular antigen or 
group of antigens or antigenic epitopes. One of Skill in the 
art can create cassettes to preferentially induce certain types 
of immunity, and the choice of which cassette to use would 
depend on the disease to be immunized against. 
0031) The exact immunostimulatory CpG motif(s) to be 
added will depend on the ultimate purpose of the vector. If 
it is to be used for prophylactic vaccination, preferable 
motifs Stimulate humoral and/or cell-mediated immunity, 
depending on what would be most protective for the disease 
in question. It the DNA vaccine is for therapeutic purposes, 
Such as for the treatment of a chronic viral infection, then 
motifs which preferentially induce cell-mediated immunity 
and/or a particular cytokine profile is added to the cassette. 

0.032 The choice of motifs also depends on the species to 
be immunized as different motifs are optimal in different 
Species. Thus, there would be one set of cassettes for humans 
as well as cassettes for different companion and food-Source 
animals which receive veterinary vaccination. There is a 
very Strong correlation between certain in vitro immuno 
Stimulatory effects and in Vivo adjuvant effect of Specific 
CpG motifs. For example, the strength of the humoral 
response correlates very well (re-0.9) with the in vitro 
induction of TNF-O, IL-6, IL-12 and B-cell proliferation. On 
the other hand, the Strength of the cytotoxic T-cell response 
correlates well with in vitro induction of IFN-Y. 
0.033 Since the entire purpose of DNA vaccines is to 
enhance immune responses, which necessarily includes 
cytokines, the preferred promoter is not down-regulated by 
cytokines. For example, the CMV immediate-early pro 
moter/enhancer, which is used in almost all DNA vaccines 
today, is turned off by IFN-C. and IFN-Y (Gribaudo et al., 
Virology. 197: 303-311, 1993; Harms & Splitter, Human 
Gene Ther. 6: 1291-1297, 1995; Xiang et al., Vaccine, 15: 
896-898, 1997). Another example is the down-regulation of 
a hepatitis B viral promoter in the liver of HBSAg-express 
ing transgenic mice by IFN-Y and TNF-C. (Guidotti et al., 
Proc. Natl. Acad. Sci. USA. 91: 3764-3768, 1994). 
0034. Nevertheless, such viral promoters may still be 
used for DNA vaccines as they are very Strong, they work in 
Several cell types, and despite the possibility of promoter 
turn-off, the duration of expression with these promoters has 
been shown to be sufficient for use in DNA vaccines (Davis 
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et al., Human Molec. Genetics. 2: 1847-1851, 1993). The use 
of CpG-optimized DNA vaccine vectors could improve 
immune responses to antigen expressed for a limited dura 
tion, as with these viral promoters. When a strong viral 
promoter is desired, down-regulation of expression may be 
avoidable by choosing CpG-S motfis that do not induce the 
cytokine(s) that affect the promoter (Harms and Splitter, 
1995 supra). 
0035) Other preferable promoters for use as described 
herein are eukaryotic promoters. Such promoters can be cell 
or tissue-specific. Preferred cells/tissues for high antigen 
expression are those which can act as professional antigen 
presenting cells (APC) (e.g., macrophages, dendritic cells), 
since these have been shown to be the only cell types that 
can induce immune responses following DNA-based immu 
nization (Ulmer et al., 1996; Corr et al., J. Exp. Med., 
184, 1555-1560, 1996; Doe et al., Proc. Natl. Acad. Sci. USA, 
93, 8578-8583, 1996; Iwasaki et al., J. Immunol., 159: 
11-141998). Examples of such a promoter are the mamma 
lian MHC I or MHC II promoters. 
0036) The invention also includes the use of a promoter 
whose expression is up-regulated by cytokines. An example 
of this is the mammalian MHC I promoter that has the 
additional advantage of expressing in APC, which as dis 
cussed above is highly desirable. This promoter has also 
been shown to have enhanced expression with IFN-Y (Harms 
& Splitter, 1995, Supra). 
0037 After intramuscular injection of DNA vaccines, 
muscle fibers may be efficiently transfected and produce a 
relatively large amount of antigen that may be Secreted or 
otherwise released (e.g., by cytolytic attack on the antigen 
expressing muscle fibers) (Davis et al., Current Opinions 
Biotech. 8: 635-640, 1997). Even though antigen-expressing 
muscle fibers do not appear to induce immune responses 
from the point of View of antigen presentation, B-cells must 
meet circulating antigen to be activated, it is possible that 
antibody responses are augmented by antigen Secreted or 
otherwise released from other cell types (e.g., myofibers, 
keratinocytes). This may be particularly true for conforma 
tional B-cell epitopes, which would not be conserved by 
peptides presented on APC. For this purpose, expression in 
muscle tissue is particularly desirable Since myofibers are 
post-mitotic and the vector will not be lost through cell 
division, thus antigen expression can continue until the 
antigen-expressing cell is destroyed by an immune repsonse 
against it. Thus, when Strong humoral responses are desired, 
other preferred promoters are Strong muscle-specific pro 
moterS Such as the human muscle-specific creatine kinase 
promoter (Bartlett et al., 1996) and the rabbit B-cardiac 
myosin heavy chain (full-length or truncated to 781 bp) plus 
the rat myosin light chain /3 enhancer. 
0038. In the case of DNA vaccines with muscle- or other 
non-APC tissue-specific promoters, it may be preferable to 
administer it in conjunction with a DNA vaccine encoding 
the Same antigen but under the control of a promoter that 
will work Strongly in APC (e.g., viral promoter or tissue 
Specific for APC). In this way, optimal immune responses 
can be obtained by having good antigen presentation as well 
as Sufficient antigen load to Stimulate B-cells. A hybrid 
construct, such as the B-actin promoter with the CMV 
enhancer (Niwa et al, Gene. 108: 193-199, 1991) is also 
desirable to circumvent some of the problems of strictly 
Viral promoters. 
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0.039 While DNA vaccine vectors may include a signal 
Sequence to direct Secretion, humoral and cell-mediated 
responses are possible even when the antigen is not Secreted. 
For example, it has been found in mice immunized with 
hepatitis B Surface antigen (HBSAg)-expressing DNA that 
the appearance of anti-HIBs antibodies is delayed for a few 
weeks if the HBSAg is not secreted (Michel et al., 1995). As 
well, antibodies are induced in rabbits following IM immu 
nization with DNA containing the gene for cottontail rabbit 
papilloma virus major capsid protein (L1), which has a 
nuclear localization signal (Donnelly et al., 1996). In these 
cases, the B-cells may not be fully activated until the 
expressed antigen is released from transfected muscle (or 
other) cells upon lysis by antigen-specific CTL. 
0040 Preferably, the CpG-S motifs in the construct 
include a motif having the formula: 

0041 wherein at least one nucleotide separates consecu 
tive CpGS, X is adenine, guanine, or thymine and X is 
cytosine, thymine, or adenine. Exemplary CpG-S oligo 
nucleotide motifs include GACGTT, AGCGTT, AACGCT, 
GTCGTT and AACGAT. Another oligonucleotide useful in 
the construct contains TCAACGTT. Further exemplary oli 
gonucleotides of the invention contain GTCG(T/C)T, 
TGACGTT, TGTCG(T/C)T, TCCATGTCGTTCCT. 
GTCGTT (SEQ ID NO:1), TCCTGACGTTCCTGACGTT 
(SEQ ID NO:2) and TCGTCGTTTTGTCGTTTTGTCGTT 
(SEQ ID NO:3). 
0.042 Preferably CpG-N motifs contain direct repeats of 
CpG dinucleotides, CCG trinucleotides, CGG trinucle 
otides, CCGG tetranucleotides, CGCG tetranucleotides or a 
combination of any of these motifs. In addition, the neu 
tralizing motifs of the invention may include oligos that 
contain a Sequence motif that is a poly-G motif, which may 
contain at least about four GS in a row or two G trimers, for 
example (Yaswen et al., Antisense Research and Develop 
ment 3:67, 1993; Burgess et al., PNAS 92:4051, 1995). 
0043. In the present invention, the nucleic acid construct 
is preferably an expression vector. The term "expression 
vector” refers to a plasmid, virus or other vehicle known in 
the art that has been manipulated by insertion or incorpo 
ration of genetic coding Sequences. Polynucleotide Sequence 
which encode polypeptides can be operatively linked to 
expression control Sequences. 

0044) “Operatively linked” refers to a juxtaposition 
wherein the components So described are in a relationship 
permitting them to function in their intended manner. An 
expression control Sequence operatively linked to a coding 
Sequence is ligated Such that expression of the coding 
Sequence is achieved under conditions compatible with the 
expression control Sequences. AS used herein, the term 
“expression control Sequences' refers to nucleic acid 
Sequences that regulate the expression of a nucleic acid 
Sequence to which it is operatively linked. Expression con 
trol Sequences are operatively linked to a nucleic acid 
Sequence when the expression control Sequences control and 
regulate the transcription and, as appropriate, translation of 
the nucleic acid Sequence. Thus expression control 
Sequences can include appropriate promoters, enhancers, 
transcription terminators, a start codon (i.e., ATG) in front of 
a protein-encoding gene, Splicing Signal for introns, main 
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tenance of the correct reading frame of that gene to permit 
proper translation of mRNA, and Stop codons. 

004.5 The term “control sequences” is intended to 
include, at a minimum, components whose presence can 
influence expression, and can also include additional com 
ponents whose presence is advantageous, for example, 
leader Sequences and fusion partner Sequences. Expression 
control Sequences can include a promoter. 

0046) The nucleic acid construct of the invention may 
include any of a number of Suitable transcription and trans 
lation elements, including constitutive and inducible pro 
moters, transcription enhancer elements, transcription ter 
minators, etc. may be used in the expression vector (see e.g., 
Bitter et al., 1987, Methods in Enzymology 153:516-544). 
When cloning in mammalian cell Systems, promoters 
derived from the genome of mammalian cells (e.g. metal 
lothionein promoter) or from mammalian viruses (e.g., the 
retrovirus long terminal repeat; the adenoviral late promoter; 
the vaccinia virus 7.5K promoter) may be used. Promoters 
produced by recombinant DNA or Synthetic techniques may 
also be used to provide for transcription of the inserted 
polypeptide coding Sequence. 

0047 Mammalian cell systems which utilize recombi 
nant Viruses or viral elements to direct expression may be 
engineered. For example, when using adenovirus expression 
vectors, the polypeptide coding Sequence may be ligated to 
an adenovirus transcription/translation control complex, 
e.g., the late promoter and tripartite leader Sequence. Alter 
natively, the vaccinia virus 7.5K promoter may be used. 
(e.g., see, Mackett et al., 1982, Proc. Natl. Acad. Sci. USA 
79: 7415–7419; Mackett et al., 1984, J. Virol. 49: 857-864; 
Panicali et al., 1982, Proc. Natl. Acad. Sci. USA 79: 4927 
4931). Of particular interest are vectors based on bovine 
papilloma virus which have the ability to replicate as extra 
chromosomal elements (Sarver, et al., 1981, Mol. Cell. Biol. 
1:486). Shortly after entry of this DNA into mouse cells, the 
plasmid replicates to about 100 to 200 copies per cell. 
Transcription of the inserted cDNA does not require inte 
gration of the plasmid into the host's chromosome, thereby 
yielding a high level of expression. These vectors can be 
used for Stable expression by including a Selectable marker 
in the plasmid, Such as, for example, the neogene. Alter 
natively, the retroviral genome can be modified for use as a 
vector capable of introducing and directing the expression of 
the gene of interest in host cells (Cone & Mulligan, 1984, 
Proc. Natl. Acad. Sci. USA 81:6349-6353). High level 
expression may also be achieved using inducible promoters, 
including, but not limited to, the metallothionine IIA pro 
moter and heat shock promoters. 

0048. The polypeptide that acts as an antigen in the 
methods described herein refers to an immunogenic 
polypeptide antigen, group of antigens or peptides encoding 
particular epitopes. 

0049. A polynucleotide encoding such antigen(s) is 
inserted into the nucleic acid construct as described herein. 
For example, a nucleic acid Sequence encoding an antigenic 
polypeptide derived from a virus, Such as Hepatitis B virus 
(HBV) (e.g., HBV surface antigen), an antigen derived from 
a parasite, from a tumor, or a bacterial antigen, is cloned into 
the nucleic acid construct described herein. Virtually any 
antigen, groups of antigens, or antigenic epitopes, can be 
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used in the construct. Other antigens, Such as peptides that 
mimic nonpeptide antigens, Such as polysaccharides, are 
included in the invention. 

0050 Gene transfer into eukaryotic cells can be carried 
out by direct (in vivo) or indirect (in vitro or ex vivo) means 
(Miller et al., A. D. Nature. 357:455-460, 1992). The DNA 
vector can also be transferred in various forms and formu 
lations. For example, pure plasmid DNA in an aqueous 
solution (also called “naked” DNA) can be delivered by 
direct gene transfer. Plasmid DNA can also be formulated 
with cationic and neutral lipids (liposomes) (Gregoriadis et 
al, 1996), microencapsulated (Mathiowitz et al., 1997), or 
encochleated (Mannino and Gould Fogerite, 1995) for either 
direct or indirect delivery. The DNA sequences can also be 
contained within a viral (e.g., adenoviral, retroviral, herp 
eSvius, pox virus) vector, which can be used for either direct 
or indirect delivery. 

0051 DNA vaccines will preferably be administered by 
direct (in vivo) gene transfer. Naked DNA can be give by 
intramuscular (Davis et al., 1993), intradermal (Raz et al., 
1994; Condon et al., 1996; Gramzinski et al., 1998), Sub 
cutaneous, intravenous (Yokoyama et al., 1996; Liu et al., 
1997), intraarterial (Nabel et al., 1993) or buccal injection 
(Etchart et al., 1997; Hinkula et al., 1997). Plasmid DNA 
may be coated onto gold particles and introduced biolisti 
cally with a "gene-gun' into the epidermis if the skin or the 
oral or vaginal mucosae (Fynan et al. Proc. Natl. Acad. Sci. 
USA 90:11478, 1993; Tang et al, Nature 356:152, 1992; 
Fuller, et al., J. Med. Primatol. 25:236, 1996; Keller et al., 
Cancer Gene Ther, 3:186, 1996). DNA vaccine vectors may 
also be used in conjunction with various delivery Systems. 
Liposomes have been used to deliver DNA vaccines by 
intramuscular injection (Gregoriadis et al., FEBS Lett. 
402:107, 1997) or into the respiratory system by non 
invasive means Such as intranasal inhalation (Fynan et al., 
Supra). Other potential delivery Systems include microen 
capsulation (Jones et al., 1998; Mathiowitz et al., 0.1997) or 
cochleates (Mannino et al., 1995, Lipid matrix-based vac 
cines for mucosal and Systemic immunization. Vaccine 
Designs: The Subunit and Adjuvant Approach, M. F. Powell 
and M.J. Newman, eds., Pleum Press, New York, 363-387), 
which can be used for parenteral, intranasal (e.g., nasal 
spray) or oral (e.g. liquid, gelatin capsule, Solid in food) 
delivery. DNA vaccines can also be injected directly into 
tumors or directly into lymphoid tissues (e.g., Peyer's 
patches in the gut wall). It is also possible to formulate the 
vector to target delivery to certain cell types, for example to 
APC. Targeting to APC such as dendritic cells is possible 
through atachment of a mannose moiety (dendritic cells 
have a high density of mannose receptors) or a ligand for one 
of the other receptors found preferentially on APC. There is 
no limitation as to the route that the DNA vaccine is 
delivered, nor the manner in which it is formulated as long 
as the cells that are transfected can express antigen in Such 
a way that an immune response is induced. 

0.052 It some cases it may be desirable to carry out 
ex-Vivo gene transfer, in which case a number a methods are 
possible including physical methods Such as microinjection, 
electroportion or calcium phosphate precipitation, or facili 
tated transfer methods Such as liposomes or dendrimers, or 
through the use of Viral vectors. In this case, the transfected 

Feb. 10, 2005 

cells would be Subsequently administered to the Subject So 
that the antigen they expressed could induce an immune 
response. 

0053 Nucleotide sequences in the nucleic acid construct 
can be intentionally manipulated to produce CpG-S 
Sequences or to reduce the number of CpG-N Sequences for 
immunization vectors. For example, Site-directed mutagen 
esis can be utilized to produce a desired CpG motif. Alter 
natively, a particular CpG motif can be Synthesized and 
inserted into the nucleic acid construct. Further, one of Skill 
in the art can produce double-Stranded CpG oligos that have 
Self-complementary ends that can be ligated together to form 
long chains or concatemers that can be ligated into a 
plasmid, for example. It will be apparent that the number of 
CpG motifs or CpG-containing oligos that can be concat 
enated will depend on the length of the individual oligos and 
can be readily determined by those of skill in the art without 
undue experimentation. After formation of concatemers, 
multiple oligos can be cloned into a vector for use in the 
methods of the invention. 

0054. In one embodiment, the invention provides a 
method for Stimulating a protective immune response in a 
Subject. The method includes administering to the Subject an 
immunomoStimulatory effective amount of a nucleic acid 
construct produced by removing neutralizing CpG (CpG-N) 
motifs and optionally inserting Stimulatory CpG (CpG-S) 
motifs, thereby producing a nucleic acid construct having 
enhanced immunostimulatory efficacy and Stimulating a 
protective immune response in the Subject. The construct 
typically further includes regulatory Sequences for expres 
Sion of DNA in eukaryotic cells and nucleic acid Sequences 
encoding at least one polypeptide. 
0055. It is envisioned that methods of the present inven 
tion can be used to prevent or treat bacterial, Viral, parasitic 
or other disease States, including tumors, in a Subject. The 
Subject can be a human or may be a non-human Such as a 
pig, cow, sheep, horse, dog, cat, fish, chicken, for example. 
Generally, the terms “treating,”“treatment,” and the like are 
used herein to mean obtaining a desired pharmacologic 
and/or physiologic effect. The effect may be prophylactic in 
terms of completely or partially preventing a particular 
infection or disease (e.g., bacterial, Viral or parasitic disease 
or cancer) or sign or Symptom thereof, and/or may be 
therapeutic in terms of a partial or complete cure for an 
infection or disease and/or adverse effect attributable to the 
infection or disease. “Treating” as used herein covers any 
treatment of (e.g., complete or partial), or prevention of, an 
infection or disease in a non-human, Such as a mammal, or 
more particularly a human, and includes: 

0056 (a) preventing the disease from occurring in a 
Subject that may be at risk of becoming infected by 
a pathogen or that may be predisposed to a disease 
(e.g., cancer) but has not yet been diagnosed as 
having it; 

0057 (b) inhibiting the infection or disease, i.e., 
arresting its development; or 

0.058 (c) relieving or ameliorating the infection or 
disease, i.e., cause regression of the infection or 
disease. 

0059) Delivery of polynucleotides can be achieved using 
a plasmid vector as described herein, that can be adminis 
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tered as “naked DNA” (i.e., in an aqueous Solution), for 
mulated with a delivery System (e.g. liposome, cochelates, 
microencapsulated), or coated onto gold particles. Delivery 
of polynucleotides can also be achieved using recombinant 
expression vectorS Such as a chimeric virus. Thus the 
invention includes a nucleic acid construct as described 
herein as a pharmaceutical composition useful for allowing 
transfection of Some cells with the DNA vector Such that 
antigen will be expressed and induce a protective (to prevent 
infection) or a therapeutic (to ameliorate Symptoms attrib 
utable to infection or disease) immune response. The phar 
maceutical compositions according to the invention are 
prepared by bringing the construct according to the present 
invention into a form Suitable for administration to a Subject 
using Solvents, carriers, delivery Systems, excipients, and 
additives or auxiliaries. Frequently used Solvents include 
Sterile water and Saline (buffered or not). A frequently used 
carrier includes gold particles, which are delivered biolisti 
cally (i.e., under gas pressure). Other frequently used car 
riers or delivery Systems include cationic liposomes, cochle 
ates and microcapsules, which may be given as a liquid, 
Solution, enclosed within a delivery capsule or incorporated 
into food. 

0060. The pharmaceutical compositions are preferably 
prepared and administered in dose units. Liquid dose units 
would be injectable Solutions or nasal Sprays or liquids to be 
instilled (e.g., into the vagina) or Swallowed or applied onto 
the skin (e.g., with allergy tines, with tattoo needles or with 
a dermal patch). Solid dose units would be DNA-coated gold 
particles, creams applied to the skin or formulations incor 
porated into food or capsules or embedded under the skin or 
mucosae or pressed into the skin (e.g., with allergy tines). 
Different doses will be required depending on the activity of 
the compound, form and formulation, manner of adminis 
tration, and age or size of patient (i.e., pediatric versus 
adult), purpose (prophylactic VS therapeutic). Doses will be 
given at appropriate intervals, Separated by weeks or 
months, depending on the application. Under certain cir 
cumstances higher or lower, or more frequent or less fre 
quent doses may be appropriate. The administration of a 
dose at a single time point may be carried out as a Single 
administration or a multiple administration (e.g., several 
Sites with gene-gun or for intradermal injection or different 
routes). 
0061. Whether the pharmaceutical composition is deliv 
ered locally or Systemically, it will induce Systemic immune 
responses. By “therapeutically effective dose” is meant the 
quantity of a vector or construct according to the invention 
necessary to induce an immune response that can prevent, 
cure, or at least partially arrest the Symptoms of the disease 
and its complications. Amounts effective for this will of 
course depend on the mode of administration, the age of the 
patient (pediatric versus adult) and the disease state of the 
patient. Animal models may be used to determine effective 
doses for the induction of particular immune responses and 
in Some cases for the prevention or treatment of particular 
diseases. 

0062) The term “effective amount” of a nucleic acid 
molecule refers to the amount necessary or Sufficient to 
realize a desired biologic effect. For example, an effective 
amount of a nucleic acid construct containing at least one 
unmethylated CpG for treating a disorder could be that 
amount necessary to induce an immune response of Suffi 
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cient magnitude to eliminate a tumor, cancer, or bacterial, 
parasitic, Viral or fungal infection. An effective amount for 
use as a vaccine could be that amount useful for priming and 
boosting a protective immune response in a Subject. The 
effective amount for any particular application can vary 
depending on Such factors as the disease or condition being 
treated, the particular nucleic acid being administered (e.g. 
the number of unmethylated CpG motifs (-S or -N) or 
their location in the nucleic acid), 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 oligonucleotide without necessitating undue 
experimentation. An effective amount for use as a prophy 
lactic vaccine is that amount useful for priming and boosting 
a protective immune response in a Subject. 
0063. In one embodiment, the invention provides a 
nucleic acid construct containing CpG motifs as described 
herein as a pharmaceutical composition useful for inducing 
an immune response to a bacterial, parasitic, fungal, Viral 
infection, or the like, or to a tumor in a Subject, comprising 
an immunologically effective amount of nucleic acid con 
Struct of the invention in a pharmaceutically acceptable 
carrier. “Administering the pharmaceutical composition of 
the present invention may be accomplished by any means 
known to the skilled artisan. By “subject” is meant any 
animal, preferably a mammal, most preferably a human. The 
term “immunogenically effective amount,” as used in 
describing the invention, is meant to denote that amount of 
nucleic acid construct which is necessary to induce, in an 
animal, the production of a protective immune response to 
the bacteria, fungus, Virus, tumor, or antigen in general. 
0064. In addition to the diluent or carrier, such compo 
Sitions can include adjuvants or additional nucleic acid 
constructs that express adjuvants Such as cytokines or co 
Stimulatory molecules. Adjuvants include CpG motifs Such 
as those described in co-pending application Ser. No. 
09/030,701. 

0065. The method of the invention also includes slow 
release nucleic acid delivery Systems. Such as microencap 
Sulation of the nucleic acid constructs or incorporation of the 
nucleic acid constructs into liposomes. Such particulate 
delivery Systems may be taken up by the liver and Spleen and 
are easily phagocytosed by macrophages. These delivery 
Systems also allow co-entrapment of other immunomodula 
tory molecules, or nucleic acid constructs encoding other 
immunomodulatory molecules, along with the antigen-en 
coding nucleic acid construct, So that modulating molecules 
may be delivered to the Site of antigen Synthesis and antigen 
processing, allowing modulation of the immune System 
towards protective responses. 
0066. Many different techniques exist for the timing of 
the immunizations when a multiple immunization regimen 
is utilized. It is possible to use the antigenic preparation of 
the invention more than once to increase the levels and 
diversity of expression of the immune response of the 
immunized animal. Typically, if multiple immunizations are 
given, they will be spaced about four or more weeks apart. 
AS discussed, Subjects in which an immune response to a 
pathogen or cancer is desirable include humans, dogs, cattle, 
horses, deer, mice, goats, pigs, chickens, fish, and sheep. 
0067 Examples of infectious virus to which stimulation 
of a protective immune response is desirable include: Ret 
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roviridae (e.g., human immunodeficiency viruses, Such as 
HIV-1 (also referred to as HTLV-III, LAV or HTLV-III/LAV, 
or HIV-II; and other isolates, such as HIV-LP, Picornaviri 
dae (e.g., polio viruses, hepatitis A virus, enteroviruses, 
human coxsackie Viruses, rhinoviruses, echoviruses); Cal 
civiridae (e.g., Strains that cause gastroenteritis); Togaviri 
dae (e.g., equine encephalitis viruses, rubella viruses); Fla 
viridae (e.g., dengue viruses, encephalitis viruses, yellow 
fever viruses); Coronaviridae (e.g., coronaviruses); Rhab 
doviridae (e.g., vesicular stomatitis viruses, rabies viruses); 
Filoviridae (e.g., ebola viruses); Paramyxoviridae (e.g., 
parainfluenza viruses, mumps virus, measles virus, respira 
tory Syncytial virus); Orthomyxoviridae (e.g., influenza 
viruses); Bungaviridae (e.g., Hantaan viruses, bunga 
viruses, phleboviruses and Nairo viruses); Arena Viridae 
(hemorrhagic fever viruses); Reoviridae (e.g., reoViruses, 
orbiviurses and rotaviruses); Birnaviridae, Hepadnaviridae 
(Hepatitis B virus); Parvoviridae (parvoviruses); 
Papovaviridae (papilloma viruses, polyoma viruses); Aden 
Oviridae (most adenoviruses); Herpesviridae (herpes Sim 
plex virus (HSV) 1 and 2, varicella Zoster virus, cytomega 
lovirus (CMV), herpesviruses"); Poxviridae (variola viruses, 
vaccinia viruses, pox viruses); and Iridoviridae (e.g., Afri 
can Swine fever virus); and unclassified viruses (e.g., the 
etiological agents of Spongiform encephalopathies, the 
agent of delta hepatities (thought to be a defective Satellite 
of hepatitis B virus), the agents of non-A, non-B hepatitis 
(class 1=internally transmitted; class 2=parenterally trans 
mitted (i.e., Hepatitis C); Norwalk and related viruses, and 
astroviruses). 
0068 Examples of infectious bacteria to which stimula 
tion of a protective immune response is desirable include: 
Helicobacter pyloris, Borellia burgdorferi, Legionella pneu 
mophilia, Mycobacteria Sps (e.g. M. tuberculosis, M. avium, 
M. intracellulare, M. kanzSaii, M. gordonae), Staphylococ 
cus aureus, Neisseria gonorrhoeae, Neisseria meningitidis, 
Listeria monocytogenes, Streptococcus pyogenes (Group A 
Streptococcus), StreptococcuSagalactiae (Group B Strepto 
coccus), StreptococcuS (Viridans group), StreptococcuS 
faecalis, StreptococcuS bovis, StreptococcuS (anaerobic 
SpS.), StreptococcuS pneumoniae, pathogenic Campylo 
bacter sp., EnterOCOccus sp., Haemophilus influenzae, 
Bacillus antracis, corynebacterium diphtheriae, corynebac 
terium sp., Erysipelothrix rhusiopathiae, CloStridium per 
fringers, CloStridium tetani, Enterobacter aerogenes, Kleb 
Siella pneumoniae, PaStutrella multocida, Bacteroides sp., 
Fusobacterium nucleatum, Streptobacillus moniliformis, 
Treponema pallidium, Treponema pertenue, Leptospira, and 
Actinomyces israelli. 
0069. Examples of infectious fungi to which stimulation 
of a protective immune response is desirable include: Cryp 
toCOccuS neoformans, Histoplasma capsulatum, COccidio 
ides immitis, Blastomyces dermatitidis, Chlamydia tra 
chomatis, Candida albicans. Other infectious organisms 
(i.e., protists) include: Plasmodium falcipanim and Toxo 
plasma gondii. 

0070 An “immunostimulatory nucleic acid molecule” or 
oligonucleotide as used herein refers to a nucleic acid 
molecule, which contains an unmethylated cytosine, gua 
nine dinucleotide sequence (i.e. “CpG DNA” or DNA con 
taining a cytosine followed by guanosine and linked by a 
phosphate bond) and stimulates (e.g. has a mitogenic effect 
on, or induces or increases cytokine expression by) a ver 
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tebrate lymphocyte. An immunostimulatory nucleic acid 
molecule can be double-Stranded or Single-Stranded. Gen 
erally, double-Stranded molecules are more stable in Vivo, 
while Single-Stranded molecules may have increased 
immune activity. 
0071 Unmethylated immunostimulatory CpG motifs, 
either within a nucleic acid construct or an oligonucleotide, 
directly activate lymphocytes and co-stimulate antigen-spe 
cific responses. AS Such, they are fundamentally different 
form aluminum precipitates (alum), currently the only adju 
Vant licensed for human use, which is thought to act largely 
through adsorbing the antigen thereby maintaining it avail 
able to immune cells for a longer period. Further, alum 
cannot be added to all types of antigens (e.g., live attentuated 
pathogens, Some multivalent vaccines), and it induces pri 
marily Th2 type immune responses, namely humoral immu 
nity but rarely CTL. For many pathogens, a humoral 
response alone is insufficient for protection, and for Some 
pathogens can even be detrimental. 
0072. In addition, an immunostimulatory oligonucleotide 
in the nucleic acid construct of the invention can be admin 
istered prior to, along with or after administration of a 
chemotherapy or other immunotherapy to increase the 
responsiveness of malignant cells to Subsequent chemo 
therapy or immunotherapy or to Speed the recovery of the 
bone marrow through induction of restorative cytokines 
such as GM-CSF. CpG nucleic acids also increase natural 
killer cell lytic activity and antibody dependent cellular 
cytotoxicity (ADCC). Induction of NK activity and ADCC 
may likewise be beneficial in cancer immunotherapy, alone 
or in conjunction with other treatments. 
0073 Gene Therapy 
0074 Plasmid or vector DNA may also be useful for 
certain gene therapy applications. In most Such cases, an 
immune response against the encoded gene product would 
not be desirable. Thus, the optimal plasmid DNAcassette for 
gene therapy purposes will have all possible immunostimu 
latory (CpG-S) motifs removed and several immunoinhibi 
tory (CpG-N) motifs added in. An exemplary vector for gene 
therapy purposes is described in the Examples. 
0075. Despite comparable levels of unmethylated CpG 
dinucleotides, DNA from serotype 12 adenovirus is immune 
Stimulatory, but Serotype 2 is nonstimulatory and can even 
inhibit activation by bacterial DNA. In type 12 genomes, the 
distribution of CpG-flanking bases is similar to that pre 
dicted by chance. However, in type 2 adenoviral DNA the 
immune stimulatory CpG-S motifs are outnumbered by a 15 
to 30 fold excess of CpG dinucleotides in clusters of direct 
repeats or with a C on the 5' side or a G on the 3' side. 
Synthetic oligodeoxynucleotides containing these putative 
neutralizing (CpG-N) motifs block immune activation by 
CpG-S motifs in vitro and in vivo. Eliminating 52 of the 134 
CpG-N motifs present in a DNA vaccine markedly enhanced 
its Th1-like function in vivo, which was further increased by 
addition of CpG-S motifs. Thus, depending on the CpG 
motif, prokaryotic DNA can be either immune-stimulatory 
or neutralizing. These results have important implications 
for understanding microbial pathogenesis and molecular 
evolution, and for the clinical development of DNA vaccines 
and gene therapy vectors. 
0076 Gene therapy, like DNA-based immunization, 
involves introduction of new genes into cells of the body, 
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where they will be expressed to make a desired protein. 
However, in contrast to DNA vaccines, an immune response 
against the expressed gene product is not desired for gene 
therapy purposes. Rather, prolonged expression of the gene 
product is desired to augment or replace the function of a 
defective gene, and thus immune responses against the gene 
product are definitely undesirable. 

0.077 Plasmid DNA expression vectors are also used for 
gene therapy approaches. They may be preferable to viral 
vectors (i.e., recombinant adenovirus or retrovirus), which 
themselves are immunogenic (Newman, K. D., et al., J. Clin. 
Invest., 96:2955-2965, 1995; Zabner, J., et al., J. Clin. 
Invest., 97:1504-1511, 1996). Immune responses directed 
against Such vectors may interfere with Successful gene 
transfer if the same vector is used more than once. Double 
stranded DNA is poorly immunogenic (Pisetsky, D. S. 
Antisense Res. Devel. 5: 219-225, 1995; Pisetsky, D. S. J. 
Immunol. 156: 421-423, 1996), and thus from this perspec 
tive, repeated use is not a problem with plasmid DNA. 

0078 Nevertheless, even when gene transfer is carried 
out with plasmid DNA vectors, expression of the introduced 
gene is often short-lived and this appears to be due to 
immune responses against the expressed protein (Miller, A. 
D. Nature. 357:455-460, 1992; Lasic, D.D., and Templeton, 
N. S. Advanced Drug Delivery Review. 20: 221-266, 1996). 
It is not a Surprise that expression of a foreign protein, as is 
the case with gene replacement Strategies, induces immune 
responses. Nevertheless, it is likely that the presence of 
CpG-S motifs aggravates this situation. The finding that 
removal of CpG-S motifs from DNA vaccines can abolish 
their efficacy Suggests that Such a strategy may prove useful 
for creating gene therapy vectors where immune responses 
against the encoded protein are undesirable. Furthermore, 
the more recent discovery of CpG-N motifs opens up the 
possibility of actually abrogating unwanted immune 
responses through incorporating Such motifs into gene deliv 
ery vectors. In particular, the Th-2 bias of CpG-N motifs 
may prevent induction of cytotoxic T-cells, which are likely 
the primary mechanism for destruction of transfected cells. 

0079. In another embodiment, the invention provides a 
method for enhancing the expression of a therapeutic 
polypeptide in Vivo wherein the polypeptide is contained in 
a nucleic acid construct. The construct is produced by 
removing stimulatory CpG (CpG-S) motifs and optionally 
inserting neutralizing CpG (CpG-N) motifs, thereby produc 
ing a nucleic acid construct providing enhanced expression 
of the therapeutic polypeptide. Alternatively, the invention 
envisions using the construct for delivery of antisense poly 
nucleotides or ribozymes. 

0080 Typical CpG-S motifs that are removed from the 
construct include a motif having the formula: 

0.081 wherein at least one nucleotide separates consecu 
tive CpGS, X is adenine, guanine, or thymine and X is 
cytosine, thymine, or adenine. Exemplary CpG-S oligo 
nucleotide motifs include GACGTT, AGCGTT, AACGCT, 
GTCGTT and AACGAT. Another oligonucleotide useful in 
the construct contains TCAACGTT. Further exemplary oli 
gonucleotides of the invention contain GTCG(T/C)T, 
TGACGTT, TGTCG(T/C)T, TCCATGTCGTTCCT. 
GTCGTT (SEQ ID NO:1), TCCTGACGTTCCTGACGTT 
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(SEQ ID NO:2) and TCGTCGTTTTGTCGTTTTGTCGTT 
(SEQ ID NO:3). These motifs can be removed by site 
directed mutagenesis, for example. 

0082 Preferably CpG-N motifs contain direct repeats of 
CpG dinucleotides, CCG trinucleotides, CGG trinucle 
otides, CCGG tetranucleotides, CGCG tetranucleotides or a 
combination of any of these motifs. In addition, the neu 
tralizing motifs of the invention may include oligos that 
contain a Sequence motif that is a poly-G motif, which may 
contain at least about four GS in a row or two G trimers, for 
example (Yaswen et al., Antisense Research and Develop 
ment 3:67, 1993; Burgess et al., PNAS 92:4051, 1995). 
0083. The present invention provides gene therapy vec 
tors and methods of use. Such therapy would achieve its 
therapeutic effect by introduction of a specific Sense or 
antisense polynucleotide into cells or tissues affected by a 
genetic or other disease. It is also possible to introduce 
genetic Sequences into a different cell or tissue than that 
affected by the disease, with the aim that the gene product 
will have direct or indirect impact on the diseases cells or 
tissues. Delivery of polynucleotides can be achieved using a 
plasmid vector as described herein (in “naked” or formu 
lated form) or a recombinant expression vector (e.g., a 
chimeric vector). 
0084. For long-term, high-yield production of recombi 
nant proteins, stable expression is preferred. Rather than 
using expression vectors which contain viral origins of 
replication, host cells can be transformed with a heterolo 
gous cDNA controlled by appropriate expression control 
elements (e.g., promoter, enhancer, Sequences, transcription 
terminators, polyadenylation sites, etc.), and a selectable 
marker. The Selectable marker in a recombinant plasmid or 
vector conferS resistance to the Selection and allows cells to 
Stably integrate the plasmid into their chromosomes and 
grow to form foci which in turn can be cloned and expanded 
into cell lines. For example, following the introduction of 
foreign DNA, engineered cells may be allowed to grow for 
1-2 days in an enriched media, and then are Switched to a 
Selective media. A number of Selection Systems may be used, 
including but not limited to the herpes Simplex virus thy 
midine kinase (Wigler, et al., 1977, Cell 11: 223), hypox 
anthine-guanine phosphoribosyltransferase (Szybalska & 
Szybalski, 1962, Proc. Natl. Acad. Sci. USA 48: 2026), and 
adenine phosphoribosyltransferase (Lowy, et al., 1980, Cell 
22: 817) genes can be employed in thi-, hgprt- or aprt- cells 
respectively. Also, antimetabolite resistance can be used as 
the basis of selection for dhfr, which confers resistance to 
methotrexate (Wigler, et al., 1980, Natl. Acad. Sci. USA 77: 
3567; O'Hare, et al., 1981, Proc. Natl. Acad. Sci. USA 78: 
1527); gpt, which conferS resistance to mycophenolic acid 
(Mulligan & Berg, 1981, Proc. Natl. Acad. Sci. USA 78: 
2072, neo, which conferS resistance to the aminoglycoside 
G-418 (Colberre-Garapin, et al., 1981, J. Mol. Biol. 150: 1); 
and hygro, which confers resistance to hygromycin (San 
terre, et al., 1984, Gene 30: 147) genes. Recently, additional 
Selectable genes have been described, namely trpE, which 
allows cells to utilize indole in place of tryptophan; hisD, 
which allows cells to utilize histinol in place of histidine 
(Hartman & Mulligan, 1988, Proc. Natl. Acad. Sci. USA 85: 
8047); and ODC (ornithine decarboxylase) which confers 
resistance to the omithine decarboxylase inhibitor, 2-(dif 
luoromethyl)-DL-omithine, DFMO (McConlogue L., 1987, 
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In: Current Communications in Molecular Biology, Cold 
Spring Harbor Laboratory ed.). 
0085 Various viral vectors which can be utilized for gene 
therapy as taught herein include adenovirus, herpes virus, 
vaccinia, or, preferably, an RNA virus Such as a retrovirus. 
Preferably, the retroviral vector is a derivative of a murine or 
avian retrovirus. Examples of retroviral vectors in which a 
Single foreign gene can be inserted include, but are not 
limited to: Moloney murine leukemia virus (MoMuLV), 
Harvey murine sarcoma virus (HaMuSV), murine mammary 
tumor virus (MuMTV), and Rous Sarcoma Virus (RSV). 
When the Subject is a human, a vector Such as the gibbon ape 
leukemia virus (Gal. V) can be utilized. A number of addi 
tional retroviral vectors can incorporate multiple genes. All 
of these vectors can transfer or incorporate a gene for a 
Selectable marker So that transduced cells can be identified 
and generated. 
0.086 Therapeutic peptides or polypeptides are typically 
included in the vector for gene therapy. For example, immu 
nomodulatory agents and other biological response modifi 
erS can be administered for incorporation by a cell. The term 
“biological response modifiers' is meant to encompass 
Substances which are involved in modifying the immune 
response. Examples of immune response modifiers include 
Such compounds as lymphokines. Lymphokines include 
tumor necrosis factor, interleukins (e.g., IL-2, -4, -6, -10 and 
-12), lymphotoxin, macrophage activating factor, migration 
inhibition factor, colony Stimulating factor, and alpha-inter 
feron, beta-interferon, and gamma-interferon and their Sub 
types. Also included are polynucleotides which encode 
metabolic enzymes and proteins, including Factor VIII or 
Factor IX. Other therapeutic polypeptides include the cystic 
fibrosis transmembrane conductance regulator (e.g., to treat 
cystic fibrosis); structural or Soluble muscle proteins Such as 
dystrophin (e.g., to treat muscular dystrophies); or hor 
mones. In addition, Suicide or tumor repressor genes can be 
utilized in a gene therapy vector described herein. 
0087. In addition, antisense polynucleotides can be incor 
porated into the nucleic acid construct of the invention. 
AntiSense polynucleotides in context of the present inven 
tion includes both short sequences of DNA known as 
oligonucleotides of usually 10-50 bases in length as well as 
longer Sequences of DNA that may exceed the length of the 
target gene Sequence itself. AntiSense polynucleotides useful 
for the present invention are complementary to specific 
regions of a corresponding target mRNA. Hybridization of 
antisense polynucleotides to their target transcripts can be 
highly specific as a result of complementary base pairing. 
0088 Transcriptional regulatory sequences include a pro 
moter region Sufficient to direct the initiation of RNA 
Synthesis. Suitable eukaryotic promoters include the pro 
moter of the mouse metallothionein I gene (Hamer et al., J. 
Molec. Appl. Genet. 1: 273 (1982)); the TK promoter of 
Herpes virus (McKnight, Cell 31: 355 (1982); the SV40 
early promoter (Benoist et al., Nature 290: 304 (1981); the 
Rous sarcoma virus promoter (Gorman et al., Proc. Natl 
Acad. Sci. USA 79: 6777 (1982); and the cytomegalovirus 
promoter (Foecking et al., Gene 45: 101 (1980)) (See also 
discussion above for Suitable promoters). 
0089 Alternatively, a prokaryotic promoter, such as the 
bacteriophage T3 RNA polymerase promoter, can be used to 
control fusion gene expression if the prokaryotic promoter is 
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regulated by a eukaryotic promoter. Zhou et al., Mol. Cell. 
Biol. 10: 4529 (1990); Kaufman et al., Nucl. Acids Res. 19: 
4485 (1991). 
0090. It is desirable to avoid promoters that work well in 
APC Since that could induce an immune response. Thus, 
ubiquitous viral promoters, such as CMV, should be 
avoided. PromoterS Specific for the cell type requiring the 
gene therapy are desirable in many instances. For example, 
with cystic fibrosis, it would be best to have a promoter 
Specific for the lung epithelium. In a Situation where a 
particular cell type is used as a platform to produce thera 
peutic proteins destined for another site (for either direct or 
indirect action), then the chosen promoter should work well 
in the "factory' Site. Muscle is a good example for this, as 
it is post-mitotic, it could produce therapeutic proteins for 
years on end as long as there is no immune response against 
the protein-expressing muscle fibers. Therefore, use of 
Strong muscle promoters as described in the previous Section 
are particularly applicable here. Except for treating a muscle 
disease perse, use of muscle is typically only Suitable where 
there is a Secreted protein So that it can circulate and function 
elsewhere (e.g., hormones, growth factors, clotting factors). 
0091 Administration of gene therapy vectors to a sub 

ject, either as a plasmid or as part of a viral vector can be 
affected by many different routes. Plasmid DNA can be 
“naked’ or formulated with cationic and neutral lipids 
(liposomes), microencapsulated, or encochleated for either 
direct or indirect delivery. The DNA sequences can also be 
contained within a viral (e.g., adenoviral, retroviral, herp 
eSvius, pox virus) vector, which can be used for either direct 
or indirect delivery. Delivery routes include but are not 
limited to intramuscular, intradermal (Sato, Y. et al., Science 
273: 352-354, 1996), intravenous, intra-arterial, intrathecal, 
intrahepatic, inhalation, intravaginal instillation (Bagarazzi 
et al., J. Med. Primatol. 26:27, 1997), intrarectal, intratumor 
or intraperitoneal. 

0092. As much as 4.4 mg/kg/d of antisense polynucle 
otide has been administered intravenously to a patient over 
a course of time without signs of toxicity. Martin, 1998, 
“Early clinical trials with GDM91, a systemic oligodeoxy 
nucleotide', In: Applied Oligonucleotide Technology, CA. 
Stein and A. M. Krieg, (Eds.), John Wiley and Sons, Inc., 
New York, N.Y.). Also see Sterling, "Systemic Antisense 
Treatment Reported,'Genetic Engineering News 12: 1, 28 
(1992). 
0093 Delivery of polynucleotides can be achieved using 
a plasmid vector as described herein, that can be adminis 
tered as “naked DNA” (i.e., in an aqueous Solution), for 
mulated with a delivery System (e.g., liposome, cochelates, 
microencapsulated). Delivery of polynucleotides can also be 
achieved using recombinant expression vectorS Such as a 
chimeric virus. Thus the invention includes a nucleic acid 
construct as described herein as a pharmaceutical composi 
tion useful for allowing transfection of some cells with the 
DNA vector such that a therapeutic polypeptide will be 
expressed and have a therapeutic effect (to ameliorate Symp 
toms attributable to infection or disease). The pharmaceuti 
cal compositions according to the invention are prepared by 
bringing the construct according to the present invention 
into a form Suitable for administration to a Subject using 
Solvents, carriers, delivery Systems, excipients, and addi 
tives or auxiliaries. Frequently used Solvents include Sterile 
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water and Saline (buffered or not). One carrier includes gold 
particles, which are delivered biolistically (i.e., under gas 
pressure). Other frequently used carriers or delivery Systems 
include cationic liposomes, cochleates and microcapsules, 
which may be given as a liquid Solution, enclosed within a 
delivery capsule or incorporated into food. 

0094. An alternative formulation for the administration 
of gene therapy vectors involves liposomes. LipoSome 
encapsulation provides an alternative formulation for the 
administration of polynucleotides and expression vectors. 
Liposomes are microscopic vesicles that consist of one or 
more lipid bilayerS Surrounding aqueous compartments. See, 
generally, Bakker-Woudenberg et al., Eur: J. Clin. Micro 
biol. Infect. Dis. 12 (Suppl. 1): S61 (1993), and Kim, Drugs 
46: 618 (1993). Liposomes are similar in composition to 
cellular membranes and as a result, liposomes can be admin 
istered safely and are biodegradable. Depending on the 
method of preparation, liposomes may be unilamellar or 
multilamellar, and liposomes can vary in size with diameters 
ranging from 0.02 um to greater than 10 um. See, for 
example, Machy et al., LIPOSOMES IN CELL BIOLOGY 
AND PHARMACOLOGY (John Libbey 1987), and Ostro et 
al., American J Hosp. Pharm. 46: 1576 (1989). 
0.095. After intravenous administration, conventional 
liposomes are preferentially phagocytosed into the reticu 
loendothelial system. However, the reticuloendothelial sys 
tem can be circumvented by Several methods including 
Saturation with large doses of liposome particles, or Selective 
macrophage inactivation by pharmacological means. Claas 
sen et al., Biochim. Biophys. Acta 802: 428 (1984). In 
addition, incorporation of glycolipid- or polyethelene gly 
col-derivatised phospholipids into liposome membranes has 
been shown to result in a significantly reduced uptake by the 
reticuloendothelial system. Allen et al., Biochim. Biophys. 
Acta 1068: 133 (1991); Allen et al., Biochim. Biohys. Acta 
1150: 9 (1993). These Stealth(R) liposomes have an increased 
circulation time and an improved targeting to tumors in 
animals. (Woodle et al., Proc. Amer. ASSOC. Cancer Res. 33: 
2672 1992). Human clinical trials are in progress, including 
Phase III clinical trials against Kaposi's Sarcoma. (Grego 
riadis et al., Drugs 45:15, 1993). 
0.096 Expression vectors can be encapsulated within 
liposomes using Standard techniques. A variety of different 
lipoSome compositions and methods for Synthesis are 
known to those of skill in the art. See, for example, U.S. Pat. 
No. 4,844,904, U.S. Pat. No. 5,000,959, U.S. Pat. No. 
4,863,740, U.S. Pat. No. 5,589,466, U.S. Pat. No. 5,580,859, 
and U.S. Pat. No. 4,975,282, all of which are hereby 
incorporated by reference. 
0097 Liposomes can be prepared for targeting to par 
ticular cells or organs by varying phospholipid composition 
or by inserting receptorS or ligands into the liposomes. For 
instance, antibodies Specific to tumor associated antigens 
may be incorporated into liposomes, together with gene 
therapy vectors, to target the liposome more effectively to 
the tumor cells. See, for example, Zelphati et al., Antisense 
Research and Development 3: 323-338 (1993), describing 
the use “immunoliposomes' containing vectors for human 
therapy. 

0098. In general, the dosage of administered liposome 
encapsulated vectors will vary depending upon Such factors 
as the patient's age, Weight, height, Sex, general medical 
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condition and previous medical history. Dose ranges for 
particular formulations can be determined by using a Suit 
able animal model. 

0099. In addition to antisense, ribozymes can be utilized 
with the gene therapy vectors described herein. Ribozymes 
are RNA molecules possessing the ability to specifically 
cleave other Single-stranded RNA in a manner analogous to 
DNA restriction endonucleases. Through the modification of 
nucleotide Sequences which encode these RNAS, it is pos 
Sible to engineer molecules that recognize specific nucle 
otide sequences in an RNA molecule and cleave it (Cech, J. 
Amer: Med. ASSn., 260:3030, 1988). A major advantage of 
this approach is that, because they are Sequence-specific, 
only mRNAS with particular Sequences are inactivated. 
0100. There are two basic types of ribozymes namely, 
tetrahymena-type (Hasselhoff, Nature, 334:585, 1988) and 
“hammerhead'-type. Tetrahymena-type ribozymes recog 
nize Sequences which are four bases in length, while “ham 
merhead'-type ribozymes recognize base Sequences 11-18 
bases in length. The longer the recognition Sequence, the 
greater the likelihood that the Sequence will occur exclu 
Sively in the target mRNA species. Consequently, hammer 
head-type ribozymes are preferable to tetrahymena-type 
ribozymes for inactivating a specific mRNA species and 
18-based recognition Sequences are preferable to Shorter 
recognition Sequences. 
0101 All references cited herein are hereby incorporated 
by reference in their entirety. The following examples are 
intended to illustrate but not limit the invention. While they 
are typical of those that might be used, other procedures 
known to those skilled in the art may alternatively be used. 

EXAMPLE 1. 

Cloning of CpG Optimized Plasmid DNA Vectors 

0102 Plasmids and Other Reagents 
0103) The cloning vector puK21, which contains one 
Col. 1 replication region, kanamycin resistance gene and 
poly linker, was provided by Martin Schleef of Qiagen Inc. 
(Qiagen, Hilden, Germany). The expression vector pcDNA3 
was purchased from Invitrogen Corp. (Carlsbad, USA). E. 
coli strain DH5O. was used as the bacterial host. 

0104 Pwo DNA polymerase, T4 DNA ligase, dNTP and 
ATP were purchased from Boerhinger Mannheim (Man 
nheim, Germany). T4 DNA polymerase, large fragment of 
DNA polymerase I (klenow), T4 DNA polynucleotide 
kinase, CIP (calf intestinal alkaline phosphatase) and restric 
tion enzymes were purchased from New England BioLabs 
(Beverly, USA) and GIBCO BRL (Gaithersburg, USA). 
General laboratory chemicals were from Sigma Chemical 
Corp. (St. Louis, USA). 
0105 Recombinant DNA Techniques 
0106 Unless specified otherwise, all recombinant DNA 
methods were as described by Sambrook et al. (1989). 
Plasmid DNA was prepared with Qiagen Plasmid Kits 
(Qiagen Inc). DNA purification was carried out by Separat 
ing DNA fragments on an agarose gel and extracting with 
QIAquick Gel Extraction Kit (Qiagen Inc). Double-stranded 
DNA sequencing was performed with ABI PRISM auto 
matic sequencing System (Perkin Elmer Corp., Norwalk, 
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USA). Oligonucleotides for primers were synthesized with 
a DNA synthesizer, model Oligo 1000, manufactured by 
Beckman Instrument Inc. (Palo Alto, USA). PCR was per 
formed with the Perkin Elmer PCR system 2400. 

01.07 PCR Conditions 

0108 Cycling conditions for each PCR began with a 
2-min denaturation at 94 C., followed by 25 cycles of 
denaturation at 94 C. for 15 sec, annealing at 55 C. for 30 
Sec, elongation at 72 C. for 45 sec (adjusted according to 
the size of DNA fragment), and completed with a 7-min 
incubation at 72 C. High-fidelity Pwo polymerase was used 
when fragments were created for cloning and Site-directed 
mutagenesis. 

0109 Construction of Basic Expression Vector 

0110. The puK21 vector was used as the starting material 
to construct a basic expression vector, which was Subse 
quently used for construction of either a CpG-optimized 
DNA vaccine vectors or a CpG-optimized gene therapy 
vectors. DNA sequences required for gene expression in 
eukaryotic cells were obtained by PCR using the expression 
vector pcDNA3 as a template. 

0111 (i) Insertion of the CMV (Human Cytomegalovi 
rus) Major Intermediate Early Promoter/Enhancer Region 

0112 The CMV promoter (from pcDNA3 position 209 to 
863) was amplified by PCR using 30 ng pcDNA3 as a 
template. The forward PCR primer 5' CGTGGA TAT CCG 
ATG TAC GGG CCAGATAT3' (SEQID NO:4) introduced 
an EcoRV site, and the reverse PCR primer 5' AGT CGC 
GGC CGC AATTTC GATAAG CCA GTA AG 3' (SEQ ID 
NO:5)introduced a NotI site. After digestion with EcoRV 
and Not, a 0.7 kb PCR fragment containing the CMV 
promoter was purified and inserted into the puK21 
polylinker between Xbaland Not sites. The Xbal sticky end 
of puK21 was filled in with the large fragment of T4 DNA 
polymerase after digestion to create a blunt end. The inserted 
CMV promoter was confirmed by Sequencing. The resulting 
plasmid was puK21-A1 (FIG. 1). 

0113 (ii) Insertion of the BGH polyA (Bovine Growth 
Hormone Polyadenylation Signal) 

0114 BGH polyA (from pcDNA3 position 1018 to 1249) 
was amplified by PCR using pcDNA3 as template. The 
forward PCR primer 5' ATT CTC GAGTCT AGA CTA 
GAG CTC GCT GAT CAGCC 3' (SEQ ID NO:6) intro 
duced XhoI and Xbal sites, and the reverse PCR primer 5' 
ATT AGG CCT TCC CCA GCA TGC CTG CTA TT 3 
(SEQ ID NO:7) introduced a Still site. After digestion with 
XhoI and StuI, the 0.2 kb PCR fragment containing the BGH 
polyA was purified, and ligated with the 3.7 kb XhoI-StuI 
fragment of puK21-A1. The inserted BGH polyA was 
confirmed by Sequencing. The resulting plasmid was 
pUK21-A2 (FIG. 2). 

0115) Note: Ligation of the EcoRV and Xbal-fill-in blunt 
ends in the puK21-A1 construct recreated an Xbal site, but 
this site is resistant to cleavage due to Dam methylation 
present in most laboratory strains of E. coli, such as DH5C, 
so the extra Xbal site introduced by the forward PCR primer 
in the pUK21-A2 construct is available as a cloning site. 
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0116 CpG Optimized DNA Vaccine Vector 
0117 The CpG-optimized DNA vaccine vectors were 
made from the basic expression vector (pUK21-A2) in 
Several Steps: 

0118 Site-directed mutagenesis for removal of 
CpG-N motifs, with care being taken to maintain the 
integrity of the open reading frame. Where neces 
Sary, the mutated Sequence was chosen to encode the 
Same amino acids as the original Sequence. 

0119) Removal of unnecessary sequences (e.g., fl 
ori). 

0120 Addition of suitable polylinker sequence to 
allow easy incorporation of CpG-S motifs. 

0121 Addition of CpG-S motifs which would be 
chosen to enhance a particular immune response 
(humoral, cell-mediated, high levels of a particular 
cytokine etc.). 

0.122 The puK21-A2 vector was used as the starting 
material for construction of an optimized DNA vaccine 
vector. Site-directed mutagenesis was carried out to mutate 
those CpG-N Sequences that were easy to mutate. AS 
described below, 22 point-mutations were made to change a 
total of 15 CpG-N motifs to alternative non-CpG sequences. 
For 16 of these point mutations that were in coding regions, 
the new Sequences encoded the same amino acids as before 
through alternative codon usage. The mutated Sequences 
were all in the kanamycin resistance gene or immediately 
adjacent regions. At present, we did not mutate any CpG-N 
motifs in regions with indispensable functions Such as the 
Col. 1, BGH poly A or polylinker regions, or the promoter 
region (in this case CMV), however this should be possible. 
0123 (i) Insertion of the f1 Origin of Replication Region 
0.124. The f1 origin and two unique restriction enzyme 
sites (Dral and Apal) were introduced into puK21-A2 for 
later vector construction. f1 origin (from pcDNA3 position 
1313 to 1729) was amplified by PCR using pcDNA3 as 
template. The forward PCR primer 5'TAT AGG CCCTAT 
TTT AAA CGC GCC CTG TAG CGG CGC A3' (SEQ ID 
NO:8) introduced EcoO109I and DraI sites, and the reverse 
PCR primer 5' CTATGG CGC CTTGGG CCCAATTTT 
TGTTAAATCAGCTC 3' (SEQ ID NO:9) introduced Narl 
and Apal site. After digestion with Nar and EcoO109I, the 
0.4 kb PCR fragment containing the fl origin was purified 
and ligated with the 3.3 kb Narl-EcoO109I fragment of 
pUK21-A2, resulting in puK21-A (FIG. 3). 
0125 (ii) Site-Directed Mutagenesis to Remove Immu 
noinhibitory Sequences 

0.126 Sixteen silent-mutations within the kanamycin 
resistance gene and another Six point-mutations within a 
non-essential DNA region were designed in order to elimi 
nate immunoinhibitory CpG-N Sequences. At this time, 
mutations were not made to CpG-N motifs contained in 
regions of pUK21-A that had essential functions. 
0127 Site-directed mutagenesis was performed by over 
lap extension PCR as described by Geet al. (1997). The 1.3 
kb AlwNI-EcoO109I fragment of puK21-A contained all 22 
nucleotides to be mutated and was regenerated by overlap 
extension PCR using mutagenic primers. All the primers 
used for mutagenesis are listed in Table 1, and the nucleotide 
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sequence of this AlwNI-EcoO109I fragment is listed in 
Table 2 (Note: the nucleotide numbering scheme is the same 
as the backbone vector puK21). 

0128. The mutagenesis was carried out as follows: In the 
first round of overlap extension PCR, the pairs of primers: 
Mu-OF/Mu-(4+5)R Mu-(4+5)F/Mu-9R, Mu-9F/Mu-13R 
and Mu-13F/Mu-OR were used to introduce four point 
mutations at positions 1351, 1363, 1717 and 1882. The 
PCR-generated EcoRI/AlwNI-EcoO109I/Xbal fragment 
was inserted into the pcDNA3 polylinker between the EcoR 
I and Xbal sites. The mutated MspI at position 1717 was 
used to identify the pcDNA3-insert containing the appro 
priate mutant DNA fragment. 

0129. In the second round of overlap extension PCR, the 
pcDNA3-insert from the first-round was used as a PCR 
template, the pairs of primers: Mu-OF/Mu-2R, Mu-2F/Mu 
7R, Mu-7F/Mu-10R and Mu-10F/Mu-OR were used to 
introduce three point-mutations at positions 1285, 1549 and 
1759. The PCR-generated EcoRI/AlwN-EcoO109I/Xbal 
fragment was inserted into the pcDNA3 polylinker between 
the EcoRI and Xbal sites. The SnaBI site created by muta 
tion at position 1759 was used to identify the pcDNA3-insert 
containing the appropriate mutant DNA fragment. 

0130. In the third round of overlap extension PCR, the 
pcDNA3-insert from the second-round was used as a tem 
plate, the pairs of primers: Mu-OF/Mu-3R, Mu-3F/Mu-8R, 
Mu-SF/Mu-14R and Mu-14F/Mu-OR were used to intro 
duce five point-mutations at positions 1315, 1633, 1636, 
1638 and 1924. The PCR-generated EcoRI/AlwNI 
EcoO109I/Xbal fragment was inserted into the pcDNA3 
polylinker between the EcoRI and Xbal sites. The mutated 
MspI site at position 1636 was used to identify the pcDNA3 
insert containing the appropriate DNA mutant fragment. 

0131. In the last round of overlap extension PCR, the 
pcDNA3-insert from the third-round was used as a template, 
the pairs of primers: Mu-OF/Mu-1R, Mu-1F/Mu-6R, 
Mu-6F/Mu-(11+12)R, Mu-(11+12)F/Mu-15R and Mu-1 
SF/Mu-OR were used to introduce 10-point mutations at 
positions 1144, 1145, 1148, 1149, 1152, 1153, 1453, 1777, 
1795 and 1984. After digestion with the EcoO109I and 
AlwNI, the PCR-generated 1.3 kb fragment was inserted 
into puk21-A to replace the corresponding part, resulting in 
pUK21-B. All the 22 point-mutations were confirmed by 
sequencing, and the PCR-generated AlwNI-EcoO109I frag 
ment was free from PCR errors. 

0132 (iii) Replacement of the f1 Origin with Unique 
Restriction Enzyme Sites 

0133) Oligonucleotides 5' AAA TTC GAA AGT 
ACTGGA CCT GTT AAC A3' (SEQ ID NO:10) and its 
complementary Strand 5'CGT GTT AAC AGG TCCAGT 
ACT TTC GAATTT3' (SEQ ID NO:11) were synthesized, 
and 5'-phosphorylated. Annealing of these two phosphory 
lated oligos resulted in 28 base pair double-stranded DNA 
containing three unique restriction enzyme sites (Scal, 
Aval, HpaI), one Sticky end and one blunt end. Replacing 
the 0.4 kb Nar-Dral fragment of puK21-B with this double 
stranded DNA fragment resulted in the universal vector 
pMAS for DNA vaccine development (FIGS. 4 and 5). 
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0134 (iv) Insertion of Immunostimulatory Motifs Into 
the Vector pMAS 

0.135 The vector is now ready for cloning CpG-S motifs. 
The exact motif which would be added to the vector would 
depend on its ultimate application, including the Species it is 
to be used in and whether a strong humoral and/or a 
cell-mediated response was preferred. The following 
description gives an example of how a varying number of a 
given motif could be added to the vector. 

0.136 Insertion of murine-specific CpG-S motifs was 
carried out by first synthesizing the oligonucleotide 5' GAC 
TCC ATGACG TTC CTGACGTTTCCATGA CGT TCC 

TGACGT TG 3' (SEQ ID NO:12) which contains four 
CpG-S motifs (underlined), and its complementary sequence 
5' GTC CAA CGT CAG GAA CGT CAT GGAAAC GTC 

AGG AAC GTC ATG GA 3' (SEQ ID NO:13). This 
Sequence is based on the CpG-S motifs contained in oligo 
#1826, which has potent stimulatory effects on murine cells 
in vitro and is a potent adjuvant for protein vaccines in Vivo. 
After 5'-phosphorylation, annealing was performed to create 
a 44 bp double-stranded DNA fragment with AvaI-cut 
sticky ends. Self-ligation of this 44 bp DNA fragment 
resulted in a mixture of larger DNA fragments containing 
different copy numbers of the stimulatory motif. These DNA 
fragments with different numbers of mouse CpG-S motifs 
were inserted into the AvalI site of pMAS, which was first 
dephosphorylated with CIP to prevent self-ligation. The 
resulting recombinant plasmids maintained one Aval Site 
due to the design of the Synthetic oligonucleotide Sequence 
allowing the cloning process to be repeated until the desired 
number of CpG-S motifs were inserted. Sixteen and 50 
mouse CpG-S motifs were inserted into the AvalI site of 
pMAS, creating pMCG-16 and pMCG-50 respectively. The 
DNA fragment containing 50 CpG-S motifs was excised 
from pMCG-50, and inserted into HpaI-AvalI-Scal-DraI 
linker of pMCG-50, creating pMCG-100. The same proce 
dure was followed to create pMCG-200 (Table 3). 
0.137 Two different sequences containing human-specific 
CpG-S motifs were cloned in different numbers into pMAS 
to create two series of vectors, pHCG and pHIS, following 
the same Strategies as described above. 

0.138. The pHCG series of vectors contain multiple cop 
ies of the following sequence 5' GAC TTCGTG TCG TTC 
TTC TGT CGT CTTTAG CGCTTCTCC TGC GTG CGT 
CCCTTG 3' (SEQ ID NO:14) (CpG-S motifs are under 
lined). This sequence incorporates various CpG-S motifs 
that had previously been found to have potent Stimulatory 
effects on human cells in vitro. The vector pHCG-30, 
pHCG-50, pHCG-100 and pHCG-200 contain 30, 50, 100 
and 200 human CpG-S motifs respectively (Table 3). 
0.139. The pHIS series of vectors contain multiple copies 
of the following Sequence: 5' GAC TCGTCG TTT TGT 
CGTTTT GTC GTTTCG TCG TTT TGT CGT TTT GTC 
GTT G 3' (SEQ ID NO:15) (CpG-S motifs are underlined). 
This sequence is based on the CpG-S motifs in oligo #2006, 
which has potent Stimulatory effects on human cells in Vitro 
The vector pHIS-40, pHIS-64, pHIS-128 and pHIS-192 
contain 40, 64, 128 and 192 human CpG motifs respectively 
(Table 3). 
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0140 (v) Cloning of the Hepatitis B Surface Antigen 
Gene 

0141) To create a DNA vaccine, the S gene (subtype ayw) 
encoding the hepatitis B Surface antigen (HBSAg) was 
amplified by PCR and cloned into the polylinker of puK2'- 
A2 using the EcoRV and Pst I restriction enzyme sites. The 
S gene was analyzed by Sequencing, and then Subcloned into 
the same restriction enzyme sites of the pMCG and pHCG 
series of vectors (Table 4). 
0142. The S gene (subtype adw2) encoding the hepatitis 
B surface antigen (HBSAg) was cloned into the pHIS series 
of Vectors following the Same Strategy as described above 
(Table 4). 
0143 CpG Optimized Gene Therapy Vector 

0144. The optimized gene therapy vectors were con 
structed from the basic expression vector (pUK21-A2) in 
Several Steps. 

0145 (i) Site-Directed Mutagenesis for Removal of CpG 
Immunostimulatory Sequences Within puK21-A2 

0146) Only point-mutations, which would not interfere 
with the replication and function of the expression vector, 
pUK21-A2, were designed. Seventy-five point-mutations, 
including 55 nucleotides within non-essential regions and 20 
Silent-mutations within the kanamycin resistance gene, were 
carried out following the same Strategy as described previ 
ously in (ii) Site-directed mutagenesis to remove immunoin 
hibitory Sequences. The point mutations eliminated 64 CpG 
stimulatory motifs resulting in the vector pGT (Table 5). 
0147 ii) Insertion of Unique Restriction Enzyme Sites 
Into pGT 

0148 Oligonucleotides 5 GCC CTA GTACTG TTA 
ACT TTA AAG GGC CC 3' (SEQ ID NO:16) and its 
complementary Strand 5' GGC GGG CCCTTT AAAGTT 
AACAGT ACT AG 3' (SEQ ID. NO:17) were synthesized, 
and 5'-phosphorylated. Annealing of these two phosphory 
lated oligos resulted in a 26 bp double-stranded DNA 
fragment containing four unique restriction enzyme Sites 
(Scal, HpaI, Dral and Apal) and two EcoC)109I-cut sticky 
ends. Insertion of this 26 bp DNA fragment into pGT created 
the vector pGTU. 

0149 iii) Insertion of Immunoinhibitory Motifs Into the 
Vector pGTU 

0150 Human CpG-N motifs were cloned into the pGTU 
following the same strategies as described previously in (iv) 
Insertion of immunostimulatory motifs into the vector 
pMAS. The oligonucleotide 5' GCC CTG GCG GGG ATA 
AGG CGG GGA TTT GGC GGG GGA TAA GGC GGG 
GAA3' (SEQ ID NO:18) and its complementary strand 5' 
GGC CCC CGC CTTATC CCC GCCAAATCC CCG CCT 
TAT CCCCGC CAG 3' (SEQ ID NO:19) (four CpG motifs 
are underlined) were Synthesized and phosphorylated. 
Annealing of these two oligonucleotides created a double 
stranded DNA fragment, which was self-ligated first and 
then cloned into the EcoO109I site of the vector pGTU. The 
recombinant plasmids will be Screened by restriction 
enzyme digestion and the vectors with the desired number of 
CpG inhibitory motifs will be sequenced and tested. 
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0151. Immunization of Mice and Assay of Immune 
Responses 

0152 Female BALB/c mice aged 6-8 weeks (Charles 
River, Montreal) were immunized with DNA vaccines of 
HBSAg-encoding DNA (see vectors described above) by 
intramuscular injection into the tibialis anterior (TA) muscle. 
The plasmid DNA was produced in E. coli and purified using 
Qiagen endotoxin-free DNA purification mega columns 
(Qiagen GmbH, Chatsworth, Calif.). DNA was precipitated 
and redissolved in endotoxin-free PBS (Sigma, St. Louis 
Mo.) at a concentration of 0.01, 0.1 or 1 mg/ml. Total doses 
of 1, 10 or 100 lug were delivered by injection of 50 ul 
bilaterally into the TA muscles, as previously described 
(Davis et al., 1993b). 
0153. In some cases, 10 or 100 lug of CpG ODN was 
added to the DNA vaccine (pCMV-S, Davis et al., 1993b). 
The sequences and backbones of the ODN used are outlined 
in Table 6. 

0154 Mice were bled via the retro-orbital plexus at 
various times after immunization and recovered plasma was 
assayed for presence of anti-HBS antibodies (total IgG or 
IgG1 and IgG2a isotypes) by end-point dilution ELISA 
assay, as previously described (Davis et al., 1993a). 
O155 For assay of CTL activity, mice were killed and 
their Spleens removed. Splenocytes were restimulated in 
vitro with HBSAg-expressing cells and CTL activity was 
evaluated by chromium release assay as previously 
described (Davis et al., 1998). 

EXAMPLE 2 

0156 1. In vitro Effects of CpG-N Motifs 
0157 Nearly all DNA viruses and retroviruses have 
50-94% fewer CpG dinucleotides than would be expected 
based on random base usage. This would appear to be an 
evolutionary adaptation to avoid the vertebrate defense 
mechanisms related to recognition of CpG-S motifs. CpG 
Suppression is absent from bacteriophage, indicating that it 
is not an inevitable result of having a Small genome. 
Statistical analysis indicates that the CpG Suppression in 
lentiviruses is an evolutionary adaptation to replication in a 
eukaryotic host. Adenoviruses, however, are an exception to 
this rule as they have the expected level of genomic CpG 
dinucleotides. Different groups of adenovirae can have quite 
different clinical characteristics. 

0158. Unlike the genome of almost all DNA viruses and 
retroviruses, Some adenoviral genomes do not show Sup 
pression of CpG dinucleotides (Karlin et al., 1994; Sun et al., 
1997). Analysis of different adenoviral genomes (types 2, 5, 
12, and 40) reveals Surprising variability among each other 
and compared to human and E. coli in the flanking bases 
around CpG dinucleotides (Table 7). 
0159 Adenoviral strains 2 and 5 belong to the same 
family but strain 12 is quite distinct from them. Purified type 
12 adenoviral DNA induced cytokine secretion from human 
PBMC to a degree similar to that seen with bacterial DNA 
(EC DNA) (Table 8). In contrast, DNA from types 2 and 5 
adenoviruses induced little or no production of cytokines 
(Tables 3, 4). Remarkably, not only did type 2 and 5 
adenoviral DNA fail to induce TNF-C. or IFN-y secretion, it 
actively inhibited the induction of this secretion by EC DNA 
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(Table 9). In contrast, type 12 adenoviral DNA had no 
discernible inhibitory effects. These data Suggested that type 
2 and 5 adenoviral DNA contains sequence motifs that 
inhibit the cytokine responses to the Stimulatory motifs 
present. 

0160 The bases flanking CpG motifs determine whether 
a CpG dinucleotide will cause immune Stimulation, and may 
also determine the type of cytokines Secreted. The fact that 
type 2 and 5 adenoviral DNA was not only nonstimulatory 
but actually inhibitory of CpG DNA, suggested that certain 
nonstimulatory CpG motifs may even be able to block the 
stimulatory motifs and that the inhibitory motifs should be 
over-represented in the genomes of adenovirus type 2 and 5 
compared to type 12 (or to human DNA). By analysis of 
these genomes, it was possible to identify Sequences that 
could block the effects of known CpG-S sequences on in 
vitro B cell proliferation (Table 10) and cytokine secretion 
(Table 11). 
0.161 Sequences which were found to be immunoinhibi 
tory by in vitro assay were chosen to be mutated (wherever 
easily possible) from the backbone of the DNA vaccine 
VectOr. 

0162 2. CpG-SODN Cannot be used as an Adjuvant for 
DNA Vaccines 

0163. It has previously been shown that CpG-S ODN is 
a potent vaccine adjuvant when given with HBSAg protein 
(Davis et al., 1998). Antibodies against HBSAg (anti-HBs) 
were augmented many times over those obtained with 
HBSAg alone or even HBSAg with alum as adjuvant. In 
addition, the humoral response was more Strongly Th1, as 
indicated by a greater proportion of IgG2a than IgG1 
isotypes of antibodies in immunized BALB/c mice. The 
strong Th1 effect of the CpG-S motifs was further demon 
Strated by the greatly enhanced cytotoxic T-cell activity. One 
of the most potent CpG-S ODN in mice was 1826, a 20-mer 
with 2 CpG-dinucleotides and made with a synthetic phos 
phorothioate backbone (see Table 6 for sequence). 
0164. In contrast to the Success with protein antigens, 
attempts to augment immune responses induced by a 
HBSAg-expressing DNA vaccine by the addition of CpG-S 
ODN 1826 failed. Surprisingly, the immune responses 
decreased with the addition of CpG-S ODN in a dose 
dependent manner (FIG. 6a). Addition of ODN #1826 to a 
luciferase reporter gene construct (pCMV-luc, Davis et al., 
1993b) resulted in a dose-dependent decrease in luciferase 
expression (FIG. 6b). This indicates that the negative effects 
of the CpG-SODN on the DNA vaccine were due to reduced 
gene expression rather than an effect on the immune 
response against the gene product. 

0165 ODN #1826 used in the above studies is an ODN 
with a phosphorothioate backbone (S-ODN) and it is pos 
Sible that the Synthetic Sulfur-containing backbone interfered 
with the ability of the plasmid DNA to transfect target cells. 
Zhao et al. (1994) investigated the effect of the backbone on 
binding, uptake and degradation of ODN by mouse Spleno 
cytes and found that S-ODN had the highest affinity for 
ODN-binding sites on the cell membrane and could com 
petitively inhibit binding of ODN made with a natural 
phosphodiester backbone (O-ODN). A similar blocking of 
binding might be taking place when S-ODN is mixed with 
plasmid DNA, which contains a natural phosphodiester 
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backbone like O-ODN. Furthermore, it was shown that the 
affinity of ODN made with a phophorothioate-phosphodi 
ester chimeric backbone (SOS-ODN) for ODN-binding sites 
was lower than that of S-ODN (Zhao et al., 1994). Thus, we 
evaluated the effect of adding SOS-ODN 1980, which has 
the identical sequence to S-ODN 1826, to pCMV-luc DNA 
and found that even at a 100 ug dose, this did not alter the 
expression of the luciferase reporter gene (FIG. 7). While 
ODN with a chimeric backbone (SOS-ODN) do not 
adversely affect the level of gene expression (except when 
certain sequences Such as a poly G are present) (FIG. 7), this 
is not useful since SOS-ODN are apparently also not suffi 
ciently nuclease-resistant to exert a strong CpG adjuvant 
effect (Table 12). Administering the CpG S-ODN at a 
different time or site than the plasmid DNA does not 
interfere with gene expression either (FIG. 8), however nor 
do these approaches augment responses to DNA vaccines by 
administering the CpG S-ODN at a different time or site than 
the plasmid DNA (Table 12). Thus it appears that the 
immune System must see the antigen and the CpG-S motif 
at the Same time and the same place to augment antigen 
Specific responses. Thus, at least for the present, it appears 
necessary to clone CpG motifs into DNA vaccine vectors in 
order to take advantage of their adjuvant effect. 

EXAMPLE 3 

CpG-Optimized DNA Vaccines 
0166 Eliminating 52 of 134 CpG-N motifs from a DNA 
vaccine markedly enhanced its Th1-like function in Vivo and 
immune responses were further augmented by the addition 
of CpG-S motifs to the DNA vaccine vectors (FIG. 9). 
0.167 Titers of antibodies were increased by the removal 
of CpG-N motifs. With the addition of 16 or 50 CpG-S 
motifs, humoral responses became increasingly more Th1, 
with an ever greater proportion of IgG2a antibodies. The 
anti-HBS titer was higher with 16 than 50 CpG-S motifs, 
perhaps because the Strong cytokine response with the 
greater number of motifs inhibited antigen expression that 
was driven by the CMV promoter. Viral promoters such as 
that from CMV are known to be down-regulated by cytok 
ines such as the IFNs (Gribaudo et al., 1993; Harms & 
Splitter, 1995; Xiang et al., 1997). 
0168 CTL responses were likewise improved by removal 
of CpG-N motifs, and then more so by the addition of CpG-S 
motifs to the DNA vaccines. 

EXAMPLE 4 

CpG-Optimized Gene Therapy Vectors 
0169 Oligodeoxynucleotides (ODN) and DNA Phos 
phodiester ODN were purchased from Operon Technologies 
(Alameda, Calif.) and nuclease resistant phosphorothioate 
ODN were purchased from Oligos Etc. (Wilsonville, Oreg.) 
or Hybridon Specialty Products (Milford, Mass.). All ODN 
had undetectable endotoxin levels (less than 1 ng/mg) by 
Limulus assay (Whittaker Bioproducts, Walkersville, Md.). 
E. coli (strain B) DNA was purchased from Sigma (St. 
Louis, Mo.), purified by repeated extraction with phe 
nol:chloroform:isoamyl alcohol (25:24:1) and/or Triton Xi 
14 extraction and ethanol precipitation and made Single 
stranded by boiling for 10 min followed by cooling on ice 
for 5 min. Highly purified type 2, 5, and 12 adenoviral DNA 
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was prepared from Viral preparations using Standard tech 
niques and processed in the same manner as the E. coli 
DNA. Plasmids for DNA vaccination were purified using 
two rounds of passage over Endo-free columns (Qiagen, 
Hilden, Germany). 
0170 Cell Cultures and ELISA assays for cytokines. 
ELISA assays were performed using Standard techniques 
and commercially available reagents as previously described 
(Klinman, D., et al., Proc. Natl. Acad. Sci. USA, 93,2879 
2883 (1996); Yiet al., J. Immunol., 157, 5394-5402 (1996)). 
Standard deviations of the triplicate wells were <10%. 
0171 Construction of optimized DNA vectors. The start 
ing material was puk21-A2, an expression vector contain 
ing the immediate early promoter of human cytomegalovirus 
(CMV IE), the bovine growth hormone (BGH) polyadeny 
lation signal, and the kanamycin resistance gene (Wu and 
Davis, unpublished). To avoid disrupting the plasmid origin 
of replication, mutagenesis designed to eliminate CpG-N 
motifs was restricted to the kanamycin resistance gene and 
non-essential DNA sequences following the gene. A total of 
22 point mutations were introduced to alter 15 CpG-N 
motifs (a "motif refers to a hexamer containing one or more 
CpG dinucleotides) containing 19 CpG dinucleotides, 12 of 
which were eliminated and 7 of which were transformed into 
CpG-S motifs. Site-directed mutagenesis was performed by 
overlap extension PCR as described by Ge et al. (Prosch, S., 
et al., Biol. Chem., 377, 195-201 (1996)). The 1.3 kb AlwN 
I-EcoO109 I fragment of puK21-A2, which contained all 22 
nucleotides to be mutated, was used as the template for PCR. 
The 1.3 kb fragment was regenerated by four rounds of 
overlap extension PCR using appropriate mutagenic prim 
ers, and substituted for the original AlwN I-EcoO 109 I 
fragment, resulting in puk21-B2. All the mutations were 
confirmed by Sequencing. 
0172 Another 37 CpG-N motifs were removed by 
replacing the fl origin with a multiple cloning site. Oligo 
nucleotides 5 GCCCTATTTTAAATTCGAAAGTACTG 
GACCTGTTAACA3' (SEQID NO:20) and its complemen 
tary Strand 5. 
CGTGTTAACAGGTCCAGTACTTTC 
GAATTTAAAATAG 3' (SEQID NO:21) were synthesized, 
and 5'-phosphorylated. Annealing of these two phosphory 
lated-oligos resulted in a 35 bp double-stranded DNA frag 
ment containing four unique restriction enzyme sites (Dra I, 
Sca I, Ava II, Hpa I) and two sticky ends. Replacing the 0.6 
kb Nar I-EcoO109 I fragment of puK21-B2, which con 
tained the entire f1 ori, with this double-stranded DNA 
fragment resulted in the master vector pMAS. 
0173) Next, different numbers of CpG-S motifs were 
inserted into the vector by allowing self-ligation of a 20 bp 
DNA fragment with the sequence 5' GACTCCATGACGT. 
TCCTGACGTTTCCATGACGTTCCTGACGTTG 3' (SEQ 
ID NO:22) with a complementary strand and inserting 
different numbers of copies into the Ava II site of pMAS. 
Recombinant clones were Screened and the two vectors were 
chosen for further testing with 16 and 50 CpG-S motifs, and 
named pMCG16 and pMCG50 respectively. 
0.174. To create a DNA vaccine, the S gene encoding ay 
Subtype of hepatitis B Surface antigen (HBSAg) was ampli 
fied by PCR and cloned into the EcoRV-PstI sites of the 
vectors, resulting in puK-S, pMAS-S, pMCG16-S, and 
pMCG50-S respectively. Vector sequences were confirmed 
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by Sequencing and have been deposited in GenBank under 
accession numbers AFO53406 (pUK-S), AFO53407 
(pMAS-S), AFO53408 (pMCG16-S), and AFO53409 
(pMCG50-S). 

0.175. Immunization of mice against HBSAg: Immuniza 
tion of 6-8 wk old female BALB/c mice (Charles River, 
Montreal, QC) was by injection into the tibialis anterior 
muscle (TA) of 1 tug recombinant HBSAg or 10 ug HBSAg 
expressing DNA vaccine (Chace, J. H., et al., Immunopath, 
In press (1997)). Assay for antibodies against HBSAg (anti 
HBs) was by end point dilution and for cytotoxic T lym 
phocytes (CTL) was by chromium release assay as described 
previously'. Both the protein (+ODN) and DNA vaccines 
were resuspended in Saline for injection. 

EXAMPLE 5 

0176 Type 12 adenoviral DNA is immune stimulatory, 
but types 2 and 5 adenoviral DNA are immune neutralizing. 
To investigate possible functional differences in the immune 
effects of various prokaryotic DNAS, we determined their 
ability to induce cytokine secretion from human PBMC. In 
contrast to bacterial DNA and genomic DNA from type 12 
adenovirus, DNA from types 2 and 5 adenovirus failed to 
induce cytokine production (Table 8). In fact, despite their 
Similar frequency of CpG dinucleotides, type 2 or 5 aden 
oviral DNA severely reduced the cytokine expression 
induced by co-administered immunostimulatory E. coli 
genomic DNA (Table 9). This indicates that type 2 and 5 
adenoviral DNA does not simply lack CpG-S motifs, but 
contains Sequences that actively Suppress those in E. coli 
DNA 

0177. Identification of putative immune neutralizing 
CpG-N motifs in type 2 and 5 adenoviral genomes. To 
identify possible non-random Skewing of the bases flanking 
the CpG dinucleotides in the various adenoviral genomes, 
we examined their frequency of all 4096 hexamers. The six 
most common hexamers in the type 2 adenoviral genome are 
shown in Table 7, along with their frequency in the Type 12 
and E. coli genomes. Remarkably, all of these over-repre 
Sented hexamers contain either direct repeats of CpG 
dinucleotides, or CpGS that are preceded by a C and/or 
followed by a G. These CpG-N motifs are approximately 
three to six fold more common in the immune inhibitory 
type 2 and 5 adenoviral genomes than in those of immune 
Stimulatory type 12 adenoviral, E. coli or non-stimulatory 
human genomic DNAS (Table 7). This hexamer analysis 
further revealed that the frequency of hexamers containing 
CpG-S motifs (e.g., GACGTT or AACGTT) in the type 2 
adenoviral genome is as low as that in the human genome: 
only /3 to "/6 of that in E. coli and type 12 adenoviral DNA 
(Table 7). 
0.178 Effect of CpG-N motifs on the immune stimulatory 
effects of CpG-S motifs. To determine whether these over 
represented CpG-N motifs could explain the neutralizing 
properties of type 2 and 5 adenoviral DNA, we tested the in 
Vitro immune effects of Synthetic oligodeoxynucleotides 
bearing a CpG-S motif, one or more CpG-N motifs, or 
combinations of both. An ODN containing a single CpG-S 
motif induces spleen cell production of IL-6, IL-12, and 
IFN-Y (ODN 1619, Table 13). However, when the 3' end of 
this ODN was modified by Substituting either repeating CpG 
dinucleotides or a CpG dinucleotide preceded by a C, the 
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level of cytokine production was reduced by approximately 
50% (ODN 1952 and 1953, Table 13). ODN consisting 
exclusively of these neutralizing CpG (CpG-N) motifs 
induced little or no cytokine production (Table 14). Indeed, 
addition of ODN containing one or more CpG-N motifs to 
spleen cells along with the CpG-S ODN 1619 caused a 
Substantial decrease in the induction of IL-12 expression 
indicating that the neutralizing effects can be exerted in trans 
(Table 14). 
0179 To determine whether the in vivo immune activa 
tion by ODN containing CpG-S motifs would be reversed by 
CpG-N motifs, we immunized mice with recombinant hepa 
titis B Surface antigen (HBSAg), with or without nuclease 
resistant phosphorothioate-modified ODN containing vari 
ous types of CpG motifs. As expected, a CpG-S ODN 
promoted a high titer of antibodies against HBSAg (anti-HBs 
antibodies) which were predominantly of the IgG2a sub 
class, indicating a Th1-type immune response (FIG. 10; 
ODN 1826). The various CpG-N ODN induced either little 
or no production of anti-HBs antibodies (ODN 1631, 1984, 
and 2010) (FIG.10). Mice immunized with combinations of 
CpG-S and CpG-N ODN had a reduced level of anti-HBs 
antibodies compared to mice immunized with CpG-S ODN 
alone, but these were still predominantly IgG2a (FIG. 10). 
0180 Enhanced DNA vaccination by deletion of plasmid 
CpG-N motifs. DNA vaccines can be highly effective induc 
ers of Th1-like immune responses (Raz, E., et al., Proc. Natl. 
Sci. Acad. USA, 93,5141-5145 (1996); Donnelly, J.J., et al., 
Ann. Rev. Immunol., 15, 617-648 (1997)). Based on the in 
vivo and in vitro effects of CpG-N motifs, we hypothesized 
that their presence within a DNA vaccine would decrease its 
immunostimulatory effects. The Starting vector, puk21-A2, 
contained 254 CpG dinucleotides, of which 134 were within 
CpG-N motifs. In order to test the hypothesis that these 
CpG-N motifs adversely affected the efficacy of this vector 
for DNA-based vaccination, the number of CpG-N motifs 
was reduced, either by mutation or deletion. Since mutations 
in the plasmid origin of replication interfere with replication 
of the plasmid, we restricted our initial mutations to the 
kanamycin resistance gene and a noneSSential flanking 
region. We were able to eliminate 19 CpG dinucleotides 
contained within 15 of the 20 CpG-N motifs in these regions 
without changing the protein Sequence. The F1 origin of 
replication containing 37 CpG-N motifs and only 17 other 
CpG dinucleotides was then deleted, creating the vector 
pMAS. This vector was further modified by the introduction 
of 16 or 50 CpG-S motifs, yielding vectors pMCG16 and 
pMCG50 respectively. The S gene for HBSAg was then 
cloned into these vectors downstream from the CMV pro 
moter, to make puK-S, pMAS-S, pMCG16-S, and 
pMCG50-S respectively. 

0181. When tested for their ability to induce cytokine 
(IL-6 and IL-12) secretion from cultured spleen cells, we 
found that the pMAS-S, pMCG16-S and pMCG50-S vectors 
had significantly enhanced immune Stimulatory activity 
compared to puK-S. When used as a DNA vaccine, the 
anti-HBS response at 4 and 6 weeks was Substantially 
stronger with DNA vaccines from which CpG-N motifs had 
been deleted, and even more so when 16 CpG-S motifs had 
been inserted. The vector with 50 CpG-S motifs, however, 
was less effective at inducing antibody production than that 
with 16 motifs. (FIG. 11A). Removal of CpG-N motifs and 
addition of CpG-S motifs resulted in a more than three-fold 
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increase in the proportion of IgG2a relative to IgG1 anti 
HBS antibodies, indicating an enhanced Th-1 response. This 
accentuated Th1 response also was demonstrated by the 
Striking progressive increases in CTL responses induced by 
vectors from which CpG-N motifs were deleted and/or 
CpG-S motifs added (FIG. 11B). 
0182. The discovery of immune activating CpG-S motifs 
in bacterial DNA has led to the realization that aside from 
encoding genetic information, DNA can also function as a 
Signal transducing molecule. Our present results demon 
strate that genomic DNA from type 12 adenovirus is 
immune Stimulatory, compatible with its relatively high 
content of CpG-S motifs. In contrast, genomic DNA from 
type 2 and 5 adenoviruses is not Stimulatory, but rather is 
immune neutralizing and blocks the cytokine induction of 
bacterial DNA (Tables 8 and 9). To identify possible differ 
ences in the CpG motifs present in these different adenoviral 
genomes, analyzed the genomic frequency of all hexamer 
Sequences was analyzed. This analysis demonstrated that 
only the type 2 and 5 adenoviral genomes had a dramatic 
overrepresentation of CpG motifs containing direct repeats 
of CpG dinucleotides and/or CpGs preceded by a C and/or 
followed by a G (Table 7). Synthetic ODN containing such 
putative immune neutralizing (CpG-N) motifs not only did 
not induce cytokine production in vitro, but also inhibited 
the ability of an immune stimulatory CpG-S motif to induce 
cytokine expression (Tables 13, 14). These studies reveal 
that there are immune neutralizing CpG-N as well as Stimu 
latory CpG-S motifs and that there is a Surprisingly complex 
role for the bases flanking CpG dinucleotides in determining 
these immune effects. In general, CpG-N motifs oppose 
CpG-S motifs in cis or trans. The mechanism through which 
CpG-N motifs work is not yet clear, but does not appear to 
involve competition for cell uptake or binding to a CpG-S- 
Specific binding protein. Further Studies are underway to 
determine the molecular mechanisms through which CpG-N 
and CpG-S motifs exert their respective immune effects. 
0183 The hexamers that contain CpG-N motifs are from 
15 to 30 times more common in type 2 and 5 adenoviral 
genomes than those that contain immune Stimulatory CpG-S 
motifs. However, in type 12 adenoviral genomes the fre 
quencies of hexamers containing CpG-N and CpG-S motifs 
do not differ Substantially from chance. These data Suggest 
that the immune neutralizing effects of types 2 and 5 
adenoviral DNA are not merely a result of their propagation 
in eukaryotic cells, but rather are due to the overall exceSS 
of CpG-N compared to CpG-S motifs. It is tempting to 
Speculate that the marked over-representation of CpG-N 
motifs in the genomes of types 2 and 5 adenovirus may 
contribute to the biologic properties, Such as persistent 
infection of lymphocytes, which distinguish them from type 
12 adenovirus. The presence of large numbers of CpG-N 
motifs within these adenoviral genomes may have played an 
important role in the evolution of this virus by enabling it to 
avoid triggering CpG-induced immune defenses. It will be 
interesting to determine the general distribution of CpG-N 
and CpG-S motifs in different families of microbial and viral 
genomes, and to explore their possible roles in disease 
pathogenesis. 

0.184 CpG-N motifs are also over-represented in the 
human genome, where their hexamers are approximately 
two to five-fold more common than CpG-S motifs. While 
this skewing is far less marked than that in adenoviral DNA, 
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it would still be expected to reduce or eliminate any immune 
stimulatory effect from the unmethylated CpGs present in 
CpG islands within vertebrate DNA. We and others have 
found that even when predominantly or completely unm 
ethylated, vertebrate DNA is still not immune stimulatory 
(A. Krieg and P. Jones, unpublished data) (Sun, S., et al., J. 
Immunol., 159:3119-3125 (1997)) which is in keeping with 
its predominance of CpG-N motifs (Table 7). Given the 
overall level of CpG Suppression in the human genome, the 
molecular mechanisms responsible for the skewing of the 
frequency of CpG-N to CpG-S motifs are unclear. Such a 
distortion from the expected random patterns would seem to 
require the existence of pathways that preferentially mutate 
the flanking bases of CpG-S motifs in vertebrate genomes, 
but do not affect CpG-N motifs. Indeed, statistical analyses 
of Vertebrate genomes have provided evidence that CpGS 
flanked by A or T (as in CpG-S motifs) mutate at a faster rate 
than CpGs flanked by C or G (Bains, W., et al., Mutation 
Res., 267:43-54 (1992)). 
0185 Based on our in vitro experiments we hypothesized 
that the presence of CpG-N motifs in DNA vaccines inter 
feres with the induction of the desired immune response. 
Indeed, the present Study demonstrates that elimination of 
CpG-N motifs from a DNA vaccine leads to improved 
induction of antibodies. By removing 52 of the CpG-N 
motifs from a DNA vaccine (45 were deleted and 7 turned 
into CpG-S motifs) the Serologic response was more than 
doubled; by then adding an additional 16 CpG-S motifs, the 
response was enhanced nearly 10 fold (FIG. 11A). Like 
wise, CTL responses were improved by removing CpG-N 
motifs and even more so by adding 16 or 50 CpG-S motifs 
(FIG. 11B). These increased responses are especially 
notable in view of the fact that the total number of CpG 
dinucleotides in the mutated vaccines is considerably below 
the original number. 
0186 The finding that the vector with 50 CpG-S motifs 
was inferior to that with 16 motifs for induction of humoral 
immunity was unexpected, and may be secondary to CpG 
induced production of type I interferons, and Subsequent 
reduction in the amount of antigen expressed. The decreased 
antibody response induced by pMCG50-S seems unlikely to 
be explained by vector instability Since this vector gave the 
best CTL responses (FIG. 11B). Although the pMCG50-S 
vector was slightly larger than pMCG16-S, the 10 ug dose 
still contained 93% as many plasmid copies as it did 
pMCG16-S, so lower copy number is unlikely to account for 
the reduced antibody levels. The current generation of DNA 
vaccines are quite effective in mice, but much less effective 
in primates (Davis, H. L., et al., Proc. Natl. Acad. Sci. USA, 
93:7213-7218 (1996); Letvin, N. L., et al., Proc. Natl. Acad. 
Sci. USA, 94:9378-9383 (1997); Fuller, D. H., et al., J. Med. 
Primatol., 25:236-241 (1996); Lu, S., et al., J. Virol, 
70:3978-3991 (1996); Liu, M. A., et al., Vaccine, 15:909 
919 (1997); Prince, A. M., et al., Vaccine, 15:9196-919 
(1997); Gramzinski, R. A., et al., Molec. Med., 4:109-119 
(1998)). Our present results indicate that attaining the full 
clinical potential of DNA vaccines will require using engi 
neered vectors in which CpG-N motifs have been deleted, 
and CpG-S motifs added. 
0187. On the other hand, the field of gene therapy may 
benefit from the discovery of CpG-N motifs through their 
insertion into gene transfer vectors to prevent or reduce the 
induction of host immune responses. Most of the CpG-N 
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motifs in the adenoviral genome are in the left hand (5) Side, 
which is generally partially or totally deleted for the prepa 
ration of gene therapy vectors, especially with the "gutleSS' 
vectors (Kochanek, S., et al., Proc. Natl. Acad. Sci. USA, 
93:5731-5736 (1996)). This could lead to an enhanced 
CpG-S effect. Since nucleic acids produced in viral vectors 
are unmethylated, they may produce inflammatory effects if 
they contain a relative excess of CpG-S over CpG-N motifs 
and are delivered at an effective concentration (about 1 
Aug/ml). Gene therapy studies with adenoviral vectors have 
used doses Up to 10 infectious units (IU)/ml (which contains 
0.4 ug of DNA/ml based on the genome size of 36 kb). 
Given that approximately 99% of adenoviral particles are 
noninfectious, this corresponds to a DNA dose of approxi 
mately 40 ug/ml, which is well within the range at which 
CpG DNA causes in vivo immune stimulatory effects; just 
10 ug/mouse induces IFN-Y production acts as an adjuvant 
for immunization (Davis, H. L., et al., J. Immunol., 160:870 
876 (1998); Chu, R. S., et al., J. Exp.Med., 186:1623-1631 
(1997); Lipford, G. B., et al., Eur: J. Immunol., 27:2340 
2344 (1997); Weiner, G.J., et al., Proc. Natl. Acad. Sci. USA, 
94:10833 (1997); Moldoveanu, Z., et al., Vaccine, In press 
(1998)), and causes acute pulmonary inflammation when 
delivered into mouse airways (Schwartz, D., et al., J. Clin. 
Invest., 100:68-73 (1997)). Multiple mechanisms besides the 
presence of CpG-S DNA are doubtless responsible for the 
inflammatory responses that have limited the therapeutic 
development of adenoviral vectors (Newman, K. D., et al., 
J. Clin. Invest., 96:2955-2965 (1995); Zabner, J., et al., J. 
Clin. Invest., 97:1504-1511 (1996)). Nonetheless, our 
present results Suggest that consideration be given to the 
maintenance or insertion of CpG-N motifs in adenoviral 
vectors, and to the engineering of backbones and inserts So 
that CpG-S motifs are mutated in order to reduce immune 
activation. 

0188 In recent years, it has become clear that effective 
gene expression need not require a viral delivery System. 
The use of plasmids for gene delivery (with or without lipids 
or other formulations) avoids some of the problems of viral 
vectors. On the other hand, much larger doses of DNA are 
typically required, Since delivery is far less efficient than 
with a targeted System Such as a virus. For example, effec 
tive gene expression in mice typically may require 500-1000 
ug DNA/mouse (Philip, R., et al., J. Biol. Chem., 268:16087 
16090 (1993); Wang, C., et al., J. Clin. Invest., 95:1710 
1715 (1995)). A recent human clinical trial using lipid/DNA 
complexes and naked DNA for delivery of CFTR to the 
nasal epithelium of patients with cystic fibrosis used doses 
of 1.25 mg of plasmid/nostril (Zabner, J., et al., J. Clin. 
Invest., 100:1529-1537 (1997)). The successful application 
of naked DNA expression vectors for gene therapy will 
depend on the Safety of repeatedly delivering high doses of 
DNA. Since the plasmids used for gene therapy typically 
contain Several hundred unmethylated CpG dinucleotides, 
many of which are in CpG-S motifs, Some immune activa 
tion may be expected to occur. Indeed, mice given repeated 
doses of just 10 ug of plasmid DNA daily develop elevated 
lymphocyte levels and Several humans who received intra 
nasal plasmid DNA had elevated serum IL-6 levels (Philip, 
R., et al., J. Biol. Chem., 268: 16087-16090 (1993)). Fur 
thermore, delivery of 4 mg of a gene therapy plasmid to 
cystic fibrosis patients in a recent clinical trial caused acute 
onset of Symptoms compatible with immune activation, 
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including fever, chills, and pulmonary congestion. Another 
reason to avoid the presence of CpG-S motifs in gene 
therapy vectors is that the cytokines that are produced-due to 
the immune Stimulation may reduce plasmid Vector expres 
Sion, especially when this is driven by viral promoters (Raz, 
E., et al., Proc. Natl. Acad. Sci. USA, 93:5141-5145 (1996)). 
0189 It is, therefore, highly desirable to develop 
improved gene delivery Systems with reduced immune acti 
vation. It is not possible to simply methylate the CpG-S 
dinucleotides in gene therapy plasmids, Since methylation of 
promoters abolishes or Severely reduces their activity. The 
only promoter resistant to methylation-induced Silencing is 
the MMTV promoter, which contains no essential CpGs, but 
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is fairly weak. In any case, even when the promoter is 
unmethylated, expression is still greatly reduced if the 
coding Sequences are methylated. In fact, even the Strong 
CMV IE promoter is completely inactivated by CpG methy 
lation. Deletion of all CpGS from an expression plasmid is 
not feasible Since many of these are located in the origin of 
replication (approximately 1.2 Kb long) where even single 
base changes can dramatically reduce plasmid replication. 
For these reasons, we propose that addition of CpG-N 
motifs, and/or mutation or conversion of CpG-S to CpG-N 
motifs may lead to the generation of leSS immune Stimula 
tory vectors for gene therapy. Studies to investigate this 
possibility are under way. 

TABLE 1. 

Primers used for site-directed mutagenesis. 
Mutated nucleotides 

Forward primers: 

are underlined. Restriction enzyme sites for cloning are indicated 
in bold. 

Mu- OF 5' GTCTCTAGACAGCCACTGGTAACAGGATT 3' (845) (SEQ ID NO: 23-50, 
respectively) 

Mu-1F (1144) 5' GTCGTTGTGTCGTCAAGTCAGCGTAATGC 3' (1172) 

Mu-2F (1285) 5' TCGTTTCTGTAATGAAGGAG 3' (1304) 

Mu-3F (1315) 5' AAGGCAGTTCCATAGGATGG 3' (1334) 

Mu- (4 + 5)F (1348) 5' TCGATCTGCGATTCCAACTCGTCCAACATCAATAC 3' (1382) 

Mu- 6F (1453) 5' TGGTGAGAATGGCAAAAGTT 3' (1472) 

Mu-Fi (1548) 5' CATTATTCATTCGTGATTGCG 3' (1568) 

Mu-8F (1633) 5' ACGTCTCAGGAACACTGCCAGCGC 3' (1656) 

Mu-9F (1717) 5' AGGGATCGCAGTGGTGAGTA 3' (1736) 

Mu-1 OF (1759) 5' TATAAAATGCTTGATGGTCGG 3' (1779) 

Mu- (11 + 12)F (1777) 5' GGGAAGAGGCATAAATTCTGTCAGCCAGTTTAGTC 3' (1811) 

Mu-13F (1882) 5' TGGCTTCCCATACAAGCGAT 3' (1901) 

Mu-14F (1924) 5' TACATTATCGCGAGCCCATT 3' (1943) 

Mu-15F (1984) 5' TGGCCTCGACGTTTCCCGT 3' (2002) 

Reverse primers: 

Mu-OR 5' ATCGAATTCAGGGCCTCGTGATACGCCTA 3' (21.60) 

Mu-1R (1163) 5' TGACTTGACGACACAACGACAGCTCATGACCAAAATCCC 3' (1125) 

Mu-2R (1304) 5' CTCCTTCATTACAGAAACGACTTTTTAAAAATATGGTA 3' (1266) 

Mu-3R (1334) 5' CCATCCTATGGAACTGCCTTGGTGAGTTTTCTCCTTC 3' (1298) 

Mu- (4 + 5)R (1367) 5' GAGTTGGAATCGCAGATCGATACCAGGATCTTGC 3' (1334) 

Mu- 6R (1472) 5' AACTTTTGCCATTCTCACCAGATTCAGTCGTCACTCA 3' (1436) 

Mu-TR (1568) 5' CGCAATCACGAATGAATAATGGTTTGGTTGATGCGAGTG 3' (1530) 

Mu-8R (1652) 5' TGGCAGTGTTCCTGAGACGTTTGCATTCGATTCCTGTT 3' (1615) 

Mu-9R. (1736) 5' TACTCACCACTGCGATCCCTGGAAAAACAGCATTCCAG 3' (1736) 

Mu-10R (1779) 5 CCGACCATCAAGCATTTTATACGTACTCCTGATGATGCA 3' (1741) 

Mu- (11 + 12) (1796) 5' CAGAATTTATGCCTCTTCCCACCATCAAGCATTTTATAC 3' (1758) 
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Mutated nucleotides 

TABLE 1-continued 

Primers used for site-directed mutagenesis. 

in bold. 
are underlined. Restriction enzyme sites for cloning are indicated 
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Mu-13R (1901) 5' ATCGCTTGTATGGGAAGCCAGATGCGCCAGAGTTGTTT 3' (1882) 

Mu-1 4R. (1943) 5' AATGGGCTCGCGATAATGTAGGGCAATCAGGTGCGAC 3' (1907) 

Mu-15R (2002) 5' ACGGGAAACGTCGAGGCCACGATTAAATTCCAACATGG 5' (1965) 

0190. 

TABLE 2 

Nucleotide and amino acid sequences of the AlwNI-EcoO109I fragment 
(SEQ ID NO: 80) 

kan (wt) 2180 AAGGGCCTCG TGATACGCCT ATTTTTATAG GTTAATGTCA, TGGGGGGGGG GGGGAAAGCC 

kan (wit) 2120 ACGTTGTGTC TCAAAATCTC TGATGTTACA TTGCACAAGA TAAAAATATA TCATCATGAA 

kan (wt) 2060 CAATAAAACT GTCTGCTTAC ATAAACAGTA ATACAAGGGG TGTTATGAGC CATATTCAAC 

kan (mu) 

ORF M. S. H I Q 

kan (wt) 2000 GGGAAACGTC GAGGCCGCGA TTAAATTCCA ACATGGATGC TGATTTATAT GGGTATAAAT 

kan (mu) A. 

ORF R E T S R P R L N S N M D A D L Y G Y K 

kan (wt) 1940 GGGCTCGCGA TAATGTCGGG CAATCAGGTG CGACAATCTA TCGCTTGTAT GGGAAGCCCG 

kan (mu) A. A. 

ORF W A R D N W G O S G A T L Y R L Y G K P 

kan (wt) 1880 ATGCGCCAGA GTTGTTTCTG AAACATGGCA AAGGTAGCGT TGCCAATGAT GTTACAGATG 

kan (mu) 

ORF D A P E L F. L. K. H. G. K. G. S W A N D W T D 

kan (wt) 1820 AGATGGTCAG ACTAAACTGG CTGACGGAAT TTATGCCTCT TCCGACCATC AAGCATTTTA 

kan (mu) A. c 

ORF E M W R L N W L T E F M P L P T K. H. F. 

kan (wit) 1760 TCCGTACTCC TGATGATGCA TGGTTACTCA CCACTGCGAT CCCCGGAAAA ACAGCATTCC 

kan (mu) A. 

ORF I R T P D D A W. L. L T T. A. I. P G K T A F 

kan (wit) 1700 AGGTATTAGA AGAATATCCT GATTCAGGTG AAAATATTGT TGATGCGCTG GCAGTGTTCC 

kan (mu) 

ORF Q W L E E Y P D S G E N I W D A L A V F 

kan (wit) 1640 TGCGCCGGTT GCATTCGATT CCTGTTTGTA ATTGTCCTTT TAACAGCGAT CGCGTATTTC 

kan (mu) A. A. A 

ORF L. R. R L H S I P W C N C P F N S D R W F 
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Kal 

Kal 

ORF 

Kal 

Kal 

ORF 

Kal 

Kal 

ORF 

Kal 

Kal 

ORF 

Kal 

Kal 

ORF 

Kal 

Kal 

ORF 

Kal 

Kal 

ORF 

Kal 

Kal 

Kal 

Kal 

Kal 

Kal 

(wit) 

(mu) 

(wit) 

(mu) 

(wit) 

(mu) 

(wit) 

(mu) 

(wit) 

(mu) 

(wit) 

(mu) 

(wit) 

(mu) 

(wit) 

kan (mu) 

(wit) 

(wit) 

(wit) 

(wit) 

(wit) 

Note: 

Mutated nucleotides are underlined. The AlwI and EcoO109I sites are indicated in 
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TABLE 2-continued 

Nucleotide and amino acid sequences of the AlwNI-EcoO109I fragment 

1580 

1520 

1460 

14 OO 

1340 

1280 

1220 

1160 

1100 

1040 

92.0 

860 

GTCTCGCTCA 

R. L. A. Q 

ACGAGCGTAA 

D E R N 

TCTCACCGGA 

AGGGGAAATT 

E. G. K. L. 

ATCTTGCCAT 

D I. A 

TTCAAAAATA 

F Q K Y 

ATGAGTTTTT 

D. E. F. F. 

CTTGACGGGA 

AC 

AGCGTCAGAC 

AATCTGCTGC 

AGAGCTACCA. 

TGTTCTTCTA 

ATACCTCGCT 

(SEQ ID NO : 80) 

GGCGCAATCA CGAATGAATAACGGTTTGGT 

A Q S 

TGGCTGGCCT 

G W P 

TTCAGTCGTC 

S W W 

AATAGGTTGT 

I G. C. 

CCTATGGAAC 

L. W. N 

TGGTATTGAT 

G I D 

CTAATCAGAA 

CGGCGCAAGC 

AA AC 

CCCGTAGAAA 

TTGCAAACAA 

ACTCTTTTTC 

GTGTAGCCGT 

CTGCTAATCC 

R. M. N. 

GTTGAACAAG 

W E Q 

ACTCATGGTG 

T. H. G. 

ATTGATGTG 

D W 

TGCCTCGGTG 

C. L. G 

AATCCTGATA 

N P D 

TTGGTTAATT 

TCATGACCAA 

AGATCAAAGG 

AAAAACCACC 

CGAAGGTAAC 

AGTTAGGCCA 

TGTTACCAGT 

N G L W 

TCTGGAAAGA 

W. W. K. E 

ATTTCTCACT 

D. F. S. L. 

GACGAGTCGG 

G R W G 

AGTTTTCTCC 

E F S P 

TGAATAAATT 

M. N. K. L. 

GGTTGTAACA 

AATCCCTTAA 

ATCTTCTTGA 

GCTACCAGCG 

TGGCTTCAGC 

CCACTTCAAG 

GGCTGCTGCC 

TGATGCGAGT 

D. A. S 

AATGCATAAA 

M. H. K. 

TGATAACCTT 

D IN L, 

AATCGCAGAC 

I. A. D 

TTCATTACAG 

S L Q 

GCAGTTTCAT 

CTGGCAGAGC 

CGTGAGTTTT 

GATCCTTTTT 

GTGGTTTGTT 

AGAGCGCAGA 

AACTCTGTAG 

GATTTTGATG 

CTTTTGCCAT 

ATTTTTGACG 

CGATACCAGG 

R Y Q 

AAACGGCTTT 

K. R. L. 

TTGATGCTCG 

T. M. L. 

ATTACGCTGA 

CGTTCCACTG 

TTCTGCGCGT 

TGCCGGATCA 

TACCAAATAC 

CACCGCCTAC 

bold type. The nucleotide numbering scheme is the same as the backbone vector 
pUK21. 
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TABLE 5-continued 
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Sequence comparison of puK21-A2 (SEOIDNO: 83) and pCT (SEOIDNO: 84). 
75 point-mutations (indicated with *) in puK21-A2 results in the gene therapy 

vector (pGT) 

pUK21-A2 (3901) AGAACCCACT GCTTACTGGC TTATCGAAAT TGCGGCCGCC ACGGCGATAT, CGGATCCATA 

pGT AGAACCCACT GCTTACTGGC TTATCGAAAT TGCGGCCGCC ACGGCGATAT, CGGATCCATA 

pUK21-A2 (3961) TGACGTCGAC GCGTCTGCAG AAGCTTC 

pGT TGACGTCGAC GCGTCTGCAG AAGCTTC 

0194) 

TABLE 6 

ODN used with plasmid DNA 

ODIN code 
Backbone number Sequence 

S-ODN 1826 TCCATGACGTTCCTGACGTT 

1628 GGGGTCAACGTTGAGGGGGG 

1911 TCCAGGACTTTCCTCAGGTT 

1982 TCCAGGACTTCTCTCAGGTT 

2017 CCCCCCCCCCCCCCCCCCCC 

O-ODN 2O61 TCCATGACGTTCCTGACGTT 

2001 GGCGGCGGCGGCGGCGGCGG 

SOS-ODN 1980 TCCATGACGTTCCTGACGTT 

1585 GGGGTCAACGTTGAGGGGGG 

1844 TCTCCCAGCGTGCGCCATAT 

1972 GGGGTCTGTGCTTTTGGGGGG 

2042 TCAGGGGTGGGGGGAACCTT 

1981 GGGGTTGACGTTTTGGGGGG 

2018 TCTAGCGTTTTTAGCGTTCC 

2021 TCGTCGTTGTCGTTGTCGTT 

2022 TCGTCGTTTTGTCGTTTTGTCGTT 

2023 TCGTCGTTGTCGTTTTGTCGTT 

Note: 

(SEQ ID NO: 51-67, respectively) 

0195 SOS-ODN had two S-linkages at the 5' end, five 
S-linkages at the 3' end, and O-linkages in between. 

0196) Three ODN used in this study were of the same 
murine-specific immunostimulatory Sequence in three dif 
ferent backbones (1826, 2061 and 1980). 
0197) All ODN were synthesized by Hybridon (Milford, 
Mass.) or Operon (Alameda, Calif.). ODN were ethanol 

precipitated and resuspended in Saline prior to use alone or 
as an additive to the plasmid DNA solution. 

TABLE 7 

Genomic frequencies of selected hexamers 

Genomic frequency (x10 

Adenovirus Adenovirus 
hexamer: Type 2 Type 12 E. coli Human 

GCGCGC 1.614 0.498 0.462 0.153 
GCGGCG 1530 O.469 0.745 O.285 
GGCGGC 1419 O.440 O.674 O.388 
CGCGCG 1336 O.322 0.379 O.106 
GCCGCC 1.28O O.410 O466 0.377 
CGCCGC 1.252 O.410 O.623 O.274 
GACGTT O.083 O.234 O.263 O.O68 
AACGTT O.O56 O.205 O.347 O.O56 
(CpG-S) 

The frequencies of hexamers in adenoviral and E. coli genomes were 
kindly provided by J. Han (University of Alabama, Birmingham), who 
also determined those for the human genome’. The hexamer frequencies 
in type 5 adenovirus are essentially identical to those in type 2, and are 
therefore not shown. The last two hexamers are CpG-S motifs shown for 
comparison and are the most stimulatory of all tested CpG-S motifs. 
Note that the expected frequency of a randomly selected hexamer is 
1/4096 = 0.244 x 10. 

0198) 

TABLE 8 

Genomic DNA from type 12 but not type 2 adenovirus 
stimulates cytokine secretion from human PBMC 

Experiment 1 Experiment 2' 

TNF-ct, IL-6 TNF-ct, IL-6 

Cells 27 8OO 3O 8OO 
EC 3 tug/ml 235 26,500 563 34,000 
CT 10 ug/ml O 1,400 O 2,800 
Adv 2: 3 tug/ml 15.6 900 3O 1,900 
Adv 12, 3 tug/ml 86 11,300 12O 11,250 

"PBMC were obtained from normal human donors and cultured at 1 x 10 
cells/200 ul in RPMI with 10% autologous serum for 4 hr (TNF-C. assay) 
or 24 hr (IL-6 assay). The level of cytokine present in culture supernatants 
was determined by ELISA (pg/ml). 
Adv = adenovirus serotype 
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TABLE 9 

Adenoviral type 5 DNA suppresses the cytokine response 
to EC DNA by human PBMC 

IL-6 
DNA Source (pg/ml)' IFN-(pg/ml)' TNF-(pg/ml)' 

EC DNA (50 ug/ml) >3OOO 700 700 
EC DNA (5 ug/ml) >3OOO 400 675 
EC DNA (0.5 lug/ml) >3OOO 2OO 350 
EC DNA (0.05 ug/ml) 3OOO ND 1OO 
Adenoviral DNA (50 ug/ml) 2500 O O 
Adenoviral DNA (5 ug/ml) 15OO O O 
EC: Adeno DNA (50:50 tug/ml) 2OOO 35 675 
EC: Adeno DNA (5:5 ug/ml) 15OO 40 ND 

"Represents the level of cytokine production above that in wells cultured 
with cells alone without any DNA. Levels of cytokines were determined 
by ELISA using Quantikine kits from R&D Systems. 
ND = not done 

0200 

TABLE 10 

Inhibitory CpG motifs can block B cell pro 
liferation induced by a stimulatory CpG motif 

Oligonucleotide added Cpm. 

medium 194 

1668 (TCCATGACGTTCCTGATGCT) 34, 669 

1668 + 1735 (GCGTTTTTTTTTGCG) 24, 452 

1720 (TCCATGAGCTTCCTGATGCT) 6O1 

1720 - 1735 1109 

0201 Splenic B cells from a DBA/2 mouse were cultured 
at 5x10" cells/100 ul well in 96 well microtiter plates in 
RPMI as previously described (Krieg, et al., 1995) with or 
without the indicated phosphorothioate modified oligonucle 
otides at a concentration of 60 ng/ml for 48 hr. The cells 
were then pulsed with H thymidine, harvested, and the cpm 
determined by Scintillation counting. The Stimulatory CpG 
oligo 1668 was slightly but significantly inhibited by the 
inhibitory motifs in oligo 1735. The non CpG oligo 1720 is 
included as a negative control. (SEQ ID NO:68-70, respec 
tively). 

TABLE 11 

Inhibitory effects of "bad" CpG motifs on the 
'good." Oligo 1619 

Note: 
The sequence of oligo 1619 is 

TCCATGTCGTTCCTGATGCT 
1949 has only 1 GCG at the 3' end, which has 

essentially no inhibitory activity 

Oligonucleotide added IL-12 in pg/ml 

medium O 

1619 alone 6 

1619 + 1949 (TCCATGTCGTTCCTGATGCG) 16 
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TABLE 11-continued 

Inhibitory effects of "bad" CpG motifs on the 
'good" Oligo 1619 

Note: 

The sequence of oligo 1619 is 
TCCATGTCGTTCCTGATGCT 

1949 has only 1 GCG at the 3' end, which has 
essentially no inhibitory activity 

Oligonucleotide added IL-12 in pg/ml 

1619 + 1952 (TCCATGTCGTTCCGCGCGCG) O 

1619 + 1953 (TCCATGTCGTTCCTGCCGCT) O 

1619 + 1955 (GCGGCGGGCGGCGCGCGCCC) O 

Human PBMC were cultured in 96 well microtiter 
plates at 10/200 ul for 24 hr in RPMI containing 
10% autologous serum. Supernatants were collected 
at the end of the culture and tested for IL-12 by 
ELISA. All wells except the control (medium) con 
tained 60 lug/ml of the stimulatory CpG oligodeoxy 
nucleotide 1619; stimulatory (1949) and inhibitory 
(all other sequences have a strong inhibitory 
motif) oligos were added to theindicated wells at 
the same concentration at the beginning of culture. 
All oligos have unmodified backbones. 

0202) 

TABLE 12 

Effect of CpG-SODN adjuvant on anti-HBs response in mice 
immunized with HBs.Ag-expressing DNA vaccine (pCMV-S): 
comparison of mixed formulation with temporal or spatial 

separation of plasmid DNA and ODN 

CpG ODN Site and Time Relative 
100 ltg to DNA vaccine Anti-HBS Titer 

Sequence Backbone (pCMV-S, 10 ug) at 12 wk 

None 6379 2 126 
1826O O-ODN Mixed together (same time, 4395 + 1 390 

same muscle) 

0203) 

TABLE 13 

Identification of neutralizing CpG motifs which 
reduce the induction of cytokine secretion by a 

CpG-S motif in the same ODN (cis-neutrali 
2ation) 

ODN-induced cytokine 
expression, 

ODN sequence 5'-3' ' IL-6? IL-12 IFN-y 

None &5 2O6 898 

1619 TCCATGTCGTTCCTGATGCT 1405 3130 4.628 
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TABLE 13-continued 

Identification of neutralizing CpG motifs which 
reduce the induction of cytokine secretion by a 

CpG-S motif in the same ODN (cis-neutrali 
2ation) 

ODN-induced cytokine 
expression, 

ODN sequence 5'-3' ' IL-6° IL-12 IFN-y 

1952 . . . . . . . . . . . . . GCGCGCG 559 1615 2135 

1953 . . . . . . . . . . . . . . . CC. . . 577 1854 2OOO 

'Dots in the sequence of ODN 1952 and 1953 indicate 
identity to ODN 1619; CpG dinucleotides are under 
lined for clarity. ODN without CpG-N or CpG-S 
motifs had little or no effect on cytokine produc 
tion. The data shown are representative of 4 
experiments. 
“All cytokines are given in pg/ml; measured by 
ELISA on supernatants from DBA/2 spleen cells Cul 
tured in 96 well plates at 2 x 107 cells/ml for 24 
hir with the indicated ODN at 30 lug/ml. Std. dev. of 
the triplicate wells was <7%. None of the ODN 
induced significant amounts of IL-5. 

0204) 

TABLE 1.4 

Inhibition of CpG-induced cytokine secretion by 
ODN containing CpG-N motifs 

CpG-S-induced 
IL-12 IL-12 

ODN sequence 5'-3' secretion' secretion? 

Ole 268 5453 

1895 GCGCGCGCGCGCGCGCGCGC 123 2719 

1896 CCGGCCGGCCGGCCGGCCGG 292 2740 

1955 GCGGCGGGCGGCGCGCGCCC 270 2539 

2O37 TCCATGCCGTTCCTGCCGTT 423 2847 

"BALB/c spleen cells were cultured in 96 well 
plates at 2 x 107 cells/ml with the indicated ODN 
for 24 hr and then the supernatants were assayed 
for IL-12 by ELISA (pg/ml). 
°Cells were set up the same as in except that 
IL-12 secretion was induced by the addition of the 
CpG ODN 1619 (TCCATGACGTTCCTGATGCT) at 30 lug/ml. 
The data shown are representative of 5 experiments. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 84 

<21 Oc 
<211 
<212> 
<213> 
<22O > 

SEQ ID NO 1 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

<400 SEQUENCE: 1 

to catgtcgt toctdtcgtt 

SEQ ID NO 2 
LENGTH 19 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

<400 SEQUENCE: 2 

toctdacgtt cotgacgtt 

SEQ ID NO 3 
LENGTH 24 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

FEATURE 

NAME/KEY: misc feature 
LOCATION: (0) . . . (O) 

<400 SEQUENCE: 3 

togtogttitt gtcgttttgt cqtt 

SEQ ID NO 4 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

<400 SEQUENCE: 4 

cc.gtggatat cogatgtacg ggccagatat 

SEQ ID NO 5 
LENGTH 32 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

<400 SEQUENCE: 5 

OTHER INFORMATION: synthetic oligonucleotide 

OTHER INFORMATION: synthetic oligonucleotide 

OTHER INFORMATION: synthetic oligonucleotide 

OTHER INFORMATION: synthetic oligonucleotide 

OTHER INFORMATION: synthetic oligonucleotide 

34 
Feb. 10, 2005 

ylphosphonate oligonucleotides. Antisense ReS. 
Develop. 3: 53-66. (1993). 

0310. A number of embodiments of the present invention 
have been described. Nevertheless, it will be understood that 
various modifications may be made without departing from 
the Spirit and Scope of the invention. Accordingly, other 
embodiments are within the Scope of the following claims. 

19 

OTHER INFORMATION: Has a phosphorothioate backbone. 

24 

30 
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35 

-continued 

agtc.gcggcc gcaattitcga taagc.cagta ag 

<210> SEQ ID NO 6 
&2 11s LENGTH 35 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 6 

attcto gagt citagacitaga gctic gotgat cagcc 

<210 SEQ ID NO 7 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 7 

attaggccitt coccagoatg cct gctatt 

<210 SEQ ID NO 8 
&2 11s LENGTH 37 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 8 

tatagg.ccct attittaaacg cqc cotgtag cqgcgca 

<210 SEQ ID NO 9 
&2 11s LENGTH 38 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 9 

citatgg.cgcc ttggg.cccaa tttttgttaa atcagotc 

<210> SEQ ID NO 10 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 10 

aaattic galaa gtactgg acc tdttaa.ca 

<210> SEQ ID NO 11 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 11 

cgtgttaa.ca ggtocagtac titt.cgaattit 

<210> SEQ ID NO 12 

32 

35 

29 

37 

38 

28 

30 
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36 

-continued 

<211& LENGTH 44 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 12 

gacticcatga C gttcc toac gttto catga C gttcctgac gttg 

<210> SEQ ID NO 13 
<211& LENGTH 44 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 13 

gtocaacg to aggaacgtca toggaaacg to aggaacgtoa toga 

<210> SEQ ID NO 14 
&2 11s LENGTH 54 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 14 

gactitcgtgt cqttcttctg. tcgtctittag cqcttctocit gcgtgcgtcc cittg 

<210 SEQ ID NO 15 
&2 11s LENGTH 52 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 15 

gacticgtogt tttgtcgttt totcgtttcg togttttgtc gttttgtcgt td 

<210> SEQ ID NO 16 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 16 

gcc.ctagtac tottaactitt aaaggg.ccc 

<210 SEQ ID NO 17 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 17 

ggcggg.ccct ttaaagttaa cagtactag 

<210> SEQ ID NO 18 
&2 11s LENGTH 48 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

44 

44 

54 

52 

29 

29 
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37 

-continued 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 18 

gCCCtggcgg ggataaggcg gggatttggC gggggataag gcqgggaa 

<210 SEQ ID NO 19 
&2 11s LENGTH 45 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 19 

ggcc.ccc.gcc titatcc.ccgc caaatcc.ccg ccttatc.ccc gccag 

<210> SEQ ID NO 20 
&2 11s LENGTH 38 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 20 

gcc.ctattitt aaattic galaa gtactggacc tottaa.ca 

<210> SEQ ID NO 21 
&2 11s LENGTH 37 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 21 

cgtgttaa.ca ggtocagtac titt.cgaattit aaaatag 

<210> SEQ ID NO 22 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 22 

<210> SEQ ID NO 23 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 23 

gtotctagac agccactggit aac aggatt 

<210> SEQ ID NO 24 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 24 

48 

45 

38 

37 

20 

29 
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-continued 

gtogttgttgt cqtcaagtica gcgtaatgc 

<210> SEQ ID NO 25 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 25 

togtttctgt aatgaaggag 

<210> SEQ ID NO 26 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 26 

aagg cagttc cataggatgg 

<210 SEQ ID NO 27 
&2 11s LENGTH 35 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 27 

togatctg.cg attccaactc gtocaacatc aatac 

<210> SEQ ID NO 28 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 28 

tggtgaga at ggcaaaagtt 

<210 SEQ ID NO 29 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 29 

cattatto at tcgtgattgc g 

<210 SEQ ID NO 30 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 30 

acgtct cagg aac act gcca gcgc 

<210> SEQ ID NO 31 

29 

20 

20 

35 

20 

21 

24 
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39 

-continued 

&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 31 

agggat.cgca gtggtgagta 

<210> SEQ ID NO 32 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 32 

tataaaatgc titgatggtog g 

<210 SEQ ID NO 33 
&2 11s LENGTH 35 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 33 

gggaag aggc ataaattctg. tcago Cagtt tag to 

<210> SEQ ID NO 34 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 34 

tggctt.ccca tacaag.cg at 

<210 SEQ ID NO 35 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 35 

tacattatcg cgagcc catt 

<210 SEQ ID NO 36 
&2 11s LENGTH 19 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 36 

tggc citcgac gtttcc.cgt. 

<210 SEQ ID NO 37 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

20 

21 

35 

20 

20 

19 
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40 

-continued 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 37 

atcgaattica gggcct cqtg atacgc.cta 

<210 SEQ ID NO 38 
&2 11s LENGTH 39 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 38 

tgacittgacg acacaacgac agcto atgac caaaatc.cc 

<210 SEQ ID NO 39 
&2 11s LENGTH 39 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 39 

citccittcatt acagaaacga citttittcaaa aatatggta 

<210> SEQ ID NO 40 
&2 11s LENGTH 37 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 40 

ccatccitatg gaactgccitt ggtgagttitt citcctitc 

<210> SEQ ID NO 41 
&2 11s LENGTH 34 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 41 

gagttggaat cqcagatcga taccaggatc ttgc 

<210> SEQ ID NO 42 
&2 11s LENGTH 37 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 42 

aacttittgcc attctdacca gattoagtcg toactica 

<210> SEQ ID NO 43 
&2 11s LENGTH 39 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 43 

29 

39 

39 

37 

34 

37 
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41 

-continued 

cgcaatcacg aatgaataat ggtttggttg atgcgagtg 

<210> SEQ ID NO 44 
&2 11s LENGTH 38 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 44 

tggcagtgtt cotgagacgt ttgcattcga titcctgtt 

<210> SEQ ID NO 45 
&2 11s LENGTH 38 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 45 

tact caccac toc gatcc ct ggaaaaacag cattccag 

<210> SEQ ID NO 46 
&2 11s LENGTH 39 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 46 

cc gaccatca agcatttitat acgtactic ct gatgatgca 

<210> SEQ ID NO 47 
&2 11s LENGTH 39 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 47 

cagaattitat gccitctitccc accatcaag.c attittatac 

<210> SEQ ID NO 48 
&2 11s LENGTH 38 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 48 

atc.gcttgta toggaa.gc.ca gatgcgc.cag agttgttt 

<210 SEQ ID NO 49 
&2 11s LENGTH 37 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 49 

aatgggctic g c gataatgta gggcaatcag gtgcgac 

<210 SEQ ID NO 50 

39 

38 

38 

39 

39 

38 

37 
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<400 

42 

-continued 

LENGTH 38 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic oligonucleotide 

SEQUENCE: 50 

acgggaaacg. tcgaggccac gattaaattic caa.catgg 

<400 

SEQ ID NO 51 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic oligonucleotide 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: (0) . . . (O) 
OTHER INFORMATION: Has a phosphorothioate backbone. 

SEQUENCE: 51 

to catgacgt toctoacgtt 

<400 

SEQ ID NO 52 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic oligonucleotide 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: (0) . . . (O) 
OTHER INFORMATION: Has a phosphorothioate backbone. 

SEQUENCE: 52 

ggggtoaacg ttgagggggg 

<400 

SEQ ID NO 53 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic oligonucleotide 

SEQUENCE: 53 

tdcagg actt toctoaggitt 

<400 

SEQ ID NO 54 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic oligonucleotide 

SEQUENCE: 54 

tdcagg actt citctdaggitt 

<400 

SEQ ID NO 55 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic oligonucleotide 

SEQUENCE: 55 

38 

20 

20 

20 

20 
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43 

-continued 

cococccd.cc cccd.cccd.co. 20 

<210 SEQ ID NO 56 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (0) . . . (O) 
<223> OTHER INFORMATION: Has phosphodiester backbone. 

<400 SEQUENCE: 56 

to catgacgt toctoacgtt 20 

<210 SEQ ID NO 57 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 57 

<210 SEQ ID NO 58 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (0) . . . (O) 
<223> OTHER INFORMATION: Backbone is phosphorothioate--phosphodiester 

chimera 

<400 SEQUENCE: 58 

to catgacgt toctoacgtt 20 

<210 SEQ ID NO 59 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (0) . . . (O) 
<223> OTHER INFORMATION: Has SOS-ODN backbone with two S-linkages at the 

5' end, five S-linkages at the 3' end, and O-linkages in between. 

<400 SEQUENCE: 59 

ggggtoaacg ttgagggggg 20 

<210 SEQ ID NO 60 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 60 

totcc.ca.gcg tdcgc.cat at 20 
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<400 

44 

-continued 

SEQ ID NO 61 
LENGTH 21 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic oligonucleotide 

SEQUENCE: 61 

ggggtotgtg Cttittggggg g 

<400 

SEQ ID NO 62 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic oligonucleotide 

SEQUENCE: 62 

tdaggggtgg ggggalaccitt 

<400 

SEQ ID NO 63 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic oligonucleotide 

SEQUENCE: 63 

ggggttgacg ttittgggggg 

<400 

SEQ ID NO 64 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic oligonucleotide 

SEQUENCE: 64 

totagogttt ttagcgttcc 

<400 

SEQ ID NO 65 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic oligonucleotide 

SEQUENCE: 65 

togtogttgt cqttgtcgtt 

<400 

SEQ ID NO 66 
LENGTH 24 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic oligonucleotide 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: (0) . . . (O) 

21 

20 

20 

20 

20 

OTHER INFORMATION: Backbone is a phosphorothioate--phosphodiester 
chimera. 

SEQUENCE: 66 

togtogttitt gtcgttttgt cqtt 24 
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45 

-continued 

<210 SEQ ID NO 67 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 67 

togtogttgt cqttttgtcg tt 

<210 SEQ ID NO 68 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (0) . . . (O) 
<223> OTHER INFORMATION: Has a phosphodiester backbone. 

<400 SEQUENCE: 68 

to catgacgt toctagatgct 

<210 SEQ ID NO 69 
&2 11s LENGTH 15 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 69 

gcgtttittitt ttgcg 

<210 SEQ ID NO 70 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 70 

to catgagct tcctgatgct 

<210 SEQ ID NO 71 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 71 

to catgtc.gt toctagatgct 

<210 SEQ ID NO 72 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 72 

to catgtcgt toctato.cg 

22 

20 

15 

20 

20 

20 
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46 

-continued 

<210 SEQ ID NO 73 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 73 

to catgtcgt toc go.gc.gc.g 

<210> SEQ ID NO 74 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 74 

to catgtc.gt toct9.ccgct 

<210 SEQ ID NO 75 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 75 

<210 SEQ ID NO 76 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 76 

<210 SEQ ID NO 77 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 77 

CCgg.ccggcc gg.ccgg.ccgg 

<210 SEQ ID NO 78 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 78 

to catgcc.gt toct9.ccgtt 

<210 SEQ ID NO 79 
&2 11s LENGTH 2.0 

20 

20 

20 

20 

20 

20 
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&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic oligonucleotide 

<400 SEQUENCE: 79 

to catgacgt toctagatgct 20 

<210 SEQ ID NO 80 
&2 11s LENGTH 1360 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: plasmid DNA wild-type Kanamycin resistance gene 

<400 SEQUENCE: 80 

aagggc citcg tdatacgcct atttittatag gttaatgtca toggggggggg ggggaaag.cc 60 

acgttgttgtc. tcaaaatcto tdatgttaca ttgcacaaga taaaaatata to atcatgaa 120 

caataaaact gtctgcttac ataaacagta ataca agggg tottatgagc catattoaac 18O 

gggaaacg to gaggcc.gcga ttaaatticca acatggatgc tigatttatat gggtataaat 240 

gggctogcga taatgtcggg caatcaggtg cqacaatcta togcttgtat gggaa.gc.ccg. 3OO 

atgcgc.ca.ga gttgtttctg aaa.catggca aaggtag cqt toccaatgat gttacagatg 360 

agatggtoag actaaactgg citgacggaat titatgccitct tcc gaccatc aag cattitta 420 

to cqtacticc tdatgatgca toggttactica ccactg.cgat coccggaaaa acago attcc 480 

agg tattaga agaatatoct gatto aggtg aaaatattgttgatgcgct g g cagtgttcc 540 

tg.cgc.cggitt gcattcgatt cotgtttgta attgtc.cittt taacagagat cqcgtatttc 600 

gtotcgctica gg.cgcaatca cqaatgaata acggtttggit to atgcgagt gattittgatg 660 

acgagcgtaa togctggcct gttgaacaag totggaaaga aatgcataaa cittittgc cat 720 

totcaccgga titcagtcg to acticatggtg atttctdact tdata acctt atttittgacg 78O 

aggggaaatt aataggttgt attgatgttg gacgagtcgg aatc.gcagac cqataccagg 840 

atcttgccat cotatggaac toccitcggtg agttittctoc titcattacag aaacggctitt 9 OO 

ttcaaaaata togtattgat aatcc tata taataaatt gcagttt cat ttgatgctog 96.O 

atgagtttitt citaatcagaa ttggittaatt gttgtaa.ca citggcagagc attacgctda 1020 

cittgacggga cqgcgcaa.gc ticatgaccala aatcc cittaa cqtgagttitt cqttccactg 1080 

agcgtoagiac ccc.gtagaaa agatcaaagg atcttcttga gatcc tttitt ttctg.cgc.gt 1140 

aatctgctgc titgcaaacaa aaaaaccacc gctaccagog gtggitttgtt toccggatca 1200 

agagctacca acticttitt to C galaggtaac togcttcago agagcgcaga taccalaatac 1260 

tgttcttcta gtgtagcc.gt agittaggc.ca ccactitcaag aactctgtag caccgccitac 1320 

atacct cqct citgctaatcc tdttaccagt ggctgct gcc 1360 

<210> SEQ ID NO 81 
&2 11s LENGTH 1360 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: plasmid DNA mutant Kanamycin resistance gene 

<400 SEQUENCE: 81 

aagggc citcg tdatacgcct atttittatag gttaatgtca toggggggggg ggggaaag.cc 60 
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acgttgttgtc. tcaaaatcto tdatgttaca ttgcacaaga taaaaatata to atcatgaa 120 

caataaaact gtctgcttac ataaacagta ataca agggg tottatgagc catattoaac 18O 

gggaaacg to gaggcc acga ttaaatticca acatggatgc tigatttatat gggtataaat 240 

gggctogcga taatgtaggg caatcaggtg cqacaatcta togcttgtat gggaa.gc.ca.g 3OO 

atgcgc.ca.ga gttgtttctg aaa.catggca aaggtag cqt toccaatgat gttacagatg 360 

agatggtoag actaaactgg citgacaga at titatgccitct tcc caccatc aag cattitta 420 

tacgtacticc tdatgatgca toggttactica ccactg.cgat coctoggaaaa acago attcc 480 

agg tattaga agaatatoct gatto aggtg aaaatattgttgatgcgct g g cagtgttcc 540 

tgagacgttt gcattcgatt cotgtttgta attgtc.cittt taacagagat cqcgtatttc 600 

gtotcgctica gg.cgcaatca cqaatgaata atggtttggit to atgcgagt gattittgatg 660 

acgagcgtaa togctggcct gttgaacaag totggaaaga aatgcataaa cittittgc cat 720 

totcaccaga titcagtcg to acticatggtg atttctdact tdata acctt atttittgacg 78O 

aggggaaatt aataggttgt attgatgttg gacgagttgg aatc.gcagat cqataccagg 840 

atcttgccat cotatggaac taccttggtg agttittctoc titcattacag aaacg actitt 9 OO 

ttcaaaaata togtattgat aatcc tata taataaatt gcagttt cat ttgatgctog 96.O 

atgagtttitt citaatcagaa ttggittaatt gttgtaa.ca citggcagagc attacgctda 1020 

cittgacgaca caacgacago to atqaccala aatcc cittaa cqtgagttitt cqttccactg 1080 

agcgtoagiac ccc.gtagaaa agatcaaagg atcttcttga gatcc tttitt ttctg.cgc.gt 1140 

aatctgctgc titgcaaacaa aaaaaccacc gctaccagog gtggitttgtt toccggatca 1200 

agagctacca acticttitt to C galaggtaac togcttcago agagcgcaga taccalaatac 1260 

tgttcttcta gtgtagcc.gt agittaggc.ca ccactitcaag aactctgtag caccgccitac 1320 

atacct cqct citgctaatcc tdttaccagt ggctgct gcc 1360 

<210> SEQ ID NO 82 
&2 11s LENGTH 269 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: mutant Kanamycin resistance gene 

<400 SEQUENCE: 82 

Met Ser His Ile Glin Arg Glu Thir Ser Arg Pro Arg Lieu. Asn. Ser Asn 
1 5 10 15 

Met Asp Ala Asp Leu Tyr Gly Tyr Lys Trp Ala Arg Asp Asn Val Gly 
2O 25 30 

Glin Ser Gly Ala Thr Ile Tyr Arg Lieu. Tyr Gly Lys Pro Asp Ala Pro 
35 40 45 

Glu Lieu Phe Lieu Lys His Gly Lys Gly Ser Val Ala Asn Asp Val Thr 
50 55 60 

Asp Glu Met Val Arg Leu Asn Trp Leu Thr Glu Phe Met Pro Leu Pro 
65 70 75 8O 

Thir Ile Llys His Phe Ile Arg Thr Pro Asp Asp Ala Trp Leu Leu Thr 
85 90 95 

Thr Ala Ile Pro Gly Lys Thr Ala Phe Glin Val Leu Glu Glu Tyr Pro 
100 105 110 
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Asp Ser Gly Glu Asn. Ile Val Asp Ala Lieu Ala Val Phe Leu Arg Arg 
115 120 125 

Leu. His Ser Ile Pro Val Cys Asn Cys Pro Phe Asn Ser Asp Arg Val 
130 135 1 4 0 

Phe Arg Lieu Ala Glin Ala Glin Ser Arg Met Asn. Asn Gly Lieu Val Asp 
145 15 O 155 160 

Ala Ser Asp Phe Asp Asp Glu Arg Asn Gly Trp Pro Val Glu Glin Val 
1.65 170 175 

Trp Lys Glu Met His Lys Leu Leu Pro Phe Ser Pro Asp Ser Val Val 
18O 185 19 O 

Thr His Gly Asp Phe Ser Lieu. Asp Asn Lieu. Ile Phe Asp Glu Gly Lys 
195 200 2O5 

Lieu. Ile Gly Cys Ile Asp Val Gly Arg Val Gly Ile Ala Asp Arg Tyr 
210 215 220 

Glin Asp Leu Ala Ile Leu Trp Asn. Cys Lieu Gly Glu Phe Ser Pro Ser 
225 230 235 240 

Leu Gln Lys Arg Lieu Phe Glin Lys Tyr Gly Ile Asp Asn Pro Asp Met 
245 250 255 

Asn Lys Lieu Glin Phe His Leu Met Lieu. Asp Glu Phe Phe 
260 265 

<210 SEQ ID NO 83 
&2 11s LENGTH 3987 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: plasmid puK21-A2 

<400 SEQUENCE: 83 

gaattic gagc ticcc.ggg tac catgg catgc atcgatagat citcgagticta gacitagagct 60 

cgctgatcag cotcgactgt gccttctagt taccagdcat citgttgtttg cccctcc.ccc 120 

gtgcct tcct to accotgga aggtgccact cocactdtcc titt cotaata aaatgaggaa 18O 

attgcatcgc attgttctgag taggtgtcat totattotgg ggggtggggt ggggcaggac 240 

agcaaggggg aggattggga agacalatago agg catgctg. g.ggaaggcct C ggactagtg 3OO 

gc gtaatcat ggtoatagot gtttcctdtg tdaaattgtt atcc.gct cac aattic cacac 360 

aacatacgag cc.gcggaagc ataaagtgta aagcc togggg togcctaatga gtgagctaac 420 

toac attaat tdc gttgcgc. tcact gcc.cg cittitccagtc. g.ggaalacct g togtgcc agc 480 

tgcattaatgaatcggccala cqc.gcgggga gaggcggttt gcg tattggg cqctott.ccg. 540 

cittcct cqct cactgacitcg ctg.cgctogg togttcggct gcggc gag.cg gtatcagotc 600 

actcaaaggc ggtaatacgg ttatccacag aatcagggga taacgcagga aagaacatgt 660 

gagcaaaagg ccagoaaaag goc aggaacc gtaaaaaggc cqc gttgct g g c gtttittcc 720 

ataggctocq ccc.ccctgac gag catcaca aaaatcgacg citcaagttcag aggtggc gala 78O 

acco gacagg actataaaga taccaggcgt titcc.ccctgg aag citcc ctic gtgcgct citc 840 

citgttc.cgiac cct gcc.gctt accggatacc tdtcc.gc.citt totcc ctitc g g gaag.cgtgg 9 OO 

cgctttctica tag citcacgc tigtaggitatc. tcagttcggit gtagg to gtt cqctocaa.gc 96.O 

tgggctgttgt gcacga acco coc gttcago cog accgctg. c.gc.cittatcc ggtaactato 1020 

gtottgagtc. caa.ccc.ggta agacacgact tatcgcc act ggcagoagcc actggtaa.ca 1080 
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citgg cattat gcc cagtaca to accittatg g g acttitcct acttggcagt acatctacgt. 3660 

attagt catc gct attacca togtgatgcg gttittgg cag tacatcaat g g g c gtggata 372 O 

gc ggtttgac toacggggat titccaagttct coaccc.catt gacgtcaat g g gagtttgtt 378 O. 

ttgg caccala aatcaacggg acttitccaaa atgtc.gtaac alacto cqccc cattgacgca 384 O 

aatggg.cggit aggcgtgtac ggtgg gaggit citatataagc agagctotct ggctaactag 39 OO 

agaacco act gct tactggc titatcgaaat tdcggcc.gcc acggc gatat cqgatccata 396 O 

tgacgtogac gogtctgcag aagctitc 3987 

1-58. (Canceled) 
59. A method for enhancing the expression of a poly 

nucleotide in Vivo wherein the polynucleotide is contained 
in a nucleic acid construct, the method comprising, deter 
mining the CpG-N and CpG-S motifs present in the con 
struct, removing stimulatory CpG (CpG-S) motifs and/or 
inserting neutralizing CpG (CpG-N) motifs, thereby produc 
ing a nucleic acid construct providing enhanced expression 
of the polynucleotide. 

60-82. (Canceled) 
83. The method of claim 59, wherein the polynucleotide 

is an antisense polynucleotide or a ribozyme. 

84. A method for enhancing the expression of a poly 
nucleotide in Vivo, the method comprising administering to 
a Subject a nucleic acid construct, wherein the construct is 
produced by determining the CpG-N and CpG-S motifs 
present in the construct and removing Stimulatory CpG 
(CpG-S) motifs and/or inserting neutralizing CpG (CpG-N) 
motifs, thereby enhancing expression of a polynucleotide 
expressed by the nucleic acid construct in the Subject. 

85-107. (Canceled) 
108. The method of claim 84, wherein the polynucleotide 

is an antisense polynucleotide or a ribozyme. 
k k k k k 


