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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 speci?c 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 lentivirases 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 
lentivirases 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 modi?ed by deletion of early genes for 
use in gene therapy applications, Where a major clinical 
problem has been the frequent in?ammatory immune 
responses to the viral particles. Serotype 12 adenovirus 
(subgenus A) does not establish latency, but can be onco 
gemc. 

[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 ?anking 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-speci?c 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-speci?c immune responses are induced. 

[0007] B cell activation by CpG-S DNA is T cell inde 
pendent and antigen non-speci?c. 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 speci?c 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 In?uenZa 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-speci?c 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 ef?cacy. 

[0009] In a ?rst 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 
ef?cacy. Preferably, the CpG-S motifs in the construct 
include a motif having the formula 5‘ X1CGX2 3‘ Wherein at 
least one nucleotide separates consecutive CpGs, X1 is 
adenine, guanine, or thymine and X2 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. 

[0014] FIG. 2 is a schematic diagram of the construction 
of pUK21-A2. 

[0015] 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. ColEl 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-ScaI-AvaII-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 pg) Was added to DNA constructs (10 pg) 
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 DNAvaccine 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 pg pCMV-luc DNA to Which had 
been added no ODN (none=White bar) or 100 pg 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 pg pCMV-luc 
DNA. Some animals also received 10 pg CpG-S ODN 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 pg of pUK-S (black bars), pMAS-S (White bars), 
pMCG16-S (pale grey bars) or pMCG50-S (dark grey bars) 
plasmid DNA bilaterally (50 pl at 0.1 mg/ml in saline) into 
the TA muscle. FIG. 9A shoWs the anti-HBs 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 speci?cally restimulated (5 d) splenocytes taken 
from mice 8 Wk after DNA immuniZation. Bars represent the 
group means (n=3) for % speci?c lysis (performed in 
triplicate) at an effector:target (E:T) ratio of 10:1, dots 
represent the individual values. Non-speci?c 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 % speci?c 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 pg stimulatory ODN (1826), 10 ug 
of neutraliZing ODN (1631, 
CCGCGCGCGCGCGCGCGCG; 1984, TCCATGCQT 
TCCTGCETT; or 2010 GEGEGGCG 
GCGCGCGCCC; CpG dinucleotides are underlined for 
clarity) or With 10 pg stimulatory ODN+10 pg neutraliZing 
ODN. To improve nuclease resistance for these in vivo 
experiments, all ODN Were phosphorothioate-modi?ed. 
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 (Thl-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 pg of pUK-S (black bars), pMAS-S (White bars), 
pMCG16-S (pale grey bars) or pMCG50-S (dark grey bars) 
plasmid DNA bilaterally (50 pl 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 
speci?cally restimulated (5 d) splenocytes taken from mice 
8 Wk after DNA immuniZation. Bars represent the group 
means (n=3) for % speci?c lysis (performed in triplicate) at 
an effector:target (E:T) ratio of 10:1, dots represent the 
individual values. Non-speci?c 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 % speci?c 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. 

[0025] 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 2732352, 1996). Most 
DNA vaccines comprise antigen-expressing plasmid DNA 
vectors. Since such plasmids are produced in bacteria and 
then puri?ed, 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 DNAvectors reduced 
or abolished the in vitro production of Th1 cytokines (e.g., 
IL-12, IFN-ot, IFN-y) from monocytes and the in vivo 
antibody and CTL response against an encoded antigen 
([3-galactosidase) (Sato et al., 1996, supra; Klinman et al.,]. 
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-S ODN 
(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 pro?le is added to the cassette. 

[0032] 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 speci?c 
CpG motifs. For example, the strength of the humoral 
response correlates very Well (r>0.9) With the in vitro 
induction of TNF-ot, 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. 

[0033] 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-ot 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-ot (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 suf?cient for use in DNA vaccines (Davis 
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et al.,HumanMolec. 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 mot?s 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-speci?c. 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. NatLAcaa'. 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 ?bers may be ef?ciently 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 ?bers) (Davis et al., Current Opinions 
Biotech. 8: 635-640, 1997). Even though antigen-expressing 
muscle ?bers 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., myo?bers, 
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 myo?bers 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-speci?c pro 
moters such as the human muscle-speci?c creatine kinase 
promoter (Bartlett et al., 1996) and the rabbit [3-cardiac 
myosin heavy chain (full-length or truncated to 781 bp) plus 
the rat myosin light chain 1/3 enhancer. 

[0038] In the case of DNA vaccines With muscle- or other 
non-APC tissue-speci?c 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 
speci?c for APC). In this Way, optimal immune responses 
can be obtained by having good antigen presentation as Well 
as suf?cient antigen load to stimulate B-cells. A hybrid 
construct, such as the [3-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. 




































































































