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ABSTRACT
Estimated number of adults and children newly infected with HIV-1 during 2001 alone 
is 5 million in total. An effective vaccine, in addition to education & public health 
approaches, has been believed to be the best option to stop the HIV-1 transmission, 
especially for developing countries. Among AIDS vaccine candidates, DNA vaccine is 
relatively safe and, in a certain extent, mimics some attributes of live attenuated vaccine, 
with regard to in vivo gene expression & the type of immunity induced. We recently 
demonstrated that DNA vaccines expressing SIVmac239 structural and regulatory genes, 
augmented with coadministration of IL-12 mutant induced the strongest T cell responses, 
resulting in low to undetectable setpoint viral loads, stable CD4+ T cell counts, and no 
evidence of clinical diseases or mortality by day 420 after challenge. This finding is 
the second demonstration, following the protective result of live attenuated SIV vaccine 
in SIVmac-rhesus monkey model, which was known to have safety problem. So, our 
DNA vaccines could give a significant impact on HIV-1 epidemic by slowing or 
stopping the spread of HIV-1, leading to eventual eradication of HIV-1 and AIDS in 
the population. (Immune Network 2002;2(1):1-5)
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  More than 40 million adults and children are esti-
mated to be living with HIV-1 & AIDS in the end of 
the year 2001 (Fig. 1). About 80% of them are living 
in the poorest country of the world such as, Subsa-
haran Africa & Southeast Asia. In some parts of Sub-
saharan Africa, 50% of the young generation are 
positive for HIV-1. Worldwide, the number of HIV- 
infected individuals distributes more equally between 
males and females. In addition, what we are worrying 
about is that the HIV and AIDS epidemic is rapidly 
spreading other parts of the world, such as Eastern 
Europe and central Asia. So far, education & public 
health approaches have been quite effective in pre-
venting HIV-1 transmission. However, estimated 
number of adults and children newly infected with 
HIV-1 during 2001 alone is 5 million in total. In 
other words, about 14,000 persons are infected each 
day, indicating that education and public health 
approaches are not sufficient for preventing HIV-1 
transmission. So, other approaches are needed for 
stopping the spread of HIV-1. Among them, an ef-

fective vaccine has been believed to be the best op-
tion to stop the HIV-1 transmission, especially for 
developing countries.
  Generally speaking, understanding immune corre-
lates of protection are needed for developing an ef-
fective vaccine. Although we have not fully under-
stood which immune responses are required for pro-
tection, there are several evidences for an effective 
HIV immunity, which help us to design for HIV 
vaccine develpment. For example, 1) Protection was 
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Host immune responeses (CTL?) induced by HIV-1 infection can control the virus replication
  during the acute and chronic phase of infection,*
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Figure 2. Consequences of HIV infection.

Adapted from J. Mullins,  http://www.unaids.org/
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Figure 3. Viral variation among HIV-1 isolates.

obtained with vaccine candidates in primate model (1,2). 
2) In western Africa, prior infection with the less 
virulent HIV-2 may protect against HIV-1 infection, 
indicating cross-strain reactivity (3). 3) In some HIV- 
infected individuals, high levels of HIV-specific Th1& 
CTL responses were associated with a decreased viremia 
(4,5). 4) In Gambia and Kenya, some of the sex 
workers, who are exposed but not infected with HIV, 
have strong HIV-specific CTL responses (6,7). 5) 
Finally, CTL responses, during acute phase of HIV 
infection, appeared to control viral replication (8). The 
virological and immunological profiles after HIV 
infection indicate that the decrease of viral loads, 
after peak viremia, which is closely associated with 
appearance of HIV-specific CTL responses (Fig. 2). 
This level of viral load is maintained thereafter for 
8～10 years throughout the chronic phase of infec-
tion. In the long run, the virus inevitably breaks 
through host immune defenses, resulting in an in-
crease of viral load and a decrease of CD4+ T cell 
number and CTL responses. These observations indi-
cate that host immune responses, presumably CTL 
responses induced by HIV-1 infection is likely to be 
able to control the viral replication during both acute 
and chronic phase of infection, although they are not 
strong enough to eradicate the virus completely from 
the host. Therefore, if we developed an HIV-1 vac-
cine which is able to specifically and strongly induce 
these kinds of immune responses such as HIV-1 
specific CTL responses, we can predict that an effec-
tive HIV vaccine will be available to us.
  Unfortunately, there are a number of obstacles to 
effective HIV vaccine development as follows.
  1) HIV can be transmitted by cell-free and cell 
associated virus as well. 2) As a retrovirus, it is able 
to integrate into chromosome. So, HIV is capable of 
hiding quiescent memory T cells and remain latent 
for tens of years (9). 3) It is also sequestrated into 

immune-privileged sites: central nervous system (CNS) 
and lymphoid organs (10). 4) In particular, HIV in-
fects and destroys CD4 T cells which orchestrate 
both Ab and T cell responses and are critical for 
protective immunity. 5) In addition, immune-correlates 
of protection are still obscure. Since no one has yet 
been cured from AIDS, it is not easy to identify 
which immune responses are necessary for protection 
in nature. 6) There are limitations of good animal 
models. 7) Another major hindrance is the high rate 
of mutation. The mutation rate in HIV is 65 times 
higher than that observed in Influenza. 8) Among 
HIV-1 isolates, there are tremendous genetic&viral 
variation even in a single host, so-called quasispecies, 
and geographically. Among HIV-1 isolates, there are 
2 major groups, (M & O group), whose env sequences 
differ by about 50% (Fig. 3). SIV, a monkey AIDS 
virus, exhibited about 55% sequence homology with 
M group. So, SIV appeared to be a little bit more 
closely related to M group of HIV-1 than O group. 
Within the M group alone, there are about 10 clades, 
so called genetic subtypes, clade A, B, C etc. The B 
clade is prevalent in the America, Europe, and Korea, 
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Figure 4. Six major approaches in developing HIV vaccine.

although the C clade is the most frequent virus 
worldwide. Ab and T cell responses against one HIV 
subtype may not recognize the other viruses within 
different subtypes. So, it will be better to consider 
the geographic subtypes in developing HIV vaccine.
  There are six major approaches in developing HIV 
vaccine (Fig. 4). For example, 1) recombinant protein 
vaccine using gp120 protein, 2) synthetic peptide 
vaccine using V3 loop, 3) naked DNA vaccine, 4) live 
recombinant vectored vaccine, 5) whole inactivated 
virus vaccine, 6) live attenuated virus vaccine. Among 
them, more than 25 different HIV vaccine candidates 
using protein vaccine, peptide vaccine, DNA vaccine, 
and vectored vaccine, have currently entered human 
clinical trials.
  Generally speaking, a suitable animal model is 
needed for a vaccine development. HIV-1 is only able 
to infect chimpanzee and human, and causes AIDS- 
like diseases in human, but not in chmpanzee. In 
contrast, monkey AIDS virus, such as SIV and SHIV, 
are able to chronically infect macaques and cause virus- 
induced diseases. So, these two monkey AIDS viruses 
have been widely used for evaluating the efficacy of 
AIDS vaccine candidates. SHIV is a hybrid virus 
composed of a HIV envelope and SIV nucleocapsid 
plus replication machinery. Recently, there are great 
success in protection against SHIV as a challenging 
virus with the following vaccine candidates. for exam-
ple, IL2-augmented DNA vaccine induced potent 
secondary CTL responses, resulting in low to unde-
tectable setpoint viral loads & no-evidence of clinical 
diseases or mortality by day 140 after challenge (11). 
Multiprotein DNA priming and MVA boosting vac-
cine can raise a memory immune responses capable 
of controlling a highly virulent mucosal immunode-
ficiency virus challenge administered 7 months after 
the booster (12), replication-incompetent adenovirus 
vaccine elicits effective anti-immunodeficiency-virus 
immunity which exhibited the significant attenuation 
of the virus infection (13).

  However, many leading scientists warned that this 
newfound optimism may be based on misleading sci-
ence, because SHIV produces a different immune re-
sponse from SIV. In addition, SHIV produces a dif-
ferent disease that is like flu: high fever, acute fatigue, 
and nausea. Dr. Ron Desrosiers at Harvard Medical 
School suggested that every potential vaccine that is 
working against SHIV should be retested against 
SIVmac before entering clinical trials (14). In 1990, 
gp120 vaccine, developed by Genentech, was repor-
ted to be protective against HIV-1 challenge in chim-
panzee (15), but not protective in humans, indicating 
that using a suitable animal model is critical for HIV 
vaccine development. In comparison with SHIV, 
SIVmac is more similar to HIV-1 in terms of 1) 
similar peak in plasma antigenemia, cellular VLs & 
level of plasma RNA, 2) Similar immune responses 
following infection, 3) Clinical diseases associated drop 
in CD4+ T cells. In this regard, it has been recom-
mended that HIV-1 vaccine candidates be evaluated 
for their efficacy in SIVmac rhesus monkey model. 
However, it has been known that, in this animal 
model, it is extremely difficult to achieve protection 
against i.v. challenge with SIVmac like HIV-1-Human. 
So far, live attenuated SIV vaccine with a deletion of 
regulatory gene such as nef or vif, etc is the only one 
that clearly shows protection against i.v. challenge 
with SIVmac (16). However, these kinds of live at-
tenuated, multiply deleted SIV were reported to 
causes AIDS in infant and adult macaques (17) sug-
gesting that live attenuated vaccine appeared to have 
potential safety problem. In this point, a potential 
AIDS vaccine should be safe as well as effective. 
Among AIDS vaccine candidates, DNA vaccine is 
relatively safe and, in a certain extent, mimics some 
attributes of live attenuated vaccine, with regard to 
in vivo gene expression & the type of immunity in-
duced. Based on these facts, it has been suggested 
that DNA vaccine may be one of the best AIDS vac-
cine candidates
  DNA vaccine is just a bacterial plasmid DNA 
which is able to produce antigen under eukaryotic 
promoter. Another important feature of plasmid 
DNA is the presence of unmethylayed CpG motifs 
that have Th1-inducing activity by stimulating ma-
crohpages and DCs to produce a variety of cytokines 
including IL12, functioning as mitogenic effect (18). 
When the DNA vaccine is i.m. or i.d. delivered into 
host, the injected DNA is transfected into target cells 
such as myocytes, keratinocytes, and BM-derived APCs, 
and then the DNA-encoded antigen is produced by 
host transcriptional and translational machinery (Fig. 
5). In this regard, the immunized host functions as 
a vaccine factory. The DNA-encoded antigen is proc-
essed and then complexed with MHC class I and II 
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Figure 5. Concept of DNA immunization.

molecules, leading to the activation of CD4 and CD8 
T cells. Also, DNA-encoded antigen is able to di-
rectly bind to specific B cells to secrete antibody. So, 
DNA vaccine is able to induce both humoral and 
cellular immunity. In particular, qualitatively, DNA 
vaccine is quite effective in inducing TH1 & CTL 
responses, compared with other immune responses 
(19). DNA vaccine is relatively safe, because of its 
noninfectious nature&high purity. Also, it is faster to 
develop than other vaccines, because expression 
plasmid itself is used as a vaccine. In a sense, it is 
inexpensive to manufacture, because identical pro-
duction&formulation protocols for different vaccines 
could reduce the operating costs. Plasmid DNA itself 
is stable molecule at room temperature. So, there will 
be no need for a cold chain in distribution which also 
reduce the cost and potential side effects. Finally, it 
is easy for DNA vaccines to formulate into cocktail 
or multivalent vaccines, which will be very effective 
for controlling highly variable virus, like HIV.
  In general, ideal vaccine is to induce sterilizing 
immunity which is achieved by neutralizing antibody. 
Since neutralizing Ab was known to be not working 
well against hypervariable virus, like HIV-1, more 
realistic HIV vaccine is to achieve secondary end-
points, that is, protection against disease rather than 
infection, in other words, either initial infection, but 
controlled or establishment of chronic infection with 
low viral load. In fact, most currently licensed&com-
mercialized vaccines, for examples, polio and influenza 
vaccines, do not induce sterilizing immunity, but pre-
vent diseases. We have recently developed AIDS 
DNA vaccines containing SIV structural genes and 
regulatory genes plus IL-12 mutant. IL-12 mutant was 
demonstrated to induce long-term TH1 and CTL 
responses in DNA vaccination (20). Our DNA vac-

cine do not develop sterilizing immunity, but are ca-
pable of decreasing viral loads & preventing SIV-in-
duced diseases, which meets the secondary endpoints 
of potential HIV vaccine. In particular, our DNA 
vaccines were demonstrated to be protective against 
i.v. infection with SIVmac in rhesus monkey which 
was known to be extremely difficult to achieve pro-
tection. This finding is the second demonstration, fol-
lowing the protective result of live attenuated SIV 
vaccine which was known to have safety problem. So, 
our DNA vaccine, which is protective under experi-
mental condition that the infecting dose used (10 
MID50) may be 500～50,000 times higher than those 
of a human sexual contact and i.v. drug injection, 
may offer a chance of complete protection from new 
HIV-1 infection. Even without complete eradication 
of HIV-1, our DNA vaccine may benefit the infected 
individual with low viral loads by slowing or pre-
venting AIDS-like diseases. Furthermore, since it was 
demonstrated that those who have how viral loads 
are less infectious, our DNA vaccines could give a 
significant impact on HIV-1 epidemic by slowing or 
stopping the spread of HIV-1, leading to eventual 
eradication of HIV-1 and AIDS in the population.
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