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Progress in Vaccines
Against AIDS

DANI P. BOLOGNESI

UST AS OTHER CONCEPTUAL BARRIERS IMPEDING THE RESO-
lution of the acquired immunodeficiency syndrome (AIDS)
crisis have been overcome-—such as the nature of its etiology, a
diagnostic blood test, and a drug that would have a beneficial effect
on the disease—the pessimism shadowing the development of an
AIDS vaccine is showing some signs of receding. This is a result of
advances on several fronts including: (i) the first examples of efficacy
of killed virus vaccines in various animal models, (ii) the identifica-
tion of important immunological targets on the virus and the
infected cell, and (iii) information that humans respond favorably to
certain candidate immunogens (1, 2). Indeed, as a result of these and
other studies, apparent obstacles are being lifted and new concepts
on how to approach a vaccine are evolving. Nowhere was this more
apparent than at a recent international gathering of scientists at the
Annual Meeting of the Laboratory of Tumor Cell Biology (Bethes-
da, Maryland, 21 to 26 August 1989).
The most striking results were the animal model studies with
simian immunodeficiency virus (SIV) by Desrosiers, Murphy-Corb,
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Gardner, and colleagues (3-5), as well as studies with equine
infectious anemia virus (EIAV) by Montelaro (6). In each example,
whole killed virus vaccines were able to delay the onset of disease for
a significant period of time (possibly permanently, as the experi-
ments may eventually demonstrate). Notably, protection against the
respective diseases caused by experimental challenge with SIV and
EIAV could be achieved even in cases where entry of the virus was
not prevented. The importance of this development is underscored
because it suggests that the same general rules apply to human
immunodeficiency virus (HIV) vaccines as have existed for other
viruses; namely, that it may not be necessary to completely block
infection in order to have a successful vaccine. If some degree of
infection with HIV can indeed be tolerated, a vaccine against the
virus is much more within reach. It also suggests that some of the
studies already performed in chimpanzees with HIV (which were
considered failures because infection was not prevented) might have
had a more favorable outcome had a disease end point been
available.

That is not to say that one should not strive to develop mecha-
nisms to clear the virus. Indeed, some of the examples with both SIV
and EIAV apparently were also able to prevent infection (3, 4, 6). In
this regard, an experiment by Gibbs and Salk, presented at the ¥th
International AIDS Conference at Montreal (7), achieved a surpris-
ing result when whole killed virus was administered to two chim-
panzees having long-term infections with HIV; the infection ap-
peared to have cleared within the bloodstream. Postexposure immu-
nization in humans with the same preparation has also been studied
by Salk and colleagues, although the results are still equivocal (8).
However, long-term studies, initiated in 1986 and still in progress
by Zagury, Gallo, and their colleagues, in which autologous cells
expressing HIV antigens were used have resulted in clinical and
biological benefit including stabilization or increase of CD4 lym-
phocytes in some AIDS-related complex (ARC)—AIDS patients (9).
Taken together, these results suggest that the immune system might
be harnessed to protect humans from HIV infection and perhaps to
improve the course of the disease.

Although the animal model studies with SIV are of extreme
importance for providing concepts and strategies for vaccine devel-
opment, SIV is not HIV and subhuman primates are not the equal
of humans. The SCID-Hu mouse chimeras in which components of
the human immune system are able to survive for several months
show some promise in this regard (10, 11), particularly as infection
models for HIV. However, a clear demonstration that these animals
can mount an immune response to the virus is lacking. Until that is
achieved, their use is limited primarily to testing the protective
effects of immune responses generated in other systems through
adoptive transfer. ’

Although instructive during preclinical development, whole virus
vaccines do not represent a practical avenue for a vaccine against
HIV because of the possibility of infectious particles. For this reason
many laboratories are using the reductionist approach which seeks
to define the essential components of the virus that would confer
protection. Along these lines, advances have been made in several
directions including a vast array of neutralizing epitopes, T cell
epitopes that are targets for cytotoxic lymphocytes, and regions of
the virus envelope that can target antibodies which mediate anti-
body-dependent cell cytotoxicity (ADCC). In total, nearly 20 such
sites have been mapped as linear epitopes (12).

The principal neutralizing epitope of HIV is situated within the
third hypervariable region, the V3 loop of the external envelope
glycoprotein (gp120). Studies by Emini and colleagues have shown
that when given with the virus, neutralizing antibodies to the loop
can protect chimpanzees against HIV infection (13). Nevertheless,
the usefulness of this segment in vaccine design appeared limited
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because of its apparent extensive variability. However, recent studies
by a number of groups (led respectively by Putney, Goudsmit,
Gallo, Haynes, and myself) have provided evidence that in natural
isolates of HIV there is considerable pressure to conserve a critical
portion of this loop, suggesting that certain serotype classes may
indeed exist in the population (14). Studies by McKeating et al. (15)
and more recently by Nara et al. (16) indicate that conformational
constraints imposed by other changes in gp120 may be as important
as primary sequence variation within the loop in regulating suscepti-
bility to neutralizing antibodies.

Other neutralization targets also exist on the virus envelope, and
one of these, situated within the transmembrane component (gp41),
is highly conserved. Originally described by Chahn et al. (17), it has
resurfaced as a more powerful epitope when inserted in the VP1
domain of poliovirus (18). Of interest is that neither this region nor
the loop is involved in the binding of the virus to its receptor;
therefore the respective antibodies do not have to compete against
the high-affinity interaction occurring between gpl20 and CD4.

A number of unique sites involved in T cell interactions have been
defined on the virus envelope, in its internal components, and in its
regulatory elements. Some of these can be targets for cytotoxic
lymphocytes isolated directly from HIV seropositive individuals.
Along with a number of sites on the envelope that serve as targets
for ADCC, a substantial arsenal is thus available with which to
attack virus-infected cells. This is important for two reasons: (1)
natural transmission of HIV occurs both through free virus and
virus-infected cells, and (ii) some degree of infection of host cells
probably cannot be avoided even with the ultimate vaccine strategy.
Thus, to be effective against the various modes of natural HIV
transmission, a clearance mechanism for the infection must be
established through vaccination.

Just as targets for protective immunity are being defined, one is
beginning to understand the features of the virus that produce
undesirable responses by giving rise to immunosuppressive effects
and antibodies which enhance rather than prevent infection. En-
hancement of HIV infection has thus far been limited to observa-
tions in vitro (19). It has not been documented in animal model
studies of HIV or SIV vaccine testing; more specifically, it has been
looked for but not found in humans immunized with HIV antigens,
as reported by Zagury and colleagues (20). Nevertheless, in order to
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guarantee safety and maximal efficacy it is important to eliminate
any potentially harmful epitopes from vaccine regimens.

These encouraging steps notwithstanding, the challenges stand-
ing before the development of an HIV vaccine are prodigious. Ways
to present HIV antigens to the human immune system so as to
evoke protective humoral and cellular immunity are still being
perfected. Much more has to be done along the lines of development
of safe and effective adjuvants or constructions of innocuous repli-
cating vectors into which critical HIV target epitopes can be
incorporated. Also, more has to be known about the role of
secretory immunity in a protective response against transmission of
HIV across mucous membranes. However, by far the most formida-
ble barrier will be the evaluation of efficacy of a vaccine candidate in
humans, given issues such as the low transmission rate of HIV
infection in the population and the long and variable interval
between infection and disease (21). As research produces more
compelling vaccine candidates, such obstacles will hopefully also be
overcome.
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