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Reexamining AIDS
Research Priorities
William E. Paul

Human immunodeficiency virus (HIV),
the causative agent of AIDS, has penetrat-
ed virtually every population on the globe.
More than 17 million children, women,
and men are infected, with the greatest
number being in sub-Saharan Africa (1).
The epidemic is rapidly gathering force in
Asia where the number of new cases of
AIDS increased eightfold in a single year.
In several Asian nations, a public health
disaster is in the making. We must also
anticipate that parts of the world where
there are now very limited numbers of
infected individuals will soon become bat-
tlegrounds in our confrontation with the
virus.

In the United States, the number of
HIV-infected individuals continues to in-
crease. Furthermore, the epidemic has un-
dergone striking demographic changes. In
1993, more than 50% of the new cases of
AIDS among men, more than 75% among
women, and 84% among children occurred
in minority populations, particularly within
African-American and Hispanic communi-
ties (2). As a tragic example of these chang-
ing demographics, the risk of infection of an
African-American woman was 15 times
that of a white woman. The continued de-
velopment of the epidemic and the high
rate of infection in many disadvantaged
communities highlights the responsibility of
the federal government to craft an effective
response.

The first decade of research on AIDS
emphasized the nation’s commitment to
respond. promptly and vigorously. Much
has been achieved. We have attained
some understanding of the pathogenesis of
the disease. A class of useful anti-retrovi-
ral drugs, the reverse transcriptase inhibi-
tors, has been introduced. The likelihood
of transmission of HIV infection from a
pregnant woman to her child can be mark-
edly diminished by treatment with one of
these agents, zidovudine (3). Treatments
for opportunistic infections have made im-
pressive ‘inroads and have prolonged and
improved the lives of people living with
AIDS.

Nonetheless, these achievements have
not provided us with the robust therapies
that had been hoped for nor is a highly
effective preventive vaccine in sight. Our
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ability to alter risk-taking behaviors is still
very limited. We do not understand major
aspects of the virus’ interaction with the
infected individual and the nature of the
host response to the virus is far from clear.
A turning point has now been reached.
Simple continuation of the policies of the
past is likely to bring us only slow, fitful
progress.

A New Emphasis on the Biology
of HIV Infection and AIDS

Thoughtful scientists analyzing the cur-
rent status of our progress against the dis-
ease and the state of research have con-
cluded that the limited progress made thus
far is due to an inadequate knowledge
base. They argue that the emergency effort
to find therapeutics and preventives with-
out a penetrating understanding of the
dynamics of the infection and of its pro-
gression has, inevitably, led to disappoint-
ment. Many, most notably Professor Ber-
nard Fields of the Harvard Medical School
(4), have issued a call for a striking in-
crease in the support of research on the
basic mechanisms underlying HIV infec-
tion and disease progression and on the
nature of immune responses that might
control such progression. This proposal
has-been coupled with a recommendation
for increased support of research on model
systems that may help to elucidate the key
principles that HIV follows in its induc-
tion of disease.

New legislation has given the Office of
AIDS Research (OAR) at the National
Institutes of Health (NIH) the responsi-
bility of creating a comprehensive re-
search plan that sets the scientific priori-
ties to be used in the development of the
entite NIH AIDS research budget. The
OAR agrees that increased investment in
the fundamental science underpinning the
AIDS research effort is essential. Howev-
er, a “back-to-basics” approach cannot be
instituted by large-scale reduction of cur-
rent efforts to find agents that provide
benefit for infected individuals and those
now living with AIDS. The OAR is com-
mitted to a strategy that allows both a
rededication to fundamental research on
HIV and AIDS and the maintenance of
efficient efforts in the spheres of drug
discovery, clinical trials, vaccine develop-
ment and behavior modification.
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Investigator-Initiated Research
Versus Dedicated Resources

A strong tension exists in the effort to de-
velop an enhanced program of basic re-
search targeted at HIV and AIDS. Inevita-
bly, NIH research program directors seek,
and are given, advice about promising re-
search approaches that need to be empha-
sized. In turn, NIH administrators common-
ly issue requests for applications (RFAs) or
requests for proposals (RFPs) that ask scien-
tists to submit grant or contract proposals
aimed at studying a particular subject. To
ensure funding for some of these proposals,
an NIH institute will reserve money to sup-
port successful applications. Generally, these
reserved funds diminish the pool of money
that would have been available to support
unsolicited, investigator-initiated research
grant applications, exacerbating the already
substantial difficulties that scientists find in
raising support for such programs. This is a
particular problem for AIDS research. The
fraction of the AIDS research budget used to
support unsolicited grant applications is less
than 50% of the fraction of the non-AIDS
budget used to support such grants (5).

Such central direction of the AIDS
research program certainly could have
been defended in view of the dramatic
increase in funds for this purpose from zero
in 1982 to more than $1.3 billion in 1995,
in response to the recognition of the pub-
lic health emergency presented by AIDS,
and the lack of a broad base of scientists
that were already working in the area. As
we now enter a phase requiring the devel-
opment of new basic knowledge and in
which research budgets are no longer rap-
idly increasing, I am committed to increas-
ing that fraction of the AIDS budget that
supports unsolicited investigator-initiated
research grants. In developing the consol-
idated NIH AIDS budget, the OAR has
instructed the institutes to prepare budget
requests that call for the use of RFAs and
contracts only where absolutely essential.
In its review of budgetary requests, the
OAR will place a very high priority in
making funds available to the institutes to
support innovative, investigator-initiated
research proposals. In the future, the NIH
interest in an AIDS research approach
will more often be indicated by the issu-
ance of program announcements. Such
program announcements do not commit
funds to a given area but they do indicate
to the scientific community that NIH be-
lieves that there is considerable reason to
anticipate that work in this area can make
an important contribution to the overall
AIDS research effort. However, the fund-
ing decision is fully determined by the
procedures of peer review as part of the
entire competitive process.
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Dedicated Resources Are
Required in Certain Situations

Nevertheless, dedicated resources are nec-
essary in some special circumstances. It will
be possible to mount an effective approach
to government-sponsored drug and vaccine
clinical trials and to related types of patho-
genesis research only if a coordinated pro-
gram is in place. Programs such as the adult
and pediatric AIDS Clinical Trials Groups
(ACTGs) will continue to require dedicat-
ed support. The level of such support must
be predicated upon the tasks these groups
will confront and by the opportunities that
exist to test new, promising therapeutic
agents and vaccines that are not being ad-
equately evaluated by their corporate spon-
sors. It is essential that such groupsbe fund-
ed based on their capacity to contribute to
scientific research, as judged by a process of
peer review. These funds cannot be regard-
ed as subsidies for clinical care, except in so
far as that care is essential for the conduct
of the research program.

It is understandable, but unfortunate,
that these research programs have come to
be regarded in their communities as treat-
ment resources. In turn, this has led to
attempts to have considerations other than
the ability to carry out the needed research,
as determined through a competitive, peer-
review process, play a major role in funding
decisions. Recognizing that the goal of
these funds is to carry out research aimed at
bettering the lot of all infected individuals
and of all individuals at risk of infection,
such nonresearch-based considerations
must be resisted.

Scientific Opportunities in
AIDS Research

Primate research must play a central role in
understanding pathogenesis. An area in which
we foresee an expanded effort is the study of
the pathogenesis of AIDS and of immunity
to HIV based on macaques infected with
simian immunodeficiency virus (SIV) or
with chimeric SIV/HIV viruses. Since no
truly adequate small animal model for HIV
infection and AIDS exists, the macaque
takes on a particularly important role.
There is already an active program of such
work. Such -research is largely funded
through direct support of the Regional Pri-
mate Research Centers (RPRC) and
through grants to principal investigators,
many of whom are RPRC staff members.
This has sometimes deterred other investi-
gators from carrying out research programs
involving macaques. We will strongly en-
courage investigators outside of primate
centers to form alliances with RPRC scien-
tists and to submit grant applications on
any topic related to AIDS including studies
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of pathogenesis, therapeutics, and vaccine
research. In view of the complexity of pri-
mate research and the need for specialized
centers in which to carry out such work,
vigorous approaches to stimulate such col-
laborations will be essential.

What forms of immunity would be most
effective against HIV? It is of the utmost
importance to do further research to deter-
mine the nature of the immune responses
that would be most effective in preventing
infection and in containing the virus once
infection has occurred. In most infectious
diseases, a state of acquired immunity exists
among individuals who have recovered
from that infection providing important in-
formation on the requirements for such pro-
tection. The apparent absence of such a
clear state of acquired immunity to HIV
deprives us of key information on the na-
ture of protective anti-HIV responses. This
inevitably has led to the examination of the
responses to HIV that do occur with the
hope that enhancing them might prevent
infection or control infection once it has
occurred. Such an analysis may prove mis-
leading: In particular, we need to recall that
the types of immunity that can prevent
infection may be quite different from those
that control the virus once infection has
occurred.

Some scientists have argued that only
antibodies capable of neutralizing a micro-
organism can prevent infection and that
only vaccines that generate such antibodies
can be truly preventive. As an example, one
may cite the experience in the development
of a vaccine that protects against infection
with the obligatory intracellular microor-
ganism, Salmonella typhi. Antibodies that
block the action -of a key virulence factor,
the salmonella Vi polysaccharide, prevent
infection. A vaccine consisting of this poly-
saccharide is highly protective (6). Further-
more, high titers of antibodies to other in-
fectious agents in the fluids that bathe mu-
cosal surfaces can be induced by appropriate
immunization strategies (7). Surely, preven-
tion of infection at the sites of entry of HIV
would be the most desirable of goals.

On the other hand, it is well known that
natural infections to many intracellular
pathogens are controlled by vigorous T cell
responses, but these must be of the appro-
priate type. For control of infection with
the protozoan parasite Leishmania major (8),
T cell responses dominated by interferon -y
(IFN-y) production are critical for the de-
velopment of curative immunity. If a similar
mechanism of immunity applies to HIV
infection, a thesis about which there is con-
siderable controversy, efforts to emphasize
cellular immunity (IFN-y production and
generation of cytotoxic T cells) may require
immunization strategies that are quite dif-
ferent from those aimed at developing the
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highest titers of neutralizing antibody.

Although it may be possible to temporize
and to develop immune responses in which
both cellular immune responses and high-
titer neutralizing antibody are achieved,
generally the same immunization conditions
do not result in optimization of both types of
responses (9). Clearly, we would be best
served by understanding what type of immu-
nity would more likely provide protection.
Here we need results from animal models or
actual clinical trials. Preliminary highly fo-
cused macaque studies are a high priority,
even if the data may not fully extrapolate
from SIV to HIV and from macaques to
humans. The development of an appropriate
small animal model could provide an even
more powerful tool to achieve these goals.
The latter must remain a high priority, de-
spite the need to overcome the inability of
HIV to naturally infect non-primate cells,
even if the cells express human CD4 (10).

Protective immunity—does it occur and
under what circumstances? Despite the im-
portance of animal models, we must ulti-
mately draw our lessons from the natural
history of the disease and from the-pertur-
bations that occur in individuals treated
with potent anti-retroviral agents. Provoc-
ative inferences have been-drawn from the
study of infected individuals'and individuals
at high risk of infection. It has been sug-
gested that it is possible to have an encoun-
ter with SIV or HIV, to develop protective
immunity, and to control the virus. The
best documented example of protective im-
munity is provided by the observation that
an SIV defective in the gene nef both fails
to induce disease in macaques (although it
does infect them) and induces a state of
resistance to infection with virulent SIV
(11). The nature of this immunity is still
not fully understood but its analysis is of
utmost importance.

Clinical observations have been offered
in support of the view that individuals ex-
posed to HIV may develop an immune re-
sponse capable of fully eliminating the vi-
rus. Among a group of HIV-exposed health
care workers who have remained seronega-
tive, some possess T cells that secrete inter-
leukin-2 (IL-2) upon stimulation with HIV
envelope peptides (12). HIV cannot be de-
tected in these individuals. Since cytokine-
producing T cells recognize viral peptides
that have been loaded, intracellularly, into
newly synthesized class I or class II major
histocompatability complex molecules, vi-
rus-infected cells are very likely to have
induced this state of immunity. There is a
group of commercial sex workers in Nairobi
who have remained uninfected despite re-
petitive, long-term exposure to the virus.
These women may have acquired a similar
state of protective immunity (13).

Results from the analysis of cohorts of



individuals who have been infected for 10
years or more but have sustained normal
numbers of CD4* T cells suggest that im-
mune responses may control the virus even
in instances in which it is not actually
eliminated (14, 15). The disruption of lym-
phoid tissue that characterizes progressive
HIV infection does not occur in most long-
term nonprogressors (14). Some of these
long-term nonprogressors may have been
infected with a virus of low virulence. How-
ever, -virus can be recovered from lympho-
cytes of other long-term nonprogressors
that is competent to infect activated pe-
ripheral blood T cells. In many cases, CD8"
T cells drawn from long-term nonprogres-
sors exert an inhibitory effect on the ability
of HIV to infect CD4* T cells in vitro (15).
This CD8" T cell-mediated inhibition may
be due to destruction of virally infected
cells or inhibition of viral replication (16).
These long-term nonprogressors appear to
have successfully contained the virus; un-
derstanding the nature of their immune re-
sponse may provide critical insights into
how HIV can be controlled in other infect-
ed individuals.

Is the cytokine environment critical in deter-
mining protective value of immune responses?
The striking disparities in the course of in-
fection in different individuals suggest that
fundamental differences in the response to
HIV occur. Studies of responses of different
inbred strains of mice to infection with the
protozoan parasite L. major have led some to
suggest a possible basis for such differences.
As already noted, immune responses to L.
major (dominated by IFN-y production by
CD4*% T cells) result in clearance of the
parasite infection (8). BALB/c mice, which
succumb to infection with L. major, display a
vigorous CD4* T cell response dominated
not by production of IFN-y but rather by the
production of IL-4. If BALB/c mice are pre-
vented from producing an IL-4—dominated
response, they develop leishmania-specific
T cells that produce IFN-y, develop a pro-
tective immune response, and survive (8).

Does the difference between most in-
fected individuals and the small cohort of
long-term nonprogressors depend upon the
cytokines that dominate their responses?
That is, do long-term nonprogressors devel-
op an IFN-y—dominated response whereas
most other individuals develop a response
in which IL-4°dominates? This subject has
been a matter of considerable controversy,
with evidence being offered on both sides
(17-20). A major obstacle in deciding
whether the quality of the immune response
determines the outcome of infection is that
it has been difficult to measure T cell
cytokine production in response to HIV
antigens. There are particularly few exam-
ples of such measurements done early in
responses, when it would be most impor-

tant to evaluate them. A high priority will
be to examine in detail the nature of the
immune response in the period immedi-
ately after HIV infection.

Efforts to alter the balance of IFN-y and
IL-4 produced in the course of infections
with various pathogens in experimental an-
imals or in HIV-infected humans have not
yet yielded convincing results. The bulk of
evidence drawn from in vitro studies and
from studies of animal models is that, once
determined, the cytokine-production pat-
tern of primed T cells does not change (9).
Thus, a major perturbation in the dynamics
of lymphocyte production in infected indi-
viduals, leading to the development of pop-
ulations of naive, antigen-specific T cells
available for priming, may be required to
alter the established pattern of cytokines in
an infected individual. Recent studies sug-
gesting that viral burden can be strikingly
lowered by HIV protease inhibitors (21)
may provide an opportunity to fundamen-
tally alter the balance of cytokines pro-
duced in response to the infection. This
might be achieved either through natural
replacement of T cells from the thymus, or
through the intentional introduction of na-
ive T cells.

The central engima: What accounts for the
immunodeficiency in AIDS? What accounts
for the immunosuppression and the loss of
CD4™" T cells in HIV infection? Some sci-
entists have taken the view that the rela-
tively few CD4* T cells that appear to
harbor HIV proviral DNA or RNA cannot
account for the deficiency in the overall
numbers of CD4" T cells nor for their
apparent deficient immunologic function.
It is now apparent that more cells are in-
fected than had . initially been estimated
based on examination of CD4% cells in
blood (22). Furthermore, recent progress in
clarifying the means through which tissue
damage may occur in many viral infections
and in understanding the regulation of T
cell function provides ample means through
which noninfected lymphoid cells might be
destroyed or through which their function
might be impaired.

It is clear that engagement of T cell
receptors can lead to cellular inactivation
rather than activation. In general, such in-
activation results if receptor engagement
occurs in the absence of a costimulatory
signal, often provided by the interaction of
cell surface ligands (expressed by antigen-
presenting cells) with complementary re-
ceptors on T cells (23). Oné such ligand
receptor pair involves a member of the B7
family, -expressed on antigen-presenting
cells, and CD28 on T cells (24). In the
absence of a B7-CD28 interaction (or a
comparable interaction), engagement of the
T, cell receptor may lead to long-lived T cell
“anergy,” the incapacity of the T cell to
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respond even to competent stimuli. In ad-
dition, there is growing evidence that re-
ceptor-mediated T cell activation can result
in the overexpression of fas on T cells and
the subsequent death of these cells through
apoptosis when they encounter the fas li-
gand (25). Other forms of apoptotic death
may also occur. Evidence has been obtained
that the interaction of HIV-infected cells
with activated T cells may result in apop-
totic death (26).

We still do not fully understand the
relative contributions of these (or other)
processes to the actual immunodeficiency of
HIV disease. If the direct cytopathic effect
of the virus is responsible for only a portion
of cellular death or inactivation, the control
of the dominant effectors may relieve the
immunodeficiency and thus have a major
impact on the clinical course of the disease.

New classes of drugs give hope for effective
combination chemotherapy. Drug discovery
provides additional opportunities that must
be exploited. HIV protease inhibitors, now
entering efficacy trials, may provide us with
a second class of effective antiretroviral
agents. This could be very good news for
patients who have become resistant to re-
verse transcriptase inhibitors, but it may be
particularly valuable in the primary treat-
ment of infected individuals in combina-
tion with reverse transcriptase inhibitors. If
the cancer model holds a lesson for HIV, it
is that combinations based on independent
types of drugs may further suppress virus
and, by lowering viral load and viral repli-
cation, may diminish the likelihood that
resistant organisms will take over the pop-
ulation. The effort to develop additional
independent classes of drugs, such as inte-
grase inhibitors, must be vigorously pursued.

An essential aspect of drug discovery
efforts is an understanding of the functions
of the viral gene products in the economy of
the cell. We still have an incomplete
knowledge of the function of some of these
gene products. A good example is Nef. Al-
though Nef has been extensively studied
and has been used as a major target in the
preparation of an attenuated SIV for vac-
cine purposes, its precise function is not
known. Nef-deficient HIVs and SIVs gen-
erally replicate at a very reduced rate com-
pared to wild-type virus. Nonetheless, the
recent observation by Ruprecht and her
colleagues (27) that an attenuated SIV, in
which nef, vpr, and nre were deleted, was
capable of inducing disease when it was
administered orally to neonatal macaques
strongly implies that we do not fully under-
stand how Nef mediates its functions.

Thus, the effort to develop inhibitors of
particular targets must be based on a so-
phisticated understanding of the roles of
these gene products in the viral life cycle
and in viral pathogenesis. Linked to this

635




should be the development of assays that
reflect biologically important functions of
these targets so that inhibitors that are
developed will have a reasonable likeli-
hood of being effective as anti-retroviral
drugs. Information on the detailed molec-
ular structure of the target can, potential-
ly, be of major help in the development of
inhibitors. The recent description of the
three-dimensional structure of the catalyt-
ic domain of HIV integrase (28) gives
hope that progress toward developing po-
tent inhibitors of this important enzyme
will soon be forthcoming.

Behavioral research is an essential compo-
nent of building the knowledge base on AIDS.
Since we understand how HIV is transmit-
ted, it should be possible for individuals to
protect themselves against infection by
avoiding behaviors that place them at risk.
Educational programs aimed at informing
at-risk populations of strategies through
which they can diminish their risk of infec-
tion have been initiated in many areas and
have often achieved considerable success.
Nonetheless, even among the young, gay,
male population in San Francisco, a popu-
lation that has been provided with some of
the most effective prevention programs, the
prevalence of the disease continues to rise,
although much less dramatically than in the
past (29).

This sobering fact calls for efforts to
develop more effective strategies to aid in-
dividuals and population groups to modify
behaviors that place them at risk. Such
efforts must include the use of already rec-
ognized strategies for behavior modification
at the individual level and in the context of
a group. However, it must also involve a
substantial investment in fundamental be-
havioral research, with an emphasis on
gaining insight into motivational aspects of
the major behaviors that carry increased
risk—unprotected sex and intravenous drug
use. These are daunting challenges that will
certainly require a deepening in our under-
standing of fundamental aspects of human
behavior.

Prevention of STDs and female barrier
methods can diminish HIV  transmission.
There is clear evidence that in populations
in which there is a high incidence of sexu-
ally transmitted diseases (STDs), individu-
als are at greater risk of acquiring HIV
infection. The OAR recognizes that a vig-
orous program aimed at developing better
techniques to prevent and treat STDs is a
critical component in programs aimed at
preventing HIV infection. In addition, we
are committed to supporting the develop-
ment of better barrier methods for women
to allow them to protect themselves against
infection.

Fundamental Research as
Source of Hope

This brief summary is by no means intended
to be an exhaustive discussion of areas of
promise and excitement in the fields of
AIDS research. It reflects my scientific
background, being that of an immunologist
with a major interest in cytokines. None-
theless, the critical importance of immune
responses both before and after infection
indicates to me that concerted efforts to
understand how the immune system can be
mobilized to control HIV is of the highest
priority.

I emphasize that great opportunities for
gaining the knowledge we need lie before us
and that such knowledge should provide
the basis for effective treatments and pre-
ventives. Far from being a time of pessi-
mism, this should be an era of hope. But
hope is only useful if it leads us to those
actions that will translate it into reality. To
accomplish this, the OAR has launched a
reexamination of the entire NIH AIDS re-
search endeavor. This evaluation, by a pan-
el of eminent scientists led by Dr. Arnold
Levine of Princeton University, will form
the basis of recommendations for the future
AIDS research agenda.

AIDS is a new disease for much of the
world. While it would be far from prudent
to be overly optimistic, if we can learn to

master the disease, it is conceivable that
we could permanently purge HIV infec-
tion from human populations. While the
final elimination of AIDS is an ambitious
goal, it is to this end that our efforts must
be devoted.
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