NOVEL THERAPIES FOR HIV-1 INFECTION

Novel therapies for HIV-1 infection were discussed at the Atlanta
conference by Robert T. Schooley, MD, from the University of Col-
orado School of Medicine in Denver. Dr Schooley’s presentation fo-
cused primarily on immune-based therapies and included a brief

overview of genetic therapies.

ecent enthusiasm over the development of new antiretrovi-
R ral drugs and strategies that have been effective in decreas-
= ing viral replication must be tempered with the knowledge
that there are limitations to the benefits from these currently em-
ployed treatments. Dose-limiting toxicities, the emergence of
virus with reduced susceptibility to antiretroviral drugs, and in-
complete control of viral replication all contribute to the failure
of current therapies to completely restore immune responsiveness
in patients with HIV disease. It has also been observed that the
increases achieved in CD4+ cell counts appear to plateau even
with very effective antiretroviral drugs, at least in patients who
have already experienced significant quantitative loss of CD4+
cells. In this context, there remains interest in developing such al-
ternative treatment approaches as immune-based and genetic
therapies.

General Immune Modulation

There are two general approaches to immune-based inter-
vention: (1) enhancement of HIV-1-specific immune-effector
mechanisms; and (2) general augmentation or restoration of im-
mune response. With regard to general immune modulation, there
are continuing attempts to identify and use cytokines that are de-
ficient in late-stage HIV infection (eg, interleukin [TL]-2) or that
may enhance cellular immune function (eg, interferon [IFN]-a,
IFN-v, IL-2, IL-7, IL-12, and IL-15), as well as to down-regulate
cytokines that may enhance HIV replication (eg, tumor necrosis
factor [TNF] or IL-6).

Interleukin-2. Early in vitro studies showed that the ability to
mount an Epstein-Barr virus (EBV)-specific cytotoxic T-cell
(CTL) declined with advancing HIV infection. The ability to
elaborate IL-2 in vitro was lost in association with this progres-
sive decline in the induc-
tion of EBV-specific
CTL activity. The addi-
tion of IL-2 to peripheral
blood mononuclear cells
(PBMCs) from AIDS pa-
tients restored EBV-spe-
cific cytolytic activity in

A number of questions
remain in the use of IL-2
in HIV disease: Does
the viral burst observed
with treatment augment
viral diversity? How

well do the CD4+ cells most patients, except
produced under those with far advanced
treatment function? disease. In these patients,

the addition of TL-2 aug-
mented natural killer (NK) cell activity, but not EBV-specific
CTL activity. Early clinical investigations at Stanford showed
that IL-2 administration was associated with enhanced CTL ac-
tivity against a variety of HIV gene products. In the most exten-
sive clinical experience to date, investigators at the National

Institutes of Health (NIH) administered intermittent courses of
high-dose IL-2 (12-18 million units/d for 5 days every 4 weeks)
to patients with HIV disease who were on standard single-agent
nucleoside analogue therapy. It was found that 60% of those with
initial CD4+ counts greater than 200 cells/uL showed substantial
increases in their CD4+ counts after the infusions; those patients
with lower CD4+ counts frequently exhibited no increase. As-
sessment of the effect of infusion on plasma HIV RNA using a
sensitive branched-chain DNA (bDNA) assay showed that a burst
of replication frequently accompanied the infusions. In patients
with higher CD4+ counts, plasma HIV RNA levels typically de-
creased to their original levels after the acute increase, whereas
plasma HIV RNA levels could remain elevated compared with
pretreatment levels in some patients with lower CD4+ cell
counts. Study of Vg-chain distributions before and after treat-
ment with IL-2 has suggested that the CD4+ lymphocyte expan-
sion is primarily limited to the existing repertoire at the time of
treatment, with existing lineages being expanded rather than new
lineages being added. Administration of IL-2 is associated with
significant systemic side effects in the majority of patients, and
with capillary leak syndrome in many. Issues in the clinical de-
velopment of IL-2 that remain to be answered include the clinical
significance of the rise in CD4+ cell counts induced by IL-2; the
durability of these CD4+ cell count increases and the functioning
of the cells produced under treatment; whether the viral burst ac-
companying treatment is deleterious in terms of augmenting viral
diversity in the host; and whether this viral burst can be contained
with more effective antiretroviral therapy.

Interleukin-12. Interleukin-12 induces production of IFN-y
in T- and NK cells and augments the cytotoxic activity of resting
and cultured NK cells. Interleukin-12 is synergistic with IL-2 in
stimulating CD8+ cell proliferation in animal models. Studies of
samples in vitro from patients at various stages of HIV disease
have shown the addition of IL-12 significantly enhances prolifer-
ative responses to recall antigens in samples from patients with
CD4+ cell counts greater than 200/uL, but not in those patients
with cell counts less than 200/uL.. To date, clinical use of IL-12
has been associated with significant adverse reactions; however,
some of the toxicities can be avoided by giving a priming dose.

Cytokine down-regulation. Early studies of the ability of dif-
ferent cytokines to modulate HIV replication included the obser-
vation that certain cytokines stimulated HIV replication in some
cell lines. Those found to have an up-regulating effect in at least
some cell lines include TNF, IL-6, and granulocyte-macrophage
colony-stimulating factor (GM-CSF). Tumor necrosis factor up-
regulates replication in several cell types, thus becoming a target
for expression as a means of controlling TNF-induced replica-
tion. Drugs known to inhibit TNF production include pentoxi-
fylline and thalidomide. Clinical study of the former thus far has
demonstrated dose-related gastrointestinal (GI) toxicity, which
has prevented administration of high enough doses of the drug to
significantly alter TNF expression in vivo or to decrease HIV
replication. In an ongoing placebo-controlled study (ACTG 267),
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patients with CD4+ cell counts of 200/uL to 500/uL are being
given thalidomide at 50, 150, or 300 mg/d to assess tolerability to
the drug and the drug’s effect on viral load.

CD8+ HIV replication suppressor factor. Attempts to iden-
tify and isolate the putative soluble factor(s) mediating the anti-
HIV effect of CD8+ cells have been ongoing for several years. A
number of molecules have recently been suggested as candidates.
One (IL-16) has been shown to produce only modest suppressive
effects on HIV replication. Another group of investigators has
suggested that this in vitro activity is mediated by the three
chemokines RANTES, MIP-1c, and MIP-1B. Although these
molecules were reported to have a significant effect in curtailing
HIV replication, the lack of information on the specific experi-
mental procedures used in the publication of the findings makes
the results difficult to interpret. High concentrations of these
chemokines were required for in vitro activity.

Cytokine caveats. Although many of the findings involving
cytokine modulation are intriguing, it is important to remember
that cytokines are autocrine or paracrine molecules that normally
operate in a complex and tightly regulated network. Thus, at-
tempts to achieve isolated effects on one of the factors may be
unsuccessful due to compensatory responses by other cytokines.
In addition, there is the possibility of detrimental effects occur-
ring distally in the network. The findings on how the cytokines
mediate functions important in HIV disease often are based on
highly artificial experimental systems that are incapable of cap-
turing the complex effects of this modulation. It is also true that
“bad” cytokines are not necessarily all bad; for example, it is
known that blocking TNF effects in murine mycobacterial infec-
tion models results in increased mortality.

Modulation of HIV-specific Effector Mechanisms

HIV-specific immune effector mechanisms are likely to play
a key role in controlling virus replication in the early phases of
HIV infection and may be a major determinant of the natural his-
tory of HIV disease. It remains unclear as to whether the cellular
or humoral immune response to infection is the most critical or
whether both are important in controlling virus replication. It is
known that during clearance of initial viremia that there is emer-
gence of CTL activity, which occurs before neutralizing antibod-
ies appear; it is also known that long-term nonprogressors have
greater CTL activity against HIV and may also have more potent
antibody response. However, these phenomena may simply be
characteristics of a good host immune response to infection
rather than being directly involved in controlling viral replica-
tion. Once infection has been established, the viral population
within an individual is constrained by a very potent immune re-
sponse, but can overcome these constraints by generation of ex-
traordinary genetic diversity. This tremendous genetic diversity is
one of the major challenges to immunomodulatory approaches to
treatment of HIV.

A number of approaches to enhance humoral and cellular
HIV-specific immune responses are under investigation. With re-
gard to humoral mechanisms, a number of monoclonal antibodies
that neutralize primary HIV isolates have been produced and an
AIDS Clinical Trials Group (ACTG) study of a few of these anti-
bodies is scheduled to begin in the near future.

The ability of CTLs to detect and destroy cells expressing
HIV antigens has been recognized for many years. As part of the
host’s immune response to HIV, an individual develops CTL
clones specific for a number of detectable HIV gene products.
Figure 1 illustrates one study in which an HIV-infected person
was shown to exhibit specific response to 10 different HIV epi-
topes derived from three different genes. However, a single
amino acid change in one of the gene products can render cells
bearing the epitope unrecognizable to a CTL clone that was pre-
viously effective in detecting and killing such cells. Attempts to
use CTLs in therapeutic regimens will have to consider the ever-
increasing heterogeneity of target viral strains.

Progressively sophisticated attempts to create and expand
CTLs and reintroduce them into the patient have not yet yielded
evidence that such a strategy is effective in reducing viral replica-
tion. The initial approach of polyclonal expansion and reinfusion
of CD8+ cells was not associated with detectable changes in viral
load, but with the number of cells infused, no substantial increase
in HIV-specific CTL activity would be expected. More recently,
studies in which HIV-specific CTLs that have been expanded ex
vivo have been initiated, but studies of changes in viral load in
this setting have been inconclusive. Another approach that ap-
pears to hold significant promise involves genetically modifying
the T-cell receptor complex. A technique for fusing the extracellu-
lar domain of the CD4 molecule with the zeta chain of the T-cell
receptor complex has been developed. Cells thus modified bind
the gpl120 molecule on the surface of cells undergoing infection
with HIV and lyse these cells, effectively functioning as a univer-
sal killer of HIV-envelope—expressing cells. In an ongoing study
at the NIH, retroviral vectors are used to insert the CD4 molecule
into harvested CTLs of an uninfected identical twin to convert
them into universal killer cells; these cells are then infused into
the HIV-infected twin in an attempt to better control HIV.
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Figure 1. HIV-1 MHC-class I-restricted CTL epitopes recognized by
unstimulated PBMCs from an HiV-infected individual. Adapted with
permission from Johnson RP, Walker BD. Curr Top Microbiol Im-
munol. 1994,189:44.
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Genetic Therapies

Genetic therapies for HIV infection are based on the premise
that genetic alterations in T-lymphocytes or hematopoietic stem-
cells may render them resistant to HIV infection and provide an
opportunity to reconstitute normal host immunity with cells not
depleted by ongoing viral replication. The methods currently
being investigated consist of inserting intracellular genes or pro-
teins that interfere with the viral replication cycle. One approach
involves the intracellular expression of RNA sequences that bind
either with viral messenger RNA (mRNA) or with viral genomic
DNA (antisense approach), or that can cleave specific viral se-
quences (ribozymes). Another RNA-based approach, ie, the
“decoy” approach, involves expressing a defective regulatory
viral RNA sequence. Similar strategies have been employed
using expression of defective viral proteins instead of RNA. In
addition to these transdominant mutant approaches, there are
strategies that attempt to exploit the fact that viral production or
assembly can be hampered by intracellular antibody fragments
directed at viral elements. In yet another approach, termed the
“sujcide-gene” approach, genes that express proteins that are
toxic to mammalian cells, such as diphtheria toxin or ricin, are
placed under the control of elements that are up-regulated when
HIV replication is initiated. Each of these approaches has several
significant practical barriers to successful clinical application.
For example, one difficulty is devising vectors for genetic mater-
ial that can enter all of the cell types capable of being infected by
HIV: another barrier is that the genetic diversity of the population
of virus within an individual may hinder the success of any single
approach whose effectiveness depends on recognition of specific
viral sequences.

Despite the potential obstacles to genetic therapies, these ap-
proaches continue to hold much scientific interest. As noted by
Dr Schooley, apart from the potential direct therapeutic benefits,
the study of genetic therapies will provide an opportunity to study
the molecular pathogenesis of HIV infection and to work out the
barriers to gene therapies for a wide variety of other diseases.

Robert T. Schooley is Professor of Medicine at the University of
Colorado School of Medicine in Denver.
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