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Introduction

Human Immunodeficiency Virus, or HIV, is a retrovirus that
gradually weakens the immune system and may result in the immune
system debilitating disease AIDS. Since society has learned how HIV is
acquired, people act more cautiously to prevent contracting the poten-
tially deadly virus. In addition, there have been great advances in HIV
research that have helped develop treatments that effectively prevent
HIV from progressing to AIDS. The spread of HIV has decreased in
some parts of the world; however, HIV and AIDS remain significant
problems in most countries.

Unfortunately, many details of HIV infection remain unknown.
HIV reduces the number of T-cells, but it is not known how HIV
accomplishes this. HIV eventually can result in AIDS, but it is not
known how this occurs and why some patients with HIV quickly
progress to AIDS while others canlive for decades withoutany progres-
sion to the fatal disease. Because more than 30 classes of HIV exist in the
world (Ly et al., 2001), finding one effective treatment for HIV has been
difficult. In the last three years, HIV researchers have focused not only
on discovering the mechanism HIV uses to cause immunodeficiency
and on hindering that mechanism through current treatments but also
on developing vaccines to prevent HIV infection.

How HIV Causes Immunodeficiency

Effects of HIV on T-cells

Immunological experiments have isolated specific HIV viral pro-
teins and observed their effect on T-cells. The HIV-produced protein
Viral Protein R (Vpr), in particular, has been studied extensively. Vpr
has been found in the serum and cerebrospinal fluid of HIV infected
patients. Lum et al. (2003) observed both mutated and wild type Vpr
functions in HIV patients. They noticed that many HIV-infected pa-
tients had long-term nonprogressive (LTNP) HIV, meaning the pa-
tients would remain healthy without therapy. Because they found that
a large percentage of LTNP patients had the Vpr mutation, they
attributed the lack of immunodeficiency to those mutations. Lum et al.
observed that functional, or wild type, Vpr caused more CD4+ T-cells
to undergo apoptosis than non-functional, or mutated, Vpr. Vpr must
play a major role in T-cell apoptosis.

There is evidence that HIV-1 not only induces apoptosis of T-cells
but also causes the proliferation of large numbers of new T-cells
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(Hellerstein et al., 2003). Hellerstein et al noted that patients infected
with HIV-1 produced three times as many new T-cells as uninfected
patients; however, more T-cells died in a shorter amount of time. In the
same experiment, Hellerstein and his colleagues used two radioactive
isotopes, deuterated water and *H-glucose, to differentiate between
effector T-cells and memory T-cells; they observed that HIV-1 affects
each cell type. Patients infected with HIV produced twice as many new
effector T-cells and half as many memory T-cells as control patients.
These results show that HIV induces T-cell apoptosis as well as their
uncontrollable growth; the virus also differentiates between effector T-
cells and memory T-cells, disrupting the balance between the two cell

types.

How the Body Responds to HIV

When the immune system is first infected with HIV, it produces
antibodies against it. One of the best ways to identify HIV in the blood
is to do a combination assay that detects both HIV and its antibody (Ly
et al., 2001). Many cells work together to produce this antibody. The
innate immune system leukocytes (monocytes, dendritic cells, etc.) are
the first cells to attempt to defend against HIV. When those cells fail, T-
cells and the antigen-presenting cells communicate. T-cells produce
CD40 ligand (CD40L) that bind to CD40 receptors on antigen-process-
ing cells. Cotter et al. (2001) demonstrated that macrophages in contact
with CD40L, as opposed to macrophages without any contact with
CD40, increased cytokine production as well as decreased HIV retroviral
activity. In response to HIV infection, CD40L binds to the CD40 recep-
tor to induce the release of cytokines, which have been shown to inhibit
HIV-1 function (Cotter et al., 2001).

Unfortunately, macrophages consistently releasing large amounts
of cytokines may distress the immune system. If an excess of cytokines
is released, monocyte dysfunction may occur (Amirayan-Chevillard et
al.,, 2000). In patients with HIV, Amirayan-Chevillard et al. (2000)
reported an increase in monocytes expressing the surface protein CD16
and a decrease in beneficial monocyte activity. They also demonstrated
that a decrease in macrophage cytokine activity caused a decrease in
HIV replication. The body’s own immune response to HIV may aid in
eventual immune system deterioration.
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Treatments

How Current Treatments Work

Researchers are studying how treatments work against HIV and
determining how to slow down HIV pathogenesis. Several types of
effective treatments are available for HIV patients. Anti-retroviral
therapies, or ART, prevent HIV replication. Protease inhibitors and
inhibitors of HIV reverse transcriptase (RT) are two types of antiretroviral
therapies. Amirayan-Chevillard et al. (2000) observed that both RT
inhibitors and protease inhibitors prevented HIV replication by de-
creasing the production of certain cytokines.

ART has been shown to treat HIV-infected patients effectively. T-
cells of HIV-infected patients on long-term ART reproduced less and
lived longer than the T-cells of untreated HIV-infected patients
(Hellerstein et al., 2003). In addition, patients treated with ART pro-
duced more memory T-cells than untreated HIV-infected patients,
maintaining the balance between numbers of long-lived and short-
lived T-cells (Hellerstein et al., 2003).

Highly active antiretroviral therapy (HAART) is a combination of
one HIV protease inhibitor and two HIV RT inhibitors. Amirayan-
Chevillard et al. (2003) studied how HAART affects HIV replication.
They found that HAART decreased production of cytokines TNF, IL-
1B, IL-6, and IL-10. HAART not only effectively decreased cytokine
production and HIV replication but also decreased the number of
monocytes expressing the CD16 surface protein, better regulating
monocyte /macrophage response.

Vaccine Research

Researchers have exposed rats and human T-cells, in vitro, to HIV
viral proteins. Friedman et al. (2000) utilized the Listeria monocytogenes
bacterial vectors expressing HIV genes gag and nef. They observed a
strong cytotoxic T-cell response in both the attenuated and wild type
bacteria and found that the attenuated bacteria triggered little T-cell
apoptosis. T-cells can quickly react to viral proteins expressed by
attenuated bacteria.

Because utilizing live but weakened strains of pathogens has been
successful atbuilding good immune responses to certain infections, like
polio, some researchers have considered using live attenuated strains of
HIV to build up an effective immune response against wild type HIV.
Blower et al. (2001) predicted that using less pathogenic HIV strains for
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vaccination can eliminate the wild type strain of HIV in a certain region,
and the attenuated HIV strain will become more prevalent. Unfortu-
nately, they found that in some cases even the attenuated strains could
result in AIDS. (Blower et al., 2001).

Conclusion

Currently, HIV research has been dispersed among different areas
of study. Although the results have been informative, future research
should support some of the studies mentioned and focus on a specific
area of HIV to study. The study by Hellerstein et al. (2003) can guide
further studies on HIV and its effects on memory T-cells and effector T-
cells. Since memory T-cells help defend the body against common
antigens, memory T-cell reduction along with the abnormal growth of
new effector T-cells may be the cause of immune system deficiency due
to HIV. With the successful method designed by Hellerstein et al.,
future studies could give more insight into why HIV infects these two
cell types differently. Perhaps there are slight differences in effector and
memory T-cell plasma membranes, and HIV recognizes only certain
domains on the plasma membrane.

In addition, researchers should further study HIV Vpr and other
viral proteins. Researchers may be able to discover how Vprinduces T-
cell apoptosis. Vpr probably works with other viral proteins to cause T-
cell apoptosis. Immune responses to these viral proteins canbe induced
through bacterial vectors or other methods. Current research is prom-
ising, but due to the lack of knowledge about HIV mechanisms and the
growing number of different HIV strains, many years of study will be
required before researchers can gain a solid understanding of HIV
infection.
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