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------AIDS: MYSTERIES-------

Mysteries of HIV: challenges for therapy 
and prevention 
Jay A. Levy 
Department of Medicine and Cancer Research Institute, University of California School of Medicine, San Francisco, California 94143-0128, USA 

A number of problems still surround infection by the human immunodeficiency virus and the pathogenesis 
of AIDS. Solutions to the problems would provide valuable information for the development of antiviral 
therapy and a vaccine. 

DESPITE substantial progress in our understanding of the 
human immunodeficiency virus (HIV), a number of mysteries 
remain concerning the virus, its target cells and the responses 
of the infected host. If a rational approach to treatment and 
therapy of AIDS is to be successful, solutions to the mysteries 
must be found. From my perspective, the four major questions 
are: what are the viral and cellular determinants of infection, 
what mechanisms generate the different HIV strains, how does 
HIV cause disease, and what determines the course from infec
tion to disease? 

What governs viral tropism? 
Recognition that the CD4 antigen on the surface of human 
helper T lymphocytes is a major cellular receptor for the HIV 
envelope protein gp1201 led to the inference that endocytosis 
of the virus by cells expressing the CD4 molecule is an initial 
step in infection. But although mouse cells expressing human 
CD4 (as a result of experimental transfection) can bind HIV to 
the cell surface, they do not produce virus2

• Moreover, HIV can 
infect cells lacking CD4, such.as brain astrocyte cell lines3 and 
human fibroblasts4

, and the virus is detected in endothelial5 and 
epithelial6 cells of seropositive individuals. Together, these 
observations strongly suggest that there are also mechanisms 
that do not involve CD4 by which HIV initially interacts with 
some cells. 

Fusion of the target cell membrane with the HIV transmem
brane envelope protein gp41 is one possible alternative means 
of virus entry. It may operate alone or in concert with gp120. 
In support of a fusion process, infection by HIV appears to be 
pH-independent'. Moreover, part of the sequence of gp41 is 
similar to a sequence coding for the fusogenic glycoproteins of 
paramyxoviruses8

, and antibodies to the gp41 protein neutralize 
HIV'. In addition, antibody-dependent enhancement of virus 
infection can mediate HIV infection of cells10

• As previously 

described for dengue and other viruses", virus-antibody com
plexes permit HIV infection of macrophages and T cells, most 
likely via the complement and/or Fe receptor. 

These findings should prompt re-evaluation of the likelihood 
that soluble CD4 will be of major value in the prevention of 
HIV infection of cells and encourage the further search for 
methods to control the first steps in virus infection. It could be 
worth directing attention to the second conserved region of the 
viral gp120, which is not involved in CD4 attachment but is 
essential for early stages of infection12

• 

The establishment of HIV infection requires several processes 
that are influenced by both viral and cellular factors. Strain 
variations in specific viral genes may, for example, account for 
the fact that, compared with blood isolates of HIV, isolates from 
the central nervous system replicate better in macrophages-the 
main HIV-expressing cell type of the brain5-than in T lym
phocytes13. The properties of brain isolates may be reflected in 
the clinical observation of some infected individuals who have 
neurological defects without signs of immune deficiency14

• 

Strain variations in specific viral genes such as the heterogenous 
orf-B region (see below) may also account for the lack of 
replication of some HIV isolates despite their efficient attach
ment to human CD4+ T cells15

• 

In other studies, cellular factors appear to determine virus 
replication. For instance, a single HIV isolate displays different 
levels of productive infection in peripheral blood mononuclear 
cells froll} various individuals15

• Cultured mouse cells, in con
trast to human cells, do not produce a substantial number of 
virus progeny after transfection with a biologically active DNA 
clone of HIV16

• Cellular factors, such as the NF-K B protein, 
have been shown to interact with regulatory regions of HIV and 
enhance virus replication 17

• 

Defining the viral and cellular genes governing the host-range 
specificity of HIV is a major avenue of study. Experiments using 
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recombinant HIVs, in which portions of macrophage-tropic and 
lymphocyte-tropic strains are combined, or using site-directed 
mutagenesis of biologically active DNA clones of these viruses 
should help clarify the viral genes involved. Assays of proteins 
found in selected cells or the use of somatic cell hybrids (mouse
human, for example) could uncover cellular factors influencing 
viral tropism. Clearly, the wide host range ofHIVand the factors 
affecting virus replication are important variables to be defined 
for therapeutic strategies against viral infection of all cell types. 

What causes HIV heterogeneity? 
Biological heterogeneity of HIV is reflected by differences in 
host range, replicative properties and cytopathic effects in infec
ted cells18. Restriction enzyme19 and sequence analyses20 of HIV 
isolates, as well as the patterns of neutralization of different 
isolates by antibodies,21 also demonstrate genetic diversity, par
ticularly in the envelope glycoprotein . (This is true not only of 
HIV-1 but also of the more recently identified HIV-2 subtype22). 
The mechanism responsible for generating these varying strains 
of virions is puzzling. One theoretical possibility is that the 
unintegrated proviral copies of HIV that accumulate during 
acute replicative infection23 can undergo efficient genomic rec
ombination leading to the evolution of infectious variants. The 
lack of genetic changes in HIV during long-term passage of the 
integrated virus in persistently infected cells24 is consistent with 
this hypothesis. 

Three explanations may account for the occurrence of 
envelope variants. First, the immunological reaction of the host 
selects specific spontaneous mutants which differ in their exter
nal envelope region. Thus far, this mechanism has only been 
observed with certain animal lentiviruses25

• Second, mutations 
in the envelope, in contrast to other structural genes, can be 
tolerated during HIV replication. Third-and most specula
tively-the HIV reverse transcriptase may be most error-prone 
when dealing with sequences for glycosylated proteins. 

What determines pathogenesis? 
An understanding of how HIV causes disease is a major research 
objective. As with any infectious agent, both viral and host 
determinants are involved. 
Neuropathy. The disease in the central nervous system has been 
attributed by some investigators to the production by infected 
macrophages of cytokines that affect normal brain function 5

•
26. 

HIV-infected brain capillary endothelial cells could compromise 
the maintenance of the blood-brain barrier, so permitting entry 
of toxic materials from the blood 5

•
26

• HIV also infects oligoden
drocytes and astrocytes3

•
5

•
14

• Compared with brain 
macrophages, only a small number of these glial cells produce 
viral RNA 4'

5 but persistent or low replication of HIV in glial 
cells might affect their function . Since astrocytes maintain the 
integrity of the blood-brain barrier7 and oligodendrocytes pro
duce myelin, which is required for nerve conduction, the partici
pation of these infected cells in AIDS neuropathy should be 
further evaluated. Finally, whether the neurologic disease results 
from long-term effects of HIV infection or specific pathogenic 
properties of a neurotropic strain 13

•
14 remains to be elucidated. 

Enteropathy. HIV infection of enterochromaffin cells in the 
intestinal mucosa6, perhaps by a process similar to that in the 
brain, could explain the chronic diarrhoea and malabsorption 
(particularly with duodenal involvement) observed in AIDS 
patients in the absence of any known bowel pathogens. These 
neuroendocrine cells migrate during embryogenesis from the 
neural crest and help regulate motility and digestive functions 
of the intestine. How their infection specifically accounts for 
the pathology is not known and the possible toxic effects of 
cytokines secreted by infected macrophages in the lamina pro
pria needs to be considered. 
Immunopathology. How HIV causes immune suppression pres
ents the greatest enigma. The immune dysfunctions identified 
in HIV infection were first linked to the cytopathic effects of 

Table 1 Immune function abnormalities in AIDS 

T lymphocytes 
(I) Decreased proliferative responses to mitogens, soluble antigens, 

and allogeneic cells. 
(2) Decreased lymphokine production (IL-2, gamma interferon) in 

response to antigen. 
(3) Decreased cytotoxic T lymphocyte activity against virus-infected 

cells. 

B lymphocytes 
(1) Polyclonal activation with hypergammaglobulinaemia and spon-

taneous plaque forming cells. 
(2) Decreased humoral response to immunization. 
(3) Production of autoantibodies. 

Monocytes 
(I) Decreased chemotaxis. 
(2) Decreased IL-l production (or production of an inhibitor ofiL-1 ). 
(3) Decreased microbiocidal activity. 

NK cells 
(1) Decreased cytotoxic activity. 

These abnormalities appear to begin with acute depletion ofT helper 
cells and proliferation of B cells; other defects, many revealed by in 
vitro studies, accumulate over time. Several of the immune abnormalities 
may result from the decrease in CD4+ lymphocytes and cytokine pro
duction32 

HIV on helper T lymphocytes that play a vital role in regulating 
immune function. These cells infected with HIV in vitro undergo 
syncytial formation by recruiting many uninfected cells before 
proceeding to cell death 1• 

Several observations, however, have challenged this suggested 
explanation for HIV-induced immunopathology. First, despite 
extensive histopathological studies of infected individuals, little 
evidence exists for syncytial cell formation in vivo 28

• Second, 
the number of HIV-infected cells in the blood (102-103 per ml)29 

does not account for the quantity of cells lost over time in the 
infected host; moreover, CD4+ cells infected by HIV can survive 
several weeks in culture30. Third, many HIV isolates obtained 
from immunologically suppressed individuals are not highly 
cytopathic in vitro 18

•
31 and non-cytopathic isolates of HIV have 

sometimes been associated with disease22
• Finally, abnormalities 

of immune function are observed not only in HIV-infected 
helper T cells and macrophages but also in uninfected cells of 
the haematopoietic system (Table 1)32

. 

What other mechanisms could explain the immunological 
features of HIV pathogenesis (Table 2)? HIV infection is known 
to cause epiphenomena including decreased expression of 
immunological recognition sites, such as CD4 and the inter
leukin-2 (IL-2) receptor, and reduced production of cytokines 
such as IL-l, IL-2, and gamma interferon (Table 2) 32

• Loss of 
these molecules could have far reaching effects on other cells 
of the immune system. Moreover, HIV infection of progenitor 
cells could reduce the replenishment of circulating lymphocytes 
and macrophages. The disarray in immune function could gener
ate T suppressor cells or factors33 that further compromise the 
immune response. HIV envelope proteins have been found to 
be toxic or inhibitory to immune cells34. By circulating in the 
blood, these proteins may block the ability of lymphocytes to 
recognize or respond to foreign antigens and may interfere with 
the function of antigen-presenting cells. 

In addition, HIV is associated, often early in the infection, 
with a polyclonal activation of B cells resulting in hypergamma
globulinaemia32. Some of these antibodies form immune com
plexes that can be detrimental to the immune system; some react 
with self-proteins, leading to autoimmunitl5

• The destruction 
of activated helper T cells by lymphocytotoxic autoantibodies 
directed against a normal cellular protein (p18) has been sug
gested as one mechanism for the substantial loss of CD4+ cells 
in advanced disease35 . Antibodies and/ or cytotoxic cells directed 
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against other shared antigens on immune cells can induce further 
abnormalities in immune function or haematopoiesis36

•
37

• 

Finally, antibody-dependent cellular cytotoxicity reacting 
against envelope proteins bound to ligands on uninfected CD4+ 
cells could be a factor in the pathogenic process38

• Clearly, 
multiple effects of HIV infection on the immune system, both 
direct and indirect, need to be fully evaluated to appreciate their 
potential role in the immunological abnormalities observed. 
Cytopathology. A critical question surrounding HIV 
pathogenesis is how the virus kills the cell. In general, helper 
T lymphocytes are most susceptible to the cytopathic effects of 
HIV; in culture, they often undergo fusion before cell death. 
Macrophage killing by some strains of the virus has also been 
observed'. Syncytial formation by T cells, however, does not 
always preceed cell death; infected cells can die without under
going fusion39

. The viral envelope gpl20, alone or through its 
interaction with CD4, could be responsible for cell death34

•
40

•
43

. 

Direct inoculation of inactivated virus or the envelope gpl20 
onto peripheral blood mononuclear cells can also produce 
cytopathic effects34

•
41

• Cell death may result from direct mem
brane disruption involving calcium channels42 and/ or phos
pholipid synthesis43

• The accumulation ofunintegrated proviral 
copies of HIV DNA is an attractive explanation for 
cytopathology since it is associated with cell death in other 
retrovirus systems44

• Finally, whether the cytopathology of HIV 
in cell culture mirrors pathogenesis in the host awaits develop
ment of an appropriate animal model. 

What influences progression to disease? 
Long-term follow-up studies of HIV seropositive individuals 
indicate that about a third will remain free of symptoms for at 
least seven years45

. Moreover, some healthy seropositive 
individuals lose a large proportion of their CD4+ lymphocytes, 
yet do not develop symptoms46

. Several AIDS patients (many 
with Kaposi's sarcoma) have remained clinically stable for up 
to six years. Two patients followed at our medical center have 
had only 5% of their normal CD4+ cell number for over a year 
without any new symptoms. Thus, predictions on the develop
ment of opportunistic infections or cancers based solely on a 
decrease in CD4+ cells could be misleading; other presently 
unrecognized functions of the immune system may be funda
mental in warding off disease. 
CDS+ cell activity. What determines the resistant state? Cytotoxic 
T lymphocytes that react with cells expressing HIV proteins47

.4
8 

have been noted in infected individuals, but the clinical import
ance of this antiviral response is unknown. In our laboratory, 
studies of asymptomatic individuals have revealed that their 
peripheral blood mononuclear cells do not readily release HIV 

Table 2 Mechanisms of immune suppression by HIV infection 

Direct mechanisms 
(1) HIV cytocidal effect on Cn4+ lymphocytes. 
(2) Functional defects in infected Cn4+ cells: 

(a) decreased expression of cell surface proteins (for example, 
IL-2 receptor, Cn4); 

(b) impaired production of lymphokines such as IL-2 or gamma 
interferon. 

(3) Impaired antigen presentation and/or monokine production by 
infected macrophages; cell death. 

Indirect mechanisms 
(I) Generation of suppressor T cells and/ or factors. 
(2) Toxic or inhibitory effects of viral protein 
(3) Immune complex formation. 
(4) Induction of autoimmune phenomena: 

(a) autoantibodies resulting from polyclonal B cell activation or 
antigen mimicry; 

(b) virus mediated, enhanced immunogenicity of normal cellular 
proteins. 

(5) Cytotoxic cell activity against viral or self proteins. 
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Fig. 1 A model of possible stages in the course of HIV infection. 
(1) Acute infection is characterized by the presence of free-virus 
(or its antigen) in the blood in the absence of antibodies to HIV. 
(2) A ens+ cells increase rapidly with a concomitant decrease in 
Cn4+ cells; thus the helper/suppressor ratio is dramatically 
reduced. After a short period (2-12 weeks) a resistant state develops 
in which ens+ cells return to above normal levels, cn4+ cells 
decrease at a slow rate, and free virus is not readily detected in 
the blood, probably because it is produced episodically. Sub
sequently, after a variable time lag, the resistant state wanes for 
reasons that are not known. (3) The virus enters multiple replicative 
cycles during which a variant strain that can be resistant to the 
immune response and highly cytopathic can emerge and further 
compromise the antiviral state. (4) Viraemia is accompanied by 
enhanced destruction of Cn4+ cells and progression of disease. 

when placed in culture. Nearly all, however, yield virus when 
a subset of their ens+ lymphocytes is removed from the blood 
sample49

• Similar observations have recently been made with 
the primate immune deficiency virus50

• These ens+ cells 
apparently prevent HIV replication not by killing infected cells, 
but by producing a diffusible suppressor factor or factors. 
Among seropositive individuals, the level of this CDS+ cell 
activity varies, and can be reflected in clinical status. Peripheral 
blood mononuclear cells cultured from many patients with dis
ease readily produce virus and their CDS+ cells show very little 
antiviral activity. 

This variation in HIV replication in cultured cells probably 
mirrors the increase of viral p25 antigen in the plasma of 
individuals as they advance in disease51

• Whether this observa
tion reflects enhanced virus production or a decrease in anti
bodies to p25 is still not clear. Nevertheless, the information 
does suggest that the resistant state in infected individuals is 
mediated by cellular immune responses operating soon after 
infection; once these are reduced, renewed production of HIV 
can occur. The resumption of HIV replication could enhance 
progression to disease because of the emergence, by mutation 
or selection, of new HIV variants that replicate rapidly to high 
titre in a variety of cell types, and that are highly cytopathic18

• 

This observation correlates clinically with the increased loss of 
CD4+ cells46 and the high levels of p25 antigenaemia51 associ
ated with development of disease. Nevertheless, whether the 
progression to disease results first from a reduced immune 
response or from the eventual emergence of a more pathogenic 
HIV strain, or from both, needs to be clarified. 

Taken together, the data suggest steps in HIV infection that 
might explain variations in the course of the disease (Fig. 1). 
Levels of antiviral immune response, the inherent sensitivity of 
the host cell to virus replication and the relative virulence of 
the virus strain are major variables to be defined. What ends 
the resistant state (that is, triggers progression to disease) is not 
known, but could be a variety of factors including antilym
phocyte antibodies, enhanced production of virus by activating 
events, progressive destruction of CD4,_ lymphocytes by inter-
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mittent periods of HIV replication and a decreased production 
by CD4+ lymphocytes of cytokines required for the growth and 
function of antiviral cos+ cells. 
Cofactors in pathogenesis. A major unresolved issue is whether 
other infectious agents can affect this asymptomatic period. 
Concomitant viral or parasitic infections may activate immune 
cells so they produce more virus, or become more sensitive to 
HIV infection1

• Such events might lead to the suggested intermit
tent periods of HIV production. As demonstrated in vitro, agents 
such as the herpes viruses may act on the regulatory regions of 
HIV to enhance virus replication within the cell52

. Continued 
surveillance of individuals with long asymptomatic periods, as 
well as studies of infected chimpanzees that have not yet shown 
any clinical abnormalities, should provide insight into factors 
influencing resistance to HIV. 
Latency. A long incubation period might also be explained by 
a latent infection. During the latent period of retrovirus infection 
very little viral protein or RNA is made and no infectious 
progeny are produced by the infected cell53

. When cells that 
have been latently infected with HIV in culture are treated with 
activating agents, such as halogenated pyrimidines and 
cytokines, virus replication begins and is then either maintained 
or reverts to latency 14

•
54

• 

Studies of the orf-B (or 3' orf) gene of HIV suggest it could 
be responsible for latency. Deletion of orf-B leads to a 5-10 
fold increase in virus replication compared with the wild-type 
virus55

. Conceivably, the orf-B gene product (p27 protein), 
which has GTPase and phosphorylating properties56

, interacts 
with cellular factors to down-regulate virus replication (see 
above) in a continuum that can proceed to latency. 

In rare cases, individuals who have been HIV seropositive 
become seronegative. In some of these individuals the presence 
of a latent HIV infection in peripheral mononuclear cells can 
be detected by means of the polymerase chain reaction; in others 
no HIV can be detected57

. This potentially encouraging observa
tion suggests that HIV infection in some individuals might be 
eliminated completely, but most likely the virus remains latent 
at other sites. Defining the factors governing latency should 
provide valuable information for the development of antiviral 
strategies. Moreover, the importance of latency to viral trans
mission must be assessed in 'false negative' serological states. 

Conclusions 
Answers to many questions about the viral and host determinants 
of HIV pathogenesis could assist the prospects for therapy and 
prevention of AIDS. On current information, there are several 
features of HIV that need to be taken into account (Table 3). 
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Table 3 Features of HIV of relevance to antiviral therapy 

(1) Virus infection involves integration of the viral genome into the 
chromosome of the infected celL This cell is a protective environ
ment for the virus and a reservoir for persistent virus production. 

(2) The infected cell is a major source of virus transmission and can 
pass HIV by cell-to-cell contact. 

(3) The infected cells can remain "latent" and express very few viral 
antigens. Can these cells be recognized and eliminated by an 
antiviral response? 

(4) HIV transmission occurs at specific sites in the host (such as the 
rectum). Prevention requires immune response at these local sites. 

(5) Several independent serotypes and subtypes of HIV can be iden
tified. Can they all be controlled by one strategy? 

(6) Portions of HIV proteins resemble normal cellular proteins. 
Immunization may induce autoantibodies. 

(7) Vaccination may induce antibodies that enhance HIV infection. 

We should target antiviral drug strategies at the vulnerable sites 
of HIV replication, both before and after integration. In this 
regard, understanding how an HIV strain evolves into a more 
cytopathic (and potentially pathogenic) agene 8 would be valu
able. We must find methods for inducing strong intracellular 
and cellular host responses against the virus: intracellular pro
duction of the orf-B protein or stimulation of the CDS+ cell 
population responsible for suppresssing HIV replication might 
produce long asymptomatic periods. Preventing the formation 
of antibodies to lymphocytes would be another promising direc
tion. For vaccine development we need novel approaches that 
will define both specific epitopes of HIV and the appropriate 
adjuvant to elicit strong cross-reacting immune responses not 
generally observed in natural infection. Toward this objective, 
elimination of those epitopes responsible for antibody-depen
dent enhancemene0 would appear important. The immunized 
host must respond not only against free virus, but most impor
tantly against productively and latently infecied cells that can 
be major sources of HIV transmission58

. Concentration on these 
areas of research should provide valuable information to help 
in the attack against HIV. In the process, we will learn a great 
deal more about viruses and the function of the immune system. 
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