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HIV-1 subtype E was rapidly expanded thoughout the century, becoming the predominant
subtype in Thailand. Several groups reported cases or series of persons either presumptively or
definitely exposed to HIV-1 in whom subsequent evidence of sustained HIV-1 infection did not occur.
The present study investigated viral factors and host factors that influenced lower transmission in
Highly Exposed Persistently Seronegative (HEPS) groups. HEPS subjects consisted of 15 males
(HHO1, HHO2, HH11, HH13, HH16, HH17, HH18, HH31, HH33, HH35, HH39, HH43, HH45, HH49,
and HHS55) and 2 females (HW48 and HW53). The HIV-1 infected partners of HEPS consisted of 15
female (PW11, PW35, PW45, PW49, PW55, PW01, PW02, PW13, PW16, PW17, PW18, PW3]1,
PW33, PW39, and PW43) and 2 male (PH48 and PH53) and 5 HIV-1 infected concordant couples
(CHO6, CW06, CHO07, CW07, CH34, CW34, CH57, CW57, CH59 and CW59). All subjects were
asymptomatic at the time of study. EDTA blood was collected from both HIV-1 infected — and HEPS
subjects. HEPS confirmed eligibility by HIV-1/2 ELISA and PBMC DNA PCR with gag/pol gene.
None of them were infected. Mean viral load of HIV-1 infected partners of HEPS was log 4.20 + 0.88
copies/ml and that of concordant couples was log 4.32 + 0.45 copies/ml. No significant difference was
found between these two groups.

To access any HIV-1 genetic abnormality presented in HIV-1 infected partners of HEPS,
nucleotide sequencing of nef gene and LTR was performed on HIV-1 proviral DNA and genomic RNA
of 17 HIV-1 infected partners of HEPS and 5 HIV-1 infected concordant couples. Four deletion
patterns of nef gene were found in this experiment. Point mutations in nef gene and LTR region were
found.

HIV-1 biological phenotypes were studied from 6 HIV-1 isolates from partners of HEPS and
7 isolates from concordant couples. Of 6 isolates from HIV-1 infected partners of HEPS, 3 isolates
(PW33, PW49 and PH53) were M-tropic viruses, one (PWS55) was T-tropic virus and 2 isolates (PW11
and PW45) retained both M-tropic and T-tropic (dual tropic) viruses. Of 7 isolates from concordant
couples, 3 isolates (CW07, CH57 and CHS59) were M-tropic viruses, two (CW33 and CW56) were T-
tropic viruses and the last two isolates (CW34 and CH34) were dual tropic viruses.

The capability of viral infection was compared between HEPS PBMC and normal donor
PBMC. Neither PBMC from HEPS nor those from normal donors were different in supportive
infection of the viruses.

Neutralizing activity of NPO3 HIV-1 subtype E lab strain was relatively sensitive to
neutralization by multiple plasma. All plasma from partners of HEPS except PH48 and PH53 contained
neutralizing activities against lab strain subtype E (NP03) less than those of plasma from concordant
couples and pool plasma. Viruses from partners of HEPS and discordant couples were not found any
difference of the sensitivity to neutralization. However, PW355 isolates from partner of HEPS was
resistance of neutralization by all of tested plasma. Plasma of these two concordant couples showed
more broadly neutralization against primary isolates than those of partners of HEPS.

To determine nucleotide sequence of R5 gene, whose protein act as the secondary receptor
of HIV-1 to enter the cell. No mutation sequence was detected in these HEPS R5 gene.

In conclusion, No significant difference of mean viral load was found between HIV-1
infected partners of HEPS and concordant couples. Viral factors found in partner of HEPS were nef
gene deletion and point mutations in nef gene and LTR region. There was no difference in replication
pattern of HIV-1 isolates in each kind of biotype between these two groups and NT activity was not
different between these groups. No mutation sequence was detected in R5 gene of their HEPS.

These results suggest that the nef deletion and point mutations in nef gene and LTR region in
HIV-1 infected partners of HEPS seem to be non-transmitted to the partner, who has repeated
unprotected sexual relation for several years. These cases might have low inoculum level or too
defective virus to transmit to their partners. The finding of HIV-1 variants with nef deletion in HIV-1-
infected partners of HEPS provides additional impetus for consideration of the vaccine approach.
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CHAPTERI1I

INTRODUCTION

Human immunodeficiency virus (HIV) is the most significant emerging
infectious pathogen of this century. Since recognition of the acquired
immunodeficiency syndrome (AIDS) in 1981, HIV has produced a worldwide
epidemic.

Based on env sequences, at least twelve subtypes (alternatively termed
“clades” or “genotypes”) of HIV-1 isolates are classified. These subtypes designated A
through J, constitute the major group of HIV-1, group M. In addition, a ninth and
tenth subtypes, I and J, has recently been described. Divergent or “out lying” strains of
HIV-1 outside group M was reported and provisionally categorized as group O and
group N. HIV-2 is phylogenetically classified into subtypes, although the number of
sequenced isolates remain limited (1).

In Thailand, the first case of AIDS was reported in male homosexual who had
a foreign partner in 1984; however, there was no evidence of substantial epidemic
spread of HIV within the Thai population from this or other sporadic early cases
through 1987 (2). However, In early 1988 a dramatic increase in HIV prevalence was
documented among drug users. HIV seroprevalence among drug users seeking
treatment rose from 0% in late 1987 to 32 to 43% in late 1988 (2, 3). This was the first
clear epidemiologic evidence of extensive spread of HIV in Thailand. Subsequently,

two major subtypes of HIV, B and E were found in infected individual (4). HIV-1
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subtype B’, which was similar to the predominant HIV-1 circulating in North America
and Europe, was first spread rapidly among intravenous drug users (IDUs) (5). Until
1990, HIV-1 epidemic was observed among males who had sexual contact with
female sex worker in Northern Thailand (6). The virus, later found to be subtype E,
rapidly expanded throughout the country, becoming the predominant subtype in
Thailand (7, 8). Approximately 98% of heterosexually acquired cases in Thailand are
subtype E. Although HIV-1 subtype B was first found to be the common subtype
among IDU group, recently infected cases among IDU group in Thailand was reported
to be infected by HIV-1 subtype E for 75%.

Several groups reported cases or series of persons either presumptively or
definitively exposed to HIV-1 in whom subsequent evidence of sustained HIV-1
infection did not occur. These highly exposed persistently seronegative (HEPS)
derived from a variety of populations: female commercial sex workers (CSWs); sex
partners of HIV-infected subjects (heterosexual and male homosexual HIV
seronegative status-discordant couples); infants born to HIV-infected mothers; health
care workers with needle stick exposure; and intravenous drug users who shared
needle with infected persons (9). Each of these studies documented findings that
suggested a relationship between certain host factors or immunologic responses and
protective immunity in HIV-1; however, no uniform or consistent finding emerged.

HIV-1 is a highly pathogenic lentivirus that requires transcription of its
provirus genome of the viral life cycle and the production of progeny virions. Since
the first genetic analysis of HIV-1 in 1985, much has been learned about the
transcriptional regulation of the HIV-1 genome in infected cells. It has been

demonstrated that HIV-1 transcription depends on a varied and complex interaction of
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host cell transcription factors with the cis—acting DNA sequences within U3 region of
the long terminal repeat (LTR) promoter. The U3 region comprises the 5’ part of the
LTR in the proviral HIV DNA genome and overlap the nef gene in the HIV-1 RNA
genome. U3 contains most of the important cis-acting elements, such as the NF-AT,
TCF-la, NF-£B, and SP1 sites. Viral or cellular proteins recognize these sites and
thereby regulate several steps in the viral replication cycle. The R-US region contains
elements such as the TAR hairpin and the poly(A) hairpin. Besides the cis-acting
binding sites, other elements inside and just downstream of the LTR are important for
integration and reverse transcription. Whereas the primer binding site (PBS), located
just downstream of US in the untranslated leader sequence, is of importance for
initiation of reverse transcription by binding of the tRNAlys primer. Thus, the
truncations or even point mutations in functional sites of the LTR might be associated
with low viral replication and attenuated pathogenesis in HIV-1 infected person (10).
Furthermore, the nef gene is considered to play a crucial role in the
development of acquired immunodeficiency syndrome. The virus accessory gene nef
encodes a multifuntional protein that modulates cell activation pathways,
downregulates the CD4 receptor for the virus and major histocompatibility complex
class I molecules, and the enhances virion infectivity. Many studies reported that HIV-
1 infected individuals who are LTNPs appear to be infected with defective virus. One
patient from central Massachusetts (11) and nine from Australia (12) are infected with
Nef-deleted forms of HIV-1. Infection with this replication—competent, attenuated
form of HIV-1 is clearly responsible for slow progression or nonprogression in these
individuals. This is particularly evident for eight of the individuals in the Australia

cohort, who were all infected by a single blood donor, who all have the Nef-defective
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form of the virus, and who all have been slow progressors or nonprogressors (13, 14).
Moreover, several pathogenesis and vaccine studies have been performed with
derivatives of the molecular clone SIVmac239, which is pathogenic in adult rhesus
macaques. Although Nef is dispensable for viral replication in cell cultures in vitro,
Nef is important for the infection of high virus loads and progression to fatal simian
AIDS (SAIDS). Adult macaques infected with a clone containing a large deletion in
nef (SIVmac239Anef) exhibited low virus loads and did not display clinical signs of
disease for an observation period of 2 years. These findings indicated that nef was
important for both high viemia and pathogenesis in juvenile and adult macaques and
provided the basis for designing live attenuated SIV vaccines, which are based on viral
clones with deletions in accessory genes rather than on viral clone with premature stop
codons in accessory genes. However, more recent studies have demonstrated that a
derivative of SIVmac239, also with a large deletion in nef, produced a fatal AIDS-like
disease both in newborn macaques and, with low efficiency, in adult macéques.
Although this latter observation raised concern about the safety of live attenuated
primate lentivirus vaccines, the potential for viral genetic changes was not explored in
animals displaying disease after infection with viral clones containing deletions in nef.
Previous studies showed that primate immunodeficiency viruses containing large
deletion in the nef gene or substitutions of cytokine genes in place of nef were
attenuated for virulence in juvenile and adult macaques. Thus, such viruses could

serve as live attenuated vaccines to prevent viral infection and AIDS (15).
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CHAPTER II

OBJECTIVES

This study was conducted according to these following objectives:

1. To characterize HIV-1 isolated from partners of HEPS and HIV-1 infected
concordant couples genetically by comparison of LTR and nef genes nucleotide
sequences

2. To determine mutation of R5 gene in HEPS.

3. To determine biotype of HIV-1 subtype E isolated from partners of HEPS in
comparison with HIV-1 infected concordant couples.

4. To determine neutralization activity of plasma from partner of HEPS, concordant,
and pool positive plasma against primary isolates from partner of HEPS.

Information of HIV-1 subtype E from this study will provide a better
understanding of the factors influence the lower transmission in Highly Exposed

Persistently Seronegative (HEPS) group.
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CHAPTER III

LITERATURE REVIEW -

HIV-1 genome organization

The genome size of HIV-1 is about 9.8 kilobases, with ten open reading
frames coding for several viral proteins (Figure 1). In common with other retroviruses,
it contains two long terminal repeat (LTR) and three major genes: gag (group-specific
antigen), pol (RT, protease and integrase) and env (envelope) genes. The genome also
encodes three regulatory proteins: Rev (regulator of virion protein), Tat (transactivator
of transcription) and Nef (negative regulatory factor). Three other accessory proteins
that are probably involved in virus maturation and release are encoded: Vif (virion

infectivity factor), Vpu (viral protein U), and Vpr (viral protein R) (Table 1).
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Figure 1. Genomic organization of HIV-1 and transcription. HIV-1 genome is flanked
by long terminal repeats (LTRs). The proviral genes and the size and location of the
open reading frames are shown. The genome contains the structural env, pol and gag

genes and several accessory genes whose identity and function are outlined. (16)
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The env gene of HIV-1 is first encoded for the 88 kDa precursor on
membrane-bound ribosome from a singly spliced mRNA. Then, N-linked
glycosylation occurs at the site that contains Asn-X-Ser/Thr, at yield the glycosylated
envelope precursor of 160kDa (gp160), which is further cleaved in the Golgi apparatus
by a cellular protease to produce a 120 kDa surface virion envelope glycoprotein
(gp120) and a noncovalently associated transmembrane glycoprotein (gp4). Both
gpl120 and gp41 are transported to the plasma membrane for incorporation into virion
particles, while most of the uncleaved gp160 is delivered to lysosome and is degraded
there. The gp120 is exposed to the extracellular environment and is responsible for
tropism of the virus; it contains the determinants that interact with the host receptor
CD4" as well as co-receptor and confers the ability of the virus to infect cells of
monocyte/macrophage lineage. One of the features of the HIV-1 envelope-CD4"
interaction is the capacity to induce fusion of membranes. This results in the
production of multinucleated giant or syncytial cells. The gp41 contains complex
sugar side chains and stretch of hydrophobic amino acids that serve to anchor the
protein in the cell membrane and to catalyze fusion between the virus membrane and

the membrane of the target cell (10).

The effector functions of Nef

nef gene was first identified as an open reading frame near the 3’ end of the
genome, overlapping a portion of the 3’ long terminal repeat and the C-terminus of the
envelope. Thus, the nef gene appears secondary to essential genomic segments that are
universal to all retroviruses. After viral infection, Nef protein is expressed from the

most abundant, multiply spliced mRNA, up to 80% of the total early viral transcripts,
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and 1s found predominantly in the cytoplasm associated with the plasma membrane
(17). However, the gene product is not necessary for viral replication, either in vitro or
in vivo. Thus, understanding its function has not been straightforward. Because in vitro
infection did not require Nef, experimentalists characterized the proteiﬁ through Nef-
mediated cellular phenotypes. These include surface cellular receptor modulation,
physical association with cellular moieties, and altered cellular activation pathways.

Nef also effects the efficiency of in vitro and in vivo viral infection.

Downregulation of cell surface CD4

The first clear activity to be assigned to Nef was down-regulation of cell
surface CD4 expression. CD4 is the primary receptor for HIV-1, and downregulation
would therefore be predicted to reduce the formation of complexes between CD4 and
newly synthesized HIV-1 envelope protein on the infected cell surface. It would also
facilitate theb release of HIV-1 virions (18). The Nef protein is post-translationally
modified by myristoylation of its amino terminus, and this modification targets Nef to
the inner surface of the plasma membrane and to the trans-Golgi network (TGN). It is
believed that Nef binds the cytoplasmic tail of CD4 directly, although this remains to
be fully proven. Downregulation of cell surface CD4 is a specific event requiring a
cluster of leucine and isoleucine residues in the CD4 cytoplasmic tail and results from
the targeting of CD4 into clarthin coated pits (CCPs) followed by internalization and
transport to lysosomes, where CD4 is degraded (19). Direct fusion of Nef to the
extracellular and transmembrane domains of CD4 recapitulates the phenotype seen

when Nef is expressed in trans, i.e. the CD4-Nef fusion protein is also internalized via
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CCPs and degraded. This observation raised the possibility that Nef was acting as a
connector between CD4 and the cellular endocytic machinery.

Internalization of cell surface receptors via CCPs requires the action of
adaptor protein (AP) complexes that bind to both clathin and either directly to the
receptor itself or indirectly, via a connector protein. AP complexes exist in two major
varieties term, AP-1 is found in the TGN, and the other, AP-2, found at the plasma
membrane. While both AP complexes are heterotetramers of similar size and structure,
there are no subunits in common. Analysis of the ability of Nef to interact with the
various subunits of AP-1 and AP-2 demonstrated that Nef can directly interact with
both the p1 component of AP-1 and the related (40% identity) n2 component of AP-2
(20). As AP-2 is the adaptor present at the plasma membrane, and as internalization
from the plasma membrane is the major mechanism for CD4 downregulation, it
appears probable that CD4 internalization primarily results from the recruitment of
CD4 to CCPs due to the direct interaction of Nef with both CD4 and the u2 subunit of

AP-2.

Downregulation of cell surface MHC class I

In addition to CD4, Nef also induces the specific downregulation of cell
surface MHC 1 receptors, albeit with somewhat lower efficiency (20). MHC class I
downregulation results from both the internalization of cell surface MHC class I
receptors and from the sorting of MHC class I molecules from the TGN into AP-1
containing clathin coated vesicles. This downregulation requires specific sequences in
the MHC class I cytoplasmic tail including a key tyrosine residue (20, 21). No leucine

motif similar to that required for CD4 downregulation exists in MHC class I.
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Because MHC class I is required to present viral peptide epitopes to cytotoxic
T lymphocytes (CTL), downregulation of cell surface MHC class I could inhibit CTL-
mediated lysis of HIV-1-infected cells. This was indeed demonstrated (22). But this
result might suggest that MHC class I downregulation was the major contributor to the
in vivo Nef phenotype. This may not be the case as a clear positive effect of Nef on
viral replication in vivo seen in SIV-infected macaques by two weeks postinfection,
i.e., before an effective CTL response can be mounted by the infected animal. The fact
that a readily detectable anti-HIV-1 CTL response was observed in most infected
individuals (23) demonstrated that the Nef-mediated inhibition of antigen presentation
via MHC class I is clearly incomplete.

Analysis of Nef protein demonstrated that CD4 and MHC class I
downregulation can be, at least in part, mutationally segregated (20). However, as the
cytoplasmic tails of CD4 and MHC class I display no sequence homology, this
segregation could simply reflect the selective disruption of the MHC class I and CD4
targeting functions of Nef. The simplest interpretation of the available data was that
Nef connects both CD4 and MHC class I to the intracellular protein sorting machinery
by binding to CD4 or MHC class I on the one hand and either AP-1 or AP-2 on the
other. Regardless of whether AP-1 or AP-2 is recruited, which may largely depend on
whether recruitment occurs at the TGN or at the plasma membrane, these target
proteins are then sorted into clathin coated vesicles that deliver them for degradation

in lysosomes.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Medical Microbiology) / 13

Enhanced virion infectivity

In addition to a possible enhancement in virion infectivity due to CD4
downregulation, Nef also entirely enhances virion infectivity by the CD4 independent
mechanism (24). This enhancement is conferred by Nef during the process of virion
assembly and cannot be complemented by expression of Nef in target cells. While the
effect of Nef on virion infectivity is quite modest in most culture settings, this effect
may increase to 10-fold or more when primary T cells are infected with HIV-1 while
quiescent and then subsequently activated or if certain highly susceptible target cells,
such as CD4"-Hela cells, are used.

While HIV-1 virions produced in the presence and absence of Nef did not
differ in terms of cell-free reverse transcriptase activity or in terms of their ability to
bind to and enter target cells, they were less able to complete proviral DNA synthesis.
While Nef did not cause any major change in the morphology or composition of
virions, two differences were reported. First, Nef itself was packaged into virions at
low efficiency (< 10 molecules per virion) and even underwent specific processing by
the HIV-1 protease. While this finding may be important, it could also simply reflect a
low level of nonspecific packaging of the membrane-associated Nef protein into
virions during viral budding from the cell membrane. It was reported that serine
phosphorylation of the matrix component of HIV-1 Gag was modified in Nef-
expressing cells. Nef was reported to associate specifically with a serine kinase related
to p21-activated kinase (PAK), and it was therefore possible that Nef may recruit a
PAK-like kinase to sites of virion assembly (25). While a Nef-induced change in the
phosphorylation state of matrix could certainly affect virion infectivity, this hypothesis

remains to be proven.
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Effects on cellular signal transduction and activation

While there were number of reports documenting the effects of Nef on signal
transduction pathways and on the activation state of both lymphoid and nonlymphoid
cells, no clear consensus existed as to cellular targets or as to whether the effect of Nef
was positive or negative. Nef-induced degradation of CD4 results in the release of the
normally CD4-bound tyrosine kinase Ick, and this could have a marked effect on
signaling via the TCR/CD3 complex. In addition, Nef recruits to the plasma membrane
a serine/threonine kinase related to PAK and also contains an SH3-binding motif that
could interact with membrane-bound tyrosine kinases or other signaling molecules. By
juxtaposing enzymes and proteins that are not normally in contact, Nef may either

inadvertently or intentionally modulate the activation state of the cell (26).

Long Terminal Repeat (LTR)

LTR sites are at the 5° and 3’ ends of the HIV proviral genome integrated into
the host cell chromosome, each with identical viral sequences of DNA (Figure 2). The
HIV LTR can be divided into the three subregions U3, R and U5, which play role in
viral integration and transcription. The 5° LTR contains cis-acting DNA target
sequences which conduct a variety of cellular transcription factors. A series of cis-
acting core elements that consist of three SP1 binding sites, a TATA element, and
upstream promoter. Several DNA elements required for stimulation of transcription in
activated lymphocytes present in this region are two binding sites for nuclear factor,
NF-kB and NF-AT, and the upstream stimulatory factor-1 (USF-1). Consensus sites
for leader binding protein-1 (LBP-1) and CCAAT-binding transcription factor (CTF)/

nuclear factor (NF)-1 are also present 3’ to the TATA box (Figure 2). The variety of
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binding sites in the HIV-1 LTR for constitutive and inducible transcription factors is
sufficient to stimulate low levels of transcription. However, the HIV LTR also
contains a unique region named the transactivation response (TAR) for Tat protein,
which is a potent transactivator of transcription and is required for virus infectivity.
The integrated provirus contains a complete LTR at the 3’end of the genome. The 3’
LTR function as a transcriptional terminator and contains the  appropriate signals for

the polyadenylation of viral mRNA (27)

ugP-1
COUP AP1 NF-ATUSF NFxB SP1 TATA /LBP-1 NF1

e daliohas 4 [irle’

Hiv us R us >

Figure 2. cis-acting sequences of the HIV-1 LTR. HIV-1 LTR contains a myriad of
transcripﬁonal promoter elements, some of which are presented: activator protein
(AP)-1 binding sites, the nuclear factor (NF)-AT binding site, the upstream
stimulatory factor (USF)-1 binding site, and nuclear factor (NF)-kB, SP1 and TATA

binding site. (27)
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The HIV-1 Replication Cycle

General features of the HIV replication cycle are shown in Figure 3. The
early phase begins with the recognition of the target cell by the mature virion and
involves all processes leading to and including integration of the genomic DNA into
the chromosome of the host cell. The late phase begins with the regulated expression
of the integrated proviral genome, and involves all processes up to and including virus
budding and maturation.

The host cell receptor is the CD4 molecule, which is a glycoprotein with four
extracellular immunoglobulin-like domains that CD4 lymphocytes and some
macrophages express on their surfaces. CD4 alone is not sufficient to permit HIV-1
entry into cells. Other human-specific accessory factors, X4 and R5, have been
identified that collaborate with CD4 molecules. X4, the co-receptor for T-tropic HIV-1
strains, is a member of the seven—transmembrane G-protein-coupled receptor family.
R5, a second co-receptor for macrophage-tropic HIV-1 strains, is a receptor for the B-
chemokines. This leads to fusion of viral and cell membranes so that viral
nucleoprotein complexes enter the target cell cytoplasm. Within these complexes,
reverse transcriptase directs the synthesis of a DNA copy of the viral RNA genome.
The viral DNA containing complexes then migrates to the nucleus, where the integrase
protein directs integration of viral DNA into the cell’s chromosomal DNA to form a
provirus.

Expression of the integrated provirus produces spliced and unspliced viral
mRNA transcripts that encode the regulatory and structural viral proteins. The
precursor gag and gag-pol viral polyprotein precursors along with genomic-length

viral RNA are assembled into new virus particles at the cell surface. As HIV-1
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particles bud through the cell membrane, they acquire a lipid bilayer that contains the
envelope proteins. During or shortly after budding, the viral protease cleaves gag and
gag-pol precursor polyproteins to the mature individual proteins, which generates

infectious virus (10).
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Features of HIV Transmission

The transmission frequency of a virus is influenced by the amount of
infectious virus in a body fluid and the contact time of each individual with that body
fluid. Established infection depends on three points of a classic epidemiologic:
characteristics of the infectious agent (e.g., virulence and infectiousness), host-related
factors (e.g., susceptibility, contagiousness, and immune response), and environment
factors (e.g., social, culture, and political) (29). The routes of the transmission are
blood and blood product, sexual contact, and mother to child. The virus load observed
during acute HIV infection or the symptomatic period might be related to present the

greatest risk of HIV transmission.

HIV in Blood

The several studies indicated that both free infectious virus and infected cells
were present in blood. And HIV-1 infected cells appeared to be more numerous than
the infectious virus. In blood as well as other body fluids, noninfectious viruses and
cells containing defective viral genomes detected by polymerase chain reaction (PCR)

can be present in quantities but do not present sources of transmission.

Infectious virus

The blood samples contain circulating infectious virus, whether or not the
HIV-infected individual was asymptomatic or had AIDS (30-34). The quantity can
reach 100 to 1,000 infectious particles (IP) per ml of blood. Importantly, the level was
very low in healthy subjects and often undetectable in long-term survivors. Infectious

HIV was readily found during acute (primary) infection, but within weeks the level of
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free virus detected in the blood was markedly reduced (30-33, 35-37). The reason for
this decrease in viremia was most probably due to an active antiviral cellular immune
response. Then, as the disease develops with its characteristic loss of CD4" cells, the
concentration of infectious HIV in blood rises substantially, reflecting the increased
virus load in peripheral blood mononuclear cells (PBMC) and lymphoid tissues (30-
33). Thus, the risk of transmission of infectious HIV would seem to be highest in the

carly stage of infection and during the symptomatic periods.

Virus-infected cells

In many cases, levels of free virus, even following antiviral therapy, did not
consistently show a correlation to virus numbers in PBMC (38) or in the lymph node
(39, 40). The total number of HIV-infected cells was estimated to be several hundred
billion (41), a much greater number than those of the free virions were found in blood.
Moreover, studies indicated that one infected cell can produce 200 to 1,000 particles
per day (42-45). Thus, the total number of infected cells responsible for the high viral
RNA level in the blood could represent only a small fraction (10 to 20 million) of cells
to be infected (41, 44). Several studies indicated that virus-infected cells are more
common in blood than are infectious virions. As with the free virus, the number of
infected cells was increased with symptomatic disease and reduced CD4" cell counts.

Most of the infected cells (50 to 90%) contained HIV latent state (46).

The majority of cells showing HIV infection detected by molecular
techniques were CD4" lymphocytes (46-48). Not many circulating macrophages were
found to be infected. When the virus is latent, the factor that activates virus production

in infected cells is important in HIV pathogenesis. Close to 50% of the virus-infected
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cells in lymphoid tissue from some infected individuals appeared to contain infectious
virus (49). For the transmission and spread of the virus in the host, the virus-infected
cells became more important than the infectious viral load in the blood (Table 2).
During symptomatic infection, especially AIDS, the number of infectious viruses and
infected cells was usually much larger (e.g., 1,000 IP/ml; up to 1:10 CD4" cells/ml)
(48, 50-52). Thus the chance of transmitting infection, particularly by cells containing
HIV, could be even greater (44). Furthermore, even if a latently infected cell was
transferred, it could serve as a source of HIV transmission after its activation in the

new host (53).
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Table 2. HIV pathogenesis: Importance of the virus-infected cell with respect to free

virus (54)

1. Present at higher levels in the body (>200 billion cells) than free virus (1-10 billion

particles)

2. Reservoir for persistent virus production (1,000 particles/day)

3. Transfer HIV to new cells more effectively than infection by free virus

4. Can induce apoptosis by cell-to-cell contact

5. Release viral products that are toxic to the host (e.g., g120, gp41, and Tat)

6. Release toxic cellular products (e.g., tumor necrosis factor o and interleukin-6)

7. Present at higher levels (5-50 times) than free virus in genital fluids and blood

8. Remains viable in genital fluids and blood longer than free virus

HIV in genital fluids

In the case of sexual transmission, the amount of virus in genital fluids is
important. Generally, seminal and vaginal fluids showed the presence of free
infectious virus and/or virus-infected cells in 10 to 30% of specimens. Measurements
of viral RNA levels shown a greater frequency of free virus in these fluids, but the risk

of transmission would depend on the number of infectious virions (55).
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HIV in seminal fluid

The largest amount of infectious virus in genital fluids might be expected in
the acute phase of infection and during the symptomatic periods. Transmission was
found to be increased when the male partners with disease engaged in heterosexual or
homosexual activity (56). In some reports, recovery of the infectious virus from semen
was highest from men with low CD4" cell counts (57). However, only a small number

of subjects were studied, and the virus was recovered primarily from infected cells.

Most studies. suggested that the presence of infectious virus in seminal fluid
does not correlate with clinical state (58, 59). Both syncytium-inducing (SI) and non-
syncytium-inducing (NSI) strains could be isolated from semen (60). The quantity of
HIV in semen also did not necessarily reflect the level of plasma viremia. In addition,
the virus found in semen did not always show the same biologic phenotype as that in
the blood (NSI versus SI) (61). Direct infection (62) or local inflammation in these
various body compartments appeared to be the important factor in determining the
level of virus produced. Finally, in limited studies, the virus was detected in semen by
cell culture or PCR techniques despite antiviral therapy (57, 59, 63). These findings

probably reflected the inability of some drugs to penetrate the blood-testes barrier.

The prevalence of virus-infected cells appeared to be an important variable in
genital fluids (64). In seminal fluid, this number could range from 0.01% to 5%.
Semen usually had over 1 million leukocytes/ejaculate (65, 66), but levels and subsets
of cells could vary widely from day to day in the same individual. Nevertheless, HIV-

infected cells (>10* in some cases) seemed to be the grater source of transmission than
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free infectious virus. T cells appeared to be most commonly infected followed by

macrophages.

The cellular source of HIV in seminal fluid was not well defined. By culture
and in situ PCR hybridization procedures, HIV was detected in large quantities in the
testes of infected individuals. It was found in urethral cells (67), spermatogonia,
spermatocytes, and occasionally in spermatids, but not in Sertoli cells. Since only the
head enters the egg during fertilization, a relevance of this finding to possible germ
line transmission of HIV is unlikely. Nevertheless, a glycolipid resembling galactosyl
ceramide on the middle portion of the sperm tail (68) could serve as an attachment site

for HIV, as it did not some brain and bowel cells.

HIV was isolated from semen from vasectomized men (69), and after
vasectomy, many lymphocytes could be found in the ejaculate. Infectious virus was
recovered from preejaculatory fluid from infected men (70, 71). Thus, the virus and
virus-infected cells must come from the urethra, prostate, and other secretory glands,
as well as the testes. HIV was not detected in the epithelia of the prostate, epididymus,

seminal vesicles, or penis of men with AIDS by in situ PCR hybridization procedures.

HIV in vaginal fluid

The vagina canal was found to contain the free-infectious virus only rarely.
Generally, infected cells were detected, but the quantity was not reported. Even by
PCR analysis, HIV was found in cervicovaginal secretions of only 28% of infected
women. As with seminal fluid plasma viremia did not correlate with virus shedding.

The prevalence of the virus was found to be significantly higher in pregnant women
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than in nonpregnant women (72). It was also higher in women with cervico ectopy,
abnormal vaginal discharge, or serve vitamin A deficiency (73) and in those taking
oral contraceptive pills. One report of recently infected Kenya women revealed viruses
in cervical secretions that differed genotypically from those found in the peripheral
blood (42). This recognition of tissue-specific variants showed a different distribution

(or evolution) of viruses can be found in the blood and genital tissues.

The source of HIV in vaginal fluid is not known but is most probably the
secretory glands in the vagina or cervix, leukocytes in the uterine cavity, and, in some
cases, menstrual blood. Using in situ PCR hybridization procedures, HIV was detected
in the cervix, it was found primarily in monocytes and macrophages and in the
glandular epithelium in the zone of transformation between columnar and squamous

cells. The cervix is a more frequent source of virus than the vagina.

In these studies, detection of infectious virus was probably limited, since
culturing of HIV could be technically difficult. These body fluids can be cytotoxic in
culture, and survival of the virus can depend on the pH and potential antiviral factors

present.

Mucosal Immunity and AIDS

The critical pathogenic event in AIDS is a marked decrease in CD4" T-helper
cell (74). CD4" T cells have a pivotal role in generating virtually all immune responses .
(75) and depletion of these cells produces a profound immunodeficiency syndrome
that leaves the infected individual vulnerable to opportunistic infectious pathogens.

IgM anti-HIV antibodies occur within 2 weeks of infection and reach peak titers by 5
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weeks (76, 77). IgG anti-HIV antibodies appear later and reach sustained levels when
IgM responses have waned (76-78). HIV infection induces a strong antibody and
cellular immune response to external envelope (gp120), transmembrane protein (gp41)
major core protein (p24), and other proteins in most infected people. However, this
vigorous response does not eliminate the virus or prevent the ultimate progression of
HIV disease (79, 80).

The mucosal immune system differs in several fundamental ways from its
counterpart, the systemic lymphoid system. These unique attributes contribute to the
efficient protection of the > 400 m? of mucosal exposed to and at risk from the
environment. First, the major antibody isotype in mucosal secretion is
immunoglobulin A (IgA), which is normally dimeric IgA. In contrast, IgG is the most
common immunoglobulin isotype in the systemic immune system. Second, most of the
antibody producing plasma cells in the body occur in the mucosa-associated lymphoid
tissues (MALT), not in systemic lymphoid tissue. The concept of a common mucosal
immune system explains the observation that an immune response originating at one
mucosal surface results in a strong immune response at distant mucosal surfaces, and
this response is not necessarily coupled with a strong systemic humoral immune

response (81).

Mucosal immune system of the female reproductive tract

The female reproductive tract has the capacity to mount an immune response
to environmental stimuli. Immunoglobulins are present in the cervico-vaginal
secretions of a number of species. The immune system in the female reproductive tract

is of central importance for protection against spread of sexually transmitted diseases,
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including AIDS. However, it is the least well understood arm of the immune system in
the terms of origin of immune cells, the role of local CTL responses, and the induction
of local antibody responses, including the contribution of serum-derived versus locally
produced antibodies (82).

The mucosa of the vagina consists of a nonkeratinized, stratified squamous
epithelium and an underlying vascular submucosa. The ectocervix has a similar
architecture, whereas the endocervix consists of a simple columnar epithelium
covering a vascular submucosa. M cells have not been described in the vagina or
cervix, but Langerhans cells and macrophages are present in the vaginal mucosa.
Langerhans cells are MHC class II, CD4" dendritic cells located within squamous
epithelia throughout the body. Langerhans cells are common in the skin where they
can bind antigen and migrate to the draining lymph node. Langerhans cells transform
into interdigitating dendritic cells of the T cell rich paracortex (83-86).

The mucosal immune system in the genital tract of the female rhesus
macaque consists of a resident population of monocyte/macrophages and T cells in the
submucosa of the vagina and cervix (87). These cells are specifically localized in the
superficial submucosa, just beneath the vaginal epithelium. A similar population of
lymphocytes and macrophages are in the submucosa of the human cervix where they
have been called MALT (88). Langerhans cells are abundant in the vaginal and
ectocervical mucosa of women (88-92).

By analog to a primary immune response in the gut-associated
lymphoreticular tissues (GALT), antigen that reaches the submucosa of the vagina is
taken up by antigen presenting cells, which then migrate to draining lymph nodes.

Once in the lymph node, the antigen presenting cells stimulate B and T lymphocytes,
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including memory subpopulations that enter the bloodstream via the efferent lymph
and thoracic duct. The T and B lymphocytes (including memory cells) migrate to the
genital tract. Upon exposure to the antigen, these cells participate in a secondary
immune response. In the vagina, both Langerhans cells and mononuclear phagocytes
are capable of acting as APCs and in initiating an immune response.

Several studies shed light on the cellular origin of Ig isotypes present in
reproductive tract secretions of women. The lamina propria of the endo- and
ectocervix contain the highest numbers of Ig-producing plasma cells, with significant
numbers also present in the fallopian tube and in the vagina (93, 94). The major
isotype present in these tissues was IgA, with small numbers of [gM" and IgG" plasma
cells. Furthermore, most of the IgA" plasma cells were also shown to contain J chain
and this clearly suggested that the IgA produced in this region is largely polymeric
(93-95). Interestingly, an approximately equal distribution of IgAl and IgA2 plasma
cells were noted, and this pattern is most similar to that seen in the lower region of GI
tract. Women with a variety of sexually transmitted diseases have increased numbers
of plasma cells (especially IgA plasma cells) in the submucosa of the endocervix (96).
Finally, the epithelial cells that line the above mentioned portions of the female
reproductive tract produce secretory component, which is required for transport of
polymeric IgA1 and polymeric IgA2 into the reproductive tract secretions.

In summary, these studies clearly indicated that certain regions, e.g., the
fallopian tubes, ecto- and endocervix and perhaps the vagina, exhibit characteristics of

mucosa!l effector sites.
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Heterosexual transmission of HIV

Heterosexual contact is by far the most common method of HIV transmission.
However, epidemiologic data indicated that HIV is not efficiently transmitted by
sexual contact. In fact many other sexually transmitted diseases (STDs) are more
efficiently transmitted. In contrast, less than 15% of those monogamous individuals
repeatedly exposed to an infected sexual partner become infected with HIV (97). It is
estimated that for a single sexual contact, the infectivity of HIV is 0.3% (98, 99).
However, some individuals become infected after a single or a few sexual contacts
(99, 100). Whereas others remain uninfected despite hundred of contacts. HIV is
apparently more efficiently transmitted from men to women than from women to men
two-to-fivefold (101). Several cofactors were identified which increase the risk of an
individual acquiring HIV through heterosexual contact. Cervical ectopy, receptive and
intercourse, genital ulcer disease and infection with other STDs are the most
significant factors associated with HIV infection of women (102, 103). Whereas the
presence of an intact foreskin and genital ulcer disease of the penis are the risk factors
most often associated with HIV infection in men (104, 105).

Three possible explanations exist to explain the variability in the sexual
transmission of HIV. First, unique factors in the HIV-infected individual (stage of
disease, immune response, presence of other STDs) may influence infectivity. Some
HIV-positive persons are highly infectious and others are not (100). The degree to
which an individual is infectious may be related to the stage of disease. During
primary HIV infection, the levels of antigen and virus in plasma are high (106, 107)
and this initial viremia may be associated with high levels of HIV in genital secretions.

HIV is more common in the semen of healthy chronically infected individuals (108).
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Second, unique factors in specific HIV strains may be inherently more likely than
other strains to be shed in the secretions of infected persons or some strain may, by
virtue of their cellular tropism, have an increased affinity for target cells in the
reproductive tract. Third, unique factors (stage of menstrual cycle, nutritional status or
the presence or absence of the risk factors) may influence the susceptibility of
individuals to HIV infection after exposure. Some people may be highly susceptible to
HIV infection, while others may be more resistant.

Both cell-associated and cell-free viruses are present in genital secretions and,
it is not clear if one or both forms of virus are involved in sexual transmission. Cell
free and cell associated HIV and SIV could be isolated from cervico-vaginal secretions
at any stage of menstrual cycle (109-112). HIV was present in semen in both cell free
and cell-associated form and could be isolated from asymptomatic individuals and
AIDS patients (108, 113). HIV genome in semen was widely divergent. In one study
HIV RNA and DNA was detected in the spermatozoal mononuclear cells in 74%
(17/23) and in the seminal fluid of 65% (15/23) of the semen samples tested (114).

The fate of HIV infected cells in the vagina is unknown. It is unlikely that -
infected cells can move across an intact genital mucosa, but after lysis of the seminal
monocytes, virions would be released and could bind to the target cells in the genital
mucosa. Recently completed SIV transmission studies in monkeys suggested that cell-
associated HIV may contribute significantly to the sexual transmission of the virus in
humans. Intravenous inoculation of 100 SIV-infected rhesus peripheral blood
mononuclear cells infected 2 of 2 animals, but none of 6 mature female rhesus

macaques intravaginally inoculated with 10* or 10° infected allogenic peripheral blood
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mononuclear cells became infected. The difficulty in transmitting cell-associated SIV
may be related to the low pH (3.5 to 6.0) in the vagina (115).

In an ejaculation, lymphocytes may be able to survive somewhat longer than
in the vagina. The pH of seminal plasma ranges from 7 to 8, and lymphocytes and cell-
free virus could survive for extended periods in these conditions. After receiving an
ejaculated semen, the pH of the vagina rose to 7.0 or higher (116). This rise in pH was
presumably due to the buffering effect of seminal plasma and explains the observation
that 90% of autologous lymphocytes, suspended in seminal blasma are alive 30
minutes after infusion in to a woman’s vagina. These findings suggested that cells and
virions infused into the vagina are much more stable if they are in seminal plasma. The
lifespan of foreign lymphocytes in the vagina is still limited due to the presence of
bacteria, protease, lysozyme and the fact that the cells are washed from the vagina by
the action of vagina secretion. Therefore, it seems likely that only cells producing
infectious HIV particle at the time of inoculation can contribute to sexual
transmission. It seems unlikely that latently infected cells in the ejaculate can survive
long enough in the vagina to produce infectious virions from activated integrated
genome. However, infected cells may be capable of causing transmission if they gain
access to other sites in the reproductive tract.

Since only a few CD4" T cells were present in the submucosa of the vagina
(87), the most likely target cells in the vagina mucosa were macrophages or
Langerhans cells (87, 117). In chronically infected female rhesus macaques, SIV-
infected cells were present in the uterus, cervix, and vagina (117). The majorities of
the SIV-infected cells were located in the submucosa of the ectocervix and vagina, and

had morphology consistent with T lymphocytes and monocytes/macrophages. SIV-
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infected cells were also found within the stratified squamous epithelium of the vagina.
Some of the infected cells in this location had a dendritic morphology consistent with
Langerhans cells (117).

In cervical biopsy, T cells and macrophages were determined to be the cell
types infected with HIV (118). All the cells that were found to be infected in the
genital tract of both human and rhesus presumably express the CD4 molecule. There
was no evidence that non-CD4" cell types (epithelial cells) were infected in the
reproductive tracts of either the monkeys or humans. These finding suggested that
Langerhans cells may have a role as target cells in the sexual transmission of HIV or
SIV. These antigen-presenting cells were potentially efficient disseminators of these
viruses from the genital mucosa to draining lympnode (83-86, 119, 120). Blood
dendritic cells (of which Langerhans cell precursors are a subset) could be infected
with HIV (121-124). Furthermore, when infected in vitro the cells produced much
higher levels of virus than T cells, but they did not exhibit the usual cytopathic effects
associated with HIV infection (124). Thus, Langerhans cells in the vagina and
ectocervix (88-92) may be especially well suited as target cells for the sexual
transmission of HIV and SIV (117, 125).

Hypothetical routes of virus dissemination during the genital transmission
(Figure 4) of HIV virus contact the genital mucosa and infects a target cell,
presumably a macrophage or Langerhans cell. The infected target cell moves through
lymphatic vessels to the draining lymph node. Both macrophage and Langerhans cells
are CD4", MHC class IT* antigen presenting cells. Normally these cells enter the CD4"
T cell rich paracortex of the lymph node and present processed antigen to the CD4"

cells, initiating an immune response. The infected antigen presenting cells pass the
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virus to the CD4" T cell. The virus replicates in the lymph node and both cell-free and
cell-associated viruses leave the lymph node via the efferent lymph node and migrate
to proximal lymph nodes. They eventually pass through the thoracic duct into the
blood stream. After entering the bloodstream, the virus homes to and infects systemic
lymphoid tissue (spleen, thymus, bone marrow, and lymph nodes). Infection of these

tissues results in systemic infection.
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Figure 4. Hypothetical route of virus dissemination during the genital transmission of

HIV (116).
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There is some speculation that trauma to tissues during intercourse might be
necessary for heterosexual transmission of HIV, and that virus can gain direct access
to the bloodstream through these wounds. The hemodynamic pressures in the
peripheral vasculature do not permit the movement of particles (cells or viruses) from
tissues directly into blood vessels. This is the same pathway that vaginal macrophages
and Langerhans cells would take after infection with HIV (125). It is reasonable to
assume that trauma would increase the amount of virus that crosses the mucosa and
that the hemorrhage associated with the trauma would increase the number of CD4"
target cells in the submucosa of the vagina. The increased number of virions and target
cells might increase the efficiency of HIV transmission, but probably would not affect
the route of virus dissemination from the genital tract to systemic lymphoid tissue

(116).

Heterogeneity in exposed uninfected individuals

In the last few years, documentary evidence produced by a number of
research groups showed the existence of subjects who, despite multiple exposures to
HIV-1, remain seronegative for HIV-specific antibodies and apparently uninfected
(HEPS: Highly Exposed Persistently Seronegative). Until now, it has been unknown
as or whether these individuals: 1) are simply fortunate to have encountered
insufficient virus to establish infection (or defective virus particles) and have been
inadvertently “vaccinated” by such exposure, or 2) have successfully cleared the virus
after having been infected, developing a still undetermined state of protection, or 3)

are indeed infected, but have established with the virus an unconventional equilibrium
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that makes them unsusceptible to a regular course of infection in spite of repeated
exposures.

Several studies documented a range of HIV-specific cellular and humoral
immune responses in seronegative people with a history of HIV exposure (126, 127).
Moreover, there were some evidences of the existences of genetic factors that

influences HIV-1 infection (128, 129)
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implication of these findings was that exposure to HIV could lead to the generation of
specific cell-mediated immunity in the absence of antibody production. It remains
unclear whether exposure to viral antigens is sufficient to prime the CD4-positiv¢ cell
responses, or whether these responses are simply markers of exposure, or rather of
prolonged protective immunity.

HIV-specific cytotoxic T lymphocytes (CTLs) in the blood of exposed,
seronegative individuals was reported by several groups (138-142). Most of these
CTLs were CD8" and MHC class I-restricted (139, 140, 143, 144). In some cases,
these responses were specific for regulatory protein antigens, and were demonstrated
in different cohorts of seronegative exposed individuals, including participants in
unprotected sexual (138, 140, 143), newborns of HIV' mothers (139, 141) and healthy
care workers (144). These results were suggestive that at least one round of viral
replication took place in the HEPS subjects, to prime them to antigens that are absent
from virions. Rowland-Jones and colleagues reported the presence of CTLs
recognizing epitopes that are cross-reactive between HIV-1 and HIV-2 in a group of
repeatedly HIV-exposed but uninfected prostitutes (143). Furci et al (145) reported the
evidence of an oligonal T cell response mediated by helper T cells specific for C5, a
conserved region of the HIV-1 envelope. Clones derived from these cells, following
antigen stimulation, produced very high levels of C-C chemokines, the natural ligands
of the major coreceptor of macrophage-tropic strains of HIV. The chemokine-
producing helper cells suppressed selectively the replication of M-tropic, non-syncytia

inducing strains of HIV-1.
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Humoral immunity

Reportedly, antibodies to HIV could be elicited in at least some exposed
uninfected individuals by in vitro stimulation of B-lymphocytes in both adult
individuals (146, 147) and in children born to infected mothers. A study of an
American cohort of seronegative intravenous drug users (IDU) demonstrated the
presence of antibodies cross-reactive between HLA class I and gp 120 in 33% of
individuals tested (135). The molecular mimicry was mapped to the C5 region of gp
120 by monoclonal antibody M38 (148). Most anti-HLA Ab-positive IDU also
exhibited T cells specific for enveloped peptides. This suggested that the presence of
anti-HLA Abs was directly linked to exposure to envelope antigens (135). Vaccination
of healthy volunteers with recombinant envelope also reportedly induced anti-HLA
class I antibodies (149).

In cohort of Italian couples with discordant HIV status, Lopalco et al (150)
identified the same type of antibodies in 16 out of 27 seronegative partners using a
cytofluorimetric competition assay that measures serum inhibition of Mab M38
binding to cell surface HLA class I. The specificity of the anti-HLA antibodies
present in sera from HEPS was further analyzed by two different biochemical
methods: RIPA (radio-immuno-precipitation assay) and IEF (iso-electro-focusing).
Furthermore, the presence of HIV neutralizing activity was observed in 5 out of 27
sera of the same subjects. In 4 of the 5 neutralizing sera showed that the HIV-
suppressive activity is associated uniquely with the purified Ig fraction.

Parallel studies on the same cohort demonstrated the presence of anti-CD4
antibodies in 6 out of 18 individuals (151) and a high frequency of CD4-positve T

cells specific for a peptide derived from gp120 C5 region (145). In some HEPS, these
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unconventional immune responses were persistent, lasting up to two years after the
last possible exposure. These subjects may be constantly exposed to antigenic stimuli
derived from a latent form of infection because or antibody response to HIV is highly
correlated with persistent infection (127).

Lopalco et al (150) studied the possible correlation between the different
parameters analyzed (anti-cell Abs, neutralizing Abs and T cell clones specific for gp
120). They proved to be independent from each other, even if almost all HEPS were
positive in at least one assay. The hypothesis of the heterogeneity of these immune
responses was the exposure to HIV may induce neutralizing antibodies that are not
directed against viral antigens (given the seronegativity of HEPS), but may be directed
against cell surface antigens involved in the infection/entry process.

HIV specific mucosal and cellular immunity was analyzed in another cohort
of heterosexual couples discordant for HIV serostatus and characterized by having
persisted in their unprotected sex habits. Mazzoli et al (152) detected HIV-specific
IgA in urine and vaginal washes of EU individuals, and their PBMC produced IL-2
following stimulation by env-peptides. Moreover, Belec et al (153) observed the
cervicovaginal IgA and IgG anti-gp 160 antibodies in cervicovaginal secretions from
twelve HIV-discordant heterosexual couples, matched with twelve HIV-concordant
heterosexual couples at similar stage of HIV disease. The mean reciprocal end-point
titers of cervicovaginal IgA or IgG to gp 160 were similar in cases and in controls. In
comparison with HIV-concordant couples these observations suggested that
cervicovaginal antibodies to HIV do not appear as biological indicators sufficiently
relevant to explain a possible reduced infectivity of the female index case in HIV-

discordant couples.
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Genetic resistance to HIV

The MHC class I and class II genes play a major role in determining the
specificity of T and B cell antiviral immune responses. A number of MHC alleles as
well as other host factors were reported to influence predisposition or protection
against HIV infection or disease (128). Some researchers found that specific HLA
alleles could predispose an individual to immune responses against viral epitopes in
certain tissues such as the central nervous system, lungs, or against certain HIV-
infected cell types such as mono-macrophages and dendritic cells; therefore, these
alleles may determine protection from infection or condition disease progression. Data
suggested that combinations of MHC-encoded TAP and class I genes may synergize in
providing salutary anti-HIV responses.

In different cohorts of people, heterogeneity in the susceptibility to HIV
infection in vitro of peripheral blood cells. Ometto et al (154) suggested that mother to
child transmission is also influenced by the individually variable susceptibility of the
children target cells, in particular monocyte-macrophages. The heterogeneity of host
cells to sustain the growth of some HIV strains was evaluated in two different labs: the
heterogeneity was analyzed by Spira and Ho in healthy donors (155) and by Lederman
et al (156) in a cohort of hemophiliacs.

The strongest evidence of a genetic factor that influences HIV-1 infection
came from the observation that the cells of rare individuals homozygous for a deletion
(delta 32) within the C-C chemokine receptor gene RS (Figure 5) were highly resistant
to M-tropic strains of HIV-1 (129). M-tropic viruses are considered to be
preferentially involved in sexual transmission, while the T cell tropic viruses appear

later in the course of the infection and are associated with disease progression. It is
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estimated that RS A32 homozygosity is present in 1% of the Caucasian population (of
northern origin) (157). In the HEPS cohort studies by Dean et al the frequency of
homozygotes was increased to 2.8% (158), thus the RS deletion is not the only
mechanism of protection and the HEPS population is heterogeneous. In the Italian
population, the frequency of the mutant alleles is 5.5% (159). Thus homozygotes are
expected to be less than 0.3%.

In contrast, some documentary evidences suggest that A32/A32 homozygosity
for the R5 gene does not confer absolute protection against HIV-1 infection (160-162).
Either macrophage tropic viral strains could use coreceptors other than R5 or infect
independently of the presence of a functional RS coreceptor. Alternately, there may be
an occurrence though exceptional, of primary infection sustained by T cell tropic
isolates. Moreover, in an effort to identify an immunological basis for natural
resistance to HIV-1 infection, Luscher ef al (163) examined serum antibody responses
to HLA class I antigens in female prostitutes of the Nairobi Sex Workers Study. Anti-
HLA antibodies are known to block HIV infectivity in vitro and can be protective
against SIV challenge in macaques immunized with purified class I HLA. Thus, it was
postulated that broadly cross-reactive alloantibodies recognizing common HLA alleles
in the client population might contribute to the prevention of heterosexual
transmission of HIV. In fact, 12% of the women were found to have serum IgG
antibodies against class I alloantigens. Comparisons of the proportions of PRA-
positive women between the different groups showed no statistically significant
differences at any value of the assay parameters. These were no differences between
HIV infected and HIV-resistant women, suggesting that naturally occurring anti-HLA

antibodies do not account for protection against sexually acquired HIV infection.
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Figure 5. Structure feature of RS (a) Normal human RS is shown. Shaded residues
indicate human residues that are different from those in the mouse RS homolog (b)
structure of mutant form of human RS, Amino acid represented in black correspond to

unnatural residues resulting from the frame shift caused by the deletion (157).
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A similar result in the child cohort implied that serum IgG anti-HLA antibodies were

not correlated with protection against mother-to-child transmission of HIV.

Long Term Nonprogressor

Although AIDS develops within 10 years after HIV-1 infection, some
individuals remain symptom-free for prolonged periods (164, 165). Most long-term
asymptomatic survivors of HIV-1 infection still have evidence of disease progression
in the form of declining CD4" lymphocyte concentrations. However, some rare cases
not only are asymptomatic but also maintain stable levels of CD4" lymphocytes in the
normal or near-normal range. Although the definition of nonprogression may vary,
approximately 5 percent of seropositive persons have shown on HIV-related disease or
declines in CD4" cell counts despite 10 or more year of documented HIV-1 infection
(164).

Viral factors, host factors, or both may account for the absence of progression
in some persons. Host factors may include the inherent susceptibility of a person’s
cells to HIV-1 replication (166) or an HLA-determined ability to mount an adequate
immune response (167, 168). Defects in viral genes are linked to nonprogressive
infection. Rhesus monkeys experimentally inoculated with simian immunodeficiency
virus (SIV) carrying deletions in the nef gene have low viral loads and normal CD4" T
cell counts. They show no signs of disease progression, deletion of Vpx and Vpr
produces a similar outcome (169).

SIVmac Nef contained two N-terminal tyrosines that were proposed to be
part of an SH2-ligand domain and/or a tyrosine-based endocytosis signal and a

putative SH3-ligand domain (P(104)xxP(107)). The result showed that the mutation of
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Y(28)F, Y(39)F, P(104)A, and P(107)A (FFAA-Nef) had little effect on Nef functions
such as the association with the cellular tyrosine kinase Src, downregulation of cell
surface expression of CD4 and class I major histocompatibility complex, and
enhancement of virion infectivity. However, mutations in the PxxP sequence reduced
the ability of Nef to stimulate viral replication in primary lymphocytes. Three
macaques infected with the SIVmac239 FFAA-Nef variant showed high viral loads
during the acute phase of infection.

In conclusion, mutations in both the tyrosine residues and the putative SH3
ligand domain apparently did not disrupt major aspects of SIV Nef function in vivo.

Great variability in the course of HIV-1 infection results from complex
interplay between host and viral fa;:tors. Some of the patients with prolonged
nonprogressive infection were reported to harbor virus variants with gross deletions in
the accessory nef gene that was implicated in in vivo pathogenicity in simian and
mouse models. An early study documented one long-term nonprogressor infected only
with nef deleted HIV-1 since 1983 (170). More recently, six Australian long-term
nonprogressors were shown to have been infected with nef deleted HIV-1 from a
single blood donor (171). Three LTNP drug addicts in Italy cohort were shown small
(2-12 amino acids) in frame deletions and insertions in the N-terminal polymorphic
and variable regions. A 36-bp deletion close to the 5° end of NEF that impaired Nef
function was found in 1 LTNP. Forms containing an asjacent duplication of 33 bp
were also found. The duplication showed no homology to the deleted region but
retroed the overall length of the first variable loop of Nef. NEF alleles carrying the
duplication were active in class I major histocompatibility complex down-modulation

nd enhancement of virus infectivity. However, they showed little effect activity in
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CD4 down regulation and were unable to stimulate viral replication in PBMCs. These
results indicated that the capacity for repair of attenuating deletions in HIV-1 infection
and a selective pressure for Nef-mediated MHC-1 down-modulation and/or
enhancement of virion infectivity exists. Moreover, Mendelia and coworkers found
that 2 LTNP shown homozygous mutations in the Spl and NF-kB binding sites. The
non-progression of HIV-1 infection in some LTNP seemed to be due to single
mutations in the viral genome resulting in a less replication or to a mutant chemokine
receptor leading to a reduced HIV-1 entry in to CD4" cells. Members of the Sydney
Blood Bank (SBBC) were infected with attenuated strain of HIV-1 with a natural
nef/L