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Abstract

HIV disease is a culmination of a complex interplay between both viral and host
factors. As the underlying biological and molecular mechanisms involved in
determining disease status are not fully understood, the relationship between
the two can be better extrapolated using long-term non-progressing individuals who
harbor the virus but clinically show some form of immunologic control over it.
Only a fraction of individuals comprising less than 1% of the total HIV-infected
population show no clinical sign of infection for an extended period of time.
Continued immunologic characterization of such non-progressing individuals will
lead to the delineation of anti-HIV mechanisms and development of immuno-
therapeutic modulators for controlling HIV. In this article, we present recent
progress made in non-progressive HIV disease, and summarize the vast array of
literature on factors and mechanisms which determine the effectiveness of viral
and antiviral responses in maintaining a non-progressive state of HIV infection.
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tomatic individuals in all infected categories such as
heterosexuals, homosexuals, injecting drug users,
and transfusion- and perinatally-acquired cases?.
Since its first discovery 20 years ago, the various
HIV-1 disease-progression rates have shown evi-
dence for yet another category of a rare subset of
HIV-infected individuals. These individuals are termed
“true non-progressors” and represent 0.8% of the
total HIV-infected populations. These therapy-naive
individuals maintain high CD4+ and CD8+ T-cell
counts, undetectable plasma viremia, unculturable
virus, very low copies of integrated provirus in the
genome, and absence of viral evolution through-
out the course of infection67. The median time of
HIV infection in these individuals varies from >15 or
20 years. The rarity of such individuals has rekindled
considerable interest in initiating studies on this rare
subset of HIV-infected patients who remain resistant
to the pathological effects of HIV infection. It is
thought that knowledge of the type of anti-HIV im-
mune responses and antiviral factors which remain
intact in such chronically-infected non-progressive
individuals may assist the development of novel nat-
ural therapeutic agents, which can lead to the possi-
ble cure or even the permanent remission of HIV
disease in others. Here we have discussed the back-
ground and overall progress made to date in under-
standing the natural mechanisms that provide long-
term protection against HIV disease development.

What should be the definition
of long-term non-progressors?

Since the discovery of HIV-1 twenty years ago,
tremendous variability in disease progression rates
has been observed in HIV-infected individuals. The
large majority of HIV-infected individuals eventually
progress to HIV disease; very few HIV-infected,
therapy-naive individuals (<1%) do not show any
signs of HIV disease for >15 years. Thus according
to this definition, only those disease-free, therapy-
naive HIV-infected individuals (with a median infec-
tion time >15 years), who maintain below-detection
plasma viremia (<50 copies), and stable/high CD4+
and CD8+ T-cell counts (>500/mms), should be
classified as “true non-progressors”. This is the
subset of HIV-infected individuals who may harbor
clues to future HIV vaccines and natural therapeu-

in the proportion of long-term non-progressors (LT-
NPs) in Amsterdam, Vancouver, Sydney, and San
Francisco cohorts of homosexual men comprising
the intercontinental seroconverter study8. Howev-
er, the variability may have arisen from differences in
measurement of CD4+T cell counts®. There have
been few other studies with direct comparisons of
the prevalence of LTNPs by geography. To date no
association has been made between ethnicity and
disease progression. What remains worth investi-
gating is the epidemiology of LTNPs in developing
countries where antiretroviral therapy has only
recently been introduced. Such untreated individ-
uals and their future clinical follow-up may yield
important information on natural durability of the
immune responses in controlling HIV.

Correlation of route of HIV transmission
with HIV disease progression

It is clearly evident that new HIV infections are
increasing across the globe. However, whether a
certain transmission route determines the progression
rate or not has not yet been conclusively elucidated.
This is especially the case when conducting a com-
parison of mortality among injecting drug users (IDUs)
and transfusion-acquired HIV recipients. Another
study carried out by Pérez-Hoyos in 1999 applied
the Kaplan and Meier extension in addition to other
models for estimation of survival time in different
sexes, ages, and year of seroconversion in a co-
hort of IDU seroconverters from Spain. Results
showed HIV median-incubation period of 11 years
as previously reported by many scientists1o,

The ltalian seroconverter study found a nominal-
ly lower proportion of LTNPs among homosexual
men than IDUs; however the difference found was
not sufficient to achieve statistical significance.
Similarly, in a Madrid study comprising of IDUs,
women, and homosexual men, LTNPs were more
likely to be male with previous injecting drug use
history!1. However, a study conducted by Prins, et
al. revealed no significant difference between the
mode of acquisition within IDUs and homosexual
men obtained from 12 cohorts'2. The difficulty in
establishing mortality rates among IDUs falls pre-
dominantly in the substantial pre-AIDS causes of
death. This complicates studies comparing the
prevalence of non-progression in this risk group
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non-progression as described previously, only 6 to
8% of hemophiliacs have been classified to be
within the range of LTNPs15.16,

Effect of age at the time of infection
on disease progression

The relevance of age at HIV infection in determin-
ing the rate to AIDS disease is not yet fully investi-
gated. However, preliminary evidence suggests no
significant association to limited ranges of age of the
seroconverters. Most of the studies conducted re-
vealed small sample sizes in association to limited
ranges of age of the seroconverters. The estimated
effect of age on risk of AIDS is calculated to occur
at 1.5% per every 10 years of age, with discrep-
ancies occurring for hemophiliacs with a value of
1.6 and a value of 1.4 for homosexual men. The
extrapolated median time to AIDS from the Webull
model for individuals infected at an age of 20 was
10.2 years, which encompasses the period required
for long-term non-progressive status, and a drastic
decrease in this prediction for individuals infected at
40 years of age, with a median expected time of
7.4 years till clinical AIDS manifestation’”. In a
study conducted by Pezzotti, et al., no evidence
of differences in rate of development of AIDS by
exposure category was detected. However, there
was a strong tendency for more rapid develop-
ment in older subjects for the various rates of
disease progression. This supports the view that
external cofactors do not play a major role in AIDS
pathogenesis, but that age is of fundamental im-
portance and warrants further investigation?s.

Correlation of lifestyle cofactors
on disease progression

In relation to lifestyle cofactors, studies compar-
ing LTNPs to relatively rapid progressors have found
only minor between-group differences. One study of
HIV-infected individuals from Madrid reported higher
levels of alcohol use in LTNPs compared with rapid
progressors'!; however reduced alcohol consump-
tion as a result of disease progression in the rapid
progressor group may contribute to this association.
A-recent paper published by Balbin, et al. investi-
gated the effect of emotional expression and depth

and nutrition, gender, age at the time of infection,
and other possible cofactors, warrant the need for
further investigations in this field of research.

Viral factors associated
with non-progression

The hallmark of HIV is its ability to undergo
genetic change due to the lack of proof-reading
ability of its reverse transcriptase (RT) protein21.22,
The genetic variants, which emerge as a conse-
quence of the error-prone RT enzyme, are selected
according to conformational constraints imposed by
viral structure, function, and immune pressure2s,

A number of viral factors such as plasma
viral load24, enhancement of viral transcription and
replications-27, emergence of more cytopathic
strains?8 and infection with attenuated strains29-31,
have been recognized to play a vital role in pro-
gressive and/or non-progressive HIV disease.

Several studies have confirmed that the host-in-
duced control over HIV-1 replication in LTNPs was
apparently due to viral loads in plasma and peripher-
al blood mononuclear cells (PBMC) of orders of
magnitude lower than those typically found in sub-
jects with progressive disease3?. This was in associa-
tion with low numbers of infected cells that ap-
peared to be infected with a less cytopathic virus
strain. Often such strains proved difficult in isolat-
ing infectious virus in vitro, which correlates with
low copies of HIV provirus in cells of aviremic non-
progressors with high CD4+ and CD8+ T-cells
counts3. This obvious control over HIV can be attrib-
uted to the degree of virus trapping in the follicular-
dendritic cell (FDC) network in the lymph nodes of
subjects with long-term non-progressive HIV infec-
tion, which paralleled the extent of lymph node-
germinal center formation. It is hypothesized that the
lower quantity of circulating virus may be reflected in
the lower degree of virus trapping in association
with the decreased rate of tissue activation ob-
served in LTNPs with low viral loads34. LTNPs have
also been reported to have lower levels of multiply-
spliced RNAT, These findings are consistent with
those of a large number of published reports, sug-
gesting the rate of disease progression is driven by
an increasing viral burden3234. The multicenter he-
mophilia cohort study revealed that HIV-1 RNA lev-
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containment and triggering of disease progression
have also been attributed to clonal dominance or
deceptive imprinting of the immune response to-
ward the virus established in infection. This is
partially aided by possible saturating levels of cir-
culating viral antigens’.

Viral genetic diversity has been shown to have a
profound influence on HIV disease development and
on rates of disease progression3-40, The accumula-
tion of viral sequence diversity is slower in individuals
who progress rapidly to AIDS, or in other terms,
homogeneity in viral quasispecies is required at the
progressive phase of HIV disease3%41. In contrast,
there is an accumulation of higher genetic diversity
over time in infected individuals who either slowly
progress or do not progress at all. Although both non-
synonymous and synonymous site substitutions in-
crease over time, notable differences are seen be-
tween patients with diverse rates of disease
progression340, HIV-infected non-progressing and
slowly-progressing individuals show a higher accu-
mulation of non-synonymous base substitutions (that
typify positive selection), suggesting that higher ge-
netic diversity is the determinant of slow progression
and/or non-progression in HIV disease. Recently, a
study by Ross and Rodrigo has further demonstrat-
ed, by analyzing eight patients longitudinally, that the
broad genetic diversity of HIV-1 in an infected individ-
ual is a consequence of site-specific positive selec-
tion for diversity, a likely consequence of immune
recognition. According to this study, positive selection
appears to be a good indicator and predictor of
disease duration. This positive selection in long-term
progressors persisted over time and appears to be
associated with helper T-cell epitopes. In contrast,
sites under positive selection shift from one time point
to another in normal progressors. Thus, a broad and
persistent immunologic response is associated with a
slower rate of disease progression or non-progressive
HIV diseaseb42. In contrast, individuals who mount a
limited and shifting immunologic response to HIV
have fewer and less persistent positively selected
sites, and progress more rapidly to AIDS.

Non-coding LTR, and structural genes
(gag, pol, and env)

Some LTNPs appear to be infected with atten-
uated viral straing30.31.43-45, resulting in possible

the gag gene, while three individuals harbored a
defective nef gene, and one showed a 4 amino acid
insertion in the vpu region4”. No reports have docu-
mented pol gene polymorphisms in relation to long-
term non-progression or slow progression of HIV
disease. However, our recent study provides a com-
pelling documentation of the presence of several
stop codons appearing in the p17 and p24 region of
the gag gene, possibly contributing to the lack of
viral evolution in one unique “true non-progressor’s.
Despite the overwhelming literature available on all
the diverse occurrences of HIV-1 mutations, listing
all of the reported polymorphisms would require an
exhaustive amount of effort, which may not neces-
sarily elude to significant correlating markers of
disease progression or non-progression.

Of marked interest is the highly variable envelope
gene. Although previously higher peptide variability
(3-21%) has been seen in HIV strains derived from
LTNPs and slow progressors, as opposed to normal
progressors4, there has been little evidence of env
gene polymorphisms related to rates of HIV disease.
Wang, et al. reported a unique V2 region extension
that was identified only in slow and non-progres-
sors#0. The functional role of this V2 region extension
in the same set of patients was recently confirmed
to be in the maintenance of CCR5 usage over
time in both slow and long-term non-progressing
HIV disease8. These data imply that certain gene
changes, similar to that seen in the env V2 region,
may play a pivotal role in favoring the selection of
less pathogenic viral variants leading to slow and/
or non-progressive HIV disease.

Roman, et al. identified uncommon amino acid
substitutions in the V3 loop regions of HIV-1 strains
obtained from infected patients from Rwanda. The
frequency of these variations was greater in LTNPs
compared with late-stage patients (P = 0.006),
particularly in a sequence region that has crucial
interactions with the cell surface, and is highly
relevant for the host's immune response4?. These
variants might reflect a viral response to a strong
immune pressure, or represent attenuated HIV-1
strains infecting LTNPs49. Additional reports have
also included amino acid substitutions located in
the variable loop V3 regions in addition to the
conserved regions of the C2 and V4 in sequences
obtained from PBMC in slow and non-progressors.
These amino acid substitutions were found to be
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immune functions along with depletion of host cells
and viral maturation4. A comparison of proviral ac-
cessory genes conducted between HIV non-pro-
gressors and progressors revealed the presence of
attenuated viral quasispecies derived especially
from LTNPs. This quasispecies derived from LTNPs
was characterized by the accumulation of high
genetic diversity in HIV accessory genes. The pres-
ence of mutated accessory genes in viral popula-
tions correlated with their reduced replication, in
addition to inducing host immune responsess!.

A growing body of literature suggests that the HIV
accessory proteins Vprand Nef could be involved in
the depletion of CD4+ and non-CD4+ cells, tissue
atrophy, and in delaying the death of HIV-infected
cells®253, In a recent paper, Somasundaran, et al.
reported a Q3R polymorphism in Vor as an indepen-
dent cytopathogenic determinant, with effects that
are uncoupled from viral replication in vitro and in
vivob2, It is also evident from a longitudinal study of
an HIV-infected non-progressing mother-child pair
that polymorphisms contained within the N-terminal
a-helix turn-a-helix of Vpr may be both unique and
a possible contributor to the lack of disease pro-
gression of its patients30.54, This study showed fur-
ther evidence of the impact of natural mutations
in the vpr gene on the functional activities of Vpr,
such as cell cycle G2 arrest, induction of cell death
and nuclear localization. These activities were
found to be highly conserved in fast-progressing
AIDS patients, but critical substitutions or single
amino acid changes seen in HIV strains from non-
progressors were shown to impair these functions4,

The role of the viral infectivity factor (Vif) protein
in HIV maturation and pathogenesis revolves
around cell-to-cell transmission of HIV and HIV
replication in primary lymphocytes and macroph-
ages and is largely maintained intact in vivos5.56,
One interesting signature change found located in
16 members of a cohort of 42 LTNPs was at
position 132 of the vif gene, correlating with the low
plasma viral load ranges found existent between
the non-progressing members of the studys’.
Though the HIV-1 nef gene has been termed as an
accessory gene in function, due to the immense
literature available on its genetic polymorphism
and its correlation to disease progression, we have
treated it as a separate entity in this review. This is
in order to provide an unbiased picture of nef and

29 base pair (bp) nef deletion, which was related to
a reduced pathogenic potential of nefdefective vi-
ruses®. Moreover, recent studies on the SBBC mem-
bers have shown continuous viral evolution, with
larger deletions in the nef/LTR region in members
having higher plasma viral loade. Thus, it appears
that larger nef deletions in members who harbor
these deleted nef genes contribute to HIV disease
progression, which may be in association with highly
activated CD8 T-cells, and strong HIV-specific CTL
responses. These results describing nef gene alter-
ations over time, and their correlation with disease
progression, overlap with a study conducted on
Rhesus macaques infected with SIVmac23961,
Thus, these two findings in human and non-human
primate models suggest strong selective pressure
to restore expression of truncated nef protein.
Another recent account of the suppressive ac-
tivity of nef on viral replication is that of Tobiume,
et al., which investigated nef sequences in a
cohort of 14 Japanese hemophiliacs, showing
inefficient enhancement of viral infectivity and CD4
down-regulation by the patient-derived nef alleles.
They attributed these changes to the non-progres-
sive disease status of the cohort membersé2.

Regulatory genes (Tat and Rev) and their
relevance in HIV disease progression

HIV also encodes two essential regulatory pro-
teins, Tat and Reyv, from partial overlapping reading
frames, which function as potent post-transcriptional
modulators and promoters of nuclear export of viral
mRNA, respectively. The work conducted by Shu-
gurova (2002) presented supportive evidence of cell
proliferation enhancement under the effect of the tat
gene, and that this form of differentiation varies in
different types of cells63. In addition, recent studies
have incorporated the use of HIV gene epitopes as
initiators for the immune system. One such report
examined serum anti-Tat and anti-Vjor IgG by ELISA
in a cohort of HIV-1 seropositive slow/non-progres-
sors and fast-progressors, and in seronegative con-
trols. Findings revealed that higher levels of serum
anti-Tat IgG, but not anti-Vpr IgG, were associated
with maintenance of non-progression status in HIV-
1 infectioné4. This provided evidence that vaccina-
tion with the Tat toxoid induces humoral immune
responses to Taf similar to those observed in stable
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to lle, which was found to correlate to the non-
disease status of LTNP membersss. Thus, in the light
of the large body of data discussed above, it is
evident that there are no consensus changes in non-
coding LTR, structural, accessory and regulatory
genes which can be attributed to non-progression of
HIV disease. Under the assumption that HIV causes
immune dysfunction by directly destroying cells, it is
plausible to think that the cytopathology of HIV vari-
ants is one of the major contributors to disease
progression. And, at late stages of disease progres-
sion highly cytopathic variants are seen. As cytopath-
ic variants arise at late stages of HIV infection, several
lines of evidence suggest that this could be a conse-
quence of immune deterioration induced by the non-
cytopathic forms (a preferential selection of rapidly
growing HIV strains in the face of diminishing immune
selection pressure). Furthermore, in one-third to half
of the AIDS cases reported, HIV never attains cyto-
pathic form. Another alternative explanation is that it
is not the ability of the virulence factor to kill CD4+
T-cells, but rather the relative ability to disrupt regu-
lation of the immune system through a myriad of
physiologic signals in vivo. Thus, it appears that
strain variability, coupled with host-induced diver-
gence over time, may act as a vital determinant of
virulence. Therefore, the molecular factors which
contribute to rates of HIV disease, should be inter-
preted in conjunction with host factors. Overall, the
identification of viral gene polymorphisms and their
effects on inhibition or attenuation of viral replica-
tion in the host cell marks them as potential targets
for therapeutic intervention and possible incorpora-
tion into the design of antiretroviral strategies with
greater efficacy and less clinical hazards.

Rare molecular changes in true
non-progressive HIV disease

All the studies done to date have shown that viral
gene changes between infected individuals are high-
ly variable. Strain-specific variation and defects in
various genes are commonly seen in a given host.
Thus different HIV strains, with different gene de-
fects appearing in different individuals, is a likely
possibility that may or may not be incumbent upon
the similar outcome and/or the rates of HIV disease
progression. Recently, a comprehensive analysis of
a rare true non-progressor, Wh|ch emphasizes the
relevance of viral atte m@
has shown a significan e

individual and other LTNPs preV|ous|y| entified®$. In

this study, a complete lack of iral £y [gr[@f(d tiig [

presence of only a single integrant, was detected

als. These data lend further credence to the role
of viral diversity in conjunction with host factors as
determinants of HIV disease.

Immunological and host-genetic
factors associated with
non-progression

Although viral factors in concomitance with host-
genetic factors may contribute to some cases of non-
progressing or slowly progressing HIV disease, they
do not account for all cases of prolonged disease-
free survival. The existence of such patients, who
display some form of immunological control over the
HIV pathogen, provides the rationale for concerted
efforts to better understand the host immune re-
sponse in combating HIV infectiont667, Although a
variety of host factors have been examined, a signif-
icant correlation has been observed among human
lymphocyte antigen (HLA) genes. Several studies
suggest that specific alleles of the HLA loci are
associated with different rates of progressions8é? and
varying susceptibility to HIV infection?0. Heterozygos-
ity at all HLA class | loci appears to be protective
against HIV infection, while class | alleles B35 and
Cw4 have been consistently associated with acceler-
ated progression to AIDS diseases?71. In a cohort of
an HiV-infected Caucasian population, long-term non-
progression in 28 to 40% of non-progressors was
ascribed to heterozygosity at all HLA class | loci, the
absence of alleles B35 and Cw4, or both72. The
alleles B57 and B27 most consistently have been
associated with long-term non-progression. Homozy-
gosity for HLA-Bw4 was also found to correlate with
long-term non-progression of HIV disease?3. In addi-
tion, Migueles, et al. have also demonstrated a
dramatic association between the HLA B*5701 class
| allele (an allele over represented in HIV-infected
non-progressors) and non-progressive infection.
Eighty-five percent (11 of 13) of long-term non-
progressors (normal CD4 counts, <50 copies/ml of
plasma) contained this allele, as opposed to only
11% observed in progressors’475, These findings
indicate that, within this phenotypically and genotyp-
ically distinct cohort, a host immune factor is highly
associated with-restriction of virus replication and
non-progressive disease. Further characterization of
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completely eliminated and persists for life in certain
individuals at the virologic set point?4. It appears
likely that release of HIV virions from infected cells,
which are relatively resistant to CTL-mediated killing,
or other immune responses, do contribute to low
levels of residual viral replication. The ability of HIV
to mutate and escape CTL recognition, and gener-
ate broad cellular tropism, is considered to confer
viral persistence in infected individuals in the face of
vigorous HIV-1-specific CTL responses (Fig. 1).
Investigations carried out on long-term non-pro-
gressors, in addition to exposed yet uninfected
individuals, have suggested that certain aspects of
the host immunity may contribute to protection
against HIV infection and lead to slow disease
progression. Cellular immune response further incor-
porates the activity of the cytotoxic T-cell response
in addition to the T-helper response. With aid from
HIV-specific CD4+T lymphocytes (T-helper cells), HIV-
specific CD8+ T-cell lymphocytes, the effector arm
of the cellular immune system, kill HIV-infected cells,
which present viral peptides associated with HLA
class | molecules. CTLs are specialized CD8+ T-cell
lymphocytes that kil target cells expressing foreign
proteins; hosts use this effector arm of the immune
system to control intracellular pathogens including
HIV. Several studies have revealed that long-term
non-progressors elicit vigorous HIV-specific cytotox-
ic T-cell activity577 throughout the period of their HIV
infection. These data demonstrate not just a highly
activated immune system, but in combination a
broadly directed HIV-specific CTL response in the

setting of very low viral loads, and in association
with the emergence of viral escape mutantsés. This
was in direct contrast to studies conducted on
progressors, which showed expression of static and
narrowly directed CTL responses@. Thus, it can be
hypothesized that the T-cells in these non-progres-
sors are somewhat less susceptible to HIV infection.
However, in a study conducted by Cao, et al., the
replication efficiency of the virus in CD8+T cells was
relatively similar in the two groups. There was a
quantitatively greater suppressive activity mounted
by CD8+ T-cells in non-progressors, as opposed to
the same response elicited by the progressors32. It
is also accepted that long-term non-progressors
elicit a broad immune response by CD8 T-cells
against a variety of epitopes, inclusive of HIV79, It is
equally possible that sustained HIV-specific CTL
activity in non-progressors may be merely a mani-
festation of a preserved cellular immunity due to
non-progressive infection, rather than evidence of
sustained protective CTL responses?3. Simply, this
explains the loss of CTL activity in progressors as a
result of HIV-induced immunosuppression and thus
not a direct cause of disease. This postulation,
however, was proved incorrect when Klein, et al.
provided in vivo evidence that CD8+ T-cells play an
important role in suppressing SIV replication, which
was again confirmed by recent studies®. In addi-
tion, the decrease in CTL activity, known to associ-
ate with HIV progressing individuals, was found to
have an inverse correlation with plasma viral load.
Hence, to determine whether this association was
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due to suppression of HIV by CTLs or suppression
of CTLs by HIV, investigations were carried out to
further confirm whether increases in viral load were
independent from CTL responses and therefore not
responsible for CD8 T-cell suppressions!,

There is also evidence to support the role of CTL
activity in the protection and prevention of HIV
infection, from studies conducted on cell-mediated
immune responses of individuals highly exposed to
HIV, who have remained uninfected and with de-
tectable HIV-specific CTL responses. This has been
observed in a number of cohorts involving het-
erosexual partners of HIV infected individualse?,
infants of HIV-infected mothers83, commercial sex
workers in Gambia and Kenya’, and amongst
health care workers sustaining needlestick expo-
sure to HIV-infected bloodg4. Therefore, cumulative-
ly, the temporal correlation between vigorous CTL
responses and initial control of HIV-1 replication
during primary infection, the disproportionate pres-
ence of an active CTL response in long-term non-
progressors compared with progressors, and evi-
dence of CTL response in exposed yet uninfected
persons, suggest a potentially protective role of
CTLs in preventing and controlling HIV infectiongs.

As seen in a recent study, CTLs were not prom-
inent in the absence of viral replication in a rare true
non-progressoré. This was consistent with observa-
tions of weak CTL activity in other non-progressors
with undetectable viremiag687, but contrary to sever-
al other studies on LTNPs323466. In a rare individual
studied by Wang, et al. (2002), the high production
of IFN-y (a known marker for CTL), may alternatively
suggest that the CD8+ T-cells have other antiviral
functions apart from cytolysis. In addition, the CD8+
T-cell IFN-y responses to some peptides containing
immunodominant CTL epitopes were absent (e.g.,
HLA A2 p17 epitope SLYNTVATL; peptide 20), which
further suggested that CTLs were not the major
component of anti-HIV responses. Substitution of
tyrosine for phenylalanine in position 3 of this immu-
nodominant peptideé may have accounted for poor
CTL recognition of Gag peptide 20. This natural
escape variant results in reduced CTL recognition
and is an antagonist to the wild-type epitopess.
Thus, the reason for the lack of weak CTL respons-
es in this subject® was the absence of viral evolu-
tion and infection with replication-incompetent strain
over timeé. These data were supported by a more
pronounced respons
lacking IFN-y respons

T-helper cell response reprOduced or

Another aspect of HIV-specific ce edlated im-
munity is the T-help&l/ @Ebt) @v

been shown to be |mportant in the mamtenance of

hl Gds i Tang

infects activated CD4 cells, to some extent T-helper
cells may be depleted early in the infection.

A recent study investigated T-helper responses
and CTL activity in untreated HIV-infected persons
with a wide range of viral loads. T-helper prolifer-
ative responses were positively correlated with
gag-specific CTL activity and negatively correlat-
ed with viral load. In addition, levels of CTL pre-
cursors seemed to depend on the presence of T-
helper function®. Thus, both HIV-specific T-helper
cells and HIV-specific CTLs may be vital in con-
trolling progression of disease, and persistence of
functional CTLs may depend, in part, on preserva-
tion of the T-helper response. In the same study,
CTLs were occasionally detected in the absence
of detectable T-helper function, but these CTLs
were not associated with control of viral replica-
tion. Thus, high levels of HIV-specific CTLs in
persons with progressive disease may be subop-
timally effective, partially because a sufficient HIV-
specific T-helper response is lacking. This idea
may help to explain the ability of HIV to actively
replicate in the face of a vigorous CTL responsess.

Studies have shown that some non-progressors
with undetectable viral loads demonstrate vigorous
CD4-helper responses in addition to persistent CTL
responses?!, which indicates the persistence of
viral replication, and the presence of antigenic
stimulation. Such investigations have proven bene-
ficial by the incorporation of mechanisms maintain-
ing and preserving HIV-specific T-helper cell re-
sponse in the treatment of acute HIV infections?2,
This form of therapy has been previously reported
to preserve HIV-specific T-helper function®3, which
in some cases has been associated with pre-
served HIV-specific cytotoxic T-cell responses?4.

Humoral immunity

The exact role of humoral immune response in
delaying disease progression, or preventing HIV
infection, has not yet been fully elucidated. However,
the available evidence found in published reports
indicates that this arm of the immune system is not
fully protective, and that cell-mediated immunity, or
a combination of cellular and humoral immunity, is
crucial in delaying HIV disease. Partial virions, intact
virions, and HIV-infected cells appear to be able to
stimulate the formation of neutralizing antibodies?,
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sponses in comparison to their progressing coun-
terpartseé. In addition, although exposed yet unin-
fected individuals have been shown to develop
HIV-specific CTL responses, they have not been
shown to develop neutralizing responses.

The general mechanism of function for neutraliz-
ing antibodies is the protection from pathogens
such as viruses or pathogenic toxins through direct
interaction by binding and hence neutralizing the
virus by blocking access for infection and conse-
quent death of cells. Other functions have also
been attributed to this arm of the immune re-
sponse, including destruction of virions by comple-
ment-antibody interactions®”. Antibody-dependant
cell-mediated cytolysis, a method of eliminating
virus-infected cells, has been temporally correlated
with the control of viremia during acute infection?,
and has been shown in vitro to protect PBMCs
from infection by cell-associated HIV9. Overall,
there are conflicting results showing high variabil-
ity in neutralizing antibodies present in non-pro-
gressors, as opposed to their progressor counter-
parts. Some non-progressors produce significantly
higher titers of neutralizating antibodies?, while
others provide no evidence of this activity101,102,

Chemokines

A breakthrough in our understanding of HIV patho-
genesis, and thus in our understanding of host
factors that can affect disease progression and
susceptibility to HIV-1 infection, was the identifica-
tion of chemokine coreceptors as being necessary
for HIV entry into CD4+ cells. Chemokines are
chemoattractant substances secreted at sites of
infection or injury103. In addition, it was known that
CD8 cells secrete substances that interfere with the
ability of HIV to infect cells. In 1995, Cocchi, et al.
identified these substances as RANTES (regulated
on activation, normal T expressed and secreted),
MIP-1a. (macrophage inflammatory protein-1a)) and
MIP-1p104, |t was later confirmed that such sub-
stances bound to the same cell receptor which HIV
requires for cell entry. The HIV virions partly require
chemokine receptors for cellular fusion and conse-
quent entry into the host cell. These chemokine
receptors are located on macrophages, monocytes
and some T-cells. Corresponding infectious viral
strains are referred to as M-tropic strains, which

been shown to produce increased levels of RANTES,
MIP-1a, and MIP-1p, in addition to significantly sup-
pressing replication of M-tropic strains of HIV-1109,
Several investigations into such chemokines and
coreceptors have revealed their correlation with dif-
fering rates of disease progression. The best char-
acterized of these genetic traits is the homozygous
and heterozygous CCR5-A32 mutation, which was
identified in 1996110, This mutation results in a trun-
cated protein and both homo- and heterozygosity of
this CCR5 mutation correlate well with slow progres-
sion of HIV disease. HIV-infected individuals ho-
mozygous for the CCR5-A32 allele are rare. There
was an estimated 3.6% prevalence in an uninfected,
but at risk, group in a Multicenter AIDS Cohort Study
with a reduced 1.4% prevalence in blood samples
from random Caucasian men, and 0% prevalence
among randomly collected HIV-infected ment1t. With
few exceptions’06.112, most reports have suggested
that, although HIV-infected individuals who are
CCR5-A32 heterozygotes show no difference in sus-
ceptibility to infection, they do however show a
longer progression period to AIDS or death111.113,114,
Wang, et al. showed only a partial correlation of
CCR5 heterozygosity with disease progression in an
epidemiologically-linked mother-child pair30.

Studies incorporating viral phenotype have
suggested that the protective effect of CCR5-A32
heterozygosity against disease progression is lost
when the infecting strain is syncytium-inducing or
T-tropic'15. Studies conducted by two indepen-
dent laboratories have shown that CD4+ T-cells
from patients who are homozygous or heterozy-
gous for ACCRS5, can be effectively superinfected
with T-tropic or CXCR4 using strains5.116,

Other mutations have also been identified in the
CCR5 receptor and associated with slow and long-
term non-progressive HIV disease. One such muta-
tion includes a point mutation involving a T-to-A
substitution at position 303, which encodes a trun-
cated protein when found in the compound het-
erozygotic state with the A32 deletion. This produc-
es a phenotype of resistance to HIV-1 primary
isolates of the virus in vitro'7. The density of CCR5
receptor has also been an important prognostic
indicator, as it reflects rate of HIV-1 infectability,
determines in vivo HIV production and the rate of
CD4 cell decline. Consequently, CCR5 density
quantitation could be a new valuable prognostic
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countered in black Africans and Hispanic individ-
uals. Although it appears to be associated with an
increased rate of perinatal HIV-1 transmission,
there is no biological proof validating this?20.

In addition, another genetic mutation in the CCR2
coreceptor gene (V641) has been found to be asso-
ciated with a delayed course of HIV disease, but its
functional significance remains to be elucidated.
Though the CCR2-V641 mutation results in normal
CCR2 receptor expression, both heterozygotes and
homozygotes appear to affect clinical progression at
a much delayed rate as opposed to their progressing
counterparts?t4.121. This, however, is preliminary data
which was not seen in other similar studies and
hence needs to be confirmed in the futuret22.123,
The CCR2-V641 allele is found in 10 to 25% of all
ethnic groups, and has helped in explaining the
slow progression in 21 to 46% of slow progressors
seen among commercial sex workers in South
Africa. This is distinct from the CCR5-A32 mutation,
which is predominantly seen in Caucasian mentt,

A third genetic trait that may affect the progres-
sion of HIV disease involves the stromal cell de-
rived factor-1 (SDF-1), which is the main ligand for
CXCR4, and has been associated as a main block-
ing factor to infection'?4. The most commonly en-
countered mutation is that of SDF-1 3'a. This in-
volves a mutation in an untranslated region of the
gene, and may up-regulate the synthesis of SDF-1
3'a, allowing competitive inhibition of T-tropic strains
of HIV from binding (Fig. 1). Individuals with HIV
infection who are homozygous for this mutation
have been shown to experience delayed progres-
sion to AIDS, but do not exhibit decreased suscep-
tibility to infection with HIV122125_ |n contrast, other
studies have revealed an association with acceler-
ated progression or, in other cases, no particular
correlation to clinical outcome for patients with the
same polymorphisms114,126,

Though little can be concluded from chemok-
ine-associated polymorphisms and their correla-
tion to disease progression, one can still elucidate
some contribution to the delay of clinical disease
outcome, and hence the rate of AIDS progression.

Cytokines

Chemokines are a small subset of the broader
more complex network of cytokines, which are

such as interleukin-2, interleukin-4, interleukin-10,
transforming growth factor-p, and interferon-y,
have been shown to induce or suppress HIV
expression, depending on the experimental con-
ditions91.129 (Fig. 1). Recent investigations into the
release of cytokines, in particular IFN-y and IL-2,
in association with the CD28 cell subset of CD4 T-
cells, have been shown to be associated with
long-term non-progression of HIV-1 disease!30.

New research is currently being conducted, in-
vestigating a broad range of cytokine production
and comparisons between the quantities of immune
response between differing groups of progressing
patients. One such account examined the level of
thymic production of T-cells by assessing levels of
TRECs (T-cell-rearrangement excision circles) and
IL-7 production in HIV-infected children'3!. Both
modulators of the host immune system were present
in significantly higher levels in the non-progressing
patients as opposed to progressors’st 132,

Due to the discrepancy in experimental parame-
ters used, the exact role of cytokines and chemok-
ines, and the mechanism used for disease control
in vivo, is not yet fully understood. However, it is
acknowledged that interhost variations in the bal-
ance of these endogenous cytokines may alter the
rate of progression to HIV-related disease. Though
no distinct consensus has been reached as to the
breadth and quantity of cytokines secreted by
long-term non-progressors, they are nevertheless
known to play a vital role in the control between
protection of the host immune system and viral
replication. As most studies to date have analyzed
the role of one or two cytokines at a time to study
disease progression, a study with simultaneous
analysis of multiple cytokines and their genes
seems warranted in unveiling a clear picture of the
involvement of cytokines in HIV disease.

Other biological and antiviral factors
associated with LTNP

In 1986, it was noted by researchers that the
depletion of CD8+T cells obtained from peripheral
blood mononuclear cells derived from HIV-infected
patients resulted in a marked increase in viral replica-
tion in the remaining CD4+T cells8s. This was attrib-
uted to soluble suppressive factors that are termed
CD8 antiviral factors or simply “CAF"133, Investiga-
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by human neutrophils'37. The inhibitory activity of
these moderators occur irrespective of viral pheno-
type or tropism and these factors are known to be
heat and acid stablet3. Though additional studies
are necessary to define the true antiviral potency of
a-defensins, their identification as a major contribu-
tor to the soluble activity of CD8 in delaying HIV
infection in LTNPs warrants further investigations.
Interactions between HIV-1 and the host immune
system highlight several complex immune compart-
ments, including the role of heat-shock protein re-
ceptors, retinoids, cell-associated ceramide, apop-
totic markers, interactions with the complement
system and human genes that inhibit viral replica-
tion, all of which contribute to determining the rate of
HIV disease progression. Heat-shock proteins
(HSPs) have been implicated in the cross-presenta-
tion of antigens in vivo'®. It has been shown that
their receptors, in particular CD91 (also called -
macroglobulin), are found in greater quantities in
LTNPs. These data suggest an enhanced cross-
presentation of HIV, and a consequent stimulation of
activated anti-HIV CTLs in these individuals?s.79. The
up-regulation of the CD91 receptor in true long-term
non-progressors suggests that further investigations
in this field may be useful in future therapeutics and
perhaps preventative strategies against HIV140,
The mechanism by which retonic acids inhibit T-
cell receptor (TCR)-mediated death of T-lymphocytes
was first demonstrated by Ashwell's group, which
provided evidence of a blocking mechanism to the
production of the TCR-induced apoptosis peptide
Fas-Ligand (FaslL)41. There are also reports indicat-
ing that high in vitro concentrations of retinoids selec-
tively inhibit CD4 apoptosis without affecting CD8
apoptotic pathways, which proposes retinoids as
possible future apoptotic modulators in HIV dis-
ease!4. Because apoptotic cell death is regarded as
the principal mechanism for the depletion of host T-
cells during the progression of HIV infection into
clinical AIDS, identification and modification of the
mediators responsible in this cell killing is vital for
further attempts in delaying disease onset. In addi-
tion, it was recently shown that ceramide enhances
HIV infection, and is up-regulated during in vitro
infection of cells by HIV-1143.144 Hence, as indicated
by De Simone, et al., by inhibiting cell-associated
ceramide one Is able to impair HIV replication and
consequently delay progressmn of HIV diseases.
Moretti, et al. condu
apoptosis and apoptos
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ulation of apoptotic cell death. In addition, lower
impairment of these cellular granules, which are re-
sponsible for oxidation, will consequently lead to a
lower degree of superoxide anion generation. This
appears to be a possible contributor to delayed AIDS
progression and the improvement of the long-term
outcome of HIV infection through protection of host-
cell lymphocytest46. Other studies investigating the
efficiency of function of these apoptotic markers
revealed a decrease in function of Fas displayed in
patients with delayed disease progression, proba-
bly encountered as a consequence of inherited
alterations in the Fas-signaling pathway, which may
be a novel factor in delayed AIDS progression?47.
Activation of the complement system is initiated
under any form of infection by foreign particles. This
results in the disposition of C3 molecular fragments
on the viral surface, which leads to membrane lysis
by attack complexes. For its own survival, HIV has
developed a means of resistance through the use of
opsonisation with complement fragments for its own
advantage. These opsonised virions interact with
complement receptor-expressing cells, which are
subsequently either infected or retain viral particles
on their surface as antigen presenters, promoting
virus transmission to other permissive cells. This
pathway may be interrupted by the development of
complement-derived anaphylatoxins that will con-
sequently, in the future, disrupt complement activa-
tion and eventual HIV disease progression?7.148,

Human genes and control
of HIV replication

One unique investigation into the role of human
genes in inhibiting HIV-1 infection was that conduct-
ed by Malim, et al., which revealed the presence of
an efficient and specific inhibitor termed CEM15 of
HIV-1/A vif infectivity. This suppressive ability is readi-
ly overcome by normal levels of Vif during normal
HIV-1 replication4. CEM15 is a human gene ex-
pressed by human T-lymphocytes, which has shown
similar homology only to phorbolin-1 and apobec-1,
which is a deaminase that is the catalytic subunit of
the mammalian apolipoprotein B mRNA editing en-
zyme. The sequence similarity between CEM15 and
cytosine deaminase suggests that CEM15 elicits its
response through interaction with HIV-1 RNA149."In
addition, the dependence of the vif protein on the
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role in viral incorporation by susceptible cells, and
increasing host-derived antiviral factors including cy-
tokines, chemokines, and other soluble factors such
as defensins, retinoids, and cell-associated ceram-
ides, one can develop a multi-targeted approach to
delaying the onset of clinical AIDS. This will also
significantly contribute to the future development of
HIV vaccines. Studies have indicated that co-admin-
istration of HIV vaccine vectors with vaccina viruses
expressing IL-15, but not IL-2, was found to induce
longer-lasting cellular immunity'%0. This has provided
a promising hope for future clinical trails and develop-
ment of anti-HIV therapeutics, including a form of
innate antiviral resistance through the usage of the
human gene CEM15. The anti-viral effects of IL-15
were also reported by Muelerr, et al., indicating that
IL-15 potently enhances the survival and effector
function of HIV-specific CD8+ T-cells and, therefore,
may prove useful in augmenting the antiviral function
of these cells®®1. Thus, together, the HIV-infected
therapy-naive non-progressors may provide possible
clues to a new line of anti-HIV therapeutics.

Conclusions

HIV-infected non-progressors harbor clues to nat-
ural therapeutics for HIV. Twenty years after the
discovery of the AIDS virus, we have entered a
new era of understanding the pathogenesis of HIV
infection and appreciate the complexity of its mo-
lecular and immune correlates. A trend is becoming
apparent that some therapy-naive non-progressing
HIV-infected individuals have controlled virus for >20
years through their superior qualitative and quantita-
tive immune and antiviral responses (CAF and de-
fensins), as opposed to their slow and rapidly pro-
gressing counterparts. Further, this non-progressive
state of infection may be caused by infection with
less pathogenic strains. Alternatively, the evolution of
a pathogenic variant into a non-pathogenic one can
also occur under the active control of the host im-
mune system. Thus, both viral and host factors ap-
pear to be crucial for the prolonged remission of HIV
disease in non-progressors. As this subset of individ-
uals has the ability to control the virus in the complete
absence of antiretroviral therapy, the characterization
of natural antiviral factors and the viral strains which
infect them may lead to the development of therapeu-
tics and vaccines faci
from HIV disease. This ne
our conviction that, in order to develop gffective HIV

therapeutics and vaccines, & @E@rr l@@@f@@@b o

viral and immune correlates is imperative. The
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A critical understanding of the breadth of cellu-
lar and humoral responses is needed. Protective
anti-HIV neutralization antibodies in non-progres-
sors are extremely important, as this is a key
biological basis of antiviral responses against all
clades of HIV-1. Moreover, such responses can
be translated to commercial applications of such
antibodies for other progressing HIV patients.

Although the use of attenuated viral vaccines to
control HIV infection has remained controversial, it
should be emphasized that a clear understanding
and characterization of viral genomes from non-
progressing individuals is needed. If such individu-
als have a common feature, which is represented in
strains isolated from such individuals, there may be
a stronger case to rekindle the issue of live-attenu-
ated HIV vaccines. Long-term priming of the im-
mune system in such individuals who remain below
detection for plasma viremia is an important issue.
This may reveal where low, but active, viral replica-
tion actually occurs in the body and primes the
immune system. As many of these individuals may
harbor defective proviral genomes, it is possible that
viral antigen coupled with memory cells may drive
sustained anti-HIV responses. How this persistent
presentation of viral antigens occurs in such individ-
uals may provide deeper insights into future vaccine
strategies for the control of HIV. There are no tech-
nigues which can unambiguously establish true
aviremia in non-progressors (a phenomenon never
shown), due to the limitation of most commercially
available detection systems. Sensitive techniques to
detect a single copy are needed. A clear under-
standing of the true state of viremia in non-progres-
sors may further facilitate future vaccine design, as
it will reveal whether the long-term immune respons-
es in such chronically-infected individuals are due to
low viremia or the entrapped antigens.

Overall, the truly HIV non-progressing individu-
als could serve as important guideposts for future
therapeutic and prophylactic efforts against dis-
ease development in progressing individuals.
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