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Abstract: Background: Anti-viral cytokine expressions by cytotoxic T-cells and lower activation
rates have been reported to correlate with suppressed HIV replication in long-term non-progressors
(LTNP). Immune mechanisms underlying disease non-progression in LTNP might vary with HIV-1
subtype and geographical locations.

Objective: This study evaluates cytokine expression and T-cells activation in relation to disease
non-progression in LTNP.

Methods: HIV-1 Subtype C infected LTNP (n=20) and progressors (n=15) were enrolled and
flowcytometry assays were performed to study HIV-specific CD8 T-cells expressing IL-2, IFN-y,
TNF-a and MIP-1f against gag and env peptides. CD4+ T-cell activation was evaluated by surface
expression of HLADR and CD38.
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Results: Proportions of cytokines studied did not differ significantly between LTNP and
progressors, while contrasting correlations with disease progression markers were observed in
LTNP. CD4+ T-cell activation rates were significantly lower in LTNP compared to progressors
which indicate the potential role of T-cell activation rates in disease non-progression in LTNP.
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Conclusion: LTNP and progressors showed similar CD8+ T-cell responses, but final conclusions
can be drawn only by comparing multiple immune factors in larger LTNP cohort with HIV-1 in-
fected individuals at various levels of disease progression. A possible role of HIV-1 subtype varia-
tion and ethnic differences in addition to host-genetic and viral factors cannot be ruled out.

Keywords: HIV LTNP, HIV non-progression, antiviral cytokine response in HIV LTNP, T-cell activation in HIV LTNP,
HLADR, CD38.

1. INTRODUCTION in cytolysis and their capacity to perform degranulation has
been attributed to the spontaneous control of viral expansion
[6-8]. In the absence of ART, progressive loss of CD8+ T-
cell responses has been reported, which results in ultimate

loss of viral control in most of the chronically infected HIV

Differences in the rate of human immunodeficiency virus
(HIV) disease progression in the absence of anti-retroviral
therapy (ART) have been widely contributed to effective
cytotoxic T- lymphocyte (CTL) responses [1, 2]. CD8+ T-

cell responses were observed to coincide with a decline in
viral replication during acute HIV and simian immunodefi-
ciency virus (SIV) infections [3, 4] and depletion of these
CD8+ T-cells results in dramatic increase of SIV plasma
viral load (PVL) [5]. Polyfunctionality of CD8+T-cells by
means of expression of multiple effector functions resulting
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patients [9], for reasons that remain unclear.

However, there exists a small group (~5%) of HIV in-
fected population who remains healthy without significant
changes in CD4+ T-cell count or rise in HIV-RNA levels for
over 10 years even in the absence of ART, known as long-
term non-progressors (LTNP). LTNP were found to be
heterogeneous, when it comes to the degree of virological
control, with most LTNP having low to medium levels of
viremia [10-12]. Availability of routine viral load testing
further divided controller population and leads to the identi-
fication of elite controllers (EC), who are typically defined
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as HIV infected people maintaining PVL below the limit of
detection by a series of viral load testing in the absence of
ART [13]. The presence and prolonged maintenance of
strong broadly directed HIV-specific CD8+ T lymphocyte
responses during chronic phase were reported to be more in
LTNP compared to progressors [14-16]. A number of
evidences have shown that the functionality of CD8+T-cells
might be responsible for the extended replication control of
HIV in LTNP [1] because of that considerable attention has
been directed towards HIV-specific CD8+ T-cells [17-19].
LTNP exhibit increased frequencies of polyfunctional T-
cells which are able to perform multiple effector functions
simultaneously, and are thought to be responsible for supe-
rior viral control [20]. However, conflicting results have also
been reported questioning the possible role of CD8+ T cell
responses in viral control and its relation with HIV non-
progression [9, 21]. Defects in phenotypic [22-24] and func-
tional properties [25, 26] of HIV-specific CD8+ T-cells and
their inability to expand in vitro [21] have also been de-
scribed.

Viral replication driven generalized immune activation is
now established as the main mechanism behind CD4 T-cell
depletion [27]. It has been widely postulated, that loss of
regenerative capacity of immune system due to high T-cell
turnover is caused by accelerated proliferation, expansion,
and death of T-cells during the course of HIV infection [28].
Immune activation is one of the more well-examined fea-
tures in non-progressors and has been found to be lower in
elite controllers (EC) and viral controllers (VC) compared to
progressors [29-31]. Susceptibility of T-cells to HIV-1 infec-
tion is reduced with less CD4+ T-cell activation rates and it
can lead to better disease prognosis [15, 32]. Activation pro-
file of LTNP was similar to SIV infected sooty mangabeys
and African green monkeys which also showed no signs of
increased immune activation or high T-cell turnover despite
high viral loads [33]. Contrarily, there are also reports stating
that there are no differences in immune activation between
EC and LTNP [34] and EC, LTNP and progressors [35].
Data on HIV infected LTNP and their immune tolerance
capabilities are limited from a country like India which has
diverse ethnicities and remains scarce from southern India.
Hence, in this study, we characterized and compared HIV-
specific CD8+ and CDS8- T-cell responses by means of their
cytokine expression profile in LTNP and progressors.
Moreover, we also correlated the cytokine expression with
their respective disease progression markers such a CD4+ T-
cell count, CD4% and plasma viral load (PVL). Further, we
extended our study to explore and compare the frequencies
of T-cell activation and also compared them with disease
progression markers.

2. MATERIALS AND METHODS
2.1. Subjects

In this cross-sectional study, HIV-1 Subtype C infected
individuals attending YRG CARE medical center were
screened based on their CD4" T-cell counts and length of
HIV infection. Of these, a cohort of LTNP (n=20), defined
as patients who had a durable maintenance of peripheral
CD4+ T-cell counts of >500 cells/mm’ for more than 7 years
in the absence of ART and progressors (n=15) defined as
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patients who had CD4" T-cell counts of 300-500 cells/mm’,
3-5 years post infection without receiving ART were en-
rolled. This study was approved by the institutional review
board and duly signed written informed consent forms were
obtained from all the willing participants.

2.2. Specimens and Cell Stimulation

According to the standard procedure, peripheral blood
mononuclear cells (PBMCs) were harvested from EDTA-
treated peripheral blood using ficoll-paque density §radient
centrifugation method and cryopreserved at <-140 "C until
testing. Before stimulation, PBMCs were thawed and rested
overnight at 37°C in 5% CO, environment, incomplete cul-
ture medium (RPMI 1640 supplemented with 10% FBS and
1% penicillin-streptomycin). At least 1 million PBMCs were
added with 2uL of co-stimulatory antibodies, antiCD28/49d
(BD Biosciences, USA) and then stimulated with peptides
(15 mers overlapping 11) corresponding to full length HIV-1
consensus C gag and env (NIH AIDS Reagent Program, Di-
vision of AIDS, NIAID, NIH, USA) at a final concentration
of 2ug/ml each. PBMC were then incubated at 37°C in 5%
CO, environment for 6 hours. Golgi plug (BD Biosciences)
was added to cells after 2 hours of stimulation. PBMCs
stimulated with 1pg/ml staphylococcal enterotoxin B (SEB)
were included as a positive control and unstimulated PBMCs
as a negative control.

2.3. Immunfluorescence Staining and Flowcytometric
Analysis

Following incubation, cells were surface stained with
anti-CD8 ECD (Cytostat / Coulter Clone) and incubated in
dark at room temperature for 20 mins. Cells were then
washed and permeabilized using 1X PERM 2 (BD Bio-
sciences, San Jose, CA, USA), incubated for 10 mins. Fol-
lowing washing, cells were stained intracellularly with anti-
IFN-y FITC (Beckman Coulter Inc.), anti-IL-2 PE (Beckman
Coulter Inc.) and anti-CD3 PerCP-Cy5.5 (BD Biosciences,
San Jose, CA, USA) antibodies. Simultaneously, another set
of same specimens were added with anti-MIP-18 FITC (BD
Biosciences, San Jose, CA, USA), anti-TNF-a PE (Beckman
Coulter Inc.) and anti-CD3 PerCP-Cy5.5 (BD Biosciences)
antibodies, incubated for 20 mins in dark at room tempera-
ture. Cells were then washed and fixed using 1% parafor-
maldehyde.

For activation profile, thawed and rested cells were sur-
face stained with anti-HLADR FITC (BD Biosciences), anti-
CD38 PE (BD Biosciences, San Jose, CA, USA), anti-CD4
ECD (Cytostat / Coulter Clone) and anti-CD3 PerCP-Cy5.5
(BD Biosciences) and incubated in dark at room temperature
for 20 mins. Cells were then washed and fixed using 1%
paraformaldehyde. Both cytokine expression profile and
activation profile were identified by acquiring PBMC in Cy-
tomics FC500 5-color flowcytometer (Beckman Coulter,
Fullerton, Fullerton, CA). A minimum of 200000 events was
acquired for cytokine expression and a minimum of 300000
events were acquired to study immune activation. Fig. (1)
represents the gating strategy followed for studying the cyto-
kine expression profile of CD8+ T-cells and CD8- T-cells.
Fig. (2) represents the gating strategy followed for studying
CD4+ T-cell and CD4- T-cell activation profile. Acquired
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Fig. (1). Schematic representation of gating strategy used for ICS analysis. Representative plots showing HIV-specific CD8+ and CD8- T-cell
responses against HIV peptides gag and env. Culture medium alone (no stimulation) was used as negative control and SEB stimulation (posi-

tive control) was used as positive control.

cells were analyzed using FlowJo v7.2 (Tree Star Inc., Ash-
land, Oregon, USA). Gates defining the positive and nega-
tive expression of surface antigens were combined by boo-
lean gating strategy (as indicated in FlowJo software) to gen-
erate all possible combinations of antigen expression, as pre-
viously described [4].

2.4. Laboratory Monitoring Parameters

Absolute CD4+ T-cells counts were obtained using
FACS count (BD Biosciences, San Jose, CA, USA) and PVL
were quantified using m2000rt Abbott Real-Time PCR (Ab-
bott Molecular Inc, IL, USA). Complete blood count testing
was performed using Sysmex XT 1800i (Sysmex Corpora-
tion, Kobe, Japan).

2.5. Statistical Analyses

Rho (correlation coefficients) were calculated using
Spearman’s correlation for assessing the correlations of
CD8+ and CDS8- T-cell responses and activation with disease
progression markers. Correlations could not be calculated if
there were less than two observations in the subset of pa-
tients. Comparison of activation rates between two groups
was calculated by two sided t-tests for difference in means,
comparisons between the three groups were calculated by
analysis of variance analysis (ANOVA). Box plots were used
to visually present response profiles to the measured cytoki-
nes. All statistical analysis was performed using Stata 12.0
Statistical Software (College Station, TX) with an alpha
value of 0.05.
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Fig. (2). Schematic representation of gating strategy used for activation rates are shown, quantifying the expression of CD38 and HLADR
markers on the surface of CD4+ and CD4- T-cells.

Table 1. Demographic and clinical characteristics of study participants.
Median CD4" T-cell Median PVL -
.. Percent Median Age edian € ce ¢ 1a.n Median CD4%
Cohort Participants Female (IQR) Count - cells/pL Copies/mL (IQR)
(IQR) (IQR)
375 773.5 1089 29
LTNP =20 09
" 80% (30-41.8) (614-915.8) (133-2692.8) (24.5-36.3)
32 392 113989 19
P =1 09
rogressors n=1s 80% (30-42) (344.5-425.5) (23548-282051) (14-21.5)
3. RESULTS The mean age of LTNP and progressors were 37 and 35.6

3.1. Demographical Characteristics of the Study Popula-

tion

In this study, female population comprised about 80% of
the total population in both LTNP and progressors cohort.

years, respectively. There was no significant difference ob-
served in the age groups of participants between the two co-
horts. Demography and clinical characteristics of enrolled
participants were collected from natural history data base as
summarized in Table 1.
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Fig. (3). Two sided t-test showing the differences in functional profile of HIV-specific CD8+ and CD8- T-cells. (3A) & (3B): Frequency of
various cytokine expressions of CD8+ T-cells against gag and env peptides showing significantly higher proportions of MIP-1f env-specific
responses in progressors. (3C) & (3D): Similar cytokine expression profiles of CD8- T-cells. Significant responses were observed in gag-

specific and env-specific TNF-a responses.

3.2. T-cell Responses
3.2.1. Total T-cell Responses

The quality and magnitude of specific response against
HIV peptides gag and env were evaluated on CD8+ and
CDS- T-cells. Expression of four cytokine markers (IL-2,
IFN-y, MIP-1f and TNF-a) were analyzed in both subsets of
patients (LTNP and progressors). Here, the ‘total’ response
is identified i.e. the sum of all cells positive for at least one
marker, which provides the overall ‘frequency’ of respond-
ing cells among CD8+ and CD8-T-cells.

A sensitivity analysis performed comparing LTNP and
progressors for HIV-specific CD8+ and CD8- T-cell fre-
quencies of gag and env both individually and grouped to-
gether, revealed no significant differences between the two
subsets. In addition, no significant difference was observed
when total (adding both HIV-specific CD8+ and CD8- T-cell
responses) HIV-specific T-cell response of gag was com-
pared to env and vice versa.

3.2.2. Characteristics of HIV-specific T-cell Responses

Expression of cytokines such as IL-2, IFN-y, MIP-1f and
TNF-a by HIV-specific CD8+ and CDS8- T-cells against gag
and env peptides were compared between LTNP and pro-
gressors. Various combinations of HIV-specific T-cell sub-
sets (eg. gag-specific CD8+IL2+, CD8+MIP-1p+, CD8-
IL2+, CD8-TNFo+) were derived based on the respective
cytokine expression. No significant differences were seen in
the cytokine profile studied of all subsets between LTNP and
progressors. Hence, only positive responders who showed a
response of >0.02 in each subset in both the groups were
considered and compared. Among the positive responders,
significantly higher frequencies of env-specific CD8+MIP-
1B+ T-cells (p=0.05) were found in progressors than in
LTNP (Fig. 3A & 3B). Peculiarly, both gag-specific
(»p=0.05) and env-specific (p=0.01) CD8-TNF-a+ T-cell re-
sponses were significantly higher in LTNP compared to pro-
gressors (Fig. 3C & 3D).
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In order to clarify whether PVL has any possible impact
on the above results, LTNP were stratified into two sub-
groups based on their control over HIV viremia: LTNP with
PVL <2000 copies/mL (n=14) known as viremic controllers
and LTNP with PVL >2000 copies/mL (n=6) known as
viremic non-controllers [36] and similarly all possible sub-
sets of HIV-specific CD8+ and CD8-T-cells were compared
between LTNP with PVL <2000, LTNP with PVL >2000
and progressors.

When LTNP with PVL >2000 were compared with pro-
gressors, higher expression of env-specific CD8-IFN-y+ T-
cells was observed in LTNP (p=0.01). Also, collective re-
sponses of both gag and env showed that CD8- IFN-y+ T-
cells (p=0.01) and CD8-TNF-o+ T-cells (p=0.02) were more
frequent in LTNP than in progressors. The analysis compar-
ing all three groups (two LTNP sub-groups and progressors)
also revealed a significantly higher frequencies of env-
specific (p=0.02) and both gag and env-specific (p=0.04)
CDB8-IFN-y+ T-cells in LTNP with PVL >2000. This helps
to support the hypothesis that a rise in viral load influences
T-cells to increase the expression of pro-inflammatory cyto-
kines which might result in detrimental inflammation.

3.2.3. Relationship Between T-cells Responses and Disease
Progression Markers

When the cytokine expression profile of all the LTNP
and progressors were correlated with disease progression
markers (CD4+ T-cell count, CD4% and PVL), no signifi-
cant differences were observed. However, when only posi-
tive responders were analyzed, CD4% positively correlated
with gag-specific CD8-IL-2+T-cells (1=0.8; p<0.001) and
env-specific CDS8-IL-2+ T-cells (r=0.8; p<0.001) in LTNP.
No correlations between IL-2 expressing CD8+ and CDS- T-
cells and disease progression markers were observed in pro-
gressors which indicate that LTNP has T-cells with better
proliferative capacity.

In LTNP, collective responses of CDS8-IFN-y+ T-cells
against both gag and env (r=-0.7; p<0.001) showed a
negative correlation with CD4+ T-cell count which might be
a cause of IFN-y induced inflammation. CD8+TNF-o+ T-
cells that are gag-specific correlated positively with PVL
(r=0.7; p<0.001) and env-specific CD8+TNF-a+ T-cells cor-
related negatively with CD4+ T-cell count in LTNP (r=-0.9;
p<0.001). It signifies that TNF-a does have its activity and
role even in minimalistic disease progression which might
become increasingly significant factor when LTNP show
signs of progression. Surprisingly, collective responses of
CD8+MIP-1B+ T-cells against both gag and env (r=-0.6;
p<0.001) exhibited a negative correlation against CD4% in
LTNP (Table 2A).

Among progressors, collective expression of CD8-IFN-
v+ T-cells against both gag and env showed positive correla-
tion with CD4+ T-cell count (r=1; p<0.001) whereas gag-
specific CD8+IFN-y+ T-cells negatively correlated with
PVL (r=-0.8; p<0.001), suggesting an increased CD8+ T-cell
activity in progressors. Strong correlation was observed be-
tween env-specific CD8+MIP-13+ T-cells and CD4+ T-cell
counts (r=1; p<0.001) and CD4% (r=1; p<0.001). CD8+
MIP-1B+ T-cells that are gag-specific also showed strong
direct correlation with CD4% (r=1; p<0.001) in progressors.
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A positive correlation was also observed between env-
specific CD8-MIP-1p+ T-cells and PVL (r=0.8; p<0.001).
Collective responses (against gag and env) of CD8+ T-cells
expressing both IL-2 and IFN-y (i.e. CD8+ IL2+IFN-y+ T-
cells) seen in progressors, showed a positive correlation with
CD4% (r=0.9; p<0.001).

In progresors, env-specific CD8+TNF-a+T-cells corre-
lated positively with CD4% (r=1; p<0.001). Unlike CD8- T-
cells in LTNP, CD8+IL-2+ T-cells correlated positively with
CD4+ T-cell count (r=1; p<0.001). It should be noted that
IL-2 expression by CD8+ T-cells may act as a substitute for
CD8- T-cells which are probably CD4+ T-cells, in progres-
sors, to maintain the deprived proliferation capability of their
CD4+ T-cells as a result of compromised immune systems
functioning with depleted CD4+ T-cell population (Table
2B).

Segregation of LTNP based on PVL reveals a direct cor-
relation between env-specific CD8-IL-2+ T-cells and CD4%
(r=0.9; p<0.001) in LTNP with PVL <2000. Like the above
abnormal correlations of LTNP with MIP-1B expression,
collective response of CD8+MIP-1p+ T-cells against both
gag and env in LTNP with PVL <2000 showed a positive
correlation with PVL (1=0.7; p<0.001) and negative correla-
tion with that of CD4% (r=-0.7; p<0.001), while the LTNP
with PVL >2000 showed a negative correlation between env-
specific CD8+MIP-1p+ T-cells and CD4+ T-cell count.
These results probably suggest that MIP-1f may not be an
appropriate marker to study disease progression in HIV-1
subtype C infected LTNP.

3.3. Activation and Disease Non-progression

There were no striking differences in activation rates of
CD4+ and CD4- T-cells between LTNP and progressors and
hence, here too PVL stratification was applied, to study the
difference between the populations on the basis of their re-
spective viral loads. This showcased a nearly two fold de-
crease in CD4+ T-cell activation rates (CD4+ CD38+
HLADR+ T-cells) in LTNP with PVL <2000 copies/ mL
(»=0.04) compared to progressors (Fig. 4A). Similarly,
CD4+ T-cell activation rates are also significantly lower in
LTNP with PVL <2000 copies/mL (p=0.007) than LTNP
with PVL >2000 copies/mL (Fig. 4B). No such difference
was found between LTNP with PVL >2000 copies/mL and
progressors (p=0.2).

No significant difference was observed in CD4- T-cell
activation rates between the groups but, it should be men-
tioned that CD4- T-cell activation in progressors is higher
compared to their LTNP counterparts. These results clarify
that PVL might be a significant factor in amplified activation
thereby contributing more susceptible cells for HIV infection
and replication resulting CD4+ T-cell depletion.

When all the LTNP were considered, CD4- T-cell activa-
tion rates had an inverse correlation with CD4+ T-cell count
(r=-0.5; p<0.001) while, a significant negative correlation
was observed between CD4+ T-cell activation rates and
CD4% (r=-0.7; p<0.001) (Table 3). PVL stratification re-
vealed a significant negative correlation between CD4- T-
cell activation rates and CD4+ T-cell counts (r=-0.6;
2<0.001) in LTNP with PVL<2000 whereas, CD4 + CD38 +



308 Current HIV Research, 2018, Vol. 16, No. 4 Swathirajan et al.

Table 2A. Correlations between HIV-specific T-cell cytokine expressions from LTNP positive responders with their respective with
their respective disease progression markers such as CD4+ T-cell count, PVL and CD4%.

CD4+ T-cell Count PVL CD4%
LTNP
Spearman (r) p-value Spearman (r) p-value Spearman (r) p-value
gag-specific CD3+CD8-IFN-y+ -0.4 0.2 0.1 0.7 0.2 0.6
gag-specific CD3+CDS8-1L2+ 0.5 0.3 0.2 0.7 0.8 <0.001
env-specific CD3+CD8-1FN-y + -0.6 0.1 0.4 0.2 -0.4 0.2
env-specific CD3+CDS8-1L2+ 0.5 0.3 -0.1 0.9 0.8 <0.001
CD3+CD8-IFN-y+
-0.7 <0.001 0.3 0.3 -0.2 0.4
(collective gag + env)
CD3+CD8-IL2+
0.2 0.6 -0.2 0.6 0.4 0.3
(collective gag + env)
gag-specific CD3+CD8+IFN-y+ -0.1 0.8 0.1 0.8 -0.1 0.8
gag-specific CD3+CD8+IL2+ -0.3 0.7 0.6 0.4 0.2 0.8
env-specific CD3+CD8+IFN-y+ 0.1 0.9 0.4 0.2 0.3 0.4
env-specific CD3+CD8+IL2+ -0.5 0.7 0.5 0.7 0.5 0.7
CD3+CDS8+IFN-y+ (collective
-0.2 0.6 0 0.9 0.1 0.7
gag + env)
CD3+CDS8+IL2+
-0.4 0.6 0.9 0.1 0.2 0.7
(collective gag + env)
gag-specific CD3+CD8-MIP-1p+ 0 0.9 0.1 0.8 -0.3 0.5
gag-specific CD3+CD8-TNF-a+ 0 0.9 -0.2 0.6 0.1 0.8
env-specific CD3+CD8-MIP-1p+ -0.7 0.1 0.2 0.6 -0.4 0.4
env-specific CD3+CD8-TNF-a+ -1 ns 0.6 0.4 -1 ns
CD3+CD8-TNF-o+ (collective
-0.3 0.4 0.1 0.7 0 0.9
gag + env)
gag-specific CD3+CD8+MIP-1p+ 0.2 0.5 -0.2 0.7 0.2 0.6
gag-specific CD3+CD8+TNF-a+ -0.2 0.5 0.7 <0.001 -0.4 0.3
env-specific CD3+CD8+MIP-1p+ -0.5 0.1 -0.2 0.7 0.1 0.9
env-specific CD3+CD8+TNF-a+ -0.9 <0.001 0.3 0.5 -0.7 0.2
CD3+CD8+MIP-1p+ (collective
-0.3 0.3 0.5 0.1 -0.6 <0.001
gag + env)
CD3+CD8-TNF-o+ (collective
-0.3 0.4 0.5 0.1 -0.3 0.5
gag + env)

ns = no significance
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Table 2B. Correlations between HIV-specific T-cell cytokine expressions from positive responders of progressors with their respec-
tive with their respective disease progression markers such as CD4+ T-cell count, PVL and CD4%.

CD4+ T-cell Count PVL CD4%
Progressors
Spearman (r) p-value Spearman (r) p-value Spearman (r) p-value
gag-specific CD3+CD8-IFN-y+ 0.90 0.10 0.70 0.20 -0.40 0.60
gag-specific CD3+CD8-1L2+ -0.30 0.60 0.40 0.50 -0.20 0.70
env-specific CD3+CD8-1FN-y + 0.20 0.70 0.20 0.70 -0.70 0.20
env-specific CD3+CD8-IL2+ -0.60 0.30 -0.70 0.20 -0.40 0.50
CD3+CD8-IFN-y+
1.00 <0.001 0.40 0.30 -0.30 0.40
(collective gag + env)
CD3+CD8-IL2+
-0.70 0.10 -0.20 0.70 -0.50 0.30
(collective gag + env)
gag-specific CD3+CD8+IFN-y+ 0.10 0.90 -0.80 <0.001 0.70 0.10
gag-specific CD3+CD8+IL2+ -0.60 0.30 -0.50 0.40 -0.60 0.30
env-specific CD3+CD8+IFN-y+ -0.10 0.90 -0.60 0.20 0.70 0.10
env-specific CD3+CD8+IL2+ 1.00 <0.001 0.80 0.20 0.20 0.80
CD3+CDS8+IFN-y+ (collective
0.00 0.90 -0.60 0.10 0.60 0.20
gag + env)
CD3+CDS8+IL2+
-0.30 0.50 -0.60 0.10 0.00 1.00
(collective gag + env)
gag-specific CD3+CD8-MIP-1p+ 0.30 0.70 0.60 0.40 0.90 0.10
gag-specific CD3+CD8-TNF-a+ -0.50 0.30 -0.60 0.20 0.20 0.70
env-specific CD3+CD8-MIP-1p+ 0.40 0.40 0.80 <0.001 0.30 0.50
env-specific CD3+CD8-TNF-o+ 0.20 0.70 0.30 0.50 -0.20 0.60
CD3+CDS8-TNF-o+ (collective
-0.30 0.40 -0.30 0.30 -0.20 0.50
gag + env)
gag-specific CD3+CD8+MIP-1p+ 0.40 0.60 0.40 0.60 1.00 <0.001
gag-specific CD3+CD8+TNF-o+ 0.40 0.40 -0.20 0.70 -0.30 0.60
env-specific CD3+CD8+MIP-1p+ 1.00 <0.001 0.50 0.70 1.00 <0.001
env-specific CD3+CD8+TNF-a+ 0.60 0.10 -0.20 0.60 0.80 <0.001
CD3+CD8+MIP-1p+ (collective
0.00 1.00 0.30 0.60 0.10 0.90
gag + env)
CD3+CDS8-TNF-o+ (collective
0.40 0.30 -0.10 0.70 -0.10 0.80
gag + env)
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Fig. (4). 4A) Box plot showing a significant difference in activation rates between LTNP with PVL<2000 copies/mL and progressors. 4B)
Similar plot showing the difference in activation rates between LTNP with PVL <2000 copies/mL and LTNP with PVL >2000 copies/mL.

Table3. Detailed comparison of activated T-cell subsets in LTNP and progressors with their respective disease progression mark-

ers such as CD4+ T-cell count, PVL and CD4%.

CD4+ T-cell Count PVL CD4%
Cohort
Spearman (r) p value Spearman (r) p value Spearman (r) p value
LNTP
CD4+CD38+HLADR+ T-cells -0.3 0.1 0.7 <0.001 -0.7 <0.001
CD4-CD38+HLADR+ T-cells -0.5 <0.001 0.0 0.8 0 0.9
Progressors

CD4+CD38+HLADR+ T-cells 0.1 0.7 0.1 0.6 0.1 0.8
CD4-CD38+HLADR+ T-cells 0.1 0.7 0.1 0.7 0.4 0.2

HLADR + T-cells correlated inversely with CD4% (1=-0.8;
p<0.001) in LTNP with PVL >2000. No significant correla-
tions were found between activated T-cells of progressors
and their respective disease progression markers.

4. DISCUSSION

HIV-specific immune responses have been attributed to
the effective control of viremia [31, 37]. As part of these
adaptive response mechanisms, CD4+ T-cell responses,
CD8+ T-cell responses and neutralizing antibodies are the
main factors playing a central role in viral control [38, 39]. A
consistent association has always been found between con-
trol of infection and CD8+ T-cell responses. During primary
HIV infection, expansion of HIV-specific CD8+ T-cell re-
sponses corresponds with the decrease in viremia [40, 41].
Virus infected host cells are terminated by the presence of
classic CD8+ T-cell responses and gag-specific CD8+ T-cell
responses have been shown to correlate well with reduced
PVL [42, 43]. Studies on macaque models showed in vivo
depletion of CD8+ T-cells are unable to control acute SIV
infection [44] and elevated viral loads in SIV infected ma-
caques with chronic infection [45, 46].

Numerous studies have highlighted the importance of
immune tolerance in HIV disease non-progression in LTNP.

CD8+ T-cells act as potential medications in lowering PVL
levels and that it strongly correlates in facilitating immune
control in LTNP [47, 48]. Unlike progressors, LTNP has
been found to possess robust, polyclonal T-cell responses
and that are maintained for longer duration during HIV in-
fection, which directly correlates with their decreased viral
load [14, 16]. Broadly reactive CD8+ T-cell responses
against conserved sequences of env, gag and pol genes have
also been reported in LTNP [47, 49].

In this study, HIV-specific responses of CD8+ T-cell and
CDS- T-cell (probably CD4+ T-cells) responses against gag
and env were analyzed in LTNP and progressors. Interest-
ingly, there were no significant differences in the frequencies
of IL-2 and IFN-y in both CD8+ and CDS8- T-cells against
both gag and env peptides and many LTNP failed to mount a
significant response to HIV peptides. Though contrary to
many studies, this is in line with a finding revealing that the
role of gag-specific CD8+ T-cells expressing IL-2 and IFN-y
in durable control of is limited [50]. When only positive re-
sponders were considered, frequency of TNF-a expressing
CD8-T-cell against gag and env individually, was signifi-
cantly higher in LTNP. This shows a striking contrast with
other studies [9, 51], where TNF-a expression was shown to
be significantly superior in HIV infected patients with pro-
gressive infection. Here, increasing PVL in LTNP might
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have played a major role in higher TNF-a expression, since
LTNP with PVL >2000 also expressed significantly higher
frequencies of TNF-a in CDS8- T-cells against collective of
both peptides. Effect of gradual CD4 T-cell depletion by
means of TNF related apoptosis [52, 53] might result in in-
creased TNF-a expression in LTNP. Another possible expla-
nation is that 20% of LTNP involved in this study were HIV
infected for more than 10 years and it is certain that they
might be on the verge of losing their LTNP status as a result
of compromised tolerance. This can be concluded only by
longitudinal studies and quantitative analysis of TRAIL and
other apoptosis related markers in LTNP comparing with
other groups of HIV-infected individuals.

LTNP with PVL >2000 witnessed a spiked frequency of
env-specific and both gag-specific and env-specific CDS§-
IFN-y+ T-cells. IFN-y expression by LTNP despite PVL,
being elevated which is in line with other studies [1, 14, 54],
but here it is CD8-T-cells but not CD8+ T-cells. CD8- T-
cells are not classical cytotoxic T-cells, but still express IFN-
v. Helper T-cells exhibiting cytotoxicity have already been
characterized in persistent viral infections [55-57] and simi-
lar phenomenon has also been explained in PBMC from rare
HIV infected individuals and LTNP [39, 40]. Hence, this can
be hypothesized that CD8- T-cells might be stressed to per-
form cytolytic activities in order compensate the impaired
CD8+ T-cell cytotoxic responses in LTNP (4) which is not
even observed in progressors, possibly indicating the pres-
ence of completely impaired CD8+ as well as CD8- T-cells.

Contrary to other studies [1, 9], significant elevated fre-
quency of MIP-13 by CD8+ T-cells against env were seen
in progressors, while positive correlations between gag-
specific and env-specific CD8+T-cells expressing MIP-1
with CD4+ T-cell count and CD4% were observed. Protec-
tion against HIV disease progression by B-chemokines such
as MIP-1a, MIP-1P and RANTES differs with the relative
affinity of chemokines with B-chemokine receptors of T-
cells. Of the B-chemokines, MIP-1p has a very narrower
range of immunological activity in terms of binding only
with CKRS5 [58-60] and not with other C-C chemokine re-
ceptors. It should be noticed that MIP-1f levels were ele-
vated even in plasma of progressors which might have also
reflected at the cellular level. Studies have reported an in-
verse correlation between B-chemokines and PVL and di-
rect correlation with CD4+ T-cell counts regardless of the
stage of HIV infection [61-63]. It should be noted that these
studies do not exclude the effect of ART whereas in this
study the progressor cohort were ART naive. In line with
this study, a positive association between B-chemokines
and PVL along with activation was noted. It is suggested
that increased frequency of B-chemokine positive T cells in
HIV-1-infected female sex workers is likely to be a result
of chronic T cell activation in these patients, which, in turn,
may be driven by HIV-1 viremia [64]. However, evaluation
of other B-chemokines along with MIP-1f is highly re-
quired to establish the underlying mechanism behind HIV
disease non-progression in LTNP. Though there were no
significant differences in IL-2 expression between two
groups, direct correlations of HIV-specific CD8- T-cells
expressing 1L-2 with CD4% were observed in LTNP. This
indicates an increased T-cell proliferation in LTNP com-
pared to progressors.
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This study did not draw any significant correlations with
cytokine profile and disease non progression in LTNP. Dur-
ing acute infection, size or frequency of HIV-specific CD8+
T-cell responses and their negative correlation with PVL is
interpreted as the effectiveness of these responses. But in
persistent infection, efficacy and frequency of CD8+ T-cell
responses are not clearly evaluated. It is because of the factor
that proliferation of CD8+ T-cell responses occurs only in
response to antigens and frequency of these responses is both
a cause and an effect of the PVL. CD8+ T-cell responses that
are efficient, proliferates rapidly and terminates HIV infected
host cells which result in the reduction of antigenic stimulus
[2]. Decay in the frequency of HIV-specific CD8+ T-cell
responses after initiation of HAART, which suppresses PVL
independent of host immune responses were strongly evi-
denced [65-67]. These studies clearly indicate the frequency
of CD8&+ T-cell responses were dependent on antigen load.
Similarly, in this study lower HIV-specific CD8+ T-cell re-
sponses even in LTNP with PVL <2000 due to lack of anti-
genic stimulus cannot be ruled out. But this can be debated
on the reason why progressors who are HAART naive can-
not mount a significant response? This can possibly be ex-
plained by indicating that their basic immunological charac-
teristics such as CD4+ T-cell counts and CD8+ T-cell counts
present in lower levels which also might be of compromised
quality. Hence, lower CD4+ T-cell counts might not provide
adequate help for CD8+ T-cells to proliferate and mount a
significant response.

This study agrees with the fact that contradictory phe-
nomenon of CD8+ T-cell responses can only be concluded by
studying critical attributes of these cells that would determine
its efficiency such as CD8+ T-cell proliferation rate at a given
PVL and the rate of CD8+ T-cell mediated lysis of infected
cells at a given antigen load [2]. Controllers usually possess a
lower CD4+ T-cell activation rates than progressors [68-70],
while here the LTNP with PVL <2000 had significantly de-
creased CD4+ T-cell activation rates. Overall activation of
CD4+ T-cells was lower in LTNP compared to progressors in
this study, but when PVL categorization is applied, LTNP
with PVL >2000 had high activation rates. CD4- T-cell activa-
tion rates (probably CD8+ T-cells) were quite similar in both
LTNP and progressors. Categorization of LTNP with PVL
could not draw any significant relevance.

Though a low CD4+ T-cell activation levels were seen in
LTNP, it pulls a negative correlation with CD4%. Similarly
CD4- T-cells also possess a negative correlation with CD4+
T-cell count in progressors. These factors seem contrasting
when compared to other studies. Supporting these findings,
elite controllers and HIV infected ART suppressed patients
were reported to have similar activation rates of T-cells [71].
Even though CD4+ T-cell counts were maintained at normal
levels, reports suggest that low PVL levels were strongly
associated with a decline in CD4+ T-cell counts has been
reported in few virologic controllers [71-73]. This observa-
tion can be applied to the observations in this study to possi-
bly explain the negative correlations observed with activa-
tion rates and CD4+ T-cell frequencies in LTNP. Moreover,
this study involved participants with much higher PVL lev-
els, establishment of association between chronic inflamma-
tion and progressive immunodeficiency in LTNP, has to be
considered similar to other findings [71, 74].
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CD8+ T-cell activation rates might have an underlying
association with gradual CD4+ T-cell depletion and clinical
progression of HIV in untreated patients. Similarly, this
study also reports CD4- T-cell activation (probably CD8+ T-
cells) rates between LTNP and progressors which serve as a
marker for immune deterioration in LTNP due to their choric
nature of the infection and thus matching the CD4- T-cell
activation rates with progressors. It is also observed that T-
cell activation is directly associated with CD4+ T-cell de-
cline than the extent of PVL levels in HIV-2 infected cases
[75].

Microbial translocation as a result of high plasma LPS
levels was attributed for high T-cell activation and factors
alike influencing the negative correlation with CD4+ T-cell
counts and CD4% cannot be excluded in this study. Here, no
LPS levels were measured and in addition, the presence of
other co-infections might have also influenced T-cell activa-
tion. Hence, data on evidences of microbial translocation and
co-infections receives paramount importance even though
LTNP maintained high CD4+ T-cell counts and low viral
loads to decide the effects of activation in disease non-
progression in LTNP. The presence of such data in this study
could be advantageous to conclude the effect of microbial
translocation in T-cell activation in LTNP.

With respect to activation, it is evident from this study
that CD4+ T-cell counts and PVL levels may not serve as
an absolute measure of viral pathogenesis and disease
non-progression. Lack of major differences in T-cell acti-
vation profile between LTNP and progression and in
comparison with their respective disease progression
markers might be due to the longevity of HIV infection
and chronic stages of the disease in which the specimens
have been collected for this cross-sectional study. Besides
CD4+ T-cell counts and PVL, it is suggested that in
LTNP periodic screening of T-cell activation rates must
be entertained, especially during the chronic stages. This
helps in ascertaining the LTNP status and provides evi-
dences of disease progression well before CD4+ T-cell
depletion. This in turn might serve as an accurate predic-
tor of CD4+ T-cell depletion which could improvise
treatment strategies of HIV infected individuals.

Exploring the nature and degree of HIV-specific CD8+
and CD8- T-cell cytokine responses between LTNP and
progressors reveals no major differences which are con-
trasting to other major studies yet interesting. It is unclear
whether the results derived were because of selection of
complete epitopes rather than particular region. But LTNP
were shown to mount higher responses even to complete
epitopes. Evidences also suggest that HIV-specific re-
sponses succeed only in a small number of people and fails
in most. Taking these factors into consideration, studying
and analyzing viral and genetic factors might draw a con-
vincing conclusion for disease progression in LTNP espe-
cially in the region where this study is conducted. It can
also be hypothesized that ethnic and HIV-1 subtype varia-
tions, as evidenced from earlier studies could be the likely
factors influencing disease non-progression of LTNP. Acti-
vation rates can be used as an appropriate marker to moni-
tor disease progression in LTNP, since it increases when
the PVL levels are >2000 copies/mL.
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CONCLUSION

Exploring the nature and degree of HIV-specific CD8+
and CD8- T-cell cytokine responses between LTNP and pro-
gressors reveals no major differences which are contrasting
to other major studies yet interesting. It is unclear whether
the results derived were because of selection of complete
epitopes rather than particular region. But LTNP were shown
to mount higher responses even to complete epitopes.
Evidences also suggest that HIV-specific responses succeed
only in a small number of people and fails in most. Taking
these factors into consideration, studying and analyzing viral
and genetic factors might draw a convincing conclusion for
disease progression in LTNP especially in the region where
this study is conducted. It can also be hypothesized that eth-
nic and HIV-1 subtype variations, as evidenced from earlier
studies could be the likely factors influencing disease non-
progression of LTNP. Activation rates can be used as an
appropriate marker to monitor disease progression in LTNP,
since it increases when the PVL levels are >2000 copies/mL.

LIMITATIONS

Our study has a small sample size considering the practi-
cal difficulties in enrolling LTNP cohort. This is particularly
a problem in our study, once we further stratified the LTNP
group based on PVL. A longitudinal study with LTNP en-
rolled when they are in potential LTNP stage, might be ef-
fective in studying the immune correlates since this is a
cross-sectional and the length of infection of LTNP enrolled
here is almost 10 years. Polyfunctionality cannot be studied
since a 5-color flow cytometer was used and the resources
are limited. HIV-specific activation was not studied which is
also due to limited resources.
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