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Background: CD1d restricted invariant natural killer T (iNKT) cells are important in the
activation and regulation of immune responses. Limited information is available regard-
ing the functional role of INKT cells in the human immunodeficiency virus (HIV) disease
progression.

Methodology: a-GalCer stimulated iNKT cells were characterized for their function-
ality in terms of cytokine production (IFN-y, TNF-a, IL-2, IL-4, and IL-21) and CD107a
expression in HIV-1 infected [23 long-term non progressors (LTNPs), 28 progressors, 18
patients before and after suppressive anti-retroviral treatment (ART)] along with 25 HIV-1
negative subjects using multicolor flow cytometry.

Results: The functional profile of a-GalCer stimulated iINKT cells was similar in LTNPs
and healthy controls. The number of LTNPs showing functional response in terms of
secretion of cytokines (IFN-y/IL2/TNF-a) and CD107a expression was significantly higher
than seen in the progressors. The cytokine secretion by the stimulated iINKT cells was
predominantly Th1 type. The frequencies of INKT cells showing secretion of IFN-y or
IL2 or TNF-a or expression of CD107a were higher in LTNPs (o < 0.05 for all) and also
significantly associated with lower plasma viral load (o value ranged from 0.04 to 0.003)
and higher CD4 count (p value ranged from 0.02 to <0.0001). The functional profile
of the INKT cells before and after ART did not differ significantly indicating absence of
restoration of INKT cells functionality after suppressive ART. The IL-4 and IL-21 secreting
iINKT cells were rare in all study populations.

Conclusion: The presence of functional INKT cells secreting number of cytokines in non-
progressive HIV infection could be one of the multiple factors required to achieve HIV con-
trol and hence have relevance in understanding the immunity in HIV infection. The failure of
restoration of the INKT functionality after ART should be potential area of future research.

Keywords: invariant natural killer T cells, cytokines, CD1d, long-term non progressors, human immunodeficiency
virus
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INTRODUCTION

Understanding the innate and acquired immune mechanism in
human immunodeficiency virus (HIV) infection is important in
designing strategies for prevention of the HIV infection and also
for immune therapies in infected individuals. The invariant natu-
ral killer T (iNKT) cells are one of the important innate effector
cells which get readily activated either upon stimulation of their
TCR by CD1d presented glycolipid antigen, or by cytokines in a
TCR-independent manner (1, 2) and rapidly produce an array
of regulatory and pro-inflammatory cytokines (3, 4), that can
subsequently activate and regulate a variety of innate and adap-
tive immune cells, such as dendritic cells, natural killer cells, and
CD4+ and CD8+ T cells (5, 6). These cells have shown to play a
role in cancer (7-9), autoimmune diseases (10, 11), and various
infectious condition (12-14).

The role of iNKT cells in viral infection has been emphasized
by number of studies in mice and humans. The mice deficient in
iNKT cells show increased susceptibility or have impaired immune
response to several viruses (15). The herpes viruses shown to
manipulate CD1d expression to escape iNKT cell surveillance
to establish lifelong latency in humans (16). The chronic HIV
infection has shown selective depletion of iNKT cells (17-20).
The depletion of iNKT cells is reported to be because of either
direct infection by HIV as they expressed both CD4 and CCR5 or
due to Fas-mediated activation induced cell death (13).

The chronic immune activation is a hallmark of HIV infec-
tion. The iNKT cells are known to influence immune activation.
Ibarrondo et al. showed that the loss of CD4+ iNKT cells in
gut mucosa of HIV-infected individuals was associated with
systemic immune activation (21). The iNKT cells known to
work early in the disease course as a bridge between innate and
acquired immune responses. In HIV infection these cells showed
to recognize the HIV-infected DCs early in HIV infection which
are then actively targeted by Nef- and Vpu-dependent viral
immune evasion mechanism (22). Various studies have reported
variable degree of restoration of functionality of these cells after
successful anti-retroviral treatment (ART) (23-28). The level of
iNKT cell activation in HIV-infected individuals is associated
with disease progression and the frequencies and functionality
of iNKT cells are preserved in non-progressive HIV infection,
such as HIV-1 infected elite controllers and long-term non
progressors (LTNPs) (26, 29, 30). After the exposure to SIV,
the AIDS resistant mangabeys also showed higher frequency

of iNKT cells as compared to the SIV susceptible macaques
(31). Our previous study has shown preserved frequencies of
iNKT cells with proliferating capacity and lower expression of
exhaustive markers in HIV-1-infected LTNPs (26). Since the
iNKT cells carry out multiple functions through secretion of
number of cytokines, it is important to understand whether
this preserved iNKT cell population is also functionally sound.
In this study, we assessed the functional characteristics of the
iNKT cells in terms of multiple cytokine secretion after stimula-
tion with a-GalCer in individuals with non-progressive HIV
infection (LTNPs) and compared with the iNKT cell functional-
ity in progressive HIV infection and also in the individuals with
successful ART.

MATERIALS AND METHODS

Study Subjects

23 (9M/14F) LTNPs and 28 (12M/16F) progressors were enrolled
from the out-patient clinics of the National AIDS Research
Institute, Pune. 18 (10M/8F) of the 28 progressors were initiated
on ART. These 18 patients were followed up for 12 months post-
ART. The ART was initiated when CD4 count was dropped below
350 cells/mm’; as per the National criteria of the ART initiation at
the time of enrollment. Additionally 25 (13M/12F) HIV-1 seron-
egative healthy individuals (HCs) were enrolled in the study. The
definitions and clinical details of the study population have been
reported earlier (26) and the demographic details of the study
participants are given in Table 1.

20 ml whole blood sample was collected from each study
participants. The plasma and peripheral blood mononuclear cells
(PBMCs) were separated as previously described (32), and stored at
—80°C and —196°C, respectively until tested. The study was carried
out in accordance with the institutional ethics committee (NARI
Ethics Committee: Registration No: ECR/23/INST/MH/2013/
RR-16). The study (Protocol Number: NARI/EC Protocol No.:
2013-07) was approved by the NARI Ethics committee. All subjects
gave written informed consent with the Declaration of Helsinki.

CD4 Count and Viral Load Estimation

CD4 T cell counts were quantified by Flow cytometry (FACS
Calibur, Becton-Dickinson, CA, USA) using TruCount kit
(Becton-Dickinson, CA, USA) as described previously (26), and
plasma viral load (pVL) was measured as RNA copies/ml by

TABLE 1 | Demographic characteristics of study participants.

Study participants

HIV status median (IQR) HCs LTNPs Progressors Anti-retroviral treatment On ART (12 months)
(n = 25) (n =23) (n =28) (ART) Naive (n = 18) (n=18)

Age (years) 30 (25-38) 6 (33-40) 35 (32-38) 38 (33-41) 39 (34-42)

Viral load (log10) ND 4 (2.4-4.0) 5(3.0-6.2) 8 (4.4-5.2) <1.60

CD4+ T cells (cells/mm?) 937 (696-1,204) 684 (555-1,050) 241 (137-324) 192 (129-293) 372 (286-417)

% CD4 T cells 60 (40-80) 54 (32-78) 36 (10-56) 8 (8-35) 8 (18-39)

% INKT cells 0.25 (0.12-0.44) 0.16 (0.11-0.25) 0.07 (0.05-0.12) 0. 04 (0.03-0.05) 0. 08 (0.04-0.12)

HIV, human immunodeficiency virus, iINKT, invariant natural killer T: ND, not done; IQR, inter quartiles range; HCs, healthy controls; LTNF, long-term non progressors.
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Abbott m2000rt HIV-1 Real-time PCR according to the manu-
facturer’s instructions.

Functionality of iNKT Cells

The functional capacity of iNKT cells was assessed for intracel-
lular secretion of multiple cytokines, such as IFN-y, TNF-q,
IL-2, and/or IL-4, and CD107a expression after stimulation with
a-GalCer using multicolor flow cytometry. Briefly, the cryopre-
served PBMCs were revived and rested overnight in RPMI with
10% fetal bovine serum (FBS), at 37°C with 5% CO,. The next day,
the cells were stimulated with 100 ng/ml a-GalCer (Funakoshi
Tokyo, Japan) in the presence of anti-CD107a PerCpCy5.5 (BD
Biosciences) for 1 h at 37°C in 5% CO,, followed by incubation
with Brefeldin A (10 pg/ml; Sigma Aldrich, USA) and GolgiStop
(monensin) (1.5 pg/ml; BD Biosciences) for 5 h. Unstimulated
cells were also included to assess the background response. The
cells were resuspended in 1 ml PBS, washed, and stained with
violet amine reactive dye (Invitrogen, Carlsbad, CA, USA) for

30 min at room temperature for differentiation of dead and live
cells. The cells were washed and incubated with a cocktail of anti-
bodies; anti-Va24 PE and anti-Vp11 FITC (Beckman Coulter,
Marseilles, France), anti CD3 PETR (Invitrogen, Carlsbad, CA,
USA) for 30 min at room temperature in dark. After washing, the
cells were fixed and permeabilized with Perm2 (BD Biosciences,
San Jose, CA, USA) according to the manufacturer’s instruction
and incubated with a mixture of antibodies; anti-IFN-y PECy7,
anti-TNF-a PECy7, anti-IL-2 APC, anti-IL-4 PerCpCy5.5, and
anti-IL-21 APC (all from BD Biosciences, San Jose, CA, USA) for
30 min in the dark at room temperature. The cells were washed
and stored at 4°C in the dark until acquisition on FACSAria-I (BD
Biosciences, USA) and analyzed using FACSDiva software ver-
sion 6.1.3 (BD Biosciences, USA). The gating strategy is depicted
in Figure 1.

Since the frequency of iNKT cell was very low in PBMCs,
particularly in HIV-1-infected individuals, the study participants
having more than 0.04% of iNKT cells were included in the
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FIGURE 1 | Gating strategy used to assess the identification and functional characterization of invariant natural killer T (iNKT) cells. (A) Initially, cells were gated on
SSC and FSC followed by gate on live CD3+ T cells population (stained with violet amine reactive dye to identify live cells). The live CD3+ T cells further gated to
identify INKT cells as CD3+, Va24+, and VB11+. (B) iNKT cells were further gated to assess the secretion of cytokines, such as IFN-y, TNF-q, IL-2, IL-4, and/or
IL-21 and CD107a expression at unstimulated and stimulated INKT cells with a-GalCer (B1-12 respectively).
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functional analysis to ensure an accurate assessment of iNKT cell
cytokine production and also for measurement of proliferating
ability, expression of exhaustion and senescence markers as previ-
ously described (26).

To determine cytokine secreting iNKT cells, lymphocytes were
first gated on the basis of forward and side-scatter and second gate
was set on live lymphocytes using side scatter and violet amine reac-
tive viability dye. Minimum 100,000 events of live CD3+ T lym-
phocytes were analyzed. A third gate was set on Vo24+Vp11+
live lymphocyte and percentage of iNKT cells was calculated from
CD3+ live lymphocytes. These INKT cells were further drilled down
to gate on cytokines secreting iNKT cells. Single stained controls
were used to set compensation parameters and the unstimulated
cells were used to set the gate for cytokine secreting cells.

The background response in unstimulated iNKT cells from the
study participants was subtracted from the response shown by
stimulated cells and the response above the background level was
considered as a response to a-GalCer stimulation.

Expression of CD57 or PD1+ve iNKT Cells

The expression of immune exhaustion (PD-1) and senescence
(CD57) markers was assessed as described previously (26). Briefly,
after revival and resting overnight, PBMCs were resuspended
in 1 ml PBS and then stained with violet amine reactive dye
(Invitrogen, Carlsbad, CA, USA) for 30 min at room temperature
for differentiation of dead and live cells. The samples having more
than 90% viability were considered for further analysis. The cells
were washed again and incubated with a cocktail of antibodies
[anti-Va24 PE, anti-VP11 FITC (Beckman Coulter, Marseilles,
France), anti-CD57 APC (Biolegend, USA), anti-CD3 PETR
(Invitrogen, Carlsbad, CA, USA), anti-CD3 APC, and anti-PD1
PerCpCy5.5 (BD Biosciences)] for 30 min at room temperature.
After washing, the cells were fixed in 3% paraformaldehyde,
acquired on FACSAria-I (BD Biosciences, USA) and analyzed
using FACSAria-I (BD Biosciences, USA) and analyzed using
FACSDiva software version 6.1.3 (BD Biosciences, USA).

Assessment of Proliferation Ability

of iINKT Cells

The proliferation ability of a-GalCer stimulated iNKT cells was
assessed as described previously (26, 28). Briefly, after revival and
resting overnight, 1 X 10° PBMCs were incubated in triplicate
in RPMI 1640 with 10% FBS, 100 ng/ml a-GalCer (Funakoshi
Tokyo, Japan), and 50 IU/ml recombinant human IL-2 (Roche
Diagnostics, USA). The medium was replenished at day 3 and 7,
and the culture was analyzed for iNKT cells frequency at day 0
and 13 on flow cytometry as described previously (26, 28).

Statistical Analysis

GraphPad Prism version 5.01 software was used for statistical
analyses. Differences in variables between the study groups were
analyzed with Mann-Whitney U test and spearman test was used
for the correlation analysis. The mean of triplicate experiments
for proliferation assessment was considered for the analysis.
Changes in the parameter over the time (before and after ART)
were analyzed with paired ¢-test. p Value of <0.05 was considered
as significant.

RESULTS

Cytokine Secretion Profile of INKT Cells in
LTNPs Was Similar to That Seen in Healthy

Controls

The ability of a-GalCer stimulated iNKT cells from HIV unin-
fected and infected individuals to secrete IFN-y, IL-2, TNF-a,
IL-4, or IL-21 was assessed along with their ability to express
CD107a as a marker of cytotoxicity using flow cytometry. We
observed that the iNKT cells from 24 out of 25 (96%) HCs, 22
of 23 LTNPs (95.65%) and 20 of 28 progressors (71.46%), and 11
of 18 ART-treated (61.11%) individuals responded to a-GalCer
stimulation and secreted one or more cytokines.

Heatmaps of iNKT cells secreting cytokines (IFN-y, IL-2, TNF-q,
IL-4, or IL-21) or expressing CD107a among the responders from
all study groups (Figure 2A: each raw is a single participant)
demonstrated that LTNPs and HCs showed similar pattern of
a-GalCer stimulated cytokine secretion and CD107a expression.
The functional profile in HCs (39/144 observations) and LTNPs
(24/132 observations) showed higher magnitude of 3+ and 4+
grade (corresponding to 10-20% and 20-30% of iNKT cells
secreting particular cytokine or expressing CD107a, respectively)
whereas such a high magnitude was rarely observed in the pro-
gressor group (5/120 observations). The IL-4 and IL-21 secreting
iNKT cells were rare in all study populations (Figure 2A).

The CD107a expression and IFN-y secretion was found to the
most frequent and strong function of iNKT cells from LTNPs
and HCs as compared to the progressors. Among the positive
responses, the IFN-y is found to be secreted by the iNKT cells of all
HCs (100%), 18/22 LTNPs (81.8%), and 11/20 (55%) progressors.
Similarly, among the positive responses the CD107a expressing
iNKT cells were observed in 23/24 (95%) HCs, 20/22 LTNPs
(90.9%), and 18/20 (90%) progressors. When the magnitude of
the functionality (% of stimulated iNKT cells secreting cytokine/s
or expressing CD107a) was assessed, the frequencies of IFN-y
secreting or CD107a-expressing iNKT cells were significantly
higher in LTNPs as compared to the progressors (p < 0.05) but
lower than seen in HCs (p > 0.05) (Figure 2B).

The frequencies of both IFN-y secretion and CD107a expres-
sion were associated with lower pVL and higher CD4 count in
HIV-infected individuals (Figures 2C,F). Overall, the ability to
secrete the cytokines or express CD107a was associated with
higher CD4 count [IFN-y+ iNKT cells (r = 0.41; p = 0.0016),
CD107a+ iNKT cells (r = 0.55; p < 0.0001), TNF-a+ iNKT cells
(r=0.37; p =0.008), IL-4+ iNKT cells (r = 0.30; p = 0.04), IL-2+
iNKT cells (r = 0.40; p = 0.007), and IL-21+ iNKT cells (r = 0.38;
p =0.017)] (Figures 2C,D), and lower pVL [IEN-y+ iNKT cells
(r = —0.37; p = 0.03), for CD107a+ iNKT cells (r = —0.37;
p = 0.01), IL2+ iNKT cells (r = —0.39; p = 0.04), and for TNF-
a+ iNKT cells (r = —0.38; p = 0.03)] (Figures 2E,F), whereas
no significant association was observed with IL-44 iNKT cells
(r=—0.19; p = 0.38) or IL-214 iNKT cells (r = —0.24; p = 0.1).

The Functionality of iNKT Cells Was Not

Restored After Suppressive ART
The pattern of a-GalCer stimulated cytokine secretion and CD107a
expression was similar in the 18 study participants before and at

Frontiers in Immunology | www.frontiersin.org

May 2018 | Volume 9 | Article 1152


https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive

Singh et al.

iINKT Cells in HIV-1 Infection

A =] B
a ~ w 73 21 ”
3 Bkl S E3 IFN-y
& 2B c
° = E3 CD107a
o
s e 8 L2
. ;g 0 TNF-o
»
2 2, £0 IL-4
[ 4 =0 g
£ o I IL-21
=3 o C
© 24 2 ® =
> w 0 -
= ©» o [
S & -
T ° 3
-2
X5 %
8 £0 Z
- ZIN \
° Zhh X N
° I \ \
& ZIN \ \
11 1L
@ ! HCs LTNPs Prog
g c D
- 53 - ~ CD107a 5 28,
© - 26 * -~ IFNy e - ~+ CD107a
2 2, L2 T 204 e = IFNv
E e L - 59
'§_ 204 s AL b4 - IL-2
2 z S 1864 3
b3 = < -
= g 2 15 § >
13 % 104
E s 104 9
o 28
0 k3 § 54 B3 o
S #a k3
- © o v v &
e E O 300 600 900 1200 1500 1800 ® o2 3
g CD4 T cell count Viral Load (Log 10)
[ E F
30 =
°® . - TNF-a S 209
> ° *
= = 25 -~ L4 g .
L4
«© ° b - Z 18-
< 8 = 20- . i IL-21 — e . -~ TNF-a
2 - . = * . - IL-21
S = = 154 2 * .
3 3% ° & 101
o z 10 3 * e o 8 - : 0.
- g' e o B %4
E m Pl o i, . % P * .
o 54 Y e o o, -
£ 2 |t . ol IR :
o o—r = Sl % =’
0 300 600 900 1200 1500 1800 1 2 3 4 5 6 7
CD4 T cell count Viral Load (Loa 10)
FIGURE 2 | Assessment of the cytokines secretion profile of invariant natural killer T (iNKT) cells. (A) Heatmaps of iNKT cells secreting cytokines (IFN-y, IL-2,
TNF-a, IL-4, or IL-21) or expressing CD107a from all study groups [HCs, long-term non progressors (LTNPs), progressors, before, and post anti-retroviral
treatment at 12 months]. Only responders are represented in the heatmaps (each row is single participants). For each particular cytokine, the functional
response has been graded from 1+ to 4+ according to the magnitude (% of INKT cells secreting cytokines or expressing CD107a). (B) The bar diagram shows
the response (% of iINKT cells showing intracellular cytokine secretion/CD107a expression after stimulation with a-GalCer) on the Y-axis in different groups of
study participants (HCs, LTNPs, and progressors). (C) The scatter plot shows the correlation analysis for percent of IFN-y+, IL-2+, and CD107a+ iNKT cells
(Y-axis) with corresponding CD4 T cell counts on the X-axis and (D) plasma viral load (pVL) (RNA copies/ml) on the X-axis. (E) The scatter plot shows the
correlation analysis for percent of TNF-a+, IL-4+, and IL-21+ iINKT cells (Y-axis) with corresponding CD4 T cell counts on the X-axis and (F) pVL (RNA copies/
ml) on the X-axis.

12monthsafter ART (Figure2A). The iNKT cells secreting IFN-y/
IL-2/TNF-a and/or expressing CD107a were rarely observed
(only in 5/18 participants) and the magnitude was always of 1+
or 2+ grade which was not changed significantly after suppressive
ART. The grade 3+ and 4+ responses were observed only in case
of CD107a expression in three participants and the magnitude of
response was changed in case of IFN-y from grade 2+ to 3+ in
two participants (Figure 2A).

There was no significant increase in cytokine secreting and/
or CD107a expressing iNKT cells at 12 months post ART as
compared to the percentages before initiation (by Wilcoxon’s
signed-rank test) (p > 0.05 for all) (Figure 3). The mean fre-
quency of cytokine secreting or CD107a expressing iNKT cells
at 12 months post ART was still significantly lower than those
observed in LTNPs (p > 0.05 to all) (Figure 3). Only IFN-y+
iNKT cells were found to be significantly associated with higher
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CD4 counts (r = 0.71; p = 0.02) at 12 months post ART (data
not shown).

The Cytokine Secretion by iNKT Cells
Was Associated With Higher Proliferating

Ability of the iNKT Cells

Earlier we have shown that the iNKT cells from LTNPs have
higher proliferating capacity as compared to the iNKT cells from
progressors (26). Further, we wanted to assess whether this pro-
liferating ability is associated with the functionality of iNKT cells.
As expected, the proliferating ability was significantly associated
with the higher frequencies of cytokine secreting and degranu-
lating iNKT cells [IFN-y+ iNKT cells (r = 0.37; p < 0.0001),
CD107a+ iNKT cells (r = 0.58; p < 0.0001), TNF-a+ iNKT cells

(r=0.37; p = 0.028), IL-24 iNKT cells (r = 0.47; p = 0.01), and
IL-21 + iNKT cells (r = 0.55; p = 0.003)] (Figures 4A,B).

CD57+ and PD1 Expression Was

Associated With Poor Functionality

In our previous study in the same study population we observed
that the progressive HIV infection is associated with higher expres-
sion of CD57 and PD1 expressing iNKT cells (26). We observed
that the frequencies of both CD57 or PD1 expressing iNKT cells
were associated with lower frequencies of cytokine secreting and
degranulating iNKT cells [in case of CD57 expressing iNKT cells:
for IFN-y+ iNKT (r=—0.47; p = 0.001), for CD107a+ iNKT cells
(r=-0.55; p <0.0001), for IL-2+ iNKT cells (r= —0.38; p = 0.01),
for TNF-a+ iNKT cells (r = —0.41; p = 0.002) (Figures 4C,D),
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and in case of PD-1-expressing iNKT cells for IFN-y+ iNKT
(r = —0.49; p = 0.004), for CD107a+ iNKT cells (r = —0.50;
p <0.0001), for IL-2+ iNKT cells: r = —0.33; p = 0.02, for TNF-a
+ iNKT cells (r = —0.44; p = 0.001), and for IL-21 + iNKT cells
(r=—0.35; p = 0.03)] (Figures 4E,F).

DISCUSSION

The present study indicate that the multiple cytokine secret-
ing functional iNKT cells are associated with non-progressive
HIV infection and the pattern of cytokine secretion is similar
with that seen in the HIV negative healthy controls. We used
LTNPs as a model of non-progressive HIV infection to assess
the functionality of a-GalCer stimulated iNKT cells in HIV
infection. Since iNKT cells can regulate both adaptive and innate
immune responses through the rapid production of a vast array of
cytokines, we determined the functionality of iNKT cells in terms

of secretion of multiple cytokines and expression of CD107a as
a marker of cytotoxicity. The heatmap analysis showed similar
pattern of cytokine secretion by the iNKT cells from LTNPs
and healthy controls after a-GalCer stimulation. This finding
supports our previous observation of preserved frequencies of
iNKT cells in non-progressive HIV infection (26) and further
confirms that the iNKT cells retain the functionality in terms of
the multiple cytokine secretion and cytotoxicity in LTNPs. Our
observation of higher number of functional iNKT cells secreting
multiple cytokines in non-progressive HIV infection contributes
to the available information on HIV pathogenesis stating that the
functional innate effector response could also be important in
virus control in HIV infection. Further, the cytokine response
was predominantly Th1 type as the IFN-y and IL-2 secretion were
the most frequently observed functions of a-GalCer stimulated
iNKT cells with a weak IL-4 secretion. The mucosal iNKT cells
secreting IL-4 (Th2 type) were shown be associated with lower
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immune activation (29). The differences in the observation
might be due to the analysis of iNKT cells from different sites.
The Th1 iNKT cells have been shown to have better prognosis
in chronic lymphocytic leukemia (33). The observation in this
study highlighted the importance of Th1 profile of iNKT cells in
chronic infection-like HIV. The predominant secretion of Thl
cytokine could induce potent CD8 and NK cell response resulting
in killing of HIV-infected cells. We observed proliferating abil-
ity of iNKT cells was associated with higher cytokine secretion
whereas the CD57 and PD-1 expressing iNKT cell frequencies
were associated with reduced ability to secrete cytokines. Hence
although it was an expected phenomenon for iNKT cells, the
presence of lower expression of CD57 and PD-1 on iNKT cells
with more proliferating and cytokine inducing ability indicates
the sound and competent immune response in LTNPs which
might be responsible for efficient virus control and halting the
disease progression. It might also be possible that the functional
iNKT cells help in facilitating the antitumor activity in HIV infec-
tion. The PD-1 blockade using anti PD-1 antibodies along with
a-GalCer has shown improvement in iNKT cell functions lead-
ing to persistent anti-metastasis response in mouse model (34).
Similar strategy can be worth exploring in case of HIV infection.

The ART has shown to have a profound benefit in improving
the HIV control, quality of life and life expectancy. The early ART
initiation has shown better restoration of iNKT cells frequencies
(23, 27) and functionality (24). However, in our study the ART
has been initiated late in the course of infection (CD4 < 350), it
could be the reason for no improvement in the functionality of the
iNKT cells even after suppressive ART for 12 months (Figures 2A
and 3). Previously we have shown that the ART in the same study
population partially restored the quantity of iNKT cells (26). It
would be interesting to explore the functionality of iNKT cells
in the LTNPs who are initiated on ART in the test and treat era.
It is possible that the failure of restoration of iNKT functionality
after ART might lead to susceptibility of HIV-associated cancers
and other infections. Although the benefits of ART could not
undermine the strategies to improve the iNKT functionality with
ART would be worth exploring.
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