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Abstract
Invariant CD1d-restricted natural killer T (NKT) cells play important roles in regulating both
innate and adaptive immunity. They are targeted by HIV-1 infection and severely reduced in
number or even lost in many infected subjects. Here, we have investigated the characteristics of
NKT cells retained by some patients despite chronic HIV-1 infection. NKT cells preserved under
these circumstances displayed an impaired ability to proliferate and produce IFNγ in response to
CD1d-restricted lipid antigen as compared to cells from uninfected control subjects. HIV-1
infection was associated with an elevated expression of the inhibitory programmed death-1 (PD-1)
receptor (CD279) on the CD4- subset of NKT cells. However, blocking experiments indicated that
the functional defects in NKT cells were largely PD-1 independent. Furthermore, the elevated
PD-1 expression and the functional defects were not restored by antiretroviral treatment (ART),
and the NKT cell numbers in blood did not recover significantly in response to treatment. The
functional phenotype of NKT cells in these patients suggests an irreversible immune exhaustion
due to chronic activation in vivo. The data demonstrate a severe functional impairment in the
remaining NKT cell compartment in HIV-1 infected patients which limits the prospects to
mobilize these cells in immunotherapy approaches in patients.
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Introduction
Natural killer T (NKT) cells are unconventional T lymphocytes that operate on the border
between the innate and the adaptive immune systems, and have some characteristics of both
systems [1-3]. Their invariant TCR recognize lipid and glycolipid antigens in complex with
CD1d molecules expressed primarily on dendritic cells (DCs), monocytes and B
lymphocytes [4-6]. In line with their capacity to influence both innate and adaptive
immunity, they are believed to be important regulatory cells in diverse settings of
autoimmunity [7], cancer [8], allergy [9], and infectious diseases [10]. The observation that
NKT cells are efficiently targeted and lost in HIV-1 infection was therefore of significant
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interest [11-13], as their loss may play a role in the severe immune dysregulation and
chronic immune activation that is characteristic of this infection [14-18].

Human NKT cells have a constitutive memory T-cell like phenotype which includes
expression of HIV-1 co-receptors CCR5 and CXCR4 [11,13,19], and direct infection may be
a primary cause of their loss in infected subjects. However, there are several subsets of NKT
cells which differ in their expression of surface receptors. CD4 functions as a co-receptor in
NKT cells [20,21], and also defines a functionally distinct subset that usually represents
roughly half of cells [22-24]. Although the CD4+ subset is more susceptible to HIV-1
infection in vitro and probably also in vivo [11,13], loss of NKT cells in patients may not be
restricted to the CD4 expressing cells [11,12,25]. The recovery of NKT cells in patients
starting anti-retroviral treatment (ART) is probably slow at best [25], and in some cohorts
insignificant during the first year of treatment [26,27]. However, one study reported rapid
recovery of the CD4- NKT cell subset already three months after the onset of ART [28].
This issue thus warrants further study. The balance between CD4+ and CD4- subsets of
NKT cells and the alterations in this balance caused by HIV-1 infection may have
significant clinical importance given the distinct functional profiles exhibited by these two
subsets [1,22,23]. Notably, however, there is significant individual variation with regard to
the extent of NKT cell loss, with some patients retaining almost normal NKT cell counts
whereas other have counts below detection.

In this study, we investigated the phenotypic and functional characteristics of NKT cells
retained by some patients during chronic untreated HIV-1 infection, and the ability of ART
to restore these cells. The data show that the NKT cells present in these patients display poor
capacity to expand in response to stimulation with α-galactosyl ceramide (αGalCer), low
IFNγ production at the single cell level and elevated expression of the inhibitory receptor
programmed death 1 (PD-1) [29]. This functional phenotype is indicative of immune
exhaustion suggesting chronic ongoing activation of these cells in vivo. This state of
functional exhaustion was not restored by ART and the NKT cell numbers did not recover in
response to this treatment. Together the data indicate that patients who retain relatively
healthy numbers of NKT cells in chronic HIV-1 infection nevertheless have a severe
functional impairment in the NKT cell compartment.

Results
Some patients with chronic HIV-1 infection retain CD1d-restricted NKT cells in circulation
irrespective of treatment

CD1d-restricted invariant NKT cells have a constitutive memory T cell-like phenotype with
a high level of CCR5 expression making them good targets for HIV-1 infection
[11-13,24,30]. Nevertheless, some HIV-positive subjects retain almost healthy numbers of
these cells despite ongoing viral replication. The functional properties of these NKT cells
have not been studied in detail. As this may be of importance for the participation of NKT
cells in regulation and activation of immune responses in HIV+ subjects, we here studied
prospectively four groups of patients with chronic HIV-1 infection for a period of up to 40
months: 1) untreated patients with ongoing viral replication; 2) patients on ART with no
detectable virus; 3) patients on ART with unstable control of virus; and 4) patients starting
ART after the first blood sample was drawn (Table 1). Fresh PBMC from patients and
healthy control donors were stained for Vα24/Vβ11 NKT cells and analyzed by flow
cytometry (Fig. 1A). The Vα24/Vβ11 mAb combination consistently, in both infected
subjects and uninfected controls, identified cells binding the αGalCer-loaded CD1d DimerX
reagent. In a cross-sectional analysis at baseline 11 out of a total of 36 patients (31%) had
measurable numbers of NKT cells (Fig. 1B). There was no apparent difference between
subjects on ART where five out of 19 (26%) displayed measurable NKT cells, and untreated
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patients where six out of 16 (38%) had detectable NKT cells. Although numbers fluctuated
somewhat over time, NKT cell counts were generally stable in longitudinal analysis and no
patients who were initially negative gained detectable NKT cells over time. Notably, this
was also true for patients in group 4 who initiated ART. Whereas these patients showed a
significant recovery of their CD4 T cell counts (P = 0.022), no such effect of ART could be
seen for NKT cells (Fig. 1B, Group 4). Thus, a minority of patients in this study had
detectable NKT cell counts in chronic stages of HIV-1 infection. Patients without NKT cells
at baseline did not recover detectable counts over time irrespective of ART, and ART was
unable to support an increase in NKT cells in patients starting treatment.

NKT cells in HIV-infected subjects display poor proliferative capacity
With the data at hand showing that some patients in the cohort retain CD1d-restricted NKT
cells during chronic untreated or treated HIV-1 infection, we next studied the functionality
of these cells. The ability of NKT cells in peripheral blood samples from patients and
healthy control subjects to expand in response to ex vivo stimulation with αGalCer + IL-2
was assessed over 13 days in the presence of the anti-retroviral drug AZT. NKT cell
numbers in PBMC from healthy donors expanded more than 250-fold over the course of the
assay (Fig. 2A). Interestingly, NKT cells in samples from the chronically HIV-1 infected
subjects displayed a severely impaired ability to proliferate in this assay, and this was true
for both CD4+ and CD4- NKT cells (P < 0.001) (Fig. 2A). Moreover, this defect in
proliferation was not restored by ART (Fig. 2B). The trend observed in healthy donors that
CD4+ NKT cells had greater proliferative capacity than their CD4- counterparts was
maintained and exaggerated in the HIV-1 infected patients indicating that the proliferative
impairment was more severe in the CD4- NKT cells (Fig. 2C). CD4+ NKT cells expanded
as a percentage of the total NKT cell population in samples from both untreated and treated
patients (P < 0.013 and P < 0.001, respectively). Taken together, these data indicate that the
invariant NKT cells which remain in some patients with chronic HIV-1 infection are
severely defective in their proliferative capacity.

Impaired IFNγ production in NKT cells in HIV-infected subjects
Rapid production of large amounts of IFNγ upon activation is an important part of the
innate-like NKT cell response, which is critical to the ability of these cells to activate and
regulate other immune cells. Therefore, the capacity of NKT cells in blood from HIV-1
infected patients to produce IFNγ in response to αGalCer ex vivo was assessed at the single
cell level by intracellular cytokine flow cytometry (Fig. 3A). Percent IFNγ-positive NKT
cells was significantly reduced in infected subjects as compared to healthy donors (P =
0.007) (Fig. 3B). The IFNγ response in NKT cells was not significantly stronger in the
patients on ART, suggesting that the partial loss of IFNγ production could not be reversed
by treatment in this cohort (Fig. 3C). Thus, the CD1d-restricted NKT cells retained in
circulation in some chronically HIV-infected subjects display an impaired ability to produce
IFNγ.

Elevated PD-1 expression in NKT cells in HIV-infected subjects
PD-1 delivers negative signals that regulate the activation of conventional T cells [29]. The
expression and function of PD-1 in human CD1d-restricted NKT cells has not, however,
been investigated. We therefore assessed the expression of this receptor in NKT cells in
blood (Fig. 4A). Interestingly, HIV-infected patients had an elevated PD-1 expression on
NKT cells as compared to healthy control subjects (P = 0.021) (Fig. 4B). The expression of
this inhibitory receptor on NKT cells in the infected subjects was close to double that seen
on conventional T cells (P < 0.001) (Fig. 4C). Furthermore, the increase in PD-1 expression
was mostly confined to the CD4- NKT cell subset (Fig. 4D).
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Whereas the functional capacity of NKT cells was impaired, and PD-1 expression on these
cells was elevated in HIV-infected subjects, there was still considerable heterogeneity
among the patients with regard to these parameters. We therefore investigated if the PD-1
expression level might correlate with the proliferative capacity or IFNγ production in NKT
cells. In healthy control subjects there was no trend towards a correlation between PD-1
expression and proliferative capacity in NKT cells, irrespective of whether the entire
population was included or if the CD4+ or CD4- NKT cells were separately analyzed (data
not shown). Similarly, IFNγ production in response to αGalCer showed no relationship with
PD-1 surface expression in neither healthy subjects nor HIV-1 infected patients (data not
shown). In contrast, the proliferative ability of NKT cells in infected subjects tended to
decrease with higher PD-1 expression. This trend towards significance was most marked in
the CD4- subset of NKT cells (P = 0.097) (data not shown). However, when anti-PD-L1 and
anti-PD-L2 antibodies were used to block their interaction with PD-1 there was no
significant effect on either proliferative capacity (Fig. 4E), or IFNγ production in response to
αGalCer (Fig. 4F).

Taken together, these findings demonstrate that HIV-1 infection is associated with an
elevated PD-1 expression in CD4- NKT cells that persist in infected subjects. However, the
functional impairment of these cells appears to be largely PD-1 independent.

Discussion
It has been known for some time that CD1d-restricted NKT cells are highly susceptible to
HIV-1 infection and lost in many patients. However, less attention has been directed to
studies of the functional properties of NKT cells that persist in some patients despite chronic
untreated HIV-1 infection. This is likely to have clinical importance given the diverse roles
of NKT cells in the regulation and activation of both adaptive and innate immune responses.
Here, we have found that the NKT cells retained in some patients proliferate poorly in
response to stimulation with αGalCer, have an impaired IFNγ production and high
expression of PD-1. These data indicate that the impairment of the NKT cell compartment in
HIV-1 infection is multi-faceted, with direct infection and loss in many patients, and a
functional phenotype indicative of immune exhaustion in NKT cells that are retained in
chronically infected patients.

The functionally exhausted state of the NKT cell compartment observed here may have
clinical importance on several levels. Previous observations have indicated that the CD4+
subset is more sensitive to HIV-1 infection, suggesting that this infection leaves a biased
NKT cell compartment with the functions mediated by CD4- NKT cells less affected.
Because of the different functional profiles of CD4+ and CD4- NKT cells this could in turn
mean that the residual NKT cell compartment in patients would be biased towards a Th1
inflammatory and NK cell-activating profile. Our data presented here suggest that also these
functions may be suppressed in vivo, as the functional impairment of NKT cells was broad-
based and the elevated PD-1 expression was mostly confined to the CD4- subset. It is thus
likely that the effect of HIV-1 infection on the NKT cell compartment, at least in chronic
stages of infection, is a broad-based impairment rather than a functional biasing.

The functional characteristics of NKT cells in different diseases may be important not only
to understand the role of these cells in pathogenesis, but also in the context of therapeutic
approaches. The poor function of NKT cells in chronic HIV-1 infection suggests that
treatment or vaccine regimens including NKT cell activation may not be suitable in this
disease. Whereas ART alone is largely ineffective in restoring the numbers and function of
these cells, it remains possible that combination treatment with cytokines such as IL-2 may
be more effective. This idea is supported by the previous observation that ART+IL-2
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combination treatment can expand NKT cells in vivo in patients with primary HIV-1
infection [26]. In contrast, ART and interferon-α+ribavirin combination treatment in patient
with chronic hepatitis C virus and HIV-1 co-infection was unable to support reconstitution
of a depleted NKT cell compartment [31].

The high PD-1 expression was mostly confined to the CD4- subset of NKT cells. PD-1
negatively regulates immune responses, and the expression of this receptor is taken to
indicate activation-induced exhaustion in conventional MHC-restricted CD8 and CD4 T
cells in HIV-infected patients [32-35]. Together, these observations suggest that the CD4-
NKT cells are actively involved in attempts by the immune system to control viral
replication. This idea is also supported by the recent observation of an elevated expression
of activation markers by NKT cells in HIV infection [36]. The nature of such potential NKT
cell-mediated anti-viral responses is at present unclear, but the observation that HIV-1
actively down-regulates CD1d expression in antigen-presenting cells in an apparent mode of
immune escape supports this notion [37,38].

Several reports have convincingly shown that PD-1 is highly expressed in conventional
MHC-restricted T cells in HIV-1 infection [32-35]. Three reports found PD-1 expression to
be associated with exhaustion of HIV-specific CD8 T cell responses and with predictors of
disease progression [32,33,35], whereas this was less clear in a fourth cohort [34].
Furthermore, PD-1 expression was lower in patients with long-term non-progressive disease
[35]. However, the increase in PD-1 was not restricted to HIV-specific CD8 T cells as EBV-
specific cells in the same patients were also high in their expression of this receptor [32-34].
On a functional level, PD-1 was linked to an inability of CD8 T cells to proliferate, similar
to our observations here with NKT cells. Therapeutic blockade of PD-1 signaling is being
considered as a potential way to enhance immunity in chronic infections [39]. However, our
results suggest that the poor functionality of NKT cells in this disease is largely independent
of PD-1, indicating that such approaches may not benefit the NKT cell compartment.

We report here the functional impairment of residual NKT cells in chronic HIV-1 infection.
The elevated PD-1 expression and poor proliferative capacity of NKT cells in this disease
has to our knowledge not been reported before. A recent study reported suppressed IFNγ
production in NKT cell-enriched PBMC samples from patients with primary infection [27],
and this defect was, in contrast to our findings, restored by ART. Direct comparison with the
present study is hampered by the fact that whereas we assessed IFNγ directly on the single
cell level by intracellular staining, Vasan et al. used indirect measurement in supernatant of
an NKT cell-enriched PBMC sample. Another difference is that the present study
investigated chronic infection, whereas Vasan et al. studied primary infection. The basis for
the diverging results with regard to the ability of ART to restore IFNγ production is at
present unclear. However, one may speculate that NKT cells may in an early stage of the
disease recover their functional capacity more efficiently in response to ART-mediated
suppression of viral replication.

In this study we have measured NKT cell responses to αGalCer added directly to PBMC
cultures. A possible concern with this experimental approach is that it depends on the CD1d
expression of endogenous antigen presenting cells, and HIV-1 has been reported to down-
regulate CD1d [37,38]. However, we have measured CD1d expression on myeloid DCs in
PBMC from the patients included in this study and it does not deviate from that observed in
the healthy control subjects (data not shown). This result is not unexpected as productive
HIV-1 infection of antigen presenting cells (APCs) in blood is probably very rare. In a
second attempt to address this concern, we added αGalCer-loaded CD1d DimerX to PBMC
cultures as a direct APC-independent stimulus. This approach generated results very similar
to those seen with addition of αGalCer alone to the cultures, i.e. responses were suppressed
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in the HIV-1 infected patients (data not shown). Thus, the overall picture emerging from our
investigations is that the defective IFNγ production and proliferation by NKT cells in HIV+
subjects is most probably NKT cell intrinsic.

The longitudinal measurement of NKT cell numbers was performed with the combination of
mAbs against TCR Vα24 and Vβ11 as these mAbs together identify the vast majority of
CD1d-restricted NKT cells in humans. However, one should note that whereas the Vα24 α-
chain segment is consistently used in the invariant NKT cell TCR, the β-chain can
sometimes carry other Vβ segments than the Vβ11. It therefore remains possible that we
have slightly underestimated the numbers of NKT cells in both patients and healthy subjects.

In summary, the results of this study indicate a severe functional impairment in the CD1d-
restricted NKT cell compartment in HIV-infected patients who retain relatively healthy
numbers of these cells in blood. NKT cells in these patients are drastically suppressed in
their ability to proliferate and to produce IFNγ in response to glycolipid antigen.
Furthermore, NKT cells have an increased expression of the inhibitory receptor PD-1,
suggesting activation of these cells in vivo. These results help us understand the full impact
of HIV-1 on this arm of cellular immunity and indirectly suggest that these cells may be
actively involved in attempts by the immune system to control HIV-1.

Materials and methods
Patient samples and viral load measurements

Patients were followed and treated at the Infectious Diseases clinic at Karolinska University
Hospital in Huddinge, Stockholm, Sweden. Patient group characteristics are listed in Table
1. Some patients were on effective ART and some patients initiated ART during the study as
indicated in Table 1. For all patients, ART was a triple drug regimen including protease
inhibitor. The uninfected healthy control subjects were healthy volunteers donating blood at
the Stockholm Blood bank, and matched for age and sex with the average of the patient
groups. The study protocols were approved by the local institutional review board.
Heparinized whole blood samples were obtained after informed consent. Peripheral blood
mononuclear cells (PBMC) were isolated by Lymphoprep gradient centrifugation (Axis-
Shield, Oslo, Norway), and washed twice before analysis by flow cytometry. Plasma HIV-1
RNA was measured with the Amplicor HIV-1 Monitor with a lower limit of quantification
at 50 copies of RNA/ml (Roche Diagnostics, Branchburg, NJ, USA).

Flow cytometry and mAbs
The following mAbs were used: anti-CD3 PerCp, anti-CD4 APC and Pacific Blue, anti-
PD-1 (CD279) FITC, anti-IFNγ PE, recombinant dimeric human CD1d:Ig (DimerX) were
all from BD Biosciences (San Diego, CA, USA). Anti-Vβ11 FITC and anti-Vα24 PE and
APC were from Immunotech (Marseilles, France). For dead cell exclusion, the LIVE/
DEAD® Fixable Aqua Dead Cell Stain Kit (Invitrogen, Eugene, OR, USA) was used
according to the instructions of the manufacturer. PBMCs were stained in a 96-well v-
bottomed plate for 30 min at 4°C, and all washes were done in PBS with 5% FCS.
Multicolor flow cytometry data were acquired on CyAn ADP (Dako, Copenhagen,
Denmark) and FACSCalibur (BD Biosciences) instruments, and analyzed using FlowJo
software (Tree Star, OR, USA) [40].

Functional NKT cell assay
Cytokine expression in NKT cells was detected after ex vivo stimulation followed by
intracellular cytokine flow cytometry as previously described [41]. Briefly, after thawing
and resting over night, 1 × 106 PBMC were incubated in 500 μl RPMI 1640 medium
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supplemented with 10% fetal calf serum in the presence of αGalCer (200 ng/ml). After 2 h,
additional 500 μl medium containing brefeldin A (GolgiPLUG, 2 mg/ml, BD Biosciences)
were added, and final concentrations of αGalCer and brefeldin A were 100 ng/ml and 1 μg/
ml, respectively. In some experiments, mAbs against human PD-L1 (final concentration 5
μg/ml; eBiosciences) and PD-L2 (final concentration 5 μg/ml; eBiosciences) were added to
the cultures to block the interaction between PD-1 and its ligands. Purified mouse IgG1
(final concentration 10 μg/ml; BioLegend) was used as an isotype control. After a total
incubation time of 8 h, cells were stained for surface markers to identify NKT cells and
subsequently subjected to intracellular cytokine staining. After permeabilization with FACS
permeabilizing solution 2 (BD Biosciences) at room temperature for 10 min, cells were
incubated with mAb against intracellular IFNγ for 30 min at 4° and analyzed by flow
cytometry. Samples were run and analyzed in duplicates.

NKT cell expansion assay
The proliferative capacity of NKT cells was assessed after ex vivo stimulation. After
thawing and resting over night, 1 × 105 PBMC were incubated in triplicates in 96-well plates
in RPMI 1640 medium supplemented with 10% fetal calf serum, αGalCer (100 ng/ml) and
recombinant human IL-2 (10 ng/ml, PeproTech EC, UK). In some experiments, anti-PD-L1
and anti-PD-L2 (5 μg/ml each) or purified mouse IgG1 (10 μg/ml) were added to the
cultures to block interaction with PD-1. In order to prevent virus outgrowth, the anti-
retroviral drug 3′-azido-3′deoxythymidine (AZT, 10 μM, Sigma-Aldrich, St. Louis, MO,
USA) was added to all cultures. AZT was also added in equivalent amounts to all cultures
with PBMC from healthy donors. Medium was replenished at day 7 and cultures were
analyzed for NKT cell frequencies at day 0 and 13 using flow cytometry.

Statistical analysis
The flow cytometry data and clinical data obtained were analyzed by descriptive statistics,
linear regression, T-test, and the Mann-Whitney Rank Sum test, paired T-test and Wilcoxon
signed rank test, as appropriate using Sigma Stat software (SPSS, Chicago, IL).
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Figure 1.
Some HIV-1 infected patients have NKT cells that persist over time irrespective of ART.
(A) Identification of CD1d-restricted NKT cells in peripheral blood. CD1d DimerX-
αGalCer binding NKT cells were identified among CD3+ cells by co-expression of the T
cell receptor chains Vα24 and Vβ11 as determined by flow cytometry. (B) Longitudinal
measurement of NKT cells counts (cells/μl), CD4+ T cell counts (cells/μl) and viral load
(copies/ml, horizontal line indicates the limit of detection) in (Group 1, n=9) untreated
patients with ongoing viral replication; (Group 2, n=9) patients on ART with no detectable
virus; (Group 3, n=10) patients on ART with unstable control of virus; and (Group 4, n=7)
patients starting ART after the first blood sample was drawn. Patients with NKT cell counts
above the limit of detection are indicated in red. The vertical line in panel (Group 4)
indicates the start of treatment. *** indicates P < 0.001, and n.s. indicates non-significant as
determined by the paired T-test.
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Figure 2.
Poor proliferative capacity in NKT cells from HIV-1 infected subjects. The proliferative
capacity of NKT cells was assessed by culturing PBMC in triplicates in the presence of
antigen (αGalCer, 100 ng/ml), IL-2 (10 ng/ml) and the anti-retroviral drug AZT (10 μM).
NKT cell frequencies were determined by FACS analysis at day 0 and 13, and the average
fold expansion was calculated for each donor. (A-B) Comparison of the proliferative
capacity of NKT cells and CD4- and CD4+ NKT cell subsets from healthy donors (HIV-,
n=13) and HIV-1 infected subjects (HIV+, n=21), as well as untreated (n=9) and treated
patients (n=17), respectively. NKT cell numbers were assessed before (d0) and after culture
for 13 days (d13), and the fold expansion of NKT cells was calculated. (C) Proportion of
CD4+ NKT cells before (d0) and after culture for 13 days (d13). Data are shown as mean ±
SD. * indicates P < 0.05, *** indicates P < 0.001, and n.s. indicates non-significant as
determined by the Mann-Whitney Rank Sum Test (A) and paired T-test (C).
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Figure 3.
Impaired IFNγ production in residual NKT cells in HIV-1 infected patients. The production
of IFNγ in NKT cells was measured at the single cell level by intracellular staining and
FACS analysis after stimulation with αGalCer. (A) Representative contour plots showing the
expression of IFNγ in NKT cells from a healthy donor (HIV-) and a HIV-1 infected patient
(HIV+). (B-C) graphs showing mean percentages of IFNγ-positive NKT cells ± SD from
HIV- (n=12) and HIV+ (n=11) subjects, and untreated (n=5) and treated patients (n=9),
respectively. Data shown are mean ± SD. ** indicates P < 0.01, and n.s. indicates non-
significant as determined by the T-test.
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Figure 4.
Elevated PD-1 expression in CD4- NKT cells in HIV-1 infected subjects. (A) PD-1
expression was determined in NKT cells and T cells from HIV- and HIV+ subjects by flow
cytometry. Representative contour plots including an isotype control are shown. (B)
Percentage of PD-1 expressing NKT cells in healthy controls (HIV-, n=12) and HIV-1
infected patients (HIV+, n=11). (C) PD-1+ NKT cells and T cells in HIV+ subjects. (D)
Graphs comparing the percentage of PD-1 positive cells in HIV- and HIV+ subjects in CD4-
and CD4+ NKT cell subpopulations. (E) Graphs comparing the proliferative capacity of
NKT cells and CD4- and CD4+ NKT cell subsets from HIV-1 infected subjects (n=11) in
the presence of anti-PD-L1 plus anti-PD-L2 antibodies or isotype control. (F) Expression of
IFNγ in NKT cells from HIV-1 infected patients (n=6) in the presence and absence of anti-
PD-L1 plus anti-PD-L2 antibodies. Data are shown as mean ± SD. * indicates P < 0.05, **
indicates P < 0.01, *** indicates P < 0.001, and n.s. indicates non-significant as determined
by T-test, or alternatively the Mann-Whitney Rank Sum Test in case data failed the
normality test.
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Table 1

Patient group characteristics at baseline

Characteristic Group 1 n=9 Group 2 n=9 Group 3 n=10 Group 4 n=7

Initial CD4 T cell count, median cells/μL (range) 535 (691-1082) 572 (349-1085) 364 (35-1261) 224 (3-343)

Initial HIV-1 RNA, median log10 copies/mL (range) 4 (2.5-4.7) <1.7 2.2 (<1.7-5.1) 4.8 (4.2-6.2)

Gender, male (%) 44 78 80 71

Age, median years (range) 42 (26-63) 40 (31-52) 41 (30-55) 36 (19-47)

Ethnicity, caucasian (%) 67 67 70 71

Transmission, sexual (%) 56 89 80 86

Month since positive test, median (range) 54 (7-218) 97 (20-157) 175 (33-225) 98 (35-241)

Months on ART, median (range) N/A 69 (7-83) 83 (14-101) N/A

CD4 T cell count before initiation of ART, median cells/μL (range) N/A 202 (50-440) 240 (20-370) 244 (3-343)
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