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ABSTRACT

Context: Human Natural Killer T cells are T lymphocytes that express an invariant @f T cells receptors and NK cells
receptors. They regulate innate and adaptive immune response but are susceptible to HIV-1 infection. Objective: We
compare the frequency and the activity of NKT cells in HIV-1 and HIV-2 infected individuals with CD4" counts greater
than 500/mm’ using flow cytometry after overnight stimulation with phytohemagglutinin (PHA). Results: The fre-
quency of NKT cells was similar between both groups and also to sero-negative control subjects. There were also no
significant differences in the proportions of total NKT cells and the CD4" NKT subset that secreted interferon gamma
(IFN-y) after polyclonal stimulation. However, there was a significantly higher frequency of IFN-y CD4" NKT cells in
HIV-1-infected compared with HIV-2 infected subjects (p = 0.043). Conclusion: These data suggest there is no rela-
tionship between the functional activity of NKT cell subsets and the total NKT cell population in HIV infection. The
expansion of IFN-y CD4" NKT cells in HIV-1 infection may serve as target for viral infection and may eventually re-
sult in their depletion during chronic infection.
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1. Introduction lymphocytes through secretion of Thl/2 cytokines [§],
such as IFN-y, TNF-¢, IL-4, IL-10 and IL-13 upon acti-
vation [9]. These cytokines play a critical role in regulat-
ing the immune response: secretion of IL-4 in particular
inhibits Thl responses by inducing a Th2 response [10]
and the production of IFN-y enhances Thl responses
resulting in an effective adaptive immune response [11].
Natural Killer T cells respond to infection in the presence
of IL-2 and are stimulated to secrete IFN-y which en-
hances the effective adaptive immune response, making
them key players in viral control [12].

Natural Killer T cells represent a small but important
subset of the T-lymphocyte lineage [1] with immu-
noregulatory functions characteristic of both Natural
Killer (NK) cells as well as T lymphocytes. They com-
prises less than 1% of the total lymphocyte population [2]
and a significant proportion express conserved invariant
af T cell receptor chains that distinguished them from T
lymphocytes: this subset of NKT cells have been named
type 1 NKT cells [3]. In humans, the receptors consist of
V24 chains that are preferentially paired with Sl11 g
chains [4] and are able t(I)) recognise anogenous andl[zx- Rgcently, it has been s.hown that NKT cells are sus-
ogenous antigens presented by CD1d molecules [5]. ceptible to HIV'-l 1nf§ct10n [7,13,14] and are.s1gn1ﬁ-
About 30% of NKT cells express the CD4 marker but .can.tl)'f reduceq mn .perlpheral blOO.d Of HIV-1 1nfecte(3
they rarely express CD8 [6]. They also express the ef- individuals with high levels of viremia [.15,16].. CD4
fector/memory phenotypes, CD45RO, suggesting that NKT cells appear to be+ more susceptible to infection than
they are chronically activated by auto-antigens [7]. the conventional CD4" T cells [13]. Thus, they are rap-

NKT cells respond early in infection, as well as en- idly depleted during disease progression when the viral

hancing adaptive immunity by activating cytotoxic T load is high, whereas CD4 NKT cells are much less af-
fected by HIV-1 infection.

"Corresponding author. NKT cells have not been studied in HIV-2 infection,
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where the majority of subjects progress slowly to disease
and maintain low viral load for a decade or more [17].
We postulated NKT cells might be better preserved in
HIV-2 infection and play a role in controlling viral repli-
cation low. Thus we compared the frequency of NKT
cells and their ability to secrete IFN-y in both HIV-1 and
HIV-2 infected subjects with high CD4" T cell count.

2. Methods

The Study subjects: Twenty-five HIV-1 and 25 HIV-2
subjects were recruited from a cohort of HIV infected
subjects who were attending Genito-urinary medicine
(GUM) clinic at the MRC Laboratories in Fajara, the
Gambia [18].

Blood samples: Fifteen millilitres of blood were col-
lected from HIV infected subjects with a CD4-T cell
count of >500 cells/ul and also from 30 HIV-negative
subjects who donated blood at the Royal Victoria Teach-
ing Hospital Blood Bank, Banjul, The Gambia. Periph-
eral blood mononuclear cells (PBMCs) were separated
from blood by high density Ficoll separation technique.
The plasma viral load from the subjects were measured
by reverse transcription-PCR using specific long terminal
repeat primers, as described elsewhere [19], with the
lower cut-off value as 100 copies/ml.

Flow cytometry: Surface and intracellular cytokine
staining were carried out using 1 million PBMCs from
patients after overnight stimulation with PHA (3 mg/ml).
The cells were stained for Va24, VA11 (Beckman Coul-
ters, UK), CD4" markers and IFN-y after fixation and
permeabilisation. About 300,000 event were acquired
with four-coloured flow cytometry and the following
cell-population: total NKT cells, IFN-’CD4, IFN-
»'CD4" and IFN-y CD4" NKT cells were gated and ana-
lysed.

Data analysis: Statistical Analysis was performed on
differences between the groups using Mann Whitney U
test according to distribution of the data and presented as
medians with interquartile ranges. Viral load data were
log transformed and analysed by Student T tests with
data presented as mean with standard error. The rela-
tionships between % total NKT cells and the subsets, %
IFN-/NKT, IFN-)CD4" NKT and FN-y CD4" NKT cells,
were determined by Spearman’s rank order correlation.

3. Results

The demographic characteristic and lymphocyte subsets
of HIV-1, HIV-2-infected subjects and seronegative con-
trols are shown in Table 1. All the infected subjects had
CD4" T cell counts above 500 cells/ul were not showing
any clinical sign.

We determined the frequency of NKT cells after
stimulating fresh PBMCs with 3 pg/ml of PHA and
stained with anti-Va24 and anti-Vf11 antibodies (Figure
1). In order to determine the activity of NKT cells in
HIV-1, HIV-2 infected subjects and HIV uninfected con-
trols, we measured the frequency of IFN-y" NKT cells by
intracellular cytokine staining. The percentage NKT cells
in both HIV-1 and HIV-2 were similar: 0.08 (0.03 -
0.42)% versus 0.09 (0.04 - 0.34)%, p = 0.915 (Figure
2(a)). Similarly, the percentage of NKT cells between
HIV-1 subject and HIV uninfected control were 0.08
(0.03 - 0.42)% and 0.09 (0.04 - 19)%, p = 0.939.

Figure 2(b), shows the frequency of NKT cells that
secrete IFN-y after stimulating with PHA. The median
percentage of NKT cells secreting IFN-y from HIV-1 and
HIV-2 infected subjects was similar: 1210 (0.10 - 8.63)%
versus 2.63 (0.10 - 10.35)%, p = 0.591 respectively.
These were similar to the HIV uninfected control: HIV-1
0.10 (0.10 - 8.63)% versus HIV uninfected controls 0.10
(0.10 - 20.70)%, p = 0.836 and HIV-2, 2.68 (0.10 - 10.35)
% versus HIV uninfected control 0.10 (0.10 - 20.70)% p
=0.499.

We also wanted to find out whether all the IFN-y pro-
ducing NKT cells are CD4". We noted that some of the
CD4" NKT cells did not produce IFN-y. However, the
frequency of CD4" NKT cells secreting IFN-y was also
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Figure 1. The dot-plot of NKT cells as identified by staining
for invariant Va24 and Vf11 chains.

Table 1. Characteristic of HIV infected patients and uninfected controls.

male female age (yrs) mean + SE CD4% mean + SE CD8% mean + SE
HIV-1 18 31.8+£2.37 30.00 + 1.79 42.52 £2.27"
HIV-2 17 30.60 £ 2.26 3417+ 1.54 37.21+1.81
HIV-ve 30.73 £1.27 36.33+1.15 26.04 +1.70"

"CD8 T cells was significantly higher in HIV-1 than HIV uninfected control.
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Figure 2. The frequency of circulating total NKT cells (a), IFN-y' CD4™ (b), IFN-#'CD4" (c) and IFN-y CD4" NKT (d) cells
defined by Va24Vp11 expression in HIV-1, HIV-2 infected subjects and HIV uninfected controls. Significant p values are

shown.

similar though lower in HIV-1 than HIV-2 infected sub-
jects: HIV-1 0.10 (0.10 - 7.18)% versus HIV-2 0.10 (0.10
- 8.68)% p = 0.852 (Figure 2(c)). They were also similar
to HIV uninfected controls: HIV-1 0.10 (0.10 - 7.18)%
versus HIV uninfected controls 1.02 (0.10 - 11.33)%, p =
0.627; HIV-2 infected subjects versus HIV uninfected
controls, p = 0.533.

On the other hand, the frequency of CD4" NKT cells,
which did not secrete IFN-y were significantly higher in
HIV-1 infected subjects 1.12 (0.10 - 7.40)% as compare
to HIV-2 infected subjects, 0.10 (0.10 - 0.95)%, p = 0.043
and HIV uninfected controls 0.10 (0.10 - 0.96)%, p =
0.022 (Figure 2(d)). There was also similar percentage
IFN-y CD4" NKT cells in HIV-2 infected subjects and
HIV uninfected control, p = 0.740.

We also evaluated the relationship between percent
total NKT cells and their subsets in both HIV-1 and
HIV-2 infected subjects to determine any association
between them. There was no correlation between total
NKT cells and IFN-yproducing NKT cells in both HIV-1
infected subjects, r = 0.096, p = 0.646 and HIV-2 in-
fected subjects, r = 0.059, p = 0.783 (Table 2). For total
NKT cells and IFN-y CD4" NKT subsets, there was no
relationship in HIV-1 infected individuals (r = —0.239, p
= 0.250) or HIV-2 infected subjects (r = —0.227, p =
0.274). There was also no correlation between total NKT
cells and IFN-y CD4" NKT subsets in HIV-1, r = 0.030,
p = 0.886 and in HIV-2 infected subjects r = 0.079, p =

Copyright © 2012 SciRes.

0.705.

The mean log plasma virus load was significantly
higher in HIV-1 (4.2 £ 0.20) than HIV-2 (3.3 £ 0.20)
subjects, p = 0.003 (Figure 3).

4. Discussion

The results of the study showed that the frequencies of
circulating NKT cells as well as the proportion of NKT
cells secreting IFN-y are similar between HIV-1 and
HIV-2 infected subjects when the CD4" count is in the
normal range. However, a significantly greater propor-
tion of the CD4" NKT cell subset failed to secrete IFN-y
in the HIV-1-infected group, compared to both HIV-2

p=0.003
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Figure 3. The quantification of plasma viral load in HIV-1
and HIV-2 infected subjects. The mean plasma viral load is
represented in horizontal line and significant p value are
shown.

wJA



106 Greater Expansion of IFN-y CD4" NKT Cells in HIV-1 Compared with HIV-2-Infected Subjects with
Preserved CD4" T Cell Counts

Table 2. The spearman’s rank correlation coefficient between the percent total NKT cells and % IFN-y" NKT, %IFN-y'CD4"

and %IFN-y CD4" subsets.

% IFN-7" NKT subsets

%IFN-y CD4" NKT subsets %IFN-y CD4" NKT subsets

% Total r,=0.096

HIV-1
NKT cells p =0.646
% Total r,=0.059

HIV-2
NKT cells p=0.783

r;=-0.239 r;=0.030
p=0.250 p=10.886
r,=—0.227 r,=0.079
p=0.274 p=0.705

infected subjects and the controls (Figure 2(d)), suggest-
ing that the functional phenotype of NKT cells differs
between HIV-1 and HIV-2 infection.

Early HIV-1 infection is associated with intense im-
mune activation [20], which results in increased T lym-
phocyte proliferation at the acute stage of infection [21].
Although we were unable to determine whether the in-
fected subjects were in primary or clinically asympto-
matic stage of HIV infection, NKT cells might contribute
greatly to the enhanced immune action. The dynamics of
NKT cell population in acute HIV infection have not yet
been determined, but it might be expected that this popu-
lation would expand to support the adaptive immune
response [12]. The secretion of IFN-y by NKT cells play
a major role in bridging the gap between innate and
adaptive immune response [22,23], and therefore impor-
tant in controlling viral infection [23]. However, we
found no increase in the overall numbers of circulating
NKT cells in either HIV-1 or HIV-2-infected subjects in
the asymptomatic phase of infection.

We also wanted to determine whether all HIV infec-
tion had an impact on the proportion of IFN-y producing
NKT cells that also express CD4. The CD4 molecule is
the main receptor for both HIV-1 and HIV-2 to enter the
cells [24], and it has been proposed that expression of
CD4 on NKT cells may lead to their preferential suscep-
tibility to infection [13,24]. It was shown by Motsinger et
al., that CD4" NKT cells are active in the immune re-
sponse to HIV-1 infection but also serve as target cells
for viral infection [7]. These cells differentiate as infec-
tion progresses which increases the pool of HIV-suscep-
tible cells [11]. About 40% - 50% of subjects in both
HIV-1 and HIV-2 infected groups showed NKT cells that
secrete IFN-y and express CD4" marker: there were no
significant differences in the size of this population be-
tween HIV-1 and HIV-2 infection, or between HIV in-
fected and uninfected controls.

Our principal finding was that HIV-1-infected subjects
had populations of CD4" NKT cells that could be ex-
panded following PHA stimulation but did not produce
IFN-y, which were not seen in HIV-2 infected subjects
matched for CD4" count. It is plausible that increased T

Copyright © 2012 SciRes.

cell proliferation in HIV-1 infection due to immune acti-
vation may result in expansion of these populations of
IFN-7 CD4" NKT cells. The plasma viral load were also
significantly higher in HIV-1 compared with HIV-2 in-
fected subjects (Figure 3) which could be driven by im-
mune activation [25,26], that could in turn be associated
with expansion of these cell subsets. Immune activation
results in stimulation and expansion of NKT cells in vivo
and subsequent rapid loss by apoptosis [27]. However, in
vitro studies suggest that major NKT cells appear resis-
tant to apoptosis and are capable of expanding signifi-
cantly without exhibiting any antiviral effect [11]. In
contrast, there was no expansion of CD4" IFN-y NKT
cells in HIV-2 infected subjects compared to HIV unin-
fected controls suggesting that this population is not per-
turbed in HIV-2 infection. Further studies are needed to
show whether or not HIV-2 infects CD4" NKT cells and
whether the preservation of a normal NKT cell subsets
distribution is associated with preserved function in
HIV-2 infection.

NKT cells express higher levels of both CCRS and
CD#4 receptors than do conventional T cells [1] and this
is thought to lead to preferential infection and decreasing
level of NKT cells through the course of HIV-1 infection
with disease progression [7,13,14]. A decrease in circu-
lating NKT cell numbers has also been noted in several
other conditions such as autoimmune diseases [28], bac-
terial infection [29] as well as other viral diseases [30].
However, HAART and IL-2 treatments of HIV-1 in-
fected subjects led to an expansion in NKT cells [15,31]
which could be helpful in enhancing conventional T cells
[32]. This study also showed that NKT cells could be
expanded in vitro in some subjects with PHA stimulation,
but the resulting population was largely CD4" and failed
to secrete IFN-y, making these cells a prime target for
HIV-1 infection [1]. It will be important if the expansion
of NKT cells could be sustained and restore their func-
tion after treatment in HIV infection [15,33]. In HIV-2
infection, the stable population of IFN-y secreting NKT
cells and the relatively low frequency (compared to
HIV-1) of non IFN-ysecreting CD4" NKT cells in HIV-2
subsets may reduce the likelihood of this population be-
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ing a target for preferential virus infection. However,
further studies needed to assess the actual role of NKT
cells in HIV-2 infection. Interestingly, the parent virus of
HIV-2, SIV from sooty mangabeys (SIVsm) does not
lead to the depletion of NKT cells in infected monkeys,
but this may be due to the virtual absence of CD4-ex-
pressing NKT cells in sooty mangabeys [34].

5. Conclusion

Although we were not able to determine CCRS5 expres-
sion on NKT cells from our study subjects, our studies
have demonstrated a higher proportion of CD4" NKT
cells with impaired IFN-y production in HIV-1 compared
to HIV-2 infected subjects. These may serve as target
cells for virus infection and replication leading to their
subsequent depletion during chronic infection.
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