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Purpose. To explore the association between differential Tim-3 and PD-1 expression patterns and HIV disease progression, and
to investigate the impact of common y-chain cytokines on Tim-3 and PD-1 expression patterns on T cells. Methods. Tim-3/PD-1
expression on the T cells of patients with early and chronic HIV infections was detected. The expression levels and functional profiles
of T cells with differential Tim-3 and PD-1 expression patterns induced by y-chain cytokines were studied. Results. The elevation
of differential Tim-3 and PD-1 expression patterns on T cells appeared early in HIV infection. Co-expression of Tim-3 and PD-1
(Tim-3+PD-1+) correlates with more severe exhaustion of T cells during HIV infection. In vitro stimulation of common y-chain
cytokines can induce differential expression patterns of Tim-3 and PD-1on T cells. The enhancement of Tim-3 and PD-1 expression
by common y-chain IL-2 can inhibit the function of T cells re-stimulated by HIV gag and TCR, not by the re-stimulation of IL-2.
Conclusions. The elevation of differential Tim-3 and PD-1 expression patterns on T cells represents a state of T cell exhaustion and
can be induced by common y-chain cytokines. These findings provide insights into HIV pathogenesis and help inform immune

intervention strategies.

1. Introduction

Functional senescence of virus-specific T cells and the pro-
gressive loss of CD4+ T cells are features of HIV infection [1].
HIV triggers the overexpression of coinhibitory molecules on
T cells, which contributes to a dysfunctional T-cell response
with an “exhausted” phenotype [2]. PD-1 (programmed
death-1) and Tim-3 (T-cell immunoglobulin mucin-3) are
two major negative regulatory molecules associated with
suboptimal T-cell responses in HIV infection, both in vitro
and in vivo [3]. Although both molecules are involved in the
regulation of T-cell exhaustion during chronic viral infection,
Tim-3 and PD-1 belong to the Ig superfamily and the CD28/
B7 family, respectively, and have been reported to be unique

to certain populations of exhausted T cells in HIV infection
[4]. There are three expression patterns of Tim-3 and PD-1
on T cells: Tim-3 and PD-1 coexpression (Tim-3+PD-1+) or
Tim-3 and PD-1 individual expressions (Tim-3+PD-1- and
Tim-3-PD-1+). Among T cells with these expression patterns,
the Tim-3+PD-1+ T cells have been identified as the most
exhausted phenotype in tumors and in mice with chronic
viral infection [5-7]. Other T cells, such as Tim-3-PD-1+ or
Tim-3+PD-1- T cells, exhibit different levels of exhaustion
and ability to secrete cytokines [6, 8]. In HIV infection,
Kassu et al. found a significant increase of HIV-specific CD4+
T cells expressing PD-1, CTLA-4, and TIM-3 in untreated
subjects [9]. However, Jones et al. found that Tim-3 and PD-
1 expression are found on distinct populations of T cells and
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tetramer+ HIV-1-specific CD8+ T cells were predominantly
Tim-3+PD-1- [4]. Very little is known about the function of
T cells with differential Tim-3 and PD-1 expression patterns
or about their association with disease progression in HIV
infection, especially during early HIV infection (EHI).

Common y-chain (yc) cytokines, including interleukin-
(IL-) 2, IL-4, IL-7, IL-9, IL-15, and IL-21, make up an impor-
tant subfamily of the type I cytokinesthat regulate a variety
of cellular responses, such as proliferation, differentiation,
and survival [10]. IL-2, IL-7, and IL-15 are primary regula-
tors of T-cell homeostasis and thus have been considered
prime immunotherapeutic candidates in HIV infection, both
for increasing T-cell levels/function and for augmenting
vaccine-elicited viral-specific T-cell responses [11]. Due to the
pleiotropy and redundancy of cytokines [12], it is vital to have
a comprehensive knowledge of the role of pc cytokines in
the regulation of T-cell function. Studies have shown that yc
cytokines induce the expression of Tim-3 or PD-1 expression
[13, 14], but the induction of the comprehensive expression
pattern of Tim-3 and PD-1 by yc cytokines was less clear.
Given that differential expression patterns of Tim-3 and PD-1
may have distinct functions, further study of the sensitivity
of Tim-3 and PD-1 expression patterns to yc cytokines may
provide useful information on how yc cytokines regulate
immunity.

In this study, we found that the elevation of differential
Tim-3 and PD-1 expression patterns on T cells appears early
in HIV infection. Coexpression of Tim-3 and PD-1 (Tim-
3+PD-1+) correlates with more severe exhaustion of T cells
during HIV infection, and the simultaneous blockade of Tim-
3 and PD-1 pathways synergistically restores T-cell secretion
of IFN-y/IL-2. In vitro stimulation of common yc cytokines
mediated the induction of Tim-3 and PD-1 expression pat-
terns, and the enhancement of Tim-3 and PD-1 expression by
common pc¢ cytokine IL-2 can inhibit the function of T cells
restimulated by HIV gag and TCR, not by the restimulation
of IL-2.

2. Materials and Methods

2.1. Subjects. This study enrolled 44 treatment-naive HIV-
infected patients, including nine patients with early HIV
infection (EHL 9 males) and 35 patients with chronic HIV
infection (CHI, 34 males and 1 female). EHI was defined as
documented HIV-1 acquisition within the previous one year
[15], and CHI was defined as HIV-1 infection for more than
two years. Clinical data obtained from the patients in this
study were the following (Mean+SD): EHI, absolute CD4+ T-
cell counts = 470+ 182 cells/uL, and Logl0 viral loads = 4.75+
0.64 copies/mL; CHI, absolute CD4+ T-cell counts = 368 +
177 cells/uL, and Logl0 viral loads = 3.97 + 0.78 copies/mL.
For normal controls (NC), nine individuals were included
from the same demographic area and age range as the study
subjects. Ethical approval for this study was obtained from the
local ethical review committee, and written informed consent
for participation in the study was obtained from all patients.

2.2. Detection of Tim-3 and PD-1 Expression on Primary and yc
Cytokine-Stimulated PBMCs. Peripheral blood mononuclear
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cells (PBMCs) were isolated by Ficoll gradient (Sigma) and
were washed once with FACS buffer (PBS, with 1% bovine
serum albumin). For staining, 1 x 10® cells were incubated
with conjugated antibodies APC-cy7-conjugated anti-CD3,
PerCP-conjugated anti-CD8 (BD Biosciences Pharmingen),
PE-conjugated anti-Tim-3, and FITC-conjugated anti-PD-1
(Biolegend) for 30 min at 4°C. Analysis was performed using
an LSRII instrument (BD Biosciences), and at least 10,000
events were collected. Tim-3 and PD-1 expression on CD4+
(defined as CD3+CD8- cells) and CD8+ T cells were ana-
lyzed with FACSDiva software (BD Biosciences). For the
detection of cytokine-induced Tim-3 and PD-1 expres-
sion, freshly isolated PBMCs were plated in round-bottom
96-microtiter plates at 0.5 million cells/well in 200 4L com-
plete RPMI 1640 containing anti-CD3 (5 yg/mL) and anti-
CD28 (2 ug/mL) antibodies (BD Biosciences) or recombinant
IL-2, IL-7, IL-15, and IL-21 (25 ng/mL) (IL-2, IL-7, and IL-15:
R&D Systems; IL-21: Biosource). Cells were cultured for five
days and were incubated with conjugated antibodies against
PerCP-conjugated anti-CD3, APC-cy7-conjugated anti-CD4
(BD Biosciences Pharmingen), PE-conjugated anti-Tim-3,
and FITC-conjugated anti-PD-1 for 30 min at 4°C. Analysis
was performed using an LSRII instrument and analyzed with
Flow]Jo software.

2.3. TCR and Antigen-Specific Stimulation and Intracellular
Staining. PBMCs were plated in round-bottom 96-microtiter
plates at 500,000 cells/well in 200 uL complete RPMI 1640
containing anti-CD3 (5 ug/mL) and anti-CD28 (2 ug/mL)
antibodies (BD Biosciences) or HIV gag peptide (10 ug/mL,
XiAn Meilian Company), with or without anti-Tim-3 and
anti-PD-1 (25 ug/mL) antibodies (Biolegend). Cells were cul-
tured for three days, and GolgiStop was added during the last
five hours of the culture. The cells were incubated with con-
jugated antibodies PerCP-conjugated anti-CD3, APC-cy7-
conjugated anti-CD4, PE-conjugated anti-Tim-3, and FITC-
conjugated anti-PD-1, and intracellular cytokine staining for
APC-conjugated anti-IFN-y (BD Biosciences Pharmingen)
or APC-conjugated IL-2 (Biolegend) was carried out using
the Cytofix/Cytoperm Fixation/Permeabilization Kit accord-
ing to the manufacturers instructions (BD Biosciences).
Intracellular expression of IL-2 or IFN-y within CD4+ and
CD8+ (CD3+CD4-) T cells was detected using an LSRII
instrument and analyzed with Flow]Jo software.

2.4. Cytokine Stimulation and Intracellular Staining. PBMCs
were initially stimulated with IL-2 (100 U/mL) for six
days. Cells were then washed and restimulated with plate-
bound anti-CD3/CD28 antibodies (anti-CD3, 0.2 ug/mL;
anti-CD28, 0.4 ug/mL), IL-2 (100 U/mL), or HIV gag pep-
tide (10 ug/mL), with or without anti-Tim-3/PD-1 antibodies
(25 pug/mL). For the detection of IL-2 and IFN-y production,
GolgiStop was added 1 hour after restimulation, and 4
hours later cells were stained for PerCP-conjugated anti-
CD3 and APC-cy7-conjugated anti-CD4 and intracellular
APC-conjugated anti-IL-2 or APC-conjugated anti-IFN-y,
according to the manufacturer’s recommendations (BD Bio-
sciences). Intracellular expression of IL-2 or IFN-y within
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CD4+ and CD8+ (CD3+CD4-) T cells was detected using
an LSRII instrument and analyzed with Flow]Jo software.

2.5. Statistical Analysis. SPSS 17.0 software (SPSS Inc.) was
used to conduct statistical analyses. Mann-Whitney U tests
were used to assess differences between the variables of differ-
ent groups. Correlations between the variables were evaluated
using the Spearman rank correlation test. Comparisons of
[FN-y and IL-2 secretion before and after the anti-PD-1/Tim-
3 blockade as well as Tim-3 and PD-1 expression on T cells
before and after pc cytokine-stimulation were performed by
the Wilcoxon matched-pairs ¢ test. P values less than 0.05
were considered to be statistically significant.

3. Results

3.1. Elevation of Tim-3 and PD-1 Expression on T Cells Appears
Early in HIV Infection and Correlates with Disease Progression.
Among the three expression patterns of Tim-3 and PD-
1 on T cells, we found that the frequencies of Tim-3-PD-
1+, Tim-3+PD-1-, and Tim-3+PD-1+ expressions on CD4+
and CD8+ T cells were all significantly higher in individuals
with chronic HIV infections than in the normal controls
(CD4+Tim-3-PD-1+: NC, 18.48 + 7.74; CHI, 31.09 + 13.67;
CD4+Tim-3+PD-1+: NC, 0.32 + 0.54; CHI, 1.25 + 1.29;
CD4+Tim-3+PD-1-: NC, 0.38 + 0.47; CHI, 1.32 + 0.94;
CD8+Tim-3-PD-1+: NC, 15.92 + 9.60; CHI, 34.06 + 15.02;
CD8+Tim-3+PD-1+: NC, 0.28 + 0.49; CHI, 0.95 + 0.86;
CD8+Tim-3+PD-1-: NC, 0.24 + 0.24; CHI, 1.30 + 1.08)
(P < 0.05, Figures 1(a) and 1(b)). To see whether Tim-3
and PD-1 expression patterns on T cells differed with the
severity of the HIV infection, we divided the CHIs into
two groups according to their CD4+ T-cell counts and viral
loads (VLs). We found that the levels of Tim-3-PD-1+, Tim-
3+PD-1-, and Tim-3+PD-1+ expression on T cells were all
significantly higher in patients with severe infections (CD4+
T cells < 350 cells/uL, or VL > 20,000 copies/mL) than in
patients whose infections were less severe (CD4+ T cells >
350 cells/pL, or VL < 20,000 copies/mL) (P < 0.05, except for
CD8+Tim-3-PD-1+ T cells, Figure 1(c)).

Through the study of EHIs, we found that the elevation
of Tim-3 and PD-1 expression on T cells occurs in early
HIV infection. The frequencies of Tim-3+PD-1+, Tim-3+PD-
1-, and Tim-3-PD-1+ expressions on CD4+ and CD8+ T
cells were significantly higher in EHIs than that in nor-
mal controls (in EHIs: CD4+Tim-3-PD-1+, 33.22 + 11.95;
CD4+Tim-3+PD-1+, 1.63 + 1.02; CD4+Tim-3+PD-1-, 2.48 +
1.09; CD8+Tim-3-PD-1+, 38.94 + 12.97; CD8+Tim-3+PD-
1+, 2.10 + 2.11; CD8+Tim-3+PD-1-, 2.28 + 2.21) (P < 0.05,
Figure 1(b)). We then studied the relationship between Tim-
3/PD-1 expression patterns and CD4+ T-cell counts and VLs
of all 44 HIV-infected patients, including EHIs and CHIs.
We found that the expression levels of Tim-3-PD-1+, Tim-
3+PD-1-, and Tim-3+PD-1+ on CD4+ and CD8+ T cells
correlated negatively with CD4+ T-cell counts (Figure 2(a))
and correlated positively with viral loads (Figure 2(b), P <
0.05), except for CD8+Tim-3-PD-1+ T cells.

3.2. Coexpression of Tim-3 and PD-1 Correlates with More
Severe Exhaustion of T Cells during HIV Infection, and Simul-
taneous Blockade of Tim-3 and PD-1 Pathways Synergistically
Restores T-Cell Secretion of IFN-y or IL-2. We next studied
whether the differential expression patterns of Tim-3 and PD-
1 resulted in functional differences. We stimulated PBMCs
with TCR antibodies (anti-CD3/CD28) to compare the IL-2
and IFN-y productions of T cells with differential Tim-3 and
PD-1 expression patterns. We found that, among IFN-y- and
IL-2-producing T cells, Tim-3-PD-1- T cells were the greatest
in number, followed by Tim-3-PD-1+, then by Tim-3+PD-1-,
and then by Tim-3+PD-1+ T cells (Figure 3(a), except for
CD4+IFN-p+ T cells). The proportion of the Tim-3+PD-1+
subset within IFN-y/IL-2-secreting CD4+ and CD8+ T cells
was lower than that of the Tim-3-PD-1- and Tim-3-PD-1+
subsets, except for IFN-y-secreting CD4+ T cells (P < 0.05)
(Figure 3(b)).

In a next round of experiments, we simultaneously
blocked Tim-3 and PD-1 to investigate whether this blockade
could restore IFN-y/IL-2 secretion from T cells during
chronic HIV infection. PBMCs from chronic HIV-infected
patients were stimulated with anti-CD3 and anti-CD28 anti-
bodies (n = 4) or HIV gag peptides (n = 8), with or without
blocking antibodies (anti-Tim-3 and anti-PD-1). The levels of
IFN-y and IL-2 secretion by CD4+ and CD8+ T cells were
detected. We found a significant increase in the levels of IL-2
and IFN-secretion by CD4+ and CD8+ T cells (P < 0.05)
that were stimulated with anti-CD3/CD28 in the presence
of anti-Tim-3/PD-1 mAbs, as compared to cells that were
not blocked (Figure 3(c)). T-cell production of IL-2 and IFN-
y also showed a tendency to increase after stimulation by
gag peptide with a dual blockade compared to the cells that
were not blocked, albeit the difference was not statistically
significant (Figure 3(c)).

3.3. In Vitro Common yc Cytokine-Mediated Induction of Tim-
3 and PD-1 Expression Patterns and Its Functional Conse-
quences. To further investigate alterations of Tim-3 and PD-
1 expression patterns induced by cytokine stimulation, we
stimulated PBMCs from HIV patients (n = 12) with yc
cytokines, including IL-2, IL-7, IL-15, and IL-21 for five days.
We found that common yc cytokines IL-2, IL-7, and IL-15 can
significantly elevate the expression of Tim-3+PD-1+, Tim-
34PD-1-, and Tim-3-PD-1+ subsets on T cells. IL-21 can
increase the expression of Tim-3-PD-1+ subsets but seems
to have no effect on the expression patterns of Tim-3+PD-1+
and Tim-3+PD-1- on T cells (Figure 4).

Since yc cytokines trigger an increase in the expression
of Tim-3 and PD-1 on T cells, we performed experiments
to observe the functional consequences of this alteration.
PBMCs that were prestimulated with IL-2 (n = 5) were har-
vested at 6 days after stimulation, washed, and then restim-
ulated with IL-2, HIV gag peptides, or TCR in the pres-
ence of blocking antibodies (anti-Tim-3 and anti-PD-1). IL-
2 and IFN-y secretions by T cells were detected by in-
tracellular cytokine staining after 5 hours of stimulation.
We found that, after 6 days of IL-2 stimulation, anti-Tim-
3/PD-1 antibodies can restore gag- and TCR-stimulated
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F1GUre 1: Comparison of levels of differential expression patterns of Tim-3 and PD-1 (Tim-3+PD-1+, Tim-3-PD-1+, and Tim-3+PD-1-) on T
cells in HIV-1infected patients and normal controls. (a) Representative data regarding the expression patterns of Tim-3 and PD-1in a normal
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percentages of Tim-3/PD-1 expression patterns on the CD4+ and CD8+ T cells of chronic HIV-infected patients with different CD4+ T-cell
counts (more than or less than 350 cells/pL) and viral loads (more than or less than 20,000 copies/mL).

IL-2 or IFN-y production by CD4+ and CD8+ T cells (P <
0.05, except for gag-stimulated IFN-y production by CD8+
T cells and TCR-stimulated IL-2 production by CD4+ T
cells, Figure 5). However, dual blockade of Tim-3 and PD-
1 did not enhance cytokine production by T cells after IL-
2 restimulation (Figure 5). These results suggest that the
enhancement of PD-1 and Tim-3 expression by yc cytokine
IL-2 can inhibit function of T cells stimulated by HIV gag and
TCR, but this enhancement cannot inhibit the T-cell function
restimulated by IL-2.

4. Discussion

Both coinhibitory molecules and common yc cytokines have
strong potential for inclusion in the development of thera-
peutic interventions that augment the functionality of host
immune cells, which would lead to improved immune control
of HIV infection. It is worth investigating the dynamics of
Tim-3/PD-1 expression patterns on T cells in HIV disease
progression and the induction of their expression by common
yc cytokines. Findings from this investigation could provide

insights into HIV pathogenesis and help inform immune
intervention strategies. In this study, we investigated the
association between differential Tim-3 and PD-1 expression
patterns (coexpression or individual expression) and HIV
disease progression, as well as the impact of yc cytokines on
Tim-3 and PD-1 expression patterns on T cells.

While antiretroviral therapy (ART) regimens have proven
to be effective in controlling active HIV replication, complete
recovery of CD4+ T-cell counts does not always occur, even
among patients who display high levels of virologic control
[11]. Different adjuvant therapies, including immunomodula-
tion, are being tested in clinical trials or are under considera-
tion in hopes of addressing these remaining challenges [2].
Over the past few years, Tim-3 and PD-1 have emerged as
attractive potential targets in therapy developments because
not only are they responsible for HIV-specific T-cell impair-
ment, but also they play a wider role in HIV pathogenesis
[2]. The dynamics of PD-1 and Tim-3 when individually
expressed on T cells have been well studied [4, 16], but the
effect of differential expression patterns of Tim-3 and PD-1
in HIV infection is not clear. In this study, we found that the
number of T cells with various Tim-3 and PD-1 expression
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FIGURE 2: Correlation between percentages of differential Tim-3/PD-1 expression patterns (Tim-3-PD-1+, Tim-3+PD-1+, and Tim-3+PD-1-)
on CD4+ and CD8+ T cells and (a) CD4+ T-cell counts and (b) viral loads.

patterns (Tim-3+PD-1+, Tim-3-PD-1+, and Tim-3+PD-1-)
was elevated in chronic HIV infection and that expression
levels significantly correlated with disease progression. We
have stated that, in early HIV infection, the elevation of all
expression patterns of Tim-3 and PD-1 is present and that
expression levels were not significantly different compared
to expression levels in chronic HIV infection, indicating that

T-cell exhaustion occurs in early HIV infection. Therefore,
treatment of early HIV infection could involve the alteration
of coinhibitory molecules such as Tim-3 and PD-1.

Given the known effects of yc cytokines on the growth,
differentiation, and survival of T cells, their therapeutic use
alongside HAART may further improve immunity recon-
stitution in infected patients [17, 18]. Recently, two reports
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FIGURE 3: Functional study of Tim-3/PD-1 expression patterns on T cells. (a) PBMCs from HIV-infected patients (n = 4) were stimulated with
TCR (anti-CD3/CD28) for 3 days, and IL-2 and IFN-y production by T cells were detected. Distributions of Tim-3/PD-1 expression patterns
on IFN-y- and IL-2-producing T cells are indicated. (b) Statistical analysis of the distribution of differential Tim-3/PD-1 expression patterns
on the IFN-y- and IL-2-producing T cells (" P < 0.05). (c) PBMCs from HIV-infected patients were stimulated with anti-CD3 and anti-CD28
(n = 4) antibodies or HIV gag peptides (n = 8) with or without blocking antibodies (anti-Tim-3 and PD-1). IFN-y and IL-2 production by
CD4+ and CD8+ T cells before and after the anti-Tim-3/PD-1 blockade were compared (* P < 0.05).
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FIGURE 4: Common yc cytokine-mediated induction of Tim-3/PD-1 expression patterns on T cells in PBMCs from HIV patients. Tim-3 and
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medium (n = 12). This figure compares the abilities of different common yc cytokines to induce the expression of the Tim-3+PD-1+, Tim-3-
PD-1+ and Tim-3+PD-1- patterns on T cells (* P < 0.05; **P < 0.01).

about a “functional cure” in an HIV-infected infant and
in 14 patients who were treated within the first 2 months
of infection highlight the importance of early treatment
for increasing the chances of affecting a functional HIV
cure [19, 20]. It is worth investigating whether current and
emerging cytokine therapies could provide supplementary
reinforcement to current pharmaceutical treatments in early
infection. In this study, we found that differential expression
patterns of Tim-3 and PD-1 on T cells were associated
with decreased T-cell function, such as decreased cytokine
production, especially the Tim-3+PD-1+ and Tim-3+PD-1-
expression patterns. Our follow-up experiments showed that
most yc cytokines can significantly increase the number of
Tim-3+PD-1+ and Tim-3+PD-1- cells. Our results suggest
that applying ypc cytokines in a clinical setting should be
done with caution because they can increase the generation
of exhausted T cells. Because the various expression patterns

of Tim-3 and PD-1are elevated early in HIV infection, the use
of cytokines as reinforcements for ART in early infection may
aggravate the exhaustion of T cells. Previous studies revealed
that IL-21 may have a positive effect on T, B, and NK cells [21-
28] without an associated increase in cellular proliferation or
activation [22, 25, 27, 29]. In our study, we found that IL-21
can increase the expression of Tim-3-PD-1+ on T cells. Kinter
et al. also found that IL-21 can upregulate PD-1 expression
on purified T cells [13]. We found that IL-21 did not increase
Tim-3+PD-1+ and Tim-3+PD-1- expression patterns. Mujib
et al. found that IL-21 increased Tim-3 expression on T cells,
but to a lesser extent compared with the increase effect by IL-
2,1L-7,and IL-15 [14]. Our finding suggests that IL-21 could be
a better candidate for use in immunotherapeutic approaches
in established SIV/HIV infection as it has the lesser extent
of affecting factors that favor disease progression, such as
coinhibitory molecules and activation [30].
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FIGURE 5: Functional consequences of yc cytokine-mediated modulation of Tim-3 and PD-1 expression on T cells. PBMCs prestimulated with
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of blocking antibodies (anti-Tim-3/PD-1). IL-2 and IFN-y production by CD4+ and CD8+T cells were detected by intracellular cytokine

staining.

In our study, we found that, after 6 days of IL-2 stim-
ulation, dual blockade of Tim-3 and PD-1 can restore gag-
and TCR-stimulated IL-2 or IFN-y production by T cells
but does not restore IL-2 or IFN-y production of T cells by
restimulation with IL-2. We focused on IL-2 because it is
the most studied cytokine among the common yc cytokines
in the clinical treatment of HIV infection. Study of the
functional consequences of IL-2-induced PD-1 and Tim-3
expression may provide more useful information in clinical
application than the study of other cytokines, such as IL-15,
which also modulated the expression of Tim-3 and PD-1 on
CD4+ and CD8+ T cells in our study. Kinter et al. also found
that PD-1 enhancement by yc cytokines does not inhibit
ypc cytokine-induced proliferation or signaling events, which
may be because PD-1 engagement requires TCR-triggered
SHP-2 recruitment to the cytoplasmic tail of PD-1. Therefore,
without TCR, PD-1 ligation by itself does not generate a
suppressive signal to yc cytokine-induced proliferation or
signaling events [13]. Although yc cytokines can also inde-
pendently induce Tim-3 expression [14], the consequences of
cytokine-induced Tim-3 and PD-1 coexpression had not been

previously reported. In our study, we showed that the simulta-
neous blockade of IL-2-induced Tim-3 and PD-1 expression
restored the function of T cells stimulated by HIV gag and
TCR but cannot restore the function of T cells restimulated
by IL-2. Tim-3 and PD-1 have an additive and sometimes
synergistic effect on the invigoration of exhausted T cells
[31]. PD-1 inhibits the induction of phosphatidylinositol-3-
kinase (PI3K) activity as well as the downstream activation of
Akt [32]. Unlike other negative regulators of T-cell function
(e.g., PD-1), Tim-3 does not contain any obvious inhibitory
signaling motifs, and its downstream signaling targets remain
unknown [4]. Lee et al. found that Tim-3 can directly bind
to the p85 PI3K adaptor [31], indicating that the inhibition
of PI3K and Akt may be involved in both the Tim-3 and
PD-1 functions. This involvement may explain the observed
different response of Tim-3 and PD-1 coexpression to IL-2
and TCR restimulation. IL-2 can activate Akt through STAT5
[33], which may circumvent PD-1- and Tim-3-mediated
inhibition of PI3K-Akt activation.

In summary, we found that the elevation of Tim-3 and
PD-1 expression on T cells appears early in HIV infection
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and that differential Tim-3 and PD-1 expression patterns
can be induced by common pc cytokines. PD-1 and Tim-3
expression by yc cytokines can inhibit the cytokine secretion
stimulated by HIV gag and TCR. Our findings could inform
ongoing investigations regarding HIV pathogenesis and
could contribute to the development of immune intervention
strategies by interpreting the roles for coinhibitory molecules
and cytokines in the treatment of HIV infection.
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