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T cell responses were less functional and persisted in an exhausted state in chronic

HIV infection. Even in early phase of HIV infection, the dysfunction of HIV-specific T

cells can be observed in rapid progressors, but the underlying mechanisms are not

fully understood. Cytokines play a central role in regulating T cell function. In this study,

we sought to elucidate whether IL-33/ST2 axis plays roles in the regulation of T cell

function in HIV infection. We found that the level of IL-33 was upregulated in early

HIV-infected patients compared with that in healthy controls and has a trend associated

with disease progression. In vitro study shows that IL-33 promotes the expression of

IFN-γ by Gag stimulated CD4+ and CD8+T cells from HIV-infected patients to a certain

extent. However, soluble ST2 (sST2), a decoy receptor of IL-33, was also increased

in early HIV infected patients, especially in those with progressive infection. We found

that anti-ST2 antibodies attenuated the effect of IL-33 to CD4+ and CD8+T cells. Our

data indicates that elevated expression of IL-33 in early HIV infection has the potential

to enhance the function of T cells, but the upregulated sST2 weakens the activity of

IL-33, which may indirectly contribute to the dysfunction of T cells and rapid disease

progression. This data broadens the understanding of HIV pathogenesis and provides

critical information for HIV intervention.
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INTRODUCTION

Powerful and effective HIV-1- specific CD4+ and CD8+ T cell immune responses are generally
regarded as the principal antiviral immune activity against HIV (1). However, T cell responses are
less functional and persist in an exhausted state in chronic HIV infection. Even in early phase of
HIV infection, the dysfunction of HIV-specific T cells was observed in a group of patients (“rapid
progressors”) who experienced a sharp decline of CD4+T cells after a short period of infection
(2, 3). The underlying mechanisms for the dysfunction of T cells in early HIV infection have not
been clearly elucidated.
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Cytokines play central roles in regulating T cell function.
Previous studies have revealed the role of the cytokine cascade
in acute HIV infection and disease progression (4, 5). But the
role of some cytokines, which are considered crucial immune
modulators with pleiotropic activities, has not been clearly
elucidated in early HIV infection (6, 7). IL-33, a recently
discovered member of IL-1 family, exercising its role as an
alarm signal (alarmin) in response to cellular damage induced
by infection or injury to alert immune cells expressing the
ST2 receptor (IL-1RL1) (8). The immune-regulation function
of IL-33 was initially described in TH2 immune responses
and associated diseases (9). Subsequently, studies performed
over the past several years have uncovered important roles
that IL-33 plays in innate and adaptive immune responses
by enhancing natural killer cells, Th1, and CD4 and CD8+T
cell functions (8, 10). Bonilla et al. revealed that IL-33 is
necessary for potent CD8+ T cell responses to replicating
prototypic RNA and DNA viruses in mice (11), suggesting
that IL-33 has the potential to boost CD8+ T cell immune
responses.

Given the importance of the IL-33/ST2 axis in chronic
infection, studies have been conducted to study the relationship
that plasma IL-33 and the soluble form of ST2 (sST2) have
with HIV disease progression. sST2, which binds free IL-33
without signal transmission, serves as a decoy receptor to locally
limit “off target” IL-33 activity, thus avoiding inappropriate
inflammatory responses (12). The first study of IL-33 in HIV-
infected patients showed that the level of IL-33 was decreased
in patients compared with controls (13). Other groups showed
that IL-33 was either unchanged (14) or increased (15) in
HIV treatment-naive patients compared with controls. Unlike
the inconsistent finding of IL-33, most of the studies found
that untreated, HIV-infected patients had higher sST2 levels
compared with controls (13, 14, 16), although one study showed
that the level of sST2 was no obvious difference between
patients with HIV and control subjects (17). The expression
of sST2 was correlated with, diastolic dysfunction, and all-
cause mortality in HIV infection (17, 18). During anti-retroviral
therapy, both IL-33 and sST2 levels were decreased (15). In
early HIV-infected patients, Mehraj et al. reported an elevated
sST2 but not IL-33 level in comparison with controls and found
that longer treatment duration initiated during CHI normalized
sST2, whereas early antiretroviral therapy had no impact (14).
sST2 levels have been revealed to be positively correlated with
the percentage of T cells expressing activation and exhaustion
markers (14). Therefore, the overall alteration of IL-33 in HIV
infection is controversial, and the role of the IL-33/ST2 axis in the
regulation of T cell function in HIV infection needs to be further
investigated.

In this study, we assessed the plasma IL-33 and sST2 levels
in early HIV infection (EHI). We found an elevated IL-33 level
in early HIV-infected patients and IL-33 can promote the HIV
specific T cell responses measure by IFN-γ secretion. We found
the sST2 was also increased in early HIV infected patients,
especially in those with progressive infection. In vitro study
showed that sST2 decreased the augment of T cell function by
IL-33.

TABLE 1 | Demographic and clinical characteristics of subjects.

Characteristic HIV infected

patients

Healthy controls

Subject no. 44 20

Age (years, Mean ± SD) 27 ± 7 26 ± 4

Male (No,%) 44 (100%) 20 (100%)

Han Ethnic (No,%) 42 (95%) 20 (100%)

CD4 (cells/µL, Mean ± SD) 491 ± 217 747 ± 198

CD8 (cells/µL, Mean ± SD) 1266 ± 683 N/A

VL (Log copies/ml, Mean ± SD) 4.15 ± 1.03 N/A

Estimated date of infection (days,

Mean ± SD)

110 ± 27 N/A

MATERIALS AND METHODS

Patient Selection
Forty-four treatment-naïve, early HIV-infected patients were
enrolled in this study. HIV-1 acquisition within the previous
6 months was defined as EHI. All patients were men who
have with sex with men (MSM). Both IL-33 and sST2 levels
in the plasma were detected at ∼120 days (110 ± 27 days)
of HIV infection. Twenty HCs were included in this study.
The demographic information and clinical characteristics of the
subjects are listed inTable 1. There was no difference between the
two groups except CD4+T cells. The ethical review committee
from The First Hospital of China Medical University approved
the collection of blood samples from HIV-infected patients and
healthy controls. Informed consent for participation in the study
was obtained from all patients.

Detection of IL-33 and ST2 Level in Plasma
Plasma was aliquoted into cryogenic vials and stored at −80◦C.
IL-33 and sST2 levels were measured using the ELISA Kit (R&D
Systems) according to manufacturer’s instructions.

Cell Culture and Il-33 Treatment
Peripheral blood mononuclear cells (PBMCs) were isolated
from whole blood by Ficoll centrifugation. CD4+ and CD8+

T cells were purified using negative selection beads (Stem Cell
Technologies). The sorted CD4+T and CD8+T cells were seeded
with a 96-well U plate and were stimulated with Gag pool
(2µg/mL, Sigma) or CEF (Cytomegalovirus, Epstein-Barr virus,
and Influenza A virus) peptide pools (0.03µg/mL, Miltenyi
Biotec). Recombinant IL-33 (R&D Systems) was added to the
culture at concentrations of 0, 0.1, 1, 10, and 100 ng/mL (19, 20),
respectively for 3 days at 37◦C. Cultured cells were kept in a
5% CO2 incubator. Golgistop (500µg/mL, BD Biosciences) was
added during the final 5 h.

Anti-ST2 Antibody Treatment
For CD3+T cell purification, PBMCs were stained with PerCP-
Cy5.5 conjugated anti-CD3 and were sorted with a FACS Aria
flow cytometer (BD Biosciences). Recombinant IL-33 (1 ng/mL)
was added to the sorted CD3+T cells and cultured for 3 days. In
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the meantime, Anti-ST2 antibody (R&D Systems) were added to
the culture at concentrations of 0.2, 2, and 20µg/mL. Goat IgG
(20µg/mL, R&D Systems) were added as a control. Cells were
cultured for 3 days and Golgistop (500µg/mL, BD Biosciences)
was added during the final 5 h.

Flow Cytometry
Flow cytometry was used to detect the effect of IL-33 and anti-
ST2 antibody treatment on IFN-γ expression in T cells. For IL-33
treatment, isolated CD4+ or CD8+T cells were intracellularly
stained with APC-conjugated anti-IFN-γ (BD Biosciences) and
LIVE/DEAD Violet (Invitrogen, Carlsbad, CA) at the end of
culture. For ST2 treatment, isolated CD3+T cells were stained
with PE-conjugated anti-CD8 and intracellularly stained with
APC-conjugated anti-IFN-γ and LIVE/DEAD Violet at the end
of culture. Cells were acquired on an LSRII flow cytometer and
analyzed by FlowJo 7.6 software.

IFN-γ ELISPOT Assay
CD4+ T cells were depleted from PBMCs by using anti-CD4
MAb-coated magnetic beads (Biolegend, San Diego, California,
USA) as described in the manufacturer’s instructions. The
Human IFN-γ ELISpot Kit (Mabtech) was used to detect
secretion of IFN-γ according to the instruction manual. 2 × 105

CD4+T cell depleted PBMCs were added per well in duplicate
in a volume of 200 µl, and the HIV-1 gag peptide pools or CEF
peptide pools (20µg/ml, ProImmune) were added for 20 h. Anti-
CD3/CD28 beads (3µg/ml) was used as a positive control, and
negative controls consisted of cells without stimuli. Analysis was
done using the ImmunoSpot plate reader.

Statistical Analysis
The SPSS 17.0 software package was used for statistical analysis.
The Mann–Whitney test was used to determine the differences
between HIV patients and HCs. Correlations between variables
were evaluated using the Spearman rank correlation test. To
compare the change in IFN-γ expression induced by IL-33 or
ST2 by intracellular staining, the media-alone condition was
compared with that of the IL-33 and/or ST2-treated conditions
using a paired t-test. To compare IFN-γ secretion between gag
peptides stimulated T cells and controls by ELISPOT assay, the
numbers of spot forming cells were log transformed and then
compared by paired t-test. P-values under 0.05 were considered
statistically significant.

RESULTS

Elevated IL-33 Levels in Primary
HIV-Infected Patients
Firstly, we investigated the plasma IL-33 level in EHI patients
enrolled in our study. All these patients had considerably greater
IL-33 plasma concentrations (15.96 ± 3.70 pg/mL, n = 44) than
HCs (14.29 ± 5.60 pg/mL, n = 20) using the non-parametric
Mann-Whitney test (P = 0.002; Figure 1A). We then studied the
association of IL-33 levels with disease progression. We found
that the expression of IL-33 has a trend of negative correlation
with CD4+ T-cell counts (r = −0.275, P = 0.071; Figure 1B)

and a trend associated with viral load (r = 0.315, P = 0.037;
Figure 1C).

IL-33 Promotes the Expression of IFN-γ by
Gag and CEF Stimulated CD8+ T Cells
From HIV-Infected Patients
The rate at which HIV-1 infected individuals progress to AIDS
is highly variable and impacted by T cell immunity (21). IL-33
has recently been found to be necessary for enhancing protective
antiviral CD8+ T cell responses in mice (11). However, the
effect of IL-33 on CD8+T cells in HIV infection has not yet
been elucidated. CD4+ and CD8+ T cells from HIV infected
patients were isolated and treated with recombinant human
IL-33 at different concentrations and stimulated with the Gag
peptide pool. Intracellular IFN-γ expression in CD8+T cells was
detected at 3 days of culture and was compared by paired t-
test. We found that compared with cells cultured without IL-
33 (2.44 ± 1.53%), Gag-stimulated CD8+T cells secrete more
IFN-γ in HIV-infected patients treated with 10 ng/mL (5.46 ±

3.30%, P = 0.039) and 100 ng/mL IL-33 (7.81 ± 4.20%, P =

0.014, Figures 2A,B). After we confirmed that IL-33 increased
the function of HIV-specific CD8+T cells, we sought to know
whether IL-33 could also promote the function of CD8+T cells
under HIV non-specific stimulant. CEF peptides were added
with different concentrations of recombinant IL-33 and the
results showed that IFN-γ expression by CD8+T cells was
also increased in HIV-infected patients compared with the
controls (0 ng/mL, 1.81 ± 0.75%; 100 ng/mL 5.80 ± 3.00%) (P
= 0.020; Figures 2C,D). To further confirm the function of IL-
33 on CD8+T cells, IFN-γ ELISPOT assay was performed. The
numbers of spot forming cells were log transformed and then
compared by paired t-test. We found that IL-33 can increase
the IFN-γ secretion by gag (P = 0.002, Figure 2E) and CEF
peptide pools (P = 0.041, Figure 2F) stimulated CD8+T cells.
Although IL-33 can augment the function of CD8+T cells in HIV
infection, we found that IL-33 cannot lead to a strong increase of
T cell function. According to our results, IL-33 can promote the
immune response of CD8+T cells induced by both HIV-specific
and non-specific stimulation as measured by IFN-γ expression.

IL-33 Promotes the IFN-γ Expression by
Gag and CEF Stimulated CD4+ T Cells
From HIV-Infected Patients
We further studied whether IL-33 could affect the function
of CD4+T cells in HIV-infected patients. We added varying
concentrations of recombinant human IL-33 under the presence
of Gag pool peptides to observe the changes in IFN-γ expression
from isolated CD4+T cells by paired t-test. The results showed
that in comparison with cells cultured without IL-33 (1.88 ±

1.06%), Gag peptide-treated CD4+ T cells secrete more IFN-γ
in HIV-infected patients treated with 0.1 ng/mL (4.48 ± 1.98%,
P = 0.029) and 1 ng/mL IL-33 (4.52 ± 1.73%, P = 0.002;
Figures 3A,B).

We then sought to know whether IL-33 could also promote
the function of CD4+T cells under CEF stimulation. The results
showed that the production of IFN-γ by CD4+T cells was
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FIGURE 1 | The increased IL-33 level was associated with progression of HIV infection. (A) Comparison of the plasma IL-33 level in early HIV infected patients (EHI,

15.96 ± 3.70 pg/mL, n = 44) and healthy controls (HC, 14.29 ± 5.60 pg/mL, n = 20) using the non-parametric Mann-Whitney test. The relationship between plasma

IL-33 and CD4+ T cell counts (B), viral load (C) in EHI patients; Spearman’s rank correlation coefficients r and p-values are indicated.

increased in the presence of 0.1 ng/mL (2.60± 1.38%, P= 0.034)
and 1 ng/mL IL-33 (4.06 ± 1.60%, P = 0.004) compared with
the controls (1.64± 0.74%) (Figures 3C,D).The results suggested
that IL-33 can increase the function of CD4+T cells induced
by both HIV antigen-specific and non-specific stimulation as
measured by IFN-γ expression.

Expression of sST2 in Plasma of Patients
With EHI
The above-mentioned results revealed that IL-33 could promote
the HIV-specific T cell function, which is the dominant
component of immunization to control the viral infections (14).
But we have found that the increase of IL-33 secretion during
EHI was not correlated with higher CD4+T cells. In contrast, we
found that IL-33 level was significantly correlated with viral load.
We questioned why the increased IL-33 in HIV-infected patients
did not protect them from disease progression, as IL-33 mediates
effective T cell responses. As the member of the interleukin-1
receptor family, sST2 acts as a decoy receptor for IL-33, which
can inhibit the function of IL-33. We postulated that the function
of IL-33 on T cells was masked by sST2 in HIV infection and
examined the sST2 level in plasma of the HIV infected patients in
EHI.We found that the secretion of sST2 wasmarkedly enhanced
in EHI patients (25.64± 8.19 ng/mL, n= 38) compared withHCs
(20.21 ± 8.41 ng/mL, n = 20) (P = 0.020, Figure 4A) using the
non-parametric Mann-Whitney test. Although patients enrolled
in our study were in the early stage of HIV infection (110 ± 27
days post infection), they had quite different levels of CD4+T
cells and viral loads when plasma sST2 was detected. We then
studied the association of levels of sST2 with disease progression.
We divided patients into three groups according to CD4+ T
cell counts and viral loads. The results showed that sST2 was
significantly higher in patients with seriously reduced CD4+ T
cell group (P = 0.010; Figure 4B) and high viral load group (P
= 0.047; Figure 4D). sST2 was negatively correlated with CD4+
T cell counts (r = −0.425, P = 0.008, Figure 4C) and positively
correlated with viral load (r = 0.355, P = 0.029; Figure 4E).
The correlation between elevated sST2 and disease progression in
early HIV-infected patients suggested that sST2 may be involved

in the regulation of T cell responses by influencing IL-33 activity
in HIV infection.

Anti-ST2 Antibody Attenuated the Effect of
IL-33 on T Cells
IL-33 activates the signaling pathway by binding to
transmembrane receptors ST2 and Interleukin-1 Receptor
Accessory Protein (IL1RAP) to form heterodimers (22). To
explore whether the increased expression of sST2 attenuates the
regulation of T cell function in patients with accelerated disease
progression, anti-ST2 antibody was added in the experimental
system, which binds to the transmembrane receptor ST2 to
block the IL-33 signaling pathway, mimicking the binding
of sST2 to IL-33 to block the function of IL-33. We isolated
CD3+T cells from HIV-infected patients and treated the cells
with Gag pools, IL-33 and different concentrations of anti-ST2.
Cells were programmed anti-ST2 with concentrations of 0, 0.2,
2, 20µg/mL and Goat IgG (negative control) in the presence
or absence of IL-33. Compared with Goat IgG control (10.58
± 2.75%), anti-ST2 antibody can inhibit the IFN-γ secretion
by Gag specific CD8+T cells at the concentrations of 2 and
20µg/mL in the presence of IL-33 by paired t-test (2 µg/mL:
4.19 ± 0.67%, P = 0.013; 20 µg/mL: 2.76 ± 1.63%, P = 0.002;
Figures 5A,B). We subsequently measured the IFN-γ levels
of CD4+T (CD3+CD8- T) cells. The secretion of IFN-γ in
CD4+T cells was significantly reduced by anti-ST2 antibody at
the concentration of 2µg/mL (4.52 ± 1.67%) compared with
Goat IgG control (9.09 ± 1.44%, P = 0.002; Figures 5C,D) by
paired t-test. Taken together, these results demonstrate that the
IL-33-mediated increase of IFN-γ secretion is attenuated by
the increased expression of sST2, potentially accounting for the
differential effect of IL-33 and sST2, as well as the similar trend
of increase in EHI.

DISCUSSION

It has been well established that T cell immunity plays
a central role in controlling HIV and has a pronounced
influence on disease progression. In patients with advanced
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FIGURE 2 | IL-33 increases the expression of IFN-γ by Gag and CEF stimulated CD8+ T cells. CD8+ T cells were isolated from HIV-1 individuals and treated with Gag

peptide pools with rhIL-33 (10 ng/mL and 100 ng/mL) or without IL-33 (0 ng/mL). Intracellular IFN-γ expression was detected by flow cytometer and compared by

paired t-test (0 ng/mL: 2.44 ± 1.53%; 10 ng/mL: 5.46 ± 3.30%; 100 ng/mL: 7.81 ± 4.20%). Representative flow cytometry dot plot (A) and summary data (B) were

shown. CD8+ T cells were isolated from HIV-1 individuals and treated with CEF peptide pools with rhIL-33 (10 ng/mL and 100 ng/mL) or without IL-33 (0 ng/mL).

Intracellular IFN-γ expression was detected by flow cytometer and compared by paired t-test (0 ng/mL: 1.81 ± 0.75%; 10 ng/mL: 3.44 ± 1.93%; 100 ng/mL: 5.80 ±

3.00%). Representative flow cytometry dot plot (C) and summary data (D) were shown. CD8+ T cells were stimulated with Gag peptide pools (E) or CEF peptides (F)

and IFN-γ secretion was detected by ELISPOT assay. The numbers of spot forming cells (SFC) were log transformed and then compared by paired t-test. The number

of SFC treated by 100 ng/mL IL-33 were compared with cells without IL-33 stimulation (0 ng/mL).

disease progression, dysfunction of T cells showed up early
in HIV infection. In this study, we demonstrated that IL-
33 enhances HIV-specific CD4+ and CD8+T cell immune
responses. However, the elevation of sST2 levels in early HIV-
infected patients with progressive disease attenuates the function
of IL-33 on T cells, which may be one of the reasons for the
T cell dysfunction in early HIV infection. Collectively, this data
extends our understanding of the regulation of T cell function by
the IL-33/ST2 axis during HIV-1 infection.

The first main finding of this study is that IL-33 levels
were increased in early HIV-infected patients and that IL-
33 enhanced the HIV-specific T cell function. IL-33 attracted
attention because, aside from its traditional role as an “alarmin,”
it provokes pleiotropic responses in different kinds of immune
cells (8). Given the critical function of IL-33 in regulating

T cell immune response in mice, it is important to know
whether IL-33 has a role in regulating T cell function in HIV
infection. Previous studies on the alterations of IL-33 in HIV-
infected patients showed inconsistent conclusions (10, 13, 15).
We found the expression of IL-33 levels was increased in early
HIV infected patients compared to the healthy controls, which
is in line with previous research (15). The elevation of IL-33
has been observed in a number of types of cancers (23–25)
and other chronic viral infection, such as chronic hepatitis B
infection (26). Our study was not consistent with Miyagaki T
et al.’s and Mehraj V et al.’ study (10, 13), which didn’t find
the elevated expression of IL-33 in HIV infection. All these
studies used ELISA kit to detect the expression levels of IL-33,
so the methodology may not be the cause of the different results.
We postulated that the differences in clinical characteristics of
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FIGURE 3 | IL-33 increases the secretion of IFN-γ by Gag and CEF stimulated CD4+ T cells. CD4+ T cells were isolated from HIV-1 individuals and treated with Gag

peptide pools with rhIL-33 (0.1 ng/mL and 1 ng/mL) or without IL-33 (0 ng/mL). Intracellular IFN-γ expression was detected by flow cytometer and compared by

paired t-test (0 ng/mL: 1.88 ± 1.06%; 0.1 ng/mL: 4.48 ± 1.98%; 1 ng/mL: 4.52 ± 1.73%). Representative flow cytometry dot plot (A) and summary data (B) were

shown. CD4+ T cells were isolated from HIV-1 individuals and treated with CEF peptide pools with rhIL-33 (0.1 ng/mL and 1 ng/mL) or without IL-33 (0 ng/mL).

Intracellular IFN-γ expression was detected by flow cytometer and compared by paired t-test (0 ng/mL: 1.64 ± 0.74%; 0.1 ng/mL: 2.60 ± 1.38%; 1 ng/mL: 4.06 ±

1.60%). Representative flow cytometry dot plot (C) and summary data (D) were shown.

patients may lead to the different findings in these studies.
For example, our study enrolled treatment naïve HIV infected
patients. While all the HIV infected patients enrolled inMiyagaki
T et al.’s study were on ART and accompanied by skin
diseases such as HIV related eosinophilic folliculitis or sexually
transmitted diseases such as syphilis. In addition, previous
study showed the upregulation of IL-33 produced by HIV-
1 clade B infected cells in comparison to clade C, under
identical in vitro infection levels (27). The clade specific responses
may also lead to the different findings of the studies, because

patients enrolled in the different studies were from different
regions, and the predominant subtypes in these regions were
various.

We then study whether IL-33 can influence the function of
T cells in HIV infected patients. Studies performed in animal
models have showed that IL-33 augments effector T cell responses
in LCMV infection, GVHD, and murine acute myeloid leukemia
(11, 28, 29). Because the concentration of IL-33 in the local
tissue and microenvironment is higher than that in plasma, the
concentrations of IL-33 added in the study (at ng/ml level) was
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FIGURE 4 | EHI patients demonstrate high serum sST2 levels. (A) Comparison of the plasma sST2 level in EHIs (n = 38) and HCs (n = 20), by Mann-Whitney test.

(B) Comparison of plasma sST2 in EHIs in CD4+ T cell count groups (<350; 350–500; >500 cells/µL); (D) Comparison of plasma IL-33 in EHIs in different viral load

groups (<3.5; 3.5–4.5; >4.5 log copies/mL), by Mann-Whitney test. The relationship between plasma IL-33 and CD4+ T cell counts (C), viral load (E) in EHI patients;

Spearman’s rank correlation coefficients r and p-values are indicated in figures.

higher than that in the plasma of controls and HIV patients
(at pg/ml level) (30, 31). Our data revealed that elevated IL-33
can augment T cell function in HIV infection by intracellular
cytokine staining and IFN-γ ELISPOT assay. We found that
T cell responses to CEF peptides were also increased by IL-
33 stimulation in HIV-infected patients, suggesting that the
function of IL-33 has the capacity to increase both antigen-
specific and antigen non-specific responses. To be noticed, we
showed that IL-33 cannot achieve the strong improvement of
T cell functions. Our data indicates that only IL-33 cannot
promote robust T cell function, but may has the potential to be
a molecular adjuvant to enhance T cell immune response. We
did not find that IL-33 can induce higher expression of TNF-
α or IL-2 in gag stimulated CD8+ T cells (data not shown).
Villarreal et al. showed mice vaccinated with IL-33 have higher
frequencies of LCMV antigen-specific CD8+ T cells producing
triple-positive IFN-γ+TNF-α+IL-2+ cytokines in the spleens
(32). While co-immunization of IL-33 with a DNA vaccine
expressing the TB antigen induces higher percentages of CD8+
T cell producing total IFN-γ, TNF-α, but not IL-2 cytokine
response (33). Our in vitro data suggested that IL-33 has the
potential to increase the CD8+T cell function, but it cannot
achieve the overall improvement of CD8+T cell functions in
HIV infection. Because most of the current studies on the effect
of IL-33 on poly-functional CD8+T cells were using mouse
model, whether IL-33 can induce the polyfunctional CD8+T

cells from humans in infectious diseases needs to be further
investigated.

Although IL-33 can enhance T cell function, we observed
that the increased IL-33 level in EHI correlates positively with
viral load. We postulated that the function of IL-33 in EHI
may be masked due to the complex immune regulation. The
second main finding of this study is that increased sST2 level
attenuates the regulation of T cells by IL-33. Under normal
circumstances, IL-33 binds the transmembrane receptor ST2L
to interact with IL-1RacP and then induces signaling through
the MyD88 adaptor, activating signaling pathways of MAP
kinases and NFκB transcription factors (34, 35). In the presence
of inflammation, sST2 is produced by multiplicate cell types,
including mast cells and T cells. A large number of sST2 are
present in the serum of patients with various inflammatory
diseases and relate to disease severity (36–38). Our results show
that the levels of sST2 in the plasma of early HIV-infected
patients were higher than that of normal controls, which was
consistent with previous research (10, 13). Additionally, patients
with advanced disease progression have a higher level of sST2
than those with relatively higher CD4+T cells and lower viral
load. Previous study has shown that mucosal barrier tissues such
as gastrointestinal tract store large amounts of IL-33 that may be
released upon tissue injury (28). In HIV infection, gut damage
occurs early after infection (39), which can cause the elevation of
IL-33 and sST2. Most likely that gut tissue damage in early HIV
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FIGURE 5 | Blocking IL-33 signaling pathway weaken the effect of IL-33 to CD8+ and CD4+ T cells. CD3+T cells from HIV-infected patients were sorted were treated

with rhIL-33 (1 ng/mL) and anti-ST2 with the different concentration and cultured for 3 days and Golgistop (500µg/mL) was added during the final 5 h. Intracellular

IFN-γ expression by CD8+T cells was detected by flow cytometer and compared by paired t-test (Goat IgG: 10.58 ± 2.75%, 0.2 µg/mL: 6.02 ± 2.28%, 2 µg/mL:

4.19 ± 0.67%, 20 µg/mL: 2.76 ± 1.63%). Representative flow cytometry dot plot (A) and summary data (B) were shown. Intracellular IFN-γ expression by CD4+

(CD8-T cells) was detected by flow cytometer and compared by paired t-test (Goat IgG: 9.09 ± 1.44%, 0.2 µg/mL: 8.23 ± 2.03%, 2 µg/mL: 4.52 ± 1.67%, 20

µg/mL: 5.65 ± 3.84%). Representative flow cytometry dot plot (C) and summary data (D) were shown.

infection are linked to the elevation of IL-33 and sST2 observed
in our study. We found that adding ST2 antibody significantly
decreased the secretion of IFN-γ in CD4+ and CD8+T cells
stimulated by IL-33. As a decoy receptor, sST2 can neutralize
the activity of IL-33 (8). We postulate that sST2 is not a direct
contributor to the T cell dysfunction observed in HIV infected
patients; it possibly neutralizes the T cell-promoting action of
IL-33. Our data supports the suggestion that enhanced IL-33
levels facilitate IFN-γ production. However, excessive secretion
of sST2 likely neutralizes the promoting effect of IL-33 during
HIV, resulting in a lack of net effect. However, it cannot be ruled
out that IL-33 can still exert a local and timely limited effect (40).

There are limitations in this study. First, we did not
observe the dynamic changes of IL-33/ST2 throughout the whole
phase of HIV infection; Second, local or tissue effect of IL-
33/ST2 was not studied due to the difficulties in getting the
samples. Based on these reasons, we still can’t make a solid
conclusion whether IL-33/ST2 is good or not at the time of

acute infection, which is similar with the findings of IFN-α in
early HIV infection. In this study, we found that IL-33 can
promote the function of T cells, suggesting that IL-33 may
act as an immunoadjuvant at enhancing T cell function in a
vaccine setting in HIV infection. While the sST2 should not be
overlooked during IL-33-related interventions for HIV infection
because increased sST2 expression attenuates the function of IL-
33.

In conclusion, we report that IL-33 has the potential to
regulate the function of T cells, which play an important role
in HIV disease progression. The upregulated sST2 in EHIs
is associated with advanced disease progression, whereas the
elevated level of sST2 in EHI weakens the activity of IL-
33. The high level of sST2 in patients with advanced disease
progression may contribute to the dysfunction of T cells and
rapid disease progression. This data broadens the understanding
of HIV pathogenesis and provides critical information for HIV
intervention.
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