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Abstract: Sepsis is characterized by T cell immune imbalance, particularly between Th1 and Th2 cells, and is mediated by pro- and anti-inflammatory cytokines. However, the mechanism underlying the immune regulation of sepsis
remains poorly understood. Here, the mechanism of Th1/Th2 balance in patients with sepsis was investigated.
Peripheral blood was collected from patients with sepsis and healthy controls and the proportion of CD3+CD4+ T
cells was analyzed by flow cytometry. Soluble (s) Tim-3, galectin-9 (Gal-9), IFN-γ and IL-4 were determined by ELISA,
and the mRNA expression of Tim-3, Gal-9, T-bet and GATA-3 were analyzed via RT-qPCR. Following Tim-3 silencing
in lymphocytes using anti-Tim-3 antibodies, the content of IFN-γ and IL-4 was detected by ELISA. In addition, the
apoptosis rate of lymphocytes was evaluated by PI/Annexin V staining, and the associations between Tim-3, Gal-9,
IFN-γ and IL-4 were analyzed by Pearson’s correlation coefficient. Data indicated that Tim-3+ T cells were increased.
Additionally, the levels of soluble Tim-3, Gal-9, IL-4 and GATA-3 were increased, while those of IFN-γ and T-bet were
decreased. When the expression of Tim-3 was inhibited, the levels of IFN-γ were upregulated and the apoptosis rate
of lymphocytes was reduced. However, no significant changes were observed in the expression of IL-4. Furthermore,
a positive association between Tim-3 and Ga-9, and a negative association between Tim-3 and IFN-γ was identified. The current study suggested that Tim-3 combined with Gal-9 could regulate the balance of Th1/Th2 cells and
induce lymphocyte apoptosis in patients with sepsis.
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Introduction
Sepsis is a syndrome characterized by lifethreatening multiple organ dysfunction caused
by the imbalance of the body’s response to
pathogen infection. Sepsis is often accompanied by immune dysfunction and systemic
inflammatory response syndrome, and is also
characterized by a rapid onset and a high mortality [1, 2]. In addition, sepsis is considered an
extremely dangerous disease. It has been
reported that sepsis is commonly caused by
several bacterial and viral infections, which
may result in immune system disorders, eventually leading to the expression of multiple
inflammatory factors and cell metabolites [3-5].
T cells play a crucial role in sepsis. Gupta et al
[7] revealed the existence of a cell-mediated
immune response imbalance and Th1/Th2

ratio disorder in patients with sepsis. However,
although the Th1/Th2 cell imbalance has been
previously reported in patients with sepsis, the
molecules mediating this effect remain largely
unknown.
T cell immunoglobulin domain and mucin domain (Tim) is a transmembrane protein predominantly expressed on T cells [8]. Emerging
evidence has suggested that Tim triggers a
variety of immune responses, including autoimmune diseases [9, 10], allergic diseases [11]
and cancer [12, 13]. Tim-3, an inhibitory receptor expressed in differentiated and mature Th1
cells, is induced via the activation of members
of the Tim family [8, 14]. Τwo forms of Tim-3
have been identified, the membrane (mTim-3)
and soluble Tim-3 (sTim-3). It has been reported that galectin-9 (Gal-9) can specifically bind
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Table 1. The primer sequence
Gene
Tim-3

Primer (5’-3’)
Forward primer: GCAGGGCAGATAGGCATTCT
Reverse primer: CTGCTGCTACTACTTACAAGGTC
Galectin-9 Forward primer: GTCTCCAGGACGGACTTCA
Reverse primer: CACGTACCCTCCATCTTCA
T-bet
Forward primer: TGAGGTGAACGACGGAG
Reverse primer: CATTCTGGTAGGCAGTCACG
GATA-3
Forward primer: AGGGAGTGTGTGAACTGTGGG
Reverse primer: CTTCGCTTGGGCTTAATGAGG
GAPDH
Forward primer: ACAGTCAGCCGCATCTTCTT
Reverse primer: TGGAAGATGGTGATGGGATG

with Tim-3 to induce cell activation and apoptosis [15]. More and more evidence shows that
Tim-3 has an important effect on maintaining
Th1/Th2 balance [16, 17].
The current study aimed to investigate whether
the Th1/Th2 imbalance in patients with sepsis
was associated with the Tim-3/Gal-9 axis.
Therefore, the activation of the Tim-3/Gal-9
pathway and the expression of Th1- and Th2related cytokines were evaluated in vivo and in
vitro using flow cytometry, ELISA and RT-qPCR,
to uncover the possible mechanism underlying
Th1/Th2 imbalance in sepsis and other infectious diseases.
Materials and methods
Patients and samples
A total of 96 patients with sepsis or severe sepsis were recruited between January 2018 and
January 2020 (Table 1). The inclusion criteria
were as follows: Sequential Organ Failure
Assessment (SOFA) score >2 points from baseline. SOFA score was based on several parameters, including partial pressure of oxygen/fraction of inspired oxygen concentration, platelet
count, serum creatinine levels, bilirubin, urine
volume and nervous system scores. In addition,
all patients met the diagnostic criteria for sepsis and severe sepsis according to the Surviving
Sepsis Campaign guidelines. The exclusion criteria were as follows: Patients with malignant
tumors; patients with severe metabolic diseases such as diabetes; patients with autoimmune
diseases and immunosuppression; patients
with other allergic disorders; and patients
with organ transplantation. Additionally, samples from 96 healthy individuals were obtained
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from the General Hospital of the Northern
Theater Command and served as the control
group. All the studies were approved by the
ethical committees of General Hospital of the
Northern Theater Command on October 28,
2018 (protocol number: 2018-74). All participants provided written informed consent.
Peripheral blood and serum were collected
from all participants for subsequent experiments.
Flow cytometry
A 1 × 106/ml cell suspension in a total volume of 100 μl PBS in an anticoagulant tube
was incubated with CD3-PerCP, CD4-fluorescein isothiocyanate (FITC) and Tim-3-allophycocyanin antibodies (all from BD Pharmingen) in the dark for 30 min. Subsequently, cells
were lysed with 1 × Lysing Solution (BD
Biosciences) in the dark for 10 min. The suspension was centrifuged at 350 × g, the supernatant was discarded, the cells were rinsed with 1 × PBS followed by centrifugation.
Finally, the supernatant was discarded, cells
were resuspended in PBS, and the percentage of CD3+CD4+ Tim-3+ cells was measured
using the FACS Canto II flow cytometer (BD
Biosciences).
RT-qPCR assays
The mRNA expression of Tim-3, Gal-9, T-bet,
and GATA-3 were evaluated using the SYBR
Green Master Mix (Thermo Fisher Scientific,
Inc.) in a 25 μl reaction, in triplicate. Ct
values were determined on the Bio-Rad CFX96
Sequence Detection System (Bio-Rad). The
primer sequences used are listed in Table 1.
ELISA
The optical density (OD) values of sTim-3, Gal-9,
IL-4, IFN-γ, IL-6 and TNF-α in serum and cell culture supernatants were detected using corresponding ELISA kits (R&D Systems, Inc.),
according to the manufacturer’s instructions.
The corresponding cytokine concentration was
calculated according to the standard curve.
Cell culture
Peripheral blood lymphocytes were isolated
from healthy individuals and resuspended in
RPMI-1640 medium containing 10% newborn

Int J Clin Exp Med 2021;14(9):2291-2300

Tim-3/galectin-9 mediates Th1/Th2 imbalance and apoptosis in sepsis
Table 2. Clinical characteristics of patients with
sepsis
Age
Sex (M/F)
WBC (109/L)
RBC (109/L)
HGB (g/L)
NEU (109/L)
PLT (109/L)
RDW (%)
CRP (mg/L)
PCT (ng/mL)
IL-6 (pg/mL)

Control (n=96)
48 (21-81)
53/43
7.23±2.59
4.84±0.35
156.73±19.38
4.65±2.02
209.58±66.42
13.41±5.65
6.30±3.27
0.03±0.01
4.36±1.38

Sepsis (n=96)
75 (30-89)
50/46
15.91±11.32
3.69±0.69
115.45±24.37
15.22±11.72
121.72±79.85
15.88±7.29
144.52±85.26
66.24±37.33
99.88±35.43

P value
0.242
0.014
0.001
0.003
<0.001
<0.001
>0.05
<0.001
<0.001
<0.001

calf serum. Subsequently, 1 × 106/ml lymphocytes were seeded into 6-well plates. In the
present study, two groups of cells were included. Cells in the first group were supplemented
with 0.1 μg/ml lipopolysaccharide (LPS group;
Sigma-AldrichA), while those in the control
group were treated with equal volume of PBS
(PBS group). Subsequently, the cells in both
groups were treated with 10 μg/ml concanavalin A (ConA; Sigma-Aldrich) and incubated
at 37°C for 24 h. Cells were first treated with
10 µg/ml anti-Tim-3 monoclonal antibody
(BioLegend, Inc.) for 12 h and then with 1 μg/ml
Gal-9 (Abcam) for an additional 12 h. The cells
and supernatants were collected for subsequent experiments.

Statistical analysis
All data presented in the study were expression
as means ± SD. Statistical analysis was performed by GraphPad Prism 7.0 (GraphPad
Software, Inc.). Student’s t test and one-way
ANOVA were used to assess the different
among the groups. Pearson coefficient correlation test was used to test the correlations
between serial variables. A value of P<0.05
was considered statistically significant.
Results
Clinical characteristics of patients with sepsis
In the present study, a total of 96 patients with
sepsis were enrolled, including 50 males and
46 females. The clinical characteristics of
patients are presented in Table 2. In addition,
the number of peripheral blood cells and the
levels of inflammatory markers were also measured. Therefore, the count of peripheral blood
white blood cells and neutrophils, and the levels of C-reactive protein, IL-6, and procalcitonin
(PCT) were significantly increased. By contrast,
the count of red blood cells and platelets (PLT),
and the levels of hemoglobin were markedly
decreased.
Levels of Tim-3 and Gal-9 in sepsis

Briefly, 1 × 105 cells/ml were seeded into 96
well plates, and incubated with 10, 100, 1,000
and 10,000 ng/ml LPS at 37°C for 24 h.
Subsequently, 5 mg/ml of MTT solution (SigmaAldrich) was added into each well and cells
were incubated for an additional 4 h. The plates
were then depleted, 100 μl of DMSO was added
into each well for 10 min, and the OD value in
each well was measured.

The percentage of CD3+CD4+ Tim-3+ T cells was
determined in patients with sepsis by flow
cytometry (Figure 1A, 1B). Compared with the
control group, the percentage of Tim-3+ cells in
patients with sepsis was increased (P<0.001;
Figure 1B). The secretion levels of sTim-3 and
Gal-9 were measured by ELISA and the results
indicated that the levels of both sTim-3 and
Gal-9 were significantly increased in sepsis
(P<0.001, Figure 2A, 2B). Furthermore, the
mRNA expression of Tim-3 and Gal-9 were
detected by RT-qPCR. Therefore, both Tim-3
and Gal-9 were also upregulated in patients
with sepsis (P<0.001; Figure 2C, 2D).

PI/Annexin V staining

Th1/Th2 imbalance in sepsis

Briefly, 1 × 105 cells/ml were resuspended in
cold PBS and were then stained with annexin
V-FITC and PI for 15 min in the dark. Following
incubation for 1 h, the cells were resuspended
in PBS and analyzed using the FACS Canto II
flow cytometer (BD Biosciences).

ELISA was employed to measure the secretion
levels of the Th1/Th2-related cytokines. The
results revealed that the levels of the Th1 cytokine, IFN-γ, were significantly diminished
(P<0.001; Figure 3A), while those of the Th2related cytokine, IL-4, were notably increased

MTT assay
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Figure 1. Gating strategy for flow cytometric analysis and proportion of CD3+CD4+ Tim-3+ cells. A: FSC intensity is
associated with cell size, and SSC with cell granularity. Following gating for CD3 lymphocytes, the gating for Tim-3+
cells in patients with sepsis and healthy controls are depicted. B: T cell Tim-3+ cell population is shown.

Figure 3C). The results of RTqPCR demonstrated that T-bet
was downregulated (P<0.001;
Figure 3D), while GATA-3 was
upregulated in patients with
sepsis (P<0.001; Figure 3E).
The T-bet/GATA-3 ratio was
also notably reduced (P<
0.001; Figure 3F).
Tim-3/Gal-9 regulates the
balance of Th1/Th2 cells in
sepsis
Following stimulation with
LPS, the cell culture supernatants and cells were collected,
and cell survival was evaluated by MTT assay. The content
of the inflammatory cytokinFigure 2. mRNA and secretion levels of Tim-3 and Gal-9. The secretion levels
es, IL-6 and TNF-α, was meaof (A) sTim-3 and (B) Gal-9 are shown. The mRNA expression levels of (C)
sured in cell culture supernaTim-3 and (D) Gal-9 are shown. sTim-3, soluble Tim-3.
tants by ELISA. A concentration of 0.1 μg/ml LPS was
in sepsis (P<0.001; Figure 3B). Additionally, the
chosen to stimulate cells (Figure 4A-C). A sepIFN-γ/IL-4 ratio was also decreased (P<0.001;
sis simulation in vitro model was established,
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Figure 3. IFN-γ (Th1) and IL-4 (Th2) cytokine expression levels, and the mRNA expression levels of the transcription
factors T-bet (Th1) and GATA-3 (Th2). The secretion levels of (A) IFN-γ and (B) IL-4 are shown. (C) The IFN-γ/IL-4 ratio
is shown. The mRNA expression levels of (D) T-bet and (E) GATA-3 are shown. (F) The T-bet/GATA-3 ratio is shown.

and the culture supernatants of cells treated
with PBS, LPS, LPS + Gal-9, LPS + Tim-3 + Gal9, anti-Tim-3 antibody or Gal-9 were collected
to measure the levels of the Th1/Th2-related
cytokines using ELISA. The secretory levels of
IFN-γ were significantly increased after LPS
stimulation (Figure 4D), while they were notably reduced following stimulation with LPS + Gal9. Cell stimulation with Gal-9 had no effect on
the secretion levels of IFN-γ. Interestingly, no
statistically significant changes were observed in IL-4 levels among different treatment
groups (Figure 4E). Furthermore, to investigate whether the Tim-3/Gal-9 axis could
mediate the Th1/Th2 imbalance in septic
patients, Tim-3 expression was inhibited using
an anti-Tim-3 monoclonal antibody. Therefore,
following treatment of cells with anti-Tim-3 antibody, the secretion of IFN-γ was enhanced in
cells stimulated with Gal-9. However, no differences were observed in the secretion levels of
IL-4.

cell stimulation with LPS + Gal-9. By contrast,
treatment of cells with anti-Tim-3 antibody significantly attenuated apoptosis. However, stimulation with Gal-9 or Tim-3 alone, slightly
increased cell apoptosis.

Tim-3/Gal-9 induces lymphocyte apoptosis

Discussion

The apoptosis rate of lymphocytes was assessed. Data indicated that the apoptosis of
lymphocytes was enhanced after cell stimulation with LPS (Figure 5). Additionally, lymphocyte apoptosis was also increased following

Sepsis is mainly characterized by the imbalance between the inflammatory and antiinflammatory responses. Once the balance is
destroyed, the disease often aggravates [1].
As an important component of the adaptive
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Association of Tim-3/Gal-9 with IFN-γ and IL-4
Subsequently, the association between Tim-3/
Gal-9 and the expression of IFN-γ and IL-4
was evaluated in patients with sepsis. P<0.05
and r>0.5 were considered to indicate a statistically significant association. The results
revealed a significant positive association between Tim-3 and Gal-9 (r=0.697; P<0.0001;
Figure 6A). In addition, Tim-3 was negatively
associated with IFN-γ (r=-0.543; P<0.0001;
Figure 6B). However, there was no significant
association between Tim-3 and IL-4 (r=0.326;
P=0.0012; Figure 6C), and between Gal-9 and
IFN-γ (r=-0.445; P<0.001; Figure 6D) and IL-4
(r=0.130; P=0.208; Figure 6E).
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Figure 4. Tim-3/Gal-9 axis regulates the Th1/Th2 balance in sepsis. A: Lymphocytes were isolated and treated with
different concentrations of LPS to induce lymphocyte inflammation in vitro. MTT assay was carried out to detect the
effect of different concentrations of LPS on the survival of lymphocytes. B: Following stimulation of lymphocytes
with different concentrations of LPS, the levels of IL-6 in cell culture supernatants were measured using ELISA. C:
Following stimulation of lymphocytes with different concentrations of LPS, the levels of TNF-α in cell culture supernatants were detected by ELISA. D: Following treatment with LPS and ConA, the isolated lymphocytes were cultured
in the presence of Gal-9 and anti-Tim-3 antibody, respectively, and the secretion levels of IFN-γ in the cell culture
supernatants were determined. E: Following treatment with LPS and ConA, the isolated lymphocytes were cultured
in the presence of Gal-9 and anti-Tim-3 antibody, respectively, and the secretion levels of IL-4 were detected in the
cell culture supernatants. *P<0.05, compared with the PBS group; #P<0.05, compared with the LPS group; $P<0.05,
compared with the LPS + Gal-9 group.

immune responses, T cells, are involved in the
pathophysiology of several diseases. Herein,
peripheral blood cells and serum were collected from patients with sepsis. Subsequently, the
secretion and mRNA levels of Th1/Th2-related
cytokines were determined in serum and
peripheral blood cells, respectively. A Th1/Th2
cell imbalance was revealed in patients with
sepsis. However, the mechanism underlying
this imbalance remains unclear.
The activation of T cells depends on costimulatory molecules, such as CD28 and CTLA-4 [18].
After receiving the stimulatory signal, T cells
can play an immune-stimulatory or immunosuppressive role [18]. Tim-3 is a negative
costimulatory molecule, particularly expressed
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on Th1 cells, involved in the Th1-mediated
immune responses [19, 20]. Additionally, Gal-9,
expressed by different types of cells, belongs to
soluble glycoproteins and adheres to the cell
membrane to induce cell apoptosis in thymocytes, and external CD4+ and CD8+ cells [21].
Galactose lectin-9 is the only known Tim-3
ligand. Tim-3 binds to its ligand and transmits
negative stimulatory signals to promote
immune tolerance in response to excessive
immune response, thus ensuring a balanced
immune response [22, 23]. Li et al [24] demonstrated that Tim3+ T cells could interact with
Gal-9-expressing T regulatory cells to inhibit the
Th1 cell-mediated response in patients with
osteosarcoma. Herein, the proportion of Tim-3+
T cells was measured in patients with sepsis.
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Figure 5. Tim-3/Gal-9 axis induces lymphocyte apoptosis. The apoptosis rate of lymphocytes stimulated with LPS,
LPS + Gal-9, or LPS + Gal-9 + anti-Tim-3 antibody was assessed. *P<0.05, compared with the PBS group; #P<0.05,
compared with the LPS group; $P<0.05, compared with the LPS + Gal-9 group; &P<0.05, compared with the LPS +
Gal-9 + anti-Tim-3 antibody group.

Figure 6. Association between Tim-3/Gal-9 with Th1 and Th2 cytokines.

The results showed that the expression of Tim3+ T cells was elevated in sepsis, indicating that
2297

Tim-3 could be involved in the pathogenesis of
sepsis.
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It is widely known that Th1 cells can promote
the effects of CTLs on cell proliferation, differentiation and killing ability. Th2 cells enhance
the proliferation, differentiation and antibody
production by B cells [6]. The pro-inflammatory
cytokines secreted by Th1 cells, mainly IFN-γ,
can eliminate the virus invading the host and
enhance the antigen presentation process,
whereas Th2 cells, characterized by the secretion of IL-4, suppress antigen presentation,
thus resulting in T cell dysfunction [6]. Herein,
an impaired Th1/Th2 cell balance was revealed
in septic patients. However, the combination of
Tim-3 with Gal-9 could attenuate the activation
of Th1 cells, the production of IFN-γ, and
the ability to clear pathogens, while it could
enhance the body’s tolerance to pathogens
and promote immunosuppression [25, 26].
Therefore, in the present study lymphocytes
were isolated from peripheral blood to establish an in vitro model simulating septic inflammation. The results demonstrated that the levels of IFN-γ were significantly increased in culture supernatants from LPS-stimulated lymphocytes. By contrast, the secretion of IFN-γ
was reduced in cells treated with Gal-9 to
activate Tim-3. Interestingly, no significant
changes were observed in the secretory levels
of IL-4. These results indicated that the combination of Tim-3 with Gal-9 could inhibit the activation of Th1 cells and the production of IFN-γ,
thus regulating the Th1/Th2 balance during the
inflammatory process of sepsis.
Subsequently, the association between Tim-3/
Gal-9 and apoptosis was evaluated. Emerging
evidence has suggested that the combination
of Tim-3 with Gal-9 can promote T effector cell
apoptosis, attenuate immune responses and
induce immune tolerance [27, 28]. However,
IFN-γ-secreted Th1 cells could increase the levels of Gal-9. The above process could be a part
of the negative feedback mechanism of Tim-3+
Th1 cell apoptosis [28, 29]. Therefore, the current study further investigated lymphocyte
apoptosis. When the LPS-induced inflammatory model was established in vitro, the apoptosis
rate of lymphocytes was significantly increased
following cell treatment with Gal-9. By contrast,
treatment of cells with anti-Tim-3 antibody
notably reduced lymphocyte apoptosis. The
aforementioned findings indicated that the
binding of Gal-9 to Tim-3 could induce lymphocyte apoptosis.
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In conclusion, the present study suggested that
Tim-3, as a negative costimulatory molecule,
could be involved in maintaining a balanced
immune system. However, the current study
has some limitations. For example, whether the
combination of Tim-3 with Gal-9 could promote
the apoptosis of T lymphocytes, particularly
that of CD4+ Th1 cells, was not investigated.
Moreover, the effects of the Tim-3/Gal-9 axis
on inflammation and clinical symptoms of
patients with sepsis need to be further
explored.
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