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Objective: Little is currently known on the role of T-cell immunoglobulin and ITIM domain (TIGIT) expression in Foxp3+
regulatory T cells (TIGIT+Tregs) in acute coronary syndrome (ACS) patients. The aim of this study was to investigate the role and
alterations of TIGIT+Tregs in ACS patients.
Methods: We enrolled 117 subjects, including 61 ACS patients, 26 chronic coronary syndrome (CCS) patients, and 30 control
subjects without coronary artery disease. The quantification of TIGIT+Tregs was determined by flow cytometry; serum interleukin-6
(IL-6) and transforming growth factor-β (TGF-β) were also measured.
Results: TIGIT+Tregs expression was significantly lower in ACS patients compared with CCS and control patients (P<0.05). The
expression of TIGIT+Tregs was comparable in patients with and without traditional risk factors (P>0.05). Logistic regression analysis
revealed that TIGIT+Tregs levels are independent predictors of ACS (P<0.01). Receiver-operating characteristic (ROC) curve analysis
showed the expression levels of TIGIT+Tregs had a discriminative power for ACS (P<0.01). IL-6 levels were increased (P<0.01),
while TGF-β was decreased in ACS patients compared with CCS and control patients (P<0.01). Meanwhile, an inverse correlation
between IL-6 and TIGIT+Tregs was observed (P<0.01), while a positive correlation between TGF-β and TIGIT+Tregs was found
(P<0.05).
Conclusion: TIGIT+Tregs levels are significantly reduced in ACS, accompanied by upregulated IL-6 and downregulated TGF-β
expression. The downregulated TIGIT+Tregs are independent predictors of ACS. These findings suggest that TIGIT+Tregs may have
an anti-inflammatory and protective effect on ACS, and its decreased expression may be associated with atherosclerotic plaque
destabilization.
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Introduction
Acute coronary syndrome (ACS) is a clinical disease with high morbidity and mortality all over the word.1–3 It is mainly
characterized by atherosclerotic plaque instability, rupture, and thrombosis. Inflammation is involved in plaque
destabilization.4 A body of studies have shown that some inflammatory predictors are associated with cardiac conditions
such as stable coronary artery disease, acute coronary syndrome, and collateral development in coronary arteries.5–7

Besides, inflammatory-immune cells play prominent roles in the process of atherosclerosis.8 In this regard, immune cells
have been documented to participate in the process of atherosclerosis. Abnormal expression of some molecules on
immune cells has been associated with immune cells dysfunction and regulation of the corresponding immune response.9

CD4+ T cells are divided into helper T (Th) cells and regulatory T cells (Tregs). The imbalance between Th cells and
Tregs contributes to erosion and plaque rupture in coronary artery atherosclerosis, leading to thrombosis and ACS.10 An
increasing body of evidence shows an increase in Th cells such as Th1, Th17, and Th22 in ACS, while Tregs are
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downregulated.10–13 Tregs play a key role in regulating immune homeostasis and maintaining immune tolerance.
Moreover, Tregs form part of a heterogeneous population with diverse phenotypes.14 Accumulating evidence demon-
strates that Tregs can be defined by many regulatory molecules phenotypically, such as glycoprotein A repetitions
predominant (GARP),15 cytotoxic T lymphocyte antigen 4 (CTLA-4),16 glucocorticoid-induced TNFR related protein
(GITR),17 T cell immunoglobulin and ITIM domain (TIGIT).18 These molecules have been identified as characteristic
markers of Tregs.

TIGIT, an inhibitory immune checkpoint molecule and a receptor of the Ig superfamily, consists of an extracellular IgV
domain, a type 1 transmembrane domain, and a cytoplasmic tail containing ITIM and an immunoglobulin tail tyrosine (ITT)
motif, and is expressed mainly on activated Tcells, memory Tcells, NK cells, and Tregs.18 The role of TIGITexpression on
immune cells, including T cells and natural killer cells, has been explored in several diseases; TIGIT expression on
lymphocytes is reportedly altered in autoimmune diseases and cancer. In systemic lupus erythematosus (SLE), and
rheumatoid arthritis (RA), TIGIT expression is downregulated on NK cells and upregulated on CD4+ T cells.19–22 TIGIT
expression on NK cells is upregulated in gastric and colon cancers.19 Moreover, decreased TIGIT expression on CD4+T
cells has been documented in psoriasis,23 and aplastic anemia.24 The TIGIT expression in FOXP3+Tregs (TIGIT+Tregs)
are a distinct subset of Tregs that can mediate T cell responses via cell to cell contact-dependent manner and secretion of
cytokines.25 A study found that TIGIT+Tregs were decreased in SLE compared with healthy individuals, suggesting that
changes in TIGIT+Treg levels may be associated with immune disorders.22 Another study showed that TIGIT+Tregs,
upregulated in tumor-infiltrating lymphocytes, can inhibit antitumor immune responses.26

However, to the best of our knowledge, the role and alterations of TIGIT+Tregs in ACS have not been investigated.
Accordingly, The aim of this study was to investigate the role and alterations of TIGIT+Tregs in ACS patients and to
enhance our understanding of TIGIT+Tregs in ACS patients and provide the basis for future studies.

Patients and Methods
Patients
In this study, 117 subjects were enrolled from May 2021 to September 2021. Informed consent was obtained from all
participants. Ethical approval for the research was obtained from the Ethics Committee of Guizhou Medical University
Affiliated Hospital. This study was also in compliance with the Declaration of Helsinki. All enrolled subjects underwent
diagnostic coronary angiography and were divided into three groups according to the European Society of Cardiology
(ESC) guidelines for patients with or without persistent ST-segment elevation and chronic coronary syndromes (CCS):
The acute coronary syndrome (ACS) group (n=61) (45 men and 16 women, mean age 61.31±12.95 years) including
patients with acute ST-segment elevation ACS (STEACS) and non-ST-segment elevation ACS (NSTEACS), the chronic
coronary syndrome (CCS) group (n=26) consisting of 18 men and 8 women, with a mean age of 64.58±10.50 years and
the control group (n=30), consisting of 16 men and 14 women, with a mean age of 58.57±11.60 years. The diagnostic
criteria for ACS and CCS were based on cardiac troponins T levels, clinical manifestation, electrocardiogram alteration,
and coronary angiography results.1,2,27 The inclusion criteria for ACS included acute chest discomfort at rest or on
minimal exertion with the presence of electrocardiogram alterations (ST-segment elevation or depression, T-wave
inversion, flat T waves, or pseudonormalization of T waves) and/or an increase and/or decrease of high-sensitivity
cardiac troponin T with at least one value above the 99th percentile of the upper reference limit. The inclusion criteria for
CCS consisted of patients with typically stable exertional chest discomfort, asymptomatic and minor stable symptomatic
patients with coronary artery disease during periodic follow-up or asymptomatic coronary artery disease patients detected
by screening. Besides, in all selected ACS and CCS patients, the lumen stenosis of any major epicardial coronary artery
was greater than or equal to 50%, confirmed by coronary angiography. The control group consisted of patients with
normal coronary artery angiography and without typical exertional chest discomfort complaints and the history of
atherosclerotic cardiovascular disease. Subjects with the following past medical histories were excluded: human
immunodeficiency virus infection, cancer, severe liver disease, serious infection, severe valvular heart disease, severe
heart failure, dissection of the aorta, rheumatic disease, current immunosuppressive therapy, chronic inflammatory
diseases, uremia or dialysis, mental disorders.
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Data Collection
Clinical data of patients during their hospital stay were collected from medical records, which included categorical and
continuous variables such as age, gender, treatment, body mass index (BMI), medical history, lipids profiles. In addition,
coronary angiography results were also collected.

Blood Samples Collection
Peripheral blood samples were obtained from patients before coronary angiography. Samples were collected without
anticoagulants (5mL) or with heparinized tubes (3mL). The serum was separated by centrifugation for 15 min at 1000
X g. The supernatant was then aliquoted and stored at -80°C until analysis. The anticoagulant blood with heparin was
used for flow cytometry analysis.

Flow Cytometry Analysis
Whole blood was analyzed using cell surface staining. Antibodies against the following antigens were added to the whole
blood: CD3 (BD Pharmingen), CD4 (BD Pharmingen), CD25 (BD Pharmingen), CD56 (BDPharmingen), CD127
(Biolegend), and TIGIT (Biolegend). After incubation at room temperature for 30min, erythrocytes were lysed by adding
a red blood cell lysate. After washing, the stained cells were analyzed with FACSCalibur cytometer (BD celesta) using
Diva software. The data were then analyzed using FlowJo software (TreeStar).

The Detection of the Levels of TGF-β and IL-10
After serum samples stored in the −80°C refrigerator were thawed, the serum concentrations of IL-6 (Multiscience,
China) and TGF-β1 (Multiscience, China) were measured by enzyme-linked immunosorbent assay (ELISA) according
to the manufacturer’s instructions. The IL-6 and TGF-β1 concentrations were determined according to a standard
curve.

Statistical Analysis
The normal distribution was analyzed by the Kolmogorov–Smirnov test. Continuous variables following normal
distribution were expressed as mean±SD. Non-parametric continuous variables were expressed as medians with the
interquartile range (IQR), and categorical variables were expressed as percentages and compared by the chi-square test.
The Student’s t-test was used to compare TIGIT+Tregs levels between groups with and without traditional risk factors.
Comparison of normally distributed variables among three groups was performed by one-way ANOVA, followed by
LSD’s test. Comparisons of non-parametric variables among three groups were determined by the Kruskal–Wallis test.
Univariable and multivariable logistic regression analyses were performed to identify predictors of ACS. The receiver
operating characteristic (ROC) analysis was used to examine the discriminatory power of TIGIT+Tregs for ACS.
Spearman correlation analysis was performed to assess the correlation between cytokine levels and TIGIT+Tregs.
Multiple stepwise regression analysis was performed to investigate the relationship between TIGIT+Tregs and IL-6
and TGF-β expression. Statistical analysis was carried out using SPSS26.0. A P-value <0.05 was statistically
significant.

Results
Patients Characteristics
There were no significant differences in demographic variables (age and gender), BMI, diabetes mellitus, and hyperten-
sion among the three groups (see Table 1). However, a higher smoking prevalence was observed in ACS patients than in
CCS and control patients (P=0.027). There was a significant difference in history of revascularization, angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers (ACEI/ARB) use and β-blockers use among the three groups
(P≤0.001). The total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) levels were significantly higher in
the ACS patients compared with CCS patients (P<0.001). The basic clinical characteristics of the three groups are
presented in Table 1.
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TIGIT+Tregs Levels Were Downregulated in ACS Patients
We investigated the levels of TIGIT+Tregs, FOXP3+Tregs, and CD4+TIGIT+T cells in all patients. The gating
strategy of TIGIT+Tregs, FOXP3+Tregs, and CD4+TIGIT+T cells were presented in Figure 1. As shown in

Table 1 Clinical Characteristics of Patients

Characteristics ACS (n=61) CCS (n=26) Control (n=30) P

Age(years) 61.31±12.95 64.58±10.50 58.57±11.60 0.185
Male(%) 45(73.8%) 18(69.2%) 16(53.3%) 0.145

BMI(kg/m2) 25.25(22.75, 27.05) 24.35(22.85, 27.48) 24.45(21.55, 25.48) 0.390

TG(mmol/L) 1.10(0.78, 2.33) 1.71(1.09, 2.69) 1.80(1.23, 2.53) 0.077
TC(mmol/L) 4.59±0.99# 3.46±1.02Δ 4.36±1.03 <0.001
HDL-C(mmol/L) 1.00(0.87, 1.12) 0.98(0.81, 1.17) 1.09(0.92, 1.45) 0.178

LDL-C(mmol/L) 3.13±0.91#Δ 1.94±0.80Δ 2.70±0.93 <0.001
Hypertension, n(%) 31(50.8%) 16(61.5%) 12(40.0%) 0.295

Diabetes mellitus, n(%) 16(26.2%) 7(26.9%) 2(6.7%) 0.082
Current smoking, n(%) 37 (60.7%)#Δ 9(34.6%) 11(36.7%) 0.027
History of revascularization, n%) 7(11.5%)# 12(46.2%)Δ 0(0%) <0.001
Medications, n (%)
ACEI/ARB 7(11.5%)#Δ 14(53.8%) 9(30.0%) <0.001
β-blockers 11(18.0%)# 15(57.7%) 11(36.7%) 0.001
CCB 12(19.7%) 7(26.9%) 10(33.3%) 0.337
Statins 59(96.7%) 26(100%) 29(96.7%) 0.817

Antiplatelet 61(100%) 26(100%) 30(100%)

Notes: Comparison of normally distributed variables among three groups was performed by one-way ANOVA, and Comparisons of non-parametric variables among three
groups were determined by the Kruskal–Wallis test. Categorical variables were compared by the chi-square test. #P< 0.05 versus CCS. ΔP< 0.05 versus control. Significant
P values with bold characters.
Abbreviations: BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; CCB, calcium channel blockers.

Figure 1 The gating strategy of the TIGIT+Tregs, FOXP3+Tregs, CD4+TIGIT+ in peripheral blood lymphocytes. (A) The lymphocytes were gated based on the light scatter
properties on forward scatter (FSC) and side scatter (SSC) dot plots. (B) Cellular adhesions were excluded based on FSC-A and FSC-H. (C) CD3+CD56- cells were
identified by gating on the CD3+CD56-cells on a CD3/CD56 dot plot. (D) CD4+CD8- were identified by gating on the CD4+CD8-cells on a CD4/CD8 dot plot. (E) Dot
plot analysis of CD4+TIGIT+ derived from gated CD4+/CD8-cells population. (F) FOXP3+Tregs were identified by gating on the CD25+CD127low/-cells arised from CD4
+CD8-T cells. (G) Dot plot analysis of the TIGIT+Tregs derived from gated FOXP3+Tregs.
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Figure 2, the TIGIT+Tregs expression levels were significantly lower in ACS patients than in CCS and control
patients (Figure 2A). There was no difference in TIGIT+Tregs expression between CCS and control patients
(Figure 2A). No significant difference was found in the levels of CD4+TIGIT+ T cells and FOXP3+Tregs among
the three groups (Figure 2B and C).

Figure 2 Comparison of TIGIT+Tregs, FOXP3+Tregs, CD4+TIGIT+ among three groups. (A) Differential distribution of TIGIT+Tregs among three groups were observed
(**Indicates P<0.05; *Indicates P>0.05). (B) FOXP3+Tregs and (C) CD4+TIGIT+ were insignificantly altered (P>0.05). (D) ROC curve of TIGIT+Tregs in ACS patients, the
cut-off value of TIGIT+Tregs was 64.35% (P<0.01).
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The Levels of TIGIT+Tregs Were Comparable in Patients with and without Traditional
Risk Factors
All subjects were separated into two groups based on traditional risk factors, including age, gender, hypertension,
diabetes mellitus, and smoking status. The patients were divided into two groups based on the median age (62 years) (age
group 1:≥62 years, age group 2 <62 years). As shown in Figure 3, there were no significant differences in TIGIT+Tregs
levels in gender (males vs females) and age (age group 1 vs age group 2). Similar results were observed when patients
were stratified according to their history of hypertension, diabetes mellitus, and smoking status (see Figure 3). The above
results suggested that TIGIT+Tregs were not associated with traditional risk factors.

The Decrease in TIGIT+Treg Levels Was an Independent Predictor of ACS
We performed logistic regression analysis to examine the association between TIGIT+Tregs and ACS. During univariate
analysis (see Table 2), TIGIT+Tregs levels were negatively associated with ACS [odds ratio (OR) = 0.939; 95%
confidence interval (CI)=0.899–0.980, P=0.004]. After adjusting for gender, age, and BMI during multivariate analysis,
the adjusted OR was 0.933 (95% CI=0.893–0.976, P=0.002)(see Model 2 in Table 3). Further after adjusting for
hypertension, diabetes mellitus, smoking status, and history of revascularization, the relationship between TIGIT+Treg
levels and ACS remained statistically significant [OR = 0.921, 95% CI = 0.877–0.968, P=0.001](see Model 3 in Table 3).
Finally, when other variables such as ACEI/ARB use, β-blocker use, and lipids profiles including TG, HDL-C, LDL-C
were added to the model (see model 5 in Table 3), a significant correlation was found between TIGIT+Tregs levels and
the presence of ACS [OR=0.902, 95% CI=0.849–0.958, P=0.001]. The OR values of TIGIT+Tregs in the different
regression models are presented in Table 3. Furthermore, receiver-operating characteristic (ROC) curve analysis was used
to evaluate the discriminative power of TIGIT+Tregs for ACS. As presented in Figure 2D, the ROC curve revealed that
the cut-off value of TIGIT+Tregs to identify ACS was 64.35% (area under the curve (AUC) value was 0.674 for ACS)
with a sensitivity and specificity of 76.8% and 60.7%, respectively, indicating that the decline in TIGIT+Tregs enables
the discrimination of ACS.

Elevated IL-6 and Reduced TGF-β Expression Levels in ACS Patients
We compared the serum IL-6 and TGF-β levels among the three groups. As shown in Figure 4, the IL-6 levels were
significantly increased in the ACS group than in the CCS and the control groups (Figure 4A). There was no significant
difference in IL-6 expression between the CCS and the control groups (Figure 4A). The TGF-β levels were significantly
reduced in the ACS group compared with the CCS and the control groups (Figure 4B). The TGF-β levels were
comparable between the CCS and control groups (Figure 4B).

The Correlation of TIGIT+Tregs with IL-6 and TGF-β Level
Spearman correlation analysis showed that IL-6 expression was negatively correlated with TIGIT+Tregs levels
(Figure 5A). The expression of TGF-β was positively correlated with TIGIT+Tregs (Figure 5B). To determine the
association between TIGIT+Tregs levels with IL-6 and TGF-β, we also carried out multivariable stepwise regression
analysis. The TIGIT+Tregs were the dependent variable, while the independent variables included age, BMI, gender,
current smoking, hypertension, diabetes mellitus, history of revascularization, lipid profiles, ACEI/ARB use, and β-
blockers use. Results showed TIGIT+Tregs levels were negatively correlated with IL-6 levels (Standardization coeffi-
cient β=−0.364, p < 0.01) and positively correlated with TGF-β levels (Standardization coefficient β= 0.191, p < 0.05).

Discussion
In current study, we demonstrated for the first time that TIGIT+Tregs decreases in ACS patients. TIGIT+Tregs have been
extensively characterized by researchers.18,28 TIGIT+Tregs represent a functionally distinct subset of Tregs in both humans
and mice because of their higher inhibitory capacity compared with TIGIT-Tregs. Intriguingly, TIGIT+Tregs have been
shown to exert an inhibitory effect via secretion of soluble fibrinogen-like protein 2 (sFGLl2), by which TIGIT+ Tregs can
inhibit the Th1 and Th17 cell responses.18 In the present study, we demonstrated that TIGIT+Tregs were significantly
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Figure 3 The similar distribution of TIGIT+Tregs in patients with traditional risk factors. (A) The frequency of TIGIT+Tregs according to gender. (B) The frequency of
TIGIT+Tregs according to age. (C) The frequency of TIGIT+Tregs according to history of hypertension. (D) The frequency of TIGIT+Tregs according to history of diabetes.
(E) The frequency of TIGIT+Tregs according to the smoking status. (Ps>0.05).
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downregulated in ACS patients. We also found that the TIGIT+Tregs had a significant discriminative power for ACS by
ROC curve analysis. Besides, logistic regression analysis showed that the TIGIT+Tregs level was an independent predictor
of ACS, indicating that TIGIT+Tregs may play an important role during the onset of ACS. Taken together, these results
indicate that TIGIT+Tregs may be a sensitive subset of Tregs in ACS, and its decrease may be involved in atherosclerotic
plaque instability. Liu et al reported that the sFGL2 levels were reduced in ACS patients compared to patients with stable
angina and normal coronary arteries.29 Moreover, sFGL2 has been reported to be positively associated with levels of CD4
+CD25+FOXP3+Tregs,29 suggesting that sFGL2 might be an inhibitory effector molecule of TIGIT+Tregs in ACS.18

Accordingly, TIGIT can be regarded as a specific marker of FOXP3+Tregs in ACS patients.

Table 2 The Association of Clinical Variable with ACS

Independent Variable Univariate Multivariate

OR (95% CI) P OR (95% CI) P

TIGIT+Tregs 0.939(0.899–0.980) 0.004 0.902(0.849–0.958) 0.001

Age 1.000(0.970–1.030) 0.984 1.018(0.972–1.066) 0.456

Gender 1.820(0.832–3.982) 0.134 1.689(0.392–7.272) 0.482

BMI 1.034(0.916–1.168) 0.588 0.987(0.803–1.214) 0.905

Hypertension 1.033(0.500–2.135) 0.929 4.768(1.268–17.932) 0.021

Diabetes mellitus 1.857(0.745–4.628) 0.184 3.286(0.834–12.944) 0.089

Current smoking 2.775(1.311–5.875) 0.008 3.505(0.829–14.825) 0.088

History of revascularization 0.475(0.172–1.310) 0.150 0.839(0.183–3.847) 0.821

ACEI/ARB 0.186(0.072–0.481) 0.001 0.196(0.045–0.864) 0.031

β-blocker 0.254(0.110–0.587) 0.001 0.268(0.079–0.906) 0.034

TG 0.920(0.738–1.147) 0.460 0.766(0.539–1.090) 0.138

HDL-C 0.618(0.200–1.905) 0.402 0.084(0.007–0.986) 0.049

LDL-C 2.491(1.588–3.906) <0.001 3.466(1.677–7.078) 0.001

Note: Univariable and multivariable logistic regression analyses were performed to identify predictors of ACS. Significant P values with bold characters.
Abbreviations: BMI, body mass index; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ACEI/ARB,
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers.

Table 3 The Independent Association of TIGIT+Tregs with ACS in Different Model

Models Variables OR 95% CI P

Model 1 TIGIT+Tregs 0.939 0.899–0.980 0.004

Model 2 Model 1+Age, Gender, BMI 0.933 0.893–0.976 0.002

Model 3 Model 2+HPT+DM+Smoking+History of revascularization 0.921 0.877–0.968 0.001

Model 4 Model 3+ACEI/ARB+β-blocker 0.909 0.861–0.958 <0.001

Model 5 Model 4+Lipids 0.902 0.849–0.958 0.001

Model 6 Model 3+Lipids 0.912 0.862–0.965 0.001

Notes: Multivariable logistic regression analyses were performed to identify predictors of ACS in different model. Model 1: TIGIT+Tregs. Lipids included high density
lipoprotein cholesterol, low density lipoprotein cholesterol, and triglyceride. Significant P values with bold characters.
Abbreviations: BMI, body mass index; HPT, hypertension; DM, diabetes mellitus; ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers.
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It has been established that the expression of FOXP3 on CD4+ cells can be used as a typical marker of Tregs.30 Low
expression and absence of CD127 expression on CD4+CD25+Tregs can serve as an alternative to FOXP3 expression on
CD4+CD25+ T cells.31 FOXP3+Tregs have been documented in many diseases such as organ transplantation, systemic
lupus erythematosus, cancer, and ACS.29,32–34 FOXP3+Tregs have also been reported extensively in mouse models of
atherosclerosis and coronary artery disease patients. Interestingly, the Tregs expansion was found to inhibit the progres-
sion of atherosclerotic lesions in mouse models,35,36 while the loss of Tregs facilitates atherogenesis,37 indicating the
close relationship between FOXP3+Tregs and atherosclerosis. In coronary artery disease patients, especially those with
ACS, the level of FOXP3+Tregs is reduced compared with control and CCS patients.30 Similar results were also found
by another study,13 suggesting that FOXP3+Tregs are linked to atherosclerotic plaque instability in ACS.13 However,
contrasting results have been reported in the literature. Lü et al and Jiang et al found that FOXP3+Tregs remained
unchanged in ACS patients.38,39 Consistently, we found that FOXP3+Tregs were not altered in ACS patients. However,
TIGIT+Tregs were decreased. The findings demonstrate poor stability and repeatability of the quantification of FOXP3+
as a biomarker of identifying alteration of Tregs compared with TIGIT+Tregs in ACS patients. Furthermore, FOXP3
+Tregs include different molecular phenotypes with specialized functions.40 Other distinctive markers of Tregs such as

Figure 5 Correlations of TIGIT+Tregs with IL-6 and TGF-β. (A) Spearman correlation analysis between TIGIT+Tregs and IL-6. (B) Spearman correlation analysis between
TIGIT+Tregs and TGF-β.

Figure 4 Comparison of IL-6 (A), TGF-β (B) among three groups (**Indicates P < 0.01; *Indicates P >0.05).
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glycoprotein A repetitions predominant (GARP), Helios have also been identified. The relationship among these
molecules in ACS needs to be further elucidated.15,39

In ACS, the increases in activated Th1 and Th17 are accompanied by increases in cytokine IFN-γ and IL-17, respectively.
Their elevations are related to plaque instability and onset of ACS.13,41 Therefore, developing a therapeutic strategy for
inhibiting Th1, Th17 could protect against plaque destabilization and rupture. Interestingly, some studies have shown that
activating the TIGIT signaling pathway prohibited T cell responses including Th1, Th2, Th9, Th17, and reduced correspond-
ing cytokine IFN-Υ, IL-13, IL-9, IL-17 production through a T cell-intrinsic manner.42,43 What’s more, the mechanism of
action of TIGIT+Tregs may involve the TIGIT-CD155 pathway. CD155, expressed on monocytes, T cells, and dendritic cells
(DCs), is a ligand for TIGIT; the engagement of TIGIT+Tregs with CD155 can induce IL-10 secretion by DCs, and promote
tolerogenic DCs that inhibited effector T cell responses, including T cells proliferation and cytokine IFN-Y production.25,44

TIGIT+Tregs can also secrete sFGL2 that inhibits Th1 and Th2 responses.18

In addition, it is well known that macrophages can be divided into two major subtypes termed pro-inflammatory M1
macrophage and anti-inflammatory M2 macrophage. Macrophages play an important role in atherosclerosis progression
and plaque rupture in ACS.45 A high M1/M2 ratio has been correlated with plaque instability. The activation of the
TIGIT-CD155 pathway can cause a shift from M1 macrophages to M2 macrophages, which attenuates plaque
instability.45–47 These results suggest that decreased TIGIT+Tregs might impair the immunosuppressive and anti-
inflammatory function of Tregs in ACS.

The imbalance between pro-inflammatory and anti-inflammatory responses is well acknowledged to participate in the
pathogenesis of ACS.48 TGF-β, produced by Tregs, is also an immune-inhibitory and anti-inflammatory cytokine.49,50 TGF-β
contributes to atherosclerotic plaque stabilization.8,50 However, IL-6, secreted by many cells including macrophages and
dendritic cells, is a pro-inflammatory cytokine and pro-atherosclerotic factor in atherosclerosis; an increase in IL-6 has been
associated with vulnerable plaques.51–53 Increased IL-6 levels are also correlated with future myocardial infarction.54 In the
present study, we found that the TGF-β level was reduced and IL-6 level increased in ACS patients compared to CCS and
control patients, consistent with the literature.39,55 Meanwhile, we found that TIGIT+Tregs were downregulated in ACS, and
an inverse association between IL-6 and TIGIT+Tregs was observed. In contrast, a positive correlation between TGF-β and
TIGIT+Tregs was found. Overall, these findings reflect that TIGIT+Tregs may exert an anti-inflammatory and protective
effect in ACS, and its decrease may be associated with plaque destabilization. Thus, developing a therapeutic strategy for up-
regulation of TIGIT+Tregs in CAD patients may contribute to protect against plaque destabilization and ACS occurrence in
clinical practice, which may be an attractive approach for CAD in the future.

The mechanisms underlying the decline in TIGIT+Treg levels remain unclear. Evidence from the literature suggests that
IL-6 could reduce foxp3+ Tregs, whereas IL-6 blockade leads to opposite results.56 Moreover, IL-6 could suppress TGF-β-
induced Treg differentiation.57 Although our study consistently demonstrated a correlation between TIGIT+Tregs and
cytokines (IL-6 and TGF-β), little is known on the mechanisms by which IL-6 and TGF-β mediate TIGIT expression on
FXOP3+Tregs. In contrast, given that TIGIT+Tregs induce immunoregulatory and anti-inflammatory effects via exerting
negative immune responses, it remains unknown whether TIGIT+Tregs can regulate the production of IL-6 and TGF-β.

There were some limitations in our study, emphasizing that our results should be interpreted with caution. First of all,
the sample size was not large enough. In addition, this was a cross-sectional single-center study. Moreover, a suppression
function assay of TIGIT+Tregs was not performed to confirm the importance of TIGIT+Tregs in the ACS microenvir-
onment. Besides, the regulatory relationship between TIGIT+Tregs and cytokines such as IL-6, TGF-β was clarified,
warranting further studies. Finally, the association between decreased levels of TIGIT+Tregs in ACS patients and
prognosis was not investigated.

In summary, this is the first study to demonstrate that TIGIT+Tregs are significantly decreased in ACS, accompanied
by elevated IL-6 and reduced TGF-β levels. Decreased levels of TIGIT+Tregs may play a prominent role in the
discrimination and independent prediction of ACS. Meanwhile, the present study also showed a correlation between
decreased TIGIT+Tregs and IL-6 and TGF-β level changes. The above findings provide novel insights on the anti-
inflammatory and protective effect of TIGIT+Tregs in ACS, and the decrease in TIGIT+ Tregs may be associated with
the destabilization of atherosclerotic plaques.
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