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Abstract— We aimed to examine the correlation of T-cell immunoglobulin and ITIM 
domain (TIGIT)-expressing CD3 + CD56 + cells (TNKS) with coronary artery disease 
(CAD), atherosclerotic lesion progression, and inflammatory environment. A total of 199 
subjects, including 98 patients with acute coronary syndrome (ACS), 52 patients with 
chronic coronary syndrome (CCS), and 49 control subjects, were recruited in the study. 
The TIGIT-expressing TNKS were quantified by flow cytometric analysis; the severity of 
coronary artery lesions was evaluated by the Gensini score. Whole blood cells were stimu-
lated with interleukin-2 (IL-2), interleukin-7 (IL-7), and interleukin-15 (IL-15) in presence 
or absence of STAT, PI3K, and P38 MAPK inhibitors, respectively. The TIGIT-expressing 
TNKS was significantly increased in patients with CAD, ACS, and CCS compared to the 
control group (P < 0.05). The TIGIT-expressing TNKS were independent predictors of 
CAD, ACS and CCS (P < 0.05). The TIGIT-expressing TNKS were positively associated 
with Gensini score (P < 0.05). The TIGIT-expressing TNKS was positively correlated with 
age, and being male (P < 0.05). The inflammatory microenviroment with increased IL-2, 
IL-7, and IL-15 contributed to upregulation of TIGIT expression in TNKS. PI3K and P38 
MAPK inhibitors could inhibit the upregulation of TIGIT expression in TNKS induced by 
IL-2, IL-7, and IL-15. The TIGIT-expressing TNKS may be involved in common patho-
genesis of ACS and CCS, and atherosclerotic lesion progression. Meanwhile, the increased 
TIGIT-expressing TNKS might be associated with a proatherogenic microenvironment or 
inflammatory microenvironment. PI3K and P38 MAPK signaling pathways were involved 
in the regulation of TIGIT expression.
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INTRODUCTION

Coronary artery disease (CAD), including acute 
coronary syndrome (ACS) and chronic coronary syn-
drome (CCS), is a commonly diagnosed disease world-
wide and also a disease caused by multiple factors [1, 
2]. CAD, which is a major cause of high morbidity and 
mortality rates, is associated with global burden of dis-
ease [1, 2]. The complex mechanisms underlying CAD 
warrants a detailed study of CAD pathogenesis. Innate 
and adaptive immune responses participate in the patho-
genesis of atherosclerosis [3]. Both T cells and T-cell 
subsets and natural killer (NK) cells were observed in 
atherosclerotic lesions in humans or mice, these cells 
produce cytokines such as interferon-ү (IFN-γ), tumor 
necrosis factor-α (TNF-α), and interleukin-2 (IL-2), 
which are important inflammatory mediators associated 
with atherosclerosis [4, 5].

CD3+CD56+ cells (TNKS) consist of αβT, γδT, 
mucosal-associated invariant T (MAIT) cells, and a few 
invariant T (iNKT) cells [6]. Moreover, TNKS include 
a part of  CD4+ cells and  CD8+ cells [6, 7]. TNKS 
express CD3 T-cell and NK-cell markers. Therefore, 
TNKS shares some functional characteristics with T and 
NK cells, including NK cytotoxicity, T-cell-mediated 
immunity in a MHC- or CD1d-restricted manner, and 
secretion of cytokines such as IFN-γ and TNF-α [8]. 
TNKS constitute approximately 50% of T lymphocytes 
in the human liver [9, 10]. However, the proportions of 
TNKS in peripheral blood was much lower than that in 
liver [9, 10]. Although the number of TNKS is less in 
peripheral blood, they are an indispensable part of T 
cells. TNKS have been described in many diseases such 
as autoimmune diseases, allergy, primary hepatocellular 
carcinoma, and type 1 diabetes [6, 7, 11, 12]. Several 
studies have also reported the association of the subsets 
of TNKS with CAD [13, 14], suggesting that TNKS 
participates in CAD pathogenesis.

T-cell immunoglobulin and ITIM domain 
(TIGIT), a new member of the CD28 family, is an 
immunosuppressive checkpoint molecule [15–19]. 
The expression of TIGIT on immune cells such as T 
cells and NK cells is associated with a negative immune 
response [17–19]. TIGIT is elaborated in many diseases 
such as cancer [19], atopic dermatitis [20], autoimmune 
thyroiditis [21], and is associated with disease sever-
ity [20–22]. Upregulation of TIGIT expression miti-
gated disease severity in a mouse model of rheumatoid 
arthritis [22]. Previous study demonstrated that TIGIT 

expression on  CD4+T cells in patients with human 
immunodeficiency virus is associated with the devel-
opment of coronary artery calcium [23], suggesting that 
TIGIT expression on some immune cells may also be 
involved in atherosclerosis.

However, to date, the role of TIGIT-expressing 
TNKS in patients with CAD, ACS, or CCS has not been 
reported. Therefore, in this study, we aimed to investi-
gate the correlation of TIGIT-expressing TNKS with 
CAD, atherosclerotic lesion progression, and the effect 
of inflammatory microenvironment on TIGIT expression 
in TNKS.

PATIENTS AND METHODS

Patients
This study involved consecutive 199 participants 

willing to participate in the study from the Affiliated 
Hospital of Guizhou Medical University, including 150 
patients with CAD and 49 control subjects between May 
2021 and August 2022. The patients with CAD (mean age 
61.67 ± 11.95 years) were separated into two subgroups: 
ACS group (n = 98) (mean age 61.35 ± 12.43 years) includ-
ing patients with acute ST-segment elevation ACS and 
non-ST-segment elevation ACS, the chronic coronary 
syndrome (CCS) group (n = 52) (mean age 62.27 ± 11.09 
years). The patients with ACS and CCS were diagnosed 
based on a combination of clinical presentations, risk fac-
tors for CAD, electrocardiogram alterations, and cardiac 
troponin T levels [24–26]. The inclusion criteria for ACS 
patients are acute chest discomfort at rest or on minimal 
exertion with the presence of electrocardiogram alteration 
and/or a corresponding alteration of troponin T [24, 25]. 
The inclusion criteria for CCS are patients with stable exer-
tional chest discomfort and/or dyspnoea, asymptomatic or 
mild symptomatic patients with the hostory of CAD during 
periodic follow-up, and asymptomatic or atypical sympto-
matic CAD patients detected by screening [26]. Finally, the 
patients with ACS and CCS have at least one main coro-
nary artery stenosis of ≥ 50% luminal diameter. In addi-
tion, 49 control subjects (mean age 57.96 ± 12.41 years) 
without abnormal coronary angiogram and the history of 
atherosclerotic cardiovascular disease were included in 
the study. The patients with a history of acquired immune 
deficiency syndrome, serious infections, and past medical 
histories of severe liver and kidney insufficiency, neoplas-
tic diseases, aortic dissection, mental disturbance, serious 
chronic inflammatory and immune diseases, or taking 
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immunosuppressants, were excluded from the study. In 
addition, the patients with advanced heart failure were 
also excluded.

Clinical Data Collection

Data on demographic characteristics (age, sex, 
height, and weight), drug use, and medical history were 
obtained during hospitalization. Body mass index (BMI) 
was calculated by dividing the individual’s weight (kilo-
grams) by the square of height (meters). The levels of 
total cholesterol (TC), high density lipoprotein cholesterol 
(HDL-C) were determined with a commercially available 
assay kit: Cholesterol Gen.2 (CHOL2) (SEKISUI MEDI-
CAL CO., LTD, Japan), and Cholestest N HDL(Roche, 
Germany), respectively. The lipid levels were measured 
by an automatic biochemical analyzer (Roche, Germany).

Coronary Angiography Analysis

Two interventional cardiologists carried out coro-
nary angiography through the radial or femoral access. 
Iodinated contrast medium is used during coronary 
angiography procedures. Standard multi-angle views of 
coronary artery were obtained to gain a better presen-
tation of the coronary artery lesions. Based on views 
of the coronary angiography, the severity of coronary 
artery stenosis was examined by the Gensini score. The 
Gensini score was calculated according to the location of 
coronary artery stenosis and the degree of luminal steno-
sis. Reductions of no more than 25%, 26–50%, 51–75%, 
76–90%, 91–99%, and 100% corresponded to the scores 
of 1, 2, 4, 8, 16, and 32, respectively. The correspond-
ing segment score of stenosis was multiplied by a factor 
of the location of coronary artery stenosis as follows: 5 
points for the left main coronary artery; 2.5 points for the 
proximal left anterior descending coronary artery (LAD) 
or left circumflex artery (LCX); 1.5 points for the mid-
dle segment of LAD; and 1 point for the distal LAD, 
first diagonal branch, the right coronary artery, posterior 
descending branch, obtuse marginal branch or the distal 
LCX, and 0.5 point for other segments [27].

Flow Cytometric Analysis

Heparin-anticoagulated blood specimens were col-
lected and incubated with antibodies against CD3, CD56, 
and TIGIT at room temperature for 20 min. Then, the 

specimens were incubated with a red blood cell lysis 
buffer for 5 min in the dark, followed by washing once. 
Flow cytometric analysis was performed using the flow 
cytometer (BD celesta) equipped with BD FACS Diva 
software. The antibodies against CD3 and CD56 were 
purchased from BD Biosciences, and the antibody 
against TIGIT was purchased from BioLegend.

Cell Cultures and Cellular Stimulation

Heparin-anticoagulated whole blood was diluted 
1/1 in RPMI 1640 culture medium (gibco). Diluted 
whole blood were treated with 50 ng/ml IL-2 (novopro-
tein), 50 ng/ml interleukin-7 (IL-7) (Sino Biological), 
and 50 ng/ml interleukin-15 (IL-15) (Sino Biological), 
and then incubated at 37 °C and 5% CO2 for 24 h. The 
whole blood cells were collected, and stained with anti-
bodies against CD3, CD56, and TIGIT at room tem-
perature for 20 min. The cells were analyzed with flow 
cytometer (BD celesta). TIGIT level in CD3 + CD56 + T 
cells was quantified using mean fluorescence intensity 
(MFI) to assess their changes in response to inflamma-
tory cytokines.

Signaling Pathway Analysis

For signaling pathway studies, the diluted whole 
blood was cultured with IL-2 (50 ng/ml, novoprotein), 
IL-7 (50 ng/ml, Sino Biological), IL-15 (50 ng/ml, Sino 
Biological) for 30 h in the presence of PI3K inhibi-
tor (LY 294002, 20uM, Selleck), P38 MAPK inhibitor 
(SB203580, 20uM, Selleck), or STAT inhibitor (SH-
4–54, 20uM, Selleck), respectively. The cells were ana-
lyzed by flow cytometer.

Statistical Analysis

Normally distributed variables were expressed as 
mean ± standard deviation (SD), the independent samples 
t-test was used to compare the differences between the two 
groups, and comparison of normally distributed variables 
among three or more groups was carried out by one-way 
ANOVA, followed by LSD’s test. Non-normally distributed 
continuous variables were expressed as median with the 
interquartile range (IQR), and the Mann–Whitney U test was 
used to compare variables between the two groups. Com-
parisons of non-normally distributed variables among three 
or more groups were determined by the Kruskal–Wallis 
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test. Categorical variables were expressed as percentages 
and compared using the Chi-square test or Fisher’s exact 
test. The association of TIGIT-expressing TNKS with CAD, 
ACS, or CCS was identified by logistic regression analyses 
in which the forward likelihood ratio method was used to 
select variables entering the model. Spearman’s correlation 
analysis was performed to examine the correlation between 
TIGIT-expressing TNKS and other variables such as age, 
Gensini score. Multiple stepwise regression analyses were 
performed to assess the independent correlation between 
TIGIT-expressing TNKS and age, sex, and Gensini score. 
Statistical analyses were performed using SPSS 26.0. Values 
with a two-sided P-value of < 0.05 were considered statisti-
cally significant.

RESULTS

Patients Characteristics
The basic characteristics of the study patients are 

given in Table I. Patients with CAD have a higher preva-
lence of hypertension and diabetes mellitus, compared to 
control group (P < 0.05). The proportion of male was higher 
in ACS group than in control group (P < 0.05). The propor-
tion of smoking was also higher in ACS group than in con-
trol and CCS groups (P < 0.05). Compared to the patients 
with ACS and control, the patients with CCS showed obvi-
ously lower total cholesterol (TC) levels (P < 0.05). The 
HDL-C level was lower in the ACS group than in control 
group (P < 0.05). Compared to the patients with ACS and 
control, prehospital use of statins, antiplatelet, angiotensin 
converting enzyme inhibitors/angiotensin receptor blockers 
(ACEI/ARB) and β-blockers was more common in patients 
with CCS (P < 0.05). However, no statistically significant 
differences in age, BMI, and calcium antagonists use were 
observed among ACS group, CCS group, and control group 
(all P > 0.05) (Table 1).

The Abundance of TIGIT‑Expressing TNKS, 
and TNKS in Patients with CAD, CCS, 
and ACS

As shown in Fig. 1, the abundance of TIGIT-express-
ing TNKS was obviously increased in patients with CAD, 
ACS, and CCS compared to the control group (Fig. 1a, b). 
However, the abundance of TIGIT-expressing TNKS was 
comparable between patients with ACS and those with CCS 
(P > 0.05) (Fig. 1b). Furthermore, the abundance of TNKS 
was similar between the patients with CAD and control 

group (Fig. 1c), and among these patients with ACS, CCS, 
and control group (Fig. 1d).

TIGIT‑Expressing TNKS Are Associated 
with CAD and Its Subgroups

The CAD, ACS, and CCS were considered as a 
dependent variable, respectively. Results of the univari-
ate analysis showed that TIGIT-expressing TNKS were 
positively correlated with CAD (odds ratio [OR] = 1.039, 
95% confidence interval [CI] = 1.017–1.061, P < 0.001), 
ACS (OR = 1.038, 95% CI = 1.015–1.061, P = 0.001), CCS 
(OR = 1.041, 95% CI = 1.015–1.068, P = 0.002), respec-
tively (Table 2). The TIGIT-expressing TNKS, age, sex, 
BMI, hypertension, diabetes mellitus, lipids, smoking were 
considered as independent variables. The results of multi-
ple logistic regression analyses showed a significant posi-
tive correlation of TIGIT-expressing TNKS with CAD, 
ACS, and CCS (Table 2).

Correlation of TIGIT‑Expressing TNKS 
with Severity of Coronary Artery Lesions

We investigated the correlation of TIGIT-express-
ing TNKS with coronary lesions. The Gensini score of 
170 patients was calculated to quantify the severity of 
coronary artery lesion burden after excluding patients 
with a history of revascularization. Results of spear-
man’s correlation analysis showed that TIGIT-express-
ing TNKS were positively associated with the Gensini 
score (r = 0.277, P < 0.001). We also performed multiple 
regression analysis. The independent variables included 
TIGIT-expressing TNKS, age, BMI, sex, smoking, 
hypertension, diabetes mellitus, lipids, prehospital use 
of antiplatelets and statins. Gensini score was considered 
the dependent variable, after adjustment for the above 
potential covariates, results of multiple stepwise regres-
sion analysis showed that TIGIT-expressing TNKS were 
positively correlated with the Gensini score (standardiza-
tion coefficient β = 0.282, P < 0.001).

Correlation of TIGIT‑Expressing TNKS 
with Age and Sex

Next, we investigated the correlation of TIGIT-
expressing TNKS with the conventional risk factors for 
CAD and found that TIGIT-expressing TNKS were posi-
tively correlated with age (r = 0.293, P < 0.01) (Fig. 2a). 
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The TIGIT-expressing TNKS were markedly higher in 
patients aged ≥ 65 years than in patients aged < 65 years 
(P < 0.01) (Fig. 2b). Moreover, the TIGIT-expressing 
TNKS was higher in men than in women (p < 0.05) 
(Fig. 2c). We also investigated the correlation of TIGIT-
expressing TNKS with hypertension, diabetes mellitus, 
and smoking, and the results showed that TIGIT-express-
ing TNKS were not associated with the history of hyper-
tension, diabetes mellitus, and smoking (all P > 0.05). In 
addition, we performed a multiple stepwise regression 
analysis, independent variable included age, sex, BMI, 
hypertension, diabetes mellitus, smoking, lipids, prehos-
pital use of antiplatelets and statins. After adjustment for 
the above potential variables, the results showed that age 
(standardization coefficient β = 0.300, P < 0.01) and being 
male (standardization coefficient β = 0.194, P < 0.05) were 
independently associated with TIGIT-expressing TNKS.

The Synergistic Effects of Age and Being Male 
on TIGIT‑Expressing TNKS

Furthermore, we investigated the synergistic effects 
of age and being male on TIGIT-expressing TNKS. 

All participants were divided into the following four 
groups: group 1: male aged ≥ 65 years, group 2: female 
aged ≥ 65 years, group 3: male aged < 65 years, and group 
4: female < 65 years. The TIGIT-expressing TNKS was 
significantly increased in group 1 compared to that in 
groups 2, 3, and 4. However, no statistically significant 
differences in the abundance of TIGIT-expressing TNKS 
were observed among groups 2, 3, and 4 (Fig. 2d). Thus, 
both age and sex have a synergistic effect on the upregula-
tion of TIGIT-expressing TNKS.

The Microenvironment with Increased IL‑2, 
IL‑7, and IL‑15 Upregulated Expression 
of TIGIT in TNKS

Periperal whole blood sample from 6 patients with 
CAD were divided into stimulated group and control 
group. We stimulated whole blood cells in the stimulated 
group with IL-2, IL-7, and IL-15. The control group 
was treated with equal amounts of culture medium. The 
TIGIT expression in TNKS was increased in stimulated 
group compared with control group after 24 h of stimula-
tion (Fig. 3).

Table 1  Baseline Characteristics of Subjects

CAD included ACS and CCS. ✷P < 0.05 versus control, △P < 0.05 versus CCS. BMI and lipids were available from 196 and 197 subjects, respec-
tively. Abbreviations: CAD coronary artery disease, ACS acute coronary syndrome, CCS chronic coronary syndrome, BMI body mass index, ACEI 
angiotensin converting enzyme inhibitors, ARB angiotensin receptor blockers

Control (n = 49) CAD (n = 150)

CCS (n = 52) ACS (n = 98)

Age (years) 57.96 ± 12.41 62.27 ± 11.09 61.35 ± 12.43 0.162
BMI 24.09 ± 3.18 24.45 ± 3.31 24.58 ± 3.12 0.672
Male (%) 24 (49.0%) 34(65.4%) 75 (76.5%)✷ 0.004
Hypertension, n (%) 19 (38.8%) 35(67.3%)✷ 58 (59.2%)✷ 0.011
Smoking, n (%) 15 (30.6%) 16 (30.8%) 51(52.0%)✷△ 0.009
Diabetes, n (%) 4 (8.2%) 18 (34.6%)✷ 28 (28.6%)✷ 0.005
Total cholesterol 4.24 ± 0.94 3.79 ± 1.08✷ 4.46 ± 1.06△ 0.001
High-density lipoprotein  

cholesterol
1.10 (0.92, 1.41) 1.03 (0.85, 1.17) 1.00 (0.86, 1.13)✷ 0.047

Prehospital medication, n (%)
Statins use 1 (2.0%) 24 (46.2%)✷ 13 (13.3%)✷△  < 0.001
Antiplatelet use 4 (8.2%) 24 (46.2%)✷ 12 (12.2%)△  < 0.001
ACEI/ARB 8 (16.3%) 18 (34.6%)✷ 12 (12.2%)△ 0.003
Beta blockers 7 (14.3%) 18 (34.6%)✷ 7 (7.1%)△  < 0.001
Calcium antagonists 13 (26.5%) 17 (32.7%) 22 (22.4%) 0.396
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Signaling Pathway for the Regulation of TIGIT 
Expression

To examine the signaling pathways involved in the 
regulation of TIGIT expression. Periperal whole blood 

sample from 9 patients with CAD were cultured with spe-
cific inhibitors of the signaling pathways, including PI3K, 
P38 MAPK, and STAT. As shown in Fig. 4, compared to 
culture medium group, the TIGIT expression was mark-
edly increased in cytokines and STAT inhibitor groups 
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Fig. 1  Comparison of TIGIT-expressing TNKS, TNKS between the patients with CAD and its subgroups and control group. a, b The abundance of 
TIGIT-expressing TNKS. c, d The abundance of TNKS. (**Indicates P < 0.01). Abbreviations: TNKS, CD3 + CD56 + cells; CAD, coronary artery 
disease; ACS, acute coronary syndrome; CCS, chronic coronary syndrome

Table 2  The Correlation of TIGIT-Expressing TNKS with CAD and Its Subgroups

Multivariable logistic regression analyses were performed to identify correlation of TIGIT-expressing TNKS with CAD and its subgroups. Covari-
ates included TIGIT-expressing TNKS, age, sex, body mass index (BMI), hypertension, diabetes mellitus,Total cholesterol, high-density lipoprotein 
cholesterol, smoking. The control group was used as a reference. CAD included ACS and CCS. Abbreviations: CAD coronary artery disease, ACS 
acute coronary syndrome, CCS chronic coronary syndrome, CI confidence interval, OR odds ratio, TNKS CD3 + CD56 + cells

Dependent variable Univariable logistic regression Multivariable logistic regression

OR 95%CI P OR 95%CI P

CAD 1.039 1.017–1.061  < 0.001 1.043 1.019–1.067  < 0.001
ACS 1.038 1.015–1.061 0.001 1.037 1.011–1.063 0.005
CCS 1.041 1.015–1.068 0.002 1.040 1.012–1.068 0.004
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(P < 0.05). However, the TIGIT expression was compa-
rable between culture medium and PI3K inhibitor groups 
(P > 0.05). Similar results were also found between culture 
medium and P38 MAPK groups (P > 0.05). The results 
showed that PI3K and P38 MAPK inhibitors could inhibit 
the upregulation of TIGIT expression induced by an inflam-
matory environment with increased IL-2, IL-7, and IL-15.

DISCUSSION

In the present study, we demonstrated that the 
abundance of TIGIT-expressing TNKS was increased 
in CAD, ACS, and CCS. Increasing evidence has dem-
onstrated that TIGIT expression on immune cells varied 

with different disease microenvironments. For example, 
TIGIT expression on  CD4+T cells is upregulated in atopic 
dermatitis [20], and systemic lupus erythematosus (SLE) 
[28], and downregulated in psoriasis [29]. Moreover, 
TIGIT expression on  CD8+ T cells is unaltered in atopic 
dermatitis [20], and downregulated in SLE [28]. The 
above studies indicate that TIGIT expression on immune 
cells varies in a clinical context-dependent manner.

It is widely accepted that TIGIT, an immune check-
point molecule, is a negative costimulatory molecule [17, 
30]. TIGIT can inhibit T-cell functions, including activa-
tion, IFN-γ secretion, and proliferation. Mao et al. found 
that  TIGIT+CD4 T cells had lower IFN-γ production and 
proliferation rate compared to  TIGIT−CD4 T cells in both 

a b

c d

Fig. 2  The correlation of TIGIT-expressing TNKS with age and sex. a The TIGIT-expressing TNKS were correlated with age (r = 0.293, P < 0.01). 
b Differences in the abundance of TIGIT-expressing TNKS in patients aged ≥ 65 years and those aged < 65 years. c Differences in the abundance 
of TIGIT-expressing TNKS between male and female. d The synergistic effects of age and sex on TIGIT-expressing TNKS. (**indicates P < 0.01; 
*indicates P < 0.05). Abbreviations: TNKS, CD3 + CD56 + cells.



2031TIGIT-Expressing CD3+CD56+ Cells and Coronary Artery Disease

healthy individuals and patients with SLE [28]. Guillerey 
et al. reported that IFN-γ and TNF-α production and pro-
liferation rate of CD8 T cells were lower in  TIGIT+CD8 
T cells than in  TIGIT−CD8 T cells in multiple myeloma 
[31]. In NK cells, low TIGIT expression was shown to be 
associated with higher IFN-γ production and cytotoxicity 
[15]. These findings strongly indicate that TIGIT expres-
sion on the above-mentioned immune cells negatively regu-
lates the activity of immune cells [32, 33]. Inflammatory 
immunity is involved in the pathogenesis of atherosclerosis 
and CAD. Given that there were elevated concentrations 
of IL-2, IL-7, and IL-15 in patients with CAD [34–36]. In 
this study, we examined whether the combination of IL-2, 
IL-7, and IL-15 could influence the TIGIT expression in 
TNKS. Interestingly, the increased abundance of TIGIT-
expressing TNKS was found after 24 h of inflammatory 
stimulation (Fig. 3), suggesting that increased abundance of 
TIGIT-expressing TNKS may be regulated, at least in part, 
through the inflammatory stimulation pathway in CAD. 
Similar to the increase in N-terminal-pro-B-type natriuretic 
peptide (NT-proBNP) levels in patients with cardiac failure, 
the increase in the abundance of TIGIT-expressing TNKS 
may be a physiopathologic response to the CAD microenvi-
ronment. Accordingly, the increased abundance of TIGIT-
expressing TNKS may reflect the ongoing TNKS activation 
in the CAD microenvironment [37]. A recent study showed 

that the expression of the inhibitory receptor LILRB1 in 
TNKS was increased and that the expression of the inhibi-
tory receptor NKG2A and NKG2C in TNKS was unaltered 
in patients with CAD compared to patients without CAD, 
which indicated that increased inhibitory receptor LILRB1 
expression may be associated with the pathogenesis of 
CAD [38]. Similar to LIRBI, TIGIT was also inhibitory 
receptor. In this study, an increased abundance of TIGIT-
expressing TNKS was seen in patients with CAD, ACS, and 
CCS. We also demonstrated that the increased abundance of 
TIGIT-expressing TNKS was an independent predictor of 
CAD, ACS, and CCS. These findings indicated that TIGIT-
expressing TNKS might be involved in common pathogen-
esis of ACS and CCS. However, in CAD subgroup analy-
sis, we did not observe any differences in the abundance of 
TIGIT-expressing TNKS between patients with ACS and 
those with CCS (Fig. 1b), suggesting that TIGIT-expressing 
TNKS might be not associated with the onset of ACS or 
destabilization of plaque.

Furthermore, we showed that the increased TIGIT-
expressing TNKS was associated with the Gensini score 
reflecting the severity of coronary artery lesions, suggest-
ing that the increased TIGIT expression might participate 
in the atherosclerotic lesion progression, in line with the 
literature [23]. TIGIT, an immune-inhibitory checkpoint 
molecule, can exert negative immune response [17, 30]. 
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Fig. 3  The TIGIT expression in CD3 + CD56 + T cells after 24 h of stimulation. Abbreviations: MFI, mean fluorescence intensity. (*Indicates 
P < 0.05).
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Therefore, activating the signaling pathway of TIGIT 
on TNKS may inhibit the progression of atherosclero-
sis. Targeting TIGIT-expressing TNKS may be a novel 
therapeutic option for CAD. Further animal study in vivo 
is necessary to confirm the hypothesis.

Age is another important risk factor for atheroscle-
rosis, which is an age-related disease [39, 40]. Lu et al. 
examined the association of age with the development of 
carotid plaques using carotid magnetic resonance imag-
ing and found that the development of carotid plaques 
progressed significantly in older patients compared to 
younger patients. Moreover, they showed that age was 
still correlated with carotid plaque progression after 
adjusting for clinical variables [41]. Huang et al. inves-
tigated the risk factors of progression of carotid intima-
media thickness (IMT) and plaque using an ultrasound 
imaging system and revealed that age was an independ-
ent risk factor of IMT and carotid plaque development 
[42]. Using coronary computed tomography angiography, 
Conte et al. demonstrated that the total plaque volume 
was increased in patients aged ≥ 65 years old compared 
to patients aged < 65 years [43]. Furthermore, old age was 
associated with chronic inflammation [44, 45]. Moreover, 
the risk of CAD significantly increased with age [46].

Men are also at a higher risk of developing athero-
sclerosis than women, and a higher atherosclerotic plaque 
burden is found in men [47]. Huang et al. revealed that 
men were more prone to plaque progression than women 
[42]. Moreover, Taqueti et al. showed that a higher degree 
of obstructive CAD prevalence was observed in men 
than in women [48]. Liu et al. found that aging could 
promote atherosclerosis progression, especially in male 
mice [49], which indicated that older age and being male 
had a synergistic effect on atherosclerosis. Furthermore, 
a study found that plaques from carotid artery samples 
in men had higher levels of inflammatory macrophage 
than women [50]. Another study used 18F-FDG positron 
emission computed tomography, reflecting inflammation 
of atherosclerotic lesions, and found that men had more 
extensive inflammatory response levels in plaques of the 
carotid and iliofemoral arteries than women [51].

Therefore, both older age and being male may be 
associated with a proatherogenic and proinflammatory 
microenvironment. In the present study, we found that 
the abundance of TIGIT-expression TNKS was positively 
correlated with age and being male and that they syner-
gized to augment the level of TIGIT-expressing TNKS 
(Fig. 2). Collectively, our findings demonstrated the close 
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Fig. 4  The TIGIT expresssion in CD3 + CD56 + T cells after 30 h of treatment with different reagents. Blood cells were treated with culture 
medium, cytokines, cytokines in presence of STAT, PI3K, and P38 MAPK inhibitors, respectively. Cytokines included IL-2, IL-7, IL-15. Abbrevia-
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relationship between TIGIT-expression TNKS and age 
and being male, suggesting the increased abundance 
of TIGIT-expressing TNKS may be associated with a 
proatherogenic and proinflammatory microenvironment. 
This was further confirmed by the finding in response to 
cytokines in Fig. 3.

Besides, the literature reported that the common ү 
chain cytokine IL-2, IL-7, and IL-15 had the impact on 
the JAK-STAT, PI3K, and MAPK signaling pathways 
[52–54]. We found that PI3K and P38 MAPK inhibitors 
could inhibit the upregulation of TIGIT expression in 
TNKS induced by IL-2, IL-7, and IL-15, indicating that 
PI3K and MAPK signaling pathways were involved in 
regulation of TIGIT expression in TNKS.

There are certain limitations to our study. Firstly, 
this is a single-center study in southwest China. Sec-
ondly, besides IL-2, IL-7, and IL- 15, patients with 
CAD have many other cytokines associated with patho-
genesis of CAD or atherosclerosis. Whether they also 
could influence the TIGIT expression in TNKS remains 
to be further studied. Moreover, the role of TIGIT-
expressing TNKS was not demonstrated in vivo. Finally, 
we could not determine the causal relationship between 
TIGIT-expressing TNKS and CAD due to the cross-
sectional nature of this study.

CONCLUSIONS

In summary, we demonstrated for the first time 
that the increase in the abundance of TIGIT-expressing 
TNKS was significantly associated with the presence 
of CAD, ACS, or CCS, and the severity of coronary 
artery lesions. The results indicated that TIGIT-express-
ing TNKS were involved in the common pathogenesis 
of ACS and CCS, and the progression of atheroscle-
rotic lesions. Meanwhile, the positive correlation of 
increased TIGIT-expressing TNKS with age and being 
male suggested that TIGIT-expressing TNKS were 
associated with the proatherogenic microenvironment. 
The inflammatory micorenvironment with increased 
IL-2, IL-7, and IL-15 contributed to upregulation of 
TIGIT expression in TNKS. PI3K and P38 MARK 
signaling pathways were involved in the regulation of 
TIGIT expression. The precise role of TIGIT-express-
ing TNKS in atherosclerosis will be further elucidated 
in our ongoing studies.
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