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Background: Coronary artery disease (CAD) is an immune-mediated disorder driven by dysregulated T cell responses. Interleukin-27 
(IL-27) has immunoregulatory properties, but its role in CAD remains unclear. This study is the first to investigate the effects of IL-27 
on CD4+LAP+ T cells in CAD and to explore its interaction with interleukin-2 (IL-2) in modulating immune imbalance.
Methods: CAD severity was quantified by the Gensini score. Plasma IL-27 and oxidized low-density lipoprotein (ox-LDL) were 
measured by ELISA. Flow cytometry assessed CD4+ T cell subsets, while qRT-PCR and Western blot evaluated lineage-specific 
transcription factors.
Results: IL-27 levels were elevated in acute coronary syndrome and correlated with ox-LDL and Gensini scores. Patients with severe 
CAD showed a Th1/Th17-dominant profile and reductions in Th2, CD4+LAP+, and Tregs. In vitro, IL-27 promoted Th1 differentia
tion via T-bet/IFN-γ upregulation and suppressed Th2, Th17, and regulatory subsets, counteracting IL-2–induced expansion of Tregs 
and CD4+LAP+ cells. These effects were dose dependent and favored pro-inflammatory responses.
Conclusion: IL-27 drives immune imbalance in CAD by reinforcing Th1 polarization and antagonizing IL-2–mediated regulation. 
Beyond mechanistic insights, these findings identify IL-27 as a potential biomarker for disease severity and a candidate therapeutic 
target in CAD.
Keywords: IL-27, coronary artery disease, Th1/Th2, Th17/CD4+LAP+ T cells

Introduction
Coronary artery disease (CAD) is the most important cause of death and disability worldwide, causing 8.9 million deaths 
and 164 million years of healthy life lost (disability-adjusted life years, DALYs), in 2015, with lower- and middle-income 
countries have a higher burden.1 Clinically, CAD is categorized as chronic coronary syndromes (CCS, which encompass 
conditions previously referred to as stable angina pectoris, SAP) and acute coronary syndromes (ACS), which include 
unstable angina (UA) and acute myocardial infarction (AMI). Numerous reports increasing evidence indicate athero
sclerosis is a chronic inflammatory disease, and inflammatory cells and the cytokine milieu are involved in plaque 
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instability.2,3 CD4 T lymphocytes (T lymphocytes) are the largest subset of T lymphocyte populations and differentiate 
into Th1, Th2, Th17, and regulatory T cells (Tregs) with distinct roles in the disease progression.4–7 Recently, CD4+LAP+ 

T cells have been described as a discrete regulatory population, but their role, in CAD is poorly characterized.
The interleukin (IL)-12 family of cytokines, (including IL-12, 23, 27, 35) is becoming appreciated as critical 

modulators of cardiovascular disease.8 IL-27, identified universally in 2002, is secreted by antigen presenting cells and 
and signals through a heterodimeric receptor composed of IL-27Rα and gp1309.9 Laboratory studies showed a protective 
effect of IL-27 in murine atherosclerosis, as IL-27 receptor-deficient mice develop more severe lesions, while IL-27 
administration alleviates disease.10,11 Although human studies may be reflective of opposite trend, plasma IL-27 is 
increased in UA and AMI, correlates with worsening left ventricular function, and is higher in patients with CAD versus 
controls.12

In terms of its mechanism, IL-27 has been shown to regulate CD4+ T cell differentiation via the activation of the 
STAT1/STAT3 signaling axis, promoting Th1 polarization through T-bet and IFN-γ while suppressing the Th2- and 
Th17-associated transcription factors GATA-3 and RORγt.13 In addition, it inhibits the generation of induced Tregs in 
mice, but not natural Tregs.14 However, despite these observations, our understanding of whether IL-27 regulates CD4 
+CD25+Foxp3+ Tregs and CD4+LAP+ T cells in individuals with CAD is lacking. As a consequence, our study intended 
to assess plasma IL-27 levels and their association with disease severity, as well as the impact of IL-27 and interleukin-2 
(IL-2) on CD4+ T cell subset differentiation in CAD patients.

Methods
Research Subjects
A total of 95 patients diagnosed with coronary artery disease (CAD) and hospitalized at Wuhan Union Hospital from 
August 2021 to August 2022 were included in this study. Sample size was estimated based on preliminary data and prior 
literature, aiming to achieve sufficient statistical power (>80%) to detect differences in inflammatory biomarker levels 
between CAD subgroups with a two-sided α of 0.05. Based on coronary angiography (CAG) results, laboratory 
biomarkers, and electrocardiograms, the CAD patients were divided into three groups: SAP (n = 32), UA (n = 33), 
and AMI (n = 30). AMI was defined according to the 2018 ESC diagnostic criteria without further subdivision into ST- 
segment elevation and non-ST-segment elevation types.15 Additionally, 30 patients without evidence of CAD, who 
underwent CAG for evaluation of chest pain or suspected ischemia but were confirmed to have normal coronary arteries, 
were included as the healthy controls. CAG was performed for clinical indications rather than purely for research 
purposes. The average age of the healthy controls was 60.34 ± 5.42 years, comprising 19 males and 11 females.

Inclusion criteria: (1) Patients who met the 2019 diagnostic criteria for CAD.16 Diagnostic criteria included the 
presence of typical symptoms (eg, angina pectoris), objective evidence of myocardial ischemia on electrocardiogram or 
biomarkers, and/or angiographic evidence of ≥50% luminal stenosis in at least one major coronary artery. All patients 
underwent coronary angiography for confirmation; (2) All subjects underwent CAG for the first time. (3) For the AMI 
group, diagnosis established by clinical presentation, electrocardiogram (ECG) changes, and elevated cardiac biomarkers 
[ST-Elevation Myocardial Infarction (STEMI) or Non-ST-Elevation Myocardial Infarction (NSTEMI)].

Exclusion criteria: (1) Patients with arrhythmia (clinically documented atrial fibrillation, atrial flutter, or sustained 
ventricular tachyarrhythmias), heart failure (meeting 2016 ESC Guidelines for the diagnosis and treatment of acute and 
chronic heart failure, New York Heart Association [NYHA] class II–IV17), valvular heart disease (moderate to severe 
stenosis or regurgitation confirmed by echocardiography), congenital heart disease (structural abnormalities diagnosed by 
imaging), cardiomyopathy (dilated, hypertrophic, or restrictive cardiomyopathy per established diagnostic criteria); (2) 
Patients with cardiogenic shock, cardiac arrest, or those undergoing staged rather than primary PCI were excluded; (3) 
Patients with a history of active infection or chronic inflammatory diseases affecting the skeletal system; (4) Patients with 
chronic liver disease, active hepatitis, acute/chronic biliary diseases, or chronic kidney disease (eGFR <60 mL/min/ 
1.73 m2); (5) Patients with malignant tumors, autoimmune diseases, or parathyroid disorders. Blood samples were 
collected within 24–48 hours after symptom onset and always prior to coronary angiography to avoid procedure-related 
changes in inflammatory markers.
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The study was approved by the hospital’s ethics committee, and all patients provided signed informed consent.

Gensini Score
All CAD patients were evaluated using the Gensini score based on their CAG results.18 The Gensini score is determined 
by summing the scores of stenotic segments in the affected coronary vessels. The score for each affected vessel is 
calculated by multiplying the degree of stenosis by the specific coefficient assigned to the location of the stenosis. The 
degree of luminal stenosis is assigned the following points: 1%-25%, 26%-50%, 51%-75%, 76%-90%, 91%-99%, and 
total occlusion receive 1, 2, 4, 8, 16, and 32 points, respectively. For vessels with multiple stenoses, each lesion was 
evaluated and scored individually based on both the degree of stenosis and its topographic importance. The total Gensini 
score was then calculated by multiplying the stenosis severity score by the weighting factor of each segment, followed by 
summation of all individual lesion scores.

In addition to the Gensini score, detailed coronary angiographic characteristics were recorded. These included the 
presence of multivessel disease, left main involvement, intracoronary thrombosis, plaque morphology (stable or vulner
able), and the severity of luminal narrowing. Severe stenosis was defined as luminal narrowing >70%. The mean number 
of diseased vessels was also calculated for each patient. Coronary angiographic features were compared among patients 
with stable angina pectoris (SAP), unstable angina (UA), and acute myocardial infarction (AMI).

Measurement of Ox-LDL and IL-27 Levels
Plasma levels of IL-27 were measured using enzyme-linked immunosorbent assay (ELISA) according to the manufac
turer’s protocol (R&D Systems, USA, DY2526). The minimum detectable concentration of IL-27 was 9.5 pg/mL, with 
intra-assay and inter-assay coefficients of variation <10%. Each sample was analyzed in duplicate. Total cholesterol(TC), 
low-density lipoprotein cholesterol (LDL-C), and triglyceride(TG) levels were assessed using enzymatic assays and 
determined with an autoanalyzer (Hitachi 917).

Plasma and Peripheral Blood Mononuclear Cell (PBMC) Preparation
Peripheral blood samples were collected from all study participants. Plasma was isolated and stored at −80°C until 
further analysis. PBMCs were separated from blood samples using LSM-Lymphocyte Separation Medium (1.0770–
1.0800 g/mL, MP Biomedicals, Santa Ana, CA) through density gradient centrifugation.

Cell Cultures
PBMCs were resuspended in 1 mL complete RPMI 1640 medium (containing 10% fetal bovine serum(FBS) and 2 mmol/ 
L glutamine/penicillin/streptomycin). Cells were then deposited into 2-mL wells in 24-well plates and stimulated with or 
without 50 ng/mL recombinant human IL-27 (rhIL-27, 2526-IL) and 100 U/mL rhIL-2 (R&D Systems, Minneapolis, 
MN, BT-002). The cultures were incubated at 37°C in a 5% CO2 atmosphere for 48 hours. After incubation, cell culture 
supernatants were stored at −80°C, and cells were harvested for subsequent analyses.

CD4+ T Cell Stimulation with Recombinant IL-27
PBMCs were incubated with anti-CD4-FITC (BD Pharmingen, USA) for 30 min at 4°C. Following surface staining, 
CD4+ T cells were sorted using a FACSAria™ cell sorting system (BD Biosciences, MAGH102), achieving a purity 
>95%. CD4+ T cells obtained from the healthy controls were cultured with different concentrations of recombinant 
human IL-27 (rhIL-27) at concentrations of 0, 50, 100, and 200 ng/mL. The cells were maintained in RPMI-1640 
medium (Gibco, Life Technologies, Grand Island, NY, USA) supplemented with 10% fetal bovine serum, 25 mM 
HEPES, 2 mM glutamine, 0.1 mM non-essential amino acids, 100 U/mL penicillin, and 100 U/mL streptomycin. T cells 
were stimulated with plate-bound anti-CD3 (2 μg/mL; Abclonal, A25761) and soluble anti-CD28 (2 μg/mL; Abclonal, 
A27700) at 37°C in a 5% CO2 atmosphere for 72 hours.
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Flow Cytometry Analysis of Th1, Th2, Th17, and Treg Cells
After 48 hours of incubation with or without IL-27/IL-2, PBMCs were stimulated with phorbol 12-myristate 13-acetate 
(20 ng/mL, MCE, HY-18739), ionomycin (1 μg/mL, MCE, HY-13434), and monensin (2 μg/mL, MCE, HY-N0150) at 
37°C in a 5% CO2 atmosphere for 4 hours. Cells were subsequently harvested and incubated with FITC-conjugated anti- 
CD4 (eBioscience, CA, USA, 11–0049-42). After fixation and permeabilization, cells were stained with PE-conjugated 
anti-IFN-γ (eBioscience, CA, USA, 12–7319-42), PE-conjugated anti-IL-4 (eBioscience, CA, USA, 12–7049-42), and 
PE-conjugated anti-IL-17 (eBioscience, CA, USA, 12–7178-42).

In another set of experiments, cells from each group were incubated with FITC-conjugated anti-CD4 (eBioscience, 
CA, USA, 11–0049-42), APC-conjugated anti-CD25 (eBioscience, CA, USA, 17–0289-42), and PE cy7-conjugated anti- 
LAP (eBioscience, CA, USA, 25–9829-42). Following fixation and permeabilization, PE-conjugated anti-Foxp3 
(eBioscience, CA, USA, 12–4776-42) staining was performed in accordance with the manufacturer’s instructions. 
Flow cytometry was performed using a FACS Calibur system (BD Biosciences).

Real-Time PCR Analysis
Total RNA from PBMCs was isolated using Trizol reagent (TaKaRa Biotechnology, Dalian, China). Reverse transcrip
tion was performed with One Step SYBR Green Mix (TaKaRa), and real-time PCR was conducted on an ABI Prism 
7900 system (Applied Biosystems, Foster City, CA). Primer sequences for the target genes are listed in Table 1. PCR 
reactions included 40 cycles of denaturation at 94°C for 10 minutes, followed by 30 seconds at 94°C, 30 seconds at 57°C, 
and 30 seconds at 72°C. After PCR, melting curves were generated to confirm amplification specificity.

Western Blotting
Proteins were extracted from splenic lymphocytes using a lysing buffer and incubated on ice for 30 minutes. Lysates 
were centrifuged at 12,000 g for 15 minutes at 4°C. Protein concentrations in the supernatants were determined using 
a BCA Protein Assay Kit (Beyotime Institute of Biotechnology, P0009). Equal amounts (20 μg) of protein were separated 
by SDS-PAGE and transferred onto polyvinylidene fluoride membranes. Membranes were blocked at room temperature 
for 1 hour and incubated overnight at 4°C with primary antibodies against T-bet (ab275959, 1:1000), IFN-γ (ab267369, 
1:1000), RORγt (ab113434, 0.2 μg/mL), GATA3 (ab199428, 1:1000), and GAPDH (ab8245, 1:1000). Membranes were 
subsequently incubated with HRP-conjugated secondary antibodies (proteintech, SA00001-1, SA00001-2) for 30 minutes 
at room temperature. Blots were visualized using ECL detection reagents (Bio-Rad Laboratories, Hercules, CA, 
1705061).

Statistical Analysis
All statistical analyses were performed using GraphPad Prism 8.0 software (GraphPad Software Inc., San Diego, CA). 
Data are expressed as mean ± standard error. The t-test was used for comparisons between two groups with normally 
distributed data, while Welch’s t-test was applied for non-normally distributed data. Enumeration data were analyzed 
using the chi-square test. For comparisons among multiple groups, one-way ANOVA followed by appropriate post hoc 
multiple comparison tests (Tukey’s or Dunnett’s test, as appropriate) was performed to control for type I error. Pearson’s 
correlation test was applied for correlation analyses. A p-value < 0.05 was considered statistically significant.

Table 1 Primer Sequences for Real-Time Polymerase Chain Reaction

Gene Forward Sequence (5’→3’) Reverse Sequence (5’→3’)

T-bet GATGTTTGTGGACGTGGTCTTG CTTTCCACACTGCACCCACTT

IFN-γ GGTTCTCTTGGCTGTTACTGCC TTGGACATTCAAGTCAGTTACC

GATA-3 CTCATTAAGCCCAAGCGAAG TTTTTCGGTTTCTGGTCTGG
RORγt GGAAGTGGTGCTGGTTAGGA TGATGAGAACAAGGGCTGTG

GAPDH GAGTCAACGGATTTGGTCGT GACAAGCTTCCCGTTCTCAG
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Results
Plasma IL-27 Levels Were Significantly Increased in ACS Patients
There were no significant differences in age, gender, serum TC, TG, LDL-C, blood glucose, history of hypertension, or 
smoking history among the three groups. However, the ox-LDL, C-reactive protein(CRP), and Gensini scores were 
significantly elevated in AMI patients compared to UA, SAP, and healthy controls. Additionally, UA patients exhibited 
higher ox-LDL, CRP, and Gensini scores than SAP and healthy controls, and SAP patients showed significantly elevated 
levels of these markers compared to the healthy controls (Table 2).

As shown in Figure 1a, plasma IL-27 levels in AMI patients (2.234 ± 0.401 ng/L) were significantly higher than those 
in SAP patients (0.812 ± 0.258 ng/L) and healthy controls (0.799 ± 0.163 ng/L) (P < 0.05). Moreover, IL-27 levels in UA 
patients (1.621 ± 0.371 ng/L) were significantly higher than those in SAP patients and healthy controls, although there 
was no significant difference between SAP patients and healthy controls.

Coronary Angiographic Findings
Compared with SAP, patients with UA and AMI showed more severe and complex coronary lesions. The proportions of 
multivessel disease, left main involvement, intracoronary thrombosis, vulnerable plaques, and severe stenosis were 

Table 2 Clinical Characteristics of Patients

Characteristics Control (n=30) SAP (n=32) UA (n=33) AMI (n=30) P value

Age (years) 60.341 ± 5.421 61.254± 5.972 61.753±5.745 62.441 ± 6.346 0.5212

Male gender, n (%) 19 (63.333) 14 (43.750) 18 (54.545) 15 (50.000) 0.4713

TC (mmol/L) 5.188 ± 1.271 4.807 ± 1.196 4.875 ± 1.229 4.885 ± 1.166 0.6964

TG (mmol/L) 1.345 ± 0.136 1.412 ± 0.480 1.388 ± 0.519 1.376 ± 0.344 0.9843

ox-LDL (μg/L) 223.463±46.216 378.931±79.275 a 588.217±91.325a, b 669.137±139.191 a, b,c

LDL-C (mmol/L) 2.679 ± 0.154 2.456 ± 0.343 2.135 ± 0.642 2.198 ± 0.367 <0.0001

Leukocytes (G/L) 7.165 ± 1.352 7.553 ± 1.974 7.227 ± 1.074 7.180 ± 2.118 0.6069

CRP (mg/L) 2.432 ± 0.133 3.123 ± 0.154 a 6.425 ± 2.495 a, b 9.629 ± 3.211 a, b,c <0.0001

IL-27 (ng/L) 0.799 ± 0.163 0.812 ± 0.258 1.621 ± 0.371a, b 2.234± 0.401a, b,c <0.0001

Genisini score 3.198 ± 1.251 61.579± 18.643 a 91.684± 34.946 a, b 132.362± 37.284 a, b,c <0.0001

Medication, n (%)

ACEI/ARB 5 (16.667) 6 (18.750) 7 (21.212) 5 (16.667) 0.9607

Aspirin 7(23.333) 8 (25.000) 8 (24.242) 9 (30.000) 0.9353

β-blockers 4 (13.333) 6 (18.750) 6(18.182) 7 (23.333) 0.8006

Other antiplatelet agents 2 (6.667) 1 (3.125) 3 (9.091) 4 (13.333) 0.5090

Risk factors, n (%)

Hypertension 8 (26.667) 11 (34.375) 12 (36.364) 13 (43.333) 0.6026

Current smoking 13 (43.333) 14 (43.750) 15 (45.455) 15 (50.000) 0.9522

Diabetes mellitus 6 (20.000) 5 (15.625) 8 (24.242) 7 (23.333) 0.8288

Notes: Values are expressed as percentages or mean ± SD. aP < 0.05 versus controls; bP < 0.05 versus SAP patients; cP < 0.05 versus UA patients. 
Abbreviations: SAP, stable angina pectoris; UA, unstable angina; AMI, acute myocardial infarction; TC, total cholesterol; TG, triglycerides; ox-LDL, 
low-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; CRP, c-reactive protein; IL-27, Interleukin-27; ACEI, angiotensin-converting 
enzyme inhibitor; ARB, angiotensin receptor blocker.
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significantly higher in the acute coronary syndrome groups. In parallel, the mean number of diseased vessels increased 
progressively from SAP to UA and AMI (all P < 0.05). The detailed angiographic findings are summarized in Table 3.

Relationship Between IL-27 Levels and Key Clinical Indicators in CAD Patients
To investigate the association between IL-27 levels and key clinical indicators in CAD patients, we analyzed correlations 
between IL-27 levels, ox-LDL, and Gensini scores. As shown in Figure 1b and c, circulating IL-27 levels were positively 
correlated with both ox-LDL and Gensini scores (P < 0.01). Similarly, a significant positive correlation was observed 
between ox-LDL levels and Gensini scores (P < 0.01) (Figure 1d). These findings suggest that elevated IL-27 levels are 
associated with the severity of coronary artery stenosis.

Figure 1 Comparison of molecule levels in control, SAP, UA, and AMI patients. (a) Plasma IL-27 levels. (b) Correlation between IL-27 and Gensini score. (c) Correlation 
between IL-27 and ox-LDL. (d) Correlation between Gensini score and ox-LDL. Colors indicate groups: blue = control, Orange = SAP, green = UA, red = AMI. ***P < 0.001, 
ns: not significant.

Table 3 Coronary Angiographic Characteristics of Study Participants

Characteristics SAP (n=32) UA (n=33) AMI (n=30) P value

Multivessel disease, n (%) 8 (25.0%) 18 (54.5%) 22 (73.3%) 0.0006

Left main disease, n (%) 1 (3.1%) 5 (15.2%) 9 (30.0%) 0.0148

Intracoronary thrombosis, n (%) 0 (0.0%) 12 (36.4%) 25 (83.3%) <0.0001
Stable plaques, n (%) 28 (87.5%) 10 (30.3%) 3 (10.0%) <0.0001

Vulnerable plaques, n (%) 4 (12.5%) 23 (69.7%) 27 (90.0%) <0.0001
Severe stenosis (>70%), n (%) 15 (46.9%) 27 (81.8%) 29 (96.7%) <0.0001

Mean number of diseased vessels 0.6 ± 0.5 1.8 ± 0.7 2.5 ± 0.6 <0.0001
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Comparison of Th1, Th2, Th17, CD4+CD25+Foxp3+ Tregs, and CD4+LAP+ T Cell 
Frequencies Among CAD Patients
The frequencies of Th1, Th2, Th17, CD4+CD25+Foxp3+ Tregs, and CD4+LAP+ T cells in peripheral blood were 
measured by flow cytometry in healthy controls, SAP, UA, and AMI patients. As shown in Figure 2, no significant 
differences were found in these cell types between healthy controls and SAP patients (P > 0.05). However, AMI patients 
exhibited significantly higher frequencies of Th1 and Th17, along with lower frequencies of Th2, CD4+CD25+Foxp3+ 
Tregs, and CD4+LAP+ T cells, compared to SAP patients and healthy controls (P < 0.05). Similarly, UA patients had 
elevated Th1 and Th17 frequencies and decreased Th2, CD4+CD25+Foxp3+ Tregs, and CD4+LAP+ T cells compared to 
SAP patients and healthy controls (P < 0.05).

Effects of IL-2 and IL-27 on the Frequencies of Th1, Th2, Th17, CD4+CD25+Foxp3+ 
Tregs, and CD4+LAP+ T Cells
PBMCs from healthy controls were divided into four groups: blank control, IL-2, IL-27, and IL-2 + IL-27. Flow 
cytometry analysis revealed that IL-2 significantly increased the frequencies of CD4+CD25+Foxp3+ Tregs and CD4 
+LAP+ T cells compared to the blank healthy controls (P < 0.05). In contrast, IL-27 significantly decreased the 
frequencies of CD4+CD25+Foxp3+ Tregs and CD4+LAP+ T cells (P < 0.05). When IL-2 and IL-27 were added 
together, the frequencies of CD4+CD25+Foxp3+ Tregs and CD4+LAP+ T cells were significantly reduced compared 
to IL-2 alone (P < 0.05) (Figure 3).

For Th1, Th2, and Th17 cells, IL-2 significantly increased their frequencies compared to the healthy controls (P < 
0.05). IL-27 alone increased Th1 frequency and decreased Th2 and Th17 frequencies (P < 0.05). When IL-2 and IL-27 
were co-administered, Th1 frequency increased, Th17 frequency showed no significant change (P > 0.05), and Th2 
frequency decreased compared to IL-2 alone (P < 0.05) (Figure 4).

Effects of Different Concentrations of IL-27 on the Frequencies of Th1, Th2, Th17, 
CD4+CD25+Foxp3+ Tregs, and CD4+LAP+ T Cells
To further examine the concentration-dependent effects of IL-27 on these cell frequencies, PBMCs were treated with IL- 
27 at concentrations of 0, 50, 100, and 200 ng/mL. The results showed that increasing IL-27 concentrations led to 
a gradual increase in Th1 frequency and a corresponding decrease in Th17, Th2, CD4+CD25+Foxp3+ Tregs, and CD4 
+LAP+ T cells (Figure 5).

IL-27 Increases T-Bet and IFN-γ Expression While Inhibiting RORγt and GATA-3 
Expression
To further confirm the effects of IL-27 on Th1, Th2, and Th17 cells, PBMCs from healthy controls were stimulated with 
either 200 ng/mL rhIL-27 alone or 200 ng/mL rhIL-27 combined with anti-IL-27p28. The relative mRNA and protein 
expression levels of Th1-related T-bet and IFN-γ, Th2-related GATA-3, and Th17-related RORγt were measured. As 
shown in Figure 6, IL-27 significantly increased the expression of T-bet and IFN-γ, while inhibiting the expression of 
RORγt and GATA-3 (Figure 6).

Discussion
CAD includes SAP, UA and AMI, which can be considered as atherosclerosis of different severity.19 The pathogenesis of 
atherosclerosis has not been completely understood. At present, there are theories of lipid infiltration, smooth muscle 
cloning, thrombosis, inflammatory reaction, etc. Among them, the inflammatory reaction theory has a more comprehen
sive explanation of the pathogenesis of atherosclerosis, which has been widely recognized in the academic community.20 

Inflammatory response can lead to atherosclerotic plaque instability. The greater the inflammatory response, the worse 
the plaque stability and the more severe the CAD.21 Unstable plaque rupture is the most common cause of ACS, which is 
typically characterized by thin fibrous cap, lipid core, and infiltration of numerous inflammatory cells and inflammatory 
factors (including macrophages, T lymphocytes, etc).22 Studies have shown that serum inflammatory marker C-reactive 
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Figure 2 Th1, Th2, Th17, CD4 + LAP + T cells and CD4 + CD25 + Foxp3 + Tregs in peripheral blood of healthy controls (n=30), SAP (n=32), UA (n=33) and AMI (n=30) 
were detected. (a) Representative FACS images; (b) Comparison of Th1, Th2, Th17, CD4 + LAP + T cells and CD4 + CD25 + Foxp3 + Tregs. Bar colors indicate cell subsets: 
green = CD4+CD25+Foxp3+ Tregs, Orange = CD4+LAP+, gray = CD4+IFN-γ+ (Th1), cyan = CD4+IL-4+ (Th2), red = CD4+IL-17+ (Th17). a: P < 0.05 versus healthy 
controls; b: P < 0.05 versus SAP patients; c: P < 0.05 versus UA patients. 
Abbreviation: ns, No significant difference.
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protein (CRP) can predict the instability of coronary atherosclerotic plaque and is proportional to the incidence and 
severity of cardiovascular disease.23 In addition, oxidized low-density lipoprotein (ox-LDL) degrades the fibrous cap of 
coronary atherosclerosis and increases plaque instability, and studies have shown that elevated levels of cholesterol and 
ox-LDL are the main causes of atherosclerosis.24 To further verify the above views, we also focused on measuring CRP, 
ox-LDL, cholesterol and other indicators of CAD patients. Our results showed that the levels of ox-LDL and CRP in 
healthy controls, SAP, UA and AMI patients increased in turn with statistical significance. But there was no significant 

Figure 3 Effects of IL-2 and IL-27 on CD4+LAP+ T cells and CD4+CD25+Foxp3+ Tregs in vitro. (a) Representative FACS images; (b) Comparison of CD4 + LAP + T cells 
and CD4 + CD25 + Foxp3 + Tregs. Bar colors: red = BLANK, green = IL-2, yellow = IL-27, blue = IL-2+IL-27. ***P < 0.001, **P < 0.01, *P < 0.05 (n=10).
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Figure 4 Effects of IL-2 and IL-27 on Th1, Th2, and Th17 cells in vitro. (a) Representative FACS images; (b) Comparison of Th1, Th2 and Th17. Bar colors: red = BLANK, 
green = IL-2, yellow = IL-27, blue = IL-2+IL-27. ***P < 0.001, **P < 0.01, *P < 0.05, ns: No significant difference (n=10).
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Figure 5 Dose-dependent effects of IL-27 on Th1, Th2, Th17, CD4+LAP+ T cells, and CD4+CD25+Foxp3+ Tregs. (a) Representative FACS images; (b) Comparison of Th1, 
Th2, Th17, CD4 + LAP + T cells and CD4 + CD25 + Foxp3 + Tregs. Bar colors denote cell subsets: green = CD4+CD25+Foxp3+ Tregs; Orange = CD4+LAP+; gray = CD4 
+IFN-γ+ (Th1); cyan = CD4+IL-4+ (Th2); red = CD4+IL-17+ (Th17). Data are expressed as the percentage of each subset within total CD4+ T cells (/CD4+%). a: P < 0.05 
when compared to IL-27 concentration=0ng/mL; 0.05; b: P < 0.05 when compared to IL-27 concentration=50ng/mL; c: P < 0.05 when compared to IL-27 concentra
tion=100ng/mL. 
Abbreviation: ns, No significant difference.
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difference in their cholesterol level. In addition, the Gensini score has been widely accepted as an angiographic scoring 
system for quantifying the severity of CAD. It can be assumed that the higher the score, the more severe the CAD. We 
demonstrated a positive correlation between ox-LDL level and Gensini score. These conclusions confirm that ox-LDL 
and CRP are closely related to the development of CAD.

Among the various cytokines involved in CAD, IL-27 is an interesting presence. Firstly, IL-27 is considered to be 
a cytokine with biphasic effects on CD4+ T cells, regulating CD4+ T cell function in a pro-inflammatory and anti- 
inflammatory manner. Secondly, IL-27 has been shown to protect against atherosclerosis in animal studies, but it remains 
controversial in clinical studies. Our study showed that the level of IL-27 in patients with AMI and UA was significantly 
higher than that in SAP and healthy people, and the level of IL-27 in patients with AMI was significantly higher than that 
in patients with UA. And IL-27 was significantly positively correlated with ox-LDL and Gensini score. The above results 
suggested that IL-27 may be used as a biomarker of CAD, and the higher the level of IL-27, the higher the severity of 
CAD. Our results are consistent with J Wen13 However, Miura et al25 found that the level of IL-27 in patients with CAD 
was higher than that in patients without CAD, but there was no difference in the level of IL-27 between patients with 
ACS and SAP, indicating that the level of IL-27 may only be an independent factor of CAD rather than ACS. It could not 
provide a good evaluation of the severity of the CAD patients. Unexpectedly, Wang et al26 demonstrated that the level of 
IL-27 in patients with AMI and UA was significantly lower than that in patients with SAP and healthy controls, and the 
reduction of IL-27 may be an important factor in the development of ACS. The differences in these results could be due 
to a variety of factors, including selection bias. In conclusion, our results tend to suggest that IL-27 can be a good 
biomarker of CAD, representing the severity of CAD.

In the area of atherosclerotic plaque, a large number of macrophages and CD4+ T cells infiltrate, but the changes of 
CD4+ T cell subsets in CAD are controversial. Studies have shown that the expression of Th1 and Th17 in peripheral 
blood of patients with ACS is increased, accompanied by decreased expression of Treg and Th2, resulting in decreased 
Th2/Th1 and Treg/Th17 ratios.27 Other studies have shown that circulating Th1 and Th17 cells are increased in ACS 
patients compared with SAP patients and healthy controls, but there is no significant difference between SAP patients and 
healthy controls.28 Surprisingly, Kim et al29 found that the frequency of Th1 and Th17 cells in SAP patients was 
significantly increased compared with healthy controls, while there was no significant difference in Th1 and Th17 cells 
between AMI patients and healthy controls, possibly because of the different time of blood collection. Kim JD’s study 
collected blood 6 hours after the onset of symptoms, while other studies, including ours, peripheral blood was collected 
within 24–48 hours after symptom onset. Studies have shown that Th1 and Th17 cells gradually increase with time after 
the onset of AMI. In our study, we collected peripheral blood between 24 and 48 hours after the onset of AMI, and found 

Figure 6 Effects of IL-27 and anti-IL-27p28 on Th1-, Th2-, and Th17-related transcription factors. (a) Representative WB images of T-bet, IFN-γ, RORγt, GATA-3, and 
GAPDH. (b) Relative protein expression normalized to GAPDH. (c) Relative mRNA expression of T-bet, IFN-γ, RORγt, and GATA-3. Bar colors: red = PBS, green = rhIL-27, 
yellow = rhIL-27+anti-IL-27p28. **P < 0.01 when versus the PBS group, *P < 0.05 when versus the PBS group.
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that there was no significant difference in the frequencies of five types of cells in healthy controls and SAP patients, 
while the frequencies of Th1 and Th17 in SAP, UA and AMI patients gradually increased. The frequencies of Th2, CD4 
+CD25+Foxp3+ Tregs and CD4+LAP+ T cells decreased gradually. The most innovative aspect of this result is the 
measurement of the frequency of CD4+LAP+ T cells. CD4+LAP+ T cells are a new type of regulatory T cells. Animal 
experiments have shown that this cell population is more immunosuppressive than CD4+CD25+ Tregs. CD4+LAP+ 
T cells also exist in human peripheral blood.30 Some studies have shown that CD4+CD25+ Treg cells may be related to 
plaque instability.31 However, few studies have reported the changes of CD4+LAP+ T cells in CAD patients. Our study 
proved that the changes of CD4+LAP+ T cells were consistent with the changes of CD4+CD25+Foxp3+ Tregs. The 
changes in these five cells further support the inflammatory theory of atherosclerosis.

At present, many studies on the association between IL-27 and CAD are limited to the changes of IL-27 levels in 
CAD patients, and few studies have studied the effects of IL-27 on the number of various subtypes of CD4+ T cells.25 

Our study proved that IL-2 could increase the frequency of Th1, Th2, Th17, CD4+CD25+Foxp3+ Tregs and CD4+LAP+ 
T cells, while IL-27 could increase the frequency of Th1 cells and significantly reduce Th2, Th17, CD4+CD25+Foxp3+ 
Tregs and CD4+LAP+ T cells. Firstly, it is well known that IL-2 is one of the essential cytokines for T cell proliferation 
and activation. In addition to stimulating T cell activation, IL-2 can also activate intracellular STAT5 phosphorylation by 
binding to receptors, thereby promoting the expression of specific transcription factor Foxp3 to promote Treg cell 
differentiation.32 In view of this effect of IL-2, four groups were established in this study: blank group, IL-2 group, IL-27 
group, and IL-2+IL-27 group, so as to make the effect of IL-27 on the five types of cells more convincing. IL-2 can 
increase the frequency of these five types of cells probably because it has the effect of activating and proliferating T cells, 
while IL-27 can increase the frequency of Th1 cells and significantly reduce the frequency of Th2, Th17, CD4+CD25 
+Foxp3+ Tregs and CD4+LAP+ T cells, and the effect is enhanced with the increase of concentration. In order to 
investigate the mechanism, we treated monocytes with the most effective concentration of 200 ng/mL, and found that IL- 
27 could increase the expression of T-bet and IFN-γ, and inhibit the expression of RORγt and GATA-3. T-bet, GATA-3 
and RORyt are specific transcription factors that control the differentiation of Th1, Th2 and Th17 cells, respectively. 
Based on the results, we speculated that the mechanism of IL-27 on CAD was similar to other diseases: IL-27 increased 
the expression of T-bet and IFN-γ, and inhibited the expression of RORγT and GATA-3, thereby promoting the 
differentiation of CD4+ T cells into Th1 cells and inhibiting the differentiation into Th2, Th17 and Tregs. Studies 
have proved that Th1 cells secrete pro-inflammatory factors, which can promote the secretion of matrix metalloprotei
nases and the apoptosis of smooth muscle cells, making the fiber cap thin and easy to rupture. Th2 releases anti- 
inflammatory factors. Increased Th1 and decreased Th2 in CAD patients promote plaque instability and the development 
of ACS.33 Treg cells are typical anti-inflammatory cells that stabilize atherosclerotic plaques. Therefore, IL-27 can be 
considered to promote the differentiation of CD4+ T cells into Th1 cells and inhibit the differentiation into Th2 and Treg 
cells, thereby promoting the progression of atherosclerosis and CAD disease.34 Gregersen et al10 studied the effect of IL- 
27 on human Th1 cells, primary monocytes and PBMC in vitro, and found that IL-27 increased NLRP3 through LPS 
signal in a dose-dependent manner, thereby increasing the release of IL-1β and promoting the development of athero
sclerosis. This further demonstrated the role of IL-27 in promoting atherosclerosis. However, as for Th17, it has both 
promoting and inhibiting effects on atherosclerosis. Cirillo et al35 found that the level of IL-17 was also higher when the 
number of Th17 cells was increased, and Th17 and its secreted IL-17 had pro-atherogenic effects. As a subclass of Th17, 
Th17/Th1 cells had stronger atherogenic effects than Th17 cells.36 However, it has also been demonstrated that IL-17 
maintains plaque stability by inducing the proliferation of smooth muscle cells(SMCs)and collagen in atherosclerotic 
plaques,37 and the increased content of SMC and collagen in fibrous caps is essential for plaque stability.38 Our study 
found that IL-27 can reduce Th17 by inhibiting RORγt, so it is unknown whether IL-27 has a promoting or inhibitory 
effect on CAD in this respect. We suggest that unlike animal studies, where IL-27 protects against CAD, in humans, IL- 
27 cannot be simply generalized to inhibit or protect against CAD, but rather regulates CAD by increasing T-bet, IFN-γ 
expression, and inhibiting RORγt and GATA-3 expression, thereby elevating Th1 cells and decreasing the frequency of 
Th2, Th17, CD4+CD25+Foxp3+ Treg, and CD4+LAP+ T cells.

In fact, the number of CD4+ T cell subtypes in the normal body is dynamically balanced, so that the ratio of Th1/Th2 
cells and Treg/Th17 cells remains stable Many studies have demonstrated that the number of these cells in CAD can be 
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unbalanced, leading to changes in the ratio. In studies of osteosarcoma39 and lung cancer,40 IL-27 can induce the 
expression of T-BET by activating STAT1, so that initial CD4+ T cells can differentiate into Th1 cells and produce IFN-γ 
under the action of IL-12. On the other hand, IL-27 can inhibit Th2 cell differentiation by down-regulating the 
transcription factor GATA-3 expressed by initial CD4+ T cells, thus playing an anti-inflammatory and anti-tumor role. 
In the study of colitis,41 IL-27 can play an anti-inflammatory role by inhibiting Th2 and Th17, thus inhibiting the 
development of acute colitis. While the association between IL-27 and Treg is controversial, Treg is an important 
immunosuppressive cell of the body that helps tumors to evade the body’s immunity. Most studies have demonstrated 
that IL-27 can inhibit Treg production and thus achieve anti-tumor effects,42 but some studies have also found that IL-27 
can promote the process of peripheral Treg recruitment to tumor tissue.43 IL-27 was also found to promote Treg 
differentiation in in vitro cultures, but was shown to limit Treg amplification in an in vivo model.44 We believe that 
the possible reason is that the effect of IL-27 on Tregs is environment-dependent, and different diseases have different 
specific microenvironments, leading to different targets of IL-27 and thus producing different effects. We were therefore 
curious to see how IL-27 acts on various subtypes of CD4+ T cells in CAD. The results showed that, similar to colitis, 
IL-27 increased the frequency of Th1 cells and significantly decreased the frequency of Th2 and Th17 cells. Similar to 
most tumor studies, IL-27 significantly decreased the frequency of CD4+CD25+Foxp3+ Tregs and CD4+LAP+ T cells. 
However, in colitis, IL-27 reduces the frequency of Th2 and Th17, which plays an anti-inflammatory role and inhibits the 
development of colitis. We can only prove that the regulatory mechanism of IL-27 on CAD is to increase the expression 
of T-BET and IFN-γ, and inhibit the expression of RORγt and GATA-3, thereby increasing Th1 cells and decreasing Th2 
and Th17. The frequency of CD4+CD25+Foxp3+ Tregs, CD4+LAP+ T cells, and IL-27 can be used as good biomarkers 
of coronary heart disease, which is proportional to the stenosis degree of coronary heart disease. In addition, it has been 
previously demonstrated that elevated baseline IL-27 levels are independent risk factors for predicting major adverse 
cardiac events (MACE) in patients with ACS.45 However, it is unknown whether IL-27 has a direct pathogenic effect on 
CAD patients. Exogenous administration of IL-27 can inhibit the progression of CAD in animals,46 but whether it 
promotes or inhibits human CAD is also unknown. There are few studies on IL-27 in clinical practice, and the studies on 
the anti-CAD effect of IL-27 mainly focus on animal experiments. Therefore, there are still many problems to be solved 
before the immunotherapy of IL-27 can be applied in clinical practice.

Limitations
This study has several limitations. First, the moderate sample size (n=125) may not provide sufficient power to detect 
small effect sizes, although it remains acceptable for exploratory immunological analyses. Second, echocardiographic 
data, especially left ventricular function parameters, were not analyzed, and only peripheral blood measurements were 
performed, which may not fully reflect local coronary immune responses. In addition, measurements were restricted to 
peripheral blood and taken at a single time point, which may not capture local or temporal changes in IL-27 and T cell 
subsets. Third, the single-center design may limit the generalizability of the findings. To reduce type I error, adjustments 
for multiple comparisons were considered where appropriate.

Conclusion
In summary, this study shows that in patients with acute coronary syndrome, plasma IL-27 levels are increased and 
correlate positively with ox-LDL levels and Gensini scores, which indicate the severity of coronary artery disease. 
Furthermore, in vitro work suggested that IL-27 induces Th1 differentiation, inhibits Th2, Th17, and regulatory subsets, 
and inhibits IL-2–induced regulatory cell proliferation. These results indicate that IL-27 promotes immune imbalance in 
coronary artery disease and has the potential to be both a marker for disease severity and a therapeutic target. However, it 
should be noted that the mechanistic data was obtained in vitro and needs further in vivo experimentation.
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