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  ABSTRACT  
Acute Coronary Syndrome (ACS), 

COVID-19, Interleukin-35(IL-35) 

and Cardiac Enzyme(myoglobin 

and troponin) 

 Acute coronary syndrome (ACS) is a comprehensive disease known as 

acute myocardial ischemia resulting from coronary artery plaque 

disruption followed by thrombosis-induced severe coronary artery 

stenosis and occlusions, resulting in unstable anginas (UAs), acute 

myocardial infarctions (AMIs) or sudden cardiac deaths. The instant 

study was designed to detect the level of serum markers in acute 

coronary syndrome with COVID-19 infection patients in Baghdad city. 

In the current cross-sectional study, one hundred and fifty samples were 

enrolled, the current study was divided into three groups 50 patients with 

ACS and 50 ACS with COVID-19 infection patients, while 50 samples 

as healthy controls, with gender and age matched individuals were 

included in the current study. Levels of serum IL-35 & myoglobin have 

been determined by ELISA technique also serum troponin was measured 

by qualitative method. The mean ±SD of age and gender in (ACS and 

ACS with COVID-19 infected) patients was no statistically significant 

difference. Furthermore, serum levels of myoglobin, and cardiac-specific 

troponin I (cTnI) were significantly higher while IL-35 was significantly 

decreased, in (ACS and ACS with COVID-19 infected) patients when 

compared to healthy controls (P≤0.01). Also, significant variation 

according to (ACS and ACS with COVID-19 infected) patients at 

(p≤0.01). The study showed lower serum IL- 35 with high cardiac 

enzyme levels in ACS and ACS with COVID-19 infected patients. 

Therefore, The results suggest that serum IL-35 level is a potential new 

prognostic biomarker in ACS patients with COVID-19 infection. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

The acute coronary syndrome (ACS) represents a range of pathological states that are compatible with acute 

myocardial ischemias or infarctions often owing to a sudden decreased coronary blood flows. The clinical 

features of ACS can range from myocardial infarctions with ST-segment elevations (STEMI), which 

usually represents the acute complete coronary occlusions, to myocardial infarctions without ST-segment 

elevations (NSTEMI) or unstable anginas (UAs), with or without myocardial injury, respectively [1]. In 
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general, it is thought that vulnerable plaque rupture followed by thrombogenesis is the main reason behind 

ACSs. However, pathological studies demonstrated that certain patients suffer from intracoronary 

thrombuses without plaque ruptures. Erosion is known to be a mechanism which causes thrombuses without 

ruptures, and although it is unusual, a calcified nodule may occur. The ACSs can appear from a mild 

stenotic lesion which don't lead to anginas. It must be shown that AMI, UA and sudden cardiac deaths 

resulting from myocardial ischemias are cardiac conditions resulting from thrombogenesis which are 

different from plaque progressions in effort anginas, and recognized together as ACSs [2]. 

 

In 2019, in Wuhan, province of Hubei, a pneumonia outbreak caused by a new coronavirus happened with 

rapid spread first in China, then in Europe, the United States and throughout the world [3]. This virus was 

known as severe acute respiratory syndrome coronavirus-2 (SARS COV-2). Initial studies found that 

certain patients can exhibit severe cardiovascular (CV) damages, despite the domination of respiratory 

symptoms in all clinical features of Covid-19, whereas others with underlying CV disease may show an 

elevated death risks [4]. The probable mechanism involved in the relation between respiratory tract 

infection and ACS is a pro-inflammatory mechanism state. Because this relation was founded for different 

pathogenic microorganisms and infection sites, the causal agent and the host response could likely have a 

crucial role in eliciting an inflammatory pattern that may trigger ACS [5]. 

 

many studies showed that disease-related biomarker levels could be increased and decreased in the onsets of 

symptomatic Acute coronary syndrome (ACS) and ACS with covid-19 infected patients these biomarkers 

include cTnI: Cardiac troponin inhibitory subunit, myoglobin as well as cytokine/chemokine [6]. 

 

Interleukin 35 (IL-35) is a new Interleukin 12 family member and it is the immune-suppressive cytokine, 

mainly derived from CD3+,CD4+,CD25 hiFoxp3 and regulatory T-cell (Treg). It plays anti-inflammatory 

roles and protects from tissue damages which is composed of the Epstein Barr-induced gene 3 (EBI3) 

subunits and p35 subunits. The receptor of IL-35 includes 3 diverse dimers, which consist of GP130 with 

IL-12Rβ2 [7]. Following stimulation, receptors are able to initiate downstreams signaling via either one 

dimer, that is a heterodimer (GP130 with IL12Rβ2) or a homodimer (GP-130 with GP-130 and/or IL-12Rβ2 

with IL-12Rβ2). Following binding of IL-35 to its receptors, it may activate and phosphorylate signal 

transducers and activators of transcription of members of (STAT) family. IL-35 was evidenced to prevent 

the cardiovascular system from erosins of atherosclerosis and immune inflammation attacks following 

infarction in other CVDs. Nevertheless, it is unclear if IL-35 contributes to the development or 

pathogenicity of PH [8]. A collection of evidences indicate that cytokines play essential roles in the 

development and existence of CVDs. They regulate various biological impacts; they are strictly associated 

with the progression of different CVDs like acute coronary syndrome [9]. 

 

Several proteins are restricted to and prevalent in the heart muscle cells; they can work as cardiovascular 

markers and be distinguished in the blood examples of AMI patients by particular immunoassays [10]. The 

ingredients of the cardiac panel must consist of a marker that unexpectedly increases after cardiac damage 

and is exceptionally cardiac tissues specific. The mixture of Tnl and Myoglobin is extensively used in panel 

essays meant for the dedication of AMI in chest pain sufferers. Troponin is a contractile regularity protein 

complex determined in the skeletal and cardiac muscles. The Troponin complex consists of three different 

polypeptide components, troponin-I (Tnl), troponin T (TnT), and troponin C (TnC) and plays a crucial 

position in the transmission of the intracellular calcium sign actinmyosinm [11]. 

 

Myoglobin, a gas (oxygen) binding protoheme supermolecule that exists within the muscle tissue, together 

with internal organ, skeletal and sleek muscle, has attracted tidy interest as an early marker of MI [12]. 
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Myoglobin is a biomarker for injuries of cardiac muscle, which makes it a possible target protein to detect 

myocardial infarctions earlier. Increased levels of myoglobin alone has lower specificity for acute 

myocardial infarctions, while when combined with cardiac troponins, it is regarded a highly competent 

diagnostic biomarker. The monomeric heme protein, myoglobin, has a molecular weight of 17 kDa present 

in cardiac and skeletal tissues as an intracellular storage unit for oxygen. Myoglobin is composed of 8 α-

helices linked by loops with a heme group that binds with oxygen [13]. 

 

The aim of the current study is to evaluate the role of some disease markers like troponin and myoglobin as 

well as cytokine/chemokine, interleukin-35 (IL-35) in the pathogenesis of ACS and ACS with covid-19 as a 

panel useful in assessing disease. 

 

2. Subjects, material and method 

The study involved 100 patient divided into 50 ACS (31males & 19 females), and 50 ACS with COVID-19 

infection patients including new diagnoses(31males & 19 females). These ACS patients have been 

diagnosed by the clinic’s cardiologists and participated in the Iraqi center for heart disease (cardiac care 

unit), Baghdad Teaching Hospital and Al-Kadhimiya Teaching Hospital, Dar Alsalam Hospital, and Ebn 

Al-khatib Hospital. The patients were investigated immunologically and biochemically from November 

2021 to March 2022. Each patient was selected following exclusion of any of the following conditions as 

“covid-19 vaccination, malignancy, pregnancy, CNS” depressants. 

 

Also, 50 healthy persons with age and gender-matched with the patients were chosen as a control group.  

 

In the morning, 5 ml of venous blood was taken from all study groups. The serum samples were divided 

into two aliquots: 

The first aliquot was used for immunological test, while the second was used for biochemical tests. 

 

The levels of serum IL-35 and myoglobin of patient and control groups were investigated via the use of 

ELISA Kits, based on the manufacturer’s instructions (MyBioSource.USA). However, cTnI was determined 

by immunochromatography assay for qualitative determination.  

 

2.1 Statistical Analysis 

All of the statistical analyses were done by the use of (SPSS) program version 26. For data presentation, 

mathematical presentation method (Mean and standard deviation) was used. For data analysis, the 

Independent sample t-test, Chi-Square test (X2) and Monte Carlo - test(MCP) were used. For the 

comparison of significances, (P≤0.05) was considered as significant (S). while (P≤0.01) was considered 

highly significant (HS), whereas (P>0.05) was considered as non-significant (NS). 

 

3. Result and discussion 

 

3.1 Demographic characteristics of the study groups 

Distribution of study according to (Age and Sex) are shown in tables (3-1) and table (3-2). A total of 150 

samples were enrolled in the current study divided into three groups 50 patients with ACS and 50 ACS with 

COVID-19 infected patients, while 50 samples as healthy controls. 

 

The patient ̓s age was categorized into three groups and presented in table (3-1) show that most patients 

were adults with age between (40-≥50). The percentages of participants aged (20-29) was 28.0%, 

24.0%16.0%, and (30-39) was 22.0%, 22.0%, 24.0% while the age range (40-≥50)  was 50.0%, 54.0%, 
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60.0% respectively in the control group and the patients group. 

 

Table (3-1):- Distribution of studied groups according to age groups 

Age groups 

(year) 

groups 

Total ACS ACS+COVID-19 Healthy control 

(20-29) No. 14 12 8 34 

% 28.0% 24.0% 16.0% 22.7% 

(30-39) No. 11 11 12 34 

% 22.0% 22.0% 24.0% 22.7% 

(40-≥50) No. 25 27 30 82 

% 50.0% 54.0% 60.0% 54.7% 

Total No. 50 50 50 150 

% 100.0% 100.0% 100.0% 100.0% 

 

The results of this study found that the majority of patients were (40-≤ 50) years of age, these findings were 

consistent with [14], [15], who stated that the incidence of ACS is more common in elderly people. Acute 

coronary syndrome remains widely prevalent and still is the top cause of death in people over 35 years of 

age, older age is all associated with ACS presenting with vague symptoms [16]. Age has important roles in 

MI anticipation. With age advancement, there will be an increase in danger of narrowed and damaged 

arteries. It causes weak or thick heart muscles that is involved in ischemic heart diseases resulting in MI 

[17]. 

 

Older adults with COVID-19 have a more atypical presentation, more complications, and higher mortality 

[18]. The age impact on СΟVΙD-19 outcome has been further attributed to immune- and inflammatory-

mediated mechanisms [19]. Pre-existing cardiovascular disease, along with older age and other 

comorbidities, is an established risk for adverse outcomes in COVID-19 patients [20]. The outcome and 

severity of СΟVΙD-19 depend highly on patients ages, with adults in the sixties account for the greater 

number of hospitalized patients and have the higher mortality risk than young adults [21]. This can be 

associated with 2 immunologic properties related to aging, immune senescence and cellular senescences, 

that may result in immunological response impairment for ЅΑRЅ ϹOV-2 with elevated inflammations 

owing to arrests of irreversible cell cycle [22]. 

 

The result in the table (3-2) shows the observed frequencies in the male group were more than in the female 

group and there is statistically non-significant differences at (P>0.05) between frequency of the patients in 

male and female groups in comparison with the controls. The number of females in the group of ACS 

patients was 19 (38.0%) and a male was 31(62.0%). The number of females in the ACS group with covid-

19 infection patients was 19 (38.0%) and a male was 31 (62.0%). The number of females in the control 

group was 20 (40.0%) and a male was 30 (60.0%). 

 

Table (3-2):- Distribution of studied groups according to gender 

 

 

 

 

 

 

 

The male patient group frequency was higher than females in the current study with non-significant 

difference between them (p>0.05), which means this disease can influence both males and females but with 

the tendency to males. These findings agreed with those found by [23] who stated that a male predominance 

Gender 

Groups 

Total ACS ACS+COVID-19 Healthy control 

Male No. 31 31 30 92 

% 62.0% 62.0% 60.0% 61.3% 

Female No. 19 19 20 58 

% 38.0% 38.0% 40.0% 38.7% 

Total No. 50 50 50 150 

% 100.0% 100.0% 100.0% 100.0% 
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with major modifiable risk factors for females. A former study by [24] revealed that women possess less 

coronary atherosclerosis than men with comparable ages. This may be because of a direct effect of estrogen 

hormone in females that inhibit atherosclerosis formation [25]. The cause of disabilities and deaths among 

women is higher following menopause [17], suggesting that aging affects sex-specific differences in 

cardiovascular disease [26]. 

 

Male patients infected with COV-19 are clearly symptomatic and show higher disease seriousity, higher 

complications, and finally higher mortalities. The potential sexual dimorphisms in ACE-2 expression, as a 

docking site utilized by SARS-COV-2 for entrance to cells, indicating that sexual dimorphisms in immune 

inflammatory response can immediately affect the relation between CVDs and Covid-19 risks and thus 

causing higher deaths in men [27]. 

 

3.2 serum levels of cardiac troponin inhibitory subunit (cTnI) among studied groups 

The result of cTnI was detected as 74.0% positive and 26.0% negative among ACS patients, on another 

hand positive was 84.0%and negative was 16.0% among ACS with COVID-19 infected patients as shown 

in table (3-3). The analytical study demonstrated highly significant variations at (p≤0.01) between ACS and 

ACS with COVID-19 infected patients when compared with control group. 

 

Table (3-3):- Frequency distribution of studied groups according to (cTnI). 

 
cTnI 

Groups  
Total ACS ACS+COVID-19 Healthy control 

Negative No. 13 8 50 71 

% 26.0% 16.0% 100.0% 47.3% 

Positive No. 37 42 0 79 

% 74.0% 84.0% 0.0% 52.7% 

Total No. 50 50 50 150 

% 100.0% 100.0% 100.0% 100.0% 

 

The results of the cTnI elevated in the patient group in comparison to controls. This result of the study 

agreement with [28- 31] all these studies found that hs-Troponin is a gold marker for coronary heart disease 

and increases with STEMI and NSTEMI in acute coronary syndrome but not effect in UA. The cTn marker 

is synthesized and released from the normal myocardium (i.e. a healthy person has low serum levels and its 

level is increased during myocardial necrosis as in MI, it begins to rise 3 hours after the onset of chest pain. 

Its peak level reaches 18-24 hours after chest pain and remains elevated for 10 days (32) So cTnI is one of 

the criteria used in the diagnosis of MI. 

 

Troponin acts as a good marker for disease prognosis and progression in COV- 19 this result agrees with 

[33] who found that high levels of troponin is usually seen in COVID-19 and essentially related to fatal 

outcome, and suggest that COV-19 primarily presents as a primary respiratory event and rapidly includes 

the cardiovascular system via imbalances of renin-angiotensin-aldosterone systems mediated by the 

depletion of ACE-2. Such mechanisms could complicate the clinical courses mediated by the inflammatory 

responses, endothelial dysfunctions with microvascular damages. 

 

3.3 The concentration levels of myoglobin among studied groups 

Data in a table (3-4) and (3-5) demonstrate that the mean value of myoglobin in sera of patients suffering 

(ACS and ACS with COVID-19) was significantly higher(P ≥ 0.01),( 

880.69±9.47ng/mL),(900.12±7.74ng/mL) when compared with the mean value in sera of a control group 
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(596.16±8.25ng/mL) and highly significant differences were observed (P≥0.01) between ACS patients & 

ACS with COVID-19 patients as shown in table (3-6). 

 

Table (3-4): The mean±SD value of myoglobin for studied groups 
Cardiac enzyme Groups No. Mean ±Std. 

Myoglobin(ng/mL) ACS 50 880.69±9.47 

ACS+COVID-19 50 900.12±7.74 

Healthy control 50 596.16±8.25 

 

Table (3-5): Comparison of myoglobin between the ACS and ACS+COVID-19 with a healthy control 

group 

 

 

 

Cardiac enzyme 

ACS with 

healthy control 

ACS+COVID-19 with healthy 

control 

t-test P-Value t-test P-Value 

Myoglobin(ng/mL) 160.439 .000 (HS) 190.307 .000 (HS) 

 

Table (3-6): Comparison of myoglobin between ACS and ACS with Covid-19 group 

Cardiac enzyme t-test P-Value 

Myoglobin(ng/mL) 11.234 .000 (HS) 

 

The results of the myoglobin elevated in patient group in comparison with controls. This result of the study 

agreement with [34] these studies found that mean levels of myoglobin were higher. myoglobin is often 

produced during the injury of cardiomyocyte, whereas previously, CK and myoglobin were used for 

diagnosis of acute coronary syndromes (ACSs). The cardiac troponin is at present the standard of care in the 

past ten years because of its increased specificity. Similar to the case of ACS, troponin is now regarded as a 

most sensitive biomarker for detection of myocarditis in patients with non-obstructive coronary diseases 

[35]. 

 

Myoglobin in patients with COV-19 who have underlying CVD is more exhibited increased level from 

patients with no COVID-19 infection. This agreement with [36] who revealed that MYO increase has the 

greatest overall performance to predict the mortality risk of COVID-19. The elevation of MYO along with 

hs-TnI and CK-MB suggests a myocardial cell injury following COV-19 infection. It is more possible that 

myoglobin can be an illness marker and reflect general physiological disturbances such as myocardial 

injury, acute systemic hypoxia as well as rhabdomyolysis in time of COV-19 infections, thereby, it is highly 

accurate to predict hospital deaths. There is an association between sars-cov-2 infection-induced systemic 

inflammation and myocarditis-induced cardiac injury. 

 

3.4 serum levels of IL-35 among studied groups 

Data illustrated in tables (3-7) and (3-8) show the substantial reduction in the serum IL-35 levels in ACS 

without COVID-19(438.28±6.30Pg/mL) patients group and ACS with COVUD-19 patients groups 

(415.15±7.35Pg/mL) relative to a healthy control group (484.21±13.55Pg/mL). Based on the results in a 

table (3-9) the mean levels of IL-35 concentration were considerably lower in the ACS with COVID-19 

patients group (415.15±7.35Pg/mL) relative to ACS without COVID-19(438.28±6.30Pg/mL) in (p≤0.01) 

 

Table (3-7):- Mean SD± value of IL-35 for the studied groups 

Immunological marker Groups N Mean ±Std. 

Interleukin-35(Pg/mL) ACS 50 438.28±6.30 

ACS+COVID-19 50 415.15±7.35 

Healthy control 50 484.21±13.55 
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Table (3-8):- Comparison of IL-35 between the ACS and ACS+COVID-19 with a healthy control group 

 

 

 

Immunological marker 

ACS with 

healthy control 

ACS and COVID-19 

with healthy control 

t-test P-Value t-test P-Value 

IL-35 (Pg/mL) 21.733 .000 (HS) 31.680 .000 (HS) 

 

Table (3-9):- Comparison of IL-35 between the ACS and ACS with COVID-19 groups 

Immunological marker t-test P-Value 

IL-35 (Pg/mL) 16.895 .000 (HS) 

 

Our results demonstrated lower levels of IL-35 in acute coronary syndrome patients, compared with the 

normal controls with even more S. IL-35 level decreased in ACS with COVID-19 infection groups in 

comparison with ACS without COVID-19 groups, which suggested that IL-35 may be affected by the 

development of COVID- 19 in ACS patients. The present findings indicate the presence of an IL-35 

production impairment in inflammatory diseases, such as CVDs, that may be related to disease 

progressions. 

 

Our study which is following the previous research [37- 39]. A remarkable decrease in the suppressive 

capacity of IL-35 and T-cell deficient when they were incubated together in either STAT1 or STAT4. Thus, 

the coordinating role of STAT1 and STAT4 are important for IL-35-mediated suppression. It was shown 

that signaling through homodimer receptor pairs is moderated by STAT1 and STAT4 with a resultant 

partial IL-35 suppressive activity loss in comparison with the signaling through the entire functional IL-

12R-2-gp130 heterodimeric receptor complexes. Signal transductions through homodimer receptor ends at 

negation of Teff cell expansions, while fails in inducing its conversions to iTr35. The reason is that only a 

single arm of the signal transduction pathway (comprising the homodimer) is switched on. Contrastingly, 

signal transduction through homodimer receptor pairs comprising IL-12R_2:gp130 can mediate both iTr35 

inductions in addition toTeff cell suppressions. It is also proven that IL-12R_2 may be expressed via both B 

cells with dendritic cells invariably affecting the IL-35 bioactivity in the immune system. 

 

A study by [40] determined serum levels of IL-35 among ACS patients, involving (acute myocardial 

infarction and unstable angina pectoris) compared to chest pain syndrome control persons, were found to be 

significantly decreased compared with those in the control group. The plasma levels of IL-35, alongside 

other anti- inflammatory cytokines such as IL-10 and TGF-β. 

 

A study by [41] showed a positive relationship between IL-35 and left ventricular ejection fractions at 

coronary artery disease patient and Premature coronary patients have lower IL‑35 levels compared with 

healthy controls and its possible concerning as a prognostic CAD marker. 

 

A nother study [42] showed that the serum levels of IL-35 have decreased in Kawasaki disease(KD) 

patients. The Th17/T-reg cells are imbalanced in developing of acute vasculitis syndrome of the KD, and 

IL-35 is able for suppressing IL-17 production, enhancing natural Treg functions and suppressing 

CD4+CD25- conventional responder T-cell (Tres) in vitro proliferation. Recently, it was demonstrated that 

IL-35 is an important immunosuppressive/anti-inflammatory cytokine and possesses the impact to reduce 

the progressions of inflammatory and autoimmune disorders. The immunosuppressive capability of IL-35 

might be partially explained by the impact on Treg cell expansions and elevated IL-10 production. 

Furthermore, IL-35 is able to suppress Teff cell in vitro proliferations and to inhibit in vivo Th17 cell 

differentiation. In addition, it was observed that serum IL-35 levels is an efficient predictor for symptom 
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onset of CAD such as stable angina pectoris, unstable angina pectoris and acute myocardial infarction. IL-

35 also plays essential roles in myocardial functions of CAD. 

 

The role of endogenous IL-35 in development of atherosclerosis remains unknown, because IL-35 shares its 

subunit with IL-27 and IL-12, and knockout of IL-35 subunits also lead to the loss of IL-12 or IL-27 

respectively. However, it was revealed that EBI3 deficiency in atherosclerosis-prone low-density 

lipoprotein receptors knockout mice led to significant bigger atherosclerosis lesion because of enhanced 

macrophage activation and accumulation in arterial wall, indicating that the EBI3 gene (shared by IL-27 

and IL-35) suppresses atherosclerosis development [43], and showed that in MLDSTZ mice, Treg was 

induced and exhibited low anti- inflammatory cytokine production including IL-35, but increased pro-

inflammatory cytokine production. 

 

However, in CAD, there was a linear association between inflammation severity and decreased IL-35 level. 

In atherosclerosis, insufficient anti-inflammatory responses causes excessive inflammatory responses in the 

plaques indicating that the lower the IL-35 level, the higher atherosclerotic burden in the coronary artery. 

Thus, it has been hypothesized that IL-35 can be utilized as a predictor for clinical outcome in 

atherosclerosis [44]. 

 

Genetic studies also presented strong proof that IL-35 has crucial roles in atherosclerosis development. The 

polymorphisms of IL-12A rs2243115 & EBI3 rs428253 were observed to be correlated with lower risk of 

premature coronary artery disease development in the Genetic of Atherosclerotic Disease (GEA) studies of 

1162 CAD patients and 873 control [45]. These findings show that IL-35 is a promising biomarker for 

atherosclerosis, and can be used as a possible therapeutic goal for the disease treatment. It was accompanied 

by low islet-infiltrating lymphocyte and dendritic cell numbers [40]. Additionally, [44] an in vitro animal 

study by [44] stimulated the regulatory T-cells of mice secrete IL-35 for inflammatory bowel and chronic 

collagen-induced arthritis treatments. Thus, the expressions of cellular regulation of IL-35 can be a novel 

CAD treatment. 

 

Our results show IL-35 level is lowest in sera of ACS with COVID-19 patients than in other groups. This 

may be the first study in Iraq, is a reflection of what we researched and we did not find any study, neither in 

the country nor about the country. It evaluates the concentration of IL-35 in ACS with COVID-19 because 

IL-35 is a novel and important anti-inflammatory cytokine and due to the emergence and re- emergence of 

new coronaviruses, a good understanding of the immune response to MERS-CoV infection is needed. 

 

4. Conclusions 

The newly discovered IL-35, is a cytokine which has strong immunosuppressive and anti-inflammatory 

impacts. The major results in the current study are decreased levels of IL-35 in ACS patients, particularly in 

ACS who have COVID-19 infection and our study is the first to show that serum IL-35 levels were low in 

ACS with COVID-19 infection patients. Our results indicate that decreased levels of IL-35 is related to the 

ACS severity and extent. Moreover, the secretion of externally-induced IL-35 could be utilized in the 

treatment of atherosclerosis. There is a need for additional studies carried out in larger populations.  
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