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Abstract

Background: Activated inflammatory cells are found in coronary plaques as well as peripheral
circulation in patients with acute coronary syndrome. We explored the circulating T cell profile,
their reactivity to self-antigens and plasma cytokine levels in Indian patients with Myocardial In-
farction. Methods and Results: Intracellular expression of interferon-y Interleukin (IL)-4, IL-17,
IL-10 and Foxp3 were determined in CD4* and CD8* T cells using flow cytometry in patients with
ST elevated myocardial infarction (STEMI) (N = 79) and controls (N = 80). Cytokines were meas-
ured using Milliplex kit and T cell reactivity was studied by CFSE dilution. Statistical analysis was
performed using SPSS software. Patients with myocardial infarction showed higher proportion of
IL-17 expressing CD4* and CD8* T cells (Th17 and Tc17) and elevated levels of IL-6 and IL-17 in
plasma with significant reduction in circulating Tregs. Th1, Th2 and CD4+CD28mull cells were not
significantly different in patients compared to healthy individuals. The ratio of Th17 and Tc17 to
Tregs showed an independent association with STEMI with an adjusted odds ratio of 2.92 (95% CI:
1.73 - 4.92), P < 0.001 and 2.22 (95% CI: 1.42 - 3.44), P < 0.001 respectively. Reactivity to HSP60
and oxidized LDL with expansion of IL-17 expression was higher in patients compared with con-
trol. Young patients (<45 years) with no apparent risk factor could be distinguished from healthy
controls by the increase in Th17 and ratio of Th17 and Tc17 to Tregs in peripheral blood. Conclu-
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sion: Our results suggest that an imbalance in both CD4+ and CD8* T cells secreting IL-17 and Tregs
is associated with acute myocardial infarction. HSP60 and Ox-LDL may contribute to this response
and pathogenesis of AMI in Indian population.
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1. Introduction

Coronary artery disease (CAD) is the most significant cause of global mortality despite advances in medicine
and drug development [1]. Atherosclerosis is now accepted as a chronic autoimmune inflammatory disease,
based on our increased understanding of the role of immune system in the disease pathology [2]. T lymphocytes
are involved in the initiation, progression and destabilization of atherosclerotic lesions and are demonstrated in
the atherosclerotic plaques from humans and experimental animals [3]-[6]. Inflammatory T cell response to
lipoproteins, heat shock proteins and molecular mimicry with microbial antigens is believed to initiate the
autoimmune reactions during atherogenesis [7]. The T helper (Th) cell-1 and the Th17 cells contribute to the pro
atherogenic T cell response while the influence of Th2 cells on atherosclerosis is inconsistent. Regulatory T cells
(Tregs) are known to suppress the inflammatory response and have a protective role in atherosclerosis [8].

Naturally occurring Treg cells, characterized by the intracellular expression of fox head transcription factor
(CD4"CD25"Foxp3™), maintain the immune homeostasis and suppress the inflammatory immune response [9].
Reduction in Tregs and their activity is seen in inflammatory and autoimmune diseases [10]. In contrast, the
Th17 cells play a critical role in the pathology of allergy and autoimmune response [11]. Since these two cell
types have an opposite effect on the immune response, and their balance is important in the development of au-
toimmune and inflammatory diseases. [12]-[14]

Earlier studies have shown increased frequency of circulating pro inflammatory T cells secreting IL-17 and
IFN-y and a reduction in the number of naturally occurring Tregs with compromised suppressive properties in
MI patients [15]-[20]. Cheng et al. showed that Th17/Treg balance controls inflammation and may be important
in the pathogenesis of plaque destabilization and the onset of acute coronary syndrome [15]. Imbalance in Th17/
Treg was also found to be associated infarction related cardiogenic shock [21]. Apart from Th17 Treg imbalance,
patients with unstable angina were reported to have an increased frequency of CD4'CD28™ T lymphocytes
which secrete high level of IFN-yand perforin [22] [23]. CD4 T cells have been the focus of attention in most of
the clinical studies while the CD8 subpopulation has been less investigated.

Although several studies have shown differences in the circulating T cells in independent populations, the
mechanism and the cause of skewed balance in T lymphocyte subsets in the peripheral circulation are not known.
Asian Indian population belongs to a high risk group for developing atherothrombotic disease, which is not ex-
plained by the conventional risk factors alone [24]. High frequency of diabetes and insulin resistance, high body
fat, elevated levels of fibrinogen, homocysteine, and plasminogen activator, low HDL, and higher incidence of
infection and inflammation are some of the factors which can contribute to the higher prevalence of the disease
in this population [25]. Many of these factors have a direct influence on the immune system and the circulating
lymphocytes. The profiles of circulating lymphocytes have not been explored in this population so far. In the
present study, we investigated the independent contributions of specific T cell subsets including the CD4" and
CD8" T lymphocytes with intracellular expression of IFN-y, IL-17, IL-4 and Treg to myocardial infarction, and
correlated serum cytokine levels and antigen reactivity to the T cells in an attempt to understand the role of spe-
cific T lymphocytes in atherosclerosis and atherothrombosis

2. Methods
2.1. Study Population

The investigation conforms to the principles outlined in the Declaration of Helsinki and guidelines approved by
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Indian council of medical research (ICMR, India). The study was approved by the Institutional ethics commit-
tees of Thrombosis research Institute and Narayana Hrudayalaya hospital. An informed consent was taken from
all the participants prior to enrolment. The study population included patients admitted to the Narayana Hru-
dayalaya hospital between October 2012 and April 2014, with no previous report of cardiac problem. Patients
with acute myocardial infarction with elevation of ST segment and increase in cardiac troponin | were classified
as STEMI. Samples were collected within 24 - 48 hrs from the onset of event. Age and gender matched healthy
volunteers without any clinical symptoms of CAD, and with normal ECG were enrolled as controls for the study.
Exclusion criteria included presence of any major illness as defined by world health organization (known pri-
mary myocardial disease, presence of congenital heart disease or contagious diseases. Individuals with family
history of CAD were excluded from the study. A standardized questionnaire was used to record history of hy-
pertension, diabetes mellitus, smoking, body mass index, waist hip ratio and medication. Resting blood pressure,
fasting blood glucose levels, ECG and angiogram records (only for patients) were obtained for all the partici-
pants. Subjects were considered as active smokers if they were current smokers or had stopped smoking within a
month before entry into the study. Subjects with high fasting blood sugar levels >7 mm/litre (125 mg/dL) were
categorized as hyperglycemic.

2.2. Flow Cytometry

Peripheral blood mononuclear cells (PBMCs) are isolated using Ficoll (Histopaque-Sigma Chemicals, USA)
density gradient centrifugation from venous blood samples. PBMCs were activated for 4 hours with phormal-
myristate acetate (10 ng/ml) and ionomycin (1 pg/ml) in the presence of 100 ng/ml Brefeldin (Sigma Chemicals,
St. Louis, USA). Surface staining was performed by using anti CD3 and anti CD4 antibodies conjugated to Al-
lophyocyanin H7 and Fluorescein isothiocyanate respectively for 20 minutes at room temperature. Intracellular
staining was carried out with Peridinin chlorophyll Cy5.5 conjugated anti IL-4, Phycoerythrin conjugated anti
IL-10, Allophyocyanin conjugated anti IL-17 and PE CY7conjugated anti IFN-y. For regulatory T cell staining,
Allophyocyanin conjugated CD25 and Phycoerythrin conjugated anti human FOX P3 were used in a separate
tube along with CD3 and CD4 as mentioned earlier (Allantibodies were from BD Biosciences, CA, USA). Sam-
ples were acquired using FACS Canto Il flow Cytometer using FACS Diva software (Becton Dickinson, NJ,
USA). Fluorescence minus one and unstained control were used for setting the gates. FLOWJO Version 7.6.5
(Tree star Ltd., Oregon, USA) was used for data analysis and results were expressed as a percentage of CD4" T
cells by sequential gating on lymphocytes (Figure 1). Detailed description of flow cytometry is given in sup-
plementary methods.

2.3. Cell Proliferation Assays

Cell proliferation experiments were performed in Rosewell Park Memorial Institute (RPMI) 1640 medium (Bio
Whittaker, Walkersville, MD, USA) supplemented with 10% AB serum, 2 mM glutamine, 10 mM HEPES
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), sodium pyruvate, and antibiotics. T cell proliferation was
monitored by the reduction in 5, 6-carboxyfluorescein diacetate succinimidyl ester (CFSE) fluorescence in the
CD3positive cells for 3 days [26] [27]. PBMCs (107/ml) were labeled with 10 uM CFSE (Sigma Chemicals,
USA) and activated with antigens (10 pg/mL). Purified ApoB100, HSP60 and human LDL were purchased from
Sigma chemicals, St. Louis, USA. LDL was oxidized overnight with CuSO4 (5 uM) to get copper oxidized LDL
(Ox-LDL) [28]. Phytohaemagglutinin (PHA) and unstimulated cells were used as positive and negative control
respectively. Cells were re stimulated with same antigen in the presence of 100 ng/ml Brefeldin for the last 4
hours of culture [29]. After 72 hours of incubation, cells were stained with anti-CD3-PE (UCHT 1e Biosciences,
clone, California, USA), anti IL-17-APC and PE CY 7anti IFN-y (BD Biosciences, CA, USA) and analyzed by
flow cytometry as described earlier. Lymphocytes were gated using forward and side-scatter plots. Proliferation
of T cells was measured by CFSE dilution using FACS CANTO Il (Becton Dickinson, New Jersey, USA) and
analyzed using FlowJO software. The proliferation index of T cells was calculated from the FlowJO software.
Proliferation index of test wells were divided by that of control wells without antigen for analysis [30].

2.4. Measurement of Cytokines

Cytokines, interleukin (IL)-4, IL-5, IL-6, IL-10, IL-17, and interferon y (IFN-y), were measured using the
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Figure 1. Flow cytometry analysis. (A): Gating strategy followed for Sequential analysis of Lymphocyte population by flow
cytometry: Representative dot plot showing lymphocytes from peripheral blood mononuclear cells. PBMCs were gated on
forward and side scatter to identify the lymphocyte population. The lymphocytes were further gated as CD3 and CD4 posi-
tive cells. Fluorescent minus control for each cytokine antibody was used to gate for the cytokine expression. Fluorescent
minus control for CD25 was used to get the CD3'CD4"CD25" positive cells. Intracellular expression of Foxp3 was deter-
mined in these cells. The numbers of CD4"'CD25Foxp3°* cells were calculated as percentage of CD4 positive cells. (B):
Representative dot plots of distribution of T cell subsets across MI Patients and Control. The quantitative data is given in
Table 2.

MILLIPLEX (MAP-plex) Cytokine Kit (Millipore, Billerica, MA) at the Millipore Service facility (Bangalore,
India). Lipid concentrations were determined on the Cobas Fara Il Clinical Chemistry auto analyzer (F. Hoffman
La Roche Ltd., Basal, Switzerland), following the manufacturer’s instructions.

2.5. Statistical Analysis

Quantitative data were tested for normality using Kolmogorov-Smirnov test and were transformed using natural
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logarithms wherever a deviation from normality was observed (lipids levels, BMI, WHR and cytokine levels).
Percentage data was arcsine transformed for analysis [31]. The qualitative and categorical data were analyzed
using frequencies/proportions using Chi-square tests and quantitative data was compared by independent T test.
The T cell sub types were compared using multivariate analysis using age, gender, current smoking, diabetes,
hyperglycaemia and hypertension as covariates. The odds ratios (ORs) and their 95% confidence interval (Cl)
were determined for each T cell subset using binary logistic regression analysis. Those variables that had shown
significant mean difference were taken for the regression analysis by taking the classical risk factors (age, gen-
der, hypertension, diabetes, hyperglycaemia, current smoking, waist hip ratio and body mass index) as covari-
ates. The Receiver Operating Characteristic (AUC) analysis and C-Statistics were computed to understand the
improvement in predictive probability of the T cell subsets in addition to classical risk factors in a multivariable
model. The change in AUC and its significance was calculated using DeLong method (Med Calc statistical
software http://www.medcalc.org/). All statistical analyses were performed using SPSS version 17.0 for Win-
dows and p value < 0.05 was considered statistically significant.

3. Results
3.1. Demographic Characteristics

Baseline demographic characteristics of STEMI patients compared to age and gender matched controls is given
in Table 1. The mean age of the study population was 47.5 + 7.0. The prevalence of hypertension, diabetes, and
smoking were higher in patients compared to controls. Hyperglycaemia was highly prevalent in the population.
Although only 7 controls (8.8%) were diagnosed as diabetic and were under treatment, 25 (31%) of them had
higher fasting glucose levels (>125 mg/dl). Amongst patients, 29 (36.7%) had known history of diabetes how-
ever, 54 (68.4%) were hyperglycaemic. Lipid levels, body mass index and waist hip ratio were comparable be-
tween patients and control. ACE inhibitors as anti hypertensive treatment and aspirin and statin therapy were
frequently used in patients. More than one vessel was affected in 21.5% in patients.

Table 1. Baseline characteristics.

Variables Control (N =79) STEMI (N = 80)
Age (years) 46.79 (7.2) 47.52 (7.0)
Male (%) 74 (92.5) 75 (94.9)

Diabetes N (%) 7 (8.8%) 29 (36.7%)™
Hyperglycaemia (%) 25 (31.3%) 54 (68.4%)™"
Hypertension N (%) 4 (5.0%) 21 (26.6%)™"
Current Smoking N (%) 18 (22.5%) 30 (38.0%)"
BMI-Mean (SD) 25.29 (3.45) 25.38 (4.06)

WHR-Mean (SD) 0.92 (0.05) 0.92 (0.04)

TC-Mean (95% CI)
TG-Mean (95% CI)
SBP-Mean (SD)
DBP-Mean (SD)
FBS-Mean (SD)
LDL-Mean (95% CI)
HDL-Mean (95% CI)
Beta-blockers N (%)
ACE inhibitors N (%)
Statin N (%)
Aspirin N (%)

4.64 (3.84 - 5.59)
1.67 (0.91 - 3.05)
128.90 (15.48)
84.58 (11.28)
6.45 (2.29)
2.75 (1.97 - 3.84)
0.88 (0.68 - 1.13)
NA
NA
NA
NA

*

4.23(3.33 - 5.38)
1.55 (0.89 - 2.71)
114.18 (15.82)™
75.14 (10.54)™
9.04 (4.42)™"
2.54 (1.80 - 3.59)
0.81 (0.59 - 1.08)
54 (70.1%)
36 (46.8%)
71 (92.2%)
71 (92.2%)

>1 Affected vessel N (%) % NA 17 (21.5%)

Values are represented as percentage or as Mean (SD-standard deviation) and as Mean (95% CI) for variables which were log transformed for analy-
sis. Lipid and sugar levels are expressed in mMol/L. BMI: Body mass index, WHR: Waist hip ratio, SBP: Systolic blood pressure, DBP: Diastolic

e

blood pressure, TC: Total cholesterol, TG: Triglycerides, LDL: Low density lipoprotein, HDL: High density lipoprotein. P < 0.01, “"P<0.001, “"P <

0.0001.
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3.2. Frequency of Circulating T Cell Sub Population and Plasma Cytokines Patients and
Control

STEMI patients showed an increase in CD4" and CD8" cells expressing IL-17, (P < 0.001), and CD4" cells dou-
ble positive for 1L-17 and IFN-y (P = 0.048), while regulatory T cells of the phenotype CD4" CD25" Foxp3*
were significantly lower (P = 0.017) in patients compared to control. The ratio of Th17 cells to Treg (P < 0.001),
Tcl7 to Treg (P < 0.001), Thl to Treg (P = 0.014) and that of Th17 to Th2 (p = 0.028) were significantly higher
in patients. We did not observe any significant difference in the frequency of CD4"CD28™ cells and Th1 cells
between patient and controls (Table 2, Figure 1). Serum levels of IL-17 (P = 0.027) and IL-6 (P = 0.001) were
found to be higher in patients compared to control (Table 2). We were not able to detect a significant correlation
between serum cytokine concentration and T cell frequency (data not shown).

Table 2. Frequency of T cell sub population and plasma cytokine levels in patients and control.

Variable Control (N = 79) STEMI (N = 80) mg’e‘;i ,\F/’I;’gé‘fez
CD4 37.13 (27.28 - 47.56) 37.68 (27.47 - 48.48) NS NS
D8 34.99 (25.66 - 44.94) 32.42 (23.48 - 42.07) NS NS
CD4/CD8 113 (0.64 - 1.75) 125 (0.65 - 2.04) NS NS
CD4"IFNy" (Th1) 3.87 (L85 - 6.58) 461 (2.83-6.79) NS NS
CDA'IL-4" (Th) 3.00 (1.93 - 4.32) 3.45 (2.07 - 5.16) 0.046 NS
CDA'IL-17" (Th17) 3.72 (2.34 - 5.41) 5.07 (3.03 - 7.60) <0001 <0001
CDA'IL-10" 50.13 (28.94 - 71.30) 54.3 (35.72 - 72.44) NS NS
CD4'CD25" 5.47 (3.42 - 7.96) 4.79 (3.00 - 6.98) 0.043 NS
CD4" 25" Foxp3® (Treg) 3.78 (2.17 - 5.82) 3.07 (1.78 - 4.69) 0.006 0.017
CD4'CD28" 313 (0.92 - 6.82) 4.26 (0.55 - 6.80) NS NS
CDA'IL-4"IL-10" 174 (0.71-3.21) 213 (0.95 - 3.77) NS NS
CDA'IL-17'IFNy* 0.27 (0.06 - 0.64) 0.41 (0.09 - 0.95) 0.020 0.048
Thi7/Treg 111 (0.52- 1.71) 2,08 (0.51 - 3.65) <0001 <0001
Thi/Treg 1.27 (0.34 - 2.19) 1.88 (0.67 - 3.09) 0.001 0.014
Th17/Th2 1.43 (0.661 - 2.26) 1.82 (0.4 - 3.20) 0.044 0.028
ThU/Th2 150 (0.41 - 2.60) 155 (0.61 - 2.48) NS NS
CD8'IFNG" (Tcl) 3.16 (1.25 - 5.89) 3.36 (150 - 5.91) NS NS
CD8'IL-4" (Tc2) 2.29 (0.92 - 4.26) 275 (1.17 - 5.01) NS NS
CD8'IL-17* (Tel7) 3.77 (2.03- 6.01) 4.95 (2.89-752) 0.001 0.004
CD8'IL-10° 50.01 (28.88 - 71.15) 51.03 (30.75 - 71.14) NS NS
Tel7/Treg 1.16 (051 - 1.80) 211 (0.37 - 3.84) <0001  <0.001
IFN-y 18.77 (11.87 - 29.69) 19.18 (9.08 - 40.52) NS NS
IL-4 47.06 (21.23 - 104.35) 34.42 (13.92 - 85.11) NS NS
IL-5 3.58 (1.65 - 7.76) 3.78 (1.7 - 8.06) NS NS
IL-17 10.86 (6.53 - 18.07) 13.87 (6.97 - 27.61) 0.097 0.027
IL-6 14,82 (8.31 - 26.42) 22.30 (11.36 - 43.79) 0.004 <0.001
IL-10 9.50 (4.45 - 20.27) 8.08 (3.36 - 19.41) NS NS

Values are represented as Mean (95% CI). Multivariate analysis of covariance (MANCOVA) was used to compare the mean values. In Model 1 age
and gender, were taken as covariates and in Model 2 age, gender, hypertension, diabetes and smoking were taken as covariates. Gating strategy used
to identify the different population is given in Figure 1. Cytokine levels in serum were measured using Milliplex-Cytomax kit. IL: Interleukin, IFN:

Interferon.
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Gating strategy followed for Sequential analysis of Lymphocyte population by flow cytometry: Representa-
tive dot plot showing lymphocytes from peripheral blood mononuclear cells. PBMCs were gated on forward and
side scatter to identify the lymphocyte population. The lymphocytes were further gated as CD3 and CD4 posi-
tive cells. Fluorescent minus control for each cytokine antibody was used to gate for the cytokine expression.
Fluorescent minus control for CD25 was used to get the CD3*CD4CD25" positive cells. Intracellular expres-
sion of Foxp3 was determined in these cells. The numbers of CD4*CD25"Foxp3* cells were calculated as per-
centage of CD4 positive cells.

B: Representative dot plots of distribution of T cell subsets across Ml Patients and Control. The quantitative
data is given in Table 2.

3.3. Risk Association of T Cell Markers and Plasma Cytokines with Myocardial Infarction

Logistic regression analysis showed a significant association between Th17 (OR: 135, 95% ClI: 1.14 - 1.61, P <
0.001) and Tcl17 (OR: 1.20, 95% CI: 1.04 - 1.38, P = 0.009) cells in circulation with STEMI. The ratio of Th17
to Treg cells and that of Tc17 to Treg were also significantly associated with STEMI (OR: 2.92, 95% CI: 1.73 -
4.92, P <0.001 and OR: 2.22, 95% CI: 1.42 - 3.94, P < 0.001) respectively. Th1/Treg ratio also showed a posi-
tive association with an odds ratio of 1.58, 95% CI: 1.10 - 2.29, P = 0.014). The frequency of Treg cells
(CD4"Foxp3™) was a protective marker with a protective ratio of (OR: 0.83, 95% CI: 0.71 - 0.97, P = 0.026)
(Table 3).

To assess the sensitivity of the T cell markers in discriminating the patients from control population in the logis-
tic regression models, we assessed the Area under the Receiver Operating Characteristic (ROC) curve (AUC or C
statistics). Incorporation of T cell markers to classical risk factors (age, gender, BMI, WHR, Diabetes, hypergly-
caemia, hypertension and current smoking) significantly increased the AUC values. The increase was highest for
Th17/Treg ratio (0.049), but this change in area under the curve was not found to be significant (Figure 2).

Logistic regression analysis was carried out by taking the markers as continuous variable. Classical risk fac-
tors, (Age, gender, body mass index, waist hip ratio, hypertension, diabetes, hyperglycaemia, LDL and current
smoking) were taken as covariates. The Receiver Operating Characteristic (AUC) analysis and C-Statistics were
computed to understand the improvement in predictive probability of the T cell subsets in addition to classical
risk factors in a multivariable model. The change in AUC and its significance was calculated using De long test.
AUC: area under the curve, CI: confidence interval, OR: odds ratio. The ROC curves are represented in Figure
2.

The Receiver Operating Characteristic (AUC) analysis and C-Statistics were computed to understand the im-
provement in predictive probability of the T cell subsets in addition to classical risk factors in a multivariable
model. The change in AUC and its significance was calculated using De long test. AUC: area under the curve,
Cl: confidence interval, OR: odds ratio.

3.4. Adaptive Response to Self Antigens

Inflammatory immune response apolipoprotein B (ApoB) 100, heat shock protein (HSP) 60 and modified LDL
are known to have a critical role in atherosclerosis. To understand the role of immune response to these antigens
in inflammation associated with CAD, we compared the response of T cells from patient and control to these an-
tigens to understand the differential immune response in these subjects. T cell proliferation as assessed by CFSE

Table 3. Association and C statistics of T cell markers with STEMI.

Marker OR (95% CI), p Value AUC (95% Cl), Z Statistics > ‘C’ﬁg‘:]‘zzor
Risk Factors 0.787(0.715 - 0.849)
Thi7 1.35 (1.14 - 1.61), <0.001 0.817 (0.747 - 0.874) 121 0.225
Te17 1.20 (1.04 - 1.38), 0.009 0.804 (0.733 - 0.864) 0.91 0.363
Treg 0.83 (0.71 - 0.97), 0.026 0.800 (0.728 - 0.860) 0.76 0.447
Thi7/Treg 2.92 (1.73 - 4.92), <0.001 0.836 (0.768 - 0.891) 186 0.061
Tc17/Treg 158 (1.10 - 2.29), 0.014 0.793 (0.720 - 0.854) 0.30 0.761
Thi/Treg 222 (1.42 - 3.44), <0.001 0.891 (0.749 - 0.877) 154 0.121
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Figure 2. Association of circulating T cell markers and cytokine concentration with STEMI. The Receiver Operating Char-
acteristic (AUC) analysis and C-Statistics were computed to understand the improvement in predictive probability of the T
cell subsets in addition to classical risk factors in a multivariable model. The change in AUC and its significance was calcu-
lated using De long test. AUC: area under the curve, Cl: confidence interval, OR: odds ratio.

dilution in CD3 positive cells was significantly higher in patients for oxidized LDL (1.27 + 0.06 vs. 0.84 £ 0.11,
P = 0.015) and HSP60 protein (1.62 + 0.71 vs. 0.75 £ 0.21, P = 0.004) compared to healthy control (Figure 3).
Proliferating T cells from STEMI were found to express significantly higher intracellular IL-17 in response to
HSP60 and Ox-LDL as observed by flow cytometry (P = 0.02 and 0.01 respectively) (Figure 3).

3.5. Comparison of Young and Older Patients with Myocardial Infarction

Young Indians are known to have a higher susceptibility for acute MI. To understand if the immune markers can
distinguish these susceptible individuals, we divided the study population into two groups of age group less than
45 years (N = 33) and more than 45 years (n = 46). In young STEMI patients ( mean age:40.6 + 3.74 years), the
classical risk factors including diabetes, hypertension, lipid levels, BMI and smoking were comparable with
control, while in older patients( mean age: 52.43 + 4.0 years), we observed a significant increase in occurrence
of diabetes, hypertension and smoking. Hyperglycaemia was significantly higher in both young and older pa-
tients. Most of the young patients had a single vessel disease (93.94%) while multiple vessels were affected in
32.6% of older patients. Th17 (P < 0.001) cells and the ratio of Th17/Treg (P < 0.005) and Tc17/Treg (P < 0.01)
were higher in both young and older patients compared to control. In the older patients Tc17 cells (P = 0.006)
were also higher, which was not significant in young patients. The numbers of circulating Tregs were lower in
patients but were not statistically significant. Plasma IL-6 levels were significantly higher in young patients (P =
0.01). No difference was observed in the concentration of other cytokines tested (Table 4).

3.6. Risk Association of Classical Risk Factors, T Cell Markers with Myocardial Infarction
in Young and Older Patients

We then compared the risk association of classical risk factors and T cells with Ml in young and older Ml pa-
tients. Hypertension and Diabetes contributed to significant risk in older MI patients but was not a significant
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Figure 3. Reactivity of T cells to self antigens and intracellular expression of IL-17 and IFN-y in antigen activated T cells.
(a): Representative data showing T cell proliferation as determined by CFSE dilution and flow cytometry data showing in-
tracellular staining of IFN-y and IL-17 in proliferating cells. Gating strategy was followed as per Figure 1. Proliferation of
CFSE labelled PBMC in response to Apolipoprotein (Apo) B 100 protein, Heat shock protein (HSP) 60, oxidized low den-
sity lipoprotein, (Ox-LDL), and phytohaemagglutinin (PHA) were assessed in from control and STEMI patients. Prolifera-
tion of T cells is shown by reduction in CFSE fluorescence in CD3 positive cells. CFSE fluorescence of labelled cells is
given by a grey histogram. Proliferation index was measured by FlowJo software. Proliferation index of test wells were di-
vided by that of control wells without antigen for analysis. Part of Proliferating T cells were labeled with CD3, CD4, IFN-y
and IL-17 for flow cytometry. (b): Quantitative analysis of proliferation and intracellular expression of IFN-y and IL-17 in

proliferating cells.

factor in young patients. Hyperglycaemia contributed to significant risk association (OR: 5.87, 95% CI: 1.47 -
23.47, P = 0.012) in young MI patients but was not significant in older patients. Amongst the cellular markers,
Th17 (OR: 1.38 95% CI: 1.03 - 1.84, P = 0.032), Th17/Treg (OR: 2.65, 95% CI: 1.23 - 5.73, P = 0.013) and
Tcl7/Treg (OR: 4.76, 95% CI: 1.05 - 21.27, P = 0.043) showed a significant association with MI in young pa-
tients. While for older patients the association for the markers were Th17 (OR: 1.44 95% CI: 1.11 - 1.89, P =
0.007), Tc17 (OR: 1.32, 95% CI: 1.05 - 1.66, P = 0.018), Th17/Treg (OR: 3.03, 95% CI: 1.38 - 6.60, P = 0.005)

and Tc17/Treg (OR: 1.59, 95% CI: 1.14 - 2.22, P = 0.007) (Table 5).
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4. Discussion

The role of adaptive immune response in the pathogenesis of myocardial infarction has been demonstrated by
several studies [4] [32]. Activated inflammatory cells are found in the coronary plaques as well as the peripheral
circulation in patients with acute coronary syndrome [23] [33]-[35]. Different subsets of CD4" T cells are in-
volved in the pathogenesis of atherosclerosis. In the present study patients with MI had a significant increase in
peripheral Th17, Tcl17 cells, CD4 T cells expressing both I1L-17, IFN-y (double positive), Th17 related cytokines
(IL-17 and IL-6) and a reduction in circulating regulatory T cells. The ratio of Th17 to Treg and Tcl7 to Treg
were significantly altered in MI patients. Circulating T cells from patients showed higher reactivity to HSP60
and Ox-LDL, with elevated intracellular expression of 1L-17 suggesting that stress and lipids play an important
role in atherothrombosis in the Indian population. Most importantly young (<45 years) Ml patients with no ap-
parent risk factors showed a significant increase in Th17 cells in circulation and an altered Th17/Treg and T17/
Treg ratio compared to healthy control. These data suggest the existence of an imbalance between IL-17 secret-
ing CD4 and CD8 cells and Treg cells in MI patients and the possible contribution of HSP60 and OX LDL in
this imbalance and pathogenesis of the disease.

Th17 cells are derived from naive CD4" cells and produce characteristic inflammatory cytokines like 1L-17A,

Table 4. Comparison of baseline characters and cellular markers in young and older STEMI patients.

Age < 45 years Age > 45 years
Variables Control (N = 36) STEMI (N =33) Control (N = 44) STEMI (N = 46)
Age (years) 39.85 (3.62) 40.67 (3.74) 5257 (3.7) 52.43 (4.0)
Male-% 35(97.2) 31(93.9) 39 (88.6) 44 (95.4)
Diabetes-% 3(8.3) 9(27.3) 4(9.1) 20 (43.5)™"
Hyperglycaemia-% 7 (19.4) 21 (63.6)"" 18 (40.9) 33 (71.7)
Hypertension-% 2 (5.6) 6 (18.2) 2 (4.5%) 15 (32.6%) "
Current Smoking-% 8(22.2) 11 (33.3) 10 (34.5%) 19 (41.3)"
BMI 25.44 (3.83) 25.38 (3.90) 25.02 (3.21) 25.39 (4.21)
WHR 0.91 (0.05) 0.91 (0.06) 0.93 (0.05) 0.94 (0.04)
TC 4.61 (3.75 - 5.65) 4.25 (3.35 - 5.38) 4,66 (3.91 - 5.55) 3.77 (1.71- 8.31)
TG 1.75 (0.88 - 3.5) 1.51 (0.87 - 2.62) 1.60 (0.94 - 2.73) 1.59 (0.91 - 2.78)
LDL 2.59 (1.72 - 3.90) 2.60 (1.84 - 3.66) 2.89 (2.24 - 3.72) 2.26 (1.06 - 4.84)"
HDL 0.89 (0.71-1.12) 0.78 (0.56 - 1.09) 0.87 (0.67 - 1.14) 0.82 (0.61 - 1.08)
>1 Affected vessel % NA 2 (6.06) NA 15 (32.6%)
Thi 4.00 (2.55 - 3.77) 4.44 (2.83 - 6.38) 3.93 (1.73 - 6.98) 4.78 (2.85 - 7.06)
Th2 3.25 (1.97 - 4.83) 3.67 (2.36 - 5.25) 2.90 (1.93 - 4.06) 3.27 (1.88 - 5.02)
Th17 3.58 (2.41 - 4.97) 5.21 (3.08 - 7.87)"" 3.91(2.64 - 5.42) 5.03 (3.05 - 7.46)™"
Treg 3.72 (2.31 - 5.44) 3.14 (1.90 - 4.67) 3.94 (2.40 - 7.555) 3.04 (1.73 - 6.87)
Tcl17 3.95 (2.84 - 5.22) 5.02 (2.74-7.94) 3.79 (1.83 - 6.18) 4.97 (3.08-7.30)"
Th17/Treg 1.11 (0.54 - 1.68) 2.02 (0.68 - 3.38)" 1.12 (0.53- 1.72) 2.10(0.41-3.81)"
Th17/Th2 1.36 (0.38 - 2.35) 1.76 (0.40 - 3.13) 1.49 (0.82 - 2.16) 1.89 (0.50 - 3.25)"
Tcl7/Treg 1.07 (0.79 - 1.36) 1.34(0.85-1.84)" 3.04 (1.66 - 4.44) 5.32 (1.53-9.11)"
IL-6 16.59 (6.87 - 40.05) 26.66 (11.62 - 61.18)" 14.16 (6.09 - 32.94) 18.19 (6.61 - 50.06)

Values are represented as percentage or as Mean (SD-standard deviation) for age, BMI and WHR and as Mean (95% Cl) for variables which were log
transformed for analysis. Lipid levels are expressed in mMol/L. Multivariate analysis was used to compare the cellular markers using age and gender,
hypertension, diabetes, hyperglycaemia and smoking as covariates. Cytokine levels in serum were measured using Milliplex-Cytomax kit. BMI: Body
mass index, DBP: Diastolic blood pressure, LDL: Low density lipoprotein, HDL: High density lipoprotein IL: Interleukin, IFN: Interferon, SBP: Sys-
tolic blood pressure, TC: Total cholesterol, TG: Triglycerides, WHR: Waist hip ratio. P < 0.05, P < 0.005, ™"P < 0.0005.
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Table 5. Association of classical risk factors and T cell markers with STEMI in young and older patients.

Marker Age > 45 years OR (95% Cl), P Value
Model 1 Model 2
Diabetes 0.89 (0.13-5.8), NS 5.43 (1.13 - 26.03), 034
Hyperglycemia 5.87 (1.47 - 23.47), 0.012 1.99 (0.59 - 6.70), NS
Hypertension 2.07 (0.29 - 15.06), NS 11.47 (1.80 - 73.15) 0.010
Smoking 2.00 (0.28 - 15.06), NS 2.63 (0.84 - 8.24), NS
Th17 1.38(1.03-1.84), 0.032 1.44 (1.11 - 1.89), 0.007
Tcl7 1.20 (0.95 - 1.55), NS 1.32 (1.05 - 1.66), 0.018
Th17/Treg 2.65 (1.23-5.73), 0.013 3.03 (1.38 - 6.60), 0.005
Tcl7/Treg 4.76 (1.05 - 21.27), 0.043 1.59 (1.14 - 2.22), 0.007

Logistic regression analysis was carried out by taking the markers as continuous variable. Classical risk factors, (Age, gender, body mass index, waist
hip ratio, hypertension, diabetes, hyperglycaemia, LDL and current smoking) were taken as covariates.

IL-22 and IL-23 which in turn can induce the expression of an array of pro inflammatory cytokines and chemo-
kines (TNF-a, IL-1, IL-6 CXCL1, CXCL2, and CCL7) to intensify inflammation [36]. IL-17 has been impli-
cated in several autoimmune diseases and was found to induce apoptosis of smooth muscle cells and endothelial
cells which could lead to plaque rupture [37]. Th17 can aggravate the development of atherosclerosis and was
recently shown to be involved in the disruption of vulnerable plaque in mice model, suggesting their role in
triggering and acute event [38] [39].

Although it is known that CD8 cells may also contribute to the pathogenesis of acute Ml, changes in circulat-
ing CD8 cells have not been explored in detail [40]. IL-17-producing CD8" T cell subpopulation, termed as
Tcl7 with distinct role in the pathogenesis of autoimmune diseases including multiple sclerosis, psoriasis and
autoimmune encephalomyelitis was recently described in human and mice [41]-[43]. In another study T cells in-
filtrating the coronary artery were found to produce IL-17 concomitantly with IFN-y and induce pro-inflamma-
tory responses in vascular smooth muscle cells [16]. We observed a significant increase in the CD4 and CD8
cells secreting IL-17 and CD4 cells double positive for IL-17and IFNy in MI patients. Plasma levels of IL-17
and IL-6 were higher in patients, suggesting that IL-17 mediated inflammation plays a pivotal role in the acute
coronary disease in the Indian population. IL-6 has been reported to be higher in AMI patients and identified
earlier as an independent risk factor [44], which is supported by our study.

Regulatory T cells (Tregs) limit inflammation and exert an immune regulatory function and are known to have
an anti atherogenic effect [45]. Adoptive transfer of Treg cells can reduce the plaque development [46] and deple-
tion of Tregs enhances atherosclerosis in mice models, suggesting a protective role for these cells. Patients with
unstable angina were reported to have lower Tregs [18]. Dysfunction of Treg cells was also reported in experi-
mental animal models of atherosclerosis [47]. Regulatory T cells are known to suppress the recruitment of
macrophages and foam cell formation in the lesion, increase phagocytosis, and collagen biosynthesis, thus re-
solving inflammation [48] [49]. Thus it is conceivable that loss of Treg cells with a concomitant increase in Th17
cells result in acute inflammation which is a prerequisite for plaque instability and rupture. Our data supports the
study by Cheng et al. who also reported a significant increase in peripheral Th17 number and Th17/ Treg func-
tional imbalance in patients with AMI, suggesting a possible role for these cells in plague destabilization and the
onset of acute disease [15]. Our results for the first time suggest the importance of Tc17 cells and their imbalance
with Treg cells in atherothrombosis. The ratio of Th17 to Treg and Tc17 to Treg showed 2.9 and 2.2 times higher
risk association with acute MI in Indians. Addition of this ratio to classical risk factors could significantly in-
crease the sensitivity and specificity discrimination of patients from control. Our results also indicate that elevated
frequencies of circulating Treg cells in peripheral blood are associated with 17% lower risk of developing MI. Pe-
ripheral T cells from MI patients showed increased reactivity to Ox-LDL and HSP60 with significantly higher
proliferative response. These proliferating T cells were found to have higher intracellular expression of IL-17,
suggesting that the increased pool of Th17/Tc17 cells in circulation could be caused by auto reactivity to HSP60
and Ox-LDL. Stress probably plays an important in the atherothrombotic disease in the Indian population.
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Th1 cells (CD4'IFN-y") are known to play a major role in T cell-mediated injury in coronary atherosclerosis
[50]. Patients with unstable angina (UA) were reported to have an increased frequency of CD4" T lymphocytes
lacking the co-stimulatory molecule CD28 (CD4"CD28™"), which secrete high level IFNy and perforin [22] [23].
It was also suggested that CD4*CD28™" can constitute up to 50% of the total CD4" compartment and are a do-
minant population of IFNy producing cells in patients with Unstable Angina [22] [23]. Several recent studies
have reported that expansion of CD4*CD28™" cells can mediate plaque instability and recurrence of AMI [33]
[51]. Surprisingly we did not observe any difference in the CD4*CD28™" cells or Th1 cells in our population.
These results suggest the possibility of existence of a different mechanism of atherothrombotic disease in the In-
dian patients.

India is an epicenter for coronary artery disease accounting for 25% of all mortality [52]. Indians get affected
with more severe form of coronary heart disease at a much younger age [24] [53] [54], which cannot explained
by conventional risk factors alone [55]. Susceptibility to acute myocardial infarction is more prevalent in South
Asian migrants in different countries despite low levels of traditional risk factors, suggesting an inherent differ-
ence in the presentation of disease in this population [56].

Young patients (<45 years) with MI, without conventional risk factors showed an increase in circulating Th17
cells and an imbalance in the ratio of Th17 and Tc17 to Tregs compared to control. Th17/Treg ratio emerged as
a significant risk association marker in the young patients. In older patients (>45 years), Diabetes and Hyperten-
sion emerged as significant risk factors apart from Th17, Tc17 and Th17/Treg ratio. Hyperglycemia was found
to be highly prevalent in young patients, and was associated with considerable risk of MI. It is interesting to note
that most of these hyperglycemic individuals were not diabetic. Association between Stress hyperglycemia and
poor cardiac outcome has been reported in Mi patients [57]. High blood sugar levels are known to have proin-
flammatory action and can increase circulating concentrations of IL-6, IL-18 and TNF-a [58]. IL-6 is a pleio-
tropic cytokine and can influence the T cell development. Naive cells are known to differentiate into Th17 cells
in the presence of IL-6 and TGF-£ [59]. It is likely that untreated hyperglycemia in young adults’ influences the
differentiation of Th17 cells which in turn augments inflammation and pathogenesis associated with acute coro-
nary syndrome

Few limitations of the study need to be considered. This being a case control study, retrospective in nature,
samples were collected after the event, which limits the causal relationship between the elevation in Th17 cells
and occurrence of an AMI event. Although Th17 has been shown to exacerbate atherosclerosis and induce
plaque disruption in mice model, causal role of these cells have not been studied in CAD patients. We propose
to collect samples post MI from the same subjects and analyse the same markers to understand if the elevation of
Th17 causes Ml or it is a consequence of an acute event.

5. Conclusion

In conclusion, our results suggest an important role for Th17 and Tcl7 cells in acute coronary disease in Indian
population. HSP60 and Ox-LDL may contribute to this response and pathogenesis of AMI in Indian population.
Young MI patients with no apparent risk factors could be distinguished by the increase in Th17 cells and
Th17/Treg ratio in peripheral blood. The ratio of Th17 to Treg cells in the peripheral blood emerged as an inde-
pendent marker showing significant association with acute myocardial infarction and could be developed as a
potential new marker to differentiate individuals at a higher risk for developing an acute clinical event.
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