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This study aimed to determine the association between CD4-positive T-helper (Th) cell subsets, T-helper 1 (Th1)
and T-helper 2 (Th2) in patients with acute myocardial infarction (AMI) and the severity of coronary artery dis-
ease (CAD) determined by coronary artery angiography.

Three groups of patients with AMI who underwent coronary angiography and percutaneous coronary inter-
vention (PCI) included patients with stable CAD (n=35), ST-segment elevation myocardial infarction (STEMI)
(n=30), and non-STEMI (NSTEMI) (n=35), and controls (n=33). Measurement of high-sensitivity cardiac tropo-
nin T (hs-cTnT) was performed. The numbers of circulating CD4-positive Th1 and Th2 cells were measured us-
ing flow cytometry. Plasma levels of interferon-y (IFN-y) and interleukin-4 (IL-4) were measured using enzyme-
linked immunosorbent assay (ELISA).

An increase in the Th1 lymphocyte population was associated with more CAD, and an increased Th1/Th2 ratio
was found in patients with NSTEMI and STEMI (controls 7.27+2.98; stable CAD 7.58+2.52; NSTEMI 16.62+2.74;
and STEMI 22.32+7.35) (P<0.001). The proportion of Thl cells and the Th1/Th2 ratio increased as the num-
ber of affected arteries, the degree of stenosis, and the lesion length increased. At a median follow-up of 18.2
months, patients with CAD and an increased Th1/Th2 ratio had a significant increase in adverse cardiac events
compared with patients with a reduced Th1/Th2 ratio (log-rank, P=0.042).

An increased ratio of circulating Th1 to Th2 cells in patients with AMI was associated with the severity of CAD
determined by angiography.
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Background

Worldwide, acute myocardial infarction (AMI) due to coronary
artery disease (CAD) is a leading cause of morbidity and mor-
tality [1,2]. Chronic inflammation and the cellular immune re-
sponse are associated with stable and unstable CAD and with
AMI [3-5]. AMI is characterized by local inflammation in the
myocardium, and plaque rupture of the coronary artery ath-
erosclerotic plaque is associated with thrombosis and coro-
nary artery occlusion [5-8].

Recent studies have shown that T-lymphocytes in human pe-
ripheral blood are heterogeneous. T-lymphocytes can be typed
according to the expression patterns of cell surface proteins,
intracellular proteins, and function, including the release of cy-
tokines and their capacity to recruit B-lymphocytes and mac-
rophages [9]. CD3 expression is associated with T-lymphocytes
and can distinguish them from B-lymphocytes. CD4-positive
T-lymphocytes, or T helper cells, recognize and present an-
tigens through the major histocompatibility complex (MHC)
class I or Il molecules.

Preclinical studies have shown that a deficiency of CD4-positive
T-cells in Apoe—/— mice inhibits the development of intimal
arterial lesions, but the effect of CD8-positive T-cells remains
unclear from mouse model studies [10,11]. In a mouse model
that studied CD4-positive T-cell subsets, depletion of T helper 1
(Th1) subsets associated with deficiency of T-bet, a Th1-specific
T box transcription factor, reduced interferon-y (IFN-y) sig-
naling and murine intimal atheroma [12]. However, the role
of Th2 subsets in human atherosclerosis remains poorly un-
derstood, and the findings have been controversial. In clini-
cal studies, cytokine levels including interleukin-2 (IL-2) and
IFN-y are significantly increased in patients with acute coro-
nary syndrome (ACS) compared with patients with stable CAD,
indicating that increased activation of Th1l lymphocytes may
contribute to plaque instability [1314]. However, the levels of
cytokines associated with Th2 cells showed no differences be-
tween patients with ACS and patients with stable CAD [15,16].

Therefore, this study aimed to determine the association be-
tween CD4-positive T-helper cell subsets, Th1 and Th2, in pa-
tients with AMI and the severity of CAD determined by coro-
nary artery angiography.

Material and Methods

Study population

This study was approved by the Research Ethics Committees
of the Third Peoples’ Hospital of Hubei Province. Written in-
formed consent was provided by all study participants. This was
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a prospective observational study that enrolled three groups of
patients from December 2017 to July 2018 in a single center.
Patients were recruited who had a diagnosis of acute myo-
cardial infarction (AMI) who underwent coronary artery an-
giography and who were treated with percutaneous coro-
nary intervention (PCl). Three study groups included the AMI
group that included 30 patients who were diagnosed with ST-
segment elevation myocardial infarction (STEMI); 35 patients
were diagnosed with non-ST-segment elevation myocardial in-
farction (NSTEMI); and 35 patients were diagnosed with sta-
ble coronary artery disease (CAD), confirmed by coronary an-
giography. Thirty-three subjects were included in the control
group who were asymptomatic with no history of AMI and
with a history of coronary artery angiography without coro-
nary artery narrowing >50%.

Study inclusion and exclusion criteria

Before PCl, all patients were given a loading dose of 300 mg
of clopidogrel and 300 mg of aspirin as antiplatelet therapy,
and 3000 U of intravenous heparin before coronary angiog-
raphy, and were then given supplemental heparin at a dose
of 70-100 U/kg, with a maximum dose of 8000 U. The study
inclusion criteria were based on the diagnosis of STEMI and
the coronary angiography findings. Patients with STEMI were
diagnosed with symptoms of acute ischemic chest pain, and
dynamic changes in the electrocardiogram (ECG) that included
ST-segment elevation of at least 1 mm (0.1 mV) in the limb
leads and at least a 2 mm elevation in the precordial leads.
Myocardial infarction was also confirmed by measurement of
high-sensitivity cardiac troponin T (hs-cTnT). The coronary an-
giography results indicated that at least one of the coronary
arteries was totally occluded. Patients were excluded from
the study who had a previous history of myocardial infarc-
tion, coronary revascularization, congestive heart failure, car-
diomyopathy, pericardial disease, peripheral vascular disease,
hematologic disease, cancer, inflammatory disease, congeni-
tal diseases, and liver or renal disease.

Quantitative assessment of CAD by coronary artery
angiography

Quantitative assessment of CAD was performed using coro-
nary angiography, as previously described [17]. A semiquantita-
tive evaluation of the coronary artery burden of atheromatous
plaque from the invasive coronary angiography (ICA) images
was performed by an interventional cardiologist. A minimum
of six projections of the left and right coronary systems were
acquired in each patient. The assessment of segments of the
atherosclerotic plaques was based on the 18-segment classi-
fication system from the Society of Cardiovascular Computed
Tomography (SCCT) [18]. Briefly, significant CAD was defined
as the presence of coronary artery luminal diameter narrowing
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>50% in the left anterior descending (LAD) coronary artery, left
circumflex coronary artery, right coronary artery, and their main
branches. Stenosis of the main trunk of the left coronary artery
was considered as two-vessel disease. The burden of athero-
sclerotic plaques was evaluated by the length of the intimal
plague (>20 mm were long lesions), the degree of coronary
artery stenosis with and without calcification was classified
as moderate (50-69%), severe (70-99%), or occluded (100%),
and the number of coronary vessels with significant stenosis
was evaluated. In cases with multivessel disease, the high-
est degree of stenosis was identified for further investigation.

Flow cytometry for T helper (Th) cell subsets

Approximately 5 ml of peripheral blood samples were taken
on the day after hospital admission from the control group,
patients with stable CAD, and patients with STEMI and NSTEMI
who had fasted overnight. All peripheral blood samples from
the study population were obtained before coronary angiogra-
phy and PCI. T-lymphocyte subsets were analyzed in a whole-
blood assay using 100 pl of whole blood. Forward scatter (FSC)
and side scatter (SSC) gating was used to exclude cell debris.
Anti-human antibodies were conjugated to different fluoro-
chromes for flow cytometry. T-lymphocytes were identified
and gated using a phycoerythrin (PE)-conjugated antibody to
CD3 (UCHL1) (BD Biosciences, Franklin Lakes, NJ, USA) for the
dot plots. Whole blood cells were stained with an antibody to
CD4 conjugated to PerCP-Cy5.5 (clone SK3) (BD Biosciences,
Franklin Lakes, NJ, USA), an antibody to IFN-y conjugated to
fluorescein isothiocyanate (FITC) (clone B27) (BD Biosciences,
Franklin Lakes, NJ, USA), and an antibody to IL-4 APC (clone
MP4-25D2) (BD Biosciences, Franklin Lakes, NJ, USA). Antibodies
were incubated with the cells for 15 min at room tempera-
ture and analyzed using a Cell Lab Quanta SC Flow Cytometer
(Beckman Coulter, Brea, CA, USA). The flow cytometry for iden-
tifying T-lymphocyte subsets was performed by one expert
technician who was unaware of the patient groups and their
coronary angiography findings.

Measurements of plasma cytokine levels

The plasma levels of IL-4 and IFN-y were measured by commercial
enzyme-linked immunosorbent assay (ELISA) kits for human IL-4
(Thermofisher Scientific, Waltham, MA, USA) and human IFN-y
(R&D Systems, Minneapolis, MN, USA). ELISA was performed ac-
cording to the manufacturer’s protocols. The absorbance of the
plates was measured at 570 nm using a microplate reader and
converted to plasma concentrations for IL-4 and IFN-y.

Follow-up assessment

Follow-up data were obtained by phone calls conducted be-
tween January 2019 and March 2019 by an independent
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investigator. The endpoints evaluated included incidents of
cardiac death, nonfatal MI, and coronary revascularization.
Cardiac death was defined as death caused by MI, ventricu-
lar arrhythmia or cardiogenic shock. Coronary revasculariza-
tion was defined as the requirement for PCl of the affected
vessels or a requirement for coronary artery bypass grafting.
A composite endpoint was constructed from all three end-
points for analysis.

Statistical analysis

Statistical analysis was performed using SPSS version 20.0 (IBM,
Chicago, IL, USA). Data were reported as the mean #+ standard
deviation (SD) for continuous variables and as proportions
or percentages for categorical variables. Analysis of variance
(ANOVA) and the Bonferroni correction were performed to com-
pare the differences between the controls, patients with stable
CAD, patients with NSTEMI, and patients with STEMI. The dif-
ferences between categorical variables were determined us-
ing the chi-squared (x?) test. Event rates were estimated with
Kaplan-Meier curves and compared with a log-rank test. Two-
sided statistical analysis was performed. A P-value <0.05 was
considered statistically significant.

Results

T-helper (Th) cell subsets, T-helper 1 (Th1) and T-helper 2
(Th2), in patients with acute myocardial infarction (AMI)

The baseline characteristics of the patients included in the
study are shown in Table 1. Peripheral blood samples were col-
lected and sorted by flow cytometry to analyze the two distinct
T-lymphocyte subsets (Th1 and Th2). The Th1 subset was de-
fined as CD4-positive T-lymphocytes expressing IFN-y but not
IL-4. The Th2 subset was defined as CD4-positive T-lymphocytes
expressing IL-4 but not IFN-y. As shown in Table 2, compared
with controls and patients with stable coronary artery disease
(CAD), the percent of neutrophils and the neutrophil to lym-
phocyte ratio were significantly increased in patients with ST-
segment elevation myocardial infarction (STEMI) and non-STEMI
(NSTEMI). Although the percentage of Th2 subsets in the total
CD3-positive T-lymphocyte population were not significantly
different between the four study groups, the percentage of
Th1 subsets in total CD3-positive T-lymphocytes and Th1/Th2
ratio were significantly increased in patients with AMI when
compared with controls and patients with stable CAD (Table 2).

A post hoc Bonferroni correction was used to further correct
and validate the differences in the percentage of Th1 subsets
and Th1/Th2 ratio between patients with stable CAD and pa-
tients with NSTEMI and between patients with stable CAD and
patients with STEMI (Figure 1A, 1B).
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Table 1. Baseline characteristics of the four study groups.

Control (n=33) SCAD (n=35) NSTEMI (n=35) STEMI (n=30) p-Value
Age, yrs 66.4+10.8 65.849.4 63.749.0 68.1+11.4 0.373
CMale 19 (576) 17 (486) 18 (514) 20 667 0478
Smoking 11 (333) 10 (286) 14 (400) 16 (533) 0199
 Diabetes 7 212 10 86 10 (286) o 300) 0853
 Fasting glucose, mmol/L 59121 69419 65418 74132 0066
Hypertension 8 (42 18 514 21 (6000 20 (666 0004
| Triglyceride, mmol/l 17:12 18:15 17615 2017 0836
 Cholesterol, mmol/L a5e14 a6t16 a8t17 s0¢16 0601
LG mmoll 27512 20413 28507 31212 0537
CHDLC mmoll 10:03 11:04 10:02 12:04 0114
CBUN,mmolL 58:15 58220 59+13 62421 0778
Creatinine, mg/l 779+310 8041275 798+194 820£231 0937
Chs-CRP,mgL 1012032 1032028 1495043 189+028 0001
ChscTnT gl 001001 002:001 0.09:004 084:023 0001
CK-MB,ng/ml 3154102 418:108 6426118 90274410 0001
Coromaryangiography
Clonglesions - 12343 19 (43 16633
Affectedvessels 021
"""" lvessel - 18 (514 10 (86) 15 50.0)
"""" dvessel - 12343 17 @48e) 10 (33
 >3wvessel - s (143 8 (29 s 167
CStenosis 0001
"""" Moderate - 27 8 o
"""" Severe - 8 23 s
"""" occlusion - o a4 2

SCAD - stable coronary artery disease; STEMI — ST-segment elevation myocardial infarction; NSTEMI — non-STEMI; LDL — low-
density lipoprotein; HDL — high-density lipoprotein; BUN — blood urea nitrogen; CRP — C-reactive protein; CK-MB — creatine
kinase-muscle/brain; hs-TnT — high-sensitivity cardiac troponin T.

Table 2. Total counts and proportions of peripheral blood cells in each group.

Control (n=33) SCAD (n=35) NSTEMI (n=35) STEMI (n=30)
WBC, x10%/ml 6.53+1.64 6.83+1.82 6.89+1.87 7.24+2.05 0.506

Th1/Th2 ratio 7.27+2.98 7.58+2.52 16.62+2.74 22.32+7.35 <0.001

Values are mean +SD. SCAD — stable coronary artery disease; STEMI — ST-segment elevation myocardial infarction; NSTEMI — non-ST-
segment elevation myocardial infarction; DC — dendritic cell; Lym — lymphocyte; mDC — myeloid dendritic cell; Mon — monocyte;
pDC - plasmacytoid dendritic cell; PMNs — polymorphonuclear neutrophils.
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Figure 1. Comparison of CD4-positive Th1 cells and the Th1/Th2 ratio in the four study groups. (A) Comparison of CD4-positive Th1l
cells between the four groups. (B) Comparison of the Th1/Th2 ratios in the four study groups. CAD — coronary artery disease;
NSTEMI — non-ST-segment elevation myocardial infarction; STEMI — ST-segment elevation myocardial infarction;

Th1 =T helper 1 subset; Th2 — T helper 2 subset. * P<0.05.

The association of Th subsets with the severity of CAD was
measured by coronary angiography and showed that there
was a gradual increase in the percentage of Thl subsets in
the total population of CD3-positive T-lymphocytes and Th1/
Th2 ratio with an increase in the number of affected vessels,
the degree of coronary artery stenosis, and the length of the
coronary artery lesion (Figure 2A-2I).

Plasma levels of IFN-y were significantly increased in
patients with AMI compared with controls and patients
with stable CAD

IFN-y is a pro-inflammatory cytokine released from Th1 lym-
phocytes. Enzyme-linked immunosorbent assay (ELISA) showed
that plasma levels of IFN-y in patients with STEMI and NSTEMI
were significantly increased when compared with patients
with stable CAD and controls (control 2.15+0.73 pg/ml; sta-
ble CAD 2.37+0.82 pg/ml; NSTEMI 6.83+1.24 pg/ml; STEMI
7.92+1.30 pg/ml) (P<0.001) (Figure 3A). In patients with NSTEMI
and STEMI, plasma levels of IFN-y were significantly associated
with plasma levels of high-sensitivity cardiac troponin T (hs-cTnT)
(r=0.833; P<0.001) (Figure 3B). These data suggest that plasma
IFN-y was not only increased in patients with AMI but was also
associated with the severity of AMI, which was consistent with
the findings of Th2 subsets in patients with AMI. However,
there was no significant difference in plasma levels of IL-4 be-
tween the controls and patients with stable CAD and AMI (con-
trol 100.6+27.4 ng/ml; stable CAD 124.8+31.5 ng/ml; NSTEMI
115.3+30.8 ng/ml; STEMI 129.6+35.4 ng/ml) (P=0.57) (Figure 3C).

An increased Th1/Th2 ratio was associated with adverse
cardiac events

Follow-up was completed for all patients included in the study,
with a median follow-up time of 18.2 months. A total of 12

adverse cardiac events occurred during the follow-up period
and included two cardiac deaths, seven non-fatal cases of
AMI, and five cases of coronary revascularization. With the
median Th1/Th2 ratio of 15, the patients were divided into
two groups to evaluate the predictive value of the Th1/Th2
ratio for adverse cardiac events. Within the follow-up period,
only four adverse cardiac events were identified that included
three cases of non-fatal Ml and two coronary revasculariza-
tion events, which occurred in patients with a reduced Th1/Th2
ratio, corresponding to an overall event-free survival rate of
92.5%. The majority of adverse cardiac events occurred in pa-
tients with a high Th1/Th2 ratio (n=10) with an overall event-
free survival rate of 78.7%. Event-free survival curves for pa-
tients in both groups are shown in Figure 4 (log-rank, p=0.042).

Discussion

Atherosclerosis is a chronic inflammatory disease that is as-
sociated with a cell-mediated immune response that includes
T-lymphocytes and macrophages [8]. In the early stage of ath-
erosclerosis, oxidized low-density lipoprotein (LDL) provokes
an inflammatory response with the recruitment of circulating
immune cells that include lymphocytes and monocytes into
lipid-rich vulnerable plaques [19,20]. T-cells are present at
all stages of atherosclerosis [5,7]. Given the advances in im-
mune technologies and the feasibility of genetic manipulation
in animal models of atherosclerosis, an increasing number of
studies have identified some important immune mechanisms
during atherosclerosis and myocardial infarction. The role of
CD8-positive T-cells in atherosclerosis and myocardial infarc-
tion remained controversial, and CD8-positive T-cells are less
frequently found in atherosclerotic plaques and myocardial in-
farction and deficiency in CD4-positive T-cells contribute to the
compensatory changes in the CD8-positive T-cell population.
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Figure 2. Changes in CD4-positive Th1 cells and Th2 cells in the four study groups. (A-C) Comparison of CD4-positive Th1 cells and
Th2 cells according to the number of affected vessels. (D, E) Comparison of CD4-positive Th1 cells and Th2 cells according to
the degree of coronary artery stenosis. (F-) Comparison of CD4-positive Th1 cells and Th2 cells according to the lengths of
the coronary artery lengths. CAD — coronary artery disease; NSTEMI — non-ST-segment elevation myocardial infarction;
STEMI - ST-segment elevation myocardial infarction; Thl — T helper 1 subset; Th2 — T helper 2 subset. * P<0.05.

CD4-positive T-helper (Th) cell consist of several distinct sub-
populations, which have different roles and can differentiate
in response to antigen-presenting cells and various extracel-
lular inflammatory stimuli [21]. CD4-positive T-cells account
for approximate 70% of resident T-cells in atherosclerotic
plaques [20,22]. Zhou et al. [23] found that depletion of CD4-
positive T-cells in Apoe-/- mice caused the reduction in the
burden of atherosclerotic plaques. Reduction in CD4-positive
T-cells is associated with myocardial remodeling and increased

This work is licensed under Creative Common Attribution-
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ventricular rupture, and CD4-positive T-helper 1 (Th1) subsets
are the major components of CD4-positive T-cells in the ves-
sel wall and myocardium [24].

Atherosclerotic plaque rupture is the main cause of acute coro-
nary syndrome (ACS), and a change in the proportion of the Th1
subset in peripheral blood has been shown to promote plaque
rupture in Apoe—/— mice, which may drive ACS [24]. In contrast
to CD4-positive Th1 subsets, current studies on CD4-positive
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Figure 3. Comparison of plasma IFN-y and IL-4 levels in the four study groups. (A) Comparison of plasma IFN-y levels between the
four groups. (B) Correlation of IFN-y with high-sensitivity cardiac troponin T (hs-cTnT) in patients with NSTEMI and STEMI.
(€) Comparison of plasma IL-4 levels between the four groups. CAD — coronary artery disease; NSTEMI — non-ST-segment
elevation myocardial infarction; STEMI — ST-segment elevation myocardial infarction; Thl — T helper 1 subset; Th2 — T helper
2 subset; hs-cTnT — high-sensitivity cardiac troponin T; IFN-y — interferon-y; IL-4 — interleukin-4. * P<0.05.

T-helper 2 (Th2) subsets remain controversial [25]. Knockout
of IL-4 in LDLR-/- mice fed a high-fat diet showed a reduced
plaque burden and implied a pro-atherogenic effect of CD4-
positive Th2 subsets [26]. Consistent with this finding, in the
60 present study, circulating CD4-positive Th1 subsets represented
an increased proportion of the peripheral blood CD4-positive
40 T-lymphocytes. Also, a significantly increased percentage of
CD4-positive Th1 subsets, and an increased Th1/Th2 ratio was
observed in patients with NSTEMI and patients with STEMI
—— Low-degree Th1/Th2 . . .
—— High-degree Th1/Th2 Log-rank P=0.042 compared with patients with stable CAD and controls, and no
v v v ¥ ! differences were found between the four groups. Yan et al. [4]
0 5 10 15 20 25 . . .

Months showed increased mRNA expression of Th1-associated cyto-
kines and reduced mRNA expression of Th2-associated cyto-
kines in patients with AMI when compared with controls, reflect-
Figure 4. Event-free survival for the composite endpoint of all- ing a shift towards Th1 dominance in myocardial infarction.

cause mortality, non-fatal myocardial infarction, and
coronary revascularization, according to the Th1/Th2
ratio.

1007

=3
S
1

Event-free survival rate

=]
o
1

Also, the findings of the present study showed a significant
correlation between the proportion of CD4-positive Th1 sub-
sets and the Th1/Th2 ratio, the number of affected coronary
arteries, the degree of coronary artery stenosis, and the lesion
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length, which indicated that an increased Th1/Th2 ratio might
be associated the severity of atherosclerosis. Although sev-
eral previously published studies have evaluated the prognos-
tic value of circulating innate immune cells in patients with
CAD, there remains a need for further research to determine
the clinical predictive value of evaluating circulating immune
cells [27]. The findings from the present study showed that
patients with CAD who had an increased Th1/Th2 ratio had
an increased incidence of adverse cardiac events when com-
pared with patients with a low Th1/Th2 ratio, suggesting the
possible positive predictive value of the Th1/Th2 ratio for car-
diac clinical events.

In previous studies, the cytokines IFN-y, IL-4, and IL-17c have
been shown to be associated with the differentiation of CD4-
positive T helper cells into their subsets in the myocardium
following AMI [7,19,28]. CD4-positive Th1 subsets retain cel-
lular immunity mainly by secreting IL-1, IL-2, IL-12, and IFN-y,
while CD4-positive Th1 subsets secrete IL-4, IL-6, and IL-25 to
activate B-lymphocytes and generate antibodies. In line with
the findings of circulating CD4-positive Th1 and Th2 subpopu-
lations in the present study, plasma levels of IFN-y were signifi-
cantly increased in patients with STEMI and NSTEMI compared
with patients with stable CAD and controls, while there was
no difference in plasma levels of IL-4 between the four study
groups. Szodoray et al. [29] measured the circulating levels of
cytokines associated with the differentiation and function of
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cidence of ACS, and the association between with peripheral
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Conclusions

In patients with acute myocardial infarction (AMI), the se-
verity of angiographically evaluated coronary artery disease
(CAD) was associated with an increased ratio of CD4-positive
T-helper (Th) cell subsets, T-helper 1 (Th1) and T-helper 2 (Th2).
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