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Abstract: Aims: The chemokine receptor 6 (CCRB6) is involved in the development of atherosclerosis as a novel medi-
ator of inflammation and immune system. However, the relationship between CCR6 and acute myocardial infarction
(AMI) is unclear. This study was designed to determine whether the level of circulating CCR6 is increased in Chinese
patients with AMI. Methods: Flow cytometry was used to assay the circulating CCR6* lymphocyte percentage in 44
patients with AMI and 44 controls. Binary logistic regression analysis was used to identify the relationship between
CCR6 and AMI. Results: The percentages of CCR6* lymphocyte in patients with AMI were significantly higher than
those of controls (16.1 vs. 8.4%, P<0.01). Furthermore, CCR6* expression level was an independent biomarker of
AMI (OR: 4.73, 95% CI: 1.88-11.91, P<0.01). The CCR6" lymphocyte percentage was correlated positively with the
severity of coronary artery stenosis as determined by Gensini score in AMI group. Conclusions: This study showed
high level of CCR6 expression in AMI and identified CCR6 as a novel independent biomarker for AMI. Our results

suggested that CCR6 may work as a mediator of T lymphocyte recruitment in AMI.
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Introduction

Myocardial infarction is a cardiovascular dis-
ease that severely threatens human health and
life, and whose primary cause is atherosclero-
sis of coronary artery. The pathogenesis of
atherosclerosis involves the accumulation of
lipids and leukocytes in the intima of blood ves-
sel walls creating plaque, inflammation and
both innate and adaptive immunities [1, 2].
Accumulating evidence showed that destabili-
zation of this atherosclerotic disease is associ-
ated with T lymphocyte activation [3, 4].

The chemokine system, including chemokines
and chemokine receptors, is a crucial mediator
and regulator of leukocyte trafficking during in-
flammation and immune response [5]. The CC
chemokine receptor 6 (CCR6) is a member of
the seven-transmembrane-domain G-protein-
coupled receptors. This receptor is expressed
prominently on various leukocyte subsets, in-
cluding immature dendritic cells, B cells, T cells

(Th17 and Treg cells), yd T cells, NKT cells, neu-
trophils, and monocytes [6-9]. In the studies
of experimental autoimmune encephalomyelitis
(EAE), researchers found that CCR6 is essential
for priming autoreactive CD4* T cells and it is
associated with the overall clinical severity of
EAE [10, 11]. In the study of antitopoisomerase-
positive systemic sclerosis [12], psoriasiform
dermatitis [13], and granulomatosis with poly-
angiitis [14], researchers found that CCR6" im-
mune cells are recruited toward to the lesion
location through CCR6-CC chemokine ligand
20 (CCL20) axis to participate in regulating
immune response. In addition, Wan, et al. [9]
found that CCR6 is associated with the area of
aortic lesion and promotes atherosclerosis in
ApoE-deficient mice. Yilmaz, et al. [15] showed
a high expression of CCR6 at the upstream
shoulder of human carotid artery plaque. In
conclusion, these studies revealed that CCR6
plays an important role as a mediator of inflam-
mation and immune response in atherosclero-
sis or autoimmune diseases.
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Table 1. Characteristics of AMI patients and controls

ined from all subjects before

enrollment into this study. Exclu-

AMI (n=44) Controls (n=44) p . o ) )

Age, means (+ SD) 638 (£ 14.2) 592(t112) 0476  Sioncriteriaincluded patients with
Hypertension (%) 24 (54.5) 18 (40.9) 0.20 diseases, acute ’or chronic infl-
Diabetes (%) 9(20.5) 6(13.6) 0.395 ammation, severe liver or renal
Smoking (%) 16 (36.4) 18(40.9) 0661  gysfunction, autoimmune disea-
Laboratory parameters se, and cancer.

TC (mmol/L) 4.91 (4.19-6.44) 4.80(4.04-5.53) 0.139

TG (mmol/L) 1.49 (1.00-2.14) 1.32(0.94-2.11) 0.372 Sample collection

LDL (mmol/L) 3.10(2.62-4.35) 2.63(1.91-328) 0.001* the AMI er bi0od Samol

HDL (mmol/L) 0.93(0.78-1.10) 1.23 (1.04-1.55) 0.000* wereeobtaingegui?r;m:;atgsl a?‘te:r

WBC (x10°/L) 8.82 (7.39-10.62) 5.99 (4.99-7.61) 0.000* coronary angiography or percuta-

UA (umol/L) 362.6 (+ 104.3) 362.1(+72.5) 0.98

CCR6" lymphocyte (%) 16.1(11.9-20.0) 8.4 (5.6-12.9)

neous coronary intervention with-
0.000*  in 48 h after admission. In the

Data presented as mean + SD or median (interquartile range) for variables.
AMI, acute myocardial infarction; TC, total cholesterol; TG, triglycerides; LDL,
low-density lipoprotein; HDL, high-density lipoprotein; WBC, white blood count;

UA, uric acid. *P<0.01 AMI vs. control.

However, few studies focused on the CCR6
expression in clinical patients and the rela-
tionship between CCR6 and acute myocardial
infarction (AMI) has not been established. Th-
erefore, our study is aimed to determine wheth-
er the level of circulating CCR6 would increase
in Chinese patients with AMI.

Materials and methods
Study subjects

The prospective study was approved by the
Medical Ethics Committee of the First Affiliated
Hospital of Wenzhou Medical College (China), in
accordance with the Declaration of Helsinki.
Patients with AMI (ICD-9 codes 410) undergo-
ing coronary angiography in our cardiac care
unit were consecutively recruited (Table 1).
AMI, including ST-segment elevation myocardi-
al infarction and non-ST-segment elevation
myocardial infarction, was diagnosed accord-
ing to the presence of two of these criteria: a.
prolonged chest pain; b. typical ECG changes;
c. increased troponin | level (>0.15 ug/l). The
control group comprised 44 patients recruited
from the Cardiology Department. These pa-
tients presented chest discomfort and certain
risk factors for coronary disease, but there
coronary angiography results were normal. Pa-
tients in both AMI group and control group were
treated with DAPT and statin in a standard
manner. Written informed consent was obta-
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control group, blood samples were
obtained immediately after coro-
nary angiography following their
admission. Peripheral venous blo-
od was drawn from the antecubi-
tal vein while the patients were in a fasting
state. Blood was collected using EDTA as an
anticoagulant.

Assessment of the severity of coronary artery
stenosis

Coronary angiography was performed by using
a standard technique. The severity of coronary
stenosis in the AMI patients was estimated by
the Gensini coronary score following coronary
angiography. The Gensini score was calculated
by estimating the narrowing of each coronary
artery lumen and the significance of the lesion
location. The reductions in the lumen diameter
of 25%, 50%, 75%, 90%, 99% and complete
occlusion were assigned Gensini scores of 1,
2,4, 8, 16, and 32 respectively. The score was
multiplied by a multiplying factor which depend-
ed on the following functional significance of
the position of the lesion in the coronary arte-
rial: 5 for the left main coronary artery; 2.5 for
the proximal left anterior descending coronary
artery (LAD) or left circumflex artery (LCX); 1.5
for the mid-LAD; and 1 for the distal LAD, the
mid-distal LCX, or the right coronary artery.

Flow cytometric analysis of CCR6

The percentages of CCR6* lymphocyte were
measured by flow cytometry. Approximately
100 ul of blood was added into two tubes se-
parately and incubated with APC antihuman

Int J Clin Exp Med 2018;11(3):2292-2298
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Figure 1. The difference percentages of CCR6" lymphocytes between AMI
group and controls. A and B: Flow cytometry analysis of CCR6 expression in
patients with AMI; C and D: Flow cytometry analysis of CCR6 expression in
controls; E: Percentages of CCR6* lymphocytes in patients with acute myo-
cardial infarction (AMI) and controls. Horizontal line in the box plots repre-
sents the median value; the boxed area is the interquartile range and the
whiskers denote the 2.5th and 97.5th percentiles. *P<0.01 AMI vs. control.

ing, 2 ml of red blood lys-
ing solution was added for
FACS (MultiSciences, Hang-
zhou, CN) into each tube and
incubated at room tempera-
ture for 10 min. The stained
cells were washed once in ph-
osphate-buffered saline (PBS)
and suspended in 200 pl of
PBS. All flow cytometry was
performed using a FACS Ca-
libur (BD Biosciences, USA),
and the data were analyzed
and presented using Flowjo
software.

Statistical analysis

Statistical analysis was per-
formed with the SPSS v.19
statistical software (SPSS
Inc., Chicago, IL) and Stata
v.14 statistical software. All of
the data were described as
mean + SD or median (inter-
quartile range). Independent-
samples T test or Wilcoxon
rank sum test was used for
comparisons of two groups
of individuals. Chi-square test
was used to compare propor-
tions. Pearson correlation co-
efficient was used to assess
the relationship between the
percentages of CCR6" lympho-
cyte and Gensini score. Binary
logistic regression analysis
was used to identify the impor-
tant risk factors. In all tests a
value of P<0.05 was consid-
ered statistically significant.

Results

Clinical characteristics of
patients

The characteristics of patients
with AMI and those of controls
are shown in Table 1, the origi-
nal datas of each individual
participants are shown in

Supplementary Table 1. No

CCR6 antibody (eBioscience, San Diego, CA) statistical differences were observed in age,
and Mouse 1gG1 K isotype control APC (Both male, hypertension, diabetes, smoking, total
antibodies are from eBioscience, San Diego, cholesterol, triglycerides and uric acid between
CA) at room temperature for 30 min. After stain- two groups, but several interrelated factors
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Table 2. Binary logistic regression analysis for acute myocardial infarction

Univariate (n=88)

Multivariate (n=88)

Factors 95% CI 95% Cl
B OR p B OR
Low Upper Low  Upper

Age 0.03 1.03 1.00 1.06 0.10 0.07 1.08 100 116 0.058
Hypertension” 055 1.73 0.75 4.03 0.20 058 178 0.26 12.06 0.553
Diabetes” 0.49 1.63 0.53 5.04 0.398 0.63 188 0417 20.35 0.605
Smoking” -0.19 0.83 0.35 1.95 066 032 137 024 775 0.72
LDL 080 222 135 366 <0.01 167 531 156 18.09 0.008
HDL -3.75 0.024 0.004 0.16 <0.01 -3.67 0.03 0.00 058 0.021
WBC 053 171 132 220 <0.01 0.70 200 128 315 0.003
CCR6" lymphocyte quartile* 1.02 2.77 1.73 446 <001 136 391 183 835 0.000

LDL, low-density lipoprotein; HDL, high-density lipoprotein; WBC, white blood count. *patients without hypertension, diabetes
and smoking were set as the reference group respectively. *patients with the lowest quartile of CCR6* lymphocyte percentage

were set as the reference group.

Subgroups OR (95% CI) p  pforinteraction associated with AMI by univar-
iate analysis (Table 2). LDL
he 4 L1 (096.2.07 - s and WBC were independent
- CoT ’ ' factors of AMI in the multivari-
»60 bl 1.48 (115, 1.90) 0.003 ate analysis. (OR: 5.31, 95%
Hypertension Cl: 1.56-18.09, P<0.01; OR:
No - 1.26 (1.02, 1.56) 0.03 0.732 2.00, 95% Cl: 1.28-3.15, P<
Yes —— 1 13(0.96,4.74) 0.06 0.01). HDL was an indepen-
Smoking dent protective factor of AMI
- (OR: 0.03, 95% CI: 0.00-0.58,

No 1.31(1.02, 1.67) 0.03 0.121
v o P=0.021). Furthermore, CCRG*
“ 1.88(1.03,3.43) 0.04 lymphocyte quartile was a
i i novel independent factor of

0 4.74

Figure 2. Odds Ratios for AMI in specified subgroups.

such as low-density lipoprotein (LDL) and white
blood count (WBC), were higher in AMI group
than those in the control group (P<0.01). On the
contrary, high-density lipoprotein (HDL) was
lower in AMI group (P<0.01) compared with that
in the controls.

CCR6* lymphocyte percentage was elevated in
patients with AMI

The CCR6* lymphocyte percentage measured
by flow cytometry analysis is shown in Figure 1.
The percentages of CCR6* lymphocyte in pa-
tients with AMI were significantly higher than
those of controls (16.1% vs. 8.4%, P<0.01,
Figure 1).

CCR6" lymphocyte level was an independent
biomarker of AMI

In binary logistic regression analysis, LDL, HDL,
WBC, and CCR6" lymphocyte quartiles were

2295

AMI. (OR: 3.91, 95% CI: 1.83-

8.35, P<0.01). Stratified anal-

yses were performed by age,

hypertension and cigarette
smoking status. There were no significant inter-
actions in any of the subgroups (P>0.05 for all
comparisons) (Figure 2).

CCR6" lymphocyte percentage was correlated
positively with the severity of coronary artery
stenosis

A significant Pearson correlation coefficient
was noted between angiographic Gensini sc-
ore and circulating level of CCR6* lymphocyte
(R?=0.517, P<0.01) (Figure 3).

Discussion

In the present study, we first indicated the high
circulating level of CCR6 in the AMI patients
and showed that CCR6 expression level is an
independent biomarker of AMI. CCR6, which is
the sole receptor for the CCL20 [16], possess-
es both inflammatory and homeostatic func-
tions [5]. One previous study observed no sig-
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subsets of T lymphocytes in
peripheral blood of patients
with AMI. This receptor may
also be closely related with
the destabilization of athero-
sclerotic plaque.

This study also indicated that
CCR6 expression level is a
novel independent biomarker
for AMI. This association was
maintained after adjusting for
other acknowledged indepen-
dent risk factors such as age,
hypertension, diabetes, smok-
ing, and LDL. In addition, the
percentage of CCR6* lympho-
cytes was correlated positive-
ly with the severity of coronary

T T T
5.00 10.00 15.00 20.00

CCR6+ lymphocytes (%)

Figure 3. Relationship between the percentages of CCR6* lymphocyte
and coronary angiographic. Gensini score in AMI group. (n=44, R>=0.517,

P<0.01).

nificant modulation of both Th17 and Treg cells
in hypercholesterolaemia CCR67IdIr”~ mice
[17]. However, early study found that the aortic
lesion area in CCR67ApoE”" mice is 30%-40%
smaller than that in CCR6"*ApoE”" mice; addi-
tionally, the macrophage content of lesions in
CCR67-ApoE” mice shows 44% less lesions
than those in CCR6"*ApoE”- mice, which indi-
cated that CCR6 promotes atherosclerosis in
ApoE-deficient mice [9]. Moreover, Yan, et al.
[18] suggested that CCL20-CCR6 signaling
pathway mediates the migration of yd T cells
into infarcted heart. Consistent with these
results, our study further showed that the circu-
lating CCR6" lymphocyte frequency increases
in Chinese patients with AMI. These data indi-
cated CCRG6 level, as a molecular marker, is
closely associated with the inflammation and
immune response in the pathogenesis of AMI.

To our knowledge, coronary lesions infiltrated
with T cells are prone to be remarkably unsta-
ble. Several clinical studies demonstrated that
the activation levels of circulating T lympho-
cytes increase in patients with unstable angina
[19, 20]. Furthermore, peripheral circulating T
lymphocytes change during the development of
atherosclerotic disease [21, 22]. On the basis
of these findings, we hypothesized that CCR6
may play a significant role in recruiting certain
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T
3000 artery stenosis as determin-

ed by Gensini score in AMI
group. This result suggested
that CCR6 participates in the
development of atherosclero-
sis.

Nevertheless, this study also presented several
limitations. Firstly, the number of Chinese
patients with AMI involved in our study is limit-
ed, so future study with a large cohort will be
required. Secondly, this study was designed as
a cross-sectional study that unable to demon-
strate causality between CCR6 level and AMI,
so further studies will be needed to prove the
causality between CCR6 expression and ath-
erosclerosis development.

In summary, our study showed high CCR6* lym-
phocyte percentage in AMI patients and identi-
fied this chemokine receptor as an indepen-
dent biomarker for AMI. We suggest that CCR6
may function as a mediator of recruiting T lym-
phocytes which are involved in immune res-
ponse and associated with the destabilization
of coronary lesions.
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Supplementary Table 1. The original datas of each individual participants

No, Croup(1=AME,  ~ Sex(male=1; o tension Diabetes Smoking WBC TC DL HDL TG CCRG CCR6 — Gensini

2=control) female=2) percentage quartiles score
1 1 62 1 1 0 0 858 586 3.86 113 21 292 627 1 24
2 1 46 1 0 1 0 5.86 434 279 116 032 389 835 2 42
3 1 73 1 0 1 0 773 493 309 092 1.68 233  17.3 4 80
4 1 65 1 0 0 1 11.76 453 293 09 098 233 875 2 22
5 1 58 1 1 0 0 1043 2.83 135 061 189 383  13.36 3 46
6 1 61 1 0 0 1 727 435 295 08 155 462  18.86 4 35
7 1 81 1 1 0 1 821 397 215 104 105 408 245 4 82
8 1 35 1 0 0 0 1568 739 6 071 126 377 1612 3 64
9 1 40 1 0 0 0 16.98 794 572 093 264 313  16.84 3 36
10 1 79 1 1 0 0 761 41 235 102 123 471 645 1 15
11 1 51 1 0 0 0 939 453 257 0.85 245 249  20.78 4 60
12 1 77 1 0 0 0 996 57 38 107 075 489  14.87 3 60
13 1 55 1 0 1 1 827 489 273 118 24 292 1815 4 70
14 1 85 2 1 0 0 799 741 506 1 221 527  10.98 2 28
15 1 40 1 0 0 0 15 687 5 091 214 257 264 4 44
16 1 47 1 0 0 1 865 654 476 111 117 295  24.19 4 56
17 1 69 1 1 0 1 782 372 18 099 183 327 1819 4 44
18 1 73 1 0 0 1 533 544 405 078 062 529 2325 4 104
19 1 58 1 1 0 1 9.06 812 6.09 079 227 431  27.94 4 102
20 1 69 1 0 1 1 6.39 477 321 121 099 200 25 4 100
21 1 44 2 0 0 0 392 795 598 077 221 228  14.86 3 16
22 1 61 1 1 0 0 9.75 4.85 334 092 169 352  13.56 3 32
23 1 70 2 0 0 0 718 3.85 2.86 0.65 155 443  21.35 4 80
24 1 62 1 1 1 0 867 719 494 0.67 284 664  13.89 3 50
25 1 72 1 1 0 0 896 426 256 099 0.9 440 1156 2 40
26 1 64 1 1 1 0 13.96 3.64 258 061 087 58 527 1 25
27 1 76 1 1 0 0 1098 416 282 078 11 297 528 1 32
28 1 72 1 0 0 1 6.34 501 278 1.44 146 374 571 1 12
29 1 85 1 0 0 0 5.41 453 293 099 128 372  12.86 3 46
30 1 55 1 0 0 0 11.64 6.47 448 081 263 263  19.32 4 44
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32 1 50 1 1 0 1 898 6.35 4.09 094 178 411 755 2 26
33 1 77 1 1 0 0 748 379 1.66 0.67 359 306  14.64 3 70
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