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Background. Previous studies demonstrated that the subsets of CD4+ T helper (Th) cells are closely related to vascular diseases,
including atherosclerosis and hypertension. This study is aimed at investigating the circulating Th1, Th2, Th9, Th17, Th22, and
Treg levels in aortic dissection (AD) patients. Methods. Blood samples from AD (n=56) and non-AD (NAD, n = 24) patients
were collected, and the circulating levels of Thl, Th2, Th9, Th17, Th22, and Treg cells and their transcription factors and
functional cytokines were measured by flow cytometric analysis, quantitative polymerase chain reaction, and enzyme-linked
immunosorbent assays, respectively. In addition, the human aortic vascular smooth muscle cells (HASMCs) were treated with
saline, angiotensin II (Ang II), or plasma from AD patients. Results. Compared with the levels in the NAD group, the Thl, Th9,
Th17, Th22, and their transcription factor levels were increased and the Th2, Treg, and their transcription factor levels exhibited
a decreasing trend in AD patients. In addition, higher IFN-y, IL-9, IL-17, and IL-22 levels and lower IL-4 and IL-35 levels were
observed in AD patients. Simple linear regression analysis and binary logistic regression analysis suggested that Th1/IFN-y, IL-
9, Th17/IL-17, and Th22/IL-22 positively regulated the occurrence of AD, while Th2/IL-4 and Treg/IL-35 negatively regulated
the occurrence of AD. Plasma from AD patients further increased Bax mRNA levels but decreased Bcl2 and a-SMA mRNA
levels in Ang II-treated HASMCs. Conclusions. Changes in Th1, Th2, Th9, Th17, Th22, and Treg activity are associated with the
onset of AD. Different subsets of CD4+ T cells play different roles in the presence of AD.

1. Introduction

Aortic dissection (AD) is a rare but dangerous clinical emer-
gency that can result in extremely high mortality, especially
when torn sections accumulate in the aortic arch [1].
Although the exact cause is unclear, abundant evidence has
demonstrated that inflammatory cytokines play a critical role
in the progression of AD [2-4].

Modern medicine divided CD4+ T helper (Th) cells into
regulatory T cells (Treg) and effector T cells. To date, only
one type of Treg has been found, which can protect against

effector responses to autoantigens and harmful exogenous
antigens. Effector T cells protect against pathogens and can
be subdivided into several types according to their cytokine
secretion profiles, including Th1, Th2, and Th17. In addition,
Th22 and Th9, two novel subsets of effector T cells, were dis-
covered in succession. Although each subset of CD4+ T cells
can secrete a variety of cytokines and a cytokine can be
secreted by several subsets of CD4+ T cells, each subgroup
has characteristic inflammatory cytokines [5-9]. Th1, Th2,
Th9, Th17, Th22, and Treg cells are involved in inflamma-
tory responses and immune regulation mainly through the
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secretion of interferon- (IFN-) y, IL-4, IL-9, IL-17, IL-22, and
IL-35, respectively.

Previous studies demonstrated that CD4+ T cells and
their functional cytokines are critical for vascular diseases.
Knocking out IFN- and IL-17 and neutralizing IL-22 reduce
elevated blood pressure in angiotensin (Ang) II-induced
hypertension models [10-12]. Increased Th1/IFN-y, Th17/
IL-17, and Th22/IL-22 and decreased Th4/IL-4 were
observed in human and mouse hypertension [12, 13]. In
mouse atherosclerosis (AS), the Thl immune response was
demonstrated to increase the size of Ang II-induced AS
[14]. Valsartan alleviated Ang II-induced AS via downregu-
lating the Th2 response [15]. Both Th9 and Th22 responses
aggravated high-fat diet-induced AS [16, 17]. The effect of
Th17 responses on AS is controversial, as both aggravation
and no effect have been reported [18-20]. In addition, higher
Th1, Th2, Th9, Th17, and Th22 levels and lower Th2 and
Th35 levels were observed in human coronary artery disease
[21-24]. Previous studies found that Th17/IL-17 are involved
in the progression of AD and plasma IL-22 levels were
increased in human AD [25]. While the circulating Thl,
Th2, Th9, Th17, Th22, and Treg levels in human AD remain
unknown, this study is aimed at investigating these subsets of
CD4+ T cells and their functional cytokines in human AD
blood samples.

2. Materials and Methods

2.1. Collection and Processing of Human Blood Samples. The
collection and processing of human blood samples from
non-AD (NAD, n =48) and AD (n =56) patients were per-
formed as described in our previous study [25, 26]. In brief,
all the blood samples were collected after the computed
tomography angiography (CTA) of the thoracic aorta was
performed, but before the treatments. Patients who suffered
from cardiovascular disease and other diseases which can
affect the cardiovascular system were excluded from this
study as our previous description [25, 26]. All blood samples
were collected from the People’s Hospital of Guangxi Zhuang
Autonomous Region, and this study protocol was approved
by the Medical Ethics Committee of the People’s Hospital
of Guangxi Zhuang Autonomous Region. The patients
themselves or their families provided informed consent.

2.2. Flow Cytometry Analyses. Portions of the blood samples
were collected into sodium heparin vacutainers (Becton
Dickinson), and the peripheral blood mononuclear cells
(PBMC:s) were isolated in a Ficoll density gradient and resus-
pended in RPMI 1640 (Gibco) complete culture medium at a
density of approximately 5 x 10° cells/ml. Then, the PBMCs
were treated with 2ul/ml cell stimulation cocktail in an
environment with 5% CO, at 37°C for 5 hours. The cells were
collected and strained with fluorescein isothiocyanate
(FITC) anti-human CD4 (FITC-CD4). The cells were
treated with Fixation/Permeabilization Concentrate at
room temperature for 60 min. Next, the cells were stained
with phycoerythrin- (PE-) labeled anti-IFN-y (PE-IFN-y),
PE-labeled anti-IL-4 (PE-IL-4), PE-labeled anti-IL-9 (PE-
IL-9), PE-labeled anti-IL-17 (PE-IL-17), allophycocyanin-
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(APC-) labeled anti-IL-22 (APC-IL-22), or PE-labeled
anti-CD25 (PE-CD25) + APC-labeled anti-Foxp3 (APC-
Foxp3). Isotype controls were included for compensation
and to confirm antibody specificity. Thl cells were defined
as CD4+IFN-y+, Th2 cells were defined as CD4+IL-4+, Th9
cells were defined as CD4+IL-9+, Th17 cells were defined as
CD4+IL-17+, Th22 cells were defined as CD4+IL-22+, and
Treg cells were defined as CD4+CD25+Foxp3. Cell stimula-
tion cocktails and all of the flow cytometry antibodies were
purchased from eBioscience (California, USA) and used
according to the manufacturer’s instructions.

2.3. Enzyme-Linked Immunosorbent Assay (ELISA). The
plasma from each sample was thawed at room temperature,
and plasma IFN-y, IL-4, IL-9, IL-17, IL-22 (all from
eBioscience), and IL-35 (Arigo) concentrations were mea-
sured using enzyme-linked immunosorbent assay (ELISA)
kits according to the manufacturer’s instructions.

2.4. Quantitative Polymerase Chain Reaction (RT-qPCR).
The blood cells were treated with TRIzol Reagent W, and
the total mRNA was extracted. Then, cDNA was synthesized
from 2 ug of total mRNA using oligo (dT) primers and a
reverse transcription kit according to the manufacturer’s
instructions. PCR amplifications were performed using
LightCycler 480 SYBR Green Master Mix (all from Roche).
The relative mRNA expression levels of T-bet, GATA3,
PU.1, RORc, AHR, Foxp3, Bcl2, Bax, and a-SMA were mea-
sured, and the results were normalized against the expression
levels of GAPDH. The RT-qPCR primer sequences are
shown in Table 1.

2.5. Cell Culture. Human aortic vascular smooth muscle cells
(HASMCs) were obtained from the National Infrastructure
of Cell Line Resource (Beijing) and cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Gibco) which contained
10% fetal bovine serum (FBS) and 1% penicillin-streptomy-
cin, at 37°C in a humidified atmosphere with 5% CO,. After
a continuous passage, enough HASMCs were collected and
planted into culture dishes. After being starved for 16 hours,
the HASMCs were treated with saline, angiotensin II (Ang II,
100 nmol/l), and Ang II plus human plasma (10%) which was
collected from AD patients. After treatment for 24 hours, the
total RNA was collected from the HASMCs.

2.6. Statistical Analyses. First, whether the data conformed to
the normal distribution was assessed. The mean + standard
deviation (SD) was used to present data with a normal
distribution, and Student’s t-tests were performed to ana-
lyze the differences between two groups. Medians (mini-
mum-maximum) were used to present data with an
abnormal distribution, and the Mann-Whitney U test
was used to compare differences. The categorical variables
were presented as counts (percentages) and compared with
the chi-square test. Spearman’s correlation was used to
calculate correlations between plasma cytokine levels and
CD4+ T cell percentages. To identify the effect of plasma
cytokine levels and CD4+ T cells on the presence of AD,
simple linear regression analyses and subsequent binary
logistic regression analyses were performed. All the data
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TaBLE 1: RT-PCR primers used.
Gene Forward primer Reverse primer
T-bet GTGACCCAGATGATTGTGCT GGTTGGGTAGGAGAGGAGAG
GATA3 GAATGCCAATGGGGACCCTG CTAACCCATGGCGGTGACCA
PU.1 CCAGCTCAGATGAGGAGGAG CAGGTCCAACAGGAACTGGT
RORc CCTGGGCTCCTCGCCTGACC TCTCTCTGCCCTCAGCCTTGCC
AHR CTTCCAAGCGGCATAGAGAC AGTTATCCTGGCCTCCGTTT
Foxp3 CTGACCAAGGCTTCATCTGTG ACTCTGGGAATGTGCTGTTTC
Bcl2 TCGCCCTGTGGATGACTGA CAGAGACAGCCAGGAGAAATCA
Bax TGGCAGCTGACATGTTTTCTGAC TCACCCAACCACCCTGGTCTT
a-SMA TGACAATGGCTCTGGGCTCTGTAA TTCGTCACCCACGTAGCTGTCTTT
GAPDH GAGTCAACGGATTTGGTCGT GACAAGCTTCCCGTTCTCAG

TaBLE 2: Clinical characteristics in patients who provide blood

were assessed by the SPSS 19.0 software (Chicago). A value of
p <0.05 was considered statistically significant.

3. Results

3.1. Basic Clinical Characteristics of the Patients. Compared
with the values in the NAD group, higher fasting glucose
(Glu), white blood cell (WBC), creatinine (CREA), D-dimer,
and C-reactive protein (CRP) values were observed in the AD
group. In contrast, no significant differences in gender, age,
smoking, poor blood pressure control (PBPC), systolic blood
pressure (SBP), diastolic blood pressure (DBP), total choles-
terol (TC), total triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), heart rate (HR), time intervals between chest pain
onset and the collection of blood samples, and medications
were found between the NAD and AD groups. The clinical
data for all patients are listed in Table 2.

3.2. Circulating Thi, Th2, Th9, Th17, Th22, and Treg Cells in
AD Patients. The circulating levels of each subset of CD4+ T
cells were analyzed by flow cytometry, and the results showed
that Thl, Th9, Th17, and Th22 levels were significantly
increased in AD patients compared with the levels in NAD
patients (Figures 1(a) and 1(c)), while lower Th2 and Treg
levels were found in the AD group (Figures 1(a), 1(b), and
1(d)). In addition, we detected the mRNA levels of tran-
scription factors required for T cell differentiation, and
the same trend was found for these mRNA levels with
these subsets of CD4+ T cells (Figure 2). To investigate
the expression of the functional cytokines of CD4+ T cells,
plasma IFN-y, IL-4, IL-9, IL-17, IL-22, and Treg levels
were measured by ELISA, and higher IFN-y, IL-9, IL-17,
and IL-22 levels and decreased IL-4 and IL-35 concentra-
tions were observed in the AD group than in the NAD
group (Figures 3(a) and 3(b)); this trend was consistent
with the observed CD4+ T cell levels. We then assessed
whether the CD4+ T cell levels were associated with their
functional cytokines in AD patients, and the correlation
analysis showed that circulating Thl, Th2, Th9, Thl7,
Th22, and Treg levels were positively correlated with
plasma IFN-y, IL-4, IL-9, IL-17, IL-22, and IL-35 concen-
trations, respectively (Figures 3(c)-3(h)). The percentages

samples.

Characteristic NAD TAD p value
Gender (M/F) 36/12 43/13 0.999
Age (years) 55+8 58+11 0.107
Smoking (1, %) 18 (37.5%) 24 (42.9%) 0.689
PBPC (n, %) 32 (66.7%) 43 (76.8%) 0.279
Glu (mmol/l) 6.2 (5.2,7.9) 7.4 (6.1, 8.9) 0.003
SBP (mmHg) 156 (131, 165) 144 (130, 170) 0.784
DBP (mmHg) 81+13 80+ 15 0.888
WBC (x10°/1) 6.8+1.2 10.1+4.0 <0.001
TC (mmol/l) 42 (3.9,4.9) 43 (3.8, 5.0) 0.417
TG (mmol/l) 1.5 (1.3, 2.0) 1.5 (1.1, 2.0) 0.891
HDL-C (mmol/l) 1.0 (0.9, 1.3) 1.0 (0.8, 1.4) 0.930
LDL-C (mmol/l) 22+0.7 2.1+0.7 0.648
HR (bpm) 81 (74, 92) 83 (72, 93) 0.586
CREA (pmol/l) 76 (66, 89) 83 (71, 107) 0.017
D-dimer (ug/ml) 0.6 (0.3, 1.0) 43(23,73)  <0.001
CRP (mg/l) 1.0 (0.4,1.5)  19.0 (7.6,77.6)  <0.001
Time (hour) 20 (12, 27) 24 (12, 34) 0.565
Medications, n (%)

ACEI/ARB 24 (50.0%) 33 (58.9%) 0.431
Beta-blockers 9 (18.8%) 17 (30.4%) 0.256
CCB 23 (47.9%) 30 (53.6%) 0.552
Diuretic 11 (22.9%) 8 (14.3%) 0.313

PBPC: poor blood pressure control; Glu: fasting glucose; SBP: systolic blood
pressure; DBP: diastolic blood pressure; WBC: white blood cell; TC: total
cholesterol; TG: total triglycerides; HDL-C: high-density lipoprotein
cholesterol; LDL-C: low-density lipoprotein cholesterol; HR: heart rate;
CREA: creatinine; CRP: C-reactive protein; Time: time intervals between
chest pain onset and collection of blood samples; ACEI: angiotensin-
converting enzyme inhibitor; ARB: angiotensin receptor blocker; CCB:
calcium channel blocker.

of each subset of CD4+ T cells and their functional cyto-
kine concentrations are listed in Table 3.

3.3. The Role of Each Subset of CD4+ T Cells and Its
Functional Cytokines in the Presence of AD. To investigate
the roles of these subsets of CD4+ T cells and their functional
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F1gure 1: Circulating Th1, Th2, Th9, Th17, Th22, and Treg levels in NAD and AD patients. (a) CD4+ T cells were gated by flow cytometry,
and intracellular cytokine staining of Th1, Th2, Th9, Th17, Th22, and Treg is represented for each group. (b-d) The frequencies of Thl, Th2,
Th9, Th17, Th22, and Treg cells in the 2 groups. **p < 0.01 versus the NAD group.
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FIGURE 2: The mRNA levels of each subset of CD4+ T cell
differentiation-required transcription factors in each group. T-bet,
GATA3, PU.1, RORc, AHR, and Foxp3 mRNA levels in the NAD
and AD groups. **p < 0.01 versus the NAD group.

cytokines in the presence of AD, simple linear regression
analyses and subsequent binary logistic regression analyses
were performed. Simple linear regression analyses showed
that Glu, WBC, CRP, D-dimer, Th1, Th2, Th9, Th17, Th22,
Treg, IFN-v, IL-4, IL-9, IL-17, IL-22, and IL-35 levels exhib-
ited a trend towards an association with the presence of AD,
whereas smoking and CREA showed no obvious trend
towards this association. These variables, including Glu,
WBC, and CRP, were used to perform binary logistic regres-
sion analyses with the subsets of CD4+ T cell levels and their
functional cytokines. The results suggested that Thl (OR
0.175, 95% CI 0.068 to 0.282; p =0.002), Th17 (OR 0.133,
95% CI 0.051 to 0.215; p=0.002), and Th22 (OR 0.094,
95% CI 0.007 to 0.182; p = 0.035) levels were positively corre-
lated with the occurrence of AD; Th2 (OR -0.437, 95% CI
—0.555 to —0.319; p <0.001) and Treg (OR —0.160, 95% CI
—0.255 to —0.066; p < 0.001) levels were positively correlated
with the occurrence of AD; and Th9 (OR -0.021, 95% CI
—0.046 to 0.088; p=0.541) levels had no correlation with
the occurrence of AD (as shown in Table 4). On the other
hand, IFN-y (OR 0.303, 95% CI 0.205 to 0.402; p < 0.001),
IL-9 (OR 0.072, 95% CI 0.013 to 0.130; p=0.016), IL-17
(OR 0.095, 95% CI 0.011 to 0.179; p=0.027), and IL-22
(OR 0.215, 95% CI 0.140 to 0.290; p <0.001) levels were
positively correlated with the occurrence of AD; while
IL-4 (OR -0.222, 95% CI —0.318 to —0.125; p<0.001)
and IL-35 (OR -0.161, 95% CI —0.243 to —0.079; p < 0.001)
levels were negatively correlated with the occurrence of AD
(as shown in Table 5).

3.4. Effect of Plasma from AD Patients on Apoptosis of
HASMCs. The mRNA levels of Bcl2, Bax, and a-SMA in
these three groups were measured; the results showed that
the Bax mRNA levels were significantly increased in the
Ang II group and further increased when treated with plasma
from AD patients; the opposite trend of mRNA levels of Bcl2
and a-SMA was observed (Figure 4).

4. Discussion

CD4+ T cells differentiate into several subsets, including
Thl, Th2, Thl7, Treg, and the recently discovered Th9

and Th22 cells. In previous studies, we, Ye et al, and Ju
et al. found that changing IL-22 and Thl7 levels were
associated with the presence of AD [25, 27]. In this study,
we detected all currently known subsets of CD4+ T cells
and their functional cytokine expression, and we found
for the first time that Th1/IFN-y, Th2/IL-4, Th9/IL-9,
Th17/1L-17, and Th22/IL-22 were increased in AD
patients and positively associated with the presence of
AD, while Th2/IL-4 and Treg/IL-35 were reduced in AD
patients and negatively related to the presence of AD. In
addition, treatment with plasma from AD patients
increased HASMC apoptosis in vitro.

AD is a complicated degenerative disease of the aorta,
and although many known causes can lead to the occurrence
of AD, the specific mechanisms remain unknown. The infil-
tration of a large number of inflammatory cells, including
neutrophils and macrophages, was found in human AD
specimens and animal AD aortas [2-4, 25-27]. Gavazzi
et al. and Liu et al. reported that reducing oxidative stress
levels decreased the occurrence of AD [28, 29]. Signifi-
cantly increased TUNEL cells and cleaved caspase-3,
CHOP, and ATF4 levels were found in mouse and human
AD aortas, while the knockout of CHOP reversed the
levels of cleaved caspase-3 and TUNEL cells [30]. This evi-
dence suggested that the overall inflammatory response,
oxidative stress, autophagy, and apoptosis were critical
for the presence of AD. Significant changes in the expres-
sion of all CD4+ T cell subsets were found in the present
study, and our results further improved the inflammatory
theory of AD.

Vascular smooth muscle cells (SMCs) are an important
part of the aortic structure and play an important role in
maintaining the normal structure and function of the aorta.
A significant reduction of SMCs was observed in human
and mouse AD aortic tissues, and this change was associated
with AD progression [30]. In AD patients, ischemia and
degeneration result in the necrosis of SMCs, and the myosin
heavy chain of SMCs enters the blood circulation and begins
to rise 3-6 hours after the onset of AD; the sensitivity and
specificity of AD diagnosis within 12 hours were 90% and
97%, respectively [31, 32]. In addition, evidence demon-
strated that AD is related to the degeneration of aortic media
in pathology, characterized by the loss, fragmentation, and
failure of SMCs [33]. Therefore, excessive loss of SMCs in
the aorta is an important cause of AD morbidity. An exces-
sive inflammatory response is one of the leading causes of
excessive loss of SMCs because it can cause the apoptosis
and excessive loss of SMCs in the aorta [30]. The effect of
functional cytokines in the regulation of aortic SMC function
and apoptosis was reported in previous studies [17, 34].
These lines of evidence suggested that the regulation of
inflammatory responses and subsequent apoptosis of aortic
SMCs was the possible mechanisms of CD4+ T cell involve-
ment in the presence of AD, and more clinical experiments
and animal studies are needed.

Chronic inflammatory responses are crucial for the
progression of vascular diseases, including AS and abdom-
inal aortic aneurysm (AAA). Although the specific mecha-
nisms remain unclear, the successive imbalance of Thl/



80 4 IFN-y 1L-22
) koK skek
g L] | |
% 60 - . IL- 17 .
oy _ -=:I
> IL-4 IL 9
14 kek
5 409, .
2 e Tin L g %
:2 20 -
i g %
@)
0
e NAD
= AD
()
40 7R =0.5673 p <0.0001 37R=0.6051 p<0.0001
—~ 30 - . o, 0 — .
3\9/ . :.n 3\"/ 2 4 .. o o
g 201 i & 4
Q . 9 g .
— N 9
1 4 [ 2
E o] =
0 —— 0 . . )
0 20 40 60 80 0 10 20 30
IFN-y levels (pg/ml) IL-4 levels (pg/ml)
(0 (d)
47R=0.4944 p<0.0001 47R=05582 p<0.0001
g 3 g 3
: 2 % 2
b S
E 1 E o1 .
0 . . . 0 ———
0 20 40 60 0 20 40 60 80

IL-17 levels (pg/ml)
®

IL-22 levels (pg/ml)
@

IL-35 levels (pg/ml)

Th9 cells (%)

Treg cells (%)

Mediators of Inflammation

120 +
sk
80 B
u
Huggt
.'.'. L Al
40
[T
1]
0
e NAD
= AD
(b)
49R=04327 p<0.0001
3
. .
2 1 ':..,.0: .
g
1 1 o
0

0 10 20 30 40
IL-9 levels (pg/ml)
(e)

129R=05329 p<0.0001

0 40 80 120
IL-35 levels (pg/ml)

(h)

FIGURE 3: Plasma cytokine levels in each group. (a-b) IFN-y, IL-4, IL-9, IL-17, IL-22, and IL-35 levels in the NAD and AD groups. (c-h) The
correlation of Th1 cells and IFN-y, Th2 cells and IL-4, Th9 cells and IL-9, Th17 cells and IL-17, Th22 cells and IL-22, and Treg cells and IL-35
in AD patients. **p < 0.01 versus the NAD group.

TaBLE 3: CD4+ Th cells and their functional cytokine levels in NAD and AD groups.

Characteristic NAD AD p
Thi 15.0 (12.6-16.8) 25.4 (22.5-27.4) <0.001
Th2 3.18 (2.80-3.69) 1.48 (1.27-1.68) <0.001
CDas Th s (%) Th9 1.43 (1.12-1.64) 1.67 (1.48-1.92) 0.001
Th17 1.58 (1.44-1.77) 2.58 (2.14-2.75) <0.001
Th22 1.52 (1.42-1.70) 2.51 (2.12-2.70) <0.001
Treg 9.80 (8.83-10.8) 6.54 (5.86-7.46) <0.001
IFN-r 20.0 (17.5-23.4) 45.5 (38.8-50.1) <0.001
IL-4 27.2 (23.3-29.6) 15.5 (14.5-16.9) <0.001
. IL-9 16.4 (13.9-19.6) 18.5 (15.8-21.4) 0.039
Cytokines (pg/ml)
IL-17 16.4 (12.8-20.4) 29.0 (25.8-32.5) <0.001
IL-22 242 (20.4-26.4) 43.0 (34.0-48.5) <0.001
IL-35 87.3 (79.7-97.5) 56.4 (46.6-67.1) <0.001
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TABLE 4: Association between CD4+ T cells and the presence of acute AD was assessed by simple linear regression analysis and subsequent

binary logistic regression analysis.

Variables B SIH;PS)}’Z l(llr}ear p value B Bm;&lglsuc p value
Thi 0.841 0.734 to 0.947 <0.001 0.175 0.068 to 0.282 0.002

Th2 -0.912 —0.992 to -0.831 <0.001 -0.437 —-0.555 to —-0.319 <0.001
Th9 0.404 0.224 to 0.584 <0.001 -0.021 —0.046 to 0.088 0.541

Th17 0.710 0.572 to 0.848 <0.001 0.133 0.051 to 0.215 0.002

Th22 0.702 0.562 to 0.842 <0.001 0.094 0.007 to 0.182 0.035

Treg —0.805 —0.921 to —0.688 <0.001 -0.160 —0.255 to —0.066 <0.001
Glu 0.254 0.064 to 0.444 0.009 0.046 —0.018 to 0.110 0.156

WBC 0.473 0.300 to 0.646 <0.001 -0.011 —0.283 to 0.065 0.778

CRP 0.531 0.365 to 0.697 <0.001 0.062 —-0.013 to 0.136 0.103

D-dimer 0.604 0.448 to 0.761 <0.001 0.060 —0.020 to 0.139 0.139

Smoking 0.054 —0.142 to 0.251 0.583

CREA 0.155 —0.039 to 0.349 0.117

TAaBLE 5: Association between CD4+ T cell-related cytokines and the presence of acute AD was assessed by simple linear regression analysis

and subsequent binary logistic regression analysis.

IFN-y 0.867 0.770 to 0.965 <0.001 0.303 0.205 to 0.402 <0.001
IL-4 -0.853 —-0.955 to -0.750 <0.001 -0.222 —-0.318 to —0.125 <0.001
IL-9 0.232 0.041 to 0.423 0.018 0.072 0.013 to 0.130 0.016
IL-17 0.753 0.624 to 0.882 <0.001 0.095 0.011 to 0.179 0.027
IL-22 0.739 0.607 to 0.871 <0.001 0.215 0.140 to 0.290 <0.001
IL-35 -0.754 —0.883 to —0.625 <0.001 -0.161 —-0.243 to -0.079 <0.001
Glu 0.254 0.064 to 0.444 0.009 0.044 —-0.017 to 0.105 0.157
WBC 0.473 0.300 to 0.646 <0.001 -0.025 —-0.093 to 0.044 0.479
CRP 0.531 0.365 to 0.697 <0.001 0.077 -0.009 to 0.144 0.027
D-dimer 0.604 0.448 to 0.761 <0.001 0.113 0.041 to 0.186 0.003
Smoking 0.054 —0.142 to 0.251 0.583
CREA 0.136 —-0.039 to 0.349 0.117
6 - Th2 and Th17/Treg cells has been used to explain the
pathogenesis of AS, although it cannot explain all the phe-
fg nomena in the AS procession. In AAA, some evidence
£ demonstrated that the Thl immune response promotes
é the progression of AAA [35], while the Th2 immune
:" response has an anti-AAA effect [36]. In addition, a vari-
zZ ety of studies suggested that hyperactive Th17 immune
! responses promote the development of AAA [37], while
Treg responses can inhibit the AAA process [38]. This evi-

Bcl2 Bax a-SMA

Il Control
Il Angll
[ AngII + plasma

F1GURE 4: The mRNA levels of apoptosis gene and a-SMA in each
group. The Bcl2, Bax, and a-SMA mRNA levels in the NAD and
AD groups. *p <0.05 versus the control group. #p <0.05 versus
the Ang II group.

dence suggested that the imbalance of Th1/Th2 and Th17/
Treg cells could also explain the mechanisms of AAA.
Proinflammatory cytokines trigger immune disorders and
amplify the inflammatory response in the circulation and
blood vessels, leading to excessive loss of SMCs, vascular
remodeling and dilation, and the development and rupture
of AD. Anti-inflammatory cytokines can alleviate inflam-
matory responses, promote the repair of vascular tissue,
and inhibit the presence of AD; therefore, inflammation



is closely related to the presence of AD. Some subsets of
CD4+ T cells and their functional cytokines play a proin-
flammatory role, while others play an opposing role. Our
data demonstrated that increased Th1/IFN-y, Th9/IL-9,
Th17/1L-17, and Th22/IL-22 levels and decreased Th2/IL-
4 and Treg/IL-35 levels are found in blood samples from
AD patients. To investigate the roles of these subsets of
CD4+ T cells in the presence of AD, simple linear regres-
sion analyses and subsequent binary logistic regression
analyses were performed, and the results suggested that
Th1/IEN-y, Th9/IL-9, Th17/IL-17, and Th22/IL-22 levels
were positively correlated with the occurrence of AD,
while Th2/IL-4 and Treg/IL-35 levels were negatively
correlated with the occurrence of AD. These data suggest
that the imbalance of Th1/Th2 and Th17/Treg is one of
the important mechanisms involved in the onset of AD,
and rebalancing proinflammatory responses and anti-
inflammatory responses is a new idea for the prevention
and treatment of AD.

Previous evidence demonstrated that increased Thl/
IFN-y, Th17/IL-17, and Th22/IL-22 resulted in elevated
blood pressure, and uncontrolled hypertension was one of
the main reasons for the presence of AD because higher
than normal blood pressure can lead to the apoptosis of
vascular SMCs. In recent studies, Hayashi et al. reported
that the downregulation induced by ultraviolet B irradiation
significantly increased the rupture of angiotensin II-
mediated aneurysms [39]. Honjo et al. also found that an
ApoB-100-related peptide vaccine protects against angio-
tensin II-induced aortic aneurysm formation and rupture
via decreasing Th17/IL-17 expression [40]. These lines of
evidence indicated that CD4+ T cells are crucial to the rup-
ture of aneurysms. Combined with previous studies, these
findings indicated that CD4+ T cells could participate in a
variety of vascular diseases, including AS, hypertension,
AAA, and AD, and these vascular diseases have complex
relationships with each other. In the clinic, many patients
often suffer from more than one vascular disease, and the
recovery of CD4+ T cells to normal levels is essential for
the treatment of these patients.

Considering the importance of excessive loss of aortic
SMCs due to apoptosis in the AD morbidity and the abnor-
mal expression of the functional cytokines of CD4+ T cells
in AD patients, a possible suspicion was that these abnormal
expression cytokines may affect the excessive loss of aortic
SMCs and participated in the occurrence of AD. To confirm
this speculation, HASMCs were treated with plasma from
AD patients and the HASMC apoptosis were detected; the
results showed that plasma from AD patients increased
Ang II-induced HASMC apoptosis and supported this spec-
ulation. While these results are the combined action of vari-
ous cytokines, further researches are needed to investigate
the special effect of each functional cytokine of CD4+ T cells
on SMC apoptosis.

In conclusion, changes in circulating Th1, Th2, Th4, Th9,
Th17, Th22, and Treg levels were found in AD patients.
There are some limitations of this study. First, neutrophils,
macrophages, and dendritic cells are important inflamma-
tory cells, and we did not detect the levels of these cells. In
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addition, the sample sizes were small, and more patients are
needed to validate the results.
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