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Significantly reduced function of T cells in patients with acute arterial
thrombosis
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Abstract

Objectives To explore the intrinsic factors related to the pathogenesis of acute arterial thrombosis (AAT) and to elucidate the patho-
genesis of AAT on the basis of differentially expressed genes. Methods Patients with acute myocardial infarction (AMI), stable angina (SA)
and healthy controls (z = 20 per group) were recruited, and the whole human genome microarray analysis was performed to detect the dif-
ferentially expressed genes among these subjects. Results Patients with AMI had disease-specific gene expression pattern. Biological func-
tional analysis showed the function of T cells was significantly reduced, the mitochondrial metabolism significantly decreased, the ion me-
tabolism was abnormal, the cell apoptosis and inflammatory reaction increased, the phagocytosis elevated, the neutrophil-mediated immunity
increased and the post-traumatic repair of cells and tissues increased in AMI patients. The biological function in SA group and healthy con-
trols remained stable and was comparable. Conclusions The reduced function of T cell gene models in AAT showed the dysfunction of the
immune system. The pathogenesis of AAT may be related to the inflammatory reaction after arterial intima infection caused by potential

pathogenic microorganisms.
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1 Introduction

Cardiovascular diseases (CVDs), with high morbidity,
are prevalent worldwide. Atherosclerosis has been regarded
as a major cause of acute arterial thrombosis (AAT). The
pathogenesis of AAT has been ascribed to the injury of
vascular endothelial cells, the change of blood flow and the
increased blood coagulation." AAT is a result of rupture
of soft plaque cap, adhesion and aggregation of platelets at
the site of rupture and the subsequent cascade of thrombo-
sis.”! In the present study, human genome-wide expression
microarray assay was performed to investigate the mRNA
expression characteristics of genes related to peripheral
blood mononuclear cells (PBMC) in acute myocardial in-
farction patients (AMI) patients, stable angina (SA) patients
and healthy controls and to systematically analyze the dif-
ferentially expressed genes among these subjects. We aimed
to evaluate the intrinsic factors related to the pathogenesis of

Correspondence to: Le-Min WANG, MD, PhD, Department of Cardiol-
ogy, Tongji Hospital, Tongji University School of Medicine, Shanghai,
China. E-mail: wanglemin@tongji.edu.cn

Telephone: +86-21-66111329 Fax: +86-21-66111329

Received: December 6, 2014 Revised: March 15, 2015

Accepted: April 17,2015 Published online: May 14, 2015

AAT according to the difference in the expression of func-
tional genes.

2 Methods

2.1 Patients information

This prospective study included three groups of subjects,
20 with AMI, 20 with SA, and 20 healthy volunteers. The
baseline demographic data were displayed in Table 1. The
AMI patients were admitted <12 h from the onset of symp-
toms to our coronary care unit between January and June
2013, included 18 males and 2 females, with an average age
of 58 £ 12 years. All the AMI subjects were diagnosed on
the basis of following criteria:'*! detection of a rise of car-
diac biomarker values (preferably cardiac troponin) with at
least one value above the 99" percentile upper reference
limit and with at least one of the following: (1) symptoms of
ischemia; (2) new or presumed new significant ST-seg-
ment-T wave changes or new left bundle branch block; (3)
development of pathological Q waves in the ECG; (4) im-
aging evidence of new loss of viable myocardium or new
regional wall motion abnormality; and (5) identification of
an intracoronary thrombus by angiography.

As the SA group, we studied 20 patients (18 male, 2
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Table 1. Baseline demographic data in the different groups.
AMI, 1 =20 SA, n=20 Control, =20 P (all) P (AMI vs. SA)
Age, yr 57.8+11.9 63.6+£9.9 28.8+3.3 0.000 0.251
Sex, M/F 18/2 18/2 17/3 0.853 1.0
BMI, kg/m’ 23.6+2.6 22.8+2.7 213+1.8 0.102 0.56
Smoke, No. per day 13.6+12.2 9.8+10.3 0 0.00 0.648
SBP, mmHg 128.6 +15.3 123.0+12.1 120.8+7.2 0.115 0.501
DBP, mmHg 67.0+8.0 73.0+8.0 71.6+3.2 0.017 0.064
LDL-C, mmol/L 25+1.0 2.1+0.8 29+0.5 0.327 0.548
Triglycerides, mmol/L l.6+1.1 15+14 12+04 0.73 0.762
HDL-C, mmol/L 0.8+0.7 09+0.2 1.3+0.2 0.000 0.803
FPG, mmol/L 54+09 50+0.8 49+0.5 0.61 0.082
Scr, pmol/L 87.2+19.6 76.9 £14.8 722+64 0.327 0.138

AMLI: acute myocardial infarction; BMI: body mass index; DBP: diastolic blood pressure; FPG: fasting plasma glucose; HDL-C: high-density lipoprotein cho-

lesterol; LDL-C: low-density lipoprotein cholesterol; SA: stable angina; SBP: systolic blood pressure; Scr: serum creatinine.

female, mean age 64 + 10 years) with exclusively ef-
fort-related angina, with a positive exercise stress test and at
least one coronary stenosis detected at angiography (> 70%
reduction of lumen diameter). There were no significant
differences between AMI and SA patients in age, gender,
smoking status, body mass index (BMI), systolic blood
pressure, diastolic blood pressure, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), triglycerides, fasting glucose and creatinine (Ta-
ble 1).

The control group included 20 volunteers (17 male, 3
female, mean age 29 + 3 years) enrolled during the same
period with similar male/female ratio. Histories, physical
examination, ECG, chest radiography and routine chemical
analysis showed the controls had no evidence of coronary
heart diseases.

The exclusive criteria were as follows: venous thrombo-
sis, history of severe renal or hepatic diseases, haemato-
logical disorders, acute or chronic inflammatory diseases
and malignancy.

The study protocol was approved by the ethics commit-
tee of Tongji University and informed consent form was
obtained.

2.2 Gene expression chip

Agilent G4112F Whole Human Genome Oligo Microar-
rays were purchased from Agilent (USA). A microarray is
composed of more than 41000 genes or transcripts, includ-
ing targeted 19,596 entrez gene RNAs. Sequence informa-
tion used in the microarrays is derived from the latest data-
bases of RefSeq, Goldenpath, Ensembl and Unigene. The
functions of more than 70% of the genes in the microarray
are already known. All patients were subjected to chip ana-

analyses. 21,910 probes which detected (with a flag 'P)"in
each 20 samples of at least one condition were selected for
further analysis.

2.3 Total RNA isolation

Five milliliter peripheral blood samples with PAXgene
tube were drawn from patients of AMI and SA, immediately
after admission. Leucocytes were obtained through density
gradient centrifugation with Ficoll solution and the remain-
ing red blood cells were destroyed by erythrocyte lysis
buffer (Qiagen, Hilden, Germany). Total RNA was extract-
ed and purified using PAXgeneTM Blood RNA kit (Cat#
762174, QIAGEN, GmBH, Germany), following the manu-
facturer’s instructions. It was further checked for a RIN
number to inspect RNA integration by an Agilent Bioana-
lyzer 2100 (Agilent technologies, Santa Clara, CA, US).
The sample was considered qualified when 2100 RIN > 7.0
as well as 28S/18S > 0.7.

24

Total RNA was amplified and labeled by Low Input
Quick Amp Labeling Kit, One-Color (Cat#5190-2305, Agi-
lent technologies, Santa Clara, CA, US), following manu-
facturer’s instructions. Labeled cRNA were purified by
RNeasy mini kit (Cat#74106, QIAGEN, GmBH, Germany).

RNA amplification and labeling

2.5 Microarray hybridization

Each slide was hybridized with 1.65 pg Cy3-labeled
cRNA using Gene Expression Hybridization Kit (Cat#5188-
5242, Agilent technologies, Santa Clara, CA, US) in Hy-
bridization Oven (Cat#G2545A, Agilent technologies, Santa
Clara, CA, US), following the manufacturer’s instructions.
After 17 h of hybridization, slides were washed in staining
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dishes (Cat#121, Thermo Shandon, Waltham, MA, US)
with Gene Expression Wash Buffer Kit (Cat#5188-5327,
Agilent technologies, Santa Clara, CA, US), according to
the manufacturer’s operation manual.

2.6 Chip scan and data acquisition

Slides were scanned by Agilent Microarray Scanner
(Cat#G2565CA, Agilent technologies, Santa Clara, CA, US)
with default settings, Dye channel: Green, Scan resolu-
tion=3 pm, 20 bit. Data were extracted with Feature Extrac-
tion software 10.7 (Agilent technologies, Santa Clara, CA,
US). Raw data were normalized by Quantile algorithm,
Gene Spring Software 11.0 (Agilent technologies, Santa
Clara, CA, US).

2.7 RT-PCR

The spots in the microarray were randomly selected and
their expressions were confirmed by RT-PCR. Among ge-
nes with differential expressions, three genes were randomly
selected, and these gens and the house keeping genes
(GAPDH) were subjected to RT-PCR. The relative expres-
sions were indicated as the expression of the target genes
normalized to the expression of GAPDH (2-AACt). The
melting curve and the 2-AACt-method were used to detect
the differences in the expressions among the three groups.
The results from RT-PCR were consistent with the mi-
croarray analysis.

2.8 Data analysis

R package “WGCNA” was used to construct the weight-
ed gene co-expression network.® First, a matrix of signed
Spearman correlations between all probe pairs was com-
puted. Second, this correlation matrix was rising to a power
B = 16 to calculate an adjacency matrix, i.e., the connection
strength (adjacency) a(i,j) between gene expressions x(i)
and x(j) is defined as a(i,j) = 0.5 + 0.5 x cor (x(i), x(j))|"16.
The power was determined in WGCNA by making use of
the fact that gene expression networks exhibit an approxi-
mate scale free topology. Raising the power highlights the
strong correlations and mitigates the confounding weak
correlations on an exponential scale. To minimize the noise
and spurious associations, the adjacency matrix was trans-
formed to topological overlap matrix. The matrix 1-topolo-
gical overlap matrix was used as the input of average link-
age hierarchical clustering while genes with similar expres-
sion pattern were clustered together. We applied the Dy-
namic Tree Cut algorithm!”’ with default parameters to cut
the hierarchical tree since co-expression gene modules were
defined as branches of the tree. The expression profile of a
given module was represented by its first principal compo-

nent (module eigengene, ME) which can explain the most
variation of the module expression levels. Principal compo-
nent analysis (PCA) is commonly used data reduction statis-
tical procedure, which uses an orthogonal transformation to
convert observations of correlated underlying variables into
a small number of values of linearly uncorrelated variables.
Modules with highly correlated module eigengenes (» >
0.85) were merged together to maximize the value of the
first principal component and the explained variations. The
correlation of sample conditions and MEs were calculated
to represent the relevancy of modules and sample conditions.
Functions of each module were analyzed via DAVID (Da-
tabase for Annotation, Visualization and Integrated Dis-
covery).l¥)

3 Results

In the present study, we firstly did the sample clustering
of 21,910 probes detected in every 20 subjects. The cluster-
ing of the three groups (Figure 1) suggested the disease-
specific gene expression pattern in AAT. Sample cluster
was based on the Spearman correlation of each subject.
Dendrograms at the top and left of correlation matrix were
hierarchical clustering of all samples (Figure 1A), while
condition cluster was based on average signal intensity of
each probe (Figure 1B). Then the Hierarchical cluster tree
showed co-expression modules were identified using R
package “WGCNA” (Figure 2). Modules corresponded to
branches and were labeled by colors as indicated by the first
color band underneath the tree. The second figure also
showed the significant difference in co-expression between
A and B/C, suggesting the disease-specific gene expression
pattern in AAT.

In order to show the detailed disease-specific gene ex-
pressions in AAT, Heat map of correlations and corre-
sponding P-values between modules and conditions were
estimated, as illustrated in Figure 3. Each module was rep-
resented by its module eigengene. Among distinct groups
(columns), in group A, 3 modules are positively correlated
while 4 were negatively correlated (all P < 0.05). Color of
each cell indicated the level of correlation between gene
co-expressions with condition specific expression. The tur-
quoise module is highly positively correlated with » = 0.74
(P =2¢™'"), while in purple module » = 0.57(P = 2¢™°). The
blue module is significantly negatively related with » =
—0.67 (P =4¢™), and in the magenta module » =—-0.49 (P =
8¢7%). We chose these four differentially expressed modules
to show the genes functions, as displayed in Figure 4. We
used the method of GO terms in the enriched functions. The
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Figure 1. Sample clustering for three groups, including AMI, SA and 20 healthy volunteers. (A): Dendrograms at the top and left of
correlation matrix were hierarchical clustering of samples; (B): condition cluster based on average signal intensity of each probe. The color of
each cell symbolized the Spearman correlation of each sample pairs, from high (red) to low (blue). The color band above the correlation ma-
trix is the symbols of sample condition: AMI (gold), SA (red), and healthy control (blue). AMI: acute myocardial infarction; SA: stable an-
gina.

blue and magenta modules included mitochondrion, nega- tion of T cell activation and proliferation and so on. While
tive regulation of cell death, lymphocyte activation, regula- the purple and turquoise modules contained response to DNA
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Figure 2. Hierarchical cluster tree showing co-expression modules identified using WGCNA. Remaining color bands represented the

high signal intensity (red) or the low signal intensity (green) probes for each sample. The color band on the left indicated conditions: A (gold),

B (red) and C (blue).

damage stimulus, apoptosis, inflammatory response, re-
sponse to bacterium, macrophage activation and so on (Fig-
ure 4).

4 Discussion

Sample clustering showed long distance between A and
B/C, and short distance between B and C, suggesting the
disease-specific gene expression pattern in AAT. Hierar-
chical cluster analysis was done to classify all the genes into
several co-expression modules, and significant difference
was observed in the co-expression modules between A and
B/C. Co-expression modules analysis showed the expres-
sion of some genes was markedly different in group A
from that in group B and group C. Genes with significantly

down-regulated expression in group A were mainly related
to mitochondrion, lymphocyte activation, regulation of T
cell activation electron transport chain, MHC class II recep-
tor activity, negative regulation of cell death, transcription,
regulation of T cell proliferation, cellular cation homeostasis
and translational elongation. Genes with significantly up-
regulated expression in group A were mainly associated
with response to DNA damage stimulus, regulation of apo-
ptosis, positive regulation of IKK/NFKB cascade, steroid
hormone receptor signaling pathway, immune system de-
velopment, apoptosis, inflammatory response, response to
bacterium, macrophage activation and neutrophil mediated
immunity.

Biological function analysis of gene expression modules
with significant difference showed the injury to cells and

http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology



292 YAN WW, et al. Reduced T cell function in acute arterial thrombosis
Blue
028 0.042 0.23
MEcyan || (o) ©0.8) (0.07) 1.0 mitochondrion [N
lymphocyte activation [l
-0.018 0.0012 0.017 regulation of T cell activation W
MEgreenyellow (0.9) M (0.9) electron transport chain il
MHC class Il receptor activity W
-0.25 0.024 0.23
MEbrown | 005 09 (o8 C020RE8
0.5 P-value(—log10)
-0.49 0.19 03 ||ko.
MEmagenta ©e9 ©0.1) (0.02) Magenta
negative regulation of cell death [N
MEblue ;f:i; (g-gg) (0"63092) transcription [
: ‘ regulation of T cell proliferation [
o o [ . cellular cation homeostasis [
MEmidnightblue §| 5009 08) (0.003) translational elongation I
F0 owouwo
0.27 -0.16 -0.1 oo~ -
MEsalmon | | 504 0.2) (0.4) P-value(-log10)
Pureple
-0.025 0.054 -0.029
MEblack f| ~gg 0.7) 08) response to DNA damage stimulus [ IR
regulation of apoptosis [N
MEareen || 097 ~0.047 0.01 positive regulation of IKK/NFKB cascade [N
g (0.8) (0.7) 09 |[F-0.5 steroid hormone receptor signaling pathway [N
immune system development [N
057 -0.17 -0.4 T
MEpurple (269 0.2) (0.002) 2822333
022 052 P-value(-log10)
MEturquoise (0.09) @69 Turquoise
0.24 0.12 0.12 -—1.0 apapiosis
MEgrey e - : : inflammatory response
ey 04 04) response to bacterium [_]
A B C macrophage activation []
neutrophil mediated immunity []
LN R D B B |
Figure 3. Heatmap of correlations and corresponding eNTens

P-values between modules and conditions. Each module is rep-
resented by its module eigengene. Number in each squar represents
correlation (and P-value of correlation) between module and con-
dition. The square color represents: positive correlation (red);
negative correlation (green); or no correlation (white). Many mod-
ules reported modules (rows) are significantly (P < 0.05) posi-
tively-correlated (i.e., turquoise module) or negatively-correlated
(i.e. blue module) with distinct conditions (columns).

tissues, reduced mitochondrial metabolism, compromised
ion balance, decreased T cells function, reduced short anti-
gen presenting, declined activity of CD4 receptor, increased
cell apoptosis, increased inflammation, elevated phagocyto-
sis, elevated neutrophil-mediated immunity and increased
post-traumatic repair of cells and tissues in group A.

Coronary arterial thrombosis causes acute myocardial
ischemia and hypoxia, injury and necrosis of myocytes,
disordered energy metabolism and ion metabolism, elevated
repair of tissues and cells with DNA guided protein synthe-
sis, increased inflammatory reaction and elevated activity of
phagocytes, which are reflections of the pathophysiological
changes after injury and necrosis of cells and tissues.

In group A, the biological functions of differentially ex-
pressed genes were associated to compromised immune
function which was characterized by reduced T cells func-
tion, inhibited proliferation of T cells, and reduced activity
of MHC class II receptor. CD3 positive cells refer to total T
cells and play a central role in the immunity. CD3 positive T

P-value(—logl0)

Figure 4. Function enriched in four modules. GO terms en-
riched in four modules were list on the right. Bargraph indicated
the Benjamani-Hochberg adjusted P values (-log10 transferred).

cells can differentiate into CD4+ T cells and CD8+ T cells.
CD4+ T cells may accept signals after antigen presenting
and secret different cytokines to combat with different
pathogens and assist B cell activity. CD8+ T cells may di-
rectly kill the cells infected by virus or bacterium, alloge-
neic cells and cancer cells.”'” NK cells are a participant of
innate immunity, belong to T cells differentiated from pri-
mitive macrophages and have similar killing function to
CD8+ T cells.""

In group A, the T cells function was significantly com-
promised, suggesting the collapse of immune defense. What
is the consequence of collapse of immune defense? Under
this condition, the human body fails to effectively and timely
clear foreign pathogenic microorganisms and endogenous
cancer cells. In the present study, cancers were excluded
from these subjects. Thus, we speculated that the patho-
genesis of AAT was related to the inflammatory reaction
after arterial intima infection caused by potential pathogenic
microorganisms in human body.

The pathogenesis of AAT is closely related to signifi-
cantly compromised functions of T cells, an important par-
ticipant of immunity in human body. Our findings provide
new evidence on the pathogenesis of AAT.
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