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Abstract

Background: To evaluate the natural innate and adaptive immunity through gene expression and
cytology levels in peripheral blood mononuclear cells in patients with acute myocardial infarction
(AMI), stable angina pectoris (SAP) and controls.

Methods: 210 patients with AMI, 210 with SAP, and 250 clinical controls were recruited. Whole
human genome microarray analysis was performed in 20 randomly chosen subjects per group
were examined to detect the expressions of complement markers, natural killer cells, T cells and
B cells. The quantity of these cells and related cytokines as well as immunoglobulin levels were
measured in all subjects.

Results: In AMI group, the mRNA expressions of late complement component, markers of
natural killer cells, CD3+, CD8+ T cells and B cells were down-regulated, while those of early
complement component and CD4+T cells were up-regulated (p<0.05). In both AMI and SAP
patients, the quantity of natural killer cells, CD3+, CD8+ T cells, B cells, IgM and IgG were
significantly lower than those of the controls. CD4+ T cells, CH50, C3, C4, IL-2, IL-4, IL-6 and
IFN-y were significantly higher (p<0.05).

Conclusions: In AMI patients, both of gene expressions related to complement, natural killer
cells, CD3+, CD8+ T cells, B cells and the quantity of these immune cells decreased while cell
number reduced in SAP patients. Immune function in both AMI and SAP patients decreased
especially in AMI patients with declined gene and protein levels. To improve the immune system is
a potential target for medical interventions and prevention in AMI.

Key words: myocardial infarction, stable angina pectoris, gene expression, innate immunity, adaptive
immunity.

Introduction

Cardiovascular diseases (CADs), with high and prevent AMI occurrence. The pathologic

morbidity and mortality worldwide, are caused
mainly by atherosclerosis. In particular, acute
myocardial infarction (AMI) represents life-
threatening conditions during the history of CAD [1,
2]. Nowadays we are still unable to effectively predict

mechanism responsible for majority of AMI is the
rupture of stable atherosclerotic plaque and
thrombosis [3]. Obviously, there must be a trigger to
induce the sudden rupture. Infection seems to be
undoubtedly linked to vulnerable atherosclerotic
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lesion; however, its role cannot be easily documented
[4, 5, 6]. Various exogenous microorganism infections,
including Chlamydia pneumoniae, Helicobacter
pylori, Cytomegalovirus and Bacteroides gingivalis
are accepted as the new susceptible factors of CAD [7,
8].

Our recent study demonstrated the decreased T
cell immunity function in AMI patients [9, 10]. T cells,
as a key component of adaptive immune system,
eliminate the pathogenic microorganisms and
malignant cells. The significant decline of T cell
function suggests that the pathogenesis of acute
thrombosis in AMI patients may be associated with
the depletion of immune cells. However, less is
known about the nature of immune response in
different stages of CAD [11, 12]. In recent study, we
designed this in vitro study to investigate both innate
and adaptive immunity in patients with AMI or stable
angina pectoris (SAP). Human microarray analysis
was used to systematically measure them RNA
expression of the complement component, markers of
immune cells in peripheral blood mononuclear cells
(PBMCs) from AMI, SAP and controls. Moreover, the
quantity of immune cells, related cytokines and
immunoglobulin levels were also measured.

Material and Methods

Patients’ Information

The study recruited 210 patients with AMI, 210
with SAP, and 250 clinically controls. Human
microarray analysis was performed in 20 randomly
chosen subjects per group. The sample sizes and the
number of subjects per group were based on an
assumed within-group variance of 0.50 and the
targeted nominal power of 0.95 [13]. Table 1 shows the
baseline demographic data. All patients were enrolled
between Mar 2013 and Feb 2015 from our Coronary
Care Unit and Cardiovascular Department. The AMI
patients were admitted no more than 12 hours from
the onset of symptoms to our Coronary Care Unit
including 180 males and 30 females, with an average
age of 59+11 years. The SAP group included 210
patients (176 males, 34 females, aged 64+11 years). 250
healthy volunteers (207 males, 43 females, aged 61+ 9
years) were enrolled as the control group during the
same period. Histories, physical examination, ECG,
chest radiography and routine chemical analyses
showed the controls had no evidence of coronary
heart diseases.

All AMI patients were diagnosed on the basis of
following criteria [14]: Detection of a rise of cardiac
biomarker values [preferably cardiac troponin (cTn)]
with at least one value above the 99th percentile
upper reference limit (URL) and with at least one of

the following: 1) Symptoms of ischemia. 2) New or
presumed new significant ST-segment-T wave (ST-T)
changes or new left bundle branch block (LBBB). 3)
Development of pathological Q waves in ECG. 4)
Imaging evidence of new loss of viable myocardium

or new regional wall motion abnormality.5)
Identification of an intracoronary thrombus by
angiography.

All SAP patients had exclusively effort-related
angina with a positive exercise stress test and at least
one coronary stenosis was detected at angiography
(>70% reduction of lumen diameter).

There were no significant differences among
three groups in age, sex, body mass index (BMI),
ethnicity, smoking status, systolic blood pressure
(SBP), diastolic blood pressure (DBP), low-density
lipoprotein  cholesterol  (LDL-C), triglycerides,
high-density lipoprotein cholesterol (HDL-C) and
fasting plasma glucose (FBG) (Table 1).

The exclusion criteria for three groups were as
follows: venous thrombosis, history of severe renal or
hepatic diseases, hematological disorders, acute or
chronic inflammatory diseases and malignancy.

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

Table 1. Baseline demographic data in three groups (} *s.d).

Index AMI (a) SAP (b) Con(c) P P
(N=210) (N=210) (N=250) (all) (avb)
Age 585+10.7 63.6£11.1 609+94 0.141 0.211
Sex(M/F) 180/30 176/34 207/43 0.694 0.773
BMI(kg/m?2) 24.6£2.9 225422 227419  0.112 0.76

Ethnicity, Han 210 210 250 1 1

Tobacco 13.6£10.1 144484 112+61 024 0.648
smoking(num/ d)

SBP (mmHg) 130.1+11.3 123.7+10.1 124.8%47.8 0.145 0.701
DBP (mmHg) 67.7+8.8 72.048.8 77636 0126 024
LDL-C(mmol/L) 2.841.2 24418 2.741.5 044 0.676
Triglycerides(mmol/L) 1.5+1.8 1.7£1.0 1.8+0.7 051 0.12
HDL-C(mmol/L) 0.7+0.9 0.840.7 0.9+0.2 011  0.303
FBG (mmol/L) 5.3+0.4 5.1£0.7 5.0£0.2 024 0.834

Footnotes: BMI= body mass index; SBP=systolic blood pressure; DBP =diastolic
blood pressure; LDL-C=low-density lipoprotein cholesterol; HDL-C: high-density
lipoprotein cholesterol; FBG: Fasting Plasma Glucose.

Gene Expression Chips

Agilent G4112F Whole Human Genome Oligo
Microarrays purchased from Agilent (USA) were used
in the chip analysis. A microarray is composed of
more than 41,000 genes or transcripts, including
targeted 19,596 entrez gene RNAs. Sequence
information used in the microarrays was derived from
the latest databases of RefSeq, Goldenpath, Ensembl
and Unigene [15]. More than 70% of the gene
functions in the microarray are already known. All 20
randomly selected patients for each group were
subjected to the chip analysis.
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Total RNA Isolation

Ten milliliter of peripheral blood samples from
median cubital vein were drawn from all the patients
immediately after admission. Four milliliter blood
was kept in PAXgene tube for total RNA isolation and
the rest six milliliter was for laboratory assays.
Leucocytes were obtained through density gradient
centrifugation with Ficoll solution and the remaining
red blood cells were destroyed by erythrocyte lysis
buffer (Qiagen, Hilden, Germany). Following the
manufacturer’s instructions, total RNA was extracted
and purified using PAXgeneTM Blood RNA kit
(Cat#762174, QIAGEN, GmBH, Germany). We further
checked for a RIN number to inspect RNA integration
by an Agilent Bio analyzer 2100 (Agilent technologies,
Santa Clara, CA, US). The sample was considered
qualified when both 2100 RIN and 28S/18S were
larger than or equal to 0.7.

RNA Amplification and Labeling

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

Microarray Hybridization

Each slide was hybridized with 1.65ig
Cy3-labeled cRNA using Gene Expression
Hybridization Kit (Cat#5188-5242, Agilent

technologies, Santa Clara, CA, US) in Hybridization
Oven (Cat#G2545A, Agilent technologies, Santa
Clara, CA, US), following the manufacturer’s
instructions. After 17 hours of hybridization, slides
were washed in staining 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.

Chip Scan and Data Acquisition

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

RT-PCR

The spots in the microarray were randomly
selected and their expressions were confirmed by

RT-PCR. Among all the genes with different
expressions, three genes were randomly selected and
subjected to RT-PCR, along with the house keeping
genes (GAPDH). The relative expressions were
indicated as the expression of the target genes
normalized to the expression of GAPDH (2-AACt).
The melting curve and the 2-A ACt-method were used
to detect the differences in the expressions among the
three groups. The results from RT-PCR were
consistent with the microarray analysis.

Laboratory assays

Two milliliter blood sample was anticoagulated
with EDTA-K3 for the counting of CD16+CD56+
natural killer cells, T lymphocyte subsets and CD19+B
cells, and the rest four milliliter was separated by
centrifugation within 1 hour for the examination of
serum immunoglobulin and cytokines. All tests were
finished within two weeks.

CH50 was detected with liposome immune assay
(Beckmann DxC-800 fully automatic biochemical
analyzer, USA; Reagents: Wako Pure Chemical
Industries, Ltd., Japan). C3 and C4 were detected with
immunone-phelometry (BNII system, Siemens AG,
Germany; Reagents: Siemens Healthcare Diagnostics
Products GmbH, Germany).

Cytokines, including IL-2, IL-4, IL-6 and IFN-y
were measured by double antibody sandwich ELISA
assay (Microplate reader Model 2010, Anthos,
Austria; Reagents: Dili biotech, Shanghai). Serum
levels of IgA, IgM and IgG were calculated by the
immunonephelometric ~ technique  using  the
automated IMMAGE 800 immunochemistry system
(Beckman Coulter, Brea, CA, USA), and expressed as
g/L.

Leukocyte subpopulations were measured by
flow cytometry (BEPICS XL-4, BECKMAN-
COULTER). Monoclonal antibodies against CD3,
CD4, CD8§, CD16, CD56 and CD19 were purchased
from BD Biosciences. The antibodies were marked
with one of three fluorochromes: fluorescein
isothiocyanate (FITC), phycoerythrin (PE) and
phycoerythrin-cyanin 5.1 (PC5). Cells were identified
by combinations as follows: CD3 (FITC)/CD16
(PE)/CD56 (PC5) (NK cells), CD3 (FITC)/CD4
(PE)/CD8 (PC5) (CD4andCD8 cells), and CD19 (PE)
(B cells). In brief, 100 pL of EDTA treated blood was
added to each tube and control tube was also
included. 20 pL of mouse IgG1-FITC, IgG1-PE or
IgG1-PC5 was then added, followed by addition of
corresponding fluorescence antibodies. Following
vortexing, incubation was done in dark for 30 min at
room temperature. 500 pL of hemolysin (BECKMAN-
COULTER) was then added, followed by incubation
at 37°C for 30 min. Following washing, 500 pL of
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sheath fluid was added to each tube, followed by flow
cytometry (EPICS XL-4, BECKMAN-COULTER). The
PMT voltage, fluorescence compensation and
sensitivity of standard fluorescent microspheres
(EPICS XL-4, BECKMAN-COULTER) were used to
adjust the flow cytometer and a total of 10,000 cells
were counted for each tube. The corresponding cell
population in the scatter plot of isotype controls was
used to set the gate, and the proportion of positive
cells was determined in each quadrant (%).
SYSTEM-II was used to process the data obtained
after flow cytometry.

Statistical Analysis

Descriptive statistics were expressed as mean +
s.d. Differences between groups were examined by
one-way analysis of variance (ANOVA). After
ANOVA the test of all pairwise group mean
comparison was performed using the Tukey's
method. Density curves for CHS50, C3, C4,
CD16+CD56+, CD3+, CD4+, CD8+and CD19+ cells
were delineated using R software. Data were
analyzed using SPSS 17.0, and p-values <0.05 were
considered statistically significant.
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Results

Gene expression and serum level of the
complement

The results showed mRNA expressions of early
and late complement components including Clqa,
Clqa, Clqy, Clr, Cls, C2, C3, C4b, C5a, C6, C7, C8a,
C84, and C8y and C9 were examined in PBMCs from
three groups of patients (Figure 1A). In AMI group,
gene expressions of Clga (p<0.05), Clqa, Clqy, Clr
and Cba were significantly up-regulated (all p<0.01),
whereas expressions of C7, C84 and C9 were
significantly down-regulated when compared with
SAP patients and controls, respectively (p<0.05). Cls
expression in AMI patients was significantly lower
than the controls (p<0.05). Serum CH50, C3 and C4
levels were significantly increased in AMI and SAP
patients when compared with controls (p<0.01). CH50
was significantly higher in AMI patients than in SAP
patients (p<0.01). There was no significant difference
between AMI and SAP patients in C3 and C4 levels.
The density curves of CH50, C3 and C4 are shown in
Figure 1B-D separately.
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Figure 1. From three groups in PBMCs, (A) mRNA expression of early and late components complement. (B) Serum CH50 level. (C) Serum C3 level. (D) Serum C4
level. Three groups: *, P<0.05; **, P<0.01. AMI vs. Con: #, P<0.05; ##, P<0.01. AMI vs. SAP: +, P<0.05; ++, P<0.01. SAP vs. Con &: P<0.05; &&: P<0.01.
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Gene expression and counting of NK cells

The results showed 12 gene expressions of NK
cell biomarkers[16], including CD16, CD56, five
inhibitory receptors,CD9%4, NKG2A, CD158(KIR2DL),
CD161(KLRB1), CD328( Siglect-7) and five activating
NK cell receptors, including CD335(Nkp46),
CD337(Nkp30), CD48(2B4), CD314(NKG2D) and
CD319(CRACC) in PBMCs from three groups (Figure
2A). In AMI group mRNA expressions of the genes
encoding CD94, NKG2A, CD158, CD161, CD337,
CD314 and CD319 were significantly lower than in
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SAP patients and the controls (p<0.05). There was no
statistical difference in NK cell biomarker expressions
between SAP and the controls. Density curves for the
NK cell proportion in PBMCs from three groups were
delineated (Figure 2B). The two density curves of cell
proportion from AMI and SAP patients in PBMCs
were substantially left shift when compared with the
controls. The number of NK cells was significantly
decreased in both AMI and SAP patients (p<0.01).
However, there was no significant difference between
AMI and SAP patients in the quantity of NK cells.
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Figure 2. From three groups in PBMCs, (A) mRNA expression of intracellular and extracellular markers of CD16+CD56+cells. (B) The comparison of
CD16+CD56+ cells counting. Three groups: *, P<0.05; **, P<0.01. AMI vs. Con: #, P<0.05; ##, P<0.01. AMI vs. SAP: +, P<0.05; ++, P<0.01. SAP vs. Con &: P<0.05;

&&: P<0.01.
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Gene expression, subsets counting and related
cytokines of T cells

Expressions of 8 genes related to T cell receptor
(TCR) antigen recognition, 16 genes associated with
CD4+T cells and 15 genes with CD8+ T cells were
detected among three groups (Figure 3A, 3C, 3E). 16
genes in AMI patients encoding TCRA, TCRB, TCRG,
TCRZ, CD3D, CD3E, CD3G, CD195(CCR5), IL-10,
GATA3, CD278(I1COS), CD8A, CD8B, CD28, GZMM
and CASP10 were significantly down-regulated when
compared with the SAP patients and controls
respectively(p<0.05). TCRIM, CD294 (CRTH2) and
GZMK expressions in AMI group were significantly
lower than those in SAP group (p<0.05). Comparing
with controls, gene expressions of CD4, IL4 and
TNFA in AMI group were significantly down-
regulated (p<0.05), while IL-2 and CD366 (Tim-3)
mRNA expressions were up-regulated (p<0.05).

Between SAP and control group, there was no
statistical difference in TCR, CD4+ and CD8+T cell
markers related mRNA expression.

Results from the proportions of cytological T
lymphocyte subsets in PBMCs among three groups
showed the levels of CD3+ and CD8+T cells in AMI
and SAP group decreased significantly (p< 0.05),
while CD4+T cells increased (p<0.01) when compared
with control group (Figure 3B, 3D, 3F, Table 2). The
cytokine IL-2, IL-4, IL-6 and IFN were significantly
increased in AMI and SAP patients when compared
with the controls (p<0.01). However, there was no
significant difference between AMI and SAP patients
in IL-2, IFN, CD3+ T cell and CD8+T cell quantity
(Table 2). The counting of CD4+ T cell, IL-4 and IL-6
were higher in AMI patients than in SAP patients
(p<0.01).

A T cell Antigen recognition mmm au grow B
- £ sA group CD3+ CD4+(Th1/Th2) cell markers
18 o B control group .
ird . 5 | . - A grow
14 ] - " = r_K\\\\ " =3 5A growp
m = = ot TN m = EE Con group
g 12 i 2 e b \ H 12 -
o :r / R = w
a - / AN\
<l 55 | A f LYY [ by
s = - P S a 8
W 77 ALY x
5 _ 1:: g /{ 5 / S \\ o . o
6 = s i g . E
< A RN g } S
Z o oaE b [ s
% 4 o -~ E
- - - 2
40 50 60 70 80 90
2 Percentage
= [---- AMigroup(a) - = —- SAgroup(t) Control group(c) |
TCRA TCRE TCRG TCRZ TCRIM CD3D CD3E CD3G
D E CD8+ cell markers F
CcD8+
. CD4+ LI — A group g =
) w{ ™ N TN,
2 |4 e e
= P e o i ;7 / W \
CH| SR T 7] W / \
= 4 Y @ pid , Vi \
g e \ NN E ; /
a P O e o 74
gl AN . Y - o / D0\
Lt NS = < ¢ AT po
# ot \ . & = N
Pl - . B S
o4 /'I’I . . 2 T T T s
10 20 30 40 50
» o e - - . Percentage
(=== AMigroup(a) - - - - SA groupi(b) Control group(c) | PP I W e e St [---- AMigrop@) - - - - SAgroup(b) Control group(c) |

Figure 3. From three groups in PBMCs, (A) Expression of genes related to T cell antigen recognition. (B) CD3+ counting. (C) Expression of genes related to CD4+.
(D) CD4+ counting. (E) Genes related to CD8+. (F) CD8+ counting. Three groups: *, P<0.05; **, P<0.01. AMI vs. Con: #, P<0.05; ##, P<0.01. AMl vs. SAP: +, P<0.05;

++, P<0.01. SAP vs. Con &: P<0.05; &&: P<0.01.

Table 2. Values of T cell immunity among three groups (; *s.d).

Index AMI (a) SAP (b) Con(c) P P P P
(N=210) (N=210) (N=250) (all) (a/c) (b/c) (a/b)
CD3+ (%) 66.7+10.7 68.4+10.0 71.5+9.2 0.00 0.00 0.002 0.275
CD4+ (%) 42.1+8.9 451.49.2 37.0£9.1 0.00 0.00 0.00 0.003
CD8+ (%) 21.847.1 23.3+6.7 28.6+6.9 0.00 0.00 0.00 0.068
IL-2 (pg/ml) 34.24185 33.5+14.5 9.9+2.3 0.00 0.00 0.00 0.96
IL-4(pg/ml) 35.74¢15.7 28.22+10.9 4.8+2.3 0.00 0.00 0.00 0.00
IL-6 (pg/ml) 29.9+16.2 24.6+14.4 3.0+1.4 0.00 0.00 0.00 0.001
IFN (pg/ml) 40.8+21.4 33.0+£22.1 16.746.3 0.00 0.00 0.00 0.72
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Gene expression, counting and serum
immunoglobulin level of B cells

The results showed that expressions of 15 genes
related to B cell biomarkers in patients with AMI, SAP
and the controls (Figure 4A), including CD5, CD19,
CD20, CD21 (CR1), CD22, CD23, CD40, CD79a,
CD79Db, CD80(B7-1), CD86(B7-2), CD138, CD154(IgM),
CD268(BAFFR) and CD279(PD-1). In PBMCs from
three groups, expressions of 8 genes encoding CD5,
CD19, CD20, CD22, CD40, CD79b, CD268 and CD279
in AMI group were significantly lower than those

from SAP and control group (p<0.05). Compared with
controls, gene expressions of CD21, CD23 and CD79a
were significantly down-regulated in AMI patients
(p<0.05). Between the SAP and control group, there
were no significant differences in B cell marker
expressions. When compared with controls, B cell
counting, IgG and IgM in PBMCs were significantly
down-regulated (p<0.01), while IgA was significantly
increased in both AMI and SAP group (Figure 4B,
Table 3) (p<0.05).
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Figure 4. From three groups in PBMCs, (A) mRNA expression of intracellular and extracellular markers of CD19+ cell. (B) The comparison of CD19+ cells counting.
Three groups: *, P<0.05; *¥, P<0.01. AMI vs. Con: #, P<0.05; ##, P<0.01. AMI vs. SAP: +, P<0.05; ++, P<0.01. SAP vs. Con &: P<0.05; &&: P<0.01.
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Table 3. Values of B cell immunity among three groups (} *s.d).

Index AMI(a) SAP (b) Con(c) P P P P

(N=210) (N=210) (N=250) (all) (@/<) (b/<) (a/b)

CD19(%) 9.45.0 10.3+4.7 137446 0.00 0.00 0.00 0.212

IgA (g/L) 23+1.0 22408 1.9:0.7 0.00 0.001 0.014 0.487

IgM(g/L) 0.8£0.42 0.8£0.35 1.2:0.41 0.00 0.00 0.00 0.572

1gG (g/1) 10.8+2.6 11.242.2 12.042.3 0.00 0.00 0.001 0.242
. . patients with AMI. The cytotoxic ability of NK cells
Discussion was decreased afterwards. There was no significant
In our current study, the significantly difference in mRNA expression between the SAP

up-regulated mRNAs expressions of early
complement components, Clqa, Clqa, Clqgy, Clr and
Cba demonstrated that the classical pathways were
activated in AMI patients. The initiation of classical
pathway eventually results in the terminal access to
form C5b-9 complex, which makes a transmembrane
pore in the target cells' membrane to lysis [17]. C5b
initiates the formation of MAC, which consists of C5b,
Ce6, C7, C8, and multiple molecules of C9. In our study
the significantly lowest levels of C7, C84 and C9
mRNAs in AMI patients suggested the obstacle of
MAC formation. In AMI and SAP patients, the serum
levels of C3, C4 and CH50, which reflected the
activities of C1-C9 via classic pathway, were all
elevated. Gene and cytology levels of the complement
in both AMI and SAP patients were activated and the
results were consistent with previous studies [18, 19,
20]. Though the complement was activated in AMI
and SAP stages, based on the genomics results of
complement cascade reaction imbalance, cytolytic
effect of the complement only decreased in AMI
patients.

NK cells express an array of inhibitory and
activating receptors. The inhibitory receptors are
responsible for self-tolerance while activating
receptors mediate the NK cell cytotoxicity (NKCC)
[21, 22]. KIRs are the most important NK cell
receptors, including CD94, NKG2A, CD158 and
CD314, which recognize classical MHC class I [23]. In
present study, the gene expressions of CD94, NKG2A
and CD158 were significantly lower than those in SAP
patients and the controls, suggesting the impaired
ability to protect normal cells in AMI patients.
Receptors CD335 (NKp46), CD337 (NKp30), CD48
(2B4), CD314(NKG2D) and CD319 (CRACC) are most
central activating receptors and play an important
role in targeting NK cell responses toward abnormal
cells and eventually the cell lysis [24, 25, 26, 27]. In our
current study, gene expressions of activating
receptors, CD337, CD314 and CD319 in AMI patients
were significantly decreased in comparison with SAP
patients and controls respectively, which showed the
transduction of activating signal was inhibited in

patients and controls in inhibitory and activating
receptors, indicating the NK receptors in SAP patients
was in a nearly inactive state. Previous studies found
the reduced proportions of NK cells in peripheral
blood of CAD, but the reason was still controversial
[28, 29, 30, 31]. The similar loss of NK cell numbers in
both AMI and SAP patients were also observed in our
study (Figure 2B). Together with the notably
decreased expression of NK cell biomarkers in AMI
patients, different levels of reduced immunity in NK
cells were demonstrated in AMI and SAP stages. In
AMI patients both numbers and receptor activity
were decreased, while only a deficit of quantity was
found in SAP patients.

TCR is a molecule found on the surface of T
lymphocytes that is responsible for recognizing
antigens. The first signal for T cell activation is
provided through the TCR-CD3 [32]. In present study,
gene expressions of TCRA, TCRB, TCRG, TCRZ,
CD3D, CD3E and CD3G were significantly lower in
AMI group than those in SAP and control group
(Figure 4A), indicating the decreased ability of TCR
antigen recognition. In addition, the loss of CD3+ T
cells in PBMCs was found in both AMI and SAP
patients (Figure 4B), suggesting the dysfunction of
CD3+T cells in CAD, especially in AMI stage.

Naive CD4+ T cells differentiate into T helper
type 1 (Thl) and T helper type 2 (Th2). Thl cells
achieve cellular immunity mainly by secreting IL2,
IL12 and IFN-a. T-bet is a Thl transcription factor
for regulating Th1l development [33]. CD195 (CCR5)
and CD182 (CXCR3) are specific Thl lymphocytes
chemokine receptors [34]. Th2 cells produce 1L4, IL6
and IL10 to activate B lymphocytes and generate
antibodies. GATAS3 is the Th2 specific transcription
factor, and CCR3 together with CD294 (CRTH2) are
chemokine receptors of Th2 cells [35, 36, 37]. CD366
(Tim-3) is a Thl-specific cell surface protein while
CD365 (Tim-1) is Th2-specific [38, 39]. The high
mRNA expressions of Thl biomarkers (IL2 and
CD366) and low RNA expressions of Th2 biomarkers
(IL4, IL-10, CD278 and CD294) in AMI patients
suggested a shift towards Thl dominance. The
significant increase of CD4+T cells, IL-4 and IL-6 in
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AMI than in SAP patients showed the differential
degrees of CD4+ T cell mediated cellular immunity
dysfunction in AMI and SAP patients.

CD8+ T cells kill virus-infected cells and tumor
cells and play a critical role in immune protection [40].
CD8+T cell is firstly activated by TCR and CD8
binding and then co-stimulatory molecules.CD8+ T
cells make the fatal attack through the
perforin-granzyme, Fas-Fas ligand (FasL), and TNF-a
pathways [41,42]. The presence of CD8+ T cells in
atherosclerotic lesions is widely demonstrated but
studies investigating their role in atherogenesis have
yielded contradictory results [43, 44]. In the present
study, all 15 genes related to killing ability of CD8+ T
cells in AMI patients were down-regulated; especially
CD8A, CD8B, CD28, CD278, GZMK, GZMM, PRF1
and CASP10 were significantly down-regulated when
compared with SAP and/or controls. Together with
significant loss of CD8+T cells in AMI and SAP
patient in PBMCs indicated the decreased cytotoxic
ability of CD8+ T cells in CAD patients, particularly in
the stages of AMI patients.

We detected all 15 genes related with
intracellular and extracellular markers of CD19+B
cells [45] (Figure 4A). B cell receptor (BCR) was
composed of membrane immunoglobulin (Ig) which
recognizes the antigens while Iga (CD79A) and Iga
(CD79B) transmit the activation signals [46]. CD19
and CD21 are B cell co-receptors and enhance the BCR
signal transduction [47]. The B cell specific Src-family
kinase CD5, specifically binding B cell surface Ig, is
dispensable for B cell activation [48]. CD268 is the
principal receptor required for BAFF-mediated B cell
activation [49]. CD279 encodes a cell surface
membrane protein of Ig superfamily and plays a role
in their differentiation [50]. In AMI patients, gene
expressions of CD5, CD19, CD20, CD21, CD22, CD23,
CD40, CD79A, CD79B, CD268 and CD279 were
significantly lower than those in SAP and /or control
group, which showed B cell activation were blocked
in AMI patients. There was no significant gene
expression difference in B cell activation between the
SAP patients and the control group. The detection of B
cell quantity, IgM and IgG levels in PBMCs were
decreased in both AMI and SAP patients. In sum, in
AMI patients, gene expressions and numbers of B
cells were reduced, demonstrating the deeply
weakened humoral immunity in AMI group.

In the present study, in AMI patients the mRNA
expression of immune system was consistent with the
cytological level and the decline of both parameters
demonstrated the collapse of immune function in
AMI group. In SAP patients, the immunity related
gene expression was different from cytological level.
The CH50, C3 and C4 were increased and the number

of NK cells, CD3+, CD8+ T cells and CD19+ B cells
were decreased, while the gene expression of immune
system was in a nearly inactive status. In the current
study, we can conclude that the attack of AMI and
SAP was associated with different levels of immune
dysfunction. AMI occurred in the stage of immune
collapse while SAP occurred in progressively reduced
level of immunity but still within the boundary of
compensation. The quantity of immune cells in
peripheral blood may reflect the current state of
immune function and the gene expression of immune
system stands for the compensatory capacity of the
immune system.

In AMI patients, the suppressed innate and
adaptive immune system, especially the cytotoxic
ability, failed to remove the exogenous pathogens.
Various exogenous microorganism infections are
supposed as risk factors of AMI [8, 9] and infection
seems to be linked to plaque rupture [4, 5, 6, 7].

Conclusions

The pathogenesis of AMI might be related with
infections of pathogens under the depletion of
immune system. That is the reason why single vaccine
is ineffective on AMI prevention. To improve the
immunity of CAD patients may be considered as a

potential target for medical intervention and
prevention of AMI
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