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Abstract

Objective: We aimed to examine the expression and significance of tumor necrosis factor-a-induced
protein-8 like-2 (TIPE2) in peripheral blood mononuclear cells (PBMCs) in patients with acute coronary
syndrome (ACS).
Methods: TIPE2 mRNA and protein levels in PBMCs from ACS patients were detected by RT-PCR,
qRT-PCR and western blot. The interleukin-10 (IL-10) and interferon-γ (IFN-γ) concentrations of blood
serum were detected by ELISA. We also assessed the association between TIPE2 mRNA expression and
IL-10 and IFN-γ concentrations.
Results: Our research found that TIPE2 mRNA and protein expression were decreased in ACS patients
compared with stable angina pectoris (SAP) and healthy person. The level of IL-10 in ACS patients was
obviously lower than that in SAP individuals and normal controls, while the level of IFN-γ in ACS
patients was significantly higher than that in control subjects. Furthermore, the expression level of
TIPE2 mRNA was positively correlated with IL-10 concentration.
Conclusion: Our data indicate that reduced TIPE2 expression may contribute to the pathogenesis of
ACS.
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Introduction
Acute coronary syndromes (ACS) including unstable angina
pectoris (UAP) and acute myocardial infarction (AMI) induced
by atherosclerosis (AS) is a chronic inflammation of arterial
vessel wall characterized by abnormal metabolism of lipid
[1,2]. Many researchers believe that the injury of the vessel
wall endothelium, infiltration of monocytes, activation of
macrophages by oxidized low-density lipoprotein (ox-LDL)
and excessive release of cytokines are the key factors for
formation of the atherosclerotic plaque. Atherosclerotic plaque
instability often leads to plaque rupture and thrombosis, which
is the main cause of acute cardiocerebrovascular events [3-5].
The numbers of elderly people with ACS is rising in our
country and ACS severely affects the health of older men;
however, the mechanisms of ACS still remain unclear [6].
Accumulating evidence demonstrates that many immune cells
and cytokines including pro-inflammatory as well as anti-
inflammatory cytokines play an essential role in the
development of ACS [7,8].

Tumor necrosis factor-α-induced protein-8 like-2 (TIPE2) is a
newly identified immune negative regulator which plays an
important role in maintaining immune homeostasis [9]. It
belongs to tumor necrosis factor-α-induced protein-8
(TNFAIP8) family. TIPE2 predominantly expresses in immune

cells and immune tissues, such as lymphocytes and monocytes
and its deficiency in mice leads to multiorgan inflammation,
enlarged spleen and premature death [10,11]. Interestingly, it is
found that TIPE2 highly expresses in macrophages and serves
as a negative regulator of innate immunity through negatively
regulating both T cell receptor, inhibiting Toll-like
receptor(TLR) and NF-κB signaling pathway [12,13]. Studies
suggest that TIPE2 is associated with systemic autoimmunity,
diabetic nephropathy, and hepatitis B in human [14,15]. Recent
studies reveal that TIPE2 plays a crucial atheroprotective role
by regulating macrophage responses to oxidized low-density
lipoprotein [16]. However, expression and significance of
TIPE2 in patients with acute coronary syndromes still remains
enigmatic. In the present study, we explored the role of TIPE2
in ACS by detecting the mRNA and protein levels of TIPE2 in
PBMCs from ACS patients and healthy controls, and measured
the plasma levels of IL-10 and IFN-γ in patients with ACS.

Patients and Method

Patients
The study group comprised of 35 persons with SAP (22 men
and 13 women, mean age: 55.8 ± 6.7 years), 28 patients with
UAP (19 men and 9 women, mean age 59.5 ± 7.9 years), 27
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patients with AMI (18 men and 9 women, mean age 60.1 ± 6.9
years) and 33 healthy controls (20 men and 13 women, mean
age 56.9 ± 8.1 years) that were recruited from
Weifang People’s Hospital from 2011 to 2014. Inclusion
criteria: stable angina pectoris is judged by typical exertional
chest discomfort that is associated with down sloping or
horizontal ST-segment depression >1 mm in an exercise test.
Acute myocardial infarction confirmed by significant rise of
troponin I and creatine kinase-MB levels, and unstable angina
confirmed by chest pain at rest with definite ischemic
electrocardiographic changes, including ST-segment changes
and/or T-wave inversion and angiographic evidence of
coronary artery stenosis (>70%). Patients with peripheral
vascular disease, autoimmune diseases, heart failure, renal
failure, malignant tumor, diabetes or treatment with anti-
inflammatory drugs were excluded. The healthy subjects were
persons who visited the hospital for medical check-ups and
they were all without any clinical signs or atherosclerosis
history and were not undergoing any treatments. Laboratory
assessments including serum creatinine levels, LDL, high-
density lipoprotein (HDL), total cholesterol (TC), C-reactive
protein (CRP) and blood glucose levels were determined.
History of hypertension and current tobacco use were also
evaluated. Thirty seven percent of recruited participants were
current cigarette smokers, 41% had a history of hypertension.
All the subjects provided informed consent. Subject
characteristics are presented in table1.

Table 1. Characteristics of the studied subjects.

Characteristics Control(n=3
3)

SAP(n=35) UAP(n=28) AMI(n=27)

Female, n (% ) 13 (39%) 13(37%) 9(32%) 9(33%)

Male, n (% ) 20 (61%) 22(63%) 19(68%) 18(67%)

Age(years) 56.9 ± 8.1 55.8 ± 6.7 59.5 ± 7.9 60.1 ± 6.9

TC(mmol/L) 3.92 ± 1.03 4.24 ± 0.67 5.15 ± 0.98 4.93 ± 0.82

LDL-C(mmol/L) 2.15 ± 0.57 2.33 ± 0.59 2.58 ± 0.60 2.62 ± 0.71

HDL-C(mmol/L) 1.21 ± 0.22 1.13 ± 0.26 1.09 ± 0.32 1.08 ± 0.35

GLU(mmol/L) 5.14 ± 0.98 5.49 ± 1.03 5.62 ± 1.21 5.67 ± 1.32

CRP (mg/L) 2.01 ± 1.78 2.57 ± 1.13 4.88 ± 2.12* 5.31 ± 1.14*

Creatinine(µmol/
L)

72.13 ±
15.22

80.34
±16.41*

84.53
±20.98* 83.25 ± 21.89*

Smoking, n(%) 10(30) 14(40) 10(36) 12(44)

Hypertension,
n(%) 11(33) 12(34) 14(50) 13(48)

Data shown as mean ± SEM. TC: total cholesterol; LDL-C: low-density
lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; GLU: fasting
glucose; *P < 0.05, versus control

RNA isolation and Quantitative real-time PCR
Venous blood samples were collected at the time of patient
enrollment. PBMC were separated by density gradient
centrifugation from peripheral blood. RNA was isolated by

using Trizol reagent (Invitrogen, California, USA), followed
by reverse transcription using the Reverse-Transcribe Kit
(TIANGEN, Beijing, China). We first performed RT-PCR with
TIPE2 specific primers (sense 5’-
CCCTCGAGGCCGCCACCACCATGG-3’, and anti-sense 5’-
CG GGATCCGAGCTTCCCTTCG-3’) for 28 cycles (95°C for
30sec, 58°C for 30sec and 72°C for 30sec). Then quantitative
real-time PCR was performed using the SYBR Green I
RealTime PCR kit (Takara, Dalian, China). Primer sequences
for TIPE2 used were: 5'-
GGAACATCCAAGGCAAGACTG-3'(sense) and 5'-
AGCACCTCACTGCTTGTCTCATC-3'(antisense). The
thermal cycle profile was as follows: 95˚C for 10 sec, followed
by 40 cycles of amplification 95˚C for 5 sec, 60˚C for 41 sec.
GAPDH (sense 5'-AACGGATTTGGTCGTATTGGG3' and
antisense 5'-CCTGGAAGATGGTGATGGGAT-3') was applied
as control. Each sample was conducted in triplicate.
Quantitative real time PCR was analyzed using the 2−ΔΔCt
method.

Western blot
Proteins were extracted from PBMC using Trizol reagent
according to the manufacture's protocol and protein
concentration was determined using BCA protein assay reagent
(Pierce, Rockford, IL, USA). Total proteins (30 μg) were
loaded in SDS-PAGE and electro-blotted onto polyvinylidene
difluoride membrane (Millipore, Billerica, MA, USA). After
blockage with 5% non-fat milk, the membranes were incubated
with anti-TIPE2 antibody (1:500, Boster Biological
Technology Inc, China) and anti-β-actin (1:1000, Santa Cruz,
CA) overnight at 4°C, followed by washing three times and
incubation with HRP-conjugated secondary antibodies (goat
anti-rabbit IgG or goat anti-mouse IgG, ZSGB-Bio, Beijing,
China,) for 1 h at room temperature. After washing, the bounds
were visualized with ECL reagent (Pierce, Rockford, IL,
USA). Densitometry analysis was performed to quantify
protein bands.

Cytokine measurement by ELISA
Plasma IL-10 and IFN-γ levels were detected by enzyme-
linked immunosorbent assay (ELISA) following the
manufacture's protocol (eBioscience, USA). All assays were
run in triplicate and the mean value was used for statistical
analysis.

Statistical analysis
All data were expressed as mean ± SEM. One-way ANOVA
was used to compare difference among groups. Correlations
analysis involved Pearson’s correlation test. A P value <0.05
was considered significant.
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Results

Baseline clinical characteristics of the studied subjects
The age, sex, hypertension or smoking did not differ
significantly among the four groups. However, CRP (C-
reactive protein) level was significantly higher in patients with
ACS and SAP.

The creatinine level in ACS was also significantly higher than
that of control group. The other clinical characteristics
including lipid, lipoprotein fractions and fasting glucose are
listed in table 1.

Figure 1. The expression levels of TIPE2 mRNA in patients with UAP
and AMI were significantly decreased compared with those in
patients with SAP and healthy controls. (A) TIPE2 mRNA expression
in PBMC from person with UAP, AMI, SAP and healthy controls was
determined by RT-PCR. (B) Quantitative real-time PCR results
showed that the expression levels of TIPE2 mRNA in PBMC from
patients with UAP(29.80 ± 3.04) and AMI(28.50 ± 2.88) were
decreased compared with those in SAP(41.22 ± 4.33) and healthy
controls(50.16 ± 4.57).**P < 0.01 versus healthy control. ΔP< 0.05
versus SAP group.

The expression of TIPE2 mRNA in PBMC from
patients with ACS and healthy controls
Both RT-PCR and Quantitative real-time PCR results showed
that TIPE2 mRNA levels in PBMC from patients with AMI
and UAP were significantly decreased than that in healthy
controls(P<0.01).

Further analysis showed that TIPE2 mRNA was reduced in
patients with AMI and UAP compared with that in patients
with SAP (P<0.05, Figure 1).

Analysis of TIPE2 protein levels in PBMC from
patients with ACS and healthy controls
We further confirmed the expression levels of TIPE2 protein in
PBMC from the four groups by western blot.

We observed that the expression of TIPE2 protein was lower in
AMI and UAP patients compared with normal controls and
SAP patients (Figure 2), which suggests the down-regulation
of TIPE2 expression in ACS patients.

Figure 2. The expression of TIPE2 protein in PBMC from healthy
control, SAP, UAP and AMI patients were detected by western blot. β-
actin was used as a loading control. The histogram represented
semiquantitative results (mean ± SEM) of western blot analysis. The
results revealed that the expression of TIPE2 protein was lower in
UAP and AMI patients compared with SAP patients and normal
controls. **P<0.01 versus healthy control. ΔΔP< 0.01 versus SAP
group.

Serum IL-10 and IFN-γ levels in patients with ACS
and healthy controls
Plasma IL-10 and IFN-γ levels of the four studied groups are
shown in fig.3. The IL-10 concentrations in patients with AMI,
UAP (15.98 ± 1.39 pg/ml, 16.57 ± 1.38 pg/ml, respectively)
were significantly decreased compared with those in SAP and
normal controls (23.37 ± 1.71 pg/ml, 25.52 ± 1.83 pg/ml,
respectively) (P<0.01, Figure 3A). The IFN-γ concentrations in
patients with AMI and UAP (142.1 ± 19.68 pg/ml, 126.3 ±
16.46 pg/ml, respectively) were significantly higher than those
in patients with SAP and healthy people (69.12 ± 9.25 pg/ml,
56.08 ± 4.77 pg/ml, respectively) (P<0.05, Figure 3B). The
difference in IL-10 and IFN-γ between SAP patients and
healthy people was not significant.

Correlation of TIPE2 expression with plasma
cytokines and other parameters
To evaluate the clinical significance of TIPE2 in ASC, we
subsequently analyzed the correlations of TIPE2 mRNA
expression with IL-10, IFN-γ, lipid and lipoprotein fractions
(triglycerides, high density lipoprotein cholesterol and low-
density lipoprotein cholesterol), fasting glucose and CRP in
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patients with ASC. Interestingly, a positively correlation was
found between TIPE2 mRNA levels and serum IL-10 (P<0.05,
r=0.4576, Figure 4A) in all ACS patients. However, the TIPE2

mRNA levels failed to correlate with IFN-γ concentrations
(P=0.3195, r=-0.1760, Figure 4B) and other parameters
mentioned above (data not shown).

Figure 3. Serum IL-10 and IFN-γ levels in healthy control, SAP, UAP and AMI patients. (A) Serum IL-10 level in UAP and AMI patients was
obviously lower than that in SAP patients and healthy subjects. (B) Serum IFN-γ level was significantly higher in UAP and AMI patients than that
in SAP patients and healthy subjects. *P<0.05, **P<0.01 versus healthy control. ΔP<0.05.

Figure 4. Correlations of TIPE2 mRNA expression with IL-10 and IFN-γ in ACS patients. (A) There was a significantly positive correlation
between TIPE2 mRNA expression and serum IL-10 level in ACS patients (r=0.4576, P<0.01). (B) There was no significant correlation between
TIPE2 mRNA expression and serum IFN-γ level in ACS patients (r=-0.1760, P=0.3195).

Discussion
TIPE2 has been recognized as a negative regulator of innate
and adaptive immunity, which involves in many inflammation-
related diseases. ACS is a non-resolving inflammatory disease
in which immune mechanisms interact with metabolic risk
factors initiate and accelerate its progress [17,18]. Previous
studies revealed that TIPE2 deficiency accelerated
atherosclerosis development in mice [19], however, the exact
expression patterns and significance of TIPE2 in ACS patients

has never been explored. In this study, we provided the first
evidence that both TIPE2 mRNA and protein in ACS patients
were down-regulated compared with healthy person and SAP
patients, which suggests TIPE2 may play a potential role in
ACS development.

In recent years, a number of studies have found that TIPE2
plays an important role in several human inflammatory
diseases. However, TIPE2 may participate in the pathogenesis
of some chronic inflammatory diseases by different
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mechanism. For example, TIPE2 mRNA expression was
significantly decreased in systemic lupus erythematosus (SLE)
patients, and the TIPE2 mRNA levels negatively correlated
with the SLE disease activity index (SLEDAI) and the
myxoma resistance protein (MX1) in the SLE patients [20]. In
addition, decreased expression of TIPE2 was found in
asthmatic children, and TIPE2 mRNA was negatively
correlated with serum total immunoglobulin E, eosinophil, and
interleukin-4 (IL-4) [21]. However, increased expression of
TIPE2 was found in several inflammation diseases, such as
diabetic patients and chronic rejection patients [22]. Given the
different role of TIPE2 played in different inflammation
diseases, our next question is how TIPE2 affected the ACS.

It has been widely acknowledged that CD4+ T lymphocytes
including Th1 and Th2 cells play a critical role in the
progression of ACS [23,24]. Th1 cytokines, such as IFN-γ and
IL-2, contribute to inflammatory effects by activating
macrophages, endothelial and smooth muscle cells [25,26].
Th2 cells may play a protective role in the progression of ACS
by secretion of anti-inflammatory cytokines such as IL-10.
Increased evidence indicates that Th1/Th2 imbalance involved
in the occurrence and development of ACS [27]. In this study,
we measured the levels of IFN-γ and IL-10 in ACS patients
and SAP patients and healthy controls. Our results showed a
significantly lower level of serum IL-10 but higher level of
serum IFN-γ in ACS patients. These data are in agreement with
the previous reports that elevated IFN-γ and decreased IL-10
secretion in atherosclerosis diseases [28,29].

We further analyzed the correlations of TIPE2 mRNA
expression with IL-10 and IFN-γ levels in ACS patients. The
results showed obviously positive correlations of TIPE2
expression with IL-10. Unfortunately, the correlation between
TIPE2 and IFN-γ was not significant. Considering the close
relationship between decreased IL-10 level and the
development of coronary atherosclerotic plaque inflammatory,
TIPE2 may also to some extent affect the development of ACS
by regulate IL-10 secretion. It is found that TIPE2 highly
expresses in macrophages and serves as a negative regulator
through inhibiting TLR signaling, we think that reduced TIPE2
may mainly affect Th2 response, thus regulate IL-10 secretion.

In conclusion, this study is the first to demonstrate the reduced
expression of TIPE2 in PBMC in patients with ACS, and the
expression of TIPE2 mRNA is positively relate to serum IL-10,
which suggests that TIPE2 may play an important role in the
pathogenesis of ACS. However, further studies are needed to
explore the exact mechanism of TIPE2 in ACS.
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