
Abstract. – OBJECTIVE: The present study
aims to investigate the relationship of IFN-g and
IL-10 with the pathogenesis of coronary heart
disease (CHD).

PATIENTS AND METHODS: A total of 128 pa-
tients with angiographically confirmed CHD
were included in CHD group, while 106 pa-
tients with no angiographically confirmed
coronary artery stenosis were included in the
control group. The age and body mass index
of patients were documented. Concentrations
of total cholesterol (TC), triglyceride (TG),
high-density lipoprotein cholesterol (HDL-C)
and low-density lipoprotein cholesterol (LDL-
C) were measured. Moreover, serum levels of
IFN-g and IL-10 were determined by ELISA and
mRNA levels of these two factors were mea-
sured by quantitative RT-PCR.

RESULTS: Compared to those of controls, con-
centrations of TG and LDL-C were significantly
higher (p < 0.01) whereas HDL-C concentrations
were significantly lower in CHD patients (p <
0.001). Correlation analysis revealed that serum
IFN-g level was significantly positively correlated
with TG concentration in CHD patients (r = 0.560,
p < 0.05), while the IL-10 level was negatively cor-
related with TG concentration (r = -0.411, p < 0.05).
Both protein level and mRNA level of IFN-g were
higher in the serum of CHD patients than in con-
trols. However, the protein level and mRNA level
of IL-10 were significantly lower in CHD patients
than in controls (p < 0.001).

CONCLUSIONS: IFN-g and IL-10 are involved
in the development of atherosclerosis of coro-
nary artery and IL-10 may inhibit atherogenesis.

Key Words:
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Introduction

Coronary atherosclerotic heart disease, also
known as coronary heart disease (CHD), is an
atherosclerotic disorder featured by the forma-
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tion of white plaques in the arterial intima initiat-
ed by lipid deposition due to aberrant lipid me-
tabolism. Accumulation of atherosclerotic
plaques causes the narrowing of the vascular lu-
men and blocks blood flow, which leads to car-
diac ischemia and thereby result in angina. The
initiation and development of CHD are affected
by multiple factors, among which, inflammatory
response plays an important role in the initiation
and development of atherosclerosis1,2. Currently,
a variety of cytokines has been found to be in-
volved in the chronic inflammation of the vessel
wall3,4. In the present study, serum levels of in-
terferon-gamma (IFN-g) and interleukin (IL)-10
in peripheral blood samples of patients with vari-
ous types of CHD were measured, in an effort to
explore the relationship between inflammation
and CHD. 

Patients and Methods

Patients
A total of 128 patients (73 males, 55 females,

mean age of 65.35 ± 9.62 years) with angio-
graphically confirmed CHD admitted to our hos-
pital were included in this study as CHD group.
The diagnosis of CHD was established when ≥
50% luminal narrowing was detected in at least
one main coronary artery or its main branches.
However, patients with acute myocardial infarc-
tion (MI) were not included. Besides, 106 pa-
tients (47 males, 59 females, mean age of 64.73
± 7.95 years) with no stenosis of coronary arter-
ies confirmed by coronary angiography during
the same period were included as the control
group. No prior history of diabetes mellitus,
cerebrovascular disease, hepatic disease or hy-
pertension was noticed in these patients. More-
over, patients from both groups had not experi-
enced any severe medical conditions, including

2016; 20: 1339-1343



K. Liang, S.-R. Dong, H. Peng

Assessment of IFN-g and IL-10 mRNA 
lLevels in Peripheral Blood Sample

Peripheral blood mononuclear cells (PBMCs)
were isolated using Ficoll density gradient cen-
trifugation separation (Takara, Otsu, Shiga,
Japan). The isolated PBMCs were homogenized
with 1 ml Trizol (Takara, Otsu, Shiga, Japan)
and then total RNAs were extracted. Subsequent-
ly, the isolated RNAs were dissolved in 25 µl of
diethyl pyrocarbonate (DEPC) water and its con-
centration and purity were determined using UV
spectrophotometer. Afterwards, cDNA was gen-
erated using reverse transcription kit (Fermentas,
Hanover, MD, USA) and stored at –20°C. RT-
PCR was performed with PCR system (Takara,
Japan). The PCR conditions were denaturation at
95°C for 20s followed by 40 cycles of 60°C for
20s and 70°C for 1s. The primer sequences for
PCR amplification were designed and synthe-
sized by Shanghai Invitrogen Biotechnology Co.,
Shanghai, China (Table I).

Statistical Analysis
Data analysis was performed by using SPSS

version 20.0 (SPSS Inc., Chicago, IL, USA).
Quantitative data were expressed as ± SD. Dif-
ferences between two groups were analyzed us-
ing Student’s t-test. Qualitative data were ana-
lyzed using χ2 test. The relationship between two
variables was analyzed using Pearson correlation
analysis. p < 0.05 was considered statistically
significant.

Results

Basic Characteristics and Lipid Levels
Statistical analysis showed that no significant

differences were detected in gender, age, body
mass index (BMI) and TC levels between two
groups (p > 0.05). Compared to those of control
group, levels of TG and LDL-C were higher

serious acute and chronic infections, tumor, liver
disease, renal dysfunction, autoimmune disease,
thyroid dysfunction, cerebrovascular disease,
surgery and trauma. No statistically significant
differences were observed in ages and genders
between two groups. Written informed consent
was obtained from all patients.

Methods
A 6 ml fasting blood sample was collected from

all patients the next morning of admission. The
blood sample was divided into three samples
placed in three tubes, 2 ml for each. Sample pre-
senting severe hemolysis and lipemia were ex-
cluded. The fist tube of blood sample was coagu-
lated at room temperature, centrifuged at 2000
r/min for 8 min and placed at -80°C for the analy-
sis of IFN-g and IL-10. The second tube of the
sample was treated with an anticoagulant agent for
the analysis of total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-
C), low-density lipoprotein cholesterol (LDL-C).
RNA was extracted from the third tube of a blood
sample for evaluating the mRNA levels of IFN-g
and IL-10 by using RT-PCR.

Lipid Analysis
Serum concentrations of lipids, including TC,

TG, HDL-C and LDL-C, were measured using
Cobas C501 automated biochemical analyzer
(Roche Diagnostics Corporation, Indianapolis,
IN, USA).

Cytokine Detection
Serum levels of IFN-g and IL-10 in CHD pa-

tients and healthy controls were measured by
ELISA using the detection kit (eBioscience, San
Diego, CA, USA) following manufacturer’s in-
structions. Absorbance at 450 nm was measured
using microplate reader and concentrations of cy-
tokines were calculated using a linear regression
formula.
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Genes Primer sequences (5’→3’)

β-actin Forward CCTCTATGCCAACACAGTGC
Reverse GTACTCCTGCTTGCTGATCC

IFN-g Forward AAAGAGATAATCTGGCTCTGC
Reverse GCTCTGAGACAATGAACGCT

IL-10 Forward GGACTTTAAGGGTTACCTGGGTTGCC
Reverse GCCTTGATGTCT GGGTCTTGGTTCTC

Table I. Primer sequences for real-time Q-PCR.



whereas HDL-C levels were lower in CHD
group (p < 0.001) (Table II).

Serum Levels of IFN-g and IL-10
ELISA analysis showed that serum levels of

IFN-g were significantly higher whereas IL-10
levels were significantly lower in CHD group
than those in the control group (p < 0.001) (Table
III). In addition, correlation analysis revealed
that serum IFN-g level was positively correlated
with TG concentration with statistical signifi-
cance (r = 0.560, p < 0.05), while the IL-10 level
was negatively correlated with TG concentration
(r = -0.411, p < 0.05). 

IFN-g and IL-10 mRNA Levels in
Peripheral Blood

Q-PCR results demonstrated that IL-10 level
in peripheral blood of CHD patients was signifi-
cantly lower than that of healthy controls (0.77 ±
0.26 vs. 1.08 ± 0.22, p < 0.001), whereas IFN-g
mRNA level of CHD patients was significantly
higher than that of healthy controls (1.26 ± 0.32
vs. 0.92 ± 0.25, p < 0.001) (Table IV).

Discussion

Coronary atherosclerosis is the major patho-
logical basis of CHD. Pathogenesis of athero-
sclerosis mainly involves lipid metabolism disor-
der accompanied by chronic inflammation of ar-
terial wall5,6. Chronic inflammation in the vessel
wall has been shown to play a critical role in pro-
moting the formation, development and rupture
of atherosclerotic plaque4,7,8. Both pro-inflamma-
tory cytokines and anti-inflammatory cytokines
are involved in chronic inflammation in the ves-
sel wall4, among which pro-inflammatory IFN-g
and anti-inflammatory IL-10 are more represen-
tative. Moreover, the roles of IFN-g and IL-10 in
atherogenesis are closely associated with
macrophages.

Macrophages have been shown to play a cen-
tral role in all stages of atherogenesis9. Forma-
tion of atheroma is initiated by the recruitment
of monocytes to the intima, followed by differ-
entiation into macrophages induced by inflam-
mation. Macrophages can uptake modified LDL
in the intima, thereby, promoting cholesterol
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Parameters CHD group Control group t or χ2 p

Age (years) 65.35 ± 9.62 64.73 ± 7.95 0.532 0.596
Gender (%) Male 73 (57.1) 47 (44.3) 1.183 0.236

Female 55 (42.9) 59 (55.7) 1.181 0.119
BMI (kg/m2) 23.62 ± 1.89 23.14 ± 2.12 1.831 0.068
TC (mmol/L) 4.83 ± 1.26 4.76 ± 1.12 0.442 0.656
TG (mmol/L) 1.47 ± 0.76 1.22 ± 0.81 2.431 0.015
HDL-C (mmol/L) 1.38 ± 0.36 1.52 ± 0.28 3.272 0.001
LDL-C (mmol/L) 2.94 ± 0.88 2.58 ± 0.75 3.331 0.001

Table II. Basic characteristics and biochemical data (x
–

± SD).

Cytokines CHD group Control group t p

IFN-g 235.73 ± 46.52 186.84 ± 52.77 7.53 < 0.001

IL-10 134.43 ± 38.24 164.38 ± 36.45 6.08 < 0.001

Table III. Serum levels of IFN-g and IL-10 (pg/ml, x
–

± SD).

Cytokines CHD group Control group t p

IFN-g 1.26 ± 0.32 0.92 ± 0.25 8.914 < 0.001
IL-10 0.77 ± 0.26 1.08 ± 0.22 9.733 < 0.001

Table IV. mRNA levels of IFN-g and IL-10 in peripheral blood
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loading and the formation of foam cells at the
core of atherosclerotic plaques. Lipid-laden
macrophages produce a variety of inflammatory
mediators, reactive oxygen species (ROS) and
pro-coagulant, promoting the development of
inflammation and thrombosis. 

IFN-g is mainly synthesized and secreted by
Th1 cells and macrophages. It is an important
factor for macrophage activation involved in
both innate and adaptive immunity. IFN-g can
stimulate the generation of chemokines and cy-
totoxic molecules from macrophages and in-
duce the expression of genes regulating lipid
absorption10,11. Also, IFN-g exerts different
functions in various stages of atherogenesis.
Particularly, at the early stage, IFN-g promotes
the development of atherosclerosis through ac-
tivating the release of adhesion molecules from
the endothelial cells and regulating the prolifer-
ation of the smooth muscle cells (SMC)12. At
the late stage, IFN-g induces the rupture of ath-
erosclerotic plaques by accelerating the apopto-
sis and extracellular degeneration of
macrophages13. The results of the present study
showed that both the protein level and mRNA
level of IFN-g in the serum of CHD patients
were higher than those of controls, indicating
that the elevation of IFN-g has a certain corre-
lation with the development of CHD. Further-
more, the correlation analysis revealed that
IFN-g level in CHD patients was positively
correlated with TG concentration, thereby fur-
ther supporting the above hypothesis. 

IL-10 is an important anti-inflammatory cy-
tokine, primarily produced by Th2 subtype T
lymphocytes and macrophages. Studies14,15

have shown that IL-10 exerts an anti-athero-
sclerotic effect by inhibiting the activation of
macrophages, suppressing the expression of
matrix metalloproteinase (MMP), pro-inflam-
matory cytokines and cycloxygenase-2 in lipid-
laden foam cells, and altering the lipid metabo-
lism of macrophages. Another study3 found that
over-expression of IL-10 is achieved by trans-
plantation of bone marrow cells (BMCs) that
are transduced by a macrophage-specific retro-
viral vector. IL-10 expressed by macrophages
derived from transduced BMCs inhibits the de-
velopment of atherosclerosis in LDLR-/-mice
by reducing cholesterol ester accumulation. In
vitro experiments show that macrophage-de-
rived IL-10 stimulates both the uptake (by up-
regulating scavenger receptors) and efflux of
cholesterol (by activating the PPARgamma-

LXR-ABCA1/ABCG1 pathway), thereby re-
ducing inflammation and cell apoptosis in ath-
erosclerosis3. Results of this study showed that
serum IL-10 levels in CHD patients were sig-
nificantly lower than those of controls, indicat-
ing that reduced expression of endogenous IL-
10 was not sufficient to cease the initiation and
development of CHD. Hence, appropriate inter-
vention to elevate IL-10 levels in vivo appears
to be particularly important. In addition, corre-
lation analysis revealed that serum IL-10 level
in CHD patients was negatively correlated with
TG concentration, which is a further evidence
to confirm the above speculation. 

Conclusions

The present work  investigated the relationship
of IFN-g and IL-10 with CHD, further revealing
the relationship between inflammation and CHD.
However, further study is required. Besides,
studying the relationship between inflammation
and CHD extends our understanding of CHD and
provides insights into optimal therapy of CHD.
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