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 Background: The aim of this study was to investigate the effects of TNF-a and IL-10 on the expression of ICAM-1 and CD31 
in human coronary artery endothelial cells (HCAEC).

 Material/Methods: HCAEC was treated with 0, 2.5 μg/l, 5 μg/l, and 10 μg/l of TNF-a for 2 h, 6 h, and 10 h, and with 0 μg/l, 10 μg/l, 
100 μg/l, and 200 μg/l of IL-10 for 5 h, 10 h and 15 h, respectively. RNA inference of TNF-aR was performed 
with siRNA. Real-time PCR, Western blot analysis, and ELSA were used to detect the mRNA level and protein 
level of ICAM-1 and CD31.

 Result: TNF-a significantly increased the mRNA and protein expression of ICAM-1 (P<0.05), and 2.5 μg/l TNF-a had the 
most obvious effect. RNAi of TNF-aR reduced the induction of TNF-a on the mRNA and protein expression of 
ICAM-1 (P<0.05). TNF-a significantly decreased the CD31 in the supernatant (P<0.05), and 2.5 μg/l TNF-a had 
the most obvious effect. IL-10 significantly decreased the ICAM-1 protein level. IL-10 decreased the mRNA ex-
pression and the protein expression of CD31. The effect on mRNA was not significant (P>0.05), while the ef-
fect on the protein expression was significant (P<0.05).

 Conclusions: TNF-a and IL-10 treatment can affect the expression of ICAM-1 and CD31 in HCAEC.
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Background

Atherosclerosis (AS) is common in vascular diseases and seri-
ously affects human health. The pathogenesis of AS has been 
widely investigated [1–3]. The role of inflammation in AS has 
received much attention [3]. There are inflammatory responses 
in AS, such as degeneration, exudation, and hyperplasia [4,5].

Inflammatory factors, such as tumor necrosis factor a (TNF-a), 
interleukin (IL)-10, intercellular cell adhesion molecule-1 (ICAM-
1), and CD31, are closely related to AS [6]. Normal endothelial 
cells can regulate vascular tension, maintain vascular structure, 
secrete anticoagulant substances, and have anti-inflammatory 
effects [7]. Vascular endothelial dysfunction is characterized 
by vascular tension adjustment disorder, abnormal adhesion 
molecules, and an attenuated or even depleted endothelium-
dependent relaxation response caused by increased endotheli-
al-derived relaxation factor, which is synthetized and released 
by endothelial cells [6–8].

TNF-a is mainly produced by mononuclear macrophages, neu-
trophils, activated NK cells, and mast cells, and is involved in 
the inflammatory response [9]. TNF-a acts on vascular endo-
thelial cells and enhances the expression of adhesion molecules 
by endothelial cells and leukocytes, which results in inflamma-
tory cell adhesion, infiltration, and neutrophil degranulation. 
Then, the coagulation, thrombosis and obstruction of blood 
vessels are induced, which further promotes AS plaque for-
mation [10]. The receptors of TNF-a include TNF-aR1 (low af-
finity) and TNF-aR2 (high affinity) [11].

IL-10 mainly regulates the production of T cells, B cells, and 
NK cells, and inhibits the transcription, expression, and secre-
tion of cytokines in a variety of immunocompetent cells [8]. 
Thereby, IL-10 can prevent thrombosis, myocardial ischemia, 
and ischemia-reperfusion injury, protect the myocardium, and 
regulate immune cells and immune molecules [12]. IL-10 main-
ly participates in immune-mediated injury at the early stage, 
and mainly inhibits the release of inflammatory factors at the 
later stage [13]. Coronary artery injury occurs when IL-10 lev-
el is too low in the circulating system, which is insufficient to 
antagonize the effects of IL-18, TNF-a, and other inflammato-
ry factors [9]. Increased IL-10 level may reflect the extent of 
systemic inflammatory response in patients with myocardial 
infarction [10–14].

ICAM-1 is an adhesion molecule closely related to vascular dis-
eases [15], and is widely expressed in endothelial cells after 
ischemia/reperfusion. ICAM-1 is involved in white blood cell 
adhesion and aggregation [16], participates in lipid metabo-
lism, and affects the levels of cholesterol, low-density lipopro-
tein, and high-density lipoprotein [17,18].

Immunoglobulin CD31 is highly expressed in vascular endothe-
lial cells [19]; it participates in the maintenance of monolay-
er structural integrity and promotes cell adhesion, accumula-
tion, activation, and release of platelet-leukocyte-endothelial. 
Low expression of CD31 increases the permeability of vascu-
lar endothelial cells, which results in vascular endothelial cell 
dysfunction and promotes cerebrovascular AS. In AS, platelet 
endothelial cell adhesion molecule-1 (PECAM-1)-dependent im-
munosuppression is disturbed, which in turn promotes leuko-
cyte recruitment and AS inflammation [20].

AS often involves coronary endothelium, and the expression 
of ICAM-1 and CD31 in Human Coronary Artery Endothelial 
Cells (HCAEC) induced by TNF-a and IL-10 is still unclear. In 
the present study, HCAEC cells were used and treated with 
TNF-a or IL-10. The levels of CD31 and ICAM-1 were mea-
sured and analyzed.

Material and Methods

Cell culture and treatment

The HCAEC cells were obtained from Shanghai Langkang 
Biotech, Ltd. (Shanghai, China). They were cultured in DMEM 
medium supplemented with 15% fetal bovine serum and en-
dothelial cell growth factor and kept in an incubator at 37°C 
and 5% CO2. The study was approved by the Ethics Committee 
of Inner Mongolia Medical University (number YKD2016063).

For TNF-a stimulation, cells were treated with 2.5 μg/l, 5 μg/l, 
and 10 μg/l of TNF-a for 2 h, 6 h, and 10 h, respectively. For 
IL-10 stimulation, cells were incubated with 10 μg/l, 100 μg/l, 
and 200 μg/l of IL-10 for 5 h, 10 h, and 15 h, respectively. The 
cells without TNF-a or IL-10 treatment were used as nega-
tive controls.

RNA interference

According to different treatments, cells were divided into a con-
trol group (without treatment), a TNF-a group, a TNF-a+siRNA 
group, and a siRNA group. Cells in the TNF-a group were treat-
ed with 2.5 μg/l TNF-a for 6 h. Cells in the siRNA group were 
transfected with siRNA of TNF-a receptor. In the TNF-a+siRNA 
group, cells were first treated with siRNA of TNF-a receptor 
and then with 2.5 μg/l TNF-a for 6 h. After treatment, the cells 
were incubated at 37°C for 24 h.

ELISA

The supernatants were collected as the samples. The levels 
of CD31 and ICAM-1 were determined with a quantitative 
sandwich enzyme immunoassay technique according to the 
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manufacturer’s instructions (Flarebio, Wuhan, China). HRP-
labeled goat anti-rabbit IgG (1: 2000) were used as the sec-
ondary antibody. The absorbance value at 450 nm wavelength 
was read with a microplate reader (Multiskan MK-3, Finland).

Western blotting

Cells were harvested and total protein was isolated. Protein con-
centration was measured by a BCA protein assay kit (Beyotime, 
Nanjing, China). Then, proteins were electrophoresed on 12% 
SDS-PAGE and transferred to a PVDF membrane. Membranes 

were blocked with blocking buffer (Thermo Scientific, Waltham, 
USA) for 1 h at room temperature and then incubated with 
primary antibodies against ICAM-1 and b-actin (Protein Tech, 
Chicago, USA) overnight at 4°C. After rinsing with PBS, mem-
branes were incubated with the corresponding secondary an-
tibodies (Protein Tech, Chicago, USA) for 1 h at room temper-
ature. Finally, the antibody-bound proteins were detected by 
use of an ECL Western blot detection kit (Santa Cruz, CA, USA). 
The densities of protein bands were measured using Image J 
software. The relative expression of ICAM-1 was expressed by 
the ratio of ICAM-1 to b-actin protein.

Real-time PCR

Total RNA was isolated by Trizol method. RNA was reverse-
transcribed into cDNA using the TIANscript RT Kit (TIANGEN, 
Beijing, China). Real-time PCR assays were performed to de-
tect the expression levels of ICAM-1 mRNA and CD31 mRNA. 
GADPH was used as an internal control. Primers used in this 
study were designed using ABI real-time fluorescence quan-
titative PCR software and are shown in Table 1. The 2(–DDCT) 
method was used to calculate the relative expression levels of 
ICAM-1 and CD31 mRNA. Briefly, the DCt value for each sample 
was calculated according to the equation: DCt [Ct (sample)–Ct 

Name Sequence (5’ to 3’)

GAPDH-F GAGTCAACGGATTTGGTCGT

GAPDH-R TTGATTTTGGAGGGATCTCG

ICAM-1-F TGGGCAAGAACCTTACCCTACG

ICAM-1-R TTCAGTGCGGCACGAGAAATT

CD31-F CATGGTGGAGCACAGTGGCA

CD31-R TGGGATGGAGCAGGACAGGTT

Table 1. Primers used in this study.
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Figure 1.  Effect of human TNF-a on ICAM-1 in HCAEC. (A–C) The level of ICAM was detected after treatment with different 
concentrations of TNF-a for indicated times. The ICAM-1 mRNA level (A), protein expression in membrane (B), and in the 
supernatant (C) were detected by qRT-PCR, Western Blot, and ELISA, respectively. The concentrations of TNF-a are labeled 
on the right. (D–F) The level of ICAM was detected after treatment with TNF-a and TNF-aR siRNA. The ICAM-1 mRNA level 
(D), protein expression in membrane (E), and in the supernatant (F) were detected by qRT-PCR, Western blot, and ELISA, 
respectively. Normal Group, cells without treatment; TNF-a, cells were treated with 2.5 μg/l TNF-a for 6 h; siRNA, cells were 
transfected with siRNA of TNF-a receptor; TNF-a+siRNA, cells were first transfected with siRNA of TNF-a receptor and then 
with 2.5 μg/l TNF-a for 6 h; * P<0.05 compared with the normal group; & P<0.05 compared with the siRNA group; # P<0.05 
compared with siRNA+TNF-a group.
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(input)]. Next, the DDCt was calculated by DDCt=DCt (sample)–
DCt (control). Finally, fold difference between sample and con-
trol was calculated as 2(–DDCt).

Statistical analysis

All results are expressed as mean ±SD, and statistical analysis 
was performed using SPSS statistical software (version 13.0). 
To compare the same measurement indexes between groups, 
one-way ANOVA was used if the measured data were normal-
ly distributed and the variance between groups was homoge-
neous. The rank sum test was used if the distribution was not 
normal or the variance was not homogeneous. A P value less 
than 0.05 was considered as statistically significant.

Results

Effect of human TNF-a on ICAM-1 in HCAEC

To investigate the proinflammatory effect of TNF-a on coro-
nary artery endothelial cells, HCAEC was treated with different 
concentrations of TNF-a for different times. The ICAM-1 mRNA 
was detected by qRT-PCR. ICAM protein level was detected by 
Western blot and ELISA. Compared with control, TNF-a signif-
icantly increased the mRNA (Figure 1A) and protein expres-
sion of ICAM-1 (Figure 1B, 1C) (P<0.05); the optimal concen-
tration of TNF-a was 2.5 μg/l and the optimal treatment time 
was 6 h. However, after blocking TNF-aR expression by siR-
NA, the effect of TNF-a on the mRNA (Figure 1D) and protein 
expression of ICAM-1 (Figure 1E, 1F) was abolished. These re-
sults indicate that TNF-a can induce the increase of ICAM-1 
in HCAEC cells.
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Figure 2.  Effect of human TNF-a on CD31 in HCAEC. (A, B) The level of CD31 was detected after treatment with different 
concentrations of TNF-a for indicated times. The CD31 mRNA level (A) and protein expression in the supernatant (B) were 
detected by qRT-PCR and ELISA, respectively. The concentrations of TNF-a is labeled on the right. (C, D) The level of ICAM 
was detected after treatment with TNF-a and TNF-aR siRNA. The CD31 mRNA level (C) and protein expression in the 
supernatant (D) were detected by qRT-PCR and ELISA, respectively. Normal group, cells without treatment; TNF-a, cells were 
treated with 2.5 μg/l TNF-a for 6 h; siRNA, cells were transfected with siRNA of TNF-a receptor; TNF-a+siRNA, cells were 
first transfected with siRNA of TNF-a receptor and then with 2.5 μg/l TNF-a for 6 h; * P<0.05 compared with normal group; 
& P<0.05 compared with siRNA group; # P<0.05 compared with siRNA+TNF-a group.
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Effect of human TNF-a on CD31 in HCAEC

To determine the effect of TNF-a on CD31, qRT-PCR and ELISA 
were performed to detect the mRNA and protein level of CD31, 
respectively. As shown in Figure 2A, the effect of TNF-a on 
CD31 mRNA was not significant (P>0.05). TNF-a significantly 
decreased CD31 protein in the culture supernatant (P<0.05), 
and treatment with 5 μg/l TNF-a for 6 h had the most obvious 
effect (Figure 2B). RNAi of TNF-aR had no statistically signif-
icant effect on the blocking effect of TNF-a on the mRNA ex-
pression and protein expression of CD31 (Figure 2C, 2D). These 
results indicate that TNF-a can inhibit the CD31 protein lev-
el in the supernatant, but has no obvious influence on mRNA 
level of CD31 in HCAEC.

Effect of human IL-10 on ICAM-1 in HCAEC

To investigate the inhibitory effect of IL-10 on coronary ar-
tery endothelial cells, HCAECs were was treated with different 

concentrations of IL-10 for different times. The ICAM-1 mRNA 
was detected by PCR and ICAM-1 protein was measured by 
Western blot and ELISA. Compared with control, IL-10 increased 
the mRNA expression of ICAM-1 (Figure 3A). IL-10 significantly 
decreased the ICAM-1 protein level in cells and in the super-
natant (P<0.05, Figure 3B, 3C). The optimal concentration of 
IL-10 was 100 μg/L and the optimal treatment time was 10 h.

Effect of human IL-10 on CD31 in HCAECs

The effect of IL-10 on CD31 expression was measured by qRT-
PCR and ELISA, respectively. Compared with control, 100 and 
200 μg/l of IL-10 increased the mRNA expression and the pro-
tein expression of CD31 (Figure 4A, 4B), and the effect on mRNA 
was significant (P>0.05). These results demonstrate that IL-10 
can inhibit inflammation by increasing the expression of CD31.
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Figure 4.  Effect of human IL-10 on CD31 in HCAEC. The level of CD31 was detected after treatment with different concentrations of 
IL-10 for indicated times. The CD31 mRNA level (A) and protein expression in the supernatant (B) were detected by qRT-PCR 
and ELISA, respectively. The concentrations of IL-10 are labeled on the right. Cells were treated with different concentrations 
of IL-10 for indicated times. * P<0.05 compared with normal group.
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Figure 3.  Effect of human IL-10 on ICAM-1 in HCAEC. The level of ICAM was detected after treatment with different concentrations 
of IL-10 for indicated times. The ICAM-1 mRNA level (A), the ICAM-1 protein expression in membrane (B), and in the 
supernatant (C) were detected by qRT-PCR, Western blot, and ELISA, respectively. The concentrations of IL-10 are labeled on 
the right. * P<0.05 compared with normal group.
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Discussion

AS is the most common and important vascular disease; it 
can involve the coronary artery, carotid artery, and other ar-
teries [21–23]. It is reported that TNF-a can positively regulate 
the expression of ICAM-1 in a dose- and time-dependent man-
ner [24,25]. In the present study, we found that TNF-a showed 
an inducible effect on mRNA and protein levels of ICAM-1 in a 
time-dependent manner. After TNF-a stimulation, ICAM-1 on 
endothelial cells and leukocytes was increased, which thereby 
increases the adhesion between leukocytes and the vascular 
endothelium, mediates the inflammatory response, and thus 
promotes the process of AS [26]. RNAi of TNF-aR blocked the 
effect of TNF-a on ICAM-1, indicating that TNF-aR mediates 
the effect of TNF-a on ICAM-1 expression.

In this study, we found that TNF-a decreased the expression 
of CD31 protein. CD31 is highly expressed in all vascular endo-
thelial cells of mature individuals, mainly located in the junc-
tion of endothelial cells, and is involved in the maintenance 
of structural integrity of vascular endothelial cell monolayers. 
Under physiological conditions, CD31 supports endothelial bar-
rier function [27]. In atherosclerotic vasculitis, the function of 
CD31 is stimulated by proinflammatory cytokines and adhe-
sion factors [28]. In inflammatory atherosclerosis, the expres-
sion of CD31 is decreased and its function is impaired, which 
impairs the barrier function of endothelial cells [29]. Therefore, 
we hypothesized that the decrease in CD31 reduces the bar-
rier function of endothelial cells and results in increased ad-
hesion of leukocytes and reduced vascular integrity, thus pro-
moting inflammation and the formation of arterial plaques. 
Furthermore, RNAi of TNF-aR does not significantly affect the 
inhibitory effect of TNF-a on CD31, suggesting that TNF-aR 
does not mediate the effect of TNF-a on CD31.

Our study showed that IL-10 increased the mRNA level of ICAM-
1 in HCAEC but decreased the protein expression of ICAM-1, 
and the effect was correlated with treatment time and IL-10 
concentration. This suggests that IL-10 has a positive effect 
on ICAM-1 transcription, but has an inhibitory effect on the 

protein expression of ICAM-1, suggesting that the inhibito-
ry effect of IL-10 on inflammation is mediated by the pro-
tein level of ICAM-1. A study has also shown [30] that IL-10 
inhibits inflammation at low concentrations and short dura-
tion, and promotes inflammation at high concentrations and 
long durations, which is consistent with the effect of IL-10 on 
the level of ICAM-1 protein. The expression and regulation of 
ICAM-1 may have a certain time delay [31], which is consis-
tent with our results.

Our results also showed that IL-10 increased the mRNA level of 
CD31, but the effect was not significant. IL-10 significantly in-
creased the protein expression of CD31, suggesting that IL-10 
enhances the barrier function of endothelial cells and inhibits 
AS by up-regulating CD31, resulting in increased neutrophils 
and decreased adhesion of other leukocytes to endothelial cells. 
Therefore, it enhances vascular integrity, reduces movement 
of white blood cells into the intima medium, delays the de-
velopment of inflammation, and prevents atherosclerosis [32].

Our study has several limitations. First, only mechanism re-
search was conducted in this study. Second, the combined 
effects of TNF-a and IL-10 were not investigated. Third, the 
other downstream targets of TNF-a and IL-10 were not ana-
lyzed. Future studies, such as functional studies of TNF-a and 
IL-10, are warranted.

Conclusions

We found that TNF-a promotes the mRNA and protein expres-
sion of ICAM-1 through TNF-aR. TNF-a inhibits the protein level 
of CD31. This inhibitory effect on CD31 is not through TNF-aR. 
The effects of TNF-a on ICAM-1 and CD-31 may further play a 
positive role in promoting AS. IL-10 inhibits the expression of 
ICAM-1, promotes CD31 expression, and inhibits inflammation.
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