
Am J Transl Res 2021;13(3):1422-1431
www.ajtr.org /ISSN:1943-8141/AJTR0121073

Original Article
STAT5 inhibitor attenuates atherosclerosis via inhibition 
of inflammation: the role of STAT5 in atherosclerosis

Xiaodong Wang1,3*, Xiaoji Ding2,4*, Jin Yan3, Ziying Lu3, Haoyang Cao3, Xiaolong Ni3, Yin Ying2,4

1Sino-German Joint Research Center of Vascular Surgery, Zhejiang Academy of Traditional Chinese Medicine, 
Hangzhou 310012, Zhejiang, China; 2Department of Pharmacy, Zhejiang Academy of Traditional Chinese 
Medicine, Hangzhou 310012, Zhejiang, China; 3Department of Vascular Surgery, Tongde Hospital of Zhejiang 
Province, Hangzhou 310012, Zhejiang, China; 4Department of Pharmacy, Tongde Hospital of Zhejiang Province, 
Hangzhou 310012, Zhejiang, China. *Equal contributors.

Received August 25, 2020; Accepted December 11, 2020; Epub March 15, 2021; Published March 30, 2021

Abstract: Atherosclerosis is a chronic inflammatory disease driven by lipids, which occurs preferentially in the 
branches or curved areas of the middle and large arteries, contributing to increased morbidity and mortality of 
cardiovascular disease. Recently, it has been reported that STAT5 and its regulated immune response are closely 
related to non-tumor diseases. However, the role of STAT5 in the development of atherosclerosis remains unknown. 
In this study, atherosclerosis was induced by high-fat diet (HFD) in ApoE-/- mice, and STAT5-IN-1, a STAT5 inhibitor, 
was orally given. Macrophages stimulated by oxLDL were used as cell models in vitro. The effects of STAT5-IN-1 in 
ApoE-/- mice induced by HFD were assessed, and the underlying mechanisms were investigated by siRNA-induced 
gene silencing. The results revealed that treatment with STAT5 inhibitor significantly attenuated atherosclerosis in 
ApoE-/- mice induced by HFD via decreasing inflammation. Furthermore, it was demonstrated that inhibiting STAT5 
could decrease oxLDL-induced inflammation. In summary, STAT5-IN-1 may be a potential drug for the treatment of 
atherosclerosis, and targeting STAT5 has the ability to be a potential therapeutic strategy for reducing atheroscle-
rosis.
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Introduction

According to the American Heart Association’s 
2018 Heart Disease and Stroke Statistics re- 
port, there are 17.9 million annual death cases 
related to cardiovascular diseases, including 
atherosclerosis (AS), cardiac failure, cardiac 
hypertrophy, hypertension, stroke, peripheral 
artery disease, valvular heart disease, etc. And 
it is estimated that this number will continue to 
increase and reach 23.8 million by the year of 
2030 [1]. AS is a chronic inflammatory disease 
driven by lipids, which develops preferentially in 
the branches or curved areas of the middle and 
large arteries, contributing to increased mor-
bidity and mortality of cardiovascular diseases 
[2]. At the beginning of AS, lipids are trapped in 
the arterial endothelium, causing endothelial 
cells to activate and release trend factors to 
collect monocytes [3]. In lesions, inflammatory 

cells (including macrophages, T cells and den-
dritic cells) release pro-inflammatory cytokines 
and arachidonic acid, thereby promoting inflam-
matory response [4, 5]. The environment of per-
sistent inflammatory stimulation leads to pla- 
que necrosis and further expansion of inflam-
matory response [6-8]. Therefore, inflammatory 
response is an important pathological process 
of AS, and inhibition of inflammatory response 
has been considered as an important approach 
to treating AS.

Signal transducer and activators of transcrip-
tion (STATs) family are capable of binding to spe-
cific peptides containing phosphorylated tyro-
sine. The phosphorylation of STAT is often suc-
ceeded by its polymerization into a transcrip-
tion activator, which is activated as a homodi-
mer or heterodimer. This enables STAT to enter 
the nucleus to bind to a specific site of the tar-
get gene promoter sequence to promote its 
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transcription. STAT5, a member of the STATs 
family, can be activated by JAK (Janus kinase), 
transferred to the nucleus, stimulate the tran-
scription of downstream IFNs genes, and medi-
ate the immune response [9, 10]. Phospho- 
rylation and expression of STAT5 is closely 
related to inflammation and a variety of tumors 
[11-13], which has important clinical research 
significance. In addition, STAT5 is also involved 
in non-tumor diseases. It has been reported 
that the IL-7/STAT5 axis promotes the genera-
tion of Th cells that produce GM-CSF/IL-3, and 
that the loss of function mainly mediates auto-
immune neuritis [9]. A mounting body of evi-
dence suggests that the Akt/STAT5 signaling 
pathway can affect the immune function of T 
cells by regulating glycolysis and glycosylation 
phosphorylation [14]. Moreover, liver specific 
knockout STAT5 attenuated liver inflammation 
and fibrosis in lithogenic diet-induced mice 
without affecting gallstones [15]. These above 
studies showed that STAT5 and its regulated 
immune response are closely related to non-
tumor diseases. However, it is not clear wheth-
er STAT5 and its regulated immune response 
have an important role to play in AS. 

In the current study, we intend to ascertain the 
therapeutic effects of STAT5 inhibitor on ath-
erosclerotic therapy for ApoE-/- mice fed with 
HFD and clarify the underlying mechanisms. 
Our results demonstrated that treatment wi- 
th STAT5 inhibitor could contribute to the atten-
uation of atherosclerosis in ApoE-/- mice in- 
duced by HFD, thus suppressing inflammatory 
response. In addition, the results suggest a 
close link between the beneficial effects of 
STAT5 and its ability to suppress inflammatory 
response. In summary, this study indicates that 
STAT5 could be a potential therapeutic target 
for treating atherosclerosis.

Materials and methods

Reagents and cell culture

STAT5-IN-1 was obtained from Selleck Che- 
micals (Houston, Texas, USA) and oxLDL were 

cellulose (CMC-Na). p-STAT5, STAT5 and TNF-α 
primary antibody were obtained from Cell 
Signaling (Danvers, MA, USA). α-Tubulin and 
β-actin primary antibody were obtained from 
Proteintech Group (Rosemont, IL, USA). The 
mouse tumor necrosis factor alpha (TNF-α) and 
interleukin-6 (IL-6) ELISA kits were procured 
from eBioScience (San Diego, CA).

siRNA-induced gene silencing

Gene silencing of the cells was performed wi- 
th specific siRNA sequences. Mouse speci- 
fic STAT5 siRNA sequences (sense sequen- 
ce: 5’-GCCAGAUGCAAGUGUUGUATT-3’; anti-
sense sequence: 5’-UACAACAUUGCAUCUGG- 
CTT-3’) were procured from Gene Pharma Co. 
LTD. (Shanghai, China). LipofectAMINE™ 3000 
(Invitrogen, Carlsbad, CA) was utilized to trans-
fect siRNA into macrophage, with the transfec-
tion procedure implemented in accordance 
with manufacturer’s operating procedures.

Real-time quantitative PCR

In accordance with manufacturer’s operating 
procedures, TRIZOL (Thermo Fisher, Carlsbad, 
CA) was utilized to extract total RNA from cells 
and artery tissues. The experimental process 
was referred to our previous study [16]. Table 1 
displays information about the primer sequenc-
es purchased from Thermo Fisher (Shanghai, 
China). 

Western immunoblot analysis

Solutes were isolated from cells or arterial tis-
sues using 10% SDS-PAGE, and then electro-
transferred to a nitrocellulose membrane. The 
detailed experimental process was referred to 
our previously study [16]. Compared with their 
respective control groups, they were quantita-
tively analyzed and normalized by the software 
Image J.

Enzyme-linked immunosorbent assay (ELISA)

The supernatant of culture medium was col-
lected after treatment. Then, in accordance 

Table 1. Primers used for real-time qPCR assay
Gene Species Primers (FW) Primers (RW)
TNF-α Mouse TGATCCGCGACGTGGAA ACCGCCTGGAGTTCTGGAA
IL-6 Mouse CCAAGAGGTGAGTGCTTCCC CTGTTGTTCAGACTCTCTCCCT
ICAM-1 Mouse GCCTTGGTAGAGGTGACTGAG GACCGGAGCTGAAAAGTTGTA
VCAM-1 Mouse TGCCGAGCTAAATTACACATTG CCTTGTGGAGGGATGTACAGA
β-actin Mouse CCGTGAAAAGATGACCCAGA TACGACCAGAGGCATACAG

obtained from Yiyuan bio-
technology Co., Ltd. (Gu- 
angzhou, China). For the  
in vitro experiments, the 
STAT5-IN-1 was dissolved in 
dimethyl sulfoxide (DMSO), 
and for the in vivo experi-
ments, it was dissolved in 
1% sodium carboxyl methyl-
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with ELISA kits’ operating procedures, the 
secretion levels of TNF-α and IL-6 were 
detected. 

Animals

ApoE-/- mice (male, 16-22 g, 10 weeks) were 
procured from GemPharmatech Co. Ltd (Nan- 
jing, China). All animal work was performed at 
the Animal Experiment Center of Zhejiang 
Academy of Traditional Chinese Medicine. The 
mice were subjected to a 12:12 hour light-dark 
cycle, fed with a standard rodent diet, and 
maintained at a constant room temperature. 
Prior to the study, the mice were brought into 
the laboratory for domestication for a minimum 
of three days. Protocols for mouse experiments 
were approved by the institutional review 
boards of Zhejiang Academy of Traditional 
Chinese Medicine (approval ID: KTSC075), 
Hangzhou, China.

ApoE-/- mice were randomly categorized into 
two weight-matched groups, HFD group (n=12) 
and STAT5-IN-1+HFD group (HFD+IN-1, n=12). 
Referring to previous publication [17, 18], diet 
with 0.2% cholesterol (HFD) was given for 12 
weeks and STAT5-IN-1 (10 mg/kg every other 
day) was administrated by gavage for 12 weeks. 
After the treatment, mice body weight was 
recorded weekly. Under ether anesthesia, the 
mice were euthanized under sodium pentobar-
bital anesthesia, after which their blood was 
collected. To perform gene and protein expres-
sion analysis, freeze arterial tissue by liquid 
nitrogen, and for microscopic analysis, they 
were embedded in 4% paraformaldehyde.

Histological analysis of atherosclerotic lesions

To assess the development of atherosclerosis 
in mice, the plaque lesions in aortic root and 
the entire aorta were analyzed. The heart near 
the aorta were excised and frozen by optimum 
cutting temperature compound and aortic roots 
were cut into sections. From aortic root to the 
iliac artery, the entire aorta was cut open longi-
tudinally. For analysis of the lipid accumulation, 
oil red O staining was used. The detailed experi-
mental process was referred to our previously 
study [16].

Immunofluorescence

Immunofluorescence assay was performed 
using the frozen sections. Firstly, the sections 

were sealed with 5% donkey serum albumin for 
45 minutes. Subsequently, the sections were 
subjected to incubation with p-STAT5 primary 
antibody (1:100) at 4°C. After incubation with 
p-STAT5 primary antibody for 12 h, sections 
were subjected to incubation with second anti-
body (1:500) combined with appropriate Alexa 
Fluor 488 at room temperature for 1 hour, and 
mounted with DAPI (P36935, Life Technologies). 

Determination of the serum lipid levels

The appropriate kit (Nanjing Jiancheng, Jiangsu, 
China) was utilized to measure triglycerides 
(TG), total cholesterol (TCH), high-density lipo-
protein cholesterol (HDL-C), and low-density 
lipoprotein cholesterol (LDL-C).

Statistical analysis

Data were presented as means ± SEM. To com-
pare group differences, student’s t test or anal-
ysis of variance (ANOVA) was performed using 
the software GraphPad Pro 7.0 (GraphPad, San 
Diego, CA). A statistically significant result was 
obtained at P < 0.05. 

Results

Phosphorylation of STAT5 is upregulated in 
atherosclerosis

We first evaluated the expression of phosphory-
lation of STAT5 in atherosclerosis. The results 
showed a significant increase in the phosphory-
lation levels of STAT5 in the artery tissue (Figure 
1A). Similar results were obtained in the fluo-
rescent staining experiment of aortic root 
(Figure 1B, 1C). Furthermore, the activation of 
STAT5 was tested in oxLDL-induced macro-
phage. There was a significant increase in the 
phosphorylation of STAT5 in oxLDL-stimulated 
macrophage (Figure 1D). These results indicate 
that the activation of STAT5 may contribute to 
the development and progression of AS.

Inhibiting STAT5 did not affect body weight and 
hyperlipidemia profile in HFD-fed ApoE-/- mice

To further study the role of STAT5 in AS, the 
anti-atherogenic effects of inhibiting the phos-
phorylation of STAT5 in HFD-induced ApoE-/- 
mice by STAT5-IN-1, which is a selective inhibi-
tor of STAT5 and has no significant inhibitory 
effect on other members of STATs family vali-
dated by Judith Muller [19], were observed. The 
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phosphorylation of STAT5 in arteries of ApoE-/- 
mice induced by HFD was inhibited by STAT5-
IN-1, but interesingly, the expression of STAT5 
was not changed (Figure 2A). Body weight 
increases and elevated levels of serum lipid 
were recorded in ApoE-/- mice induced by HFD, 
while no such change was recorded in HFD-fed 
ApoE-/- mice treated with STAT5 inhibitor for 12 
weeks (Figure 2B) either in body weight, or in 
the levels of serum LDL-C (Figure 2C), HDL-C 
(Figure 2D), TCH (Figure 2E) and TG (Figure 2F), 
indicating that inhibition of STAT5 did not affect 
the hyperlipidemia profile. 

Inhibition of STAT5 prevented the development 
of atherosclerosis in ApoE-/- mice induced by 
HFD

Treatment with STAT5 inhibitor contributed to 
the reduction of the atherosclerotic lesion area 

in aortic arch (Figure 3A). Oil red O staining of 
the en face showed that the atherosclerotic 
lesion area in the aorta of HFD-fed ApoE-/- mice 
was significantly increased, while that of HFD-
fed ApoE-/- mice treated with STAT5 inhibitor is 
notably smaller (Figure 3B, 3C). In addition, oil 
red O staining of aortic root showed the plaques 
areas in aortic root of mice in HFD+IN-1 group 
were significantly smaller than those in the HFD 
group (Figure 3D-F). The above results sugge- 
sted that inhibiting STAT5 protected against  
the plaque development of atherosclerosis in 
HFD-fed ApoE-/- mice.

STAT5 inhibitor inhibited inflammation in ath-
erosclerotic aortas

Then we attempted to clarify the effect of STAT5 
in inflammation of atherosclerotic aortas. As 
shown in Figure 4A-D, there was a marked 

Figure 1. Phosphorylation of STAT5 is upregulated in atherosclerosis. A. Western blotting showed that p-STAT5 
level in artery tissues of ApoE-/- mice was increased by HFD. B, C. Immunofluorescence staining showed that HFD 
increased p-STAT5 immunoreactivity in the aortic root of ApoE-/- mice. D. Western blotting showed that stimulation 
with oxLDL significantly induced p-STAT5. (n=6 in each group; *P < 0.05, **P < 0.01, ***P < 0.001, vs. Control).
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decrease in the mRNA levels of ICAM-1, VCAM-
1, TNF-α, and IL-6 in atherosclerotic aortas of 
HFD-fed mice treated with STAT5 inhibitor. In 
addition, the protein levels of TNF-α and IL-6 
were reduced by STAT5 inhibitor (Figure 4E, 
4F). These indicated that inhibiting STAT5 re- 
duced inflammation in atherosclerotic aortas.

Inhibiting STAT5 suppressed foam cell format-
ting and inflammation in oxLDL-stimulated 
macrophages 

Based on the finding that inhibition of STAT5 
could decrease inflammation in ApoE-/- mice 
induced by HFD and that there is a close rela-
tionship between inflammatory atheroscle- 
rosis and macrophages, the effects of STAT5 
on oxLDL-stimulated inflammation of macro-
phages were investigated. Firstly, oxLDL in- 
duced the phosphosylation of STAT5 in macro-
phages, while the phosphosylation of STAT5 
was decreased by STAT5 inhibitor (Figure 5A). 
As shown in Figure 5B, oxLDL induced macro-
phage to format foam cell, but treatment with 
STAT5 inhibitor suppressed oxLDL-induced 
foam cell formatting. Then, oxLDL led to an 

increase in the protein secretion and the mRNA 
levels of IL-6 and TNF-α, while these changes 
were reversed by STAT5 inhibitor (Figure 5C-F). 
Through real-time qPCR assay, the results fur-
ther demonstrated that STAT5 inhibitor led to a 
decrease in the mRNA levels of VCAM-1 and 
ICAM-1 in oxLDL-stimulated macrophages 
(Figure 5G, 5H). Moreover, in oxLDL-stimulated 
macrophages, the protein level of TNF-α were 
reduced by STAT5-IN-1 (Figure 5I). Next, we 
knocked down STAT5 expression before expos-
ing them to oxLDL. In contrast to the untreated 
group, the protein expression of STAT5 was 
reduced by over 70% by transfecting specific 
STAT5 siRNA (Figure 6A). In STAT5-knockdown 
macrophages, exposure to oxLDL did not 
induce foam cell formatting (Figure 6B), raise 
the secretion levels of IL-6 and TNF-α (Figure 
6C, 6D) and the mRNA expression of ICAM-1, 
VCAM-1, IL-6 and TNF-α (Figure 6E-H). Fur- 
thermore, in oxLDL-stimulated macrophages, 
the protein level of TNF-α were reduced by 
knocking down STAT5 expression (Figure 6I). 
These results suggested that inhibiting STAT5 
could serve as a suppressor of oxLDL-induced 
inflammation.

Figure 2. Inhibiting STAT5 did not affect body weight or hyperlipidemia profile in HFD-fed ApoE-/- mice. (A) Western 
blotting showed that p-STAT5 level in artery tissues of ApoE-/- mice induced by HFD was decreased by STAT5-IN-1. 
(B-E) STAT5-IN-1 failed to alter HFD-induced body weight changes (B) and serum lipid levels (C-F). (n=12 in each 
group; ns, no significance, vs. HFD).
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Figure 3. Inhibition of STAT5 prevented the plaque development of atherosclerosis in HFD-fed ApoE-/- mice. (A) Rep-
resentative images of aortic arch showed that atherosclerotic lesion area was reduced by STAT5-IN-1. (B) Represen-
tative images of oil red O staining of en face showed that the atherosclerosis plaque was reduced by STAT5-IN-1. (C) 
Quantitative analysis of atherosclerotic plaque lesion area in the en face. (D-F) Representative images of oil red O 
staining in aortic root showed that the accumulation of lipid was reduced by STAT5-IN-1 (D) and quantitative analysis 
(E, F). (n=6 in each group; ***P < 0.001, vs. HFD). 

Discussion and conclusion

The pathogenesis of atherosclerosis is complex 
and diverse, and up to now, the molecular 
mechanism of atherosclerosis has not been 
clarified. Thus, it has become the top priority of 
clinical and basic research to find therapeutic 
targets and potential drugs for atherosclerosis. 
The current study inves tigated the potential 
role of STAT5 in the development and progres-
sion of atherosclerosis in ApoE-/- mice induced 
by HFD and our study found that inhibiting 

STAT5 attenuated the development of athero-
sclerosis and arterial inflammation.  

STAT5 regulates the expression of cytokine tar-
get genes by binding to IFNγ-activated sequence 
motif. The transcriptional activation of the pro-
moter and enhancer of the target gene requires 
contact with a co-activator and synergy with 
another transcription factor. The phosphoryla-
tion of STAT5 is considered to be induced by 
cytokine receptor-associated JAKs (Figure 1B). 
In the present study, we found that STAT5 was 
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phosphorylated in oxLDL-stimulated macro-
phage. Interestingly, at 1 h after oxLDL stimula-
tion, STAT5 was phosphorylated, suggesting 
that JAKs might not be the only upstream of 
STAT5 in oxLDL-induced activation. However, 
the molecular mechanism of its activation was 
not investigated in this study. Furthermore, the 
phosphorylation level of STAT5 in the aortas 
and aortic roots of ApoE-/- mice with HFD is 
higher than that in ApoE-/- mice fed with a nor-
mal diet (Figure 1A and 1C). The aforemen-
tioned findings indicated that STAT5 might be 
closely linked with the occurrence and progres-
sion of atherosclerosis. And the in vivo experi-
ment results showed that the lesion area in 
aortic root and en face in STAT5 inhibitor-treat-
ed group was smaller than that in HFD group 
(Figure 3) and that STAT5 inhibitor did not 
induce any change either in mice body weight 
or in their serum lipid levels (Figure 2), confirm-
ing that STAT5 is implicated in the occurrence 
and progression of atherosclerosis. In the in 
vitro experiment, the results showed that inhib-
iting STAT5 by inhibitor or siRNA suppressed 
oxLDL-induced foam cell formatting, which is 
consistent with the in vivo results. The above 
findings provide compelling evidence that 

STAT5 might be the target for treating 
atherosclerosis.

Inflammation is present throughout every stage 
of the development of atherosclerosis [20]. The 
in vivo experiment results showed that the 
mRNA expressions of ICAM-1, VCAM-1, IL-6, 
and TNF-α and the protein levels of IL-6 and 
TNF-α in aorta were reduced by treatment with 
the STAT5 inhibitor (Figure 4). And in agree-
ment with the in vivo experiment, the mRNA 
and protein secretion levels of IL-6 and TNF-α 
and the mRNA levels of ICAM-1 and VCAM-1 in 
oxLDL-stimulated macrophage were also 
reduced by treatment with the STAT5 inhibitor 
or genetic knockdown (Figures 5 and 6), sug-
gesting that STAT5-regulated inflammation is 
implicated in the occurrence and progression 
of atherosclerosis.

Drug interventions, including statins, inhibitors, 
nicotinic acid, and calcium channel blockers, 
could prevent the development of atherosclero-
sis by targeting reactive oxygen species (ROS) 
and inflammation. However, the therapeutic 
effects of these drugs in the clinic are still lim-
ited, and targeted therapy offers a promising 

Figure 4. STAT5 inhibitor inhibited inflammation 
in atherosclerotic aortas. (A-D) The mRNA levels 
of ICAM-1 (A), VCAM-1 (B), IL-6 (C), and TNF-α 
(D) were detected by RT-qPCR. (E, F) The protein 
levels of TNF-α (E) and IL-6 (F) in arterial tissues 
were detected by ELISA. (n=6 in each group; *P 
< 0.05, **P < 0.01, ns, no significance, vs. HFD 
group).
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Figure 5. STAT5 inhibitor suppressed foam cell formatting and inflammation in oxLDL-stimulated macrophages. (A) Macrophages were pretreated with STAT5-IN-1 
(10 μM) or vehicle (DMSO, 1 μL) for 1 h and then stimulated with oxLDL (100 µg/mL) for 1 h. The foam cell formatting was observed by oil red O staining. The 
phosphorylation of STAT5 in macrophages was detected by western blotting. (B) Representative images of oil red O staining showed that STAT5-IN-1 inhibited oxLDL-
induced foam cell formatting. Macrophages were pretreated with STAT5-IN-1 (10 μM) or vehicle (DMSO, 1 μL) for 1 h and then stimulated with oxLDL (100 µg/mL) 
for 24 h. The foam cell formatting was observed by oil red O staining. (C, D) STAT5-IN-1 decreased the secretion levels of inflammatory factors in oxLDL-induced 
macrophages. Pretreating with STAT5-IN-1 (10 μM) or vehicle (DMSO, 1 μL) for 1 h, Macrophages were stimulated with oxLDL (50 µg/mL) for 24 h. ELISA was used 
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alternative in treating atherosclerosis. The 
results of this study suggest that STAT5 activa-
tion could contribute to the occurrence and pro-
gression of atherosclerosis. However, we failed 
to report how STAT5 is activated in atheroscle-

rosis. It was found that STAT5-regulated inflam-
matory response could promote the develop-
ment of atherosclerosis. To sum up, targeting 
STAT5 might be a potential therapeutic strategy 
to prevent atherosclerosis.

to measure the levels of IL-6 (C) and TNF-α (D). (E-H) STAT5-IN-1 reduced the mRNA levels of IL-6, TNF-α, VCAM-1 and 
ICAM-1 in oxLDL-induced macrophages. Pretreated with STAT5-IN-1 (10 μM) or vehicle (DMSO, 1 μL) for 1 h, Mac-
rophages were stimulated with oxLDL (50 µg/mL) for 6 h. The mRNA expressions of IL-6 (E), TNF-α (F), VCAM-1 (G) 
and ICAM-1 (H) were detected by RT-qPCR. (I) STAT5-IN-1 reduced the protein expression of TNF-α in oxLDL-induced 
macrophages. Pretreated with STAT5-IN-1 (10 μM) or vehicle (DMSO, 1 μL) for 1 h, Macrophages were stimulated 
with oxLDL (50 µg/mL) for 24 h and then the total protein was collected. The expression of TNF-α was detected 
by western blot. (Bars represent the mean ± SEM of three independent experiments; #P < 0.05, ##P < 0.01, ###P < 
0.001, vs. vehicle group; *P < 0.05, **P < 0.01, ***P < 0.001, vs. oxLDL group).

Figure 6. Knockdown of STAT5 by siRNA suppressed foam cell formatting and inflammation in oxLDL-stimulated 
macrophages. Primary macrophages were transfected with mouse specific STAT5 siRNA. (A) Western blotting for the 
expression of STAT5. (Bars represent the mean ± SEM of three independent experiments; **P < 0.01, vs. vehicle 
group). (B) Representative images of oil red O staining showed that STAT5 knockdown inhibited oxLDL-induced 
foam cell formatting. Macrophages were stimulated with oxLDL (100 µg/mL) for 24 h. The foam cell formatting was 
observed by oil red O staining. (C, D) STAT5 knockdown inhibited the decrease in the secretion levels of inflamma-
tory factors in oxLDL-induced macrophages. oxLDL (50 µg/mL) stimulated macrophages for 24 h. ELISA was used 
to measure the levels of IL-6 (C) and TNF-α (D). (E-H) STAT5 knockdown reduced the mRNA levels of IL-6, TNF-α, 
VCAM-1 and ICAM-1 in oxLDL-induced macrophages. oxLDL (50 µg/mL) stimulated macrophages for 6 h. The mRNA 
levels of IL-6 (E), TNF-α (F), VCAM-1 (G) and ICAM-1 (H) were detected by RT-qPCR. (I) STAT5 knockdown inhibited 
the decrease in the protein expression of TNF-α in oxLDL-induced macrophages. oxLDL (50 µg/mL) stimulated mac-
rophages for 24 h and then the total protein was collected. The expression of TNF-α was detected by western blot. 
(Bars represent the mean ± SEM of three independent experiments; ##P < 0.01, ###P < 0.001, vs. vehicle group; *P 
< 0.05, **P < 0.01, ***P < 0.001, vs. oxLDL group).
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