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Abstract: Angiopoietin-like 2 (ANGPTL2) is a member of ANGPTL family and plays important roles in various inflam-
matory diseases, tumorigenesis and fibrosis. However, the role of ANGPTL2 in cardiac fibrosis remains unclear. 
Thus, the objective of this study was to investigate the role of ANGPTL2 in cardiac fibrosis. Cardiac fibroblasts (CFs) 
were treated with TGF-β1 for different times. The expression of ANGPTL2 was detected by qRT-qPCR and western 
blot. In addition, CFs were transfected with si-ANGPTL2 or scramble and then stimulated with 10 ng/ml TGF-β1. 
Cell proliferation was determined by the colony formation assay. The expression of α-SMA, collagen I, p-Smad3 and 
Smad3 was analyzed by western blot. Our results demonstrated for the first time that ANGPTL2 mRNA and protein 
levels were significantly up-regulated in transforming growth factor beta 1 (TGF-β1)-stimulated CFs. In addition, 
knockdown of ANGPTL2 inhibited cell proliferation and ECM expression in TGF-β1-stimulated CFs. Further mecha-
nism study indicated that knockdown of ANGPTL2 significantly inhibited the TGF-β1-induced p-Smad3 in CFs. In 
conclusion, this study showed that knockdown of ANGPTL2 inhibited cell proliferation and ECM expression in TGF-
β1-stimulated CFs through interfering with TGF-β1/Smad3 signaling pathway. Thus, ANGPTL2 may be a potential 
therapeutic target for cardiac fibrosis.
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Introduction

Cardiac fibrosis is an important pathological 
feature of cardiac remodeling associated with 
various heart diseases, including hypertension, 
myocardial infarction, and heart failure. It is 
characterized by excessive proliferation of car-
diac fibroblasts (CFs) and abundant deposition 
of extracellular matrix (ECM) [1]. Although sig-
nificant therapeutic progress has been made in 
the past years [2-4], the mechanism underlying 
cardiac fibrosis remains elusive. CFs, the most 
prevalent cell type in the heart, play a central 
role in the development of cardiac fibrosis [5]. 
In response to transforming growth factor beta 
1 (TGF-β1), these cells can transform to myofi-
broblast and contribute to cardiac fibrosis [6, 
7]. Thus, suppressing myofibroblast differentia-
tion may be an effective strategy to alleviate 
cardiac fibrosis.

Angiopoietin-like (ANGPTL) proteins are struc-
turally similar to the angiopoietin family pro-
teins which contain both N-terminal coiled-coil 
domain and C-terminal fibrinogen like domain 

[8]. ANGPTL2 is a member of ANGPTL family 
and plays important roles in various inflamma-
tory diseases and tumorigenesis [9-11]. It has 
been reported that knockdown of ANGPTL2 
expression decreased the proliferative, migra-
tion and invasive capacity in human esopha-
geal cancer cells [12]. In addition, ANGPTL2 
was found to be involved in fibrosis. A study by 
Morinaga et al. reported that the expression of 
ANGPTL2 was significantly up-regulated in renal 
tubule epithelial cells during progression of 
renal fibrosis, and ANGPTL2 deficiency obvious 
reduced renal fibrosis in a mouse unilateral ure-
teral obstruction model [13]. However, the role 
of ANGPTL2 in cardiac fibrosis remains unclear. 
Thus, the objective of this study was to investi-
gate the role of ANGPTL2 in cardiac fibrosis. 

Materials and methods

Cell culture

This study was performed with approval from 
the Animal Ethics Committee of Cixi People’s 
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Hospital (China). Cardiac fibroblasts (CFs) were 
harvested from SD neonate rats and routinely 
cultured in Dulbecco’s modified Eagle’s medi-
um supplemented with 10% fetal bovine serum 
(FBS; Sigma, St. Louis, MO, USA), 100 U/ml 
penicillin and 100 U/ml streptomycin (Sigma) at 
37°C in a humidified incubator.

RNA interference and cell transfection

Small interfering RNA targeting ANGPTL2 (si-
ANGPTL2) and non-targeting scrambled siRNA 
(scramble) were designed and synthesized by 
GenePharma (Shanghai, China). CFs were cul-
tured to 80% confluence and transfected with 
(si-ANGPTL2) or scramble using Lipofectam- 
ine™RNAiMAX (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’ sinstructions. 

The efficiency of transfection was verified by 
RT-PCR and western blot.

Colony formation assay

The transfected CFs (1×104 cells/well) were 
seeded into six-well plates. Two weeks later, 
colonies were fixed with 4% paraformaldehyde 
(Sigma) and stained with crystal violet (Sigma) 
for 30 min. The number of colonies with diam-
eter more than 1.5 mm was counted.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from CFs using Trizol 
reagent (Takara Biotechnology, Dalian, China)
and reverse-transcribed to complementary 
DNA (cDNA) using the Transcriptor First Strand 
cDNA Synthesis Kit (Invitrogen). The specific 
primers for ANGPTL2 were forward, 5’-GAAGC- 
ATGAAGCCCTGCTC-3’ and reverse, 5’-CAGCAG- 
TCCAAGCCACCAGTA-3’; and β-actin forward, 5’- 
GAGGCACTCTTCCAGCCTTC-3’ and reverse, 5’- 
GGATGTCCACGTCACACTTC-3’. The PCR prod-
ucts were subjected to 2% agarose gel electro-
phoresis. The relative change in gene expres-
sion was calculated using the 2-ΔCt method 
and standardized to the expression of β-actin.

Western blot

Total proteins were extracted using RIPA lysis 
buffer (Beyotime, Jiangsu, China), and the pro-
tein concentration was determined by BCA pro-
tein assay kit (Pierce, Rockford, USA). Equal 
amounts of proteins (30 μg per lane) were sep-
arated by sodium dodecyl sulfate polyacrylam- 
ide gel electrophoresis (SDS-PAGE) on a 12% 
gel, transferred to a PVDF membrane (Millipore, 
Bedford, MA, USA). The membrane was blocked 
with 5% non-fat milk at room temperature for  
1 h, and incubated with primary antibodies 
(anti-ANGPTL2, anti-α-SMA, anti-collagen I, anti- 
Smad3, anti-p-Smad3 and anti-GAPDH) (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) over-
night at 4°C. After being extensively washed 
with PBS containing 0.1% Triton X-100, the 
membranes were incubated with horseradish 
peroxidase-conjugated secondary antibodies 
(Santa Cruz Biotechnology) for 30 min at room 
temperature. Finally, immune complexes were 
visualized using the enhanced chemilumines-
cence (ECL) detection system (Invitrogen, Carls- 
bad, CA, USA). Target protein levels were nor-

Figure 1. ANGPTL2 was upregulated in TGF-β1-
induced CFs. CFs were treated with 10 ng/ml TGF-β1 
for different times. A. The mRNA expression of ANG-
PTL2 was detected by qRT-qPCR. B. The protein ex-
pression of ANGPTL2 was analyzed by western blot. 
All data are shown as means ± SD and experiments 
were repeated three times. *P < 0.05 vs control.
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malized with GAPDH and quantified by Gel-Pro 
Analyzer version 4.0 software.

Immunofluorescence staining

The transfected CFs were fixed with 4% parafor-
mladehyde (Sigma) for 15 min, permeabilized 
in 0.2% Triton X-100 in PBS, blocked with 10% 
goat serum, and then stained with anti-α-SMA 
antibody for overnight, and then incubated with 
the secondary antibody, goat anti-Mouse lgG 
Alexa Fluor 488. Finally, the cells were mounted 
onto glass slides with Slow Fade Gold anti-fade 
reagent with DAPI. The number of positive cells 

induced by TGF-β1 in CFs

In order to examine the effect of ANGPTL2 on 
CF proliferation, CFs were transfected with si- 
ANGPTL2 or scramble, respectively. After trans-
fection, the expression of ANGPTL2 at both 
mRNA and protein levels was markedly decre- 
ased in CFs (Figure 2A and 2B). Then, we per-
formed the colony formation assay to detect 
the effect of ANGPTL2 on cell proliferation in 
CFs induced by TGF-β1. As indicated in Figure 
2C, TGF-β1 treatment markedly induced the 
colony formation of CFs, compared with the 
control group. However, knockdown of ANGPTL2 

Figure 2. Knockdown of ANGPTL2 inhibited cell proliferation induced by TGF-β1 
in CFs. Rat CFs were transfected with si-ANGPTL2 or scramble for 24 h, respec-
tively. The transfection efficiency was confirmed by qRT-PCR (A) and western blot 
(B). *P < 0.05 vs scramble group. (C) CFs were transfected with si-ANGPTL2 or 
scramble and then stimulated with 10 ng/ml TGF-β1 for 24 h. Cell proliferation 
was determined by the colony formation assay. All data are shown as means ± 
SD and experiments were repeated three times. *P < 0.05 vs control group, #P 
< 0.05 vs TGF-β1 + scramble group.

was counted under a quan-
titative digital image analy-
sis system (Image ProPlus).

Statistical analysis

The results were analyzed 
using SPSS 13.0 software 
(Chicago, IL, USA). Data are 
expressed as mean ± stan-
dard deviation (SD). Com- 
parisons between two gro- 
ups and among multiple 
groups were conducted by 
Student t-test and one-way 
analysis of variance (ANO- 
VA), respectively. A P value 
of < 0.05 was considered 
statistically significant.

Results

ANGPTL2 was upregulated 
in TGF-β1-induced CFs

We examined the expres-
sion of ANGPTL2 in TGF-β1-
stimulated CFs using qRT-
PCR and western blot. As 
shown in Figure 1A and  
1B, the expression of AN- 
GPTL2 at both mRNA and 
protein levels was signifi-
cantly up-regulated in CFs 
induced by TGF-β1, exhibit-
ing a time-dependent man-
ner, as compared with the 
untreated group.

Knockdown of ANGPTL2 
inhibited cell proliferation 
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efficiently suppressed TGF-β1-induced CFs pro- 
liferation.

down of ANGPTL2 significantly inhibited the 
TGF-β1-induced p-Smad3.

Figure 3. Knockdown of ANGPTL2 attenuated cardiac myofibroblast differen-
tiation and decreased the expression of α-SMA and pro-fibrotic molecules in-
duced by TGF-β1 in CFs. CFs were transfected with si-ANGPTL2 or scramble 
and then stimulated with 10 ng/ml TGF-β1 for 24 h. A. CFs are examined with 
immunofluresent staining for α-SMA. Blue dot represents the nuclear of CFs, 
red representsα-SMA protein. B. The protein expression of α-SMA and collagen 
I were analyzed by western blot. C. Quantification analysis was performed using 
Gel-Pro Analyzer version 4.0 software. All data are shown as means ± SD and 
experiments were repeated three times. *P < 0.05 vs control group, #P < 0.05 
vs TGF-β1 + scramble group.

Knockdown of ANGPTL2 
attenuated cardiac myo-
fibroblast differentiation 
and decreased the expres-
sion of α-SMA and pro-
fibrotic molecules induced 
by TGF-β1 in CFs

We examined the effect of 
ANGPTL2 knockdown on 
cardiac myofibroblast dif-
ferentiation. As shown in 
Figure 3A, knockdown of 
ANGPTL2 significantly pre-
vented cardiac myofibro-
blast differentiation. Card- 
iac fibrosis is characterized 
by the excessive deposition 
of ECM components, such 
as α-SMA and collagen I, 
thus, we investigated the 
effects of ANGPTL2 on α- 
SMA and collagen I expres-
sion in TGF-β1-stimulated 
CFs. Western blot analysis 
indicated that TGF-β1 treat-
ment significantly induced 
the protein expression of 
α-SMA and collagen I in 
CFs. However, knockdown 
of ANGPTL2 strikingly inhib-
ited the TGF-β1-inducedα-
SMA and collagen I expres-
sion in CFs (Figure 3B).

Knockdown of ANGPTL2 
attenuated TGF-β1-induced 
Smad3 phosphorylation 
in CFs

The TGF-β1/Smad3 signal-
ing pathway plays a critical 
role in the development 
and progression of cardiac 
fibrosis. Therefore, we exa- 
mined the effect of ANG- 
PTL2 on the activation of 
TGF-β1/Smad3 pathway in 
CFs. As shown in Figure 4, 
TGF-β1 treatment caused a 
marked increase in phos-
phorylated Smad3 (p-Sma- 
d3) in CFs. However, knock-



The role of ANGPTL2 in cardiac fibrosis

12002 Int J Clin Exp Med 2017;10(8):11998-12004

Discussion

In this study, we demonstrated that ANGPTL2 
mRNA and protein levels were significantly up-
regulated in TGF-β1-stimulated CFs. In addi-
tion, knockdown of ANGPTL2 inhibited cell pro-
liferation and ECM expression in TGF-β1-stimu- 
lated CFs. Further mechanism study indicated 
that knockdown of ANGPTL2 significantly inhib-
ited the TGF-β1-induced p-Smad3 in CFs.

TGF-β1 is a powerful fibrogenic that promotes 
the deposition of ECM and facilitates cardiac 
fibrosis [14]. Thus, in the current study, we 
used TGF-β1 to establish a fibrosis model in 
CFs, then investigated the role of ANGPTL2 in 
cardiac fibrosis. Our data showed that TGF-β1 
treatment induced significant expression of 
ECM in CFs. In addition, we observed that the 
expression of ANGPTL2 at both mRNA and pro-
tein levels was significantly up-regulated in CFs 
induced by TGF-β1. These results suggest that 
ANGPTL2 is involved in regulating cardiac fib- 
rosis.

Several studies demonstrated that excessive 
CFs proliferation induced cardiac fibrosis [15, 
16]. Moreover, ANGPTL2 has been shown to 
regulate the proliferation and migration of sev-
eral cell lines. Toiyama et al. confirmed that 
knockdown of ANGPTL2 significantly suppres- 
sed the proliferation, migration, and invasion of 
colorectal cancer cells [17]. Consistent with the 
previous studies, in this study, we found that 
TGF-β1 treatment markedly induced the prolif-
eration of CFs. However, knockdown of ANGP- 
TL2 efficiently suppressed TGF-β1-induced CFs 
proliferation. These results suggest that knock-
down of ANGPTL2 ameliorated cardiac fibrosis 
through suppressing CFs proliferation.

Increasing evidences have reported that ECM 
crucially contributes to the pathogenic process 
of cardiac fibrosis [18-20]. In addition, several 
reports showed that showed that TGF-β1 treat-
ment induced the expression of ECMin CFs [7, 
21]. Similarly, herein, we found that TGF-β1 
treatment significantly induced the protein 
expression of α-SMA and collagen I in cultured 
CFs. However, knockdown of ANGPTL2 strik-
ingly inhibited the TGF-β1-induced α-SMA and 
collagen I expression in CFs. These results 
imply that knockdown of ANGPTL2 can effec-
tively ameliorate cardiac fibrosis, which is at 
least partly related to the reduction of ECM 
expression in TGF-β1-stimulated CFs.

TGF-β1 signals through trans-membrane recep-
tors, which activate Smad2/3 phosphorylation: 
in turn, the Smad complex translocates into the 
nucleus where they induce the expression of 
pro-fibrotic target genes, including α-SMA and 
collagen I [22]. It has been reported that over-
expression of TGF-β in transgenic mice leads to 
cardiac fibrosis, whereas blockade of TGF-β 
with neutralizing antibodies obviously attenu-
ated cardiac fibrosis [23]. Therefore, blocking 
the TGF-β1/Smads transduction pathway may 
be a good approach to the prevention and treat-
ment of cardiac fibrosis [24-26]. In the current 
study, we observed that TGF-β1 treatment 
caused a marked increase in p-Smad3 in CFs. 
However, knockdown of ANGPTL2 significantly 
inhibited the TGF-β1-induced p-Smad3. These 
data suggest that knockdown of ANGPTL2 
inhibited cell proliferation and ECM expression 
in TGF-β1-stimulated CFs through interfering 
with TGF-β1/Smad3 signaling pathway.

In conclusion, this study demonstrated for the 
first time that knockdown of ANGPTL2 inhibited 

Figure 4. Knockdown of ANGPTL2 attenuated TGF-
β1-induced Smad3 phosphorylation in CFs. CFs were 
transfected with si-ANGPTL2 or scramble and then 
stimulated with 10 ng/ml TGF-β1 for 1 h. A. The pro-
tein expression of p-Smad3 and Smad3 were ana-
lyzed by western blot. B. Quantification analysis was 
performed using Gel-Pro Analyzer version 4.0 soft-
ware. All data are shown as means ± SD and experi-
ments were repeated three times. *P < 0.05 vs con-
trol group, #P < 0.05 vs TGF-β1 + scramble group.
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cell proliferation and ECM expression in TGF-
β1-stimulated CFs through interfering with TGF-
β1/Smad3 signaling pathway. Thus, ANGPTL2 
may be a potential therapeutic target for cardi-
ac fibrosis.

Acknowledgements

This research was funded by the Major Pro- 
gram for the Zhejiang Science and Technology 
Agency, China (Grant No. 2012C13018-1).

Disclosure of conflict of interest

None.

Address correspondence to: Lijiang Tang, Depart- 
ment of Cardiology, Zhejiang Hospital, No. 12 of 
Lingyin Road, Hangzhou 310013, China; The First 
Clinical College, Wenzhou Medical University, Wen- 
zhou 325035, China. Tel: +86-0571-87987373; 
Fax: +86-0571-87987373; E-mail: tang_lijiang@ 
163.com

References

[1] Weber KT. Fibrosis and hypertensive heart dis-
ease. Curr Opin Cardiol 2000; 15: 264-272.

[2] Sanderson JE. New treatments for myocardial 
fibrosis. Cardiovasc Drug Ther 2002; 16: 181-
182.

[3] Díez J. Diagnosis and treatment of myocardial 
fibrosis in hypertensive heart disease. Circ J 
2008; 72: A8-12.

[4] Heyn J, Hinske C, Mohnle P, Luchting B, Beiras-
Fernandez A and Kreth S. MicroRNAs as poten-
tial therapeutic agents in the treatment of 
myocardial infarction. Curr Vasc Pharmacol 
2011; 733-740.

[5] Moore-Morris T, Guimarães-Camboa N, Yutzey 
KE, Pucéat M and Evans SM. Cardiac fibro-
blasts: from development to heart failure. J 
Mol Med 2015; 93: 823-830.

[6] Brønnum H, Eskildsen T, Andersen DC, Schnei-
der M and Sheikh SP. IL-1β suppresses TGF-β-
mediated myofibroblast differentiation in car-
diac fibroblasts. Growth Factors 2013; 31: 
81-89.

[7] Lijnen PJ, Petrov VV and Fagard RH. Induction 
of cardiac fibrosis by transforming growth 
factor-β1. Mol Genet Metab 2000; 71: 418-
435.

[8] Kadomatsu T, Tabata M and Oike Y. Angiopoi-
etin-like proteins: emerging targets for treat-
ment of obesity and related metabolic diseas-
es. FEBS J 2011; 278: 559-564.

[9] Horio E, Kadomatsu T, Miyata K, Arai Y, Hoso-
kawa K, Doi Y, Ninomiya T, Horiguchi H, Endo M 
and Tabata M. Role of endothelial cell-derived 
angptl2 in vascular inflammation leading to 

endothelial dysfunction and atherosclerosis 
progression. Arterioscl Throm Vasc 2014; 34: 
790-800.

[10] Endo M, Nakano M, Kadomatsu T, Fukuhara S, 
Kuroda H, Mikami S, Hato T, Aoi J, Horiguchi H 
and Miyata K. Tumor cell-derived angiopoietin-
like protein ANGPTL2 is a critical driver of me-
tastasis. Cancer Res 2012; 72: 1784-1794.

[11] Kadomatsu T, Endo M, Miyata K, Oike Y. Di-
verse roles of ANGPTL2 in physiology and 
pathophysiology. Trends Endocrinol Metab 
2014; 25: 245-254.

[12] Ide S, Toiyama Y, Shimura T, Kawamura M, Ya-
suda H, Saigusa S, Ohi M, Tanaka K, Mohri Y 
and Kusunoki M. Angiopoietin-like protein 2 
acts as a novel biomarker for diagnosis and 
prognosis in patients with esophageal cancer. 
Ann Surg Oncol 2015; 22: 2585-2592.

[13] Morinaga J, Kadomatsu T, Miyata K, Endo M, 
Terada K, Zhe T, Sugizaki T, Tanigawa H, Zhao J 
and Zhu S. Angiopoietin-like protein 2 increas-
es renal fibrosis by accelerating transforming 
growth factor-β signaling in chronic kidney dis-
ease. Kidney Int 2016; 89: 327-341.

[14] Purnomo Y, Piccart Y, Coenen T, Prihadi JS and 
Lijnen PJ. Oxidative stress and transforming 
growth factor-β1-induced cardiac fibrosis. Car-
diovasc Hematol Disorders Drug Targets 2013; 
13: 165-172.

[15] Yi X, Li X, Zhou Y, Ren S, Wan W, Feng G and 
Jiang X. Hepatocyte growth factor regulates the 
TGF-β1-induced proliferation, differentiation 
and secretory function of cardiac fibroblasts. 
Int J Mol Med 2014; 34: 381-390. 

[16] Yi X, Li X, Zhou Y, Ren S, Wan W, Feng G and 
Jiang X. Hepatocyte growth factor regulates the 
TGF-β1-induced proliferation, differentiation 
and secretory function of cardiac fibroblasts. 
Int J Mol Med 2014; 34: 381-390.

[17] Toiyama Y, Tanaka K, Kitajima T, Shimura T, 
Kawamura M, Kawamoto A, Okugawa Y, Sai-
gusa S, Hiro J and Inoue Y. Elevated serum an-
giopoietin-like protein 2 correlates with the 
metastatic properties of colorectal cancer: a 
serum biomarker for early diagnosis and recur-
rence. Clin Cancer Res 2014; 20: 6175-6186.

[18] Willmer M, Szardien S, Kraft D, Voss S, Troidl C, 
Hoffmann J, Liebetrau C, Nef H, Hamm C and 
Moellmann H. Extracellular matrix remodeling 
in early cardiac fibrosis and diastolic dysfunc-
tion. Eur Heart J 2013; 34: P4197-P4197.

[19] Fan D, Takawale A, Lee J and Kassiri Z. Cardiac 
fibroblasts, fibrosis and extracellular matrix re-
modeling in heart disease. Fibrogenesis Tis-
sue Repair 2012; 5: 1-13.

[20] Bian ZY, Wei X, Deng S, Tang QZ, Feng J, Zhang 
Y, Liu C, Jiang DS, Yan L, Zhang LF, Chen M, 
Fassett J, Chen Y, He YW, Yang Q, Liu PP and Li 
H. Disruption of mindin exacerbrates cardiac 
hypertrophy and fibrosis. J Mol Med 2012; 90: 
895-910.

mailto:tang_lijiang@163.com
mailto:tang_lijiang@163.com


The role of ANGPTL2 in cardiac fibrosis

12004 Int J Clin Exp Med 2017;10(8):11998-12004

[21] Xu X, Pang J, Yin H, Li M, Hao W, Chen C and 
Cao JM. Hexarelin suppresses cardiac fibro-
blast proliferation and collagen synthesis in 
rat. Am J Physiol Heart Circ Physiol 200; 293: 
H2952-2958. 

[22] Massagué J and Wotton D. Transcriptional con-
trol by the TGF-β/Smad signaling system. 
EMBO J 2000; 19: 1745-1754.

[23] Rosenkranz S, Flesch M, Amann K, Haeuseler 
C, Kilter H, Seeland U, Schlüter KD and Böhm 
M. Alterations of β-adrenergic signaling and 
cardiac hypertrophy in transgenic mice overex-
pressing TGF-β1. Am J Heart C 2002; 283: 
210-214.

[24] Zhan CY, Tang JH, Zhou DX and Li ZH. Effects of 
tanshinone IIA on transforming growth factor 
beta 1/Smads signaling pathway in rat cardiac 
fibroblasts. Indian J Pharmacol 2014; 46: 633-
638.

[25] Ding YF, Peng YR, Li J, Shen H, Shen MQ and 
Fang TH. Gualou xiebai decoction prevents 
myocardial fibrosis by blocking TGF-beta/smad 
signalling. J Pharm Pharmacol 2013; 65: 
1373-1381.

[26] Sui X, Wei H and Wang D. Novel mechanism of 
cardiac protection by valsartan: synergetic 
roles of TGF-β1 and HIF-1α in Ang II-mediated 
fibrosis after myocardial infarction. J Cell Mol 
Med 2015; 19: 1773-1782.


