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INTRODUCTION 
 
Clinically, many diseases not only involve a single 
organ or system, but also have obvious overlap in 
their pathophysiological mechanisms, so it is 
necessary to comprehensively consider the 
relationship between various organs or systems to take 
positive and effective prevention and treatment 
measures [1, 2]. Among them, the relationship 
between chronic kidney disease and cardiovascular 
disease is a famous model [3, 4]. It has been found 
that the incidence of cardiovascular disease is 
significantly increased in patients with chronic kidney 
disease, and some renal transplant patients have 
coronary artery disease, cardiac structural 
abnormalities, and heart failure [5]. Cardiovascular 
death accounts for more than 50% of patients with 
chronic kidney disease. Even if the renal function 

decreases slightly, it also has an adverse effect on the 
clinical prognosis of many patients with heart disease 
[6, 7]. For this reason, it is necessary to actively 
explore new potentially mechanism for cardiac 
disease with chronic kidney disease. 
 
Cardiac fibrosis is caused by cardiomyocyte injury 
caused by various causes. Damaged cardiomyocytes can 
release exosomes, and the components of exosomes 
released by damaged cardiomyocytes are quite different 
from those released by normal cardiomyocytes, which 
can trigger the repair process and eventually lead to 
myocardial fibrosis [8–10]. For example, patients with 
diabetic cardiomyopathy are usually accompanied by 
cardiac fibrosis. [11] The content of heat shock protein 
20 (HSP20) in the exosomes released by 
cardiomyocytes in patients with diabetic 
cardiomyopathy was significantly lower than that in the 
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ABSTRACT 
 
The incidence of chronic kidney disease (CKD) complicated with cardiovascular disease (CVD) is increasing day 
by day. CVD complication is a significant risk factor for the progression and poor prognosis of CKD. However, in 
terms of clinical diagnosis, treatment, and pathophysiological mechanism, there are still many things that are 
not clear about CKD combined with CVD. In this article, we observed the abnormal expression of long non-
coding RNA ZFAS1 (lncRNA ZFAS1) in the heart and renal tissues of CKD mice, which may a target for 
nephropathy with CVD. We observed that exosomes containing lncRNA ZFAS1 induced fibrosis in the heart via 
the wnt4/β-catenin signal pathway. Luciferase assay reported that lncRNA ZFAS1 could bind with microRNA-
4711-5p (miR-4711-5p), and wnt4 was a target of miR-4711-5p. In conclusion, lncRNA ZFAS1 from HCM could 
promote cardiac fibrosis through WNT/β-catenin signal via exosome pathways, which provided an underlying 
mechanism in the cardiac fibrosis from CKD. 
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control group, indicating that the decreased expression 
of HSP20 may be one of the causes of myocardial 
fibrosis in patients with diabetic cardiomyopathy [12]. 
Some interventions can promote the release of exosome 
from normal cardiomyocytes, which has the function of 
reducing cardiac fibrosis, such as exercise can 
effectively prevent and treat diabetic cardiomyopathy. 
Sporting can reduce myocardial fibrosis in patients with 
diabetic cardiomyopathy by promoting the release of 
exosomes from cardiomyocytes, which can increase the 
levels of series of miRNA (miR-19a [13] miR-100-5p 
[14], miR-21 [15] and miR-155-5p [16]) carried by 
these exosomes, and then down-regulate the expression 
of MMP-9 and block the remodeling of downstream 
extracellular matrix [17].  
 
At present, the studies on the contents of exosomes are 
mostly focused on macromolecules such as protein, 
mRNA and miRNA. In contrast, the studies on 
exosome-related lncRNA are rare, and most studies 
focus on tumors, but there are few reports on 
circulatory, respiratory and digestive system diseases 
[18]. It was reported that lncRNA ZFAS1 as a serca2a 
inhibitor to cause intracellular ca2+ overload and 
contractile dysfunction in myocardial infarction mice 
[19]. Down-regulated of lncRNA ZFAS1 could protect 
cardiomyocytes against acute myocardial infarction 
through anti-apoptosis by regulating miR-150/CRP 
[20]. However, the pathway of lncRNA ZFAS1 has not 
been deeply studied. 
 
Wnt/β-catenin signaling pathway is widely involved in 
the development of embryos and organs and controls 
self-balance and self-renewal in most mature tissues. 
Wnt signal pathways, namely classical wnt signal 
pathway and non-classical Wnt signal pathway, are 
strictly related to cell development and play an essential 
role in the event of tissue and organ fibrosis. Wnt 
signaling pathway may play different roles in the 
occurrence, development, and inhibition of fibrosis in 
the lung, heart, kidney, liver, and other organs. Here, we 
would explore the effect of Wnt/β-catenin signaling 
pathway in cardiac fibrosis of CKD mice. 
 
In our research, we explored the function of lncRNA 
ZFAS1 transferred by exosomes regulated WNT4/β-
catenin signal pathways in cardiac fibrosis of CKD 
mice. 
 
RESULTS 
 
LncRNA ZFAS1 was increased in the heart tissue of 
CKD mice 
 
In previous reports, lncRNA ZFAS1 involved in CVD; 
however, the research on heart disease caused by CKD 

is not detailed. To explore the role of lncRNA ZFAS1, 
we constructed the CKD model in C57BL/6 mice, the 
sham group was indicated as the control group. In 
exploring new therapeutic targets for treating 
cardiomyopathy associated with CKD, we performed 
lncRNA deep sequence analysis from heart samples of 
CKD mice. The data revealed 196 lncRNAs that were 
altered in CKD mice compared with sham mice. 119 
lncRNAs were up-regulated, and 77 lncRNAs were 
down-regulation. Among 119 up-regulated lncRNA, 
lncRNA ZFAS1 was a significant increase in heart 
tissues of CKD mice (Figure 1A). Volcano map also 
showed that the expression of lncRNA ZFAS1 in CKD 
heart tissue was higher than that in the sham group 
(Figure 1B). Then we isolated the total RNA from heart 
tissues for assessing the expression of lncRNA 
ZFAS1.RT-PCR result performed that lncRNA ZFAS1 
was abnormally increased in heart tissues of CKD mice 
(Figure 1C). Based on the above findings, we speculate 
that lncRNA ZFAS1 involved in the heart injury caused 
by CKD.  
 
Isolated and confirmed of exosome  
 
Exosomes can be derived from many cell types; the 
further study was performed to assess whether lncRNA 
ZFAS1 regulated heart injury via the exosome pathway. 
Then we isolated exosome from the supernatant of 
HCM, and confirmed the characteristics of the 
exosome. Then we detected the exosome specific 
expressed protein (CD81, CD63) to confirm exosome 
(Figure 2A). In contrast, we discovered the particle size 
of the extract to establish the characteristics of exosome 
(Figure 2B). Then we transfected lncRNA ZFAS1/NC 
into HCM cells. RT-PCR was performed to detect the 
expression level of lncRNA ZFAS1 (Figure 2C). Next, 
we isolated exosome and observed the morphology of 
exosome by transmission electron microscopy (TEM, 
Figure 2D, 2E). Further, exosome derived from lncRNA 
ZFAS1 transfection HCM performed up-regulated of 
lncRNA ZFAS1. 
 
Exosome-lncRNA ZFAS1 regulated fibrosis in 
human cardiac fibroblast 
 
We add exosome derived from lncRNA ZFAS1/NC 
(exo-ZFAS1/exo-NC) transfection cell into HCF. 
Compared with TGF-β1 treatment, we also observed 
that exo-ZFAS1 induced the morphology of cells 
changed from fibroblasts to myofibroblasts (Figure 3A). 
Then we detected the expression level of Col1a1, 
Col3a1, MMP2, MMP9, α-SMA, and CTGF by 
performing RT-PCR assay. The results showed that 
exo-ZFAS1 administrated also induced the increase in 
levels of Col1a1, Col3a1, MMP2, MMP9, α-SMA, 
CTGF, which were similar to TGF-β1 (Figure 3B). 
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Further, we assessed the protein level of fibrosis-related 
markers, Col1a1, TGF-β1, Fibronectin, α-SMA. While 
exo-ZFAS1 performed a similar function with TGF-β1 
in HCF (Figure 3C). 
 
After TGF-β1 treatment, the expression of wnt4 and β-
catenin were up-regulated, the similar results were also 
obtained after exo-ZFAS1 administrated (Figure 3D). In 
summary, exo-ZFAS1 may regulate fibrosis in HCF by 
effecting wnt4/β-catenin. 

Exosome-lncRNA ZFAS1 aggravated cardiac 
fibrosis in CKD mice 
 
Next, we treated exosomes into mice via tail vein 
injection. The cardiac function in mice was detected by 
echocardiography. Exo-ZFAS1 significantly aggravated 
the decrease of cardiac function in CKD mice by 
comparing the changes of Ejection fraction (EF) and 
fraction shortening (FS) (Figure 4A). RT-PCR was 
employed to determine the expression of Col1a1, 

 

 
 

Figure 1. Increased level of lncRNA ZFAS1 in the heart tissue of CKD mice. (A) The volcano plot of lncRNAs. (B) Heat map of 
microarray data was used to show the significant expression of lncRNAs in heart tissues of sham and CKD mice. (C) The expression of lncRNA 
ZFAS1 was detected in the heart tissues of sham and CKD mice. *P<0.05. 

 

 
 

Figure 2. Isolation and characterization of exosomes derived from HCMs. (A) CD81 and CD63 were detected by western blot. (B) 
Exosome particle size detection. (C) The expression level of lncRNA ZFAS1 was detected in HCMs. (D) TEM was used to determine the 
existence and morphology of exosomes. (E) The expression level of lncRNA ZFAS1 was detected in exosome. *P<0.05, **P<0.01. 
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Col3a1, MMP2, MMP9, α-SMA, and CTGF in heart 
tissue. We found that exo-ZFAS1 significantly 
aggravated the level of fibrosis markers (Figure 4B). 
Masson experimental showed that exo-ZFAS1 
accentuated fibrosis in CKD mice (Figure 4C). The 
level of Fibronectin was detected by 
immunohistochemical experiment. Exo-ZFAS1 induced 
expression of Fibronectin in CKD mice (Figure 4D). 
Further, we assessed the protein level of fibrosis-related 
markers, Col1a1, TGF-β1, Fibronectin, α-SMA. 
Meanwhile, exo-ZFAS1 induced expression of fibrosis-
related markers in CKD mice (Figure 4E). The 
expression of wnt4 and β-catenin were induced by exo-
ZFAS1 administrated (Figure 4F). Taken together, exo-
ZFAS1 could promote cardiac fibrosis in CKD mice. 
 
Exosome-lncRNA ZFAS1 promoted fibrosis in ex-
vivo  
 
For further study, we isolated CFs from the heart of 
sham and CKD mice. Then the CFs were cultured and 

treated with exosomes. The mRNA of Col1a1, 
Col3a1, MMP2, MMP9, α-SMA, and CTGF was 
induced by exo-ZFAS1 in CFs (Figure 5A). Then we 
observed that vimentin and α-SMA were up-regulated 
in exo-ZFAS1 by immunofluorescence (Figure 5B). 
Further, we assessed the protein level of Col1a1, 
TGF-β1, Fibronectin, α-SMA. Meanwhile, exo-
ZFAS1 induced expression of fibrosis-related markers 
in CFs (Figure 5C, 5D). Consistent with the results in 
vivo, exo-ZFAS1 could also activate the wnt4/β-
catenin signal pathway. 
 
Silencing of lncRNA ZFAS1 prevents fibrosis in 
HCFs 
 
Next, we constructed shRNA for interference with the 
expression of lncRNA ZFAS1. Then HCFs were 
transfection with sh-ZFAS1/sh-NC after TGF-β1 
treatment. Then we explored the expression of Col1a1, 
Col3a1, MMP2, MMP9, α-SMA, and CTGF. Silencing 
of ZFAS1 inhibited the expression of Col1a1, Col3a1, 

 

 
 

Figure 3. Exosome-lncRNA ZFAS1 regulated fibrosis in human cardiac fibroblasts. (A) Cell morphology detection. (B) RT-PCR assay 
was performed to measure the expression of Col1a1, Col3a1, MMP2, MMP9, α-SMA, and CTGF. (C) The expression level of Col1a1, TGF-β1, 
Fibronectin, α-SMA were assessed in HCFs. (D) The effect of exosome-lncRNA ZFAS1 on the wnt4/β-catenin signal pathway. *P<0.05. 
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Figure 4. Exosome-lncRNA ZFAS1 aggravated cardiac fibrosis in CKD mice. (A) The cardiac function in mice was detected by 
echocardiography. (B) RT-PCR assay was performed to measure the expression of Col1a1, Col3a1, MMP2, MMP9, α-SMA, and CTGF. (C) The 
represented image of Masson. (D) The represented image of Immunohistochemistry for staining Fibronectin. (E) The expression level of 
Col1a1, TGF-β1, Fibronectin, α-SMA were assessed in heart tissues. (F) The effect of exosome-lncRNA ZFAS1 on the wnt4/β-catenin signal 
pathway. *P <0.05 vs. sham, #P <0.05 vs. CKD. 
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MMP2, MMP9, α-SMA, and CTGF (Figure 6A). Then 
we observed that sh-ZFAS1 prevented the expression 
level of Col1a1, TGF-β1, Fibronectin, α-SMA (Figure 
6B). Meanwhile, we found that sh-ZFAS1 inhibited the 
expression of wnt4 and β-catenin (Figure 6C). In 
summary, the silencing of ZFAS1 would prevent 
fibrosis in HCFs. 
 
LncRNA ZFAS1 regulated fibrosis via interacting 
with miR-4711-5p/wnt4  
 
Previous studies have found that lncRNA regulates 
miRNA, miRNA mainly by acting as a precursor of 
miRNA, competitively combining mRNA with miRNA 
and "sponge effect". It can form a complex regulatory 
network by directly combining lncRNA or indirectly 
regulating lncRNA and miRNA through intermediate 
factors. The biological website predicted the existence 
of binding sites between lncRNA ZFAS1 and miR-
4711-5p. Luciferase assay reported that lncRNA ZFAS 

could bind with miR-4711-5p (Figure 7A). HCFs were 
transfected with miR-4711-5p mimic after exosome and 
TGF-β1 treatment. Overexpression of miR-4711-5p 
could block fibroblasts transforming into 
myofibroblasts (Figure 7B). The increased mRNA level 
of Col1a1, Col3a1, MMP2, MMP9, α-SMA, and CTGF 
was prevented by a miR-4711-5p mimic in HCFs 
(Figure 7C). Similarly, Overexpression of miR-4711-5p 
inhibited the level of vimentin and α-SMA (Figure 7D). 
Meanwhile, wnt4 was an underlying target of miR-
4711-5p (Figure 7E). The protein level of wnt4 and β-
catenin were prevented by force of miR-4711-5p 
(Figure 7F). Taken together, lncRNA ZFAS1 could 
regulate the wnt4/ β-catenin signal pathway by 
interacting with miR-4711-5p. 
 
DISCUSSION 
 
Chronic kidney disease is an independent risk factor for 
cardiovascular disease (CVD). Mild renal dysfunction 

 

 
 

Figure 5. Exosome-lncRNA ZFAS1 promoted fibrosis in ex-vivo. (A) RT-PCR assay was performed to measure the expression of Col1a1, 
Col3a1, MMP2, MMP9, α-SMA, and CTGF. (B) The represented image of immunofluorescence for staining vimentin and α-SMA. (C) The 
expression level of Col1a1, TGF-β1, Fibronectin, α-SMA were assessed in CFs. (D) The effect of exosome-lncRNA ZFAS1 on the wnt4/β-catenin 
signal pathway. *P<0.05.,**P <0.01 vs. sham-CFs, #P <0.05, ##P <0.01 vs. CKD-CFs. 
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can lead to an increase in the incidence of CVD. CVD 
in patients with CKD includes coronary artery 
disease, cardiomyopathy, cardiac valvular disease, 
cerebrovascular disease, and peripheral vascular 
disease [21]. Early evaluation and timely intervention 
of the risk factors of CVD are of considerable 
significance to reduce complications, improve the 
quality of life, and improve the prognosis of patients 
with CKD [22]. 
 
Exosomes are a kind of nano-vesicles released by 
cells, which can be released by a variety of cells, 
including cardiomyocytes, hepatocytes, and a variety 
of stem cells. Exosomes act as communication 
between cells. They carry messenger RNA, non-
coding RNA, and proteins involved in almost all 
pathophysiological processes. As a communication 
medium between cells, exosomes participate in the 
pathophysiological process of tissue fibrosis. It has 
been found that exosomes derived from mesenchymal 
stem cells can improve the cardiac microenvironment 
after myocardial injury, promote angiogenesis, reduce 
inflammation, and inhibit ventricular remodeling. 
Exosomes contain miR-221 and miR-22 can also 
inhibit p53-induced cardiomyocyte apoptosis and 

reduce cardiac fibrosis [23]. This series of protective 
effects are closely related to the activation of the IGF-
1/PI3K/Akt signal pathway. When acute myocardial 
infarction occurs, the secretion of cardiomyocyte 
exosomes increases. The secretion of exosomes 
around infarction is different from that of healthy 
myocardium. The released exosomes contain heart-
specific miRNA-133, which has anti-apoptosis and 
anti-fibrosis effects [24]. 
 
At present, little is known about the mechanism  
of the formation and release of exosomes, which is a 
required field to be studied in the future. The 
functional molecules carried by exosomes are  
affected by the type of mother cells and the 
environment of mother cells, and the functions of 
different target cells are also different [25, 26]. The 
exosomes released after tissue cell injury can trigger 
inflammation, cause repair and regeneration response, 
and lead to tissue fibrosis [27, 28]. Therefore, 
exosomes and their contents can be used as new 
markers for the diagnosis of tissue fibrosis to  
avoid tissue and organ damage caused by biopsy, but 
the specific exosomes of tissue fibrosis need to be 
further studied. 

 

 
 

Figure 6. Silencing of lncRNA ZFAS1 blocked cardiac fibrosis in HCFs. (A) RT-PCR assay was performed to measure the expression of 
Col1a1, Col3a1, MMP2, MMP9, α-SMA, and CTGF. (B) The expression level of Col1a1, TGF-β1, Fibronectin, α-SMA were assessed in HCFs after 
sh-ZFAS1 transfection. (C) The effect of lncRNA ZFAS1 on the wnt4/β-catenin signal pathway. *P <0.05 vs. sh-NC. 
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Wnt/β-catenin signal pathway is one of the classic 
signal pathways to regulate cell proliferation, 
differentiation, and apoptosis, and the activation of 
the wnt/β-catenin signal pathway has been proved to 
affect the formation of cardiac fibroblasts and induce 
cardiomyocyte hypertrophy and fibrosis [29]. Wnt/β-
catenin signaling pathway can regulate the 
progression of myocardial fibrosis by promoting the 
activation of fibroblasts, secretion of cytokines, and 
production of collagen [30]. It was reported that the 
wnt4/β-catenin signal pathway involved in renal 
fibrosis progression. However, there was no research 
on wnt4 in cardiac fibrosis [31]. Here, we found that 
wnt4 would be downstream of lncRNA ZFAS1 in 
regulating cardiac fibrosis. In future research, we 
would explore the underlying mechanism of wnt4 in 
cardiac diseases with CKD. 
 
Cardiovascular disease is the leading cause of death in 
patients with chronic kidney disease, and chronic 
kidney disease also has a negative effect on the 
prognosis of patients with cardiovascular disease. To 
this end, based on the experiences and lessons learned 
from the study of nephropathy and cardiovascular 

disease, strengthening the relationship between 
cardiology and nephrology and establishing integrated 
therapy will provide the best diagnosis and treatment for 
these patients and significantly improve their clinical 
prognosis. 
 
CONCLUSIONS 
 
In our results performed an underlying mechanism on 
lncRNA ZFAS1 in cardiac fibrosis of CKD. We 
indicated that lncRNA ZFAS1 could transfer via 
exosome from cardiomyocytes to cardiac fibroblasts. 
We also showed lncRNA ZFAS1 regulated the cardiac 
fibrosis by WNT4/β-catenin signaling pathway, and 
miR-4711-5p involved in this pathway. 
 
MATERIALS AND METHODS 
 
Mice model of chronic kidney disease 
 
C57BL/6 mice were purchased from the Beijing Charles 
river and fed in the experimental Animal Center of 
Cangzhou Central Hospital of Hebei Province with the 
standard condition. For creating the CKD model, mice 

 

 
 

Figure 7. LncRNA ZFAS1 regulated fibrosis via interacting with miR-4711-5p/wnt4. (A) The biological website predicted the 
existence of binding sites between lncRNA ZFAS1 and miR-4711-5p. Luciferase assay confirmed the relationship between lncRNA ZFAS1 with 
miR-4711-5p. (B) Cell morphology detection. (C) RT-PCR assay was performed to measure the expression of Col1a1, Col3a1, MMP2, MMP9, 
α-SMA, and CTGF. (D) The represented image of immunofluorescence for staining vimentin and α-SMA. (E) The biological website predicted 
the existence of binding sites between wnt4 and miR-4711-5p. (F) The effect of lncRNA ZFAS1 and miR-4711-5p on the wnt4/β-catenin signal 
pathway. *P<0.05, **P<0.01 vs. TGF-β1+exo-NC group. #P <0.05 vs. TGF-β1+exo-ZFAS1. 
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were fed with 0.2% adenine (# D191101) for 6 weeks. 
A week before the establishment of the CKD model, 
mice were injected with exosome via the tail vein. Six 
weeks after the establishment of the model, mice were 
intraperitoneally injected with 3% pentobarbital sodium 
and were euthanatized by excessive anesthesia with a 
dose of 90 mL/kg, and the organs and tissues were 
removed for follow-up study The research protocol of 
this study was approved by the Animal Care and Use 
Committee of Cangzhou Central Hospital of Hebei 
Province 
 
Cell culture  
 
Human cardiomyocytes and human cardiac fibroblasts 
were cultured in Dulbecco’s modified Eagle’s medium 
(Waltham, USA) supplemented with 10 % FBS 
(Cromwell, USA) and 100 μL/mL penicillin and 
streptomycin (Sigma-Aldrich, USA) and placed at 37° 
C with 5% CO2. 
 
For TGFβ1 treatment, TGFβ1 (R&D Systerm, USA) 
were firstly dissolved in DMSO (Sigma, USA) and 
further diluted to 2 ng/ml. 
 
Isolation and culture of adult mouse cardiac 
fibroblasts 
 
The mice heart was removed and put into precooled 
PBS, the atrium and excess connective tissue were cut 
off, the cardiac cavity was cut open to remove blood 
clots, and the heart was rinsed repeatedly with 
precooled PBS for 3 or 4 times. The ventricle was cut 
into tissue blocks of about 1 mm × 1 mm × 1 mm and 
inhaled into the sterilized test tube. The tissue blocks 
were rewashed with precooled PBS until the liquid 
was clear and the supernatant was absorbed. Digestive 
juices (1 g Ca2+ L trypsin and 0.8 g / L type IV 
collagenase) were prepared with PBS without GMP 
and filtered to remove bacteria. Add 6 mL digestive 
juice to the tissue block, shake and digest 6 min; in a 
water bath at 37° C, gently blow away the sticky tissue 
block with an elbow straw, put it in a water bath 
shaker for 6 min, then blow repeatedly; after standing 
for a while, move most of the supernatant into a 50 mL 
centrifuge tube, add the same volume of DMEM 
containing 100 mL/L FBS to terminate digestion, and 
place on ice. 6 mL digestive juice was added to the 
remaining tissue mass, and the above digestion steps 
were repeated until the tissue mass was digested, 
leaving only a white transparent collagen fiber 
network (about 2 to 3 times). All the cell suspensions 
were filtered with a 200-mesh filter, then centrifuged 
for 10 min at 4° C, 250° C and 300 g, and precipitated 
with 30 mL DMEM resuspension cells containing 100 
mL FBS, which were evenly divided into 3 petri dishes 

with a diameter of 10 cm. After 90 min, differential 
adhesion in absolute static culture at 37° C incubator, 
the unattached cells were washed and discarded by 
cross shaking petri dish (the unattached cells contained 
cardiomyocytes, and the supernatant could be 
transferred into a new petri dish to continue culture 
and purification if necessary). After repeated washing 
of PBS at 37° C, 10 mL of DMEM, containing 100 mL 
of FBS was put into the incubator for static culture, 
and the liquid was changed every 3 days. 
 
Isolation and identification of exosome  
 
When the cell fusion reached 70%, it was washed three 
times with 0.01mol/L phosphate buffer (PBS) and 
incubated with serum-free medium or exosome-free 
FBS medium for 48 hours. the supernatant was 
collected, centrifuged, 300xg centrifuged 10min at 4° C 
to remove cells, 2000xg centrifugation 20min to remove 
cell fragments, and exudates were stored at-80° C. 
Exosome morphology was observed by transmission 
electron microscope (TEM). The exosome particle size 
was detected by PSS Nicomp 380Z3000 analyzer 
(USA). 
 
Quantitative real-time PCR 
 
RNA isolation, reverse transcription and quantitative 
expression were carried according to manufacturer’s 
instructions. All the kits were purchased from Vazyme, 
and gene expression was calculated using 2-ΔΔCt 
method. The primer sequences (5’-3’) were shown as 
follow. 
 
ZFAS1-F: CTATTGTCCTGCCCGTTAGAGp; ZFA 
S1-R: GTCAGGAGATCGAAGGTTGTAG; GAPDH-
F: GATTCCACCCATGGCAAATTC; GAPDH-R: CT 
GGAAGATGGTGATGGGATT; Col1a1-F: CAAGAC 
GAAGACATCCCACCAATC; Col1a1-R: ACAGATC 
ACGTCATCGCACAACA; Col3a1-F: TCGCTCTGC 
TTCATCCCACTAT; Col3a1-R: CTTCCAGACATCT 
CTATCCGCAT; MMP2-F: AGTTTCCATTCCGCTT 
CCAG; MMP2-R: CGGTCGTAGTCCTCAGTGGT; 
MMP9-F: GTCCACCCTTGTGCTCTTCC; MMP9-R: 
GACTCTCCACGCATCTCTG; CTGF-F: GAAAGAC 
AGGTACTAGCTGA; CTGF-R: CGTACCATATGTT 
CTGACAG; miR-4711-5P-F: UGCAUCAGGCCAGA 
AGACAUGAG; miR-4711-5P-R: CUCAUGUCUUC 
UGGCCUGAUGCA. 
 
Dual luciferase reporter assay 
 
20 mmol/L miR-4711-5p or negative control (NC) and 
lncRNA ZFAS1/wnt4 were co-transfected into 
HEK293T cells. Luciferase activity was detected with 
Luciferase Reporter Assay Kit (Biovision, China)  
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on luminometer (Berthold, Germany) 48 hr after the 
transfection. 
 
Western blot analysis 
 
Total protein was collected from heart tissues or 
cardiomyocytes with RIPA lysis Mix. The western 
blotting assay was performed as previously described. 
Briefly, 50-80 μg protein extraction was loaded via 
SDS-PAGE and transferred onto nitrocellulose 
membranes (absin, China), then incubated with primary 
antibodies for 2 hrs at temperature, then plated at 4° C 
overnight, the membranes were incubated in 5% non-fat 
milk blocking buffer for horizontal mode 3 h. After 
incubation with secondary antibodies, the membranes 
were scanned using an Odyssey, and data were analyzed 
with Odyssey software (LI-COR, USA). 
 
Histological analysis 
 
The heart tissues were gathered and fixed in 4% 
paraformaldehyde for 24 hrs. Then the fixed  
tissues were embedded in paraffin. Next, Paraffin 
slicer machine was used to cut slices (5-mm cross-
sectional). H&E staining was used to evaluate cardiac 
morphology.  
 
Immunohistochemical staining 
 
Paraffin sections of lung tissue were dewaxing to water 
in xylene and descending series of ethanol. We 
penetrated parts using 0.5% Triton X-100. After 3 times 
wash, we blocked sections with 50% goat serum. Then, 
sections were incubated with the claudin-5 antibody 
overnight. We incubated the sections using a secondary 
antibody followed by DAPI staining. The sections were 
photographed by light scope under an IX73 
fluorescence microscope (Olympus, Valley, PA) and 
analyzed by Image J software. 
 
Immunofluorescence 
 
In the culture plate, the slides that had already climbed 
the cells were washed with PBS for 3 times, fixed with 
4% paraformaldehyde for15 min and washed 3 times 
with PBS. 0.5% Triton X Mel 100 (prepared by PBS) 
permeable at room temperature for 20 min. PBS slides 
were washed for 3 times, each time 3 min, the absorbent 
paper was used to dry PBS, normal goat serum was 
dripped on the slides, 30 min; the absorbent paper was 
sealed at room temperature to absorb the sealing 
solution, and no washing was done. Each slide was 
dripped with enough diluted first antibody and put into 
a wet box, incubated overnight at 4° C. Add fluorescent 
second antibody: PBST soak the climbing tablets for 3 
times, each time 3 min, absorbent paper absorbs the 

excess liquid on the climbing tablets, then add diluted 
fluorescent secondary antibodies, incubate PBST 
sections 3 times at 37° C for 1 hour in a wet box, 3 min; 
re-staining nuclei each time: add DAPI to avoid light 
and incubate for 5 min, and PBST 5 min × 4 times to 
wash off the excess DAPI; Dry the liquid on the 
climbing sheet with absorbent paper, seal the film with 
the sealing solution containing anti-fluorescence 
quenching agent, and then observe and collect the 
image under the fluorescence microscope. 
 
Statistical analysis 
 
All data is statistical as a mean ± S.E.M. We performed 
Student's t-test or a one-way ANOVA for statistical 
analysis. P < 0.05 was described as statistically 
significant. 
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