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Abstract
In plasma, miR-34a could be one of potential biomarkers for frailty and is involved in the physiology
processes which are bene�t from exercise. One of its targets, Smad4 play important role in TGF-β1
pathway which is a dominant factor for balancing collagen production and degradation in hepatic
stellate cells. TGF-β1/Smad4 regulated collagen deposition is a hallmark of hepatic �brosis. Thus, miR-
34a could be a link between exercise and hepatic disease. The potential regulation on miR-34a by
LncRNAs in hepatic stellate cells (HSCs) is still reserved to be revealed. In current study, it was
hypothesized that a miR-34a interactor, lncRNA CCAT2 may regulate TGF-β1 pathway in liver �brotic
remodeling. Dual luciferase activity showed CCAT2 and Smad4 are targets of miR-34a-5p. Sh-CCAT2
transfection prohibit HSCs proliferation and induce HSCs apoptosis, also inhibited ECM protein synthesis
in HSCs. Decreased miR-34a-5p enhanced HSCs proliferation, blocked HSCs apoptosis and promoted
ECM protein production. miR-34a-5p inhibitor undo protective regulation of sh-CCAT2 in liver �brosis.
Furthermore, clinical investigation showed that CCAT2 and Smad4 expression level were signi�cantly
induced, while miR-34a-5p was signi�cantly decreased in HBV related liver �brosis serum. In conclusion,
activated HSCs via TGF-β1/Smad4 signaling pathway was successfully alleviated by CCAT2 inhibition
through miR-34a-5p elevation.

Introduction
Multiple evidences proved that miR-34a could be potential biomarkers of frailty[1]. According to
physiopathology of frailty including in�ammaging and musculoskeletal health, miR-34a is suggest that
involved in physiology of exercise. Study about cardiotoxicity displayed miR-34 could affect ADAR2 in
exercised heart[2]. Exercise can improve spermatogenesis through miR-34/SIRT1/p53 pathway[3, 4].
Swimming could also affect miR-34/SIRT1/p53 pathway to attenuates pancreatic apoptosis[5].

There’s evidence support that signal pathway transforming growth factor beta 1(TGF-β1)/Smad4 is target
of miR-34a[6–8]. TGF-β1 is regarded as the crucial signaling pathway in liver �brosis [9]. TGF-β1 is
distributed in most human tissues and attenuates cell proliferation, differentiation, migration and
apoptosis [10]. As Smad proteins are transcriptional factor of TGF-β1 expression, TGF-β1/Smad
signaling in liver �brosis has been broadly studied. Inhibition of SMAD3 decreased collagen I expression
while Smad2 increased collagen I expression, and Smad4 is crucial in liver �brosis by supporting SMAD3
activity [11]. TGF-β1 modulate liver �brosis by activating Smad2 and Smad3 pathway, whereas Smad7 is
known as an inhibitor of TGF-β1 [12]. Although role of TGF-β1 in liver �brosis has been carried out, role of
its interactor miR-34a in liver �brosis is still unclear. Studies have been discovered that miR-34a-5p was
increased and play function in progress of the �brotic disease. Feili et al., proved that miR-34-5p level was
upregulated and enhanced HSCs activation [13]. Also, Ibusuki et al., concluded that miR-34a-5p was
elevated by HNP-1 secretion and enhanced hepatocyte apoptosis which result in liver �brosis [14].

Liver is a largest internal solid organ of the human body, which plays pivotal in innate immunity against
pathogens such as microorganisms, chemicals and antigens [15]. Continuous exposure to toxic



Page 4/23

substances or chronic liver damage over long period and related wound repairing process generate
insu�cient ECM (extracellular matrix) protein accumulation [16]. Fibroblast-speci�c protein 1(FSP1) is
usually found in lung, kidney and liver, which goes through tissue �brogenesis [17]. α-SMA is also known
as a considerable marker of activation of HSCs and progression of �brosis [18, 19]. ECM, especially
collagen type I production is a major feature of activation of HSCs and it is regulated by various stimuli
and signaling pathways [20].

Non-coding RNAs (miRNAs, lncRNAs) have been emerging as a therapeutic targets, because it is
participated in almost all biological process in tissue speci�c manner [21, 22]. LncRNAs are involved
various mechanisms, including transcription regulation, translation, protein modi�cation and RNA-protein
or protein-protein formation, so that lncRNAs are able to control biological processes [23]. Several
lncRNAs including HOTAIR, MEG3, H19, GAS5, lncRAN-COX-2, APTR and lnc-LFAR1, showed statistically
different expression in liver �brosis [24]. Since, Ling et al. �rst identi�ed lncRNA colon cancer associated
transcript 2 (CCAT2) which control tumorigenesis in colon cancer [25], subsequent studies have been
revealed CCAT2 involved in different types of cancer progression including gastric, lung, colorectal, breast
and hepatocellular carcinoma [26–32]. In addition, previous studies exhibited that CCAT2 activates
cancer progression and metastasis through the TGF-β1 signaling pathway [26, 33]. However, the
contribution of CCAT2 and TGF-β1 signaling pathway in liver �brosis and its intrinsic mechanism are not
yet investigated.

Thus, reviewing relative literatures, we hypothesized that lncRNA CCAT2 regulates TGF-β1/Smad
signaling via sponging miR-34a-5p in hepatic �brogenesis. Here, CCAT2, miR-34a-5p and Smad4
expression level in hepatitis B virus (HBV) related �brosis were evaluated. Also, the mechanism of CCAT2,
miR-34a-5p and TGF-β1/Smad signaling pathway on HSCs cell proliferation, cell cycle and collagen
deposition related protein expression were revealed.

Materials And Methods

Clinical specimens
The liver �brosis patients with HBV and healthy population was recruited during January 2019 to
December 2019 from Mengchao Hepatobiliary Hospital of Fujian Medical University. It has been
approved by the committee of Mengchao Hepatobiliary Hospital of Fujian Medical University. Total �fty
with HBV and �fty for control were enrolled ( aged 18-65years, presence of HBV DNA < 103 IU/mL, α-
fetoprotein ≤ 20 ng/m). If they had co-infection with hepatitis C, D and E virus or other type of hepatitis,
cirrhosis, HCC, or with severe heart, kidney and brain disease, patients were also excluded. All participants
were provided verbal and written consent and signed on consent form.

Cell culture and transfection
LX-2 cells were purchased (Merck Millipore; Billerica, MA) and were cultured in DMEM (plus 5% FBS)
(Hyclone, Logan, Utah, USA) Cells were incubated 37℃ and 5% CO2.
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Real Time qRT-PCR
Total RNA was puri�ed by NucleoZol reagent (MACHEREY-NAGEL, Germany). 1µL of extracted total RNA
was converted to cDNA by Prime Script TM RT Master Mix (TaKaRa Bio Technology, Dalian, China). Real-
time qPCR was carried out on ABI 7500 (Applied Biosystems, Inc., Foster City, CA) according to the
manufacturer’s manual. Primers were purchased from Ribo (Guangzhou, China). Following primers were
used: (1) CCAT2, forward: 5’-TGGACTGGAAGTCAAGAGCC-3’, reverse: 5’-CCCAGATGCAGAGAACGAGG-3’.
(2) Smad4, forward: 5’-CCAGCTCTGTTAGCCCCATC-3’, reverse : 5’-TACTGGCAGGCTGACTTGTG-3’. (3)
miR-34a-5p, forward : 5’-CGCGTGGCAGTGTCTTAGCT-3’, reverse : 5’-AGTGCAGGGTCCGAGGTATT-3’, RT
Primer : 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAACC-3’. (4) GAPDH,
forward : 5’-GTCATCCCTGAGCTGAACGG-3’, reverse : 5’-CCACCTGGTGCTCAGTGTAG-3’. 2−ΔΔCt method
was used to quantitative analysis of the data compared to control. The internal control gene was GAPDH.

MTT assay
In the �rst step, 96-well plates was used to grow cells at 5×104 cells per well. Incubated at a 37℃
incubator for 48 hours and added 20 µl of MTT. The concentration of MTT was 5 mg/ml. After 4 hours
culturing, medium was changed to 150 µl DMSO, shook well for ten minutes. Absorbances were
measured at OD490. All analyses were performed in triplicates.

Flow cytometry cell analysis
After 48 hours of infection, cells were centrifuged and collected and �xed with 70% alcohol at 4℃ for
24hours. Centrifuge the cells again, and wash the cells with 1ml of PBS, 500µl of 1×binding buffer and
50µl of PI (50:1). Incubated in a dark room for 30 minutes at room temperature. Then �ow cytometry
detection were carried out by ModFit LT software. FL2-w and FL2-A were used to display and remove
conjoined cells.

Colony formation
Transfected 800 cells were maintained in medium containing 10% of FBS. Shake the transfected cells
and place them in the incubator for culturing. Change the medium every 3 days and observe the cell
status and colony size for two weeks. Colonies were �xed with 4% paraformaldehyde in a refrigerator at
4℃ for 60 minutes, and stained with crystal violet. Single colony with greater than 50 cells were counted.

Dual luciferase reporter
Luciferase reporter plasmid was constructed and transfected cell by using Lipofectamine™ 2000 for 48
hours. The signal was checked by using GLO-MAX 20/20 (Promega, Madison, USA).

Statistical analysis
Data were displayed as the mean ± standard deviations. SPSS for Windows (v.13.0) was used for all
analysis. The differences between groups were test by t-test. The statistically signi�cant is judged by p < 
0.05.
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Results

CCAT2, Smad4 was elevated, miR-34a-5p level was
demoted in liver �brosis
In the Asia Paci�c area, infection of HBV may cause liver disease such as �brosis and cirrhosis [34].
Previously, Arita et al., detected circulating lncRNAs in serum plasma of gastric cancer patients by RT-PCR
assay [35]. Therefore, we recruited 50 liver �brosis patients with HBV infection and 50 healthy people,
respectively, and their serum was collected to check levels of CCAT2, miR-34a-5p and Smad4. Both
CCAT2 and Smad4 expression level were signi�cantly (p < 0.01 or p < 0.001) induced in HBV serum
compared with healthy control serum (Fig. 1A, C). Contrarily, miR-34a-5p in the test group has reduced
tendency (p < 0.01) (Fig. 1B).

CCAT2 promote cell proliferation and collagen precipitation,
inhibit apoptosis
Results revealed HSCs which transfected with overexpressed CCAT2 plasmid remarkably increased cell
proliferation (p < 0.01, Fig. 2A). Similarly, knockdown of CCAT2 signi�cantly inhibited growth of HSCs
cells (p < 0.05, Fig. 2A). Similar results were demonstrated by colony formation assay (Fig. 2B-C).
Subsequently, cell-cycle assay was demonstrated to verify whether CCAT2 modulates HSCs cell cycle.
Flow cytometry results are shown in Fig. 2E. Overexpressed CCAT2 showed increased G1 phase and
shortened S and G2 phase. Silencing of CCAT2 in the HSCs cells induced decreased distribution of G1
phase. These �ndings suggested sh-CCAT2 transfection in HSCs cells induced cell cycle arrestment in the
G1 stage, and promoted cell apoptosis.

Then, to investigate the interrelationship between CCAT2 and Smad4 pathway, western blot was
performed. Smad4 which is transfected with upregulated CCAT2 showed signi�cantly increased protein
expression level (Fig. 3, p < 0.001). Also, �brogenesis related ECM proteins and signaling pathway
Smad2/3 (phosphorylated) were checked by western blot. As displayed in Fig. 3, the western blot result
showed phosphorylated Smad2/3, FSP1, collagens I and III and α-SMA protein level in the sh-CCAT2
group were signi�cantly downregulated, indicating that knockdown of CCAT2 inhibited generation of ECM
proteins production.

CCAT2 is target of miR-34a-5p
Many studies have validated that lncRNA CCAT2 sponging miRNAs in different types of cancer [36–42].
In the 5’-UTR CCAT2, there is tmiR-34a-5p interaction sites (Fig. 4A). miR-34a-5p notable reduce the signal
of vector containing CCAT2 wild type rather than CCAT2 mutant (Fig. 4B, p < 0.01). In addition, RT-qPCR
showed miR-34a-5p level in the miR-34a-5p inhibitor group was reduced, whereas the level of miR-34a-5p
in the miRNA-34a-5p mimic group was up-regulated (Fig. 4C, p < 0.001, respectively). To sum up, all data
indicated CCAT2 at 5’-UTR is a interaction site of miR-34a-5p and related negatively in HSCs.
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miR-34a-5p inhibits HSCs proliferation, collagen
precipitation, induces apoptosis
Next, MTT assay and colony forming assay were done to discovery the cellular function of miR-34a-5p on
HSCs. Test �ndings were revealed overexpression of miR-34a-5p remarkably prohibited HSCs growth
(Fig. 5A, p < 0.01). Cell cycle analysis showed corresponding results with MTT analysis that increased of
miR-34a-5p reduced HSCs growth, while inhibitor promoted HSCs growth (Fig. 5B-C, p < 0.001).

Western-blot results showed Smad4 and phosphorylation of Smad2/3 pathway were activated by miR-
34a-5p inhibitor (Fig. 6). The ECM proteins such as collagens I, III, α-SMA and FSP1 were increased by
suppressed miR-34a-5p (Fig. 6). Hence, we can conclude that miR-34a-5p inhibition cause enhancing the
collagen production and ECM proteins, that is, silencing of miRNA-34a-5p can promote liver �brosis.

miRNA-34a-5p negatively modulated CCAT2
In order to role of CCAT2 interaction on miR-34a-5p in HSCs cells, series experiments were performed.
Silence of the CCAT2 reduced HSCs proliferation, and combination of miR-34a-5p inhibitor and CCAT2
knockdown considerably increased cell viability (Fig. 7A, p < 0.001, respectively). Likewise, colony forming
assay showed same effect on HSCs cell proliferation (Fig. 7B). Silenced CCAT2 along with suppressed
miR-34a-5p plasmid successfully recovered expression levels of ECM proteins and Smad pathways
(Fig. 8). MiR-34a-5p inhibitor reversed the protective sh-CCAT2 function.

Downregulated of CCAT2 promotes TGF-β1 gene silence
It was well known that TGF-β1 is the crucial pro�brogenic factor of liver �brogenesis via activating HSCs,
increasing collagen synthesis and inhibit collagen degradation [43]. HSCs cells were co-infected with
TGF-β1 and Smad4 overexpression vector signi�cantly increased activation of proliferation. However,
addition of downregulated CCAT2 vector alleviated their �brogenesis effect (Fig. 9A-B). Sh-CCAT2
treatment successfully reduced ECM proteins and collagen synthesis (Fig. 10). Inhibited CCAT2 is
negatively related to TGF-β1/Smad4 and TGF-β1/p-Smad2/3 pathway and suppressed HSCs activation.

3’-UTR of Smad4 interacted with miR-34a-5p
Supplemental Figure. 1A showed the interaction site in the 3’-UTR Smad4. Result showed that miR-34a-5p
mimic luciferase activity was signi�cantly decreased with Smad4 wild-type, which indicated that Smad4
3’-UTR is a miR-34a-5p target.

Discussion
Liver �brosis mostly caused by chronic viral hepatitis and liver injuries caused by alcohol abuse, leads to
cirrhosis which shows poor prognosis and high mortality [44, 45]. Liver cirrhosis is an outcome of
constant injuries in liver for years, and it may affect major organ failure including kidney and brain [46].



Page 8/23

Taking into consideration the burdens of cirrhosis, early detection and appropriate interventions can
improve the disease prognosis before the �brosis aggravated. In the clinical practice, anti-in�ammatory or
immunological medications including corticosteroids, phlebotomy for iron chelation and antiviral therapy
for HCV and HBV are often prescribed [47–49]. In clinical research, molecular biomarkers and anti-
�brogenic target therapy such as targeting TGF-β1, PDGF and hyaluronan (HA) synthesis are suggested
and some medications are under clinical trials [45, 50, 51]. Hence, as of now, diagnosis and management
of liver �brosis are still remained a challenge.

The �brogenesis is characterized by pathological ECM accumulation. Remodeling ECM is essential for
wound healing in human body, but continuous liver damage result in imbalanced excessive ECM
deposition [52]. HSCs are quiescent in normal liver condition. However, when it is activated, establishes
new receptors and new proteins expression including platelet derived growth factor (PDGF) receptor, TGF-
β receptor, interstitial collagens and α-smooth muscle actin (α-SMA) [53]. As, TGF-β1 is the most critical
signaling pathway which regulate �brosis, inhibiting TGF-β1/Smad pathway is the most relevant way to
hold back �brogenesis progression. Smad2 and Smad3 are R-Smads, and Smad4 is belongs to Co-Smad.
In �brosis activity, binding of phosphorylated Smad2/3 and Smad4 protein is transported into the
nucleus, and activates TGF-β1 signaling [55]. Smad4 is also responsible for �bronectin gene expression
regulation, so Smad4 is essential for TGF-β1/Smad signaling pathway [54].

TGF-β1 signaling can be regulated by either lncRNAs [56–58] or miRNAs [59–61]. Upregulated lncRNA
CCAT2 enhances tumor cell growth by controlling TGF-β1 signaling [26]. However, contribution of CCAT2
on �brosis as a regulator has not been characterized. Here, the expression of CCAT2 in hepatic �brosis
disease with HBV infection serum was increased compared with healthy people, explaining the potential
use of CCAT2 as a less invasive diagnostic biomarker. Administration of inhibited CCAT2 was not only
inhibiting HSCs proliferation but also enhancing apoptosis by cell cycle arrestment in the G1 stage. In
addition, CCAT2 silencing decreased the FSP1, α-SMA, collagen I and III, which means deregulated ECM
accumulation. Moreover, decreased CCAT2 diminished liver �brosis through preventing phosphorylated
Smad2/3, Smad4 and TGF-β1 signaling. To sum up, CCAT2 inhibition could be an effective treatment for
liver �brosis.

In addition, miR-34a-5p was directly binding to 5’-UTR CCAT2 site or to 3’-UTR Smad4 site, and showed
signi�cantly decreased dual-luciferase activity. Concerning that binding with miR-34a-5p eliminated their
effect, and negatively related with both of them. Thus, CCAT2 is a sponge of miR-34a-5p and reduce its
function on Smad4.

Collectively, we investigated lncRNA CCAT2 inhibition e�ciently controlled liver �brosis through TGF-
β1/Smad4 signaling. By con�rming CCAT2, miR-34a-5p and TGF-β1/Smad4 interacting axis, it can be
suggestted that inhibiting TGF-β1/Smad4 signaling pathway may be crucial to interrupt �brogenesis
through CCAT2 and miR-34a-5p regulation. These suggesting CCAT2 and miR-34a-5p can be used for
biomarkers, and can be developed as a possible targeted therapy agent of liver �brosis. So far, CCAT2
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was only known as an oncogenic lncRNA, however, we de�ned CCAT2 as anti-pro�brogenic factor in liver
for the �rst time.
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Figures

Figure 1
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RT-qPCR detected the expression levels regulated by different factors inthe serum of liver �brosis with
HBV patients and healthy people. A. CCAT2, B. miR-34a-5p and C. Smad4 protein expression level.
**P<0.01, ***P<0.001.

Figure 2
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CCAT2 transfection effect on lx-2 cells. A. Comparison of cell viability of lx-2 cells transfected with sh-
CCAT2 or pcDNA3.1-CCAT2 was determined by MTT assay. B. Colony formation assay and C. the
quanti�cation. D and E. Cell-cycle distribution by �ow cytometry, and statistical analysis of distribution of
lx-2cell cycle stages.

Figure 3
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Related protein expression level of EMT related proteins and Smad signaling in HSCs. β-actin was used
as an internal control. Data are reported as means±SD.

Figure 4

Wild type 5’-UTRs of CCAT2, and interaction sites between miR-34a-5p. Dual luciferase assay of HSCs co-
transfected with CCAT2 wild type or mutants and miR-34a-5p mimics or negative control.
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Figure 5

miR-34a-5p transfection effect on HSCs. A. Comparison of cell proliferation of HSCs transfected with
miR-34a-5p mimic or inhibitor was determined by MTT assay. B. Colony formation assay and C. the
quanti�cation. D and E. Cell-cycle distribution by �ow cytometry, and statistical analysis of distribution of
HSCs cell cycle stages. 
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Figure 6

Related protein expression level of ECM related proteins and Smad signaling in HSCs. β-actin was used
as an internal control. Data are reported as means±SD.
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Figure 7

sh-CCAT2 and miR-34a-5p inhibitor transfection effect on HSCs. A. Comparison of cell proliferation of
HSCs co-transfected with sh-CCAT2 and miR-34a-5p mimic or inhibitor was determined by MTT assay. B.
Colony formation assay and C. the quanti�cation. D and E. Cell-cycle distribution by �ow cytometry, and
statistical analysis of distribution of HSCs cell cycle stages.  
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Figure 8

Legend not included with this version
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Figure 9

Legend not included with this version
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Figure 10

Legend not included with this version
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Figure 11

Legend not included with this version


