
Am J Transl Res 2025;17(2):888-896
www.ajtr.org /ISSN:1943-8141/AJTR0160523

https://doi.org/10.62347/NPLT8946

Original Article
MiR-145-5p inhibits proliferation of  
hepatocellular carcinoma, acting through PAI-1

Jin Li, Jianfang Ma

Department of General Surgery, The Second Hospital of Shanxi Medical University, Taiyuan 030001, Shanxi, 
China

Received September 13, 2024; Accepted December 9, 2024; Epub February 15, 2025; Published February 28, 2025

Abstract: Objectives: Hepatocellular carcinoma (HCC) mostly developsfrom cirrhosis, so we compared the miRNA 
profiles of patients with cirrhosis who developed HCC with those who did not, and screened for miR-145-5p, which 
may be involved in the progression of liver cancer. The study’s purpose was to explore the mechanism of miR-145-
5p in cirrhosis that becomes HCC. Methods: Cell counting kit 8 (CCK-8) and clone formation assays were employed 
to calculate cell proliferative ability. Quantitative real-time PCR (qRT-PCR) was conducted to measure the mRNA 
levels of miR-145-5p, plasminogen activator inhibitor 1 (PAI-1), and Circular RNA PVT1 (circPTV1). Results: MiR-145-
5p was downregulated in HCC, and miR-145-5p inhibited Huh-7 cell viability and clone formation. The Area Under 
the Curve (AUC) of miR-145-5p for distinguishing between the HCC and Tumor-free groups was 0.900, indicating a 
high diagnostic accuracy. PAI-1 was identified as a downstream target of miR-145-5p. Silencing PAI-1 decreased the 
viability and clone formation of Huh-7 cells. circPVT1 directly binding to miR-145-5p in HuH-7 cells. circPVT1 regu-
lates cell viability and clone formation through miR-145-5p. In summary, we identified miRNA miR-145-5p, which 
was lowly expressed in HCC, and inhibited the viability and clone formation of HCC cells. Conclusion: Our research 
elucidates the regulatory role of the circPVT1/miR-145-5p/PAI-1 axis in HCC, suggesting its potential as a novel 
diagnostic biomarker or therapeutic target for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a highly 
aggressive invasive malignancy that has a poor 
prognosis, and rapid progression. In China, 
HCC has a high prevalence and ranks third in 
mortality among malignant tumors. As an 
inflammation-associated neoplasm, over 80% 
of HCC cases are linked to liver cirrhosis and 
hepatitis, with HCC developing in 3%-5% of cir-
rhotic patients annually [1]. Nevertheless, not 
all cases of hepatitis and liver fibrosis progress 
to HCC, as only one-third of cirrhotic individuals 
ultimately develop this malignancy [2]. The pre-
cise mechanisms responsible for the progres-
sion of liver cirrhosis to hepatocellular carcino-
ma (HCC) remain unclear. Thus, there is a pre- 
ssing need for further investigation into the eti-
ology and pathogenesis linking liver cirrhosis 
and HCC, as well as the implementation of 
appropriate preventive and therapeutic inter-
ventions to impede the transition from liver cir-
rhosis to HCC.

MicroRNAs, which are small non-coding RNA 
molecules consisting of 18-25 nucleotides, play 
a crucial role in gene expression regulation by 
modulating protein translation and mRNA cleav-
age [3]. Due to their ability to meet multiple cri-
teria for ideal biomarkers, such as ease of use 
and sensitivity, microRNAs have been identified 
as promising biomarkers for a variety of human 
diseases. MicroRNAs may function as tumor 
suppressors or oncogenes, involved in regulat-
ing tumorigenesis and the development of hu- 
man cancers [4]. Additionally, microRNAs ex- 
hibit a high level of specificity to tissue or cell 
type, suggesting the potential for using speci- 
fic microRNAs to elucidate disease onset and 
progression [5]. The demonstrated sensitivity 
of microRNAs and their ability to fluctuate in 
response to disease progression or therapeutic 
intervention underscores the potential for non-
invasive for accurate disease diagnosis and 
monitoring. Previous research has demonstrat-
ed miR-145-5p has tumor suppressor roles in 
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multiple malignancies, including ovarian can-
cer, colorectal cancer, breast cancer, prostate 
cancer, and cervical cancer [6-10].

Plasminogen activator inhibitor-1 (PAI-1 or SER- 
PIN E1) is a fast and specific inhibitor of the ser-
ine proteases urokinase-type (uPA) and tissue-
type plasminogen activator (tPA). Both uPA and 
tPA convert the inactive zymogen plasminogen 
into the active serine protease plasmin, which 
degrades extracellular proteins such as fibrin 
and laminin. Accordingly, plasminogen activa-
tion plays important physiologic roles in fibrino-
lysis and tissue remodeling; PAI-1 is one of the 
most useful biochemical prognostic markers in 
several types of cancers [11]. In a multicentre 
prospective randomized trial of node-negative 
breast cancer, patients with low levels of uPA 
and PAI-1 in their primary tumor had a very 
good prognosis, thus uPA and PAI-1 may be 
candidates for adjuvant chemotherapy. In con-
trast, the risk of disease recurrence for node-
negative patients with high levels of uPA and 
PAI-1 is similar to the risk for patients with three 
or more tumour cell positive axillary lymph no- 
des [12]. The malignant cells’ production of uPA 
aligns with the traditional model of uPA bound 
to uPAR on their surface, facilitating pericellular 
proteolysis and promoting invasion. High PAI-1 
levels are associated with poor prognoses in 
oral cancer, which is consistent with the hypoth-
esis that malignant cells express PAI-1 to pro-
mote tumor growth, invasion, and metastasis 
by protecting the malignant cells against uPA-
mediated proteolysis [13, 14].

The purpose of this study was to evaluate  
the effects of miR-145-5p on the viability and 
clone formation of HCC cells. We further experi-
mentally identified a novel mechanism through 
which miR-145-5p suppresses clone formation 
by directly targeting PAI-1 based on the bioinfor-
matic analysis of its putative target genes. 
According to our research, the miR-145-5p/
PAI-1 pair may serve as targets for slowing HCC 
proliferation.

Materials and methods

Cell culture

The human HCC cells HCC-LM3, Bel-7402, and 
Huh7, and normal hepatic cell line L-02, were 
obtained from the Shanghai Institute of Cell 
Biology. L-02 cells were grown in RPMI-1640 
medium (Gibco) with 10% Fetal Bovine Serum 
(FBS) (Gibco), while HCC-LM3, Bel-7402, and 

Huh7 cells were grown in DMEM (Gibco) with 
10% FBS. All cells were incubated at 37°C with 
5% CO2. Authentication of the cells was per-
formed using short tandem repeats (STR) pro- 
filing, and they were confirmed to be free of 
mycoplasma contamination.

RNA interference

The RiboBio Company (Guangzhou, China) syn-
thesized siRNAs and mimics of indicated miR-
NAs. A riboFECTTM CP (RiboBio) was used for 
transfecting siRNAs and miRNAs.

Cell counting kit 8 (CCK-8) assay

Following transfection, Huh-7 cells were distrib-
uted into 96-well plates at a density of 1.0 × 
103 cells per well and incubated in DMEM medi-
um supplemented with 10% FBS for time inter-
vals of 12, 24, 48, and 72 hours. Cell prolifera-
tion was assessed using the CCK8 detection  
kit (Engreen Biosystem Co., Ltd., China), with 
absorbance readings taken at 450 nm using a 
microplate reader (Molecular Devices, USA).

Clone formation assay

In six-well plates, 600 cells were seeded per 
well and maintained in DMEM medium supple-
mented with 10% FBS at 37°C in an incubator 
with 5% CO2 for a duration of 2 weeks, with me- 
dium replacement every 3 days. Following two 
washes with PBS, crystal violet was used to 
stain the fixed cells after they were fixed in 
methanol for 15 minutes at 25°C. Clone forma-
tion was then quantified manually.

RNA extraction and qRT-PCR

Total RNA samples were extracted using 
TRIzolTM reagent (Life Technologies, USA). Pri- 
meScriptTM RT Master Mix (Takara, Japan) was 
used to carry out the reverse transcription, and 
TB GreenTM Premix Ex TaqTM (Takara, Japan) was 
used to perform quantitative real-time PCR 
(qRT-PCR) on an ABI PRISM 7500 real-time PCR 
System (Applied Biosystems, USA). Using the 
2-ΔΔCt method and GAPDH as a housekeeping 
gene, relative expression levels were deter-
mined. The extracted total RNA was stored at 
-80°C for future experiments.

The miRNeasy Mini Kit (Qiagen) was employ- 
ed for miRNA extraction. The miRNA RT-PCR 
Quantitation Kit (Qiagen) was used to perform 
subsequent reverse transcription and qRT-PCR 
analyses on miRNAs, including the internal ref-
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erence U6. The amplification process involved 
an initial denaturation step at 95°C for 3 min-
utes, followed by 40 cycles of a melting tem-
perature of 95°C for 15 seconds and an an- 
nealing temperature of 62°C for 34 seconds. 

Luciferase reporter assay

Online software Targetscan website (http://
www.targetscan.org/vert_72/) predicted the 
putative binding sites between PAI-1 and  
miR-145-5p, while Circular RNA Interactome 
(https://circinteractome.nia.nih.gov/) identified 
the binding sites between circPVT1 and miR-
145-5p. To produce the pmir-GLO-PAI-1 (PAI-1-
WT) or pmir-GLO-circPVT1 (LYAR-WT) reporter 
vectors, wild-type PAI-1 and circPVT1 contain-
ing predicted miR-145-5p binding sites were 
constructed and cloned into the pmir-GLO Dual-
luciferase vector (Promega, USA). To create PAI-
1-MUT and circPVT1-MUT reporter vectors, by 
using a GeneTailor Site-Directed Mutagenesis 
System (Invitrogen), we synthesized mutated 
sequences for integration into the dual-lucifer-
ase pmir-GLO vector. With Lipofectamine 3000, 
PAI-1-WT, PAI-1-MUT, or circPVT1-WT reporter 

In our prior investigation, we conducted a 
miRNA data analysis of cirrhosis and liver can-
cer utilizing the GEO dataset GSE116054. The 
study encompassed 49 patients with liver fibro-
sis and cirrhosis. Through long-term follow-up, 
25 patients who eventually evolved into HCC 
were designated as the HCC group, alongside 
an additional 24 patients who did not progress 
to HCC, designated as the Tumor-free group. 
Through examination of miR-145-5p levels in 
both groups, a notable downregulation of miR-
145-5p was observed in the majority of HCC 
tissues in comparison to the Tumor-free group 
(P<0.05) (Figure 1A). The study used Receiver 
Operating Characteristic (ROC) analysis to de- 
termine that the Area Under the Curve (AUC)  
of miR-145-5p in distinguishing between the 
HCC group and the Tumor-free group was 
0.900, suggesting the potential diagnostic util-
ity of miR-145-5p for HCC (Figure 1B). Addi- 
tionally, the study demonstrated downregula-
tion of miR-145-5p in HCC cell lines HCC-LM3, 
Bel-7402, and Huh7 compared to a normal he- 
patic cell line L-02, as illustrated in Figure 1C. 
Subsequently, to investigate the involvement of 
miR-145-5p in the development of liver cirrho-

Figure 1. MiR-145-5p was downregulated in HCC and may act as a marker 
for the diagnosis of HCC. A: The miR-145-5p levels in HCC and tumor-free 
groups. B: The ROC curve of miR-145-5p in diagnosing HCC and liver cirrho-
sis. C: miR-145-5p was downregulated in HCC cell lines HCC-LM3, Bel-7402, 
Huh7, and a normal hepatic cell line L-02. D and E: miR-145-5p was mark-
edly increased and silenced by mimic and inhibitor. **P<0.01; ***P<0.001.

vectors were co-transfected 
with miR-145-5p mimic or 
negative control (NC mimic) 
into Huh-7 cells. Next, a 48-h 
luciferase assay kit (Promega) 
was used to measure lucifer-
ase activity, and the results 
were normalized to Renilla 
luciferase activity.

Statistical analysis

Data analysis was conducted 
using SPSS software version 
16. Each experiment was rep-
licated at least three times, 
and results were reported as 
mean ± standard deviation. 
Statistical significance was as- 
sessed using the χ2-Test and 
Student’s t-test. A p-value of 
less than 0.05 was deemed 
significant.

Results

MiR-145-5p was downregu-
lated in HCC and may act as 
a marker for the diagnosis of 
HCC
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Figure 2. MiR-145-5p suppressed Huh-7 cell proliferation. A: miR-145-5p 
mimic significantly inhibited Huh-7 cell viability. B: miR-145-5p inhibitor en-
hanced the viability of Huh-7 cells. C: miR-145-5p mimic significantly inhibit-
ed the cloned cell number of Huh-7 cells. D: miR-145-5p inhibitor enhanced 
the cloned cell number of Huh-7 cells. *P<0.05; **P<0.01.

sis and HCC, Huh-7 cells ex- 
hibiting the lowest expression 
levels of miR-145-5p were 
chosen for further analysis. 
miR-145-5p was either upreg-
ulated or downregulated using 
mimic and inhibitor techniqu- 
es. MiR-145-5p was markedly 
increased and silenced by mi- 
mic and inhibitor, as illustrat-
ed in Figure 1D and 1E.

MiR-145-5p suppressed Huh-
7 cell proliferation

To explore the function of miR-
145-5p in HCC, function ex- 
periments in vitro were per-
formed in Huh-7 cells. We de- 
signed specific mimics and 
inhibitors that targeted miR-
145-5p and transfected them 
into Huh-7 cells. Next, we app- 
lied CCK8 and clone formation 
assays to determine the ef- 
fect of miR-145-5p on Huh-7 
cell proliferation. As the re- 
presentative photos show in 
Figure 2A and 2C, miR-145-
5p mimic significantly inhibit-
ed Huh-7 cell viability (P<0.05); 
meanwhile, the cloned cell 
number was also remarkably 
reduced (P<0.05). On the con-
trary, silencing of miR-145-5p 
obviously improved Huh-7 cell 
viability (P<0.05) (Figure 2B) 
and cloned cell number (P< 
0.05) (Figure 2D).

PAI-1 was upregulated in HCC 
tissues and cell lines

To deepen our understanding 
of the role of miR-145-5p in 
Huh-7 cells, we conducted a 
further analysis of the GSE- 
116054 dataset. Our findings 
indicate a significant upregu-
lation of PAI-1 mRNA levels in 
tissues of patients with HCC 
(n=25) compared to patients 
in tumor-free groups (n=24) 
(Figure 3A), suggesting a role 
for PAI-1 in promoting the pro-

Figure 3. Silencing PAI-1 decreased the viability and clone formation. A: PAI-
1 was upregulated in HCC tissues of patients with HCC. B: PAI-1 markedly 
elevated in HCC cells compared to normal cells, particularly in Huh-7 cells. 
C: Inhibition of PAI-1 expression using siRNA (si-PAI-1) decreased the viability 
of Huh-7 cells. D: Silencing of PAI-1 decreased the clone formation. *P<0.05; 
**P<0.01; ***P<0.001.
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gression of liver cirrhosis to HCC by exacerbat-
ing liver fibrosis. Subsequent examination of 
PAI-1 levels in HCC cell lines revealed a similar 
pattern, with markedly elevated levels observed 
in HCC cells compared to normal cells, parti- 
cularly in Huh-7 cells (Figure 3B). Inhibition of 
PAI-1 expression using siRNA (si-PAI-1) resulted 
in decreased viability and clone formation of 
Huh-7 cells (Figure 3C, 3D). 

PAI-1 was involved in miR-145-5p-mediated 
proliferation in Huh-7 cells

To further investigate the relationship between 
PAI-1 and miR-145-5p, bioinformatic analysis 
revealed complementary binding sites between 
miR-145-5p and the 3’-UTR of PAI-1 (Figure 
4A). It is hypothesized that miR-145-5p may 
modulate liver fibrosis by targeting PAI-1, there-
by influencing the progression from liver cirrho-
sis to liver cancer. Through a luciferase assay, 
we demonstrated direct targeting of miR-145-

using online bioinformatics analysis software. 
The miR-145-5p binding sequences on circPV-
T1 were mutated from 5’-…ACUGGA…-3’ to 5’-…
ACACCUA…-3’ (Figure 5A). Next, we co-trans-
fected two plasmid vectors with WT or MUT cir-
cPVT1 and miR-145-5p mimic in HuH-7 cells, 
and then detected the luciferase activity. We 
found that the luciferase activity was reduced 
when co-transfected miR-145-5p mimic and 
circPVT1-WT 3’UTR. On the contrary, in HuH-7 
cells co-transfected with miR-145-5p mimic 
and circPVT1-MUT 3’UTR, luciferase activity 
remained unchanged (Figure 5B). The levels  
of circPVT1 were also found to be upregulat- 
ed in the HCC group compared to the tumor-
free group (Figure 5C). The correlation an- 
alysis between circPVT1 and miR-145-5p  
was performed in the HCC group, and we found 
circPVT1 had a miR-145-5p negative correla-
tion (Figure 5D). Also, circPVT1 had a positive 
correlation with PAI-1 in HCC group (Figure  
5E).

5p by PAI-1. Additionally, only 
the wild-type PAI-1 plasmids, 
pmir-GLO-PAI-1 (WT), resulted 
in reduced luciferase activity. 
When mutations were introdu- 
ced to the theoretical binding 
sites provided by PAI-1 for miR-
145-5p, there was no change 
in luciferase activity (Figure 
4B). A correlation analysis of 
mRNA levels in 25 HCC pa- 
tients revealed a negative cor-
relation between miR-145-5p 
and PAI-1 (Figure 4C). Additi- 
onally, transfection with a miR-
145-5p mimic reduced the 
mRNA levels of PAI-1 (Figure 
4D), while transfection with a 
miR-145-5p inhibitor increased 
PAI-1 mRNA levels (Figure 4E), 
indicating a possible regulatory 
relationship between miR-145-
5p and PAI-1.

circPVT1 directly targets miR-
145-5p in HuH-7 cells

Circular RNA interactome 
(https://circinteractome.nia.
nih.gov/) showed circPVT1 
binds directly to miR-145-5p 

Figure 4. PAI-1 is involved in miR-145-5p-mediated viability and clone for-
mation in Huh-7 cells. A: Bioinformatic analysis revealed complementary 
binding sites between miR-145-5p and the 3’-UTR of PAI-1. B: miR-145-5p 
directly targeted PAI-1 based on a luciferase assay. C: miR-145-5p nega-
tively correlated with PAI-1 in 25 HCC patients. D: Transfection with a miR-
145-5p mimic reduced the mRNA levels of PAI-1. E: Transfection with a miR-
145-5p inhibitor increased PAI-1 mRNA levels. **P<0.01.
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The levels of circPVT1 in cell lines were mea-
sured. Similar to that of tissues, circPVT1 was 
upregulated in HCC cells versus normal cells 
(Figure 5F). Moreover, silencing circPVT1 could 
increase the mRNA level of miR-145-5p, and 
conversely, circPVT1 overexpression could 
inhibit the mRNA level of miR-145-5p (Figure 
5G). On the contrary, downregulating circPVT1 

reduced PAI-1, while upregulating circPVT1 
enhanced PAI-1 (Figure 5H).

circPVT1 regulates cell proliferation through 
miR-145-5p

To verify the effect of circPVT1 on regulating 
cell viability and clone formation by targeting 

Figure 5. circPVT1 directly targeted miR-145-5p in HuH-7 cells. A: circPVT1 directly binds to miR-145-5p. B: Co-
transfected WT or MUT of circPVT1 3’UTR and miR-145-5p mimic in HuH-7 cells to confirm that miR-145-5p binding 
to circPVT1. C: circPVT1 was found to be upregulated in the HCC group compared to tumor-free group. D: circPVT1 
had a negative correlation with miR-145-5p in the HCC group. E: circPVT1 had a positive correlation with PAI-1 in the 
HCC group. F: circPVT1 was upregulated in HCC cells versus normal cells. G: Silencing circPVT1 could increase the 
mRNA level of miR-145-5p, and overexpression of circPVT1 could inhibit the mRNA level of miR-145-5p. H: Down-
regulating circPVT1 reduced PAI-1, while upregulating circPVT1 enhanced PAI-1. *P<0.05; **P<0.01; ***P<0.001.
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miR-145-5p, pcDNA3.1-circPVT1 was transfect-
ed into HuH-7 cells that were transfected with 
miR-145-5p mimic (Figure 6A). CCK-8 assay 
demonstrated that co-transfecting pcDNA3.1-
circPVT1 increased the proliferative ability in 
HuH-7 cells transfecting with miR-145-5p mi- 
mic (Figure 6B). In addition, the cloned num- 
ber was also improved by co-transfecting 
pcDNA3.1-circPVT1 and miR-145-5p mimic 
compared to only transfected miR-145-5p mi- 
mic (Figure 6C). Thus, all the results showed 
that circPVT1 regulated miR-145-5p-mediated 
regulation of HCC cells. 

Discussion

In our prior investigation, we analyzed miRNA 
data from patients with cirrhosis-liver cancer 
using the GEO dataset, incorporating a cohort 
of 49 individuals with liver fibrosis and cirrho-
sis. Following an extended period of monitoring 
disease advancement, the patients were strati-
fied into two categories: the tumor-free group, 

marker for HCC, with an AUC of 0.900. In Huh-7 
cells, upregulating miR-145-5p inhibited cell 
viability and clone formation, while downregu-
lating miR-145-5p enhanced them.

In order to deepen our understanding of the 
role of miR-145-5p in Huh-7 cells, we conduct-
ed additional analysis of the mRNA expression 
profile within the GSE116054 dataset. Our find-
ings indicate that miR-145-5p directly targets 
the downstream gene PAI-1, as evidenced by 
the decreased mRNA levels of PAI-1 follow- 
ing transfection with a miR-145-5p mimic and 
increased levels following transfection with a 
miR-145-5p inhibitor. Furthermore, knockdown 
of PAI-1 resulted in a reduction in cell viability 
and clone formation. Plasminogen Activator 
(PA) has been identified as a significant gene 
implicated in the progression of liver cirrhosis 
to hepatocellular carcinoma (HCC). Research 
indicates that the plasminogen activator (PA)/
plasmin system plays a crucial role in regulat-
ing the activity of matrix metalloproteinases 

Figure 6. circPVT1 regulates cell viability and clone formation through miR-
145-5p. A: pcDNA3.1-circPVT1 was transfected into HuH-7 cells that were 
transfected with miR-145-5p mimic. B: Co-transfecting pcDNA3.1-circPVT1 
increased the proliferative ability in HuH-7 cells transfected with miR-145-
5p mimic. C: The cloned number was also improved by co-transfecting 
pcDNA3.1-circPVT1 and miR-145-5p mimic compared to only transfected 
miR-145-5p mimic. *P<0.05; **P<0.01.

comprising patients diagnos- 
ed with cirrhosis who did not 
develop HCC, and the HCC 
group, consisting of patients 
diagnosed with cirrhosis who 
subsequently progressed to 
HCC. Through a comparative 
analysis of miRNA expression 
in liver tissues from two dis-
tinct groups, it was observed 
that miR-145-5p exhibited a 
significant increase as the  
disease progressed within the 
Tumor free group. This sug-
gests a potential correlation 
between the up-regulation of 
miR-145-5p levels and the 
reduced risk of hepatocellular 
carcinoma in liver cirrhosis 
within the tumor-free group. 
Previous research indicated 
that miR-145-5p played an 
important role in tumor grow- 
th and aggressiveness, possi-
bly serving as biomarkers and 
therapeutic targets [15-17]. 
Consistent with the findings, 
we found that miR-145-5p 
was downregulated in HCC tis-
sues and cell lines. By ROC 
curves, miR-145-5p was dis-
covered to be a diagnostic bio-
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(MMPs) and extracellular matrix (ECM) degra-
dation. PA has the ability to activate plasmin, 
which in turn activates MMPs, whereas plas-
minogen activator inhibitor-1 (PAI-1) can inhibit 
MMP activation [18, 19]. Hepatic stellate cells 
(HSC) play a crucial role in the regulation of 
hepatic extracellular matrix (ECM) deposition 
through the expression of plasminogen activa-
tor (PA) and plasminogen activator inhibitor-1 
(PAI-1). The activation of HSCs serves as a piv-
otal factor in the pathogenesis of liver fibrosis. 
As liver fibrosis advances, the upregulation of 
PAI-1 outpaces that of PA, resulting in impair- 
ed ECM degradation and exacerbation of liver 
fibrosis progression [20, 21]. Prior studies have 
demonstrated that enhancing PA expression 
and modulating PAI-1 levels can effectively 
ameliorate fatty liver and liver necrosis [22].

Circular RNAs (circRNAs) are a new subtype of 
ncRNAs that lack both polyadenylation and 
5’-3’ polarity. According to the ceRNA hypothe-
sis, circRNAs may act as miRNA sponges, regu-
lating downstream target gene transcription. 
CircPVT1 enhanced ccRCC proliferative and 
invasive phenotype by sponging miR-145-5p 
[23]. Similarly, in CRC and endometrial can- 
cer, circPVT1 promoted tumor progression by 
sponging miR-145-5p [24, 25]. In our study, 
using dual-luciferase reporter assays, wt and 
miR-145 mimics significantly reduced lucifer-
ase intensity, whereas mut or miRNA mimics 
did not reduce it significantly, demonstrating 
that circPVT1 binds to miR-145-5p in HCC cells. 
CircPVT1 is predominantly located in the cyto-
plasm of cells. On the other hand, PAI-1 is pri-
marily found in the extracellular environment, 
where it plays a significant role in blood circula-
tion by interacting with the fibrinolytic system 
and regulating fibrin degradation. Rescue ex- 
periments revealed that the overexpression of 
circPVT1 promoted cell viability and clone for-
mation that was dependent on miR-145.

In summary, we identified a miRNA miR-145-
5p, that was lowly expressed in HCC, and inhib-
ited the viability and clone formation of HCC 
cells. As a result of being competitively sponged 
by circPVT1, miR-145-5p inhibits the progres-
sion of HCC by regulating the expression of its 
target gene PAI-1. Our research demonstrates 
that the circPVT1/miR-145-5p/PAI-1 axis oper-
ates as a regulator and contributes to HCC 
development, possibly providing a new bio-
marker for diagnosis, and a therapeutic target.
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