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Abstract. MicroRNAs (miRNAs) have been reported to 
play critical roles in tumor progression including hepatocel-
lular carcinoma (HCC). Thus, the underlying mechanisms 
need further investigation. Previous study reported that loss 
of miR-345 expression indicated a poor prognosis of HCC 
patients. This study evaluated whether loss of miR-345 could 
promote the tumor metastasis and epithelial-mesenchymal-
transition (EMT) of HCC by targeting interferon regulatory 
factor 1 (IRF1)-mediated mTOR/STAT3/AKT signaling. 
Underexpression of miR-345 was identified in 65 cases of 
human HCC compared to matched tumor-adjacent tissues 
by qRT-PCR. Moreover, we found that reduced expression 
of mi-345 was observed in HCC cell lines. The restoration of 
miR-345 inhibited cell migration and invasion in HCCLM3 
cells, while its loss facilitated the cell mobility of HepG2 
cells. Furthermore, miR-345 over expression reduced lung 
metastases of HCC cells in nude mice. Notably, miR-345 
overexpression prohibited, while its knockdown enhanced 
the EMT process of HCC cell lines in vitro. Bioinformatics 
software predicted that IRF1 was a direct target of miR-345. 
We then observed the negative regulation of miR-345 on IRF1 
protein expression and the direct binding between them was 
further verified by dual-luciferase assays in HCC cells. In addi-
tion, over expression of IRF1 mRNA was inversely correlated 
with the level of miR-345 in HCC specimens. Restoration of 
IRF1 resulted in promoted EMT and cell mobility in miR-345 
overexpressing HCCLM3 cells. It was found that mTOR/
STAT3/AKT pathway and its downstream targets including 
Slug, Snail and Twist may be involved in IRF1 mediated 
EMT process. In conclusion, miR-345 acts as an inhibitor of 

EMT process in HCC cells by targeting IRF1 and this study 
highlights the potential effects of miR-345 on prognosis and 
treatment of HCC.

Introduction

Hepatocellular carcinoma (HCC), the most frequent primary 
liver cancer, and the third leading cause of cancer-related 
death in the world (1). Although the treatments have 
improved in recent years, metastasis and recurrence of HCC 
compromise the efficiency of new therapies, and the survival 
of HCC patients remain dismal (2). Better understanding of 
the metastasis mechanism is required.

MicroRNAs (miRNAs), small non-coding RNAs, post-
transcriptionally regulate protein expression levels via 
directly binding to mRNAs of potentially hundreds of genes 
at the 3'-untranslated regions (3'-UTR) (3). Dysregulated 
miRNAs contribute to cancer initiation and progression by 
acting as proto-oncogenes or tumor suppressor genes (4). 
miR-345 were shown highly expressed in malignant meso-
thelioma compared with normal samples (5). Furthermore, 
miR-345 expression was increased and might play a critical 
role in malignant transformation of oral carcinoma (6). 
miR-345 was implicated in cisplatin resistance of MCF-7 
by targeting multidrug resistance-associated protein 1 
(MRP1) (7). In colorectal cancer, underexpression of miR-345 
conferred to lymph node metastasis and worse histological 
type, and its restoration inhibited cancer cell prolifera-
tion and invasion (8,9). Moreover, miR-345 expression was 
downregulated in non-small cell lung cancers (NSCLC) and 
its low expression was correlated with malignant clinical 
parameters and poor prognosis (10). Loss of miR-345 was 
reported to confer apoptosis resistance to pancreatic cancer 
(PC) cells (11), and miR-345 inhibited prostate cancer cell 
proliferation and mobility by suppressing Smad1 (12). 
Rare studies reported the correlation between miR-345 
and HCC. Shiu et al reported that hepatitis C virus (HCV) 
core protein upregulated the expression of miR-345, which 
inhibited curcumin-induced apoptosis by targeting p21 in 
Huh7 cells (13), and Jiang et al showed that HCC patients 
with good survival rates had high miR-345 expression level 
compared with that in cases with poor survival rates (14). 
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Thus, it is worth investigating the biological role of miR-345 
and its underlying mechanisms in HCC.

This study showed that miR-345 underexpression was 
observed in HCC tissues and cells. We also illustrated that 
loss of miR-345 promoted HCC cell migration and invasion, 
and resulted in epithelial-mesenchymal-transition (EMT) 
progression probably by targeting interferon regulatory 
factor 1 (IRF1)-mediated mTOR/STAT3/AKT signaling 
in vitro. Thus, this work supported the first evidence that 
miR-345 was recognized as a potential therapeutic target for 
HCC.

Materials and methods

Cell culture and transfection. HCC-derived cell lines (HepG2, 
SMMC-7721, MHCC97L, MHCC97H and HCCLM3) and a 
normal hepatocyte cell line (LO2) were purchased from the 
Cell Bank of Shanghai Institute of Cell Biology, Chinese 
Academy of Medical Science (Shanghai, China). Cell lines 
were cultured in DMEM with 10% fetal bovine serum (Gibco, 
Grand Island, NY, USA) with anti-biotics (Sigma-Aldrich, 
St. Louis, MO, USA) at 37˚C in 5% CO2.

miR-345 mimic (HmiR0210-MR04), miR-345 inhibitor 
(HmiR-AN0437-AM04), IRF1 overexpression plasmid 
(pcDNA3.1-IRF1) and corresponding negative control vectors 
(CmiR0001-MR04; CmiR-AN0001-AM04) were designed and 
synthesized by GeneCopoeia (Guangzhou, China). Cell transfec-
tion was performed by using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) according to the supplier's protocol.

Quantitative real-time polymerase chain reaction (qRT-
PCR). Total RNA was extracted from the cells and tissues 
with TRIzol reagent (Invitrogen). PrimeScript RT Master 
Mix Perfect Real-time (Takara, Shiga, Japan) was used to 
assess IRF1, while Poly-A polymerase based First-Strand 
Synthesis kit (Takara) was used for miR-345 by polyadenyl-
ating the total RNA. After reverse transcription, qRT-PCR 
was performed by using SYBR Premix Ex Taq II (Takara). 
IRF1 was normalized to GAPDH, while U6 was used as 
miR-345 endogenous control. The primers used for miR-345, 
U6, IRF1 and GAPDH were designed and synthesized by 
Sangon Biotech (Shanghai, China).

Western blotting. Antibodies for the western blot were as 
follows: IRF1 (Cell Signaling, Danvers, MA, USA), mTOR 
(Cell Signaling), p-mTOR (Ser2448; Cell Signaling), STAT3 
(Cell Signaling), p-STAT3 (Tyr705; Cell Signaling), AKT 
(Cell Signaling), p-AKT (Ser473; Cell Signaling), E-cadherin 
(Abcam, Cambridge, MA, USA), N-cadherin (Abcam), 
vimentin (Abcam) and GAPDH (G8140, US Biological, 
Swampscott, MA, USA). The rabbit/mouse secondary anti-
bodies were obtained from Cell Signaling. Two days post 
transfection, total protein was extracted, following by quanti-
fication with BCA protein assay kit (Pierce, Bonn, Germany). 
Proteins were separated by 10% SDS-polyacrylamide gels and 
subsequently transferred to PVDF membranes. After blocking, 
blots were probed with specific antibodies.

Wound healing assay. HCC cells transduced with corre-
sponding vectors were seeded in 6-well plates to form single 

confluent cell layer. The wound were made with 100 µl tips in 
the confluent cell layer. At 0 and 24 h after would scratching, 
the width of wound was photographed with a phase-contrast 
microscope.

Transwell invasion assay. We determined the cell inva-
sion capacities by using Transwell chambers of pore size 
8 µm (Corning Costar, Cambridge, MA, USA). At 24 h 
after transfection, 5x104 cells were seeded in the 1:9 diluted 
Matrigel-coated (BD Biosciences, Franklin Lakes, NJ, USA) 

Table I. Clinicopathological correlation of miR-345 expression 
in HCC.

 miR-345
 expression
 --------------------------------
Clinicopathological  Low High
features Cases (n=33) (n=32) P-value

Age (y)    0.515
  ≤50 27 15 12
  >50 38 18 20
Gender    0.518
  Male 49 26 23
  Female 16   7   9
HBsAg    0.158
  Absent 21 8 13
  Present 44 25 19
Serum AFP level (ng/ml)   0.675
  ≤20 24 13 11
  >20 41 20 21
Tumor size (cm)    0.170
  ≤5 25 10 15
  >5 40 23 17
No. of tumor nodules    0.019a

  1 51 22 29
  ≥2 14 11   3
Cirrhosis    0.173
  Absent 27 11 16
  Present 38 22 16
Venous infiltration    0.014a

  Absent 48 20 28
  Present 17 13   4
Edmondson-Steiner grading   0.098
  I+II 49 22 27
  III+IV 16 11   5
TNM tumor stage    0.010a

  I+II 50 21 29
  III+IV 15 12   3

HCC, hepatocellular carcinoma; HBV, hepatitis B virus; AFP, 
α-fetoprotein; TNM, tumor-node-metastasis. aStatistically significant.
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upper chamber with 250 µl serum-free DMEM medium, while 
700 µl DMEM medium with 10% serum were added in the 
lower chamber. After 24 h, we fixed cells with paraformal-
dehyde and the cells in upper chamber were removed. Cells 
in lower chamber were then stained using 0.1% crystal violet 
solution and photographed.

Dual-luciferase reporter assay. Wild-type (wt) or mutant 
(mt) 3'-UTR of IRF1 was amplified and cloned into pmiR-
RB-REPORT™ Luciferase. Luciferase reporter containing 
the potential binding sequence of 3'-UTR of IRF1 was 
co-transfected with miR-345 mimic and corresponding nega-
tive control vector in HCCLM3 cells in 96-well plate. Two 
days later, dual-luciferase reporter assay system (Promega, 
Madison, WI, USA) was used to measure the alteration of 
luciferase. Firefly luciferase activity was normalized to renilla 
luciferase activity.

Immunofluorescence (IF). HCC cells were seeded on chamber 
slides and were fixed with 4% paraformaldehyde at room 
temperature (RT) for 10 min. Then, primary antibodies against 
E-cadherin (Abcam) or vimentin (Abcam) were subjected to 
cell incubation at 4˚C overnight. Then, the slides were incu-
bated with matched secondary antibodies (Invitrogen) for 1 h at 
RT. The nuclear of HCC cells were stained with DAPI (Sigma) 
for 10 min at RT. LSM 5 Pascal Laser Scanning Microscope 
was used for capturing fluorescence confocal images (Zeiss 
Germany, Oberkochen, Germany).

Immunohistochemistry (IHC). The tumor tissues that were 
previously formalin-fixed and paraffin-embedded were 
sliced into 4 µm sections, and underwent deparaffination and 
then rehydration. Antigen retrieval, suppression of endog-
enous peroxidase activity and 10% skim milk blocking were 
performed before primary antibody incubation. IRF1 (Cell 
Signaling) antibody was used as primary antibody overnight 
at 4˚C. The following day, the slides were incubated with 
peroxidase conjugated secondary antibody (zSGB-BIO, 
Beijing, China) for 90 min, and a peroxidase-labeled polymer, 
DAB solution was used for signal development for 5 min. The 
sections were counterstained with hematoxylin followed by 
dehydrating and mounting.

In vivo liver metastasis assay. HCCLM3 cells (6x106) that 
were transfected with miR-345 mimic or control vector were 
intravenously injected into nude mice. Five weeks after injec-
tion, all mice were euthanized, and the livers were sectioned 
and stained by H&E to check if hepatic metastatic foci formed. 
The protocol for these animal experiments were approved by 
the Ethics Review Committee of zhengzhou University.

Patients and tissue samples. Sixty-five pairs of human 
HCC and matched tumor-adjacent tissues were obtained 
from HCC patients undergoing hepatectomy at Department 
of Hepatobiliary Surgery, People's Hospital of zhengzhou 
University. All tissue samples were stored in liquid nitrogen or 
fixed with 10% formalin after surgical excision immediately. 
The patients did not receive any anti-tumor therapy before 
surgical excision. Each patient was well informed and signed 
the informed consent. The study was approved by the ethics 
committee of zhengzhou University in accordance with the 
Declaration of Helsinki.

Statistical analysis. Data are presented as mean ± SEM and 
analyzed by GraphPad Prism5 software (GraphPad Software, 
Inc., San Diego, CA, USA). Chi-squared test was employed to 
explore the association between two variables. The Student's 
t-test and ANOVA were carried out to analyze continuous 
variable. Correlation curve was constructed and differences 
among groups were calculated using the Spearman's rank 
correlation analysis. P-value <0.05 was considered to indicate 
a statistically significant difference.

Results

Loss of miR-345 promotes invasion and migration of HCC 
cell lines in vitro. The mRNA expression levels of miR-345 in 
65 cases of HCC and matched tumor-adjacent specimens were 
evaluated by qRT-PCR. Our data illustrated that the expres-
sion of miR-345 was significantly downregulated in HCC 
cases (P<0.05, Fig. 1A). Underexpression of miR-345 was 
found in HCC cell lines (SMMC-7721, HepG2, MHCC97L, 
MHCC97H and HCCLM3) compared to LO2 cells (P<0.05, 
respectively, Fig. 1B). The median of all HCC samples was 
considered as a cut-off value and the level of miR-345 was 

Figure 1. miR-345 is underexpressed in HCC tumor tissues and cells. (A) qRT-PCR was performed to identify the alterative expression of miR-345 in 65 pairs 
of human HCC and matched adjacent normal liver tissues. *P<0.05 by t-test. (B) The differences of expression of miR-345 between HCC cell lines (SMMC-
7721, HepG2, MHCC97L, MHCC7H and HCCLM3) and a normal hepatocyte cell line (LO2). Three repeats with similar results, *P<0.05 by ANOVA.
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divided into low (≤ median, n=33) or high (> median, n=32) 
group. Clinical correlation analysis disclosed that the low 
expression of miR-345 was associated with multiple tumor 
nodes, venous infiltration and advanced tumor-node-metastasis 
(TNM) stage (P<0.05, respectively, Table I). Next, we tested 
the effects of miR-345 on invasion and migration capacity of 
HCC in vitro. miR-345 mimic resulted in significant increase 

of miR-345 expression in HCCLM3 cells (P<0.05, Fig. 2A). 
miR-345 overexpression inhibited migration and invasion 
ability of HCCLM3 cells (P<0.05, respectively, Fig. 2B and C). 
While the opposite results were observed after anti-miR-345 
transfection in HepG2 cells (P<0.05, Fig. 2D-F). In the lung 
metastasis nude mouse model, miR-345 overexpression 
notably reduced the lung metastases of HCC cells in vivo 

Figure 2. miR-345 regulates cell migration and invasion in HCC cells. (A) HCCLM3 cells that were transduced with miR-345 mimic and corresponding nega-
tive control vector (miR-NC) were detected with qRT-PCR for miR-345 expression. Three repeats with similar results, *P<0.05 by t-test. (B) Wound healing 
assays indicated that miR-345 overexpression suppressed cell migration in HCCLM3 cells. (C) The invasion capacity of HCCLM3 cells were measured by 
Transwell assays after miR-345 mimic treatments. Three repeats with similar results, *P<0.05 by t-test. (D) HepG2 cells that were transduced with miR-345 
inhibitor (anti-miR-345) and corresponding negative control vector (anti-NC) were assessed by qRT-PCR for miR-345 expression. Three repeats with similar 
results, *P<0.05 by t-test. (E) Wound healing assays revealed that miR-345 loss promoted cell migration in HepG2 cells. (F) The invasion capacity of HepG2 
cells were enhanced as measured by Transwell assays after miR-345 silencing. n=3 repeats with similar results, *P<0.05 by t-test.
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Figure 3. miR-345 overexpression reduced lung metastases in mice. HCCLM3 cells that were transfected with miR-345 mimic and corresponding negative 
control vector (miR-NC) were intravenously injected into nude mice (n=8 for each group). H&E staining revealed that miR-345 overexpression significantly 
reduced lung metastases of HCCLM3 cells in vivo. *P<0.05 by t-test. M, metastases; scale bar, 50 µm.

Figure 4. Loss of miR-345 results in enhanced EMT in HCC cell lines. (A) miR-345 mimic treatment upregulated the level of epithelial marker (E-cadherin) 
and resulted in reduced expression of mesenchymal markers (N-cadherin and vimentin) in HCCLM3 cells. The biomarkers of EMT (E-cadherin and vimentin) 
in miR-345 overexpressed HCCLM3 cells and control cells were further verified by IF. (B) Downregulation of E-cadherin and upregulation of N-cadherin and 
vimentin were observed in miR-345 silenced HepG2 cells. Immunostaining of E-cadherin and vimentin were confirmed by IF in anti-miR-345 treated HepG2 
cells and control cells.
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(P<0.05, Fig. 3). These data uncovered an anti-invasive role 
of miR-345 in HCC cell lines.

Underexpression of miR-345 promotes the EMT process of 
HCC cells. As miR-345 harboured anti-invasive ability in 
HCC, we then explored the underlying relationship between 
miR-345 and EMT. Noteworthy, western blotting and IF 
results indicated remarkable gain of epithelial marker 
(E-cadherin) and obvious loss of mesenchymal markers 
(N-cadherin, vimentin) were detected after miR-345 restora-
tion in HCCLM3 cells (Fig. 4A). Conversely, anti-miR-345 
reduced the expression of E-cadherin as well as upregulated 
the levels of N-cadherin and vimentin in HepG2 cells 
(Fig. 4B). Therefore, our data demonstrated that loss of 
miR-345 enhanced invasion and migration abilities of HCC 
cells by promoting EMT process.

IRF1 is the direct target for miR-345 in HCC. According to the 
prediction of bioinformatic software (Targetscan, miRanda 
and PicTar), IRF1 is considered as one of the candidates with 
which miR-345 could bind directly (Fig. 5A). We then evalu-
ated the ability of miR-345 to inhibit the IRF1 expression 
via dual-luciferase reporter assay. miR-345 overexpression 
obviously inhibits luciferase activity of the reporter with wt 
3'-UTR sequence of IRF1 (P<0.05, Fig. 5B), miR-345 restora-
tion showed no significant effect on luciferase activity of mt 
3'UTR of IRF1 (Fig. 5B). We next tested whether miR-345 
could participate in the modulation of IRF1. The data of 
gain-of-function experiments in HCCLM3 cells revealed that 
the expression of IRF1 could be significantly downregulated 
by miR-345 overexpression at both the mRNA and protein 

level (P<0.05, respectively, Fig. 5C and D). Hence, miR-345 
downregulated the expression of IRF1 in HCC cells by 
binding to its 3'-UTR sequence directly according to the 
data in context. Furthermore, HCC cases were subjected to 
qRT-PCR for IRF2 mRNA expression. Quantitative data 
disclosed that IRF2 mRNA was overexpressed in HCC speci-
mens compared to matched tumor-adjacent tissues (P<0.05, 
Fig. 6A). The expression levels of miR-345 expression was 
negatively correlated with the levels of IRF1 mRNA in HCC 
specimens analyzed by Spearman's rank correlation analysis 
(r= -0.415, P<0.001, Fig. 6B). Representative IHC sections 
showed that miR-345 low expressing HCC showed strong 
staining of IRF1, while weak signal was detected in miR-345 
high expressing cases (Fig. 6C).

Re-expression of IRF1 reverses miR-345-inhibited EMT 
process in HCC. We next detected whether re-expression of 
IRF1 would rescue the effects of miR-345 in HCC. As expected, 
restoration of IRF1 rescued the prohibited effect of miR-345 
on IRF1, as well as EMT-related biomarkers (E-cadherin, 
N-cadherin and vimentin) (Fig. 7A). The migration and inva-
sion ability had also been measured and as shown in Fig. 7B 
and C: decreased migratory and invasive ability caused by 
miR-345 was sequentially increased by IRF1 overexpression 
in HCCLM3 cells (P<0.05, respectively). Hence, these results 
further confirmed that loss of miR-345 promoted EMT and 
cell mobility of HCC by targeting IRF1.

mTOR/STAT3/AKT signaling axis may involved in the 
miR-345/IRF1 mediated EMT. As previous research has 
identified that IRF1 activated mTOR/STAT3/AKT signaling 

Figure 5. IRF1 is the direct target of miR-345 in HCC cells. (A) The potential miR-345 binding site in wild-type (wt) 3'-UTR sequence of IRF1. The underlined 
part is the mutant site designed for mutant (mt) 3'-UTR sequence of IRF1. (B) HCCLM3 cells were co-transduced with miR-NC or miR-345 and luciferase 
reporters containing 3'-UTR of IRF1 sequence. miR-345 over expression reduced the luciferase activity of wt IRF1 3'-UTR, while showed no significant effect 
on the luciferase activity mt IRF1 3'-UTR. n=3 repeats with similar results, *P<0.05 by t-test. (C and D) The regulatory role of miR-345 on IRF1 expression in 
HCC cells was determined by western blot and qRT-PCR analysis. Three repeats with similar results, *P<0.05 by t-test.
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and subsequently upregulated Slug, Snail and Twist, which 
could promote HCC cell migration, invasion as well as EMT 
process (15) and we continued to explore whether mTOR/
STAT3/AKT signaling axis is involved in the miR-345/IRF1 
mediated EMT process. Of note, we found that the levels of 
phosphoryated mTOR, STAT3 and AKT as well as Slug, Snail 
and Twist were remarkably decreased in the miR-345 overex-
pression group while miR-345 knockdown lead to increased 
activity of mTOR/STAT3/AKT signaling pathway and its 
downstream targets (Fig. 8). Therefore, these results indicated 
that mTOR/STAT3/AKT signaling axis might be involved in 
the miR-345/IRF1 mediated EMT process in HCC.

Discussion

Recent research has demonstrated that miRNAs are involved 
in tumor initiation and progression as either oncogenes or 
tumor suppressors by negatively regulating downstream 
targets (16-18). Therefore, identifying the potential valuable 
miRNAs provides novel insight for the diagnosis and treat-
ment of patients with HCC (3,16). Herein, our data indicated 
that underexpressed miR-345 was common in HCC tissues. 
In addition, the levels of miR-345 were intensively reduced 
in HCC cell lines compared to a normal hepatocyte cell line 

(LO2). HCC patients with multiple tumor nodes, venous 
infiltration and advanced TNM stage showed significantly 
higher levels of miR-345, which was consistent with poor 
prognosis prediction as reported by Jiang et al (14). Although 
great efforts have been put into the study of miR-345 on 
tumor cell growth, apoptosis and metastasis (7,8,10-13), 
the roles of miR-345 in the modulation of EMT process 
remain largely unelucidated in HCC. In our recent study, 
gain- and loss-of-function methods were used to determine 
the functional roles of miR-345 in EMT. After restoration 
of miR-345, up regulated E-cadherin (epithelial marker), 
suppressed N-cadherin and vimentin (mesenchymal marker) 
were detected, accompanying with inhibited cell invasion 
and migration ability in HCCLM3 cells. Contrary data 
were obtained with anti-miR-345 treatment in HepG2 cells. 
These results demonstrated that miR-345 served as an tumor 
suppressor by suppressing EMT in HCC.

The role of IRF1 in HCC is still controversial according 
to previous studies. Kröger et al reported that the tumor 
growth of HCC was inhibited by the means of enhanced 
antitumor growth effect and immune cell recognization (19). 
Furthermore, IRF1 signaling pathway was implicated in 
interferon-gamma (IFN-γ) induced autophagy in Huh7 
cells (20). While, recent study indicated that suppression of 

Figure 6. Negative correlation between miR-345 and IRF1 expression in HCC. (A) qRT-PCR data revealed that the expression levels of IRF1 mRNA were 
upregulated in HCC compared to matched tumor-adjacent tissues (n=65). *P<0.05 by t-test. (B) The expression of miR-345 was negatively correlated with IRF1 
mRNA in HCC specimens confirmed by Spearman's rank correlation analysis. n=65. (C) Representative IHC sections showed that miR-345 low expressing 
HCC showed strong staining of IRF1, while weak signal was detected in miR-345 high expressing cases. Scale bar: 50 µm.
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IRF1 was involved in miR-130b induced inhibition of HCC 
cell migration and invasion (15). In this study, we found IRF1 
is a direct target of miR-345, re-expression of IRF1 rescued the 
miR-345 inhibited EMT process, these results demonstrated 
miR-345 could inhibit the EMT process by targeting IRF1. 
Moriyama et al reported that underexpression levels of IRF1 
mRNA were observed in 15 of 32 HCC cases compared to 
matched tumor-adjacent tissues (21). While our data revealed 
that IRF1 mRNA was overexpressed in HCC specimens. We 
suggest that the case number and etiology may be the causes 

of difference. HCV core protein upregulated the expression of 
miR-345 in HCC cells (13), while HBV infection is the main 
problem in China (22).

A previous study showed that IRF1 functions as an onco-
genic factor that upregulated p-mTOR, p-STAT3 and p-AKT 
as well as regulators of EMT including Slug, Snail and Twist, 
which facilitate HCC cell migration and invasion (15). Hence, 
we then investigated the effect of IRF1 restoration on the 
mTOR/STAT3/AKT signaling pathway in order to elucidate 
the potential mechanism of IRF1 mediated EMT. As expected, 

Figure 7. Restoration of IRF1 reversed miR-345 inhibited EMT process in HCC. (A) The expression levels of IRF1 and EMT biomarkers in miR-345 mimic 
transfected HCCLM3 cells were determined by performing western blotting after IRF1 overexpression. (B) IRF1 restoration facilitated the migration of miR-
345 overexpressing HCCLM3 cells. (C) Forced expression of IRF1 reversed the inhibitory effects of miR-345 on invasion capacity of HCCLM3 cells. Three 
repeats with similar results, *P<0.05 by ANOVA.
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phosphorated AKT, STAT3 and AKT as well as EMT regula-
tors including Slug, Snail and Twist were downregulated in 
miR-345 overexpressing cells and they were upregulated in 
the miR-345 knockdown group. These results indicated that 
mTOR/STAT3/AKT signaling pathway may be involved in 
the miR-345/IRF1 mediated EMT process. However, further 
investigations are needed to make a firm conclusion.

To conclude, the underexpression of miR-345 creates a 
milieu of EMT facilitation that plays a role in HCC progres-
sion. A mechanism by which underexpressed miR-345 
promotes the EMT by targeting IRF1 plays an important role 
in this process. This finding will improve understanding of 
EMT progression mechanism and provide novel targets for the 
molecular treatment of HCC.
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Figure 8. mTOR/STAT3/AKT signaling axis is involved in the miR-345/IRF1 
mediated EMT. The activity of mTOR/STAT3/AKT pathway was suppressed 
by miR-345 mimic treatment with downregulation of p-mTOR, p-STAT3 and 
p-AKT as well as Slug, Snail and Twist as examined by western blot analysis 
in HCCLM3 cells. While, miR-345 knockdown enhanced the activity of 
mTOR/STAT3/AKT pathway in HepG2 cells.


