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Abstract: Accumulating evidence has indicated that microRNA (miRNA) dysregulation contributes to hepatocellu-
lar carcinoma (HCC) progression. miR-337-3p is downregulated in gastric cancer and neuroblastoma; however, its 
biological function and underlying mechanism in HCC remain unclear. In this study, we showed that the expression 
level of miR-337-3p was significantly decreased in HCC, and was associated with several clinicopathological char-
acteristics, including tumor multiplicity, histological differentiation, and Barcelona Clinic Liver Cancer stage. Low 
expression level of miR-337-3p was associated with poor survival outcomes in HCC patients. Upregulation of miR-
337-3p suppressed cell proliferation, migration, and invasion in HCC. Dual luciferase assay demonstrated that JAK2 
was a direct downstream target of miR-337-3p. JAK2 reintroduction restored the inhibited proliferation, migration, 
and invasion of miR-337-3p overexpressed HCC cells. miR-337-3p functioned as a tumor suppressor to modulate 
the JAK2/STAT3 signaling pathway. The present findings indicate that miR-337-3p could be used as a prognostic 
predictor and therapeutic candidate for HCC.
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Introduction

Hepatocellular carcinoma (HCC) ranked sixth 
for cancer incidence and fourth for cancer 
deaths in 2015, with 854,000 incident cases 
and 810,000 deaths globally [1]. Although sub-
stantial achievements have been made in HCC 
treatment, including molecule-targeted drugs 
and liver transplantation, the long-term out-
come of HCC patients remains unfavorable [2, 
3]. Previous studies have reported that inacti-
vation of tumor suppressors and abnormal 
regulation of signaling pathways were closely 
related to the pathogenesis of HCC; however, 
the underlying mechanism remains to be 
clarified.

MicroRNAs (miRNAs) are a class of highly con-
served small RNAs, exerting crucial effects on 
post-transcriptional regulation of gene expres-
sion. Aberrant patterns of miRNA expression 
are associated with multiple developmental 
and pathological processes. miRNAs regulate 

many cellular activities through binding 3’-un- 
translated regions (UTRs) of their target mRNA 
sequences to inhibit their translation [4]. Recent 
studies have shown that a variety of miRNAs 
are involved in carcinogenesis, and function as 
oncogenes or tumor suppressors in HCC [5].  
For instance, miR-233 plays a critical role in 
inhibiting the tumorigenesis and promoting the 
apoptosis of HCC through mTOR signaling path-
way [6]. miR-487a promotes proliferation and 
metastasis of HCC by PIK3R1 and SPRED2 
binding [7]. Therefore, it is important to investi-
gate the role of miRNAs in HCC progression, 
providing a theoretical basis for diagnosis and 
treatment.

miR-337-3p has been indicated to be an impor-
tant regulator in liver development [8] and 
chondrocyte growth [9]. Altered miR-337-3p 
expression plays a key role in tumor prolifera-
tion and metastasis. In gastric cancer, the level 
of miR-337-3p is downregulated in metastatic 
gastric cancer tissues, and ectopic miR-337-3p 
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expression suppressed gastric cancer cell inva-
sion [10]. In addition, miR-337-3p sensitizes 
lung cancer cells to paclitaxel treatment [11]. 
Although emerging evidence has indicated the 
involvement of miR-337-3p in several kinds of 
human cancers, its biological role and molecu-
lar mechanism in HCC are poorly understood.

In the present study, we found that miR-337-3p 
dysregulation was significantly correlated with 
clinicopathological features and survival out-
comes of HCC patients. miR-337-3p regulated 
HCC cell proliferation, migration, and invasion 
through directly binding Janus kinase 2 (JAK2). 
Our results may provide a novel diagnostic and 
therapeutic candidate for HCC.

Materials and methods

Cell lines and cell culture

Human HCC cell lines (Focus, HepG2, Hep3B, 
MHCC-LM3, and SMMC7721) and human nor-
mal liver cell line QSG7701 were purchased 
from the Shanghai Institute of Cell Biology, 
Chinese Academy of Sciences (Shanghai, 
China). All cells were maintained in Dulbecco’s 
Modified Eagle Medium (DMEM; Invitrogen, 
Carlsbad, CA, USA) supplemented with 10% 
fetal bovine serum (FBS) at 37°C in a humidi-
fied incubator containing 5% CO2.

Patients and tissue samples

A total of 50 matched fresh HCC specimens 
and adjacent normal tissues were obtained 
from HCC patients who underwent hepatic 
resection in the First Affiliated Hospital of 
Wannan Medical College. None of the patients 
had received radiotherapy or chemotherapy 
before surgery. All patients were consented, 
and the present study was approved by the 
Ethics Committee of the First Affiliated Hospital 
of Wannan Medical College.

RNA extraction and quantitative real-time PCR 
(qRT-PCR)

Total RNA was extracted from cell lines and 
tumor specimens using TRIzol reagent (Invi- 
trogen) according to the manufacturer’s proto-
col. cDNA synthesis was performed using the 
PrimeScript RT Reagent Kit (TaKaRa, Dalian, 
China). Stem-loop specific primers for miR-337-
3p and U6 were synthesized by RiboBio 

(Guangzhou, China). qRT-PCR was performed 
with the SYBR Premix Ex Taq II (TaKaRa) in an 
ABI 7900HT system (Applied Biosystems, 
Carlsbad, CA, USA). GAPDH and U6 were used 
as endogenous controls for mRNA and miRNA, 
respectively. The following primers were used 
for qRT-PCR detection: JAK2: 5’-GGGAGGTGG- 
TCGCTGTAAAA-3’ (forward), 5’-ACCAGCACTGT- 
AGCACACTC-3’ (reverse); GAPDH: 5’-TGTGGGC- 
ATCAATGGATTTGG-3’ (forward); 5’-ACACCATGT- 
ATTCCGGGTCAAT-3’ (reverse). Relative expres-
sion levels of target gene were calculated 
according to the 2-ΔΔCt method.

Lentivirus and cell transfection

Lentiviruses overexpressing miR-337-3p and 
the corresponding control were purchased  
from GenePharma (Shanghai, China). For res-
cue assays, the lentiviruses overexpressing 
JAK2 and the corresponding control were pur-
chased from GenePharma. MHCC-LM3 and 
SMMC7721 cells were infected with lentivirus-
es plus 5 mg/ml of polybrene (GenePharma).

Cell counting kit-8 (CCK-8) assay

Cell viability was assessed by CCK-8 assay. 
Cells were seeded into 96-well plates at a den-
sity of 103 cells per well, and cultured for 1, 2, 
3, 4, and 5 days. At the indicated time points, 
10 μl of CCK-8 reagent (Dojindo Laboratories, 
Kumamoto, Japan) was added to each well. The 
absorbance at 450 nm was measured after 
incubation for 2 h at 37°C. The experiments 
were performed in triplicate.

Colony formation assay

All cells were seeded in a six-well plate at a den-
sity of 500 cells per well. After culturing for two 
weeks, the colonies on the plates were fixed 
with absolute methanol for 5 min and stained 
with 0.1% crystal violet for 30 min. The experi-
ments were conducted in triplicate.

Cell migration and invasion assays

Cell migration and invasion were assessed 
using the transwell chamber assay (Corning, 
New York, NY, USA). For cell migration, 2 × 104 
cells were seeded into the upper chamber. For 
invasion assay, a total of 2 × 104 cells suspend-
ed with serum-free medium were plated in the 
upper chamber coated with Matrigel (BD 
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Biosciences, San Jose, CA, USA), and the lower 
chamber was maintained with DMEM contain-
ing 10% FBS. After incubation for 24 h, the 
inserts were washed with phosphate-buffered 
saline, fixed with methanol, and stained with 
crystal violet. The cells in the upper chamber 
were carefully removed using a cotton tip, and 
the migrated or invaded cells were photo-
graphed using a bright field microscope. Five 
random fields of view were analyzed for each 
chamber.

Western blotting

Total protein was separated using sodium 
dodecyl sulfate polyacrylamide gel electropho-
resis, transferred to polyvinylidene fluoride 
membrane, and blocked with 5% skim milk. 
Membranes were probed with GAPDH, JAK2, 

signal transducer and activator of transcription 
3 (STAT3) or phospho-STAT3 primary antibodies 
(Cell Signaling Technology, Danvers, MA, USA) 
at 4°C overnight, followed by incubation with 
horseradish peroxidase-conjugated seconda- 
ry antibody, using GAPDH as the internal con-
trol. Proteins were visualized with enhanced 
chemiluminescence reagents (EMD Millipore, 
Billarica, MA, USA).

Luciferase reporter assay

For the luciferase assay, cells were seeded in 
96-well plates 24 h before transfection and co-
transfected with the JAK2 wild-type (WT) or 
mutant (MUT) 3’-UTR reporter vector using 
Lipofectamine 2000 (Invitrogen). Luciferase 
activities were determined with the Dual-Lu- 
ciferase Reporter System (Promega, Madison, 

Figure 1. The expression of miR-337-3p was significantly decreased in hepatocellular carcinoma (HCC) tissues and 
HCC cell lines. A. The expression of miR-337-3p in 50 pairs of HCC and peritumor tissues was examined by qRT-
PCR. miR-337-3p expression was significantly decreased in HCC tissues compared with the peritumor tissues (P < 
0.001). B. A lower expression level of miR-337-3p was observed in patients with poor histological differentiation (P < 
0.01). C. The level of miR-337-3p was lower in the BCLC B stage group than in the BCLC 0/A stage group (P < 0.01). 
D. The level of miR-337-3p in HCC cell lines (Focus, HepG2, Hep3B, MHCC-LM3, and SMMC7721) and normal liver 
cell line QSG7701 was investigated. miR-337-3p levels were markedly downregulated in HCC cell lines compared 
with QSG7701 (P < 0.05). Data are shown as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001.
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WI, USA) according to the manufacturer’s 
instructions.

Xenograft tumor model

SMMC7721 overexpressing miR-337-3p or the 
control cells (2 × 106) were injected subcutane-
ously into the flakes of nude mice (four weeks 
of age, n = 3 per group). The tumor volume was 
calculated every five days, using the following 
equation: volume = (width2 × length)/2. Mice 
were sacrificed one month after injection. All 
animal experiments were performed with the 
approval of the First Affiliated Hospital of 
Wannan Medical College. Tissue samples were 
used for immunohistochemistry.

Statistical analysis

All data are presented as mean ± standard 
deviation. A two-tailed Student’s t test was 
used to assess the differences between differ-

ic features of 50 HCC patients and the expres-
sion of miR-337-3p is shown in Table 1. The 
expression level of miR-337-3p was significant-
ly associated with tumor multiplicity (P = 0.010), 
histological differentiation (P = 0.024), and 
Barcelona Clinic Liver Cancer (BCLC) stage (P = 
0.011). After dividing patients into two groups 
based on histological differentiation, a lower 
expression level of miR-337-3p was observed 
in the poorly differentiated group than in the 
moderate/well differentiation group (Figure 
1B). Compared to the BCLC 0/A stage group, 
patients with BCLC B stage had a lower miR-
337-3p expression level (Figure 1C). Next, the 
expression level of miR-337-3p was determined 
in five human HCC cell lines (Focus, HepG2, 
Hep3B, MHCC-LM3, and SMMC7721) and one 
human hepatic cell line QSG7701. Consistent 
with the expression in tissue samples, miR-
337-3p was downregulated in all five HCC cell 
lines (Figure 1D).

Table 1. Correlation between miR-337-3p expression and clinicopatho-
logical features of HCC (n = 50)
Clinicopathological  
features

High miR-337-3p 
expression (n = 25)

Low miR-337-3p 
expression (n = 25) P value*

Age 0.239
    < 60 years 14 18
    ≥ 60 years 11 7
Gender 0.725
    Male 21 19
    Female 4 6
Hepatitis B 0.667
    Negative 2 4
    Positive 23 21
Tumor size 0.556
    < 5 cm 15 17
    ≥ 5 cm 10 8
Tumor multiplicity 0.010
    Single 15 6  
    Multiple 10 19
Histological differentiation 0.024
    Moderate/Well 16 8
    Poor 9 17
α-fetoprotein level 0.508 
    < 20 ng/ml 7 5
    ≥ 20 ng/ml 18 20
BCLC stage 0.011
    0/A 18 9
    B 7 16
NOTE: *P < 0.05 was considered to be statistically significance.

ent groups. The Spear- 
man correlation test was 
used to examine the cor-
relation between miR-
337-3p and JAK2 expres-
sion. All statistical anal- 
yses were performed us- 
ing SPSS 23.0 (IBM SPSS 
software, NY, USA) and 
Prism 7.00 (GraphPad So- 
ftware, La Jolla, CA, USA). 
Data were considered st- 
atistically significant wh- 
en P < 0.05.

Results

miR-337-3p is downregu-
lated in HCC tissues and 
cell lines

The expression level of 
miR-337-3p was exam-
ined in 50 pairs of HCC 
samples and matched 
peritumor tissues using 
qRT-PCR. We found that 
miR-337-3p expression 
was significantly decrea- 
sed in HCC samples com-
pared to that in the non-
tumor counterparts (Fi- 
gure 1A). Correlation bet- 
ween the clinicopatholog-
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Figure 2. Kaplan-Meier analysis was performed to examine the overall survival and recurrence of HCC patients with 
different miR-337-3p expression levels. A. Low miR-337-3p expression predicted unfavorable overall survival (P = 
0.028). B. The probability of recurrence was higher in patients with low miR-337-3p expression (P = 0.031).

Table 2. Prognostic factors for overall survival in hepatocellular carcinoma patients

Clinicopathological features
Overall Survival

Univariate Multivariate
Log-rank P HR 95% CI P value*

Age 0.013 0.909
    < 60 years
    ≥ 60 years
Gender 0.003 0.953
    Male
    Female
Hepatitis B 1.140 0.286
    Negative
    Positive
Tumor size 2.267 0.132
    < 5 cm
    ≥ 5 cm
Tumor multiplicity 4.383 0.036 Not included
    Single
    Multiple
Histological differentiation 4.183 0.041
    Moderate/Well Reference
    Poor 3.336 1.468-7.583 0.004
α-fetoprotein level 1.851 0.174
    < 20 ng/ml
    ≥ 20 ng/ml
BCLC stage 21.333 < 0.001
    0/A Reference
    B 33.333 7.463-142.857 < 0.001
miR-337-3p expression level 4.844 0.028
    High Reference
    Low 6.926 1.883-25.473 0.004
NOTE: *P < 0.05 was considered to be statistically significance.
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Decreased miR-337-3p expression is corre-
lated with poor survival outcomes

We further evaluated the impact of miR-337-3p 
on the survival outcomes of HCC patients. The 
overall survival (OS) of patients with low miR-
337-3p expression was poorer than that of 
patients with high miR-337-3p expression 
(Figure 2A). In addition, decreased miR-337-3p 
expression was correlated with higher recur-
rence probability (Figure 2B). As shown in Table 
2, univariate analysis identified 4 prognostic 
factors for OS: miR-337-3p expression (P = 
0.028), tumor multiplicity (P = 0.036), histologi-
cal differentiation (P = 0.041), and BCLC stage 
(P < 0.001). To further determine the indepen-
dent predictive factors for OS, we performed 
the multivariate Cox regression analysis, includ-
ing only variables which were significant in  
the univariate analysis. miR-337-3p expression 
(P = 0.004), histological differentiation (P = 
0.004), and BCLC stage (P < 0.001) were found 
to be independent prognostic factors for OS of 
HCC patients. These findings showed that 
decreased miR-337-3p may play a role in the 
pathogenesis and development of HCC.

Overexpressed miR-337-3p inhibits the prolif-
eration, migration, and invasion of HCC cells

To assess the biological function of miR-337-3p 
in HCC, we transfected lentiviruses overex-
pressing miR-337-3p or control into MHCC-LM3 
and SMMC7721 cells. Figure 3A shows approx-
imate 5.5-fold and 5.0-fold increase in MHCC-
LM3 cells and SMMC7721 cells, respectively. 
Results of CCK-8 assays indicated that miR-
337-3p overexpression significantly suppres- 
sed the proliferation of HCC cells (Figure 3B 
and 3C). Moreover, colony formation assays 
confirmed the inhibitory effect of miR-337-3p 
on MHCC-LM3 and SMMC7721 cells (Figure 
3D and 3E). We next explored the effects of 
miR-337-3p on the migration and invasion of 
HCC cells using transwell assays. It was dem-
onstrated that the number of migration and 
invasive clones was significantly lower in the 
miR-337-3p overexpression group than in the 
control group (Figure 3F). These results indi-
cated that miR-337-3p could significantly inhib-
it the proliferation, migration, and invasion of 
HCC cells.

JAK2 is a direct target gene of miR-337-3p

We used multiple databases (TargetScan, 
miRDB, and PicTar) to predict the target gene of 
miR-337-3p, and JAK2 was predicted by all 
three databases (Figure 4A). Complementary 
sequences can be observed between miR-337-
3p and JAK2 3’-UTR (Figure 4B). JAK2 was 
involved in cancer progression [12], and was 
previously reported to be the target of various 
miRNAs [13-15]. To investigate whether JAK2 
was a direct target of miR-337-3p, we per-
formed a luciferase reporter assay. When co-
transfected with JAK2 3’-UTR luciferase report-
er plasmid, miR-337-3p led to a significant 
decrease in the luciferase activity of JAK2, 
while the luciferase activity was unaffected by 
miR-337-3p-MUT (Figure 4C). qRT-PCR results 
further verified the upregulation of JAK2 expres-
sion in 50 pairs of HCC tissues compared with 
their matched peritumor tissues (Figure 4D). 
Further analysis revealed that the level of miR-
337-3p was inversely associated with JAK2 
mRNA levels (Figure 4E). Consistently, we ob- 
served that JAK2 protein levels in the miR-337-
3p overexpressing cells were lower than those 
in controls (Figure 4F). Thus, these results indi-
cated that JAK2 was a novel direct target of 
miR-337-3p in HCC.

Given that JAK2 is an important regulator in  
the JAK2/STAT3 signaling pathway, we next 
examined whether this signaling pathway was 
involved in miR-337-3p-associated HCC pro-
gression. Western blotting results showed that 
the levels of JAK2 and p-STAT3 were decreased 
in SMMC7721 cells overexpressing miR-337-
3p (Figure 4F). The data showed that the JAK2/
STAT3 signaling pathway was the downstream 
of miR-337-3p in HCC.

Alteration of JAK2 expression influences the 
effects of miR-337-3p on HCC cells 

Next, we investigated whether JAK2 mediated 
the effects of miR-337-3p on HCC progression. 
SMMC7721 cells overexpressing miR-337-3p 
were transfected with JAK2 lentivirus. The over-
expression of JAK2 was confirmed by western 
blotting. JAK2 upregulation led to an increased 
p-STAT3 level in SMMC7721 cells overexpress-
ing miR-337-3p (Figure 5A). The results of CCK-
8, colony formation assays, and transwell 
assays showed that elevated JAK2 expression 
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restored the suppressed cell proliferation, 
migration, and invasion (Figure 5B-D). These 

results supported that JAK2 is a downstream 
functional effector of miR-337-3p.

Figure 3. Overexpression of miR-337-3p inhibited MHCC-LM3 and SMMC7721 proliferation, migration, and inva-
sion. A. The transfection of lentivirus- overexpressing miR-337-3p increased the expression of miR-337-3p in MHCC-
LM3 and SMMC7721 cells. B and C. CCK-8 assays were performed to measure the cell viability in miR-337-3p 
overexpressed MHCC-LM3 and SMMC7721 cells. miR-337-3p overexpression inhibited HCC cell proliferation (P < 
0.05). D and E. Colony formation assays indicated that upregulated miR-337-3p suppressed HCC cell proliferation 
(P < 0.01). F. The transfection of miR-337-3p lentivirus suppressed MHCC-LM3 and SMMC7721 cell migration and 
invasion, as detected by transwell assays (P < 0.01). Data are shown as mean ± SD. *P < 0.05, **P < 0.01, ***P 
< 0.001.

Figure 4. JAK2 was a direct target gene of miR-337-3p. A. TargetScan, miRDB, and PicTar databases were used to 
predict the target genes of miR-337-3p, and JAK2 was predicted by all three databases. B. The putative binding se-
quence of miR-337-3p in the 3’-UTR of JAK2. C. The dual luciferase reporter assay showed that miR-337-3p bound 
to the 3’-UTR of JAK2 (P < 0.01). D. qRT-PCR analysis of JAK2 mRNA expression in 50 pairs of HCC and peritumor 
tissues. The expression of JAK2 was obviously increased in HCC tissues compared with the peritumor tissues (P 
< 0.001). E. A significant inverse correlation between miR-337-3p and JAK2 mRNA was observed in HCC tissues 
(P = 0.002). F. Overexpression of miR-337-3p reduced the expression of JAK2 and p-STAT3 in MHCC-LM3 and 
SMMC7721 cells. Data are shown as mean ± SD. **P < 0.01, ***P < 0.001.
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miR-337-3p overexpression inhibits HCC prolif-
eration in vivo

To validate the in vitro data that overexpression 
of miR-337-3p suppresses HCC proliferation, 
an in vivo xenograft tumor model was con-
structed. SMMC7721 cells stably overexpress-
ing miR-337-3p and control cells were inoculat-
ed into the nude mice (Figure 6A). Consistent 
with the in vitro results, miR-337-3p overex-
pression resulted in decreased tumor size and 
weight (Figure 6B and 6C). Additionally, immu-
nohistochemistry showed that JAK2 and Ki-67 

expression levels were reduced in the miR-
337-3p-overexpressed group (Figure 6D). Th- 
ese results further verified the suppressive 
effect of miR-337-3p on HCC proliferation.

Discussion

Emerging evidence has shown that various 
miRNAs are involved in the pathological pro-
cess of HCC [16, 17]. In the current study, we 
attempted to elucidate the relationship bet- 
ween miR-337-3p dysregulation and HCC. We 
demonstrated the decreased expression of 

Figure 5. Alteration of JAK2 expression affected the influence of miR-337-3p on HCC cells. A. Western blotting as-
says were performed to detect JAK2 and p-STAT3 expression levels in miR-337-3p-overexpressing SMMC7721 cells 
with or without JAK2 upregulation. B. CCK-8 assays were used to evaluate the effect of JAK2 upregulation on cell 
proliferation in miR-337-3p overexpressed SMMC7721 cells. Upregulation of JAK2 restored the suppressed growth 
in miR-337-3p overexpressed SMMC7721 cells (P < 0.01). C. Colony formation assays showed that JAK2 upregula-
tion reversed the inhibitory effect of miR-337-3p overexpression in SMMC7721 cells (P < 0.01). D. Transwell assays 
were performed to examine the effect of JAK2 upregulation on cell migration and invasion in miR-337-3p-overex-
pressed SMMC7721 cells (P < 0.01). Data are shown as mean ± SD. *P < 0.05, **P < 0.01.

Figure 6. Overexpression of miR-337-3p inhibited tumorigenicity. A. Representative tumor tissues extracted from 
mice inoculated with SMMC7721 cells overexpressing miR-337-3p or control. B. Measurement of tumor volumes at 
the indicated time points (P < 0.05). C. Tumor weights were calculated (P < 0.05). D. Representative JAK2 and Ki67 
immunostaining of xenograft tumors. Data are shown as mean ± SD. *P < 0.05.
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miR-337-3p in HCC tissues compared with peri-
tumor tissues. The expression levels of miR-
337-3p were downregulated in five HCC cell 
lines. Moreover, our results showed that the 
expression level of miR-337-3p was significant-
ly correlated with tumor multiplicity, histological 
differentiation, and BCLC stage. Decreased 
miR-337-3p expression predicted unfavorable 
OS of HCC patients. Further studies confirmed 
that the overexpression of miR-337-3p evident-
ly inhibited the proliferation, migration, and 
invasion of MHCC-LM3 and SMMC7721 cell 
lines; this indicated that miR-337-3p served as 
a tumor suppressor in HCC.

The hsa-miR-337 gene is localized at chromo-
some 14q32.2. Previous studies have reported 
that miR-337-3p is differentially expressed and 
presented as a tumor suppressor in various 
human cancers through binding downstream 
targets. miR-337-3p directly binds the matrix 
metallopeptidase 14 (MMP-14) 3’-UTR to 
repress myeloid zinc finger 1 (MZF1)-facilitated 
MMP-14 expression, thus inhibiting the pro-
gression of gastric cancer [18]. In colorectal 
cancer, miR-337-3p promotes the senescence 
of HCT116 cells by suppressing the expression 
of casein kinase II [19]. In order to clarify the 
molecular mechanism of miR-337-3p in HCC 
progression, we performed bioinformatics anal-
ysis, and found that miR-337-3p could target 
the 3’UTR of JAK2. qRT-PCR analysis revealed 
that the expression of JAK2 was negatively cor-
related with the level of miR-337-3p in tumor 
samples. Dual luciferase assay confirmed that 
JAK2 was a direct downstream target of miR-
337-3p. In addition, inhibited cell proliferation 
and invasion could be rescued by overexpress-
ing JAK2, suggesting that miR-337-3p damp-
ened HCC progression via JAK2.

JAK2 is a member of the Janus family of non-
receptor protein tyrosine kinases, and regu-
lates several cellular processes by inducing 
cytoplasmic signaling pathways [20]. JAK2 acts 
as an oncogene and is involved in the prolifera-
tion, invasion, and drug resistance of tumor 
cells. In myeloproliferative leukemia, JAK2 reg-
ulates megakaryocytic proliferation and differ-
entiation in both normal and pathological con-
ditions [21]. STAT3 phosphorylation is corre- 
lated with p53 mutation and patient survival. 
Loss of p53 function activates JAK2 signaling, 
which promotes tumor growth and induces 

resistance to gemcitabine in pancreatic cancer 
[22]. Reportedly, JAK2 serves as a direct down-
stream target of multiple miRNAs in human 
cancers. Ding et al. revealed that miR-375 func-
tions as a tumor suppressor to inhibit gastric 
cancer proliferation by targeting JAK2 [13]. As 
suggested by Wang et al., miR-101 could sup-
press cell proliferation and induce breast can-
cer cell apoptosis through binding JAK2 [15]. In 
the present study, JAK2 was demonstrated to 
be a direct target of miR-337-3p in HCC.

In addition, we found that miR-337-3p is 
involved in the dysregulated JAK2/STAT3 sig-
naling pathway in HCC. The JAK2/STAT3 signal-
ing pathway is identified to play an important 
role in cancer progression, metastasis, and 
angiogenesis. JAK2/STAT3 transmits signals 
from cell membrane to nucleus in response to 
extracellular growth factors and cytokines. 
Wang et al. showed that lnc-BM and JAK2 pro-
mote breast cancer brain metastases by medi-
ating communication between breast cancer 
cells and the brain microenvironment and acti-
vating the lnc-BM/JAK2/STAT3 pathway [23]. In 
colorectal cancer, human colorectal cancer-
derived mesenchymal stem cells increase the 
migration and invasion of cancer cells through 
IL-6/JAK2/STAT3 signaling [24]. Stimulation of 
the B-cell receptor activates the JAK2/STAT3 
pathway in chronic lymphocytic leukemia [25]. 
Our results revealed that JAK2/STAT3 signal- 
ing was regulated by miR-337-3p in HCC 
progression.

In conclusion, our study presented an associa-
tion of miR-337-3p with JAK2 in HCC. Down- 
regulation of miR-337-3p and overexpression 
of JAK2 were observed in HCC. miR-337-3p sig-
nificantly inhibited HCC cell proliferation, migra-
tion, and invasion through the JAK2/STAT3 sig-
naling pathway. Low miR-337 expression level 
predicted poor OS and increased recurrence 
probability. The miR-337-3p/JAK2/STAT3 axis 
provides a novel insight into the molecular 
mechanisms underlying HCC progression, and 
may be a promising target for HCC therapeutic 
strategies.
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