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Abstract. MicroRNA (miRNA/miR)‑3677 has been indi‑
cated to be negatively associated with the survival of patients 
with hepatocellular carcinoma (HCC) based on The Cancer 
Genome Atlas database. However, as a novel miRNA, the 
role of miR‑3677‑5p in HCC has remained to be eluci‑
dated. In the present study, the expression of miR‑3677‑5p 
was assessed in HCC tissues and cell lines using reverse 
transcription‑quantitative PCR. Survival analysis was 
performed using Kaplan‑Meier curves. Furthermore, the 
prognostic significance of miR‑3677‑5p was evaluated using 
Cox regression analysis. The effects of miR‑3677‑5p on cell 
proliferation, as well as migration and invasion capacities, 
were analyzed using Cell Counting Kit‑8, crystal violet and 
Transwell assays. The results demonstrated that the level 
of miR‑3677‑5p expression was upregulated in human HCC 
tissues and cell lines and that miR‑3677‑5p expression was 
closely associated with tumor size, TNM stage and vascular 
invasion. Furthermore, high miR‑3677‑5p expression was 
significantly associated with unfavorable clinical prognosis 
for patients with HCC. Overexpression of miR‑3677‑5p 
was indicated to significantly promote the proliferation, 
migration and invasion of HCC cells, whereas knock‑
down of miR‑3677‑5p was observed to have an inhibitory 
effect. In conclusion, the present study demonstrated that 
miR‑3677‑5p acts as an oncogene that has a critical role in 
the regulation of HCC proliferation and progression. Hence, 
miR‑3677‑5p may serve as a valuable prognostic biomarker 
and may be developed as a promising therapeutic target for 
HCC.

Introduction

With high morbidity and mortality rates, hepatocellular carci‑
noma (HCC) is the fifth most commonly diagnosed cancer 
type and the third leading cause of cancer‑associated mortality 
worldwide (1). Multiple treatment interventions, such as liver 
resection, transarterial chemoembolization, radiotherapy and 
chemotherapy with sorafenib, have been used to treat HCC. 
However, the prognosis of patients with HCC remains poor 
due to difficulties making a prognosis, high recurrence and 
early vascular invasion (2,3). As a type of cancer, HCC is 
associated with multi‑gene mutations (4). Molecular targeting 
is currently used as a novel therapy for advanced HCC, as it 
has been indicated to acquire favorable curative effects that 
significantly prolong the survival time of patients (5). Thus, the 
obtainment of a detailed understanding of HCC development 
and identification of novel molecular targets for HCC treat‑
ment have become a significant research focus. In particular, 
the discovery of reliable biological markers for the diagnosis, 
treatment and prognosis of HCC is required.

MicroRNAs (miRNAs/miRs) are endogenous small 
non‑coding RNAs with a length of 19‑25 nucleotides. The 
expression of various miRNAs and their functions in tumor 
progression have been extensively elucidated. Abnormal 
expression of miRNAs has been indicated to regulate 
cellular processes such as cell proliferation, differentiation, 
development and apoptosis in multiple cancer types (6‑8). 
Furthermore, an increasing number of studies have demon‑
strated the diagnostic, prognostic and biological functions of 
miRNAs in patients with HCC (9‑11).

Several studies have reported that the expression of 
miR‑3677 is negatively associated with the survival of patients 
with HCC and that miR‑3677 is one of the tumor‑specific 
miRNAs in HCC (12‑15). In addition, the preliminary 
prognostic role of miR‑3677 has been determined in colon 
cancer (16,17). As a novel miRNA, miR‑3677‑5p has not been 
previously reported in neoplasms, to the best of our knowl‑
edge. In particular, the prognostic and biological roles of 
miR‑3677‑5p in HCC have remained elusive.

In the present study, the prognostic value and biological 
functions of miR‑3677‑5p in HCC and its involvement in 
HCC progression were explored. It was determined that 
miR‑3677‑5p was upregulated in human primary HCC tissues 
and cell lines. Furthermore, high expression of miR‑3677‑5p 
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was revealed to be associated with unfavorable prognosis 
of patients with HCC. In addition, in vitro functional assays 
demonstrated that miR‑3677‑5p has a role in promoting the 
proliferation, migration and invasion of HCC cells.

Materials and methods

Clinical samples. A total of 80 patients with HCC from the 
Ningbo Medical Treatment Center Li Huili Hospital (Ningbo, 
China) between January 2013 and January 2016 were enrolled 
in the present study. With HCC being pathologically confirmed, 
all patients underwent routine surgery without receiving any 
pre‑surgical anticancer treatments, such as chemotherapy or 
radiotherapy. All HCC tissues and their adjacent normal liver 
tissues were collected and then immediately frozen in liquid 
nitrogen for further analyses. Clinicopathological information 
and survival information were recorded during follow‑ups. To 
determine tumor recurrence, regular physical examinations 
were performed for all patients. Overall survival (OS) was 
defined as the time interval from the date of surgery to the date 
of death or the last follow‑up. Recurrence‑free survival (RFS) 
was defined as the time interval from the date of surgery to the 
date of death, recurrence or the last follow‑up. The follow‑up 
data in this present study was censored in December 2019. 
All patients included provided written informed consent. The 
present study was approved by the ethics committee of the 
Ningbo Medical Treatment Center Li Huili Hospital (Ningbo, 
China) and was performed in accordance with the Declaration 
of Helsinki.

Cell culture. The human HCC cell lines Hep3B, LM3 and 
MHCC‑97H and the cell line transformed human liver epithe‑
lial‑2 (THLE‑2) were obtained from the Cell Bank of the 
Type Culture Collection of the Chinese Academy of Sciences. 
HCC cells were cultured in DMEM (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% fetal bovine serum 
(FBS; Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml peni‑
cillin and 100 g/ml streptomycin (Sangong Biotech, Inc.) at 
37˚C in a humidified atmosphere containing 5% CO2.

RNA extraction and reverse transcription‑quantitative 
(RT‑q)PCR. Total RNA samples from clinical tissues and 
cell lines were extracted using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). The RNA concentration was 
determined using a BioDrop (Biochrom Ltd). RT was performed 
using the PrimeScript™ RT reagent kit (Takara Bio Inc.) in 
accordance with the manufacturer's protocol, following which 
qPCR was performed using a SYBR Green I Mastermix (cat. 
no. SY1020; Beijing Solarbio Science & Technology Co., Ltd.) 
on an ABI PRISM 7500 Sequence Detection System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) using the following 
thermocycling conditions: Initial denaturation at 95˚C for 
4 min, followed by 40 cycles of 95˚C for 15 sec, 60˚C for 30 sec 
and 72˚C for 30 sec, final extension at 72˚C for 2 min and a hold 
at 4˚C. The relative expression of miR‑3677‑5p was normalized 
to that of U6 using the 2‑∆∆Cq method (18). All oligonucleotides 
used for RT‑qPCR were synthesized by RiboBio. The primer 
sequences used were as follows: miR‑3677‑5p forward, 5'‑GGG 
GTA CCC CCT GGC TGG AAC AGA AGA T‑3' and reverse, 
5'‑CCC AAG CTT CCC TGG TCT TGG CTG GGA TC‑3' and U6 

forward, 5'‑CGC TTC GGC AGC ACA TAT AC‑3' and reverse, 
5'‑TTC ACG AAT TTG CGT GTC ATC‑3'.

Cell transfection. miR‑3677‑5p mimics, miR‑3677‑5p inhib‑
itor and their corresponding negative controls (NCs) were 
purchased from Shanghai GenePharma Co., Ltd. HCC cells 
were seeded into six‑well plates at a density of 5x105 cells 
per well and cultured for 24 h prior to transfection using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) in accordance with the manufacturer's protocol. After 
transfection for 48 h, the cells were used in subsequent 
experiments. The primer sequences used were as follows: 
miR‑3677‑5p mimics, 5'‑UGU UUG GUG UCA CAC GAC 
GAC‑3' and its NC, 5'‑UUC UCC GAA CGU GUC ACG UTT‑3'; 
miR‑3677‑5p inhibitor, 5'‑UCA CAA GUU AGG GUC UCA 
GGG‑3' and its NC, 5'‑UUC UCC GAA CGU GUC ACG UGG 
C‑3'.

Cell Counting Kit‑8 (CCK‑8) assay. Transfected HCC cells 
were seeded into 96‑well plates at a density of 5x103 cells in 
100 µl culture medium per well. A total of three replicates 
were set up for each experimental condition. Following 
culture for 24, 48, 72 or 96 h, 10 µl CCK‑8 solution (Dojindo 
Molecular Technologies, Inc.) was added to the medium and 
the cells were then incubated at 37˚C for another 2 h. Optical 
density (OD) values were measured at 450 nm using an auto‑
matic microplate reader (Bio‑Rad Laboratories, Inc.).

Crystal violet assay. Transfected HCC cells were seeded into 
six‑well plates at a density of 1,000 cells per well and then 
cultured in DMEM medium with 10% FBS. The culture 
medium was changed every 3 days for 2 weeks at 37˚C in 
a humidified atmosphere containing 5% CO2. Following 
removal of the medium, cells were stained with crystal violet 
(1 ml 0.5% crystal violet solution in 10% formalin) for 10 min 
at room temperature. Subsequently, these fixed cells were 
washed with PBS and images were acquired. The OD was 
measured at 570 nm using an automatic microplate reader 
(Bio‑Rad Laboratories, Inc.).

Transwell assays. The migratory and invasive ability of 
transfected HCC cells was examined by Transwell assays 
using polyethylene terephthalate membranes (24‑well inserts; 
8.0 µm pore size; Corning, Inc.). A total of 150 µl cell suspen‑
sion containing 1x105 cells in FBS‑free medium was added 
to the upper chambers. The lower chambers contained 500 µl 
medium supplemented with 10% FBS. For the invasion 
assay, the membrane was pre‑coated with 50 µl Matrigel® 
(BD Biosciences) at 37˚C for 3 h. Cells were maintained in 
a humidified atmosphere with 5% CO2 at 37˚C for 48 h. Cells 
that had transgressed through the membrane to reach the 
lower side were fixed with 100% methanol for 20 min at room 
temperature prior to being stained with 0.1% crystal violet 
for 10 min at room temperature. Cells were counted in five 
randomly selected fields under a light microscope (Olympus 
Corp.) at x400 magnification.

Stat ist ical analysis.  Values a re expressed as the 
mean ± standard deviation. All experiments were performed 
in ≥ three replicates. Statistical analyses were performed 
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using GraphPad Prism 5.0 (GraphPad Software, Inc.) and 
SPSS 20.0 (IBM Corp.). Differences between two groups 
were analyzed by unpaired Student's t‑tests, while the 
expression of miR‑3677‑5p in tumor tissues and matched 
normal tissues was compared using a paired Student's t‑test. 
Comparisons of multiple groups were performed using 
one‑way ANOVA followed by Dunnett's test. Categorical 
data were compared using a χ2 test. OS and RFS of patients 
with HCC of patients were evaluated by Kaplan‑Meier 
curves and compared with log‑rank tests. Prognostic factors 
were analyzed by univariate and multivariate logistic regres‑
sion analysis using the Cox proportional hazards model. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

miR‑3677‑5p is upregulated in HCC tissues and cell lines. 
First, the expression levels of miR‑3677‑5p in 80 pairs of HCC 
tissues and paired adjacent normal tissues were determined 
using RT‑qPCR. As presented in Fig. 1A, the expression of 
miR‑3677‑5p was significantly elevated in tumor tissues as 
compared with that in matched normal tissues (P<0.01). 
Furthermore, the expression of miR‑3677‑5p was significantly 
higher in the tumor tissues of patients with TNM Ⅲ/Ⅴ than 
in those with TNM Ⅰ/Ⅱ (P<0.05; Fig. 1B). The expression of 
miR‑3677‑5p was significantly higher in the tumor tissues of 
patients with vascular invasion than in those without vascular 
invasion (P<0.05; Fig. 1C). In addition, the expression levels 

of miR‑3677‑5p were evaluated in several HCC cell lines 
(Hep3B, LM3 and MHCC‑97H) and in the non‑cancerous 
cell line THLE‑2. As presented in Fig. 1D, the expression of 
miR‑3677‑5p was significantly higher in HCC cell lines than 
that in THLE‑2 cells (all P<0.001).

Clinical significance of miR‑3677‑5p expression in patients 
with HCC. Next, the association between miR‑3677‑5p expres‑
sion and clinicopathologic features was analyzed in patients 
with HCC. Using the median value of miR‑3677‑5p expression 
in HCC tumor tissues being as the cut‑off value, patients with 
HCC were divided into two groups: miR‑3677‑5p low (below 
the median, n=40 patients) and miR‑3677‑5p high (above the 
median, n=40 patients). As indicated in Table I, the number 
of patients with α‑fetoprotein (AFP)≥400 ng/ml and tumor 
size≥5 cm was higher in the high miR‑3677‑5p expression 
group than that in the low miR‑3677‑5p expression group 
(P=0.008 and 0.026, respectively). The number of patients 
with TNM stage Ⅲ/Ⅳ was significantly higher in the high 
miR‑3677‑5p expression group (P=0.001). In addition, patients 
with vascular invasion were more common in the high 
miR‑3677‑5p expression group than in the low miR‑3677‑5p 
expression group (P=0.012). However, there was no signifi‑
cant difference between the two groups in terms of age, sex, 
hepatitis B surface antigen (HBsAg) status, tumor number and 
satellite nodules.

The prognostic value of miR‑3677‑5p in patients with HCC 
was then investigated. As indicated by Kaplan‑Meier curves, 
patients with high expression of miR‑3677‑5p in their HCC 

Figure 1. Upregulation of miR‑3677‑5p expression in HCC tissues and cell lines determined by reverse transcription‑quantitative PCR. (A) Relative expression 
of miR‑3677‑5p in 80 pairs of tumor tissues and adjacent normal tissues. (B) Relative expression of miR‑3677‑5p in tumor tissues with TNM stage Ⅰ/Ⅱ or Ⅲ/Ⅳ. 
(C) Relative expression of miR‑3677‑5p in tumor tissues with or without vascular invasion. (D) Relative expression of miR‑3677‑5p in three HCC cell lines 
(Hep3B, LM3 and MHCC‑97H) and THLE‑2. ***P<0.001 vs. THLE‑2. Values are expressed as the mean ± standard deviation of three independent experi‑
ments. *P<0.05, **P<0.01, ***P<0.001. HCC, hepatocellular carcinoma; miR, microRNA.
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tissues were indicated to have poor OS (P=0.024; Fig. 2A) 
and RFS (P=0.028; Fig. 2B). Next, the prognostic factors 

affecting OS and RFS were evaluated by multivariate Cox 
regression analysis. The prognostic factors for OS (Table II) 

Figure 2. Kaplan‑Meier analysis of the influence of miR‑3677‑5p expression on survival of patients with hepatocellular carcinoma. High expression of 
miR‑3677‑5p (miR‑3677‑5p high, n=40) was significantly associated with poor (A) overall survival and (B) recurrence‑free survival as compared to low 
miR‑3677‑5p expression (miR‑3677‑5p low, n=40). Patients were stratified into the high and low groups using the median miR‑3677‑5p expression level as a 
cutoff. miR, microRNA.

Table I. Association between miR‑3677‑5p expression and the clinicopathologic features in hepatocellular carcinoma.

 miR‑3677‑5p
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Item Total (n=80) Low expression (n=40) High expression (n=40) P‑value

Age (years)    0.370
  <60 38 17 (42.5) 21 (52.5)
  ≥60 42 23 (57.5) 19 (47.5)
Sex    0.556
  Male 14 6 (15.0) 8 (20.0)
  Female 66 34 (85.0) 32 (80.0)
HBsAg    0.390 
  Negative 15 9 (22.5) 6 (15.0)
  Positive 65 31 (77.5) 34 (85.0)
AFP (ng/ml)     0.008
  <400 25 18 (45.0) 7 (17.5)
  ≥400 55 22 (55.0) 33 (82.5)
Tumor number    0.478 
  Single 53 28 (70.0) 25 (62.5)
  Multiple 27 12 (30.0) 15 (37.5)
Tumor size (cm)    0.026
  <5 40 16 (69.6) 7 (42.1)
  ≥5 40 24 (30.4) 33 (57.9)
Satellite nodules    0.626 
  Negative 56 29 (72.5) 27 (67.5)
  Positive 24 11 (27.5) 13 (32.5)
TNM stage    0.001 
  Ⅰ/Ⅱ 45 30 (75.0) 15 (37.5)
  Ⅲ/Ⅴ 35 10 (25.0) 25 (62.5)
Vascular invasion    0.012 
  Negative 31 21 (52.5) 10 (25.0)
  Positive 49 19 (47.5) 30 (75.0)

Values are expressed as n (%). HBsAg, hepatitis B surface antigen; AFP, α‑fetoprotein; TNM, tumor‑nodes‑metastasis; miR, microRNA.
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are summarized as follows: AFP≥400 ng/ml [hazard 
ratio (HR): 1.221, 95% confidence interval (CI): 1.101‑1.413, 
P=0.031], TNM stage Ⅲ/Ⅴ (HR: 2.119, 95% CI: 1.885‑2.429, 
P<0.001), vascular invasion (HR: 2.675, 95% CI: 2.553‑2.764, 
P<0.001) and high expression of miR‑3677‑5p (HR: 1.632, 
95% CI: 1.287‑2.015, P=0.019). The prognostic factors for 
RFS (Table III) were as follows: TNM stage Ⅲ/Ⅴ (HR: 2.101, 
95% CI: 1.801‑2.410, P<0.001), vascular invasion (HR: 2.591, 
95% CI: 2.391‑2.846, P<0.001) and high expression of 
miR‑3677‑5p (HR: 1.781, 95% CI: 1.210‑2.337, P=0.033). 
Taken together, the above results suggested that high expres‑
sion of miR‑3677‑5p is associated with unfavorable prognosis 
of patients with HCC.

Overexpression of miR‑3677‑5p promotes the proliferation, 
migration and invasion of HCC cells. Based on the clinical 

findings, further experiments were performed to explore 
the biological functions of miR‑3677‑5p in the progres‑
sion of HCC. Using miR‑3677‑5p mimics, miR‑3677‑5p 
was first overexpressed in Hep3B cells; this cell line 
was chosen because the native cells had a relatively low 
expression of miR‑3677‑5p. Significant miR‑3677‑5p over‑
expression induced by miR‑3677‑5p mimics in Hep3B cells 
was verified by RT‑qPCR (P<0.001; Fig. 3A). Subsequent 
evaluation by a CCK‑8 assay revealed that the OD values 
for the miR‑3677‑5p mimics‑transfected group of Hep3B 
cells at 2, 3 and 4 days were significantly higher than 
those of miR‑NC‑transfected cells (all P<0.01; Fig. 3B). 
Next, the crystal violet assay indicated that miR‑3677‑5p 
overexpression significantly promoted the proliferation 
of Hep3B cells (P<0.001; Fig. 3C). In order to explore 
the effect of miR‑3677‑5p on the migratory and invasive 

Table II. Univariate and multivariate analysis of clinical features influencing overall survival.

 Univariate Multivariate
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor HR (95% CI) P‑value HR (95% CI) P‑value

Age, ≥60 years 1.021 (0.812‑1.191) 0.667  
Sex, male 1.008 (0.818‑1.411) 0.501  
HBsAg, positive 1.312 (0.901‑1.714) 0.091  
AFP, ≥400 ng/ml 1.263 (1.113‑1.498) 0.001 1.221 (1.101‑1.413) 0.031
Tumor number, multiple 1.283 (0.816‑1.964) 0.274  
Tumor size, ≥5 cm 1.512 (0.912‑2.321) 0.012  
Satellite nodules, positive 1.612 (0.712‑2.265) 0.865  
TNM stage, Ⅲ/Ⅴ 2.248 (1.969‑2.576) <0.001 2.119 (1.855‑2.429) <0.001
Vascular invasion, positive 2.985 (2.960‑3.014) <0.001 2.675 (2.533‑2.764) <0.001
miR‑3677‑5p expression, high 1.798 (1.314‑2.579) <0.001 1.632 (1.287‑2.015) 0.019

CI, confidence interval; HR, hazard ratio; HBsAg, hepatitis B surface antigen; AFP, α‑fetoprotein; TNM, tumor‑nodes‑metastasis; 
miR, microRNA.

Table III. Univariate and multivariate analysis of clinical features influencing recurrence‑free survival.

 Univariate Multivariate
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor HR (95% CI) P‑value HR (95% CI) P‑value

Age, ≥60 years 1.041 (0.856‑1.215) 0.312  
Sex, male 1.011 (0.876‑1.398) 0.156  
HBsAg, positive 1.212 (0.816‑1.651) 0.187  
AFP, ≥400 ng/ml 1.119 (0.876‑1.374) 0.056  
Tumor number, multiple 1.339 (0.781‑1.816) 0.671  
Tumor size, ≥5 cm 1.831 (0.761‑2.879) 0.287  
Satellite nodules, positive 1.871 (0.691‑2.995) 1.010  
TNM stage, Ⅲ/Ⅴ 2.345 (1.919‑2.567) <0.001 2.101 (1.801‑2.410) <0.001
Vascular invasion, positive 2.771 (2.461‑3.006) <0.001 2.591 (2.391‑2.846) <0.001
miR‑3677‑5p expression, high 1.910 (1.417‑2.671) 0.001 1.781 (1.210‑2.337) 0.033

CI, confidence interval; HR, hazard ratio; HBsAg, hepatitis B surface antigen; AFP, α‑fetoprotein; TNM, tumor‑nodes‑metastasis; 
miR, microRNA.



MAO et al:  miR‑3677‑5p ACTS AS AN ONCOGENE IN HCC6

capacities of Hep3B cells, Transwell assays were performed. 
As presented in Fig. 3D and E, miR‑3677‑5p overexpression 
significantly promoted the migration and invasion of Hep3B 
cells (all P<0.001).

Knockdown of miR‑3677‑5p inhibits the proliferation, 
migration and invasion of HCC cells. miR‑3677‑5p inhibitor 
was further used to knock down the expression of miR‑3677‑5p 
in MHCC‑97H cells. This cell line was chosen as the native 

Figure 3. Overexpression of miR‑3677‑5p promotes the proliferation, migration and invasion capacity of hepatocellular carcinoma cells. (A) Expression 
of miR‑3677‑5p in Hep3B cells transfected with miR‑3677‑5p mimics and NC. (B and C) Effects of miR‑3677‑5p overexpression on Hep3B cell prolif‑
eration assessed by (B) Cell Counting Kit‑8 and (C) crystal violet assays. The right‑hand panel represents the OD value from the crystal violet assay in C. 
(D and E) Effects of miR‑3677‑5p overexpression on Hep3B‑cell (D) migration and (E) invasion assessed by Transwell assays (magnification, x400). The 
right‑hand panel presents the quantified number of cells migrated/invaded through the filter following crystal violet staining. Values are expressed as the 
mean ± standard deviation of three independent experiments. **P<0.01, ***P<0.001. miR, microRNA; NC, negative control; OD, optical density.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  780,  2021 7

cells exhibited relatively high expression of miR‑3677‑5p. The 
knockdown efficacy was confirmed by RT‑qPCR (P<0.001; 
Fig. 4A). Next, evaluation by CCK‑8 and crystal violet assays 
indicated that miR‑3677‑5p downregulation significantly 
inhibited the proliferation of MHCC‑97H cells (all P<0.01; 
Fig. 4B and C). In addition, analysis by Transwell assays 
indicated a significantly decreased cell migratory and invasive 
capacity of miR‑3677‑5p inhibitor‑transfected MHCC‑97H 

cells compared with that in cells from the NC group (all 
P<0.001; Fig. 4D and E).

Discussion

To date, a variety of miRNAs that exert fundamental roles 
in the progression of HCC have been proposed as promising 
prognostic predictors (19). For instance, Budhu et al (20) 

Figure 4. Knockdown of miR‑3677‑5p inhibits the proliferation, migration and invasion capacity of HCC cells. (A) Expression of miR‑3677‑5p in MHCC‑97H 
cells transfected with miR‑3677‑5p inhibitor and NC. (B and C) Effects of miR‑3677‑5p knockdown on MHCC‑97H cell proliferation assessed by (B) Cell 
Counting Kit‑8 (C) and crystal violet assays. The right‑hand panel represents the OD value from crystal violet assay in C. (D and E) Effects of miR‑3677‑5p 
knockdown on MHCC‑97H‑cell (D) migration and (E) invasion assessed by Transwell assays (magnification, x400). The right‑hand panel presents the quanti‑
fied number of cells migrated/invaded through the filter following crystal violet staining. Values are expressed as the mean ± standard deviation of three 
independent experiments. **P<0.01, ***P<0.001. miR, microRNA; NC, negative control; OD, optical density.
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have reported a 20‑miRNA metastasis signature capable of 
predicting HCC with vascular metastases that is associated 
with patient survival. It has also been demonstrated that the 
combination of miR‑10b, miR‑106b and miR‑181a is able to 
discriminate patients with HCC from normal controls (21). 
In addition, miRNAs have been reported to function as onco‑
genes or tumor suppressors in the regulation of fundamental 
biological processes, such as cell proliferation, migration and 
invasion, of HCC cells (22). Xie et al (23) demonstrated that 
miR‑6875‑3p promotes the proliferation, invasion and metas‑
tasis of HCC cells. Consistently, You et al (24) reported that 
ectopic miR‑766‑3p expression inhibits HCC cell proliferation, 
colony formation, migration and invasion.

Previously, the functions of miR‑3677 in tumorigenesis 
were poorly understood. Zhang et al (12) have generated a 
7‑miRNA signature in patients with HCC based on The Cancer 
Genome Atlas database, in which miR‑3677 has been identi‑
fied as one of the significant miRNAs that are able predict 
poor survival of patients with HCC. In agreement with this, 
Lu et al (14) also reported that miR‑3677 is significantly associ‑
ated with survival of patients with HCC. Through microarray 
analysis, Żorniak et al (25) determined that miR‑3667 is highly 
expressed in cirrhotic patients with gastric antral vascular 
ectasia. miR‑3677 has also been identified as a key oncogenic 
miRNA in breast cancer and significant differences in prog‑
nosis were obtained when stratifying patients into high‑risk and 
low‑risk groups (26). Furthermore, Peng et al (27) revealed that 
overexpression of miR‑3677 promoted the proliferation, migra‑
tion and invasion of breast cancer cells. Recently, Yao et al (28) 
reported that miR‑3677‑3p overexpression promoted the malig‑
nant behavior and invasiveness of HCC via suppression of 
sirtuin 5. Another study that determined the oncogenic role of 
miR‑3677‑3p in HCC indicated that knockdown of miR‑3677‑3p 
inhibited the proliferation of HCC cells via directly targeting 
the 3'untranslated region of glycogen synthase kinase 3‑β (29).

In the present study, it was determined that miR‑3677‑5p 
expression was upregulated in human HCC tissues and cell 
lines compared with that in adjacent normal tissues and a 
non‑cancerous liver cell line, respectively. Furthermore, it was 
demonstrated that the expression of miR‑3677‑5p is closely 
associated with AFP, tumor size, TNM stage and vascular 
invasion. Of note, high miR‑3677‑5p expression was indicated 
to be capable of predicting unfavorable clinical prognosis in 
patients with HCC. These results demonstrated the prognostic 
value, as well as the oncogenic role of miR‑3677‑5p in HCC. 
Subsequently, a functional in vitro study was performed and 
miR‑3677‑5p was overexpressed or knocked down in two HCC 
cell lines using miR‑3677‑5p mimics or inhibitor, respectively. 
Subsequently, the effects of miR‑3677‑5p on cell prolif‑
eration, migration and invasion were investigated. The results 
suggested that miR‑3677‑5p overexpression promoted the 
proliferation, migration and invasion of HCC cells. Conversely, 
miR‑3677‑5p knockdown resulted in an inhibitory effect. To 
the best of our knowledge, the present study was the first to 
determine the biological roles of miR‑3677‑5p in HCC and 
its progression, as well as its prognostic value. However, the 
present study remains preliminary and the clinical application 
of miR‑3677‑5p and the mechanisms of how it promotes the 
progression of HCC cells have yet to be established. Further 
studies that focus on the identification of direct target genes 

of miR‑3677‑5p, as well as the underlying regulatory mecha‑
nisms, are required. In addition, animal models may be used to 
validate the functions of miR‑3677‑3p in vivo (30).

In conclusion, the present study demonstrated that 
miR‑3677‑5p acts as an oncogene and has a critical role in 
the regulation of HCC cell proliferation and progression. The 
present results indicated that miR‑3677‑5p may be a valuable 
prognostic biomarker and may facilitate the development of a 
promising treatment strategy for patients with HCC.
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