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meanwhile miR-382 inhibitor could promote 
the luciferase activity of GOLM1. Additionally, 
real-time PCR and western blot also confirmed 
the miR-382 could suppress GOML1 expres-
sion in HCC cells (Figure 4C and 4D).

MiR-382 inhibited cell invasion and migration 
via targeting GOLM1

To clarify the role of GOLM1 underlying the  
miR-382-mediated effects in HCC cells, we 
respectively transfected the cells of miR-382 
overexpression groups and control groups wi- 

th GOLM1-expressing lentivirus. By performing 
transwell invasion and migration assays, we 
found GOLM1 overexpression could partially 
neutralize the inhibiting effects of miR-382 on 
migration and invasion in HepG2 (Figure 4F 
and 4G). Our findings demonstrated that the 
inhibitory effects of miR-382 on migration and 
invasion of human HCC cells could be partially 
counteracted by the up-regulation of GOLM1. 
Our findings might illuminate miR-382 could be 
a significant upstream molecule which modu-
lated the expression of GOLM1.

Figure 3. MiR-382 had no effects on proliferation, apoptosis and cell cycle. A, B. According to results of CCK8 and 
EDU assay, we found miR-382 had no effects on proliferation in vitro. C. By using apoptosis assay, we miR-382 could 
not affect the apoptosis rate of the treated cells compared with the control. D. The results from the cell cycle assay 
indicated that miR-382 had no effects on the cell cycle of HCC cells. Data are presented as means ± SEM.

Figure 4. MiR-382 inhibited cell invasion and migration via targeting GOLM1. A. We demonstrated that GOLM1 was 
significantly increased in HCC tissues compared with the control. B. By utilizing the Pearson correlation analysis, 
we found miR-382 expression was negatively correlated with the expression of GOLM1 in HCC tissues. C, D. The 
findings from the realtime-PCR and western blot suggested that overexpression of miR-382 could suppress the 
expression of GOLM1 in HCC cells. E. MiR-382 mimic significantly suppressed luciferase activity of GOLM1 contain-
ing a wild-type 3’-UTR, but showed no effect on activity of GOLM1 with a mutant 3’-UTR, meanwhile treatment with 
miR-382 inhibitor increased luciferase activity of GOLM1. Collectively, the results above indicated GOLM1 was a 
direct target gene of miR-382. F, G. By performing transwell invasion and migration assay, the results showed that 
up-regulation of GOLM1 could partially neutralize the inhibiting effects of miR-382 on migration and invasion in 
HepG2. Data are presented as means ± SEM. (*P<0.05, **P<0.01, ***P<0.0001).
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Low expression of miR-382 was significantly 
associated with prognosis of HCC

We performed Kaplan-Meier analysis to exam-
ine whether miR-382 was related with overall 
survival (OS) and relapse-free survival (RFS)  
of the HCC patients (Figure 5A and 5B). 113 
HCC samples were divided into miR-382 high 
expression group and low expression group, 
median was used as cut off. The findings of 
Kaplan-Meier analyses showed HCC patients 

with low-expression of miR-382 had a better 
RFS and OS than the high-expression group. 
The difference was statistically significant. In 
addition, we performed the Cox proportional 
regression analyses and the results showed 
that miR-382 was an independent prognostic 
factor for the HCC patients (adjusted hazard 
ratio (AHR): 0.216 [95% Confidence Interval 
(CI): 0.121-0.401]; P¼=0.027) (Table 2).

Discussion

Hepatocellular carcinoma, the fifth most com-
mon cancer worldwide, is confirmed to be a 
severe threat to public health [5]. Despite the- 
re has been a huge progress in the develop-
ment of modern medical treatments for HCC, 
metastasis and recurrence still result in poor 
prognosis of countless HCC patients [19, 20]. 
Hence, identifying the sensitive biomarkers for 
early detection and exploring their potential 
crucial role in the development of HCC are 
desirable and urgently needed. MicroRNAs are 
defined as a kind of small conserved RNA mol-
ecules, approximately 19-25 nucleotides in 
length [21]. On account of their crucial roles in 
physiology and pathology of human, more and 
more attentions have been paid on miRNAs in 
the past decade. Increasing evidences have 
showed that miR-382 acts as a tumor sup- 
pressor and is involved in the pathogenesis of 
various malignancies including osteosarcoma, 
ovarian cancer and colorectal cancer [22-24]. 
For instance, Xu et al have reported that miR-
382 is able to function as the tumor suppressor 
in osteosarcoma. And the up-regulation of  

Figure 5. miR-382 was significantly associated with prognosis of HCC. The findings of Kaplan-Meier analysis indi-
cated that patients with low expression of miR-382 had a better OS and RFS than the miR-382 high expression 
group. The difference was statistically significant. Data are presented as means ± SEM.

Table 2. Cox proportional hazards analyses

Clinical factor P value
Univariable analysis
HR 95% CI

MiR-382 0.027* 0.216 0.121-0.401
Age 0.429 1.529 0.746-3.069
Gender 0.248 0.541 0.301-1.423
TNM 0.001 13.064 3.133-32.466
AFP 0.237 1.517 0.576-2.615
HBV/HCV infection 0.467 1.319 0.598-2.231
Vascular invasion 0.001 4.115 1.819-13.394

Clinical factor P value
Multivariable analysis
AHR 95% CI

MiR-382 0.002* 0.316 0.293-0.776
Age 0.399 1.416 0.655-2.615
Gender 0.219 1.377 0.549-2.717
TNM 0.000 17.361 4.358-21.387
AFP 0.154 0.316 0.216-1.231
HBV/HCV infection 0.775 0.698 0.357-1.229
Vascular invasion 0.000* 10.322 8.265-12.651
*Indicates P<0.05. HR: Hazard ratio. AHR: Adjusted hazard 
ratio. CI: Confidence interval.
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miR-382 is a potential effective treatment to 
suppress tumor metastasis and inhibit CSC-
induced relapse in osteosarcoma [23]. Mo- 
reover, Tan et al in their study find miR-382  
prevents invision and migration via binding the 
3’-UTR of ROR1 through modulating the EMT 
pathway in ovarian cancer [22]. However, the 
specific role of miR-382 in the pathogenesis  
of HCC and the underlying mechanisms still 
remain elusive. 

In this study, we foucused on the effects of 
miR-382 on the malignant phenotype of HCC 
cells including proliferation, invasion, migra-
tion, apoptosis and cell cycle. The results sug-
gested the expression of miR-382 was signi- 
ficantly down-regulated in tumor tissues com-
pared with the corresponding adjacent nontu-
morous tissues. Furthermore, we confirmed  
the expression of miR-382 was inhibited in  
HCC cells. These findings indicated the abnor-
mal expression of miR-382 has the potential 
for the prediction of HCC risk and early detec-
tion of HCC. Then the Chi-square analysis was 
performed to explore the correlations between 
the aberrant expression of miR-382 and the 
clinical characteristics of HCC patients. The 
results suggested that the expression level of 
miR-382 significantly associated with the tu- 
mor metastasis and the Edmondson grade. The 
above results implied the potential effects of 
miR-382 on the development of HCC, so we 
transfected the HepG2 cells which has a rela-
tive low expression of miR-382 with miR-382 
mimic to over-express miR-382 and the Huh7 
which has a relative high expression with miR-
382 inhibitor to downregulate the expression of 
miR-382, both the two cells were respectively 
transfected with miR-NC. Based on the well 
prepared cells above, a series of functional 
assays including invasion, migration, prolifera-
tion, apoptosis and cell cycle were performed  
in the two human HCC cell lines. The results 
from the functional assays showed that miR-
382 inhibited invasion and migration of HCC 
cells but had no effect on the proliferation, 
apoptosis and cell cycle. We also performed 
the tail vein xenograft model and the results 
confirmed the inhibitory effects of miR-382  
on metastasis. Collectively, the findings we 
attained demonstrated miR-382 was a poten-
tial tumor suppressor of HCC.

The results above have preliminarily demon-
strated miR-382 could act as a crucial role in 

the development of HCC, however, the precise 
mechanisms underlying its effects were still 
unknown. By utilizing a bioinformatics predic-
tion programme, we found that the 3’-UTR of 
GOLM1 contained a conserved putative tar- 
get site for miR-382. Interestingly, GOLM1 was 
reported to be a leading gene relating to HCC 
metastasis. Specifically, GOLM1 was demon-
strated to be correlated with early recurrence, 
metastasis, and poor survival of HCC patients. 
Both gain- and loss-of-function studies evalu-
ated that GOLM1 could act as a key oncogene 
by promoting HCC growth and metastasis. 
Coincidentally, the influences of GOLM1 on 
HCC seemed to associate with the effects of 
miR-382, so we tried to explore the potential 
correlations between miR-382 and GOLM1. 
With the use of Pearson correlation analysis, 
we found the miR-382 expression in HCC tis-
sues was negatively corrrelated with the ex- 
pression of GOLM1, which implied miR-382 
was a key upstream regulatory molecule of 
GOLM1. Hence, we checked the expression of 
GOLM1 in the cells transfected with miR-382 
inhibitor, mimic, miR-NC and found GOLM1 
expression could be negatively regulated by the 
miR-382. Above all, the results of luciferase 
reporter assay confirmed GOLM1 was a direct 
target gene of miR-382. To further explore 
whether the effects of miR-382 on HCC cells 
were entirely or partially through modulating 
the GOLM1, we upregulated the GOLM1 expres-
sion in HepG2 with overexpression of miR-382 
and performed the invasion and migration 
assay. The data we got indicated that overex-
pression of GOLM1 could rescue the invasion 
and migration inhibitory effects of miR-382. 
Taken together, we demonstrated that GOLM1 
was an oncogene in HCC as a target of miR-
382. Furthermore, Cox proportional regression 
analysis indicated that the miR-382 was an 
independent prognostic factor for the HCC 
patients.

As with previous reports, we confirm that miR-
382 act as a tumor suppressor miRNA in HCC 
tumorigenesis and progression. MiR-382 pre-
vents metastasis in HCC cells partially through 
targeting GOLM1. Moreover, Cox proportional 
regression analysis suggest that miR-382 is  
an independent prognostic factor for the HCC 
patients. Taken together, all findings in this 
study are in favor of understanding the mech- 
anisms of miRNA in HCC carcinogenesis. The 
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better understanding of the carcinogenic me- 
chanisms of miRNA can enable us to explore 
novel prognosis markers and potential targets 
for cancer therapy in the near future.
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