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Abstract. – OBJECTIVE: To explore the role 
and underlying mechanism of MicroRNA-503-5p 
(miR-503-5p) in the metastasis and prognosis of 
hepatocellular carcinoma (HCC).

MATERIALS AND METHODS: Sixty-three pairs 
of surgical HCC specimens and adjacent tissue 
samples were obtained, and Huh7, Hep3B, HC-
CLM3, MHCC-97H, MHCC-97L, LO2, and HEK293T 
cell lines were used for this study. The transwell 
assay was used to detect cell migration and inva-
sion. Additionally, Western blot and quantitative 
Real Time-Polymerase Chain Reaction (qRT-PCR) 
were used to detect relative protein and mRNA 
expression levels, respectively. 

RESULTS: High miR-503-5p expression inhib-
ited cell mobility in HCCLM3 cells, while low 
miR-503-5p expression promoted cell migration 
and invasion in HCCLM3 cells. The same effect 
of miR-503-5p on EMT was also observed in HCC 
through Western blot. We then performed a du-
al-luciferase assay to show that WEE1 is a direct 
target of miR-503-5p in HCC. Furthermore, WEE1 
knockdown inhibited EMT and cell metastasis in 
HCC cells. WEE1 overexpression impaired the 
inhibitory effect of miR-503-5p in HCC  

CONCLUSIONS: MiR-503-5p inhibited cell 
EMT and metastasis through inhibiting WEE1, 
which predicted prognosis of HCC. MiR-503-5p 
and WEE1 may be used as potential biomarkers 
for the prognosis of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most prevalent malignancies in China, and the 
mortality rate is second only to gastric cancer and 
esophageal cancer1. The number of patients dying 
from HCC in China is about 10,000, accounting 

for 45% of global HCC deaths2. Moreover, the 
5-year survival rate of small HCC after radical 
resection is 70%, which makes early diagnosis 
and treatment of HCC particularly important3. 
However, there are usually no specific symptoms 
in the early stage of HCC. Once HCC develops 
symptoms, it is in the middle and late stage, and 
the therapeutic effect is extremely poor. There-
fore, it is necessary to find effective molecular 
markers and apply them to the early diagnosis of 
HCC patients. 

MicroRNA (miRNA) is an endogenous 
non-coding small RNA found in eukaryotes and 
is approximately 20-25 nucleotides in length4. 
Mature miRNAs typically identify target mR-
NAs through base complementary pairs and di-
rect silencing complexes to degrade target mRNA 
or repress mRNA translation according to vary-
ing degrees of complementarity5. Moreover, miR-
34a, miR-638, miR-874, miR-1202, and miR-328 
have been reported6-10 to affect the progression 
and prognosis of HCC. Among these miRNAs, 
miR-503 was expressed differently in other hu-
man cancers. For example, downregulation of 
miR-503 was detected in gastric cancer11 and non-
small cell lung cancer12. Upregulation of miR-503 
was identified in esophageal cancer13 and colorec-
tal cancer14. However, the effect of miR-503-5p on 
HCC cell metastasis remains unclear.

Epithelial-to-mesenchymal transition (EMT) 
is an important biological process for migra-
tion and invasion of epithelial-derived malignant 
cells15. EMT has been reported to be regulated by 
miRNAs in previous studies. For example, miR-
145-5p inhibited EMT by targeting MAP3K1 
in non-small cell lung cancer cells16. MiR-381 
suppressed cell metastasis and EMT by targeting 
CXCR417 in breast cancer. In HCC, miR-23b, 
miR-122, and miR-221 were identified to medi-
ate EMT through regulating gene expression18-20. 
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Therefore, it is significant to elucidate the molec-
ular mechanisms regulating HCC EMT process. 
And exploring the key molecules that target EMT 
is of great significance. However, little research 
has been done on the relationship between miR-
503-5p and EMT in HCC.

In this study, miR-503-5p was found to in-
hibit cell metastasis and EMT through inhibiting 
WEE1. In addition, miR-503-5p and WEE1 were 
identified to be associated with prognosis in 
HCC patients, which can be used to predict the 
prognosis of HCC. This study may provide a new 
approach to the treatment of HCC.

Patients and Methods 

HCC Specimens
Sixty-three pairs of surgical HCC specimens 

and adjacent tissue samples were obtained from 
The First Affiliated Hospital, Jinan University af-
ter obtaining the signed written informed consent. 
All patients suffering HCC did not receive any 
treatment prior to surgery. The tissues were then 
frozen in liquid nitrogen and stored in a -80°C 
refrigerator for further experiment. This work was 
approved by The First Affiliated Hospital, Jinan 
University Institutional Ethics Committee.

Cell Culture and Transfection
Huh7, Hep3B, HCCLM3, MHCC-97H, MH-

CC-97L, LO2, and HEK293T cell lines were 
used for this experiment. These cell lines were 
purchased from the Institute of Biochemistry 
and Cell Biology (Chinese Academy of Scienc-
es, Shanghai, China). All cells were seeded in 
Dulbecco’s Modified Eagle’s Medium (DMEM, 
Invitrogen, Carlsbad, CA, USA) with 10% fe-
tal bovine serum (FBS; Gibco, Rockville, MD, 
USA) and cultured at 37°C with 5% CO2. 

The miR-503-5p mimic and inhibitor, WEE1 
siRNA (si-WEE1) were purchased from Geneco-
poeia (Guangzhou, China) and then transferred to 
HCC cells with Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) according to manufacturers’ 
protocols.

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

Total RNA containing miRNA was extracted 
using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) to quantify the expression of miR-503-5p 
in HCC tissues and cell lines. The qRT-PCR per-
formed on ABI 7500 Fast Real-Time PCR system 

(Applied Biosystems, Foster City, CA, USA) by us-
ing SYBR Green PCR Master Mix (Applied Bio-
systems, Foster City, CA, USA). U6 and glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) were 
used as controls for miR-503-5p and WEE1. And 
its expression was calculated using the 2−∆∆ct meth-
od. The primers were as follows: miR-503, forward 
5’-CCTATTTCCCATGATTCCTTCATA-3’ and 
reverse 5’-GTAATACGGTTATCCACGCG-3’; 
WEE1, forward 5’-GATGTGCGACAGACTCCT-
CA-3’, and reverse 5’-CAAAGCGTTCTGCTCAT-
CAA-3’; GAPDH, forward 5’-GGAGCGAGATC-
CCTCCAAAAT-3’ and reverse 5’-GGCTGTTGT-
CATACTTCTCATGG-3’; U6 forward, 5’-ATTG-
GAACGATACAGAGAAGATT-3’, and reverse, 
5’-GGAACGCTTCACGAATTTG-3’.

Dual Luciferase Assay 
The 3’-Untranslated Region (3’-UTR) of wild- 

or mutant-type WEE1 was inserted into the pmir-
GLO luciferase vector (Promega, Madison, WI, 
USA) for luciferase reporter experiments. Wild- 
or mutant-type of 3’-UTR of WEE1 and miR-503-
5p mimic were then transfected into HEK293T 
cells. Finally, the dual luciferase assay system 
(Promega, Madison, WI, USA) was applied to 
analyze luciferase activity. 

Transwell Assays for Cell Migration 
and Invasion

The migration and invasion abilities of HCC 
cells in 24-well plates were assessed using a 
transwell chambers (8 μm pore size; Millipore, 
Billerica, MA, USA). 4 × 104 HCC cells without 
serums were placed in the upper chamber without 
coated membrane, and the lower chamber was 
filled with 20% FBS to induce HCC cells migra-
tion or invasion. The cells were then placed in the 
upper chamber along with the coated membrane 
for the invasion assay. These cells were incubated 
for cell migration and invasion, and then, the cells 
were stained with 0.1% crystal violet (Beyotime, 
Shanghai, China). A microscope was used count 
migrated and invading cells.

Western Blot Analysis
Protein samples were obtained using radio-

immunoprecipitation assay (RIPA) lysis buffer 
(Beyotime, Shanghai, China). Proteins were sep-
arated by 10% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and 
transferred into polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA). The 
membranes were incubated with 5% non-fat milk 
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at room temperature. Next, we incubated the 
membranes with rabbit monoclonal anti-WEE1 
(1:1000; Abcam, Cambridge, MA, USA), rab-
bit monoclonal anti-GAPDH antibody (1:1000; 
Epitomics, Burlingame, CA, USA) overnight at 
4°C. This was followed by incubation with Goat 
polyclonal Anti-Rabbit IgG secondary antibody 
(1:1000; Abcam, Cambridge, MA, USA). Protein 
expression levels were then measured by en-
hanced chemiluminescence (ECL, Pierce, Rock-
ford, IL, USA). In addition, antibodies against 
Vimentin, E-cadherin, and N-cadherin were ob-
tained from Abcam (Cambridge, MA, USA).

Statistical Analysis
Data were analyzed by Statistical Product and 

Service Solutions (SPSS) 19.0 (SPSS, Inc., Chi-
cago, IL, USA) and GraphPad Prism 6 (Graph-
Pad Software, Inc., San Diego, CA, USA). The 
association between the miR-503-5p level and 
the clinical variables were analyzed by the Chi-
squared test. The relationship between miR-503-
5p level and survival rate was performed by the 
Kaplan-Meier method and log-rank test. A signif-
icant difference was defined as p<0.05. 

Results

MiR-503-5p Expression Was 
Reduced in HCC

First, the expression of miR-503-5p was ob-
served in HCC tissues and cell lines via qRT-PCR. 
And the expression level of miR-503-5p was de-

creased in 63 HCC specimens (Figure 1A). Similar-
ly, downregulation of miR-503-5p was also detected 
in Huh7, Hep3B, HCCLM3, MHCC-97H, and MH-
CC-97L cell lines compared to LO2 cells (Figure 
1B). Therefore, we consider that miR-503-5p can be 
used as an indicator of HCC and is involved in the 
metastasis of HCC.

MiR-503-5p Suppressed Cell 
Metastasis and EMT in HCC

Functionally, we transfected the miR-503-5p 
mimics or inhibitor into HCCLM3 cells to fur-
ther explore its function in HCC. The expres-
sion levels of miR-503-5p in these transfected 
cells were identified through qRT-PCR (Figure 
2A). Western blot was then performed to verify 
whether miR-503-5p can suppress HCC metas-
tasis through regulating EMT. As we expect-
ed, overexpression of miR-503-5p enhanced the 
level of the epithelial marker E-cadherin and 
decreased the expression of the mesenchymal 
marker N-cadherin and Vimentin. It was also 
found that knockdown of miR-503-5p had an op-
posite effect on EMT in HCCLM3 cells (Figure 
2B). Next, we performed a transwell assay to 
further confirm the findings of the above HCC 
cell metastasis. We found that overexpression 
of miR-503-5p remarkably impaired the ability 
of cell migration, while knockout of miR-503-
5p enhanced cell migration in HCCLM3 cells 
(Figure 2C). The same function of miR-503-5p 
on cell invasion was also identified in transfected 
cells (Figure 2D). In conclusion, miR-503-5p sup-
pressed cell metastasis and EMT in HCC.

Figure 1. MiR-503-5p expression was reduced in HCC. A, The expressions of miR-503-5p in HCC tissues and normal tissues 
were detected via qRT-PCR. B, The expression of miR-503-5p was detected in Huh7, Hep3B, HCCLM3, MHCC-97H, MH-
CC-97L, and LO2 cells. *p<0.05, **p<0.01.
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WEE1 is a Direct Target 
of MiR-503-5p in HCC

Then, based on the prediction of Human Target-
scan database, WEE1 was predicted to be the target 
of miR-503-5p in HCC (Figure 3A). Next, a dual-lu-
ciferase reporter assay was performed to examine 
the effect of miR-503-5p on WEE1 expression. Fur-
thermore, overexpression of miR-503-5p was found 
to block the luciferase activity of wild-type WEE1, 
but had no effect on mutant WEE1 (Figure 3B). 

Additionally, expression of WEE1 was observed 
in the HCC cell lines. Upregulation of WEE1 was 
detected in Huh7, Hep3B, HCCLM3, MHCC-97H, 
and MHCC-97L cell lines compared to LO2 cells 
(Figure 3C). Moreover, when miR-503-5p inhibi-
tor enhanced WEE1 expression level, miR-503-5p 
mimics significantly impaired expression of WEE1 
(Figure 3D and 3E). Therefore, WEE1 was con-
firmed to be a direct target gene of miR-503-5p and 
regulated by miR-503-5p expression in HCC cells. 

Figure 2. MiR-503-5p suppressed cell metastasis and EMT in HCC. A, The expression of miR-503-5p was examined via qRT-
PCR in HCCLM3 cells contained miR-503-5p mimics or inhibitor. B, Western blot analysis of E-cadherin, N-cadherin, and 
Vimentin in HCCLM3 cells contained miR-503-5p mimics or inhibitor. C-D, The cell migration and invasion were measured 
in cells with miR-503-5p mimics or inhibitor via transwell analysis **p<0.01.
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The Function of WEE1 
Was Identified in HCC

Next, WEE1 siRNA was transfected into HC-
CLM3 cells to explore the function of WEE1 
on EMT and metastasis in HCC. The qRT-PCR 
showed that WEE1 expression was impeded by 
si-WEE1 in HCCLM3 cells (Figure 4A). The 
same si-WEE1 results as the miR-503-5p overex-
pression were found in HCCLM3 cells. Silencing 
of WEE1 enhanced the level of the epithelial 
marker E-cadherin and reduced the expressions 
of the mesenchymal markers N-cadherin and 
Vimentin (Figure 4B). Furthermore, the same cell 

migration and invasion trends were examined in 
HCCLM3 cells with si-WEE1. Blocking WEE1 
resulted in a significant decrease in cell migra-
tion and invasion (Figure 4C and 4D). Briefly, 
WEE1 may be the opposite of miR-503-5p, which 
promotes cell metastasis and EMT in HCC cells.

WEE1 Overexpression Impaired the 
Inhibitory Effect of MiR-503-5p in HCC

The miR-503-5p mimic and WEE1 vector 
were transfected into HCCLM3 cells to further 
explore their interactions. As we expected, up-
regulation of WEE1 restored a decrease in WEE1 

Figure 3. WEE1 is a direct target of miR-503-5p in HCC. A, The binding sites of miR-503-5p on the 3’-UTR of WEE1 were 
verified. B, Luciferase reporter assay C, WEE1 expression was examined in Huh7, Hep3B, HCCLM3, MHCC-97H, MH-
CC-97L, and LO2 cells. D-E, The mRNA and protein expressions of WEE1 were observed in cells containing miR-503-5p 
mimics or inhibitor **p<0.01.
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mRNA and protein levels induced by miR-503-5p 
mimics (Figure 5A and 5B). Overexpression of 
WEE1 weakened the suppressive effect of miR-
503-5p on cell migration and invasion in HCC 
cells (Figure 5C and 5D). Taken together, WEE1 
overexpression impaired the inhibitory effect 
of miR-503-5p on HCC, further suggesting that 
miR-503-5p inhibited cell metastasis and EMT in 
HCC through regulating WEE1.

Clinical Significance of MiR-503-5p 
and WEE1 Expressions Was 
Identified for Patients With HCC

The above findings reveal the function of miR-
503-5p and WEE1 in HCC. We next explored the 
correlation between clinicopathological features and 
miR-503-5p or WEE1 expression in HCC. As shown 
in Table I, downregulation of miR-503-5p was cor-
related with advanced tumor-node-metastasis stage 

A

C

D

B

Figure 4. The function of WEE1 was identified in HCC. A, The expression of WEE1 was measured in cells containing 
WEE1 siRNA. B, Western blot analysis of E-cadherin, N-cadherin, and Vimentin was analyzed in HCCLM3 cells contained 
si-WEE1. C-D, Cell migration and invasion regulated by si-WEE1 was detected in HCCLM3 cells **p<0.01.
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(TNM, p=0.048) and venous invasion (p=0.014), 
whereas upregulation of WEE1 was also associated 
with advanced TNM stage (p=0.042) and venous 
invasion (p=0.016). These results suggested that the 
dysregulated expression of miR-503-5p and WEE1 
may be related to the prognosis of HCC patients. 
We then measured the survival rate of HCC pa-
tients using the Kaplan-Meier method to verify the 
above guess. And the Kaplan-Meier survival curves 

indicated that low miR-503-5p expression reduced 
overall survival (OS, p=0.0236) and disease-free sur-
vival (DFS, p=0.0247) in HCC patients (Figure 6A 
and 6B). In contrast, longer DFS (p=0.0037) and 
OS (p=0.0305) was identified in HCC patients with 
low WEE1 level (Figure 6C and 6D). In a word, 
miR-503-5p and WEE1 are associated with clinical 
outcomes in HCC patients and may serve as potential 
biomarkers for the prognosis of HCC.

Figure 5. WEE1 overexpression impaired the inhibitory effect of miR-503-5p in HCC. A-B, MRNA and protein expressions 
of WEE1 were measured in cells containing WEE1 vector and miR-503-5p. C, Cell migration and invasion in cells containing 
WEE1 vector and miR-503-5p were detected by transwell assay. **p<0.01.
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Discussion

Cumulative studies have shown that miRNAs 
can regulate the development of many cancers, 
including HCC. However, the investigation of 
miR-503 in HCC is still very poor. Here, we 
found that miR-503-5p suppressed cell metasta-
sis and EMT in HCC. And WEE1 was identified 
as a direct target gene of miR-503-5p in HCC. 
Moreover, WEE1 overexpression impaired the 
inhibitory effect of miR-503-5p in HCC. Addi-
tionally, miR-503-5p and WEE1 were associated 
with clinical outcomes in HCC patients and can 
serve as potential biomarkers for HCC prognosis. 

To date, many previous studies have shown 
that miR-503 affects biological processes by mod-
ulating target gene expression, thereby acting 
as inhibitory miRNA21. In HCC, miR-503 was 
found to inhibit HCC cell growth through in-
hibiting IGF-1R22. Yang et al23 demonstrated that 
miR-503 suppressed cell proliferation of HCC by 
targeting EIF4E. Moreover, it is also reported24 
that miR-503 inhibited the metastasis of HCC cell 
by modulating PRMT1. The same result was also 
identified in our research. In addition, we detect-

ed simultaneous inhibition of EMT by miR-503 
in HCC. More importantly, miR-503 was found 
in this study as a good prognostic factor for HCC 
and has not been reported. Besides that, miR-503 
has been shown to enhance the radiosensitivity of 
laryngeal carcinoma cells via targeting WEE125. 
The same relationship between miR-503 and 
WEE1 was also identified in the current study. 

Furthermore, WEE1 has been found to be 
up-regulated in HCC as a key regulator of cell 
cycle progression26. And WEE1 was identified in 
previous studies as an effective target gene for 
miR-17-92 cluster in leukemia27. This suggests that 
WEE1 has a special role in miRNA-induced tu-
mor development. Besides that, Kyle et al28 found 
that WEE1 had a potential role in inducing HCC 
replication stress. We also identified that WEE1 
promoted HCC EMT and metastasis in the present 
research. And WEE1 could predict poor prognosis 
of HCC. Moreover, WEE1 upregulation can also 
be used to predict poor prognosis of colorectal can-
cer29. Notably, WEE1 overexpression impaired the 
inhibitory effect of miR-503 in HCC. We consider 
that miR-503-5p inhibits cell metastasis and EMT 
through inhibiting WEE1 in HCC.

Table I. Correlation between the clinicopathologic characteristics and miR-503-5p and WEE1 expression in HCC.

Characteristics	 Number of 	              miR-503-5p	 p-value	                 WEE1		  p-value
	 cases (n=63) 						    
		  High	 Low		  High	 Low	

Age (years)				    0.339			   0.191
    ≥ 60	 30	 14	 16		  24	 6	
    < 60	 33	 13	 20		  18	 15	
Gender				    0.262			   0.332
    Male	 35	 14	 21		  24	 11	
    Female	 28	 13	 15		  18	 10	
Tumor size (cm)				    0.085			   0.154
    ≥ 5	 27	 11	 16		  17	 10	
    < 5	 36	 16	 20		  25	 11	
HBsAg				    0.319			   0.204
    Absent	 29	 14	 15		  24	 5	
    Present	 34	 13	 21		  18	 16	
Edmondson				    0.642			   0.08
    I + II	 28	 10	 18		  21	 7	
    III + IV	 35	 17	 18		  21	 14	
TNM stage				    0.048*			   0.042*
    I + II	 42	 19	 23		  31	 11	
    III + IV	 21	 8	 13		  11	 10	
Venous invasion				    0.014*			   0.016*
    Present	 23	 11	 12		  14	 9	
    Absent	 40	 16	 24		  28	 12	

Statistical analyses were performed by the χ2-test. TNM, tumor-node-metastasis. *p<0.05 was considered significant.
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Conclusions

We observed that high miR-503-5p and low 
WEE1 expressions can predict a good prognosis 
in HCC patients. Moreover, miR-503-5p inhibit-
ed cell metastasis and EMT through inhibiting 
WEE1 in HCC. These findings help to understand 
the pathogenesis and progression of HCC and 
provide a new approach to the treatment of HCC.

Competing interests
The authors declare that they have no competing interests.

References

    1)	Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray 
F, Jemal A, Yu XQ, He J. Cancer statistics in China, 
2015. CA Cancer J Clin 2016; 66: 115-132.

    2)	Siegel R, Naishadham D, Jemal A. Cancer statistics, 
2012. CA Cancer J Clin 2012; 62: 10-29.

    3)	Mazzola A, Costantino A, Petta S, Bartolotta TV, 
Raineri M, Sacco R, Brancatelli G, Camma C, Cabibbo 
G. Recurrence of hepatocellular carcinoma after 
liver transplantation: an update. Future Oncol 
2015; 11: 2923-2936.

    4)	Bushati N, Cohen SM. microRNA functions. Annu 
Rev Cell Dev Biol 2007; 23: 175-205.

    5)	Slack FJ, Weidhaas JB. MicroRNA in cancer prog-
nosis. N Engl J Med 2008; 359: 2720-2722.

    6)	Zhou J, Zhou W, Kong F, Xiao X, Kuang H, Zhu 
Y. microRNA-34a overexpression inhibits cell 
migration and invasion via regulating SIRT1 in 
hepatocellular carcinoma. Oncol Lett 2017; 14: 
6950-6954.

    7)	Shi M, Jiang Y, Yang L, Yan S, Wang YG, Lu XJ. 
Decreased levels of serum exosomal miR-638 
predict poor prognosis in hepatocellular carcino-
ma. J Cell Biochem 2018; 119: 4711-4716.

    8)	Jiang T, Guan LY, Ye YS, Liu HY, Li R. MiR-874 
inhibits metastasis and epithelial-mesenchymal 
transition in hepatocellular carcinoma by target-
ing SOX12. Am J Cancer Res 2017; 7: 1310-1321.

    9)	Du B, Zhang P, Tan Z, Xu J. MiR-1202 suppresses 
hepatocellular carcinoma cells migration and in-
vasion by targeting cyclin dependent kinase 14. 
Biomed Pharmacother 2017; 96: 1246-1252.

Figure 6. MiR503-5p and WEE1 are markers of HCC prognosis. A-B, HCC patients with high miR-503-5p expression showed 
longer DSF and OS. C-D, HCC patients with low WEE1 expression showed longer DSF and OS. **p<0.01.

A

C

B

D



Role of MiR-503-5p in hepatocellular carcinoma

2037

  10)	Liang F, Cui ZJ, Liu JD, Liu KP, Li L, Chen YL. Down-
regulated miR-328 suppressed cell invasion and 
growth in hepatocellular carcinoma via targeting 
PTEN. Eur Rev Med Pharmacol Sci 2018; 22: 
6324-6332.

  11)	Wu D, Cao G, Huang Z, Jin K, Hu H, Yu J, Zeng Y. 
Decreased miR-503 expression in gastric cancer 
is inversely correlated with serum carcinoembry-
onic antigen and acts as a potential prognostic 
and diagnostic biomarker. Onco Targets Ther 
2017; 10: 129-135.

  12)	Liu L, Qu W, Zhong Z. Down-regulation of miR-
503 expression predicate advanced mythological 
features and poor prognosis in patients with NS-
CLC. Int J Clin Exp Pathol 2015; 8: 5609-5613.

  13)	Ide S, Toiyama Y, Shimura T, Kawamura M, Yasuda 
H, Saigusa S, Ohi M, Tanaka K, Mohri Y, Kusunoki 
M. MicroRNA-503 promotes tumor progression 
and acts as a novel biomarker for prognosis in 
oesophageal cancer. Anticancer Res 2015; 35: 
1447-1451.

  14)	Noguchi T, Toiyama Y, Kitajima T, Imaoka H, Hiro J, 
Saigusa S, Tanaka K, Inoue Y, Mohri Y, Toden S, Kusu-
noki M. miRNA-503 promotes tumor progression 
and is associated with early recurrence and poor 
prognosis in human colorectal cancer. Oncology 
2016; 90: 221-231.

  15)	Yilmaz M, Christofori G. EMT, the cytoskeleton, 
and cancer cell invasion. Cancer Metastasis Rev 
2009; 28: 15-33.

  16)	Chang Y, Yan W, Sun C, Liu Q, Wang J, Wang M. 
miR-145-5p inhibits epithelial-mesenchymal tran-
sition via the JNK signaling pathway by targeting 
MAP3K1 in non-small cell lung cancer cells. On-
col Lett 2017; 14: 6923-6928.

  17)	Xue Y, Xu W, Zhao W, Wang W, Zhang D, Wu P. 
miR-381 inhibited breast cancer cells prolifer-
ation, epithelial-to-mesenchymal transition and 
metastasis by targeting CXCR4. Biomed Pharma-
cother 2017; 86: 426-433.

  18)	Cao J, Liu J, Long J, Fu J, Huang L, Li J, Liu C, Zhang 
X, Yan Y. microRNA-23b suppresses epitheli-
al-mesenchymal transition (EMT) and metastasis 
in hepatocellular carcinoma via targeting Pyk2. 
Biomed Pharmacother 2017; 89: 642-650.

  19)	Jin Y, Wang J, Han J, Luo D, Sun Z. MiR-122 inhibits 
epithelial-mesenchymal transition in hepatocel-

lular carcinoma by targeting Snail1 and Snail2 
and suppressing WNT/beta-cadherin signaling 
pathway. Exp Cell Res 2017; 360: 210-217.

  20)	Li T, Li M, Hu S, Cheng X, Gao Y, Jiang S, Yu Q, Zhang 
C, Sun P, Xian W, Song Z, Zhang Y, Zheng Q. MiR-221 
mediates the epithelial-mesenchymal transition of 
hepatocellular carcinoma by targeting AdipoR1. Int 
J Biol Macromol 2017; 103: 1054-1061.

  21)	Gupta G, Chellappan DK, de Jesus APT, Hansbro PM, 
Bebawy M, Dua K. Tumor suppressor role of miR-
503. Panminerva Med 2018; 60: 17-24.

  22)	Xiao Y, Tian Q, He J, Huang M, Yang C, Gong L. 
MiR-503 inhibits hepatocellular carcinoma cell 
growth via inhibition of insulin-like growth factor 1 
receptor. Onco Targets Ther 2016; 9: 3535-3544.

  23)	Li B, Liu L, Li X, Wu L. miR-503 suppresses metas-
tasis of hepatocellular carcinoma cell by targeting 
PRMT1. Biochem Biophys Res Commun 2015; 
464: 982-987.

  24)	Yang X, Zang J, Pan X, Yin J, Xiang Q, Yu J, Gan 
R, Lei X. miR-503 inhibits proliferation making hu-
man hepatocellular carcinoma cells susceptible 
to 5fluorouracil by targeting EIF4E. Oncol Rep 
2017; 37: 563-570.

  25)	Ma H, Lian R, Wu Z, Li X, Yu W, Shang Y, Guo X. 
MiR-503 enhances the radiosensitivity of laryn-
geal carcinoma cells via the inhibition of WEE1. 
Tumour Biol 2017; 39: 1393383440.

  26)	Iorns E, Lord CJ, Grigoriadis A, McDonald S, Fen-
wick K, Mackay A, Mein CA, Natrajan R, Savage 
K, Tamber N, Reis-Filho JS, Turner NC, Ashworth 
A. Integrated functional, gene expression and 
genomic analysis for the identification of cancer 
targets. PLoS One 2009; 4: e5120.

  27)	Brockway S, Zeleznik-Le NJ. WEE1 is a validated 
target of the microRNA miR-17-92 cluster in leu-
kemia. Cancer Genet 2015; 208: 279-287.

  28)	Cuneo KC, Morgan MA, Davis MA, Parcels LA, Par-
cels J, Karnak D, Ryan C, Liu N, Maybaum J, Lawrence 
TS. Wee1 kinase inhibitor AZD1775 radiosensitizes 
hepatocellular carcinoma regardless of TP53 muta-
tional status through induction of replication stress. 
Int J Radiat Oncol Biol Phys 2016; 95: 782-790.

  29)	Ge XC, Wu F, Li WT, Zhu XJ, Liu JW, Wang BL. 
Upregulation of WEE1 is a potential prognostic 
biomarker for patients with colorectal cancer. 
Oncol Lett 2017; 13: 4341-4348.


