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Abstract. – OBJECTIVE: To elucidate the role 
of microRNA-34c-5p (miRNA-34c-5p) in the pro-
gression of hepatocellular carcinoma (HCC) and 
the indicated mechanism. 

PATIENTS AND METHODS: Relative levels of 
miRNA-34c-5p and FAM83A in HCC tissues and 
cell lines were detected by quantitative real-time 
polymerase chain reaction (qRT-PCR). Their in-
fluences on clinical features in HCC patients were 
analyzed. Kaplan-Meier method was introduced 
for assessing the relationship between miRNA-
34c-5p and overall survival in HCC. After overex-
pression of miRNA-34c-5p in HepG2 and HB611 
cells, we detected proliferative, migratory and in-
vasive abilities by cell counting kit-8 (CCK-8) and 
transwell assay. The interaction between miRNA-
34c-5p and FAM83A was explored by Dual-Lucif-
erase reporter assay. Finally, their co-regulation 
on HCC cell phenotypes was examined. 

RESULTS: MiRNA-34c-5p was downregulated 
in HCC tissues, especially stage III+IV cases. Its 
level was correlated to tumor size, tumor num-
ber and TNM staging in HCC. Overexpression 
of miRNA-34c-5p inhibited proliferative, migra-
tory and invasive abilities in HepG2 and HB611 
cells. In addition, miRNA-34c-5p targeted on FA-
M83A and negatively regulated its level. Overex-
pression of FAM83A could reverse the inhibitory 
effects of miRNA-34c-5p on malignant pheno-
types of HCC cells. 

CONCLUSIONS: By negatively regulating FA-
M83A level, miRNA-34c-5p alleviates the pro-
gression of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most prevalent malignant tumors leading to can-

cer death1. At present, liver resection and liver 
transplantation are the main therapies that can 
cure HCC. However, postoperative 5-year surviv-
al is very low2,3. The rates of metastasis and recur-
rence of HCC are relatively high4,5. It is necessary 
to clarify the molecular mechanisms underlying 
HCC progression and metastasis, thus developing 
effective strategies for HCC treatment. 

MicroRNAs (miRNAs) are novel, noncod-
ing RNAs that regulate gene expressions at the 
post-transcriptional level by complementary base 
pairing to mRNAs6. They are extensively involved 
in regulating cell functions7,8. In recent years, a 
large number of miRNAs have been identified to 
participate in tumor progression, including HCC9-11. 
MiRNA-34c-5p is previously reported to be lowly 
expressed in specimens of laryngeal squamous cell 
carcinoma, and it is linked to the prognosis12. In os-
teosarcoma cells, miRNA-34c-5p contributes to in-
hibition of proliferative, migratory and invasive abil-
ities13. The methylation of miRNA-34c-5p attenuates 
proliferation and metastasis in colorectal cancer, as 
well as epithelial-mesenchymal transition (EMT)14. 
The potential function of miRNA-34c-5p in HCC 
progression, however, remains unclear. 

FAM83A contains a domain of unknown func-
tion 1669 (DUF1669) at the N terminal. It was 
initially discovered in 2005 as a potential can-
cer biomarker15. FAM83A is highly expressed in 
many types of tumors, and it is involved in tumor 
progression16-20. Recently, FAM83A has been de-
tected to be upregulated in HCC samples, serving 
as an initiator for the carcinogenesis of HCC21. 
This study aims to uncover the co-regulation of 
miRNA-34c-5p and FAM83A on the malignant 
progression of HCC. Our findings may provide 
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novel targets for clinical treatment of HCC.

Patients and Methods

Sample Collection 
HCC specimens (n=50) and paracancerous ones 

(n=50) were collected from HCC patients in Dong-
guan People’s Hospital, Southern Medical Univer-
sity. Inclusion criteria: (1) patients were clinically 
diagnosed as HCC; (2) No treatment-related con-
traindications. Exclusion criteria: (1) patients had 
other therapies except for TACE, including che-
motherapy, liver resection, liver transplantation 
and ablation surgery; (2) patients were treated by 
TACE because of other reasons; (3) metastatic 
patients.  All specimens were quickly frozen and 
stored at -80°C for use. Clinical data of them were 
recorded. Written informed consent was obtained 
before sample collection. This investigation was 
approved by the Ethics Committee of Dongguan 
People’s Hospital, Southern Medical University.  

Cell Culture and Transfection 
Cell lines were provided by China Center for 

Type Culture Collection (CCTCC). HCC cell lines 
(SMMC-7721, HepG2, HB611 and HHCC) and im-
mortalized hepatocytes (L-02) were cultivated in 
Roswell Park Memorial Institute-1640 (RPMI-1640; 
HyClone, South Logan, UT, USA) containing 10% 
fetal bovine serum (FBS; HyClone, South Logan, 
UT, USA) at 37°C with 5% CO2 humidity. Culture 
medium was daily replaced. Cells were transfected 
with miRNA-34c-5p mimic, miR-NC, pcDNA-FA-
M83A or pc-DNA, using Lipofectamine 2000 (Invi-
trogen, Carlsbad, CA, USA) for 48-72 h.  

Cell Counting Kit-8 (CCK-8)
Cells were inoculated in a 96-well plate with 

1×104 cells/well. At the appointed time points, ab-
sorbance value at 450 nm of each sample was re-
corded using the CCK-8 kit (Dojindo Laboratories, 
Kumamoto, Japan) for plotting the viability curves.

Quantitative RT-PCR (RT-qPCR)
TRIzol method (Invitrogen, Carlsbad, CA, 

USA) was applied for isolating cellular RNA. 
Through reverse transcription of RNA, the ex-
tracted complementary deoxyribose nucleic 
acid (cDNA) was used for PCR detection by 
SYBR Green method. Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) was used as the 
internal reference. Relative mRNA level was 
calculated by 2-∆∆CT method. The primer se-

quences were listed as follows: MiRNA-34c-5p: 
forward 5’-CGGAGGCAGTGTAGTTAGCT-3’, 
reverse: 5’-GTGCAGGGTCCGAGGT-3’; FA-
M83A: forward: 5’-AAGCACAACAACAT-
CAGAGACCT-3’, reverse: 5’-ATGGAAAT-
GTTCTTGAGGTGACTG-3’; GAPDH: forward: 
5’-CTGACTTCAACAGCGACACC-3’, reverse: 
5’-TGTGGTAGCCAAATTCGTTGT-3’. U6 
: forward: 5’-CTCGCTTCGGCAGCACA-3’, re-
verse: 5’- AACGCTTCACGAATTTGCGT-3’.

Transwell Assay
1×105 cells suspended in 200 μL of serum-free 

were applied on the upper of transwell chamber 
(Corning, Corning, NY, USA) pre-coated either 
with 24 μg/μL Matrigel or not, and 500 μL of medi-
um containing 10% FBS was applied in the bottom. 
After cell culture for 18-20 h, penetrating cells were 
fixed in methanol and dyed using 1.0% crystal vio-
let. Stained cells were captured and calculated. 

Western Blot
Total proteins in transfected HCC cells were 

isolated using AmyJet cellular protein extraction 
kit (Wuhan, China). They were separated in 10% 
sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and loaded on poly-
vinylidene difluoride (PVDF) membranes (Milli-
pore, Billerica, MA, USA). Non-specific antigens 
were blocked in 5% skim milk for 1 h, followed 
membrane incubation with primary and second-
ary antibodies for the indicated time points: an-
ti-FAM83A (1:1000; Sigma-Aldrich, St. Louis, 
MO, USA) and anti-GAPDH. Band exposure was 
finally conducted for grey value analysis. 

Dual-Luciferase Reporter Assay
Predicted binding sites in the 3’-untranslated 

region (3’-UTR) of FAM83A and miRNA-34c-
5p, and the mutant sequences were inserted into 
pGL3 vectors, which were respectively co-trans-
fected in HepG2 cells with miRNA-34c-5p mimic 
or miR-NC using Lipofectamine 2000 (Invitro-
gen, Carlsbad, CA, USA). Luciferase activity was 
detected at 48 h. 

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 (IBM, Armonk, NY, USA) and 
GraphPad Prism (Version X; La Jolla, CA, USA) 
were used for data processing. The relationship 
between miRNA-34c-5p and clinical features in 
HCC patients was assessed by the χ2-test. Over-
all survival in HCC patients expressing high or 
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low level of miRNA-34c-5p was analyzed by Ka-
plan-Meier method. p<0.05 was considered as 
statistically significant. 

Results

Low Expression of MiRNA-34c-5p  in HCC 
Specimens

Compared with paracancerous tissues, miR-
NA-34c-5p was markedly downregulated in HCC 
ones (Figure 1A). Similarly, miRNA-34c-5p was 
also downregulated in HCC cell lines than nor-
mal hepatocytes (Figure 1B). HepG2 and HB611 
cells expressed the lowest level of miRNA-34c-5p 
among the detected HCC cell lines, and they were 

used in the following experiments. We further an-
alyzed the relationship between miRNA-34c-5p 
and clinical features in HCC patients. Recruited 
patients were classified into two groups accord-
ing to the median level of miRNA-34c-5p in their 
HCC tissues. As data revealed, miRNA-34c-5p 
was correlated to tumor size, tumor number and 
TNM staging in HCC (Table I). Lower level of 
miRNA-34c-5p was detected in stage III+IV HCC 
cases compared to stage I+II cases (Figure 1C). 
Kaplan-Meier curves revealed that low level of 
miRNA-34c-5p predicted poor prognosis in HCC 
patients (Figure 1D). It is indicated that miRNA-
34c-5p may be related to the progression of HCC. 
Overexpression of MiRNA-34c-5p 

Figure 1. Low expression of miRNA-34c-5p in HCC specimens. A, MiRNA-34c-5p was downregulated in HCC tissues than 
paracancerous ones; B, MiRNA-34c-5p was downregulated in HCC cell lines than normal hepatocytes; C, MiRNA-34c-5p 
level was lower in stage III+IV HCC cases than those stage I+II cases; D, Overall survival was worse in HCC patients express-
ing low level of miRNA-34c-5p than those with high level. 
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Inhibited Proliferative, Migratory and 
Invasive Abilities in HCC

Transfection of miRNA-34c-5p mimic remark-
ably upregulated miRNA-34c-5p in HepG2 and 
HB611 cells (Figure 2A). CCK-8 assay showed 
that overexpression of miRNA-34c-5p declined 
viability in HepG2 and HB611 cells (Figure 2B). 
Migratory and invasive abilities in HCC cells 
overexpressing miRNA-34c-5p were markedly 
suppressed than those of controls (Figure 2C). It 
is concluded that miRNA-34c-5p was able to in-
hibit proliferative and metastatic abilities in HCC. 

MiRNA-34c-5p Targeted and Negatively 
Regulated FAM83A

Potential binding sites in the 3’-UTR of FA-
M83A and miRNA-34c-5p were predicted using 
miRanda (Figure 3A). Subsequently, Dual-Lucif-
erase reporter assay uncovered a decline of Lucif-
erase activity in the wild-type FAM83A vector af-
ter overexpression of miRNA-34c-5p, proving the 
binding between miRNA-34c-5p and FAM83A 
(Figure 3B). Compared with paracancerous tis-
sues, FAM83A was markedly upregulated in 
HCC ones (Figure 3C). Both mRNA and protein 
levels of FAM83A were downregulated in HepG2 
and HB611 cells overexpressing miRNA-34c-5p 

(Figure 3D, 3E). 

Overexpression of FAM83A Could 
Reverse the Role of MiRNA-34c-5p in 
Regulating HCC Cell Phenotypes

To further elucidate the role of FAM83A in 
regulating HCC cell phenotypes influenced by 
miRNA-34c-5p, we designed a series of rescue 
experiments. Compared with those overexpress-
ing miRNA-34c-5p, FAM83A level was higher in 
HCC cells co-overexpressing miRNA-34c-5p and 
FAM83A (Figure 4A). Of note, decreased viabil-
ity, and numbers of migratory and invasive cells 
in HepG2 and HB611 cells overexpressing miR-
NA-34c-5p were partially reversed by co-overex-
pression of FAM83A (Figure 4B, 4C). We there-
fore demonstrated that miRNA-34c-5p alleviated 
malignant phenotypes of HCC cells by targeting 
FAM83A. 

Discussion 

HCC is a highly malignant tumor affecting 
human health in the world, which accounts for 
80-90% of liver cancer cases22. Although great 
strides have made on improving clinical diagnosis 

Table I. Correlation analysis between miR-34c-5p expression and clinicopathological parameters of HCC patients.

 miR-34c-5p expression

Clinicopathologic features No. of cases Low (n=25) High (n=25)  p-value

Age (years)    0.571
≤60 26 14 12 
>60 24 11 13 
Gender    0.254
Male 28 12 16 
Female 22 13 9 
Tumor nodule number    
Solitary 19 6 13 0.041*
Multiple (≥2) 31 19 12 
Tumor size    0.009*
≤5CM 28 5 14 
>5CM 32 20 11 
TNM stage    
Stage I 22 7 15 0.023*
Stage II-III 28 18 10 
HBV    0.107
Absent 13 4 9 
Present 37 21 16 
Vascular invasion    0.774
Negative 21 10 11 
Positive 39 15 14 

HBV: hepatitis B virus.
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Figure 2. Overexpression of miRNA-34c-5p inhibited proliferative, migratory and invasive abilities in HCC. A, Transfection 
of miRNA-34c-5p mimic significantly upregulated miRNA-34c-5p in HepG2 and HB611 cells; B, Overexpression of miRNA-
34c-5p reduced viability in HepG2 and HB611 cells; C, Overexpression of miRNA-34c-5p reduced migration and invasion in 
HepG2 and HB611 cells, (magnification: 40×).
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and treatment of HCC, the prognosis is far away 
from satisfy. The 5-year survival of HCC is as low 
as 7%23,24. Effective biomarkers for predicting and 
treating HCC are urgently required. 

MiRNAs are post-transcriptional regulators 
containing 22-24 nucleotides25. Through recog-
nizing and binding 3’-UTR of target mRNAs, 
miRNAs inhibit mRNA translation or stimulate 
their degradation26,27. Downregulation of miR-
NAs often leads to overexpression of their target 
genes. Increasing evidence has shown the critical 
functions of miRNAs in the occurrence and pro-

gression of tumors. Regulatory effects of miR-
NAs on the progression, metastasis and chemo-
therapy of HCC provide novel ideas for targeted 
therapy28. Our findings uncovered that miRNA-
34c-5p was lowly expressed in HCC tissues and 
cells. Low level of miRNA-34c-5p predicted poor 
prognosis in HCC patients. Furthermore, overex-
pression of miRNA-34c-5p remarkably attenuated 
proliferative, migratory and invasive abilities in 
HepG2 and HB611 cells. It is suggested that miR-
NA-34c-5p could be a tumor suppressor involved 
in the progression of HCC, which is consistent 

Figure 3. MiRNA-34c-5p targeted and negatively regulated FAM83A. A, Binding sites in the 3’-UTR of miRNA-34c-5p 
and FAM83A predicted using miRanda; B, Dual-Luciferase reporter assay verified the binding between miRNA-34c-5p and 
FAM83A; C, FAM83A was upregulated in HCC tissues than paracancerous ones; D, Overexpression of miRNA-34c-5p down-
regulated mRNA level of FAM83A in HepG2 and HB611 cells; E, Overexpression of miRNA-34c-5p downregulated protein 
level of FAM83A in HepG2 and HB611 cells. 
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with previous findings in osteosarcoma and acute 
myeloid leukemia29. 

FAM83A is considered to be a potential onco-
gene in pancreatic cancer, lung cancer and breast 
cancer30-33. Compared with paracancerous tissues, 
FAM83A was upregulated in HCC tissues. Con-

sistently, Liu et al34 proposed that upregulated 
FAM83A in HCC specimens can drive the me-
tastasis. Using the bioinformatic tool, potential 
binding sites in the 3’-UTR of miRNA-34c-5p and 
FAM83A were discovered. Subsequently, Du-
al-Luciferase reporter assay showed that miRNA-

Figure 4. Overexpression of FAM83A could reverse the role of miRNA-34c-5p in regulating HCC cell phenotypes. A, FAM83A 
level was higher in HepG2 and HB611 cells co-overexpressing miRNA-34c-5p and FAM83A than those overexpressing miR-
NA-34c-5p; B, Overexpression of FAM83A reversed the role of miRNA-34c-5p on proliferation in HepG2 and HB611 cells; C, 
Overexpression of FAM83A reversed the role of miRNA-34c-5p on migration and invasion in HepG2 and HB611 cells. 
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34c-5p could directly target on FAM83A 3’-UTR. 
MiRNA-34c-5p negatively regulated FAM83A 
level in HCC cells. Of note, co-overexpression of 
miRNA-34c-5p and FAM83A was able to reverse 
the inhibitory effects of overexpressed miRNA-
34c-5p on proliferative, migratory and invasive 
abilities in HCC. To sum up, miRNA-34c-5p alle-
viates the malignant progression of HCC by bind-
ing FAM83A 3’UTR and thus negatively regulat-
ing its level. Our findings provide a novel aspect 
for explaining the molecular mechanisms of HCC 
progression. 

Conclusions

Shortly, by negatively regulating FAM83A lev-
el, miRNA-34c-5p alleviates the progression of 
HCC. FAM83A is believed as a novel diagnostic 
and therapeutic target for HCC, which is of great 
clinical significance. 

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Siegel Rl, MilleR KD, JeMal a. Cancer statistics, 
2017. CA Cancer J Clin 2017; 67: 7-30.

 2) BefeleR aS, Di BiSceglie aM. Hepatocellular carci-
noma: diagnosis and treatment. Gastroenterology 
2002; 122: 1609-1619.

 3) foRneR a, HeSSHeiMeR aJ, iSaBel RM, BRuix J. Treat-
ment of hepatocellular carcinoma. Crit Rev Oncol 
Hematol 2006; 60: 89-98.

 4) li g, ZHang H, Wan x, Yang x, ZHu c, Wang a, He 
l, Miao R, cHen S, ZHao H. Long noncoding RNA 
plays a key role in metastasis and prognosis of 
hepatocellular carcinoma. Biomed Res Int 2014; 
2014: 780521.

 5) cui M, ZHeng M, Sun B, Wang Y, Ye l, ZHang x. 
a long noncoding RNA perturbs the circadian 
rhythm of hepatoma cells to facilitate hepatocar-
cinogenesis. Neoplasia 2015; 17: 79-88.

 6) JoneS-RHoaDeS MW, BaRtel DP, BaRtel B. MicroR-
NAS and their regulatory roles in plants. Annu 
Rev Plant Biol 2006; 57: 19-53.

 7) BaRtel DP. MicroRNAs: genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 281-297.

 8) calin ga, cRoce cM. MicroRNA signatures in hu-
man cancers. Nat Rev Cancer 2006; 6: 857-866.

 9) Ren D, Wang M, guo W, Huang S, Wang Z, ZHao 
x, Du H, Song l, Peng x. Double-negative feed-
back loop between ZEB2 and miR-145 regulates 

epithelial-mesenchymal transition and stem cell 
properties in prostate cancer cells. Cell Tissue 
Res 2014; 358: 763-778.

10) Ren D, Wang M, guo W, ZHao x, tu x, Huang S, Zou 
x, Peng x. Wild-type p53 suppresses the epitheli-
al-mesenchymal transition and stemness in PC-3 
prostate cancer cells by modulating miR145. Int J 
Oncol 2013; 42: 1473-1481.

11) Ji J, YaMaSHita t, BuDHu a, foRgueS M, Jia Hl, li c, 
Deng c, WautHieR e, ReiD lM, Ye QH, Qin lx, Yang W, 
Wang HY, tang ZY, cRoce cM, Wang xW. Identifica-
tion of microRNA-181 by genome-wide screening 
as a critical player in EpCAM-positive hepatic can-
cer stem cells. Hepatology 2009; 50: 472-480.

12) Re M, Magliulo g, gioaccHini fM, BaJRaKtaRi a, BeRti-
ni a, ceKa a, RuBini c, feRRante l, PRocoPio aD, oliv-
ieRi f. Expression levels and clinical significance of 
miR-21-5p, miR-let-7a, and miR-34c-5p in laryn-
geal squamous cell carcinoma. Biomed Res Int 
2017; 2017: 3921258.

13) Wang Y, Wang x, tang J, Su x, Miao Y. The study 
of mechanism of miR-34c-5p targeting FLOT2 to 
regulate proliferation, migration and invasion of 
osteosarcoma cells. Artif Cells Nanomed Biotech-
nol 2019; 47: 3559-3568.

14) gu J, Wang g, liu H, xiong c. SATB2 targeted by 
methylated miR-34c-5p suppresses proliferation 
and metastasis attenuating the epithelial-mesen-
chymal transition in colorectal cancer. Cell Prolif 
2018; 51: e12455.

15) li Y, Dong x, Yin Y, Su Y, xu Q, ZHang Y, Pang x, 
ZHang Y, cHen W. BJ-TSA-9, a novel human tu-
mor-specific gene, has potential as a biomarker of 
lung cancer. Neoplasia 2005; 7: 1073-1080.

16) xu J, liu H, Yang Y, Wang x, liu P, li Y, MeYeRS c, 
BaneRJee nS, Wang HK, caM M, lu W, cHoW lt, xie 
x, ZHu J, ZHeng ZM. Genome-wide profiling of cer-
vical rna-binding proteins identifies human pap-
illomavirus regulation of RNASEH2A expression 
by Viral E7 and E2F1. mBio 2019; 10: e02687-18.

17) ciPRiano R, MiSKiMen Kl, BRYSon Bl, foY cR, BaRtel 
ca, JacKSon MW. Conserved oncogenic behavior of 
the FAM83 family regulates MAPK signaling in hu-
man cancer. Mol Cancer Res 2014; 12: 1156-1165.

18) liu l, Ma c, xu Q, cHeng l, xiao l, xu D, gao Y, 
Wang J, Song H. A rapid nested polymerase chain 
reaction method to detect circulating cancer cells 
in breast cancer patients using multiple marker 
genes. Oncol Lett 2014; 7: 2192-2198.

19) cHen S, Huang J, liu Z, liang Q, ZHang n, Jin Y. 
FAM83A is amplified and promotes cancer stem 
cell-like traits and chemoresistance in pancreatic 
cancer. Oncogenesis 2017; 6: e300.

20) toMaR t, alKeMa ng, ScHReuDeR l, MeeRSMa gJ, De 
MeYeR t, van cRieKinge W, KliP Hg, fiegl H, van nieu-
WenHuYSen e, veRgote i, WiDScHWenDteR M, ScHuuRing 
e, van DeR Zee a, De Jong S, WiSMan g. Methylome 
analysis of extreme chemoresponsive patients 
identifies novel markers of platinum sensitivity 
in high-grade serous ovarian cancer. BMC Med 
2017; 15: 116.



W.-S. Yu, Z.-G. Wang, R.-P. Guo, Z.-Q. Lin, Z.-W. Ye, C.-L. Lu

6054

21) liu c, Peng x, li Y, liu S, Hou R, ZHang Y, Zuo S, 
liu Z, luo R, li l, fang W. Positive feedback loop 
of FAM83A/PI3K/AKT/c-Jun induces migration, 
invasion and metastasis in hepatocellular carci-
noma. Biomed Pharmacother 2020; 123: 109780.

22) eltaWanSY S, goMeZ J, liSS K, niveRa n, BaBYatSKY M. 
Syndrome of inappropriate anti-diuretic hormone 
secondary to non-cirrhotic primary hepatocellular 
carcinoma. Am J Case Rep 2015; 16: 31-36.

23) Huang MD, cHen WM, Qi fZ, xia R, Sun M, xu tP, 
Yin l, ZHang eB, De W, SHu YQ. Long non-coding 
RNA ANRIL is upregulated in hepatocellular carci-
noma and regulates cell proliferation by epigenetic 
silencing of KLF2. J Hematol Oncol 2015; 8: 57.

24) lan t, cHang l, Wu l, Yuan Y. Downregulation of 
ZEB2-AS1 decreased tumor growth and metas-
tasis in hepatocellular carcinoma. Mol Med Rep 
2016; 14: 4606-4612.

25) DoencH Jg, SHaRP Pa. Specificity of microRNA tar-
get selection in translational repression. Genes 
Dev 2004; 18: 504-511.

26) BaRtel DP. MicroRNAs: genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 281-
297.

27) filiPoWicZ W, BHattacHaRYYa Sn, SonenBeRg n. Mech-
anisms of post-transcriptional regulation by mi-
croRNAs: are the answers in sight? Nat Rev Gen-
et 2008; 9: 102-114.

28) MiRZaei HR, SaHeBKaR a, MoHaMMaDi M, YaRi R, SaleHi 
H, JafaRi MH, naMDaR a, KHaBaZian e, JaafaRi MR, 
MiRZaei H. Circulating microRNAs in hepatocellu-

lar carcinoma: potential diagnostic and prognos-
tic biomarkers. Curr Pharm Des 2016; 22: 5257-
5269.

29) Peng D, Wang H, li l, Ma x, cHen Y, ZHou H, luo 
Y, xiao Y, liu l. miR-34c-5p promotes eradication 
of acute myeloid leukemia stem cells by inducing 
senescence through selective RAB27B targeting 
to inhibit exosome shedding. Leukemia 2018; 32: 
1180-1188.

30) cHen S, Huang J, liu Z, liang Q, ZHang n, Jin Y. 
FAM83A is amplified and promotes cancer stem 
cell-like traits and chemoresistance in pancreatic 
cancer. Oncogenesis 2017; 6: e300.

31) SniJDeRS aM, lee SY, Hang B, Hao W, BiSSell MJ, Mao 
JH. FAM83 family oncogenes are broadly involved 
in human cancers: an integrative multi-omics ap-
proach. Mol Oncol 2017; 11: 167-179.

32) ZHou f, geng J, xu S, Meng Q, cHen K, liu f, Yang 
f, Pan B, Yu Y. FAM83A signaling induces epitheli-
al-mesenchymal transition by the PI3K/AKT/Snail  
pathway in NSCLC. Aging (Albany NY) 2019; 11: 
6069-6088. 

33) SHi R, Jiao Z, Yu a, Wang t. Long noncoding anti-
sense RNA FAM83A-AS1 promotes lung cancer 
cell progression by increasing FAM83A. J Cell 
Biochem 2019; 120: 10505-10512.

34) liu c, Peng x, li Y, liu S, Hou R, ZHang Y, Zuo S, 
liu Z, luo R, li l, fang W. Positive feedback loop 
of FAM83A/PI3K/AKT/c-Jun induces migration, 
invasion and metastasis in hepatocellular carci-
noma. Biomed Pharmacother 2020; 123: 109780.




