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Original Article 
miR-22-3p suppresses cell proliferation by regulating 
SP1 in hepatocellular carcinoma
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Abstract: Objective: Accumulating evidence has shown that microRNAs are involved in multiple processes in cancer 
development and progression. miR-22-3p was a widely studied regulator which has important roles in various kinds 
of cancers. While, the roles and specific mechanism of miR-22-3p in HCC development are not well understood. 
The aim of this study was to verify miR-22-3p expression level and its roles in proliferation, cell cycle and apoptosis 
inHCC cell lines. To investigate the potential mechanism of how miR-22-3p works in HCC progression. Methods: 
RT-PCR was used to detect the expression of miR-22-3p in one normal andfour HCC cell lines. Mimics or inhibitors 
were used for transfecting miR-22-3p. Small interfering RNA was applied to knockdown SP1 gene expression. Cell 
proliferation was conducted by MTT. Cell cycle and apoptosis assays were detectedusing flowcytometry. Western 
blot was used to detect the proteins expression level. Results: miR-22-3p expression was much lower than normal 
control (P<0.01). Transfection of miR-22-3p by mimics could significantly inhibits the cellar proliferation, increases 
the G0/G1 phase cells and induces apoptosis in HCC cell lines. miR-22-3p negatively regulated SP1, CCND1 and 
bcl2 expressionin HCC cell lines. Knockdown SP1 by siRNA inhibited the expression of CCND1 and bcl2, which is 
consistent with the miR-22-3p mimics group. Conclusion: miR-22-3p can act as a tumor suppressor in HCC. It may 
inhibit HCC cell proliferation through up-regulating SP1 and its downstream CCDN1 and bcl2 expression. These find-
ings will contribute to the current understanding of miR-22-3p in HCC.
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Introduction  

Liver cancer is the fifth most prevalent form of 
cancerand the third leading cause of cancer-
related death worldwide, after lung and colon 
cancer [1]. Among them, hepatocellular carci-
noma (HCC) representing over 90% of all cases 
of primaryliver cancer, is the most common 
form ofadult liver cancer [2]. Despite recent 
progress in detection and treatment for early 
HCC, the 5 years survival rate of HCC patients 
remains very low [3, 4]. And even many onco-
genes and tumor suppressors have been 
reported; the molecular mechanisms underly-
ing HCC progression are still poorly understood 
[2, 5, 6]. 

miRNAs are a very large gene family, which 
encode small noncoding RNAs of approximately 

22 nucleotides [7]. They can be classified as 
oncogenes or tumor suppressors at a variety of 
levels depending on the specific miR, the target 
base pair interactions and the co-factors that 
recognize miRs [5, 7-10]. Growing evidence 
have suggested that miRNAs have important 
roles in the regulation of diverse biological pro-
cesses, and their deregulation or dysfunction 
participates in various processes of cancer 
development, including proliferation, apoptosis, 
metabolism, cellular differentiation and predic-
tionof mammalian microRNA targets [11-14]. 
miR-22-3p is a 22-ntnoncoding RNA. Its gene is 
located in 17p13.3, which was originally identi-
fied in HeLa cells as a tumor-suppressing 
miRNA [15-17]. Subsequently, miR-22-3p was 
ubiquitously expressed in a variety of tissues 
including liver, breast, lung, skin, prostate etc. 
[14, 18]. Recently, several targets of miR-22-3p 
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were reported, including tumors uppress or 
PTEN, CD147, Max gene, SP1, p21, NET1 and 
oncogene c-myc, etc. [10, 14, 19]. Though, 
other researchers have studied miR-22-3p in 
HCC before, the specific mechanism underlying 
miR-22-3p in HCC development remains 
unclear.

In the current study, we validated the differen-
tial expression of miR-22-3p in four HCC cell 
lines (HepG2, Huh7, 7721 and Hep3B) and one 
normal liver cell line, and the function in cells 
proliferation, cell cycle and apoptosisof HCC. 
Furthermore, we investigated the potential 
mechanism of how miR-22-3p regulates SP1, 
CCND1 and bcl2 in HCC. miR-22-3p might be a 
tumor suppressor and preserves as a potential 
therapeutic target in HCC. To the best of our 
knowledge, this is the first study to investigate 
the specific mechanism of how miR-22-3p regu-
lates SP1 expression in HCC cells.

Materials and methods

HCC tissues collection

The Ethics Committee of First Affiliated Hospital 
of Guangxi Medical University approved the 
study, and all patients signed a paper version 
of informed consent. Twenty HCC paired tissue 
specimens and matched adjacent tissues were 
obtained from General Surgery Department of 
the First Affiliated Hospital of Guangxi Medical 
University. The “normal tissue” was obtained 
from 10 patients with hepatic hemangioma. 
The tissues were obtained during surgery and 
immediately stored in liquid nitrogen before 
use. 

Cell lines and culture conditions

Human HCC cell lines, including 7721, HepG2, 
Huh-7 and 7403 were obtained fromthe Type 
Culture Collection of the Chinese Academy 
ofSciences (Shanghai, China). The normal cell 
7702 was preserved in our central laboratory. 
All cell lines were routinely cultured in the 
Dulbecco’s modified Eagle’s medium (DMEM, 
Invitrogen, Carlsbad, CA, USA) supplemented 
with 10% fetal bovine serum (FBS) (HyClone, 
Logan, UT, USA) at 37°C in a humidified atmo-
sphere of 5% CO2.

microRNA and siRNA

All of the miRNA mimics and inhibitors were 
purchased from Thermo Scientific Dharmacon. 

The HepG2 cells were transfected at a density 
of 2×104 cells per well in a 24-well culture 
plates witheither 50 nM of hsa-miR-22-3p or 
negative-control mimics, or with either 100 nM 
of hsa-miR-22-3p or negative-control inhibitors 
by Dharma FECT 4 transfection reagent 
(Thermo Scientific Dharmacon) according to 
the manufacturer’s instructions. Cells were 
incubated for 48 h with the microRNA mimics 
or inhibitors prior to RNA purification for gene 
expression analysis, and were incubated for 72 
h for protein expression analysis. To knock-
down human SP1, small interfering RNA target-
ing was performed by Lipofectamine 2000 
(Invitrogen) transfection reagent. After 48 h, 
the protein expression level was measured.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from cultured cell lines 
using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA)and reverse transcribed into cDNA using 
the PmiRcute miRNAcDNA kit (TIANGEN 
BIOTECH, BEIJING, CO., LTD). Real-time PCR 
was performed using miRcute miRNAQpcr 
Detection kit (TIANGEN BIOTECH, BEIJING, CO., 
LTD) according to the manufacturer’s protocol 
on an ABI7500qPCR system (Life Technologies, 
USA). All of the reactions were runin triplicate. 
The delta-Ct method for relative quantification 
of gene expression was used to determine miR-
NAs expression levels. Forward andreverse 
primers for miR-22-3p and u6 sn-RNA were 
50-AAGCTGCCAGTTGAAGAACTGTA-30 and Uni- 
versal Primer (TIANGEN BIOTECH, BEIJING, CO., 
LTD), and 50-CTCGCTTCGGCAGCACA-30 and 
50-AACGCTTCACGAATTTGCGT-30, respective-
ly. All primers above were synthesized by 
TIANGEN BIOTECH, BEIJING, CO., LTD.

Western blot

Western blot was performed according to stan-
dard protocols using Immobilon-P 0.22 μm 
PVDF membranes (Millipore). For immunoblot-
ting, membranes were incubated with thepri-
mary antibody (0.5 g/mL) for 16 h, followed by 
1 h incubation with HRP-conjugated secondary 
antibody (0.2 lg/mL). The primary antibodies 
and appropriate secondary antibodies were 
from Abcam (Abcam, CA, USA). Finally, the blots 
were washed, and the signals were visualized 
using the ECL plus Kit (Amersham, Bucking-
hamshire, UK).
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Measurement of cell cycle

Cells (1×106) were fixed in 70% ethanol at -20°C 
overnight. After being washed, the cells were 
incubated with 0.25 mg/mL RNase A at 37°C 
for 30 min. Then, 5 μL of propidium iodide (PI, 
KeyGen, Nanjing, China) was added to the cell 
suspension and further incubated at room tem-
perature for 30 min in the dark. The mixture 
was analyzed for cell cycle by FACSC alibur Flow 
Cytometer (BD, USA).

Measurement of apoptosis

HepG2 cells were plated in 6-well plates at a 
density of 2×106 cells/well and grown for 24 h. 
For the first sample, the enumeration of apop-
totic cells was performed using AnnexinV-FITC 
and PI (BioVision, USA). The cells were gently 
vortexed and resuspended in binding buffer at 
a concentration of 3×106/mL, and 5 μL of 
Annexin V-FITC and 10 μL of PI was added to 
100 μL of the cell suspension. The samples 
were mixed for 15 min in the dark at room tem-
perature, and 400 μL of PBS was then added to 
the solution. A FACScan (Becton Dickinson, San 
Jose, CA, USA) was used to count cells (1×103) 

at an excitation wave length of 490 nm. Cell 
Quest software was used for data collection 
and processing. With the second sample, cells 
were resuspended in a buffer containing 2 µg/
mL Hoechst 33342 and PI at 28°C for 30 min 
and washed three times (5 min each) with PBS 
(pH 7.2) before detecting apoptosis by fluores-
cence microscopy. 

Statistical analysis

All experiments were carried out at least 3 
times with triplicate samples. Statistical analy-
ses were performed using the SPSS 16.0 sta-
tistical software package (SPSS, Chicago, IL, 
USA). The significance of the data was deter-
mined using Student’s t test, with error bars 
representing the mean ± SD. Statistical differ-
ence was considered significant if P values 
were less than 0.05.

Results 

The expression of miR-22-3p is down-regulat-
ed in HCC tissues and cell lines

We first verified the expression level of miR-22-
3p in twenty paired of HCC, adjacent tissues 

Figure 1. miR-22-3p expression was decreased in HCC. A: miRNA-22-3p expression in 10 miRNomes of human nor-
mal liver, 20 HCC and matched 19 adjacent tissues was analyzed by real-time qRT-PCR. B: miR-22-3p expression in 
HCC cells. *P<0.01, **P<0.001.
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Figure 2. Overexpression of miR-22-3p in hepatocellular carcinoma induces cell cycle arrest and apoptosis, and miR-22-3p negatively regulates SP1 and results in 
altered expression of CCND1 and bcl2. A: Transfection of miR-22-3P mimics to HepG2 cells increase the expression of miR-22-3P and inhibitor down regulate the 
expression of miR-22-3P by real-time qRT-PCR. B: HepG2 cells transfected with miR-22-3P mimics compared with the NC and sh-NC for 48 h were harvested and 
analyzed by FACS, and the cell cycle distributions and apoptosis were calculated. C: miR-22-3P mimics and inhibitor regulate Sp1, CCND1 and Bcl2 expression, 
which were tested western blot.
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and normal tissue by RT-PCR. As shown in 
Figure 1A, we found that tumor tissues showed 
aberrant down regulation of miR-22-3p com-
pared with adjacent non-tumor tissues and nor-
mal tissues (P<0.01). We also detected miR-
22-3p expression four HCC cell lines and one 
normalliver cell line 7702 by real-time PCR. 
Asshown in Figure 1B, we found that miR-22-3p 
has a much lower expressionin four HCC cell 
lines than that of immortalized normal liver cell 
line 7702 (P<0.01). This specific expression 
mode indicates that miR-22-3p might play 
important roles in HCC progression and also 
highlighted the expression profile of miR-22-3p 
in hepatocellular tumor types.

Overexpression of miR-22-3p in HCC cells 
induces cell cycle arrest and apoptosis

Upon the above results, we detected whether 
miR-22-3p could change the capacity of hepa-
tocellular carcinoma cells in cell proliferation, 
cell cycle and apoptosis. We transfected HepG2 
cells with miR-22-3p mimics, inhibitorand con-
trol, respectively. As expected, transfection of 
miR-22-3p mimics in HepG2 cells resulted an 
increase in miR-22-3p expression compared 
with negative control (NC)-transfected cells 
(P<0.001) (Figure 2A). And miR-22-3p inhibitor 
transfection group down-regulate its expres-
sion comparing the control group (P<0.01) 
(Figure 2A). Then, we analyzed cell cycle distri-
bution in miR-22-3p treated HepG2 cells by 
using flow cytometry. In comparison with NC 

and sh-NC group, miR-22-3p overexpression 
group showed cell cycle arrestin G2/M phase 
48 h after transfection, characterized by the 
presence of nearly of 43.94% cells in the G1 
phase of the cell cycle, the presence of about 
21.76% of cells in the S phase, and the pres-
ence of nearly 34.30% of cells in the G2/M 
phase (Figure 2B). Furthermore, we found that 
overexpression of miR-22-3p could induce the 
apoptosis of hepatocellular carcinoma cells 
compared with the NC and sh-NC group. (Figure 
2B). Taken together, our results indicate that 
miR-22-3p works as a tumor suppressor and 
contributes to inhibit proliferation and induce 
cell cycle arrest and apoptosis.

miR-22-3p negatively regulates SP1 and re-
sults in altered expression of CCND1 and bcl2

Next, we sought to investigate the molecular 
mechanism responsible for the anti-tumor 
effects of miR-22-3p in HCC. As miRNAs are 
known to suppress hundreds of miRNA targets, 
resulting in global changes in the cellular phe-
notype of cells [20, 21]. SP1 was an important 
gene participates in regulating cell cycle, apop-
tosis, proliferation and invasion [22-24]. 
Though, the previous studies have shown that 
SP1 was a target gene of miR-22-3p in gastric 
cancer [14]. To further investigate whether miR-
22-3p could regulate SP1 expression in hepato-
cellular carcinoma cells, we conducted western 
blot assay in different groups. As shown in 
Figure 2C, SP1 was significantly down-regulat-
ed in the miR-22-3p overexpression group com-
pared with negative control, and also showed 
an up-regulated expression in the inhibitor 
group compared with control. Furthermore, we 
also detected a down-regulated expression of 
cell cycle related protein CCND1 and apoptosis 
related protein bcl2 in miR-22-3p mimics group 
and up-regulated expression in inhibitor group 
(Figure 2C). Taken together, our results suggest 
that miR-22-3p negatively regulates SP1, 
CCND1 and bcl2 expression. miR-22-3p might 
through up-regulating SP1 and cell cycle relat-
ed protein CCND1 and bcl2 to inhibit cell prolif-
eration and induce apoptosis.

Knockdown of SP1 reduces CCND1 and bcl2 
expression

In order to confirm whether the effects of miR-
22-3p in HCC cell lines were through regulate 

Figure 3. Knockdown of Sp1 reduces CCND1 and 
bcl2 expression. Sp1, CCND1 and Bcl2 protein ex-
pression in HepG2 cells was analyzed by western 
blot after transfection with Sp1 siRNA or NC duplex 
for 48 h.
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cell cycle related protein CCND1 and apoptosis 
related protein bcl2, we knockdowned the 
expression of SP1 by siRNA. The expression 
was inhibited at approximately 80% of protein 
expression level after knockdown of the SP1 
gene in HepG2 cells (Figure 3). Consistently, 
knockdown of SP1 markedly reduced cell cycle 
related proteins CCND1 and apoptosis related 
protein bcl2 expression (Figure 3). These 
results suggested that SP1 might though regu-
lating CCND1 and bcl2 expression to regulate 
cell proliferation, cell cycle arrest and apopto-
sis in HCC cells and both of them could be regu-
lated by miR-22-3p and SP1 axis.

Discussion 

In this study, we confirmed that miR-22-3p has 
adecreased expression in human HCC cell lines 
compared with normal liver cell line, which is 
consistent with the previous reports. The 
expression of miR-22-3P correlated with HCC 
cells proliferation, cell cycle and apoptosis abil-
ity. Furthermore, we discovered that miR-22-3p 
could negatively regulate SP1 expression in 
HCC cells, and resulted in a typical downregula-
tion of CCND1 and bcl2 expression.

Previous reports suggested that miR-22-3P has 
controversial expression in cancer develop-
ment, such as the up-regulated expression in 
prostate cancer, and the down-regulated ex- 
pression in gastric cancer, breast cancer, mul-
tiple myeloma and cholangiocarcinoma, exhib-
iting various abilities in tumor cells prolifera-
tion, cellcycle and apoptosis [9, 10, 13, 14, 19]. 
As the existed systemic therapy for HCC has 
been quite ineffective, discovering more about 
the potential therapy for HCC patients is urgent 
[4, 25]. Recently, re-expression of miRNAs is 
considered to have substantial clinical poten-
tial in cancer therapy [20, 21]. So it is obviously 
suggested that re-expression of miR-22-3p 
may have considerable potential for clinical 
treatment of HCC patients, especially for those 
with poor miR-22-3p expression, such as gas-
tric cancer, breast cancer, multiple myeloma 
and HCC [14, 19, 26]. Human HDAC4, an impor-
tant epigenetic modifier, is identified to be a 
direct target of miR-22-3p in HCC [26]. A cur-
rent report also revealed that miR-22-3p can 
repress Max expression and Myc-Max complex 
regulate cellcycle progression [27]. These 
results, taken together with SP1 we studied 

here, are consistent with current opinions that 
a single miRNA can target multiple mRNAs, to 
post-transcriptionally regulate gene expression 
[28, 29]. Till now, we know much less about the 
specific mechanism of how miR-22-3p influ-
ence tumor progression in HCC. And according 
to the known knowledge, interesting future 
work may be carried out to investigate more 
about the mechanism. HCC is the fifth most fre-
quently diagnosed cancerand the third leading 
cause of cancer related death worldwide [1]. 
Despite the improvement of operation tech-
nique, radio-chemotherapy regimens, and peri-
operative attendance, its five-year survival rate 
remains less than 20% [1, 30, 31]. Discovering 
more about the effective molecules will proba-
bly be a key to monitoring cancer progression 
or development of HCC, and give information 
on the need for therapy. miRNAs have been 
demonstrated to have close relationship with 
HCC [21, 32, 33]. In this study, we demonstrat-
ed that miR-22-3p expression is decreased in 
human HCC cell lines compared with normal 
liver cellline, which is consistent with the previ-
ous reports. Transfection of miR-22-3p mimics 
in HepG2 cells significantly inhibited cells prolif-
eration and apoptosis, and down regulated SP1 
and its downstream CCND1 and bcl2 expres-
sion. Taken together, our results suggested 
that miR-22-3p acted asa tumor suppressor 
played an essential role in cells proliferation 
and apoptosis. The anti-tumor effects of miR-
22-3p may through negatively regulate SP1 and 
downstream CCND1 and bcl2 expression.

In summary, the present study provides evi-
dence to support that miR-22-3P has a low 
expression in HCC cell lines. Overexpression of 
miR-22-3P in HCC cell lines could inhibit cells 
proliferation and induce apoptosis. Further- 
more, we demonstrated that miR-22-3P nega-
tively regulates SP1 and downstream cell cycle 
related protein CCDN1 and apoptosis related 
protein bcl2 expression. These findings imply 
that miR-22-3P might be a suitable candidate 
for anticancer therapy in HCC.

Acknowledgements

This study was supported by Major Projects Of 
National Science and Technology (no. 2012Z- 
X10002010001009), Guangxi Scientific Rese- 
arch and Technological Development Projects 
(no. 14124003-4) and Key Laboratory of Early 



miR-22-3p inhibits HCC proliferation by SP1

5443	 Int J Clin Exp Pathol 2016;9(5):5437-5444

Prevention and Treatment for Regional High 
Frequency Tumor, Ministry of Education (GKE- 
2015-ZZ06).

Disclosure of conflict of interest

None.

Address correspondence to: Le-Qun Li, Department 
of Hepatobiliary Surgery, Affiliated Tumor Hospital  
of Guangxi Medical University, #71 He Di Road, 
Nanning 530021, P.R. China. Tel: +(86)-771-
5330855; Fax: +(86)-771-4312000; E-mail: lile-
qungx@163.com; Xiao-Hui Fan, Basic Medical 
College of Guangxi Medical University, #22 Shuang- 
yong Road, Nanning 530021, P.R. China. Tel: +(86)-
771-5358212; E-mail: gxmuadd@foxmail.com

References

[1]	 Siegel RL, Miller KD and Jemal A. Cancer sta-
tistics, 2015. CA Cancer J Clin 2015; 65: 5-29.

[2]	 Clark T, Maximin S, Meier J, Pokharel S and 
Bhargava P. Hepatocellular Carcinoma: Review 
of Epidemiology, Screening, Imaging Diagno-
sis, Response Assessment, and Treatment. 
Curr Probl Diagn Radiol 2015; 44: 479-486.

[3]	 Chen KW, Ou TM, Hsu CW, Horng CT, Lee CC, 
Tsai YY, Tsai CC, Liou YS, Yang CC, Hsueh CW 
and Kuo WH. Current systemic treatment of 
hepatocellular carcinoma: A review of the liter-
ature. World J Hepatol 2015; 7: 1412-1420.

[4]	 Tejeda-Maldonado J, Garcia-Juarez I, Aguirre-
Valadez J, Gonzalez-Aguirre A, Vilatoba-Chapa 
M, Armengol-Alonso A, Escobar-Penagos F, 
Torre A, Sanchez-Avila JF and Carrillo-Perez DL. 
Diagnosis and treatment of hepatocellular car-
cinoma: An update. World J Hepatol 2015; 7: 
362-376.

[5]	 He S, Zhang DC and Wei C. MicroRNAs as bio-
markers for hepatocellular carcinoma diagno-
sis and prognosis. Clin Res Hepatol Gastroen-
terol 2015; 39: 426-434.

[6]	 Huang JT, Liu SM, Ma H, Yang Y, Zhang X, Sun 
H, Zhang X, Xu J and Wang J. Systematic Re-
view and Meta-Analysis: Circulating miRNAs 
for Diagnosis of Hepatocellular Carcinoma. J 
Cell Physiol 2016; 231: 328-335.

[7]	 Casanova-Salas I, Rubio-Briones J, Fernandez-
Serra A and Lopez-Guerrero JA. miRNAs as bio-
markers in prostate cancer. Clin Transl Oncol 
2012; 14: 803-811.

[8]	 Chen Y, Huang Y, Huang Y, Xia X, Zhang J, Zhou 
Y, Tan Y, He S, Qiang F, Li A, Re OD, Li G and 
Zhou J. JWA suppresses tumor angiogenesis 
via Sp1-activated matrix metalloproteinase-2 
and its prognostic significance in human gas-
tric cancer. Carcinogenesis 2014; 35: 442-
451.

[9]	 Chen B, Tang H, Liu X, Liu P, Yang L, Xie X, Ye F, 
Song C, Xie X and Wei W. miR-22 as a prognos-
tic factor targets glucose transporter protein 
type 1 in breast cancer. Cancer Lett 2015; 
356: 410-417.

[10]	 Ahmad HM, Muiwo P, Ramachandran SS, Pan-
dey P, Gupta YK, Kumar L, Kulshreshtha R and 
Bhattacharya A. miR-22 regulates expression 
of oncogenic neuro-epithelial transforming 
gene 1, NET1. FEBS J 2014; 281: 3904-3919.

[11]	 Gong J, He XX and Tian A. Emerging role of mi-
croRNA in hepatocellular carcinoma (Review). 
Oncol Lett 2015; 9: 1027-1033.

[12]	 Bar N and Dikstein R. miR-22 forms a regula-
tory loop in PTEN/AKT pathway and modulates 
signaling kinetics. PLoS One 2010; 5: e10859.

[13]	 Song SJ and Pandolfi PP. miR-22 in tumorigen-
esis. Cell Cycle 2014; 13: 11-12.

[14]	 Guo MM, Hu LH, Wang YQ, Chen P, Huang JG, 
Lu N, He JH and Liao CG. miR-22 is down-regu-
lated in gastric cancer, and its overexpression 
inhibits cell migration and invasion via target-
ing transcription factor Sp1. Med Oncol 2013; 
30: 542.

[15]	 Kaur K, Vig S, Srivastava R, Mishra A, Singh VP, 
Srivastava AK and Datta M. Elevated Hepatic 
miR-22-3p Expression Impairs Gluconeogene-
sis by Silencing the Wnt-Responsive Transcrip-
tion Factor Tcf7. Diabetes 2015; 64: 3659-
3669.

[16]	 Dang Y, Zhao S, Qin Y, Han T, Li W and Chen ZJ. 
MicroRNA-22-3p is down-regulated in the plas-
ma of Han Chinese patients with premature 
ovarian failure. Fertil Steril 2015; 103: 802-
807, e801.

[17]	 Xu D, Takeshita F, Hino Y, Fukunaga S, Kudo Y, 
Tamaki A, Matsunaga J, Takahashi RU, Takata 
T, Shimamoto A, Ochiya T and Tahara H. miR-
22 represses cancer progression by inducing 
cellular senescence. J Cell Biol 2011; 193: 
409-424.

[18]	 Xiong J, Du Q and Liang Z. Tumor-suppressive 
microRNA-22 inhibits the transcription of E-
box-containing c-Myc target genes by silencing 
c-Myc binding protein. Oncogene 2010; 29: 
4980-4988.

[19]	 Kong LM, Liao CG, Zhang Y, Xu J, Li Y, Huang W, 
Zhang Y, Bian H and Chen ZN. A regulatory 
loop involving miR-22, Sp1, and c-Myc modu-
lates CD147 expression in breast cancer inva-
sion and metastasis. Cancer Res 2014; 74: 
3764-3778.

[20]	 Mao B and Wang G. MicroRNAs involved with 
hepatocellular carcinoma (Review). Oncol Rep 
2015; 34: 2811-2820.

[21]	 Morishita A and Masaki T. miRNA in hepatocel-
lular carcinoma. Hepatol Res 2015; 45: 128-
141.

[22]	 Yao Y, Hu J, Shen Z, Yao R, Liu S, Li Y, Cong H, 
Wang X, Qiu W and Yue L. MiR-200b expres-
sion in breast cancer: a prognostic marker and 

mailto:lilequngx@163.com
mailto:lilequngx@163.com
mailto:gxmuadd@foxmail.com


miR-22-3p inhibits HCC proliferation by SP1

5444	 Int J Clin Exp Pathol 2016;9(5):5437-5444

act on cell proliferation and apoptosis by tar-
geting Sp1. J Cell Mol Med 2015; 19: 760-769.

[23]	 Yin P, Zhao C, Li Z, Mei C, Yao W, Liu Y, Li N, Qi 
J, Wang L, Shi Y, Qiu S, Fan J and Zha X. Sp1 is 
involved in regulation of cystathionine gamma-
lyase gene expression and biological function 
by PI3K/Akt pathway in human hepatocellular 
carcinoma cell lines. Cell Signal 2012; 24: 
1229-1240.

[24]	 Xu TP, Liu XX, Xia R, Yin L, Kong R, Chen WM, 
Huang MD and Shu YQ. SP1-induced upregula-
tion of the long noncoding RNA TINCR regu-
lates cell proliferation and apoptosis by affect-
ing KLF2 mRNA stability in gastric cancer. 
Oncogene 2015; 34: 5648-5661.

[25]	 Bertino G, Di Carlo I, Ardiri A, Calvagno GS, 
Demma S, Malaguarnera G, Bertino N, 
Malaguarnera M, Toro A and Malaguarnera M. 
Systemic therapies in hepatocellular carcino-
ma: present and future. Future Oncol 2013; 9: 
1533-1548.

[26]	 Zhang J, Yang Y, Yang T, Liu Y, Li A, Fu S, Wu M, 
Pan Z and Zhou W. microRNA-22, downregu-
lated in hepatocellular carcinoma and corre-
lated with prognosis, suppresses cell prolifera-
tion and tumourigenicity. Br J Cancer 2010; 
103: 1215-1220.

[27]	 Ting Y, Medina DJ, Strair RK and Schaar DG. 
Differentiation-associated miR-22 represses 
Max expression and inhibits cell cycle progres-
sion. Biochem Biophys Res Commun 2010; 
394: 606-611.

[28]	 Xue J, Niu J, Wu J and Wu ZH. MicroRNAs in 
cancer therapeutic response: Friend and foe. 
World J Clin Oncol 2014; 5: 730-743.

[29]	 Yang S, Zhang H, Guo L, Zhao Y and Chen F. 
Reconstructing the coding and non-coding 
RNA regulatory networks of miRNAs and 
mRNAs in breast cancer. Gene 2014; 548: 
6-13.

[30]	 Conti F, Dall’Agata M, Gramenzi A and Biselli 
M. Biomarkers for the early diagnosis of bacte-
rial infection and the surveillance of hepatocel-
lular carcinoma in cirrhosis. Biomark Med 
2015; 9: 1343-1351.

[31]	 Hiraoka A, Kawamura T, Aibiki T, Okudaira T, 
Toshimori A, Yamago H, Nakahara H, Suga Y, 
Azemoto N, Miyata H, Miyamoto Y, Ninomiya T, 
Murakami T, Ishimaru Y, Kawasaki H, Hirooka 
M, Abe M, Matsuura B, Hiasa Y and Michitaka 
K. Prognosis and therapy for ruptured hepato-
cellular carcinoma: problems with staging and 
treatment strategy. Eur J Radiol 2015; 84: 
366-371.

[32]	 Cho WC. Great potential of miRNAs as predic-
tive and prognostic markers for cancer. Expert 
Rev Mol Diagn 2012; 12: 315-318.

[33]	 Bronte F, Bronte G, Fanale D, Caruso S, Bronte 
E, Bavetta MG, Fiorentino E, Rolfo C, Bazan V, 
Marco VD and Russo A. HepatomiRNoma: The 
proposal of a new network of targets for diag-
nosis, prognosis and therapy in hepatocellular 
carcinoma. Crit Rev Oncol Hematol 2016; 97: 
312-321.


