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Protein tyrosine phosphatase 1B (PTP1B) has been reported as an oncogene in hepatocel-
lular carcinoma (HCC). However, how PTP1B is regulated in HCC remains unclear. MicroR-
NAs (miRNAs) are a class of small non-coding RNAs involved many biological processes
including tumorigenesis. In this study, we investigated whether miRNA participated in the
regulation of PTP1B in HCC. We found that miR-206, which was down-regulated during
tumorigenesis, inhibited HCC cell proliferation and invasion. Overexpression of miR-206
inhibited proliferation, invasion, and migration of HCC cell lines HepG2 and Huh7. Mecha-
nistically, we demonstrated that miR-206 directly targeted PTP1B by binding to the 3′-UTR
of PTP1B mRNA as demonstrated by the luciferase reporter assay. Overexpression miR-206
inhibited PTP1B expression while miR-206 inhibition enhanced PTP1B expression in HepG2
and Huh7 cells. Functionally, the regulatory effect on cell proliferation/migration/invasion of
miR-206 was reversed by PTP1B overexpression. Furthermore, tumor inoculation nude mice
model was used to explore the function of miR-206 in vivo. Our results showed that overex-
pression of miR-206 drastically inhibited tumor development. In summary, our data suggest
that miR-206 inhibits HCC development by targeting PTP1B.

Introduction
Liver cancer, due to the high mortality rate, ranks the second place among all causes of cancer-related
deaths [1]. Hepatocellular carcinoma (HCC) is one of the most common malignancies with a high mor-
bidity and mortality worldwide [2]. However, the precision pathogenesis of HCC is unclear and the treat-
ment of HCC is still challenged by the existing of distant tumor metastasis by the time of diagnosis [3].

PTP1B (protein tyrosine phosphatase 1B) is a non-receptor-type oncogenic promoter involved in
growth factor signaling [4]. Multiple reports found that PTP1B is up-regulated in several types of can-
cers, such as breast cancer, colorectal cancer, gastric cancer, and ovarian carcinomas, leading to enhanced
invasion and migration of cancer cells [5–8]. Zheng et al. reported that down-regulated expression of the
PTP1B was associated with aggressive clinicopathologic features and poor prognosis in HCC [9]. How-
ever, the regulation of PTP1B in human HCC progression and invasion remains unclear.

MicroRNAs (miRNAs) are endogenous small non-coding RNAs, which regulate a broad-spectrum of
genes involved in developmental and oncogene pathways at the post-transcriptional level [10]. MiRNA
can participate in many cellular processes such as cell cycle, proliferation, apoptosis and metastasis [11].
Several studies have demonstrated that miRNAs play important roles in hepatocarcinogenesis and ma-
lignant transformation, regulating cell proliferation, apoptosis, migration, invasion and tumorigenesis
[12,13]. Thus, miRNAs are considered as potential novel targets for various cancer therapies. miR-206 is a
member of miR-1 family and specifically expressed in skeletal muscle [14]. Previous reports demonstrated
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that miR-206 was significantly down-regulated in HCC tissue and overexpression of miR-206 could inhibit prolifera-
tion, invasion and migration of HCC cells [15]. The detailed mechanism of miR-206 in HCC development is still not
well defined.

In this study, we found that miR-206, which was down-regulated during tumorigenesis, inhibited the proliferation
and invasion of HCC cells. Moreover, we demonstrated that miR-206 regulated HCC development by directly tar-
geting PTP1B by binding to the 3′-URT of PTP1B mRNA. The regulatory effect of miR-206 was blocked by PTP1B
overexpression. Furthermore, overexpression of miR-206 significantly inhibited growth of tumors in nude mice after
tumor inoculation in vivo. Taken together, the results indicated that expression of miR-206 inhibited tumor growth
and metastasis by targeting PTP1B.

Materials and methods
Cell lines and cell culture
The HCC cell lines HepG2, Hep3B, Huh-7, and SMMC-7721 were purchased from the cell bank of the Chinese
Academy of Sciences, and normal human hepatic cell line (LO2) was maintained in our laboratory and cultured in
RPMI-1640 supplemented with 10% FBS (GIBCO, New York, U.S.A.) at 37◦C in a 5% CO2 incubator, and HEK293T
cells were cultured in DMEM (Invitrogen, CA, U.S.A.) supplemented with 10% FBS (GIBCO, New York, U.S.A.).

Real-time quantitative PCR
Total RNA was extracted using TRIzol according to the manufacturer’s manual (Invitrogen, CA, USA) and then re-
verse transcribed using the Promega kit. SYBR Green Supermix (Takara, Dalian, China) was used for real-time quan-
titative PCR (RT-qPCR). miRNA expression was normalized to the level of control human U6 snRNA. The primers
used for RT-qPCR are as follows: miR-206: F: 5′-GCCCGCTGGAATGTAAGGAAGT-3′, R: 5′-CCAGTGCAGGGT
CCGAGGT-3′; PTP1B: F: 5′-CCAGCCAAAGGGGAGCCGTC-3′, R: 5′-CTATGTGTTGCTGTTGAACA-3′; U6:
F: 5′-CCAGTGCAGGGTCCGAGGT-3′, R: 5′-TGCGGGTGCTCGCTTCGCAGC-3′; GAPDH: F: 5′-GCGCGTCG
TGAAGCGTTC-3′, R: 5′-CCAGTGCAGGGTCCGAGGT-3′. Results were expressed as mean +− standard deviation
(SD).

Cell proliferation assays
HepG2/Huh7 cells transfected with the miR-206 or scramble control, PTP1B overexpression vector or control vector
were seeded at a density of 2 × 103 cells per well into 96-well plates. Cell proliferation was measured at indicated
time points using CCK8 kit (Dojindo Laboratories, Kumamoto, Japan) according to the manufacturer’s manual. Rep-
resentative results from at least three independent experiments with three replications were shown.

Boyden chamber assay
Migration assay was performed using a Boyden chamber (Corning, NY, U.S.A.) containing an 8 μm polycarbonate
membrane. Experiment was done following the manufacturer’s protocol. Briefly, 1 × 106 cells were resuspended in
100 μl serum-free medium and added to the upper chamber and 600 μl RPMI-1640 medium supplemented with 10%
FBS was added to the lower chamber. Cells were incubated for 24 h at 37◦C in a 5% CO2 incubator. Migratory cells to
the opposite side of membrane were fixed and stained with crystal violet. Images of five random areas were selected
and migrated cells were counted to calculate cell migration ratio.

Transfection
HepG2/Huh7 cells were transfected with miR-206 mimic or scramble control miR-NC (GenePharma, Shang-
hai, China) or miR-206 inhibitor (Invitrogen) using Lipofectamine 2000 (Invitrogen) following the manufac-
turer’s protocol. Cells were cultured for 48 h before analysis or other subsequent experiments. PTP1B over-
expression vector was constructed by cloning human PTP1B cDNA into pMSCV-hygro vector using the fol-
lowing primers: 5′-ATGGAGATGGAAAAGGAGTTCGA-3′ and 5′-TGTGTTGCTGTTGAACAGGAA-3′. The
pMSCV-hygro-PTP1B clones were sequencing verified. HepG2 and Huh7 cells were transfected with pMSCV-PTP1B
vector and selected with G418 for 3–4 weeks. Monoclonal cells were then selected and examined for PTP1B overex-
pression.

Luciferase reporter assay
Luciferase reporter vector containing wild-type PTP1B (WT) and mutant PTP1B 3′-UTR were constructed and
co-transfected with miR-206 mimics or scramble control into HEK293 cells. After 24 h, luciferase activity was
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measured using the Dual-Luciferase Reporter Assay System (Promega, Madison, WI, USA) according to the
manufacturer′s protocol.

Western blot
Western blot was performed as previously described [16]. Briefly, 20 μg of protein samples were separated by 10%
SDS-PAGE gels, and then transferred to nitrocellulose membranes (Millipore, Madison, WI, U.S.A.). The mem-
branes were then blocked in 5% non-fat dry milk in TBS buffer containing 0.1% Tween-20 for 2 h, and subsequently
probed with the following primary antibodies: mouse anti-human PTP1B (ab201974, abcam) and mouse anti-human
GAPDH (ab8245, abcam) at 4◦C overnight. The membrane was further incubated with secondary HRP-conjugated
goat anti-mouse IgG (ab6789, abcam) for 1 h at room temperature. The immunoreactive signals were detected using
ECL kit (Cell Signaling, Danvers, MA, U.S.A.). The density of the band was quantified by Quantity One software
(Bio-Rad).

Mice and tumor model
Female BABL/c nude mice (4-week-old) were purchased from Shanghai Laboratory Animal Center (Shanghai, China)
and maintained under a specific pathogen-free condition. All experiments were approved and carried out according
to the guidelines of the Ethics Committee of The First Affiliated Hospital of Nanchang University. 5 × 106 viable
HepG2 cells stably transfected with the miR-206 mimic or control were planted into the right flanks of nude mice.
Tumor sizes were measured every 7 days, and tumor volume was calculated: volume = 1/2 × length × width2. At 42
days after implantation, the mice were killed and tumors were dissected and analyzed.

Statistical analysis
Data were expressed as mean +− SD. One-way ANOVA was used for analysis between multiple groups. Calculations
were performed using GraphPad Prism software (V5.0, GraphPad, La Jolla, CA, USA). *P < 0.05 suggests a statisti-
cally significant difference.

Results
MiR-206 was down-regulated in human HCC cell lines and miR-206
overexpression significantly inhibited cell proliferation, migration, and
invasion
To examine miR-206 expression in HCC cell line, qRT-PCR was used to quantify the miR-206 expression in the nor-
mal human hepatic cell line LO2 and HCC cell lines HepG2, Huh7, SMMC-7221, and Hep3B. The results showed that
the expression of miR-206 was significantly down-regulated in all four HCC cell lines (Figure 1A). The expression
levels of miR206 was much lower in HepG2 and Huh7 cells, so we used these two cell lines for the subsequent experi-
ments. To test the function of miR-206 in HCC growth, miR-206 mimics and negative control (NC) were transfected
into HepG2 and Huh7 cells. Overexpression of miR-206 was confirmed by qRT-PCR in HepG2 and Huh7 (Figure
1B). As shown in Figure 1C,D, miR-206 mimic transfection significantly inhibited the cell proliferation of HepG2
and Huh7 in vitro. Boyden chamber assay demonstrated that miR-206 overexpression dramatically inhibited the cell
migration of HepG2 and Huh7 cells, compared with that of control group or NC group (Figure 1E). Additionally,
invasion assay was performed using Matrigel. As shown in Figure 1F, ectopic expression of miR-206 significantly
decreased the invasion capacity of HepG2 and Huh7 cells.

PTP1B was a potential target of miR-206
To explore the potential molecular mechanism of miR-206 function in HCC, we searched for miR-206 targets using
different prediction tools such as TargetScan, miRanda, and miRWalk algorithms. PTP1B was predicted as a poten-
tial target of miR-206. To verify whether PTP1B was a direct target of miR-206, human PTP1B 3′-UTR fragment
containing the binding sites of miR-206 or the mutation sites (Figure 2A) were cloned into the pGL3 vector, and
co-transfected with miR-206 mimic or NC into HEK293T cells. Relative luciferase activities were measured 48 h post
transfection. The results showed that overexpression miR-206 suppressed the luciferase activity of wild-type PTP1B
site, but not the vector with the mutant PTP1B site (Figure 2B), suggesting that PTP1B is directly targeted by miR-206.
Additionally, qRT-PCR and western blot were performed to examine PTP1B on mRNA (Figure 2C) and protein levels
(Figure 2D) in HepG2 and Huh7 cells transfected with NC or miR-206 mimic. The result showed that PTP1B mRNA
and protein levels decreased in miR-206-transfected cells. Furthermore, we found that miR-206 inhibition enhanced
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Figure 1. miR-206 overexpression significantly inhibited cell proliferation, migration, and invasion

(A) Real-time PCR analysis of miR-206 expression in the normal human hepatic cell line LO2 and the HCC cell lines HepG2, Huh7,

SMMC-7721 and Hep3B. The data are expressed as the mean +− SD, n = 6. **P < 0.01 versus the LO2 control. (B) Real-time PCR

analysis of miR-206 expression in HepG2 and Huh7 cells transfected with miR-206 mimics, negative control (NC), or untransfected

(control). The data are expressed as the mean +− SD, n = 6. **P < 0.01 versus control. (C, D) Ectopic expression of miR-206

significantly inhibited (C) HepG2 and (D) Huh7 cell proliferation. (E, F) Cell migration and invasion were determined in HepG2 and

Huh7 cells using the Transwell (Costar, Cambridge, MA, U.S.A.) assay after transfection with the miR-206 mimic or miR-NC. Scale

bar, 20 μm. Data are expressed as mean +− SD. **P < 0.01 vs. control.
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Figure 2. PTP1B is a potential target of miR-206

(A) Complementary sequences between miR-206 and the 3′-UTR of PTP1B mRNA was obtained using publicly available algorithms.

The mutated version of the PTP1B 3′-UTR is also shown. (B) The 3′-UTR of PTP1B was fused to the luciferase coding region

(PYr-PTP1B 3′-UTR) and co-transfected into HEK293T cells with miR-206 mimics to confirm that PTP1B is the target of miR-206.

PYr-PTP1B 3′-UTR and miR-206 mimic constructs were co-transfected into HEK293T cells with a control vector and relative

luciferase activity was determined 48 h after transfection. Data are expressed as mean +− SD. **P < 0.01 vs. NC. (C) RT-PCR

analysis of the effect of PTP1B expression in HepG2 and Huh7 cells after transfection with miR-206 mimics (n = 6). GAPDH

expression levels were detected as an endogenous control. Data are expressed as mean +− SD. **P < 0.01 vs. control. (D) Western

blot analysis of the effect of PTP1B expression in HepG2 and Huh7 cells after transfection with miR-206 mimics (n = 6). GAPDH

expression levels were detected as an endogenous control. Data are expressed as mean +− SD. **P < 0.01 vs. control. (E) Western

blot analysis of the effect of PTP1B expression in HepG2 and Huh7 cells after treatment with miR-206 inhibitor (n = 6). GAPDH

expression levels were detected as an endogenous control. Data are expressed as mean +− SD. **P < 0.01 vs. control.
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PTP1B protein expression in HepG2 and Huh7 cells (Figure 2E). Collectively, our results suggested that PTP1B was
a potential target of miR-206.

Overexpression of PTP1B antagonizes miR-206-inhibited cell
proliferation, migration, and invasion
Ptpn1 mRNA and PTP1B protein expression was up-regulated in HCC cell lines compared with those in normal
human hepatic cell line LO2 (Supplementary Figure S1). To further characterize the function of PTP1B in HCC cells
and the regulation of PTP1B by miR-206, we constructed PTP1B overexpression vector and confirmed the high pro-
tein levels of PTP1B in HepG2 and Huh7 cells after PTP1B vector transfection (Figure 3A). As shown in Figure 3B,C,
miR-206 mimic transfection significantly inhibited the proliferation of HepG2 and Huh7 in vitro, while overexpres-
sion of PTP1B together with miR-206 mimic rescued the cell proliferation.

Consistently, PTP1B overexpression in HepG2 and Huh7 cells reversed the inhibitory function of cell migration and
invasion by miR-206 mimic (Figure 3D,E). Taken together, overexpression of PTP1B antagonized miR-206 inhibited
cell proliferation, migration and invasion.

miR-206 suppresses tumor growth of HCC in nude mice by inhibiting
PTP1B
The previous in vitro results suggested that miR-206 could suppress HCC cell growth and metastasis in vitro. There-
fore, we further investigated that whether miR-206 could affect HCC tumor growth in vivo. HepG2 cells were stably
infected with/without the miR-206 overexpression mimic vectors and implanted subcutaneously into nude mice to
allow tumor formation. Tumor sizes were measured every 7 days and mice were killed 6 weeks later.

We found that the xenograft tumor was significantly smaller in the miR-206 overexpression group compared with
those in the NC group (Figure 4A). The volume (Figure 4B) and weight (Figure 4C) were also decreased in miR-206
mimic group, indicating that miR-206 overexpression suppresses HCC tumor growth in vivo. We also checked the
miR-206 overexpression in tumor xenograft (Figure 4D). As shown in Figure 4E,F, PTP1B protein expression was
down-regulated in xenograft tumors of miR-206 mimic group. These results suggested that miR-206 suppresses HCC
tumor growth in nude mice by inhibiting PTP1B.

Discussion
HCC is the fifth most common solid cancer and the third leading cause of cancer-related mortality worldwide, caused
about 600000 deaths per year [1]. However, its underlying molecular mechanism remains largely unknown. Re-
cently, several miRNAs have been reported to be involved in the development of HCC [17–20]. miR-206, which
was down-regulated in HCC, was reported to suppress cell proliferation and promote apoptosis [20]. However, the
mechanisms underlying miR-206 regulating HCC progress is illusive. In this study, we demonstrated that miR-206 in-
hibited the proliferation, migration and invasion of HCC cells in vitro by targeting PTP1B. In vivo tumor inoculation
nude mice model confirmed that overexpression of miR-206 significantly inhibited growth of HCC tumors. Thus, our
results suggest that miR-206 could be used not only as a novel biomarker but also as a potential gene therapeutic target
of HCC.

miRNAs act as transcriptional regulators and play critical roles in HCC [21]. miR-206 is one of the most studied
myomiRs, which was first reported regulating skeletal muscle development and pathology [22]. miR-206 is also in-
volved in the pathogenesis of numerous diseases including heart failure, chronic obstructive pulmonary disease and
various types of cancers [23]. According to miRNA target databases, the relationships between miRNAs and their
targets might not be one-to-one [24]. Pang et al. reported that miR-206 could inhibit the growth of hepatocellular
carcinoma cells via targeting CDK9 [25], while another group demonstrated that miR-206 regulates the proliferation
and metastasis of HCC cells via targeting E2F5 [26]. miR-206 was also demonstrated to prevent the pathogenesis of
HCC by modulating expression of met proto-oncogene and cyclin-dependent kinase 6 in mice [27]. Consistent with
these findings, our results confirmed that miR-206 expression was down regulated in HCC cell lines. We used the pre-
diction algorithms of TargetScan, miRWalk and miRanda to predict that miR-206 can target the 3′-URT of PTP1B.
According to the miRNA target databases, one miRNA could target multiple genes while one gene could be regulated
by multiple miRNAs [28]. It is possible that miR-206 inhibits the growth of HCC via multiple different targets. To
our knowledge, miR-206 can target PTP1B regulating HCC cell proliferation, migration and invasion has not been
confirmed until now.

PTP1B is a classical non-transmembrane protein tyrosine phosphatase that plays a key role in metabolic signal-
ing and has both tumor suppressing and promoting effects in different cancers [4,29]. Liu et al. found that PTP1B
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Figure 3. Expression of PTP1B decreased miR-206-induced cell proliferation, migration, and invasion

(A) Western blot analysis shows the expression of PTP1B in HepG2 and Huh7 cells after transfection with the PTP1B overex-

pression vector or the corresponding negative control (NC) vector. (B, C) Ectopic expression of PTP1B significantly reversed

miR-206-induced (B) HepG2 and (C) Huh7 cell proliferation suppression. Data are expressed as mean +− SD. **P < 0.01 vs. control.

(D, E) Cell migration and invasion were determined in HepG2 and Huh7 cells using the Transwell (Costar) assay. Scale bar, 20 μm.

Data are expressed as mean +− SD. **P < 0.01 vs. control.

promotes aggressiveness of breast cancer cells by regulating PTEN [30]. Levels of PTP1B were found to modulate
the apoptotic pathways triggered by trophic factors withdrawal in hepatocytes [31]. It also has been reported that
down-regulated expression of PTP1B was associated with aggressive clinicopathologic features and poor prognosis
in HCC [9]. Tai et al. reported that PTP1B expression was significantly higher in HCC tumor parts than nontumor
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Figure 4. miR-206 suppressed tumor growth of HCC in a xenograft model

(A) Photographs of tumor tissues from different groups at day 42. (B) Growth curves of tumor volumes in xenografts of nude mice

were determined based on tumor volume measured every 7 days for 42 days (n = 6). **P < 0.01 vs. control group. (C) Tumor

weights of different groups at day 42 (n = 6). **P < 0.01 vs. control group. (D) Expression of miR-206 was detected by quantitative

RT-PCR (n = 6). Data are expressed as mean +− SD. **P < 0.01 vs. control group. (E, F) PTP1B level in tumor tissues of different

groups was determined by western blot analyses. Data are expressed as mean +− SD. **P < 0.01 vs. control group.

parts [32]. While PTP1b inhibitor Sorafenib was able to decrease PTP1B activity in HCC, PTP1B overexpression im-
paired the sensitivity of sorafenib both in vitro and in vivo [32]. The data from the present study showed that PTP1B
was a direct target of miR-206 and overexpression PTP1B could antagonize miR-206-inhibited HCC cell prolifera-
tion, migration and invasion. Furthermore, PTP1B protein expression was also down-regulated in xenograft tumors
after miR-206 mimic overexpression. Both in vitro and in vivo results suggested that miR-206 suppresses HCC cell
proliferation, migration and invasion by inhibiting PTP1B.

In conclusion, our study demonstrated that miR-206 expression was decreased in HCC cell lines and miR-206
can inhibit cell proliferation, migration and invasion in vitro, as well as suppress tumor growth in vivo by targeting
PTP1B. Furthermore, overexpression PTP1B could antagonize the inhibitory function of miR-206. These findings
suggest that the miR-206 is a potential tumor suppressor in HCC, which might be a promising target for HCC treat-
ment.

Funding
This work was supported by the National Science and Technology Major Project of China [grant number 2018ZX10302205].

8 © 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).



Bioscience Reports (2019) 39 BSR20181823
https://doi.org/10.1042/BSR20181823

Author Contribution
Qian Yang did all the experiments, analyzed all data and was a major contributor in writing the manuscript. Lunli Zhang, Yuanbin
Zhong, Lingling Lai and Xiaopeng Li did some experiment work. All authors read and approved the final manuscript.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Abbreviations
HCC, hepatocellular carcinoma; miRNA, microRNA; NC, negative control; PTP1B, protein tyrosine phosphatase 1B; RT-qPCR,
real-time quantitative PCR.

References
1 Ryerson, A.B., Eheman, C.R., Altekruse, S.F., Ward, J.W., Jemal, A., Sherman, R.L. et al. (2016) Annual Report to the Nation on the Status of Cancer,

1975-2012, featuring the increasing incidence of liver cancer. Cancer 122, 1312–1337, https://doi.org/10.1002/cncr.29936
2 Balogh, J., Victor, 3rd, D., Asham, E.H., Burroughs, S.G., Boktour, M., Saharia, A. et al. (2016) Hepatocellular carcinoma: a review. J. Hepatocell.

Carcinoma 3, 41–53, https://doi.org/10.2147/JHC.S61146
3 Njei, B., Rotman, Y., Ditah, I. and Lim, J.K. (2015) Emerging trends in hepatocellular carcinoma incidence and mortality. Hepatology 61, 191–199,

https://doi.org/10.1002/hep.27388
4 Lessard, L., Stuible, M. and Tremblay, M.L. (2010) The two faces of PTP1B in cancer. Biochim. Biophys. Acta 1804, 613–619,

https://doi.org/10.1016/j.bbapap.2009.09.018
5 Bentires-Alj, M. and Neel, B.G. (2007) Protein-tyrosine phosphatase 1B is required for HER2/Neu-induced breast cancer. Cancer Res. 67, 2420–2424,

https://doi.org/10.1158/0008-5472.CAN-06-4610
6 Hoekstra, E., Das, A.M., Swets, M., Cao, W., van der Woude, C.J., Bruno, M.J. et al. (2016) Increased PTP1B expression and phosphatase activity in

colorectal cancer results in a more invasive phenotype and worse patient outcome. Oncotarget 7, 21922–21938,
https://doi.org/10.18632/oncotarget.7829

7 Wang, J., Liu, B., Chen, X., Su, L., Wu, P., Wu, J. et al. (2012) PTP1B expression contributes to gastric cancer progression. Med. Oncol. 29, 948–956,
https://doi.org/10.1007/s12032-011-9911-2

8 Wiener, J.R., Hurteau, J.A., Kerns, B.J., Whitaker, R.S., Conaway, M.R., Berchuck, A. et al. (1994) Overexpression of the tyrosine phosphatase PTP1B is
associated with human ovarian carcinomas. Am. J. Obstet. Gynecol. 170, 1177–1183, https://doi.org/10.1016/S0002-9378(94)70118-0

9 Zheng, L.Y., Zhou, D.X., Lu, J., Zhang, W.J. and Zou, D.J. (2012) Down-regulated expression of the protein-tyrosine phosphatase 1B (PTP1B) is
associated with aggressive clinicopathologic features and poor prognosis in hepatocellular carcinoma. Biochem. Biophys. Res. Commun. 420,
680–684, https://doi.org/10.1016/j.bbrc.2012.03.066

10 Bartel, D.P. (2004) MicroRNAs: genomics, biogenesis, mechanism, and function. Cell 116, 281–297, https://doi.org/10.1016/S0092-8674(04)00045-5
11 Gong, J., He, X.X. and Tian, A. (2015) Emerging role of microRNA in hepatocellular carcinoma (Review). Oncol. Lett. 9, 1027–1033,

https://doi.org/10.3892/ol.2014.2816
12 Lu, J., Getz, G., Miska, E.A., Alvarez-Saavedra, E., Lamb, J., Peck, D. et al. (2005) MicroRNA expression profiles classify human cancers. Nature 435,

834–838, https://doi.org/10.1038/nature03702
13 Calin, G.A. and Croce, C.M. (2006) MicroRNA-cancer connection: the beginning of a new tale. Cancer Res. 66, 7390–7394,

https://doi.org/10.1158/0008-5472.CAN-06-0800
14 McCarthy, J.J. (2008) MicroRNA-206: the skeletal muscle-specific myomiR. Biochim. Biophys. Acta 1779, 682–691,

https://doi.org/10.1016/j.bbagrm.2008.03.001
15 Liu, W., Xu, C., Wan, H., Liu, C., Wen, C., Lu, H. et al. (2014) MicroRNA-206 overexpression promotes apoptosis, induces cell cycle arrest and inhibits

the migration of human hepatocellular carcinoma HepG2 cells. Int. J. Mol. Med. 34, 420–428, https://doi.org/10.3892/ijmm.2014.1800
16 Wang, W., Guo, H., Geng, J., Zheng, X., Wei, H., Sun, R. et al. (2014) Tumor-released Galectin-3, a soluble inhibitory ligand of human NKp30, plays an

important role in tumor escape from NK cell attack. J. Biol. Chem. 289, 33311–33319, https://doi.org/10.1074/jbc.M114.603464
17 Mohamed, A.A., Ali-Eldin, Z.A., Elbedewy, T.A., El-Serafy, M., Ali-Eldin, F.A. and AbdelAziz, H. (2017) MicroRNAs and clinical implications in

hepatocellular carcinoma. World J. Hepatol. 9, 1001–1007, https://doi.org/10.4254/wjh.v9.i23.1001
18 Zhao, X., Yang, Z., Li, G., Li, D., Zhao, Y., Wu, Y. et al. (2012) The role and clinical implications of microRNAs in hepatocellular carcinoma. Sci. China Life

Sci. 55, 906–919, https://doi.org/10.1007/s11427-012-4384-x
19 Peng, S., Geng, J., Sun, R., Tian, Z. and Wei, H. (2009) Polyinosinic-polycytidylic acid liposome induces human hepatoma cells apoptosis which

correlates to the up-regulation of RIG-I like receptors. Cancer Sci. 100, 529–536, https://doi.org/10.1111/j.1349-7006.2008.01062.x
20 Yunqiao, L., Vanke, H., Jun, X. and Tangmeng, G. (2014) MicroRNA-206, down-regulated in hepatocellular carcinoma, suppresses cell proliferation and

promotes apoptosis. Hepatogastroenterology 61, 1302–1307
21 Xu, X., Tao, Y., Shan, L., Chen, R., Jiang, H., Qian, Z. et al. (2018) The role of microRNAs in hepatocellular carcinoma. J. Cancer 9, 3557–3569,

https://doi.org/10.7150/jca.26350
22 Kim, H.K., Lee, Y.S., Sivaprasad, U., Malhotra, A. and Dutta, A. (2006) Muscle-specific microRNA miR-206 promotes muscle differentiation. J. Cell Biol.

174, 677–687, https://doi.org/10.1083/jcb.200603008

© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

9

https://doi.org/10.1002/cncr.29936
https://doi.org/10.2147/JHC.S61146
https://doi.org/10.1002/hep.27388
https://doi.org/10.1016/j.bbapap.2009.09.018
https://doi.org/10.1158/0008-5472.CAN-06-4610
https://doi.org/10.18632/oncotarget.7829
https://doi.org/10.1007/s12032-011-9911-2
https://doi.org/10.1016/S0002-9378(94)70118-0
https://doi.org/10.1016/j.bbrc.2012.03.066
https://doi.org/10.1016/S0092-8674(04)00045-5
https://doi.org/10.3892/ol.2014.2816
https://doi.org/10.1038/nature03702
https://doi.org/10.1158/0008-5472.CAN-06-0800
https://doi.org/10.1016/j.bbagrm.2008.03.001
https://doi.org/10.3892/ijmm.2014.1800
https://doi.org/10.1074/jbc.M114.603464
https://doi.org/10.4254/wjh.v9.i23.1001
https://doi.org/10.1007/s11427-012-4384-x
https://doi.org/10.1111/j.1349-7006.2008.01062.x
https://doi.org/10.7150/jca.26350
https://doi.org/10.1083/jcb.200603008


Bioscience Reports (2019) 39 BSR20181823
https://doi.org/10.1042/BSR20181823

23 Novak, J., Kruzliak, P., Bienertova-Vasku, J., Slaby, O. and Novak, M. (2014) MicroRNA-206: a promising theranostic marker. Theranostics 4, 119–133,
https://doi.org/10.7150/thno.7552

24 Hashimoto, Y., Akiyama, Y. and Yuasa, Y. (2013) Multiple-to-multiple relationships between microRNAs and target genes in gastric cancer. PLoS One 8,
e62589, https://doi.org/10.1371/journal.pone.0062589

25 Pang, C., Huang, G., Luo, K., Dong, Y., He, F., Du, G. et al. (2017) miR-206 inhibits the growth of hepatocellular carcinoma cells via targeting CDK9.
Cancer Med. 6, 2398–2409, https://doi.org/10.1002/cam4.1188

26 Hua Feng, L.P., Zhang, Yi and YaC, Z.T. (2017) MiR-206 regulates the proliferation and metastasis of HCC cells via targeting E2F5. Int. J. Clin. Exp. Med.
10, 9711–9722

27 Wu, H., Tao, J., Li, X., Zhang, T., Zhao, L., Wang, Y. et al. (2017) MicroRNA-206 prevents the pathogenesis of hepatocellular carcinoma by modulating
expression of met proto-oncogene and cyclin-dependent kinase 6 in mice. Hepatology 66, 1952–1967, https://doi.org/10.1002/hep.29374

28 Litwic, A., Edwards, M.H., Dennison, E.M. and Cooper, C. (2013) Epidemiology and burden of osteoarthritis. Br. Med. Bull. 105, 185–199,
https://doi.org/10.1093/bmb/lds038

29 Yip, S.C., Saha, S. and Chernoff, J. (2010) PTP1B: a double agent in metabolism and oncogenesis. Trends Biochem. Sci. 35, 442–449,
https://doi.org/10.1016/j.tibs.2010.03.004

30 Liu, X., Chen, Q., Hu, X.G., Zhang, X.C., Fu, T.W., Liu, Q. et al. (2016) PTP1B promotes aggressiveness of breast cancer cells by regulating PTEN but not
EMT. Tumour Biol. 37, 13479–13487, https://doi.org/10.1007/s13277-016-5245-1

31 Gonzalez-Rodriguez, A., Escribano, O., Alba, J., Rondinone, C.M., Benito, M. and Valverde, A.M. (2007) Levels of protein tyrosine phosphatase 1B
determine susceptibility to apoptosis in serum-deprived hepatocytes. J. Cell. Physiol. 212, 76–88, https://doi.org/10.1002/jcp.21004

32 Tai, W.T., Chen, Y.L., Chu, P.Y., Chen, L.J., Hung, M.H., Shiau, C.W. et al. (2016) Protein tyrosine phosphatase 1B dephosphorylates PITX1 and regulates
p120RasGAP in hepatocellular carcinoma. Hepatology 63, 1528–1543, https://doi.org/10.1002/hep.28478

10 © 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

https://doi.org/10.7150/thno.7552
https://doi.org/10.1371/journal.pone.0062589
https://doi.org/10.1002/cam4.1188
https://doi.org/10.1002/hep.29374
https://doi.org/10.1093/bmb/lds038
https://doi.org/10.1016/j.tibs.2010.03.004
https://doi.org/10.1007/s13277-016-5245-1
https://doi.org/10.1002/jcp.21004
https://doi.org/10.1002/hep.28478

