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MiR-589-5p is a potential prognostic marker of hepatocellular carcinoma and
regulates tumor cell growth by targeting MIG-6
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MicroRNAs (miRNAs) are small noncoding RNAs approximately with 22 nucleotides. Accumulating evidence indicates
that they are involved in carcinogenesis and tumor progression and recent investigations have also reported that several
microRNAs can act as biomarkers in cancer diagnosis and prognosis. MicroRNA-589-5p (miR-589-5p) is a less studied
microRNA, and herein we examined its roles in hepatocellular carcinoma (HCC). We analyzed miR-589-5p expression in
HCC tissues by sequencing data and proved its expression in liver cancer cell lines by quantitative real-time PCR (qRT-PCR).
We then studied its effect on liver cancer cell growth by MTT assay, colony formation and flow cytometry, and identified
its target gene by luciferase reporter assay. We found that miR-589-5p was commonly over-expressed in HCC specimens.
High expression of miR-589-5p was a risk factor for HCC patients (Hazard ratio [HR]=1.434; 95% confidence intervals
[CI]=1.006-2.044; p=0.046). We also found miR-589-5p had higher expression in the HepG2 and HuH-7 hepatocarcinoma
cell lines than in the normal Lo-2 hepatocyte. We established that suppression of miR-589-5p inhibited cell proliferation
and cell cycle progression by loss-of-function studies. Furthermore, we found mitogen-inducible gene 6 (MIG-6) is a target
for miR-589-5p. Our study demonstrated that miR-589-5p facilitated the growth of liver cancer cells by targeting MIG-6
and that it could be a prognosis biomarker for HCC. Suppression of miR-589-5p may be a feasible approach for inhibiting

HCC progress.
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Liver cancer is one of the most common global digestive
system cancers [1]. An estimated 40,710 new cases of liver
and intrahepatic bile duct cancer were expected in the US
in 2017 [2]. Hepatocellular carcinoma (HCC) is the most
prevalent subtype of liver cancer, accounting for approxi-
mately 85-90% of all patients [3] and patient prognosis has
significantly improved in the past decades with technolog-
ical advances in early detection and intervention. However,
prognosis still remains poor for those with advanced stage
HCC; even for those receiving standard care by surgical
resection and liver transplantation [4, 5]. It is therefore
imperative to identify novel biomarkers at the molecular
level and further elucidate the HCC molecular mechanisms.

MicroRNAs (miRNA) are a family of small non-coding
RNA molecules that down-regulate the expression of their
target genes at the post-transcriptional level. These RNAs
are 19-25 nucleotides long and can bind to the complemen-
tary sequence of their target mRNAS’ 3’untranslated region
(3’°UTR) [6]. MicroRNAs are considered to be involved in
many important biological processes including cell prolif-

eration, migration, invasion and apoptosis [7]. They are
also widely reported to play a vital role in regulating tumor
biological behavior; with dysregulated miRNAs expression
found in various tumor types [8, 9]. MicroRNA-589-5p
(miR-589-5p) located on chromosome 7 (7p22.1) is a less
studied miRNA and its role in cancer is poorly understood.

Herein, we found that miR-589-5p was up-regulated in
HCC tissues and cells, and higher expression of miR-589-5p
in HCC samples was related to shorter overall patient
survival. We identified that MIG-6 was a miR-589-5p target
gene, and that miR-589-5p suppression increased MIG-6
expression and inhibited tumor cell growth. Our research
revealed that miR-589-5p promotes the growth of HCC cells
by targeting MIG-6 and therefore suggests miR-589-5p as a
novel HCC prognosis biomarker.

Patients and methods

Patient information and miRNA sequencing data. The
miRNA expression data and corresponding clinical infor-
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mation of the patients with liver cancer were collected from
The Cancer Genome Atlas (TCGA) data portal. MiRNA
and mRNA sequencing was performed by the Illumina
HiSeq platforms (Illumina Inc, San diego, Ca, USA) and we
downloaded standardized level 3 data from the Standard-
ized Data Browser (http://bioinformatics.mdanderson.org/
TCGA/databrowser/). Clinical information and demographic
characteristics of patients enrolled in this study are summa-
rized in Table 1.

Cell lines and culture. The HepG2 and HuH-7 human
HCC cell lines and human embryonic kidney cell line
HEK-293T were obtained from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). These cells were
stored in liquid nitrogen and cultured in Dulbecco’s Modified
Eagle Medium (DMEM) medium (Gibco, USA) supple-
mented with penicillin (100 TU/mL) and 10% FBS (fetal
bovine serum) at 37°C and 5 % CO.,.

RNA isolation and quantitative real-time PCR
(qRT-PCR). Total RNAs were isolated from cells by Trizol
(TaKaRa, China) according to protocol and RNA concen-

Table 1. Clinical characteristics of HCC patients.
Low miR-589-5p High miR-589-5p

Characteristics ~ expression group expression group  p-value *
(n=174) (n=174)
Age 59.8+13.7 59.7+£12.9 0.967
Gender
Male 118 120 0.818
Female 56 54
AJCC stage 0.639
I 87 77
11 40 39
111 34 45
v 2 1
NA 11 12
Tumor size 0.713
T1 92 81
T2 41 44
T3 34 41
T4 5 7
X 2
Lymph node
NO 114 127 0.097
N1 3 0
NX 57 47
Metastasis status 0.031
Mo 114 136
M1 2 1
MX 58 37
Vital status 0.074
Live 119 103
Dead 55 71

AJCC: American Joint Committee on Cancer; MX: metastasis status un-
known; NA: Not Available, *Statistical significant results (in bold)

tration was measured by BioSpectrometer (Eppendorf,
Germany). cDNAs were synthesized by TransScript RT
reagent Kit (TransGen, China) and QRT-PCR was performed
with FastStart Universal SYBR Green Master (ROX)
(Roche,USA) and CFX96 Real-Time system (Bio-Rad, USA).
The U6 small nuclear RNA was used as control for normal-
ization in detected miR-589-5p expression and p-actin was
the control for normalization in detected MIG-6 expres-
sion. PB-actin primers were 5-CTGGAACGGTGAAGGT-
GACA-3 and 5-AAGGGACTTCCTGTAACAATGCA-3’;
MIG-6 primers were 5-C TACTGGAGCAGTCGCAGTG-
3’and 5-CCTCTTCATGTGGTCCCAAG-3’. Each experi-
ment was repeated at least three times and data was analyzed
by the 24CT method.

Transient transfection. The MiR-589-5p inhibitors,
miR-589-5p inhibitors negative control (NC), miR-589-5p
mimics and miR-589-5p mimic negative control (NC)
were synthesized by Ribobio (Guangzhou, China). SiRNAs
for MIG-6 were purchased from Gene Pharma (Shanghai,
China) and oligonucleotides were transfected into cells using
Lipofectamine 2000 (Invitrogen, USA) according to the
manufacturer’s guidelines.

Cell growth, colony formation and cell cycle assays.
For MTT assay, HCC cells transfected with oligonucleotides
were seeded into 96-well plates at 5x10° cells/well density,
and absorbance at 490nm was measured on days 1, 2, 3, 4
and 5. 500 HCC cells were then incubated in 6-well plates
at 37°C and 5% CO2 for cell colony formation, and these
were transfected with miR-589-5p inhibitors or NC. After
two weeks, the cells were stained with crystal violet (0.2%)
for 30 minutes and colony numbers were counted. Cell cycle
analysis was performed according to the protocol of the
standard propidium iodide (PI) method. After 24 h transfec-
tion, the cells were firstly trypsinized and washed with cold
PBS and then fixed in 70% ethanol for 24 hours and stained
with PI for 30 minutes. Finally, the cells were analyzed by
Accuri C6 flow cytometer (BD, USA). Each experiment was
performed at least in triplicate.

Protein extraction and Western blot. Total proteins
were extracted from cultured cells using cell lysis buffer. The
protein samples were then loaded onto 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE).
The membranes were blocked with 5 % non-fat milk in
Tris-buffered saline and incubated with a specific primary
antibody and a secondary antibody. Protein expression was
detected by enhanced chemiluminescence (ECL) kit, with
B-actin as the loading control. The antibodies for MIG-6
(D261911) were purchased from Sangon Biotech and -actin
antibody and secondary antibodies were purchased from
Beyotime.

Luciferase reporter assay. The pmir-GLO Dual-Lucif-
erase miRNA Target Expression Vector for miR-589-5p
target MIG-6 3’UTR was constructed as wtMIG6-3’-UTR
containing the wild-type 3'UTR of MIG-6, and as mtMIG6-
3’-UTR containing the mutant 3’UTR of MIG-6. The wtMIG6-
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3’-UTR vector and mtMIG6-3’-UTR vector containing
Firefly luciferase and Renilla luciferase. HEK-293T cells were
seeded into 96-well plates, and each was co-transfected with
the wtMIG6-3’-UTR vector and miR-589-5p mimics or NC
mimics, or co-transfected with the mtMIG6-3’-UTR vector
and miR-589-5p mimics or NC mimics by Lipofectamine
2000 (Invitrogen) according to the manufacturer’s protocol.
The luciferase activity was measured by the Dual Luciferase
Assay system (Promega) 48 hours after transfection and
Renilla luciferase activity was normalized to Firefly lucif-
erase activity (Renilla LUC/ Firefly LUC). Each experiment
was performed at least three times.

Statistical analysis. All statistical analyses were performed
using SPSS 18.0 (SPSS Inc., Chicago, USA) and GraphPad
Prism 6 (GraphPad Software Inc., CA, USA) software.
The Chi-square test analyzed the different distribution of
clinical variables, and differences in the miR-589-5p and
MIG-6 expression levels between HCC and corresponding
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normal tissues were analyzed by paired student’s t-test. The
Univariate Cox proportional hazards regression model
then analyzed the potential factors associated with survival.
Opverall survival was estimated by the Kaplan-Meier method.
For in vitro experiments, the t-test or analysis of variance
(ANOVA) evaluated the difference between the two groups.
All p-values were two sided, with p<0.05 statistically signifi-
cant. All data is presented as the mean * standard deviation
(SD) from at least three independent replicates.

Results

MiR-589-5p was up-regulated in HCC tissues and
this correlated with HCC patient survival. Sequencing
data downloaded from the TCGA database showed altered
expression of miRNAs in HCC tissues compared to corre-
sponding non-tumor tissues (Figure 1A). We found that
the mean miR-589-5p expression level (marked with green
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Figure 1. MiR-589-5p is highly ex-
pressed in HCC tissues and its ex-
pression in cancer tissues is related
to patient overall survival. A) Hier-
archical cluster heat map of differ-
entially expressed miRNAs in HCC
and corresponding normal tissues
generated from miRNA sequencing
data from the TCGA database. Red
in the heat map denotes up-regula-
tion; blue denotes down-regulation.
The green arrow indicates miR-589-
5p. B) Up-regulation of miR-589-5p
in HCC tissues. ***p<0.001. C) HCC
patients whose tumors expressed
elevated levels of miR-589-5p had
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poor survival compared to those

3000 with low levels, at p=0.0477.
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Figure 2. MiR-589-5p affects viability and colony formation of HepG2 and HuH-7 cells. A) Up-regulation of miR-589-5p in HepG2 and HuH-7 cells.
***p<0.001. B) QRT-PCR analysis of miR-589-5p expression in HepG2 and HuH-7 cells transfected with miR-589-5p inhibitors. ***p<0.001. C) Cell
viability assay. HepG2 and HuH-7 cells transfected with miR-589-5p inhibitors were subjected to MTT assay 24 h after transfection. *p<0.05, **p<0.01
and ***p<0.001. D) Effects of miR-589-5p on colony formation of HCC cells. HepG2 and HuH-7 cells transfected with miR-589-5p inhibitors were
seeded onto 6-well plates. The number of colonies was counted on the 14th day after seeding providing representative micrographs (left) and relative
quantification analysis of colonies (right). *p<0.05 and **p<0.01.
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underline in Figure 1A) was higher in the tumor tissues than
in matched non-tumor tissues (Figure 1B). High miR-589-5p
expression was identified as a risk factor for HCC patients
by the univariate Cox proportional hazards regression
analysis, (Table 2) and survival analysis using the Kaplan-
Meier method also showed that higher miR-589-5p levels
were associated with shorter HCC patient overall survival
(Figure 1C). These results indicate that deregulated expres-
sion of miR-589-5p is a common event in HCC tissues, and
that miR-589-5p should therefore be a novel prognostic
biomarker for HCC.

MiR-589-5p was up-regulated in HCC cell lines. We
next assessed miR-589-5p expression in HCC cells by
qRT-PCR, and this established that miR-589-5p expression
was significantly up-regulated in the HepG2 and HuH-7
HCC cell lines compared to the normal human hepatic Lo-2
cells (Figure 2A).

Down-regulation of miR-589-5p inhibited HCC cell
growthand colonyformation. Because of the generalincrease
of miR-589-5p expression in HCCtissues and cells, we hypoth-
esized that a high level of miR-589-5p could be involved in
HCC cell growth and therefore we transfected miR-589-5p
inhibitors into the HepG2 and HuH-7 cells. Figure 2B
indicated that this transfection significantly suppressed
miR-589-5p expression, and MTT and colony formation
assays established that cell growth (Figure 2C) and colony
formation (Figure 2D) were significantly inhibited in HepG2
and HuH-7 cells transfected with miR-589-5p inhibitors.
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Table 2. Univariate Cox proportional hazards regression analysis of fac-
tors associated with overall survival.

HR (95% CI) p-value®
g{;ﬁf&fp H;f;‘r‘e’z'sii‘:lw 1434 (1.006-2.044)  0.046
Gender Female vs. Male 1.163 (0.809-1.672) 0.416
Age >60 vs. <60 1.284 (0.897-1.838) 0.172
AJCC Stage I +IVvs.I+11 2.384 (1.635-3.456) <0.001
Tumor size T3+T4vs. TI+T2  2.505 (1.750-3.586) <0.001
Lymph node N1 vs. NO 2.003 (0.491-8.174) 0.330
Metastasis status M1 vs. MO 3.933(1.236-12.511) 0.020

AJCC American Joint Committee on Cancer; HR hazard ratio, CI confi-
dential interval; vs. versus, “Statistical significant results (in bold)

Down-regulation of miR-589-5p inhibited HCC cell
cycle progression. We employed flow cytometry to deter-
mine miR-589-5p’s role in the cell cycle and to elucidate the
mechanism by which miR-589-5p suppression inhibited
HCC cell growth. Figure 3 shows that miR-589-5p suppres-
sion led to a decline in the proportion of both HepG2 and
HuH-7 cells in the S phase. This further suggests miR-589-5p
has an important role in promoting HCC cell growth by
regulating the cell cycle.

MIG-6 was a target gene of miR-589-5p. We then
assessed the molecular mechanisms by which miR-589-5p
modulates HCC cell growth by investigating the miR-589-5p
target genes. We searched for putative miR-589-5p targets in
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Figure 3. MiR-589-5p affects cell cycle progression of HepG2 and HuH-7 cells. Histograms depict the proportion of HepG2 and HuH-7 cells in G1, S,
and G2/M phase after transfection with miR-589-5p inhibitors. *p<0.05, **p<0.01 and ***p<0.001.
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the following public bioinformatics tools: TargetScan [10],
StarBase V2.0 [11] and miRDB [12]. MIG-6 was chosen from
these theoretical targets for further analysis because it inhibits
cell cycle progression and acts as a HCC tumor suppressor
gene. We firstly analyzed the sequencing data downloaded
from the TCGA database. Consistent with our speculation,
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the mean expression level of MIG-6 mRNA was lower in
HCC tissues than in matched non-tumor tissues (Figure 4A).
Then, to determine whether miR-589-5p regulated MIG-6 at
the mRNA or protein level, we examined MIG-6 expression
by qRT-PCR and Western blot after suppressing miR-589-5p.
Figures 4B and C show that MIG-6 mRNA and proteins
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Figure 4. MiR-589-5p suppresses MIG-6 expression by directly targeting the MIG-6 3’-UTR. A) Down-regulation of MIG-6 in HCC tissues. ***p<0.001.
B) MIG-6 mRNA levels were detected by QRT-PCR in HepG2 and HuH-7 cells transfected with miR-589-5p inhibitors, respectively. **p<0.01 and
***p<0.001. C) Western Blot analysis of MIG-6 expression. MIG-6 protein levels were detected by Western blot in HepG2 and HuH-7 cells transfected
with miR-589-5p inhibitors, respectively. D) Luciferase reporter assay. Predicted miR-589-5p target sequence (blue) in the 3’°UTR of MIG-6 (wtMIG6-
3’-UTR) and the position of mutated nucleotides (red) in the 3’-UTR of MIG-6 (mutMIG6-3’-UTR). A vector containing wild type MIG-6 3’-UTR or
mutant MIG-6 3’UTR was co-transfected into HEK-293T cells together with indicated oligonucleotides. Luciferase activity ratio is presented as firefly

luciferase value/renilla luciferase value. **p<0.01.
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levels were up-regulated in HepG2 and HuH-7 cells trans-
fected with miR-589-5p inhibitors.

Two dual luciferase vectors containing either wildtype
or mutated miR-589-5p targeting sequences were then
constructed to identify the direct binding of miR-589-5p
to MIG-6 (Figure 4D). Assay revealed decreased luciferase
activity in HEK-293T cells transfected with the vector
carrying wildtype miR-589-5p targeting sequences and
miR-589-5p mimics, while luciferase activity in HEK-293T
cells transfected with the vector carrying mutated miR-589-5p
targeting sequences and miR-589-5p mimics remained
unchanged. This combined data indicates that MIG-6 is a
direct target gene of miR-589-5p.

MiR-589-5p exerted its function by suppressing
MIG-6 expression. HepG2 cells were co-transfected with
miR-589-5p inhibitors and MIG-6 siRNA in order to deter-
mine if miR-589-5p exerts its function via MIG-6. MTT and
cell colony assays indicated that cell growth inhibition induced
by miR-589-5p knockdown was relieved by transfection with
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MIG-6 siRNA (Figure 5A, 5B) and Flow Cytometry showed
that the cell cycle arrest caused by miR-589-5p inhibition
was also attenuated by MIG-6 silencing (Figure 5C).

Discussion

HCC is one of the most common cancers and a leading
cause of mortality worldwide. Despite notable advances
in diagnosis and treatment, the prognosis of patients with
HCC has not improved significantly over the past years
[13]. Therefore, it is urgent to elucidate the molecular
mechanisms responsible for tumorigenesis and progres-
sion of HCC. Dysregulation of the oncogene and tumor-
suppressor gene has been identified as a hallmark of cancer
[14]. Many microRNAs are reported to play important
roles in regulating gene expression in various tumors and
miRNA expression profiling and function is becoming an
important field in cancer research [8, 9, 15]. Further, miR-1,
miR-21, miR-122, miR-221, miR-29, miR-500 and many
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Figure 5. MIG-6 mediates the effects of miR-589-5p in HepG2 cells. A) MTT assay. Cell viability was assessed after MIG-6 siRNA was transfected into
miR-589-5p inhibited HepG2 cells. *p<0.05, **p<0.01 and **p<0.001. B) Colony formation assay. Transfection of MIG-6 siRNA in miR-589-5p inhib-
ited HepG2 cells promoted cell colony formation. **p<0.01. C) Flow cytometry cell cycle assay. Cell cycle distribution was analyzed after transfection
of MIG-6 siRNA into miR-589-5p inhibited HepG2 cells. *p<0.05 and **p<0.01.
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other microRNA are reported to be aberrantly expressed
in HCC and can act as biomarkers [16-21]. Although
MiR-589-5p is a poorly studied microRNA in cancer, there
is the following research; (1) Zhang et al. demonstrated that
itinhibits MAP3K8 and suppresses CD90+ cancer stem cells
in HCC [22]; (2) Long et al. found that it promotes the cancer
stem cell characteristics and chemo-resistance of HCC cells
by targeting multiple negative regulators of the STAT3
signaling pathway [23] and (3) Huang et al. reported that
the expression of miR-589-5p is down-regulated in radiated
laryngeal squamous carcinoma stem cells [24]. However,
more biological effects of miR-589-5p need to be revealed.

Our work is supported by Long et al. who reported that
miR-589-5p is elevated in HCC tissues [23]. Herein, we
validate and extend their report. Our work indicated that
miR-589-5p is highly expressed in HCC samples and cells.
We identified that the level of miR-589-5p expression is
associated with overall survival of HCC patients and that
miR-589-5p could prove a novel HCC prognosis biomarker.

We then explored the roles that miR-589-5p plays in
HCC. In vitro functional studies demonstrated that suppres-
sion of miR-589-5p significantly inhibited HCC cell growth,
colony formation and cell cycle progression. These results
indicate that miR-589-5p may function as an oncogene in
HCC, because high microRNA expression by inhibition of
tumor suppressor genes is generally an oncogene role [25].
We therefore searched the target genes of miR-589-5p. Bioin-
formatics tools revealed that MIG-6 was a theoretical target
of miR-589-5p and we confirmed this by qRT-PCR, Western
blot and luciferase reporter assay.

MIG-6 is located on chromosome 1 (1p36.23) and was
first reported in 1995 to have a role in cell cycle progres-
sion [26]. It is now reported to be a tumor-suppressor gene
in many cancers [27], a negative regulator of the epidermal
growth factor receptor signal [28] and an inhibitor of HCC
epidermal growth factor receptor signaling and cell growth
[29].Other research includes; (1) Li Z et al. reported MIG-6
is down-regulated in HCC and inhibits proliferation of HCC
cells via P-ERK/Cyclin D1 pathway [30]: (2) Li H et al. found
that miR-374a promotes HCC cell proliferation by targeting
MIG-6 [31]; (3) Okada H et al. found that over-expression
of miR-214 decreases the expression of MIG-6 and increases
the levels of EGF-mediated p-EGFR and p-Met in Huh-7
cells [32] and (4) MIG-6 is reported to be involved in other
tumors. For example, MIG-6 is regulated by MEK and affects
EGF-induced migration in mutant NRAS melanoma [33] and
MIG-6 up-regulation in endometrial carcinoma cells triggers
anti-tumor effects and attenuates progesterone resistance
[34]. Further, MIG-6 is also decreased in CCSP¢*Kras®!?P-
induced lung tumors and its down-regulation attenuates
tumor cell apoptosis partly through activating the ErbB4
pathway [35].

Most importantly, herein we established that suppres-
sion of miR-589-5p increases MIG-6 expression in HCC
cells and that miR-589-5p directly inhibits MIG-6 expres-

sion. Moreover, we determined that miR-589-5p is highly
expressed in HCC and that it can act a novel HCC prognosis
biomarker. Finally, we confirmed that miR-589-5p has a
carcinogenic role in HCC by targeting the MIG-6 tumor
suppressor gene, and our combined results suggest that
miR-589-5p could be a novel target for HCC therapy.
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