Neoplasma 2020; 67(2): 267-276

267

doi:10.4149/neo_2019_190414N328

MiR-1203 is involved in hepatocellular carcinoma metastases and indicates a

poor prognosis
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Non-coding RNAs, especially miRNAs, have been shown to be important regulators in multiple human diseases,
including malignant tumors, congenital disease, and autoimmune disease. In this study, we screened the metastasis-associ-
ated miRNAs in hepatocellular carcinoma (HCC). Based on the miRNA microarray screening, miR-1203 was confirmed to
be the most significant miRNA and was also highly associated with HCC metastases. Bioinformatics prediction indicated
direct binding of miR-1203 in SOCS3, which was also confirmed by a dual luciferase reporter assay, resulting in suppres-
sion of SOCS3. Increased miR-1203 also promoted invasion of HCC cells through suppressing SOCS3, while no effect on
cell proliferation or apoptosis was detected. Circulating expression of miR-1203 and SOCS3 might serve as a predictor of
metastases and poor prognosis in HCC patients. In conclusion, miR-1203 might promote HCC metastasis by decreasing
SOCS3. MiR-1203 predicts a poor outcome in HCC patients and thus might serve as a potential therapeutic target for the

prevention of HCC.
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Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide, and the incidence of HCC has been
rapidly increasing in the last decade [1-3]. HCC is charac-
terized by aggressive malignancy, invasiveness (especially
towards intrahepatic invasion), and frequent recurrence after
surgical resection [4, 5]. Metastasis is a multistep process and
identifying the mechanisms responsible for cancer metastasis
could facilitate the development of novel therapeutic strate-
gies. Accumulating evidence indicates that epithelial-mesen-
chymal transition (EMT) is the first step toward metastasis
[6]. During the initiation and progression of hepatocarcino-
genesis, multiple genetic and epigenetic events accumulate,
leading to deregulated expression of various cellular genes
[7, 8]. Therefore, identifying biomarkers, especially for
predicting the metastasis of HCC, is critical for early detection
and prognosis, which can remarkably improve survival rates.

Several studies have revealed that miRNAs may serve as
fingerprints for multiple human malignant tumors, including
gastric cancer, colon cancer, lung cancer, and hepatocellular
carcinoma [9-12]. In some cases, miRNAs can also predict
poor prognosis [13, 14]. MiRNAs are expressed in a tissue-

specific manner and play essential roles in the regulation
of oncogenes and tumor suppressor genes [15]. MiRNAs
induce mRNA degradation or suppress protein translation
by directly binding to the 3’ untranslated regions (UTRs)
of target mRNAs [16]. For example, miR-338-3p has been
shown to suppress EMT and metastases via inhibition of the
SHH/GIil pathway and direct binding of N-cadherin [17].
Suppressor of cytokine signaling 3 (SOCS3) is a target
gene for STAT3 and also a member of the STAT-induced
STAT inhibitor family, which functions as a cytokine-induc-
ible negative regulator of cytokine signaling [18]. The expres-
sion of SOCS3 is induced by various cytokines, including
IL-6. SOCS3 can bind to JAK2 kinase and inhibit its activity,
thus blocking the activation of STAT3 and controlling the
IL-6/STAT3 signaling pathway by a classic negative feedback
loop [19]. Accumulating evidence has revealed that SOCS3
is epigenetically silenced, resulting in the hyper-activation of
STAT3 in many cancers, such as cholangiocarcinoma, head
and neck squamous cell carcinoma and HCC [20]. Loss of
SOCS3 in HCC is associated with STAT3 over-phosphoryla-
tion and poor prognosis. Accumulating studies support that
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inhibition of SOCS3 expression promoted STAT3 activation,
enhanced hepatic fibrosis, increased proliferation and tumor
aggressiveness [21].

In this study we performed high-throughput screening of
potential miRNAs involved in HCC metastases using tissues
samples from HCC patients with or without metastases. A
multiple analysis and gain-and-loss function assays were used
to confirm dysregulated miRNAs and potential functions.

Patients and methods

Patient samples. Study data were obtained from 80
patients who presented between March 2013 and October
2018 at Binzhou Medical University Hospital. The research
protocol was approved by the Shandong University and
Binzhou Medical University. Written informed consent was
obtained from every participant. All patients were diagnosed
with HCC based on pathologic examination. Thirty-four
patients were confirmed to have no metastases based on
pathologic examination, while 46 patients had intrahepatic
metastases or portal vein tumor thrombi. We also evaluated
8 non-tumorous liver tissues, which were obtained from
patients with hemangiomas and 7 tissues from patients with
liver cirrhosis, who served as the control group. Informed
consent for use of blood and tissues was obtained prior to
surgery. The clinicopathologic characteristics included age,
gender, ALT and AFP levels, tumor size, vascular invasion,
and histological grade. The clinical samples used in this study
included peripheral blood obtained from patients before
surgery or chemotherapy. After we obtained the blood, the
serum was stored, while the white blood cells were used for
RNA extraction.

Microarray assay detection and bioinformatics analyses.
Twenty samples were used for screening, including 3 liver
tissue samples from patients with hemangiomas (normal
controls), 4 samples from patients with cirrhosis (negative
controls), 4 samples from patients with HCC without metas-
tases, 4 samples from patients with HCC and portal vein
tumor thrombi (PVTT), and 5 samples from patients with
HCC with intrahepatic metastases (IM). The tissues obtained
from the patients described above were used to extract the
total RNA from three samples in each group and amplified.
In the screening stage, TLDA Chips (Life Technologies, CA,
USA) were used to screen differentially expressed miRNAs.
Megaplex RT and pre-amplification reactions were run
according to the manufacturer’s protocol. TE was added to
the PreAmp product and 9 pl of diluted PreAmp product was
used to run the RT-PCR reactions by dispensing 100 ul of the
PCR reaction mix into each port of the TagMan MicroRNA
Array. The default PCR procedure was used and the analysis
was performed using RQ manager software (Life Technolo-
gies). Bioinformatics analyses were conducted using a
VENNY system.

Bioinformatics analysis. Bioinformatics analysis was
performed using miRNA-associated target gene predic-

tion databases, including Targetscan (www.targetscan.org/),
PicTar (pictar.mdc-berlin.de/), and miRTarget (mirdb.org/).
The mature sequence of miR-1203 was used as the input. The
candidate target genes were screened according to the rank
score of the databases.

Quantitative real time polymerase chain reaction
(qQRT-PCR). MiRNA-specific TagMan MicroRNA Assays
(Life Technologies) were used for the miRNAs. The data
obtained were calculated using the ACq method (CT value of
the target gene minus the CT value of GAPDH), as described.
The relative expression corresponded to the 244,

Cell invasion assay. For the Transwell assay, the chamber
was treated with Matrigel before cell inoculation. A 100 pl
cell suspension in serum-free medium was seeded to the
upper chamber and the cells were stained with crystal violet
staining solution (Beyotime, Nantong, China). Migrated cells
were counted using Image-pro Plus 6.0, while the number of
cells in the normal control group were normalized to 1.

Western blot. Proteins were extracted from tissues or
cultured cells using RIPA buffer containing phenylmeth-
anesulfonylfluoride (PMSF; Beyotime). An equal amount
of protein (100 pg) was separated with 7.5%/12.5% sodium
dodecyl sulphate polyacrylamide gel -electrophoresis
(SDS-PAGE) and transferred to polyvinylidene fluoride
(PVDF) membranes. The blots were developed using ECL
reagent (Millipore, MA, USA). An equal amount of protein
loading in each lane was confirmed using GAPDH antibody
(Abcam, Cambridge, UK).

Luciferase reporter gene assay. The 3’-UTR sequence
of SOCS3 (either wild or mutant type) was inserted into
the pGL3 promoter vector. For the reporter assay, HepG2
and Hep3B cells were plated onto 24-well plates. A Renilla
luciferase vector (pRL-SV40, 5ng) was co-transfected to
normalize the differences in transfection efficiency.

Circulating miRNA detection. The miRNA specific
TagMan MicroRNA Assay (Life Technologies) was used for
plasma miRNAs. The probe was purchased from Applied
Biosystems (Life Technologies). One microgram of the total
RNA was reverse transcribed with a TagMan MicroRNA
Reverse Transcription Kit (Life Technologies). RT-PCR was
performed using the ABI 7900 HT Real-Time PCR System
(Life Technologies). The reactions were initiated in a 384-well
optical plate at 95 °C for 5 min, followed by 40 cycles at 95°C
for 15 s and 60°C for 1 min. The levels of miRNA expression
were normalized to miR-16 as an internal control in agree-
ment with other publications [8].

Statistical analysis. Data are presented as the mean
(SEM). A ¥* test, Student’s t-test, and analysis of variance
(ANOVA) were used to evaluate statistical differences in
demographic and clinical characteristics. The experimental
assays were repeated three times in triplicate. We also
tested the homoscedasticity in all the data obtained. After
confirming homoscedasticity, parametric tests (t-test and
ANOVA) were applied. Kaplan-Meier survival curves were
plotted, and a log rank test was performed. The significance
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of various variables for survival was analyzed using a Cox
proportional hazards model in a multivariate analysis. Statis-
tical analysis was performed using STATA 9.2, and presented
with Graph PAD prism software. In all cases, p<0.05 was
considered statistically significant.

Results

Upregulated miR-1203 is highly associated with HCC
metastasis. Because the miRNA has been shown to be highly
associated with HCC metastases, we applied microarray-
based screening. As presented in Figure 1A, 20 samples
obtained from patients were used for screening, including
3 liver samples from hemangioma patients (normal control),
4 samples from patients with cirrhosis (negative control),
4 samples from HCC patients without metastases, 4 samples
with HCC and PVTT, and 5 samples from HCC patients with
IM. An abnormal profile of miRNA expression is presented
in Figure 1A. We next compared the HCC patients with and
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the threshold indicating small HCCs. As listed in Table 1, we
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with vascular invasion (p=0.007).
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Figure 1. The clinicopathological analysis of miR-1203 expression in HCC patients. A) Cluster analysis of aberrant expressed miRNAs in tissue sam-
ples. PVTT indicated the HCC with portal vein tumor thrombus, while IM indicated intrahepatic metastasis. The heatmap was constructed by using
the expression level of miRNAs in different groups. The Cluster 3.0 and Treeview were applied. The miR-1203 was labelled with red. B) Venny diagram
in three groups. Each was compared with both the control group and cirrhosis group. C) Relative expression of miR-1203 in patients (n=80). Data are

presented as mean + SEM. * indicates p<0.05.
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Table 1. Correlation between miR-1203 expression and clinicopathologi-
cal characteristics of HCC patients (n=80).

Low Expression® High Expression®

Characteristics p-value
n=40 n=40

Age (years)
<60 20 19 0.823
>60 20 21

Gender
Male 29 23 0.160
Female 11 17

ALT (U/L)
<45 11 13 0.626
>45 29 27

AFP (ng/ml)
<13.6 22 21 0.823
>13.6 18 19

Tumor size (cm)
<3 1 3 0.305
>3 39 37

Vascular invasion
Absent 27 15 0.007
Present 13 25

*The median expression level of miR-1203 was used as the cut-off;
* indicates p-value <0.05

miR-1203. The prediction results were shared in TargetScan,
PicTar, and miRTarget software, and the candidate target
genes for miR-1203 are listed in Table 2. The expression
of candidate gene was detected after treatment with either
miR-1203 mimics or inhibitor. As presented in Figure 2,
only SOCS3 was suppressed by miR-1203 and increased by
the loss of miR-1203, thus, we chose SOCS3 as the target
gene. The expression correction between miR-1203 and
SOCS3 was further analyzed, as presented in Figure 3A, and
a reversed correction was obtained. To examine whether
miR-1203 regulates SOCS3 via 3’UTR binding, the expres-
sion of miR-1203 and SOCS3 was firstly confirmed in HCC
cell lines, as presented in Figure 3B and C. We next synthe-
sized the full length of the 3’'UTR region of SOCS3, which
was then inserted into a pGL3 plasmid. The mutant type at
the predicted binding site was also cloned (Figure 3D). We
thus chose HepG2 and Hep3B as models for further transfec-
tion. The two cell lines were transfected with each plasmid,
along with miR-1203 mimics, and luciferase activity was
measured 48 h post-transfection. The data suggest that the
miR-1203 target sites in SOCS3 were responsible for the
decreased luciferase activity upon co-transfection with
miR-1203 (Figure3E).

SOCS3 SOX12 NKX3-2
— — * *
T |- o n.s. — 3 n.s.
0 : :
B — g % —= § ) /i
g 1 ok g g
@ A @ 1 ‘s 11
g -2 o @
3 3 Y
o o 24 3 -2
o -3 o i
2 = >
© ® =
8 4 . . : T -3 S .3
X N £ <O & N $ O 14 & N L (¢
@"\6\\ ‘\“é : '\'o.{@ 0‘\; \&‘@\ o(\\@ ~{~‘6§ © \9‘\; \“\&\ o°‘é° '{\{6\\ © \9‘\;
00 \(s ‘0\0{& () & ‘-\\O\ (@) & ‘.\\o\
& & &
ZNF853 TRIM35 FOXKA1
T>, n.s * E n.s E 0 * *
. - *
£ b = 29N = 24 —
] o - o
a1 ? o -2
< o -2 <
S S S 4
s 3 -3 s
o - o [
> > > -4
2 2z 4 =
K K &
] L 5 < .5 T T T T
& e -5 . - . . &
v o o O © > & o g > o O
S é’é\ ~\°‘$ & ¢ ‘-\;o{‘ ~\°‘e \s‘& & & o‘e
o & (\;o‘ (¢ & ¢ ° & '&é{\
A & &

Figure 2. Relative expression of candidate genes of miR-1203. Relative expression of target genes of cells treated with miR-1203 mimics inhibitor. Data
are presented as mean = SEM. * indicates p<0.05, ** indicates p<0.01, n.s. indicated no significant.
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Figure 3. miR-1203 decreased the expression of SOCS3 by directly binding to the 3’UTR. A) Pearson correction analysis of miR-1203 and SOCS3. B)
Relative expression of miR-1203 in HCC cell lines. C) Relative expression of SOCS3 in HCC cell lines. D) Bioinformatics prediction of the binding

site between the miR-1203 and SOCS3. The mutation types were also cond

ucted into the pGL3 plasmid, as presented. E) HepG2 and Hep3B cells

were co-transfected with miR-1203 mimics or control, Renilla luciferase vector pRL-SV40 and the full length of SOCS3 3°UTR or mutant 3°UTR.
Both firefly and Renilla luciferase activities were measured in the same sample. Firefly luciferase signals were normalized with Renilla luciferase
signals. Cells treated with the miRNA control were normalized to 100%. F) Relative expression of SOCS3 mRNA and miR-1203 after treated with
mimics or inhibitor. G) SOCS3 protein expression level. All tests were performed in triplicate and presented as mean + SEM. * indicates p<0.05, while

** indicates p<0.01.

The effect of miR-1203 on SOCS3 mRNA levels was

Table 2. Bioinformatics prediction of potential target genes.

examined by quantifying the mRNA levels of SOCS3, while
the protein level was measured by western blot. We found that

the expression of SOCS3 was suppressed by the cells treated
with miR-1203 mimics, which was increased by inhibiting
miR-1203 (Figures 3F and 3G).

MiR-1203 promotes cell invasion in vitro. Clinicopatho-
logic relevance analysis indicated that miR-1203 participates
in HCC metastases. To confirm this finding, we performed
a Transwell assay to detect the functional role of miR-1203
in cell invasion in both Hep3B and HepG2 cell lines. The
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migrated cells were significantly increased in Hep3B treated
with miR-1203 mimics, while this effect could be attenuated
by the supplement of SOCS3. Reversely, the invasiveness was
reduced by suppressing the expression of miR-1203, while
this effect could be induced by the loss of SOCS3 (Figure 4A).
The number of migrated cells is shown in Figure 4B. Based
on the results above, we proposed that miR-1203 promoted
cell invasion in HCC. The same results were obtained in
Hep3B cell line (Figures 4C and 4D). Next we also measure
the function of miR-1203 on cell proliferation and apoptosis
by CCK and flow cytometry, respectively, and no signifi-
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cant effect was obtained (Figures 5A and 5B), indicating the
miR-1203 might promote cell invasion during the develop-
ment of human HCC.

MiR-1203 and SOCS3 acting as the fingerprint by
predicting poor prognosis of HCC. It has been previously
reported that miRNA could act as a biomarker for predi-
cating the progression or prognosis of disease. Because we
were curious about the translation of miR-1203 in clinical
life, we attempted to detect the pattern of miR-1203 expres-
sion in plasma samples of patients used in microarrays. We
found that circulating miR-1203 expression was aberrantly
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Figure 4. miR-1203 promoted cell invasion. A) Cell morphology graph of invasive cells in Hep3B cells after transfection of miR-1203 mimics,
inhibitor, mimics plus SOCS3 overexpression lentivirus or inhibitor plus SOCS3 shRNA lentivirus. Magnification: 200x. B) Number of cells
treated with control plasmid was normalized to 100%; data are presented by means + SEM based on at least three independent experiments. C)
Cell morphology graph of invasive cells in HepG2 cells after transfection of miR-1203 mimics, inhibitor, mimics plus SOCS3 overexpression
lentivirus or inhibitor plus SOCS3 shRNA lentivirus. Magnification: 200x, * indicates p<0.05, while ** indicates p<0.01.
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Figure 5. miR-1203 presented no regulation on cell proliferation or apoptosis. A) The cell proliferation was measured by CCKS after treated with 1-5
days. B) The apoptosis was detected by flow cytometry. Data are presented by means + SEM based on at least three independent experiments.

increased in patients with metastases compared with patients
without metastases or control patients (Figure 6A). Next,
we analyzed whether circulating miR-1203 predicted HCC
metastasis based on receiver operating characteristic (ROC)
curves. The non-metastasis group was regarded as the control
and the area under the curve was 0.67 (Figure 6B).

Previous reports showed that miRNA acts as a biomarker
for predicting tumor growth. Kaplan-Meier analysis was
used to determine whether miR-1203 expression is associ-
ated with overall survival (OS) and relapse-free survival
(RFS) of HCC patients. HCC samples were divided into high
(n=40) and low (n=40) expression groups, and the median
was used as the cut-off value. The lower the RFES, the higher
the expression of miR-1203 was observed (Figure 6C). The
difference between the high and low expression groups was
statistically significant (p=0.002). Similarly, a statistically
significant association between miR-1203 with OS was also
demonstrated (p=0.003; Figure 6D). Besides, the RFS and
OS for SOCS3 was also calculated, as presented in Figures
6F and 6F, lower expression of SOCS3 indicated poor RES

(p=0.001) and OS (p=0.002). Furthermore, Cox proportional
regression analysis indicated that the levels of miR-1203 and
SOCS3 expression were independent prognostic factors for
HCC patients (adjusted hazard ratio = 3.122, 95% confidence
interval = 2.113-5.121, and p-value = 0.026; adjusted hazard
ratio = 1.442, 95% confidence interval = 1.992-8.901, and
p-value = 0.011, respectively, Table 3).

Discussion

Dysregulation of miRNAs and target genes are linked to
tumor initiation and progression [22, 23]. Thus far, miR-1203
has been identified as a potential biomarker for the diagnosis
of prostate cancer in 75% of disseminated PC patients when
compared to localized PC [24]. In addition, miR-1203
predicts post-operative prognosis, especially for tumor
relapse in patients with small cell carcinoma [25]. Methylated
miR-1203 has also been found to be associated with child-
hood obesity [26]; however, the detailed mechanism under-
lying the miR-1203 effect is poorly understood. In the current



274

J. SHI, X. LL, Y. HU, E ZHANG, X. LV, X. ZHANG, Q. CHEN, S. HU

—_—
A, c E
2 100 ——
g2 2 — 1001 5
£s — g miR-1203 ov 2 g SOCS3 hish
b4 S sof g
g E -2 S »n
85 , 9 60 8 €01
[} —
€ s < w0 miR-1203"s" G 401 SOCS3 '
> & N A & 0
O & N A& BN 7] Q
& & &° & a ] © 204
& B o & © L
G Q..@ QS’ ° &
& 12 . 0 T T T .
Q‘c’ 0 10 20 30 40 0 10 20 30 40
B 1 D Months F Months
ﬁ 100
0.8 1004 i —
_ miR-1203 v - &
[ 4 © 1 high
Z o] 2% s SOCS3 his
>
= S 604 E 60
g 7] 7]
& g 40 miR-1203Msh E 401
oz] 3 201 3 201 SOCS3 v
0 0 - . : .
oo 0 10 20 30 40 0 10 20 30 40
Months Months

1 - Specificity

Table 3. Cox proportional hazards analysis (multivariable analysis).

Multivariable analysis

Clinical factor p-value

aHR 95%CI
miR-1203 0.026 3.122 2.113-5.121
SOCS3 0.011 1.442 1.992-8.901
Age 0.142 1.222 0.992-1.242
Gender 0.881 0.867 0.333-1.986
Cirrhosis 0.251 1.494 0.921-1.888
ALT 0.331 1.012 0.532-2.342
AFP 0.424 0.911 0.712-3.229
Grade 0.012 3.442 1.588-8.772

* indicates p<0.05; HR: Hazard ratio, AHR: Adjusted hazard ratio,
CI: Confidence interval

study, we conducted experiments to demonstrate the pattern
regulating metastasis-associated miR-1203 with SOCS3. The
novel miR-1203 confirmed in our study is the first report in
human HCC. Increased miR-1203 might inversely regulate
SOCS3, resulting in promotion of cell invasion in vitro.
Circulating miR-1203 was also detectable and might serve as
a predictor of prognosis for HCC. Circulating miRNA has
been approved for transport by vesicles or exosomes [27, 28].
Tang et al. [26] has confirmed that circulating non-coding
RNA expression is decreased after tumorectomy.

The suppressor of cytokine signaling (SOCS) gene family
has been shown to play an essential role in suppressing
tumor progression by inhibiting JAK/STAT and NF«xB
signaling, and promoting p53 signaling [29, 30]. Among the

SOCS family, SOCS3 has been reported to be associated with
various types of cancers [31]. For example, loss of SOCS3 in
HCC is associated with STAT3 over-phosphorylation and
poor prognosis [32]. It has been shown that inhibition of
SOCS3 expression promotes STAT3 activation, enhances
hepatic fibrosis, and increases proliferation and tumor
aggressiveness [33]. MiR-19a/b and miR-203 negatively
regulate SOCS3 in human cancers, which causes a decreased
level of SOCS3 [34-36].

In conclusion, we identified a novel miR-1203 in human
HCC, which is upregulated and highly associated with tumor
metastases. Theelevatedlevel of miR-1203 expression decreased
the level of SOCS3 via direct binding at 3’UTR, resulting in
the promotion of cell invasion in vitro. We also showed that
plasma miR-1203 significantly predicts tumor metastasis
and a poor prognosis in patients with HCC. We propose
that miR-1203 might be a novel index for clinical prognosis.
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