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ABSTRACT

Esophageal squamous cell carcinoma (ESCC) is common cancer in China. At the same time,
microRNA-196b (miR-196b) has different promotion/inhibition effects in different cancers. The
study aims to reveal the role of miR-196b in ESCC and explore its prognostic value. The expression
of miR-196b in ESCC samples and cell lines was detected to explore the expression pattern of miR-
196b in ESCC. Kaplan-Meier method was conducted for survival rate and Multivariate Cox analysis
was used to explore the clinical significance of miR-196b in ESCC. The Cell Counting Kit-8 (CCK-8)
assay, transwell migration and invasion tests were used to determine the biological function of
miR-196b in ESCC. The relationship of miR-196b and SOCS2 in ESCC was detected by luciferase
activity assay and RIP assay. Both in ESCC tissues and cell lines, miR-196b expression was up-
regulated. miR-196b expression is related to TNM stage and lymph node metastasis. Combining
with the results of Multivariate Cox regression analysis, miR-196b may be a potential independent
prognostic marker for ESCC patients. The results of the functional analysis showed that miR-196b
inhibitor can reduce cell proliferation, migration and invasion in ESCC cells. Besides, the suppres-
sor of cytokine signaling 2 (SOCS2) is the target of miR-196b in ESCC. miR-196b may exist as
a tumor-promoting factor in ESCC and enhance the proliferation abilities, migration capacities,
and invasion potential of ESCC cells by targeting SOCS2. miR-196b and SOCS2 have a close
negative correlation in ESCC, which may be used as a clinically poor prognostic biomarker and
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therapeutic target for ESCC.

Introduction

Esophageal squamous cell carcinoma (ESCC) occurs
worldwide following the sixth leading cause of can-
cer mortality and ranks the 8th most common can-
cer [1,2]. According to the cancer statistics by the
American Cancer Society, there are 18,440 new cases
and 16,170 deaths in 2020 [3]. As an aggressive
tumor, ESCC occurrence rates vary greatly by geo-
graphic locations, such as in north-central China and
some other Asian regions following a poor five-year
survival rate of less than 20% [4-6]. Currently,
although tremendous progress has been made in
the medical diagnosis and treatment of ESCC with
the continuous development of biomedical technol-
ogy, largely too late diagnosis still exists [2,5,7]. Thus,
it is urgent to further identify more novel molecular
biomarkers for treatment strategies.

MicroRNAs (miRNAs) are a series of non-coding
short-chain (19-22 nt) RNAs that regulates gene
expression at post-transcriptional levels, resulting in
mRNA degradation or translation inhibition [2,8-10].
With the development of sequencing technology,
miRNAs were found to influence gene expression in
tumorigenesis [11-13]. Multiple aberrant expression
genes were involved in the progression of ESCC,
including miRNAs, such as miR-301a-3p and miR-
25 [14-16]. miR-196b has unique tumor promotion/
inhibition effects in many types of cancers, such as
ovarian cancer, lung cancer, and laryngeal cancer [17-
19]. However, the impact of miR-196b in the progres-
sion of ESCC has not been studied. There is no doubt
that miR-196b sparked our great interest and we will
conduct a series of investigations on the regulatory
role of miR-196b in ESCC.
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In this study, the clinical and functional role of
miR-196b in ESCC were investigated. The expres-
sion of miR-196b and suppressor of cytokine sig-
naling 2 (SOCS2) was measured by qRT-PCR. The
luciferase activity assay found that miR-196b and
SOCS2 had a negative correlation. Combined with
the results of clinical statistics, we can predict that
high expression of miR-196b is associated with
a bad prognosis of ESCC and may become a new
target for predicting the prognosis of ESCC
patients.

Materials and methods
Patients and clinical specimens

From March 2011 to October 2015, 115 patients
(mean age 58.46 + 9.51 years) who were patho-
logically diagnosed by at least two histopatholo-
gists as ESCC in Harbin Medical University
Cancer Hospital were included in this study.
The paired ESCC tissue and adjacent normal
tissue specimens were obtained during surgical
resection. The tissues were immediately pack-
aged and stored in liquid nitrogen for further
use when we obtained them during the opera-
tion. The inclusion criteria were as follows: 1)
the patients were pathologically diagnosed with
ESCC, 2) all recruited patients had not received
any additional treatment prior including radio-
therapy or chemotherapy, immunotherapy, and
targeted therapy. 3) patients with complete avail-
able clinical and pathological data. The complete
information on lifestyle cancer risk factors and
clinical data of patients were collected (Table 1
and 2). After the patients ended their hospitali-
zation, we conducted monthly telephone five-
year follow-ups to investigate the survival status
of ESCC patients (Figure 2). The patient or his
family members signed an informed consent
form on the use of clinical samples and data
on a completely voluntary basis. At the same
time, our research protocol was approved by
the Ethics Committee of Harbin Medical
University Cancer Hospital.

Table 1. Relationship between miR-196b expression and clinical
parameters of patients with ESCC.

miR-196b expression

Cases Low High
Variables (n=115) (n=57) (n = 58) P-value
Age 0.509
<60 61 32 29
>60 54 25 29
Gender 0.768
Male 65 33 32
Female 50 24 26
Smoking 0.780
Absent 58 28 30
Present 57 29 28
Alcohol drinking 0.373
Absent 72 38 34
Present 43 19 24
Pickled veg 0.075
consumption
Absent 49 29 20
Present 66 28 38
Location 0.638
Upper 23 12 11
Middle 75 35 40
Lower 17 10 7
Lymph node 0.010
metastasis
Negative 80 46 34
Positive 35 11 24
TNM stage 0.004
1=l 83 48 35
1] 32 9 23

Table 2. Multivariate Cox analysis of clinical characteristics in
relation to overall survival.

Multivariate analysis

Characteristics HR 95% Cl P

miR-196b 2.099 1.124-3.920 0.020
Age 1.773 0.976-3.221 0.060
Gender 1.500 0.857-2.623 0.155
Smoking 1.022 0.584-1.790 0.938
Alcohold drinking 1.408 0.753-2.634 0.284
Pickled veg consumption 1.496 0.850-2.632 0.163
Location 1.592 0.624-4.059 0.330
Lymph node metastasis 1.956 1.101-3.477 0.022
TNM stage 1.846 1.060-3.215 0.030

Cell lines and transfection

The cell lines used in this experiment including
the human ESCC cell line (TE-1, Eca-109, Eca-
9706, KYSE-450) and the normal esophageal
epithelial cell Het-1A. TE-1, Het-1A, and Eca-
9706 were obtained from the Shanghai Cell Bank
of the Chinese Academy of Sciences (Shanghai,
China). Eca-109 and KYSE-450 cell lines were



stored in our laboratory. All cell lines are tested
and certified by the company, and the cells are
tested for mycoplasma every 3 months to ensure
that the cells are free of contamination. These cells
were incubated in Roswell Park Memorial
Institute (RPMI) 1640 medium (Gibco Life
Technologies, Oshima, New York, USA) contain-
ing 10% fetal bovine serum (FBS, Gibco Life
Technologies). Then, the cells were placed in a 5%
CO, incubator at 37°C for further culture. After
24 hours, cell growth status was checked, and
subculture proceeded when the cell fusion reaches
70%-80%.

Before transfection, ESCC cells were seeded in serum-
free RPMI 1640 medium and incubated 24 h at 37°C
when the cell was in the logarithmic growth phase. Then
the cells were seeded into a 24-well plate (8x10* cells/
well). The miR-196b inhibitor, inhibitor NC, miR-196b
mimic, and mimic NC were obtained from RIBOBIO
(Guangzhou, China). Then the lipofectamine 2000 kit
(Invitrogen, Carlsbad, CA, USA) was used for cell trans-
fection experiments according to the manufacturer’s
instructions. Cells were cultured for 48 h in the renewed
medium and collected for follow-up experiments

Prediction of downstream target gene

The online prediction website Targetscan (http://
targetscan.org/) was used to predict the targeted
binding between miR-196b and SOCS2.

Quantitative real-time PCR assay(qRT-PCR)

RNAzol (Sigma-Aldrich) was used to isolate total
RNA from ESCC tissues and cultured cell lines. 85%
ethanol was used for RNA precipitation and wash-
ing. PrimeScript Reverse Transcriptase Kit (Takara)
and miRNA 1st cDNA Synthesis Kit (Vazyme) were
used to reverse transcription (A260/A280 ratio: 1.8
to 2.0) of RNA to cDNA. Subsequently, the expres-
sion of two types of RNA products was detected on
the 7500 Real-Time PCR System (Applied
Biosystems, Inc.) by using SYBR Green I Master
Mix kit (Invitrogen; Thermo Fisher Scientific Inc.)
and miRNA Universal SYBR qPCR Master Mix
(Vazyme) respectively [20]. The 2784C method
was applied to normalize miR-196b expression to
U6 level and SOCS2 expression to GAPDH level.
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Cell counting kit-8 (CCK-8) proliferation assay

The effects of miR-196b on proliferation abil-
ities were explored in TE-1 and Eca-109 cells
after transfection by using CCK-8 (Dojindo)
[21]. Before the experiment, the cells were
added to 96-well cell culture plates (5 x 10
cells/well). Afterward, 10 pl of CCK-8 reagent
(5 mg/ml; Sigma Aldrich; Merck KGaA) was
added to the 96-well cell culture plate at 0, 24,
48, and 72 h time point, and then incubated at
37°C for 3 h. Finally, the absorbance of the cells
was measured at 450 nm by a Varioskan LUX
Multimode microplate reader (Thermo Fisher
Scientific).

Transwell migration and invasion assay

In this study, ESCC cell migration capacities and
invasion power were tested by using 24-well trans-
well chambers (Corning Inc.) [22]. Different from
the migration experiments, the invasion experi-
ments were precoated at 37°C for 1 h with
Matrigel in a liquid state. The upper chamber
was added serum-free RPMI-1640 medium and
the bottom chambers were added culture medium
with 10% FBS. TE-1 and Eca-109 cells were added
to the top chambers after adjusting the cell density
to 3 x 10* cells/chamber. 48 hours later, TE-1 and
Eca-109 were stained with 0.1% crystal violet, and
the stained cells were observed and counted
through an inverted light microscope (Olympus,

Japan).

Dual-luciferase reporter assay

The sequences of SOCS2 3'UTR with miR-196b
binding sites were synthesized and inserted into
the pmirGLO luciferase reporter vector (Promega,
Shanghai, China), named WT [23]. The corre-
sponding SOCS2 mutant versions without miR-
196b binding sites were synthesized and inserted
into luciferase reporter vector (Promega), named
MUT. Then Eca-109 cells were incubated in 12-
well plates and respectively co-transfected with
miR-196b mimic, mimic NC, miR-196b inhibitor,
or inhibitor NC and SOCS2 3'UTR-WT or MUT
with the help of Lipofectamine 2000 (Invitrogen).
48 hours after transfection, the firefly luciferase
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activities were detected by a dual-luciferase repor-
ter assay kit (Promega).

Western blot assay

Total protein was isolated using RIPA lysis buffer
(Beyotime Institute of Biotechnology) containing pro-
tease  inhibitor phenylmethanesulfonyl fluoride
(Beyotime). The protein was quantitated with the
BCA protein assay kit (Pierce, Rockford, IL). Then,
20 pg protein was resolved by SDS-PAGE and followed
by being transferred to polyvinylidene difluoride
(PVDF) membranes (Bio-Rad). The membrane was
incubated with primary antibody against SOCS2
(1:1000, ab109245; Abcam) and p-actin (1:1000,
ab8226; Abcam) at 4°C after blocking with 5% milk
for 1 h at room temperature. Then anti-rabbit second-
ary antibody was used at a concentration of 1:5000 to
incubate the membranes for 2 h. Finally, the protein
bands were visualized using an ECL kit (Applygen,
Beijing, China) and the protein levels were evaluated
using Image] software by normalized to B-actin.

RNA immunoprecipitation (RIP) assay

A Magna RIP RNA-Binding Protein
Immunoprecipitation kit (Millipore, Billerica, MA,
USA) was used in this experiment [24]. Antibodies
against SOCS2 (1:50) and AGO-2 (1:50) were obtained
from Abcam. The SOCS2 levels were detected using
a quantitative real-time PCR assay.

Statistical analysis

The statistical analyses were carried out using SPSS
software (version 20.0; SPSS, Inc., Chicago, IL,
USA) and GraphPad Prism software (version 5.0;
GraphPad Software, Inc., Chicago, USA) in this
study. Data are expressed as the mean + standard
deviation (SD) from triple experiments. During
processing, the X2 test was used to compare the
association between miR-196b expression and
clinic data of patients. One-way or two-way ana-
lysis of variance (ANOVA) was used to compare
the significant differences among three groups and
more, and Student’s t-test was used for the com-
parison of sample data between the two groups.
Spearman’s rank correlation coefficient was used
to analyze the relevance between miR-196b and

SOCS2 expression levels. Kaplan-Meier analysis
was used to evaluate overall survival by log-rank
test and Cox regression analysis was used to deter-
mine the clinical prognosis significance of miR-
196b. The difference was considered statistically
significant for P-value less than 0.05.

Results

This study aimed to investigate the role of miR-
196b in ESCC. Firstly, the expression of miR-196b
was measured in ESCC tissues and cell lines using
a quantitative real-time PCR assay. The results
revealed that miR-196b was upregulated in ESCC
and associated with clinical characteristics, sug-
gesting that miR-196b expression may play an
oncogenic role and be involved in the progression
of ESCC. Moreover, clinical analysis results indi-
cated that miR-196b was associated with shorter
overall survival outcomes. Additionally, miR-196b
may accelerate tumor cell proliferation, migration,
and invasion by targeting SOCS2.

Expression of miR-196b in ESCC

In the experiment, the expression levels of miR-
196b were detected using qRT-PCR. First, the
expression level of miR-196b was measured in
115 pairs of ESCC tissues and adjacent normal
tissues. The results manifested that the expression
levels of miR-196b in tumor tissues were increased
(Figure 1(a), p < 0.001). Then, as shown in
(Figure 1(b)), the expression levels of miR-196b
in all ESCC cell lines were significantly up-
regulated (all P < 0.001). The above results ade-
quately indicate that miR-196b is overexpressed in
ESCC. Besides, the expression levels of miR-196b
were increased significantly in the TE-1 cell line,
followed by the Eca-109 cell line (P < 0.001). Since
both TE-1 and Eca-109 cell lines have similar
higher miR-196b expression levels, both are used
in subsequent experiments.

Increased expression of miR-196b was relevant
to clinical features of patients with ESCC

Besides, the relationship between the expression
level of miR-196b and the clinical characteristics
of ESCC patients was shown in Table 1. In line
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Figure 1. miR-196b expression was measured in ESCC tissue and cells. A. miR-196b expression was increased in ESCC tissue samples
compared to adjacent normal tissue specimens. the analysis was carried out using paired students’ t-test by graphpad prism
software. B. miR-196b expression was raised in four ESCC cell lines than normal esophageal epithelial cell Het-1A. the data were
analyzed using one-way ANOVA by graphpad prism software. ***P < 0.001.
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Figure 2. Kaplan-meier method was conducted to analyze the five-year survival rate of ESCC patients using SPSS software. high
expression of the miR-196b group displayed a shorter overall survival rate than the low miR-196b expression group (log-rank test
P=0.005).

with the average expression value of miR-196b as  expression groups (57 patients) and high expres-
the critical value, all patients were divided into low  sion groups (58 patients). Through the ¥ test, the
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expression of miR-196b has no connection with
gender, age, smoking, alcohol drinking, pickled
vegetable consumption, and location with esopha-
geal squamous cell carcinoma (all P > 0.05), but it
is closely related to the TNM stage (P = 0.010) and
lymph node metastasis (P = 0.004)

miR-196b has a prognostic value in ESCC

Kaplan-Meier analysis was used to evaluate the
overall survival rate of patients with ESCC in
both miR-196b expression groups in this experi-
ment. We made a 5-year overall survival rate
according to the correlation between the expres-
sion level of miR-196b and the overall survival
information of ESCC. The results exhibited that
the survival rate of ESCC patients in the low miR-
196b expression group was higher than the high
miR-196b  expression group (log-rank test
P = 0.005, Figure 2). Besides, multivariate Cox’s
clinical characteristics analysis results showed that
the miR-196b expression (HR = 2.099, 95%
CI = 1.124-3.920, P = 0.020) was an independent
prognostic risk factor (Table 2). Based on the
above results, miR-196b may be an independent
poor prognostic marker for ESCC.

miR-196b weakened ESCC cell proliferation,
migration, and invasion

The biological functions of miR-196b in ESCC
were further evaluated. First, QRT-PCR was per-
formed to explore whether miR-196b expression
was upregulated or inhibited when miR-196b
mimics or inhibitors were transfected into TE-1
and Eca-109 cells. As shown in (Figure 3(a-b))
the expression of miR-196b was significantly
reduced in TE-1 and Eca-109 cells transfected
with miR-196b inhibitor, while was elevated
after transfection of miR-196b mimic (all
P< 0.05). Then, CCK-8 analysis was implemented
to determine the proliferation ability of the TE-1
and Eca-109 cells. The results showed that the
cell that was transfected with miR-196b mimic
showed enhanced proliferation while miR-196b
inhibitor reduced proliferation ability
(P < 0.001, Figure 3(c-d)). Also, the results of

the transwell migration and invasion test showed
that miR-196b inhibitors caused the decreased
migration and invasion ability of TE-1 and Eca-
109 cells but miR-196b mimics caused the
enhanced migration and invasion (all P< 0.001,
Figure 3(e-h)). According to the above experi-
ments, miR-196b inhibitor can suppress the pro-
liferation potential, migration, and invasion
abilities of cells, in other words, increased expres-
sion of miR-196b can promote ESCC cells’ cellu-
lar activities.

SOCS2 is a target of miR-196b in ESCC

First, using an online prediction website to
explore whether miR-196b and SOCS2 can inter-
act in ESCC. The prediction results showed that
SOCS2 and miR-196b can form multiple bases
pairing in and the binding sites between SOCS2
3'UTR and miR-196b were displayed in (Figure 4
(a)). Spearman’s rank correlation coefficient ana-
lyzed the relevance between miR-196b and
SOCS2 expression levels. The results revealed
that miR-196b and SOCS2 expression have
a significant negative correlation (r = -0.5392,
P < 0.0001, Figure 4(b)). qRT-PCR was used to
determine the gene expression level of SOCS2 in
TE-1 cells. SOCS2 expression was elevated in
anti-AGO2-incubated TE-1 cells (P < 0.05,
Figure 4(c)). It was found that in the case of
miR-196b inhibitor transfection, the expression
level of SOCS2 was significantly up-regulated,
while in the cases of miR-196b mimic transfec-
tion, SOCS2 mRNA and protein expression was
downregulated (P < 0.01, Figures 4(d-e)). Finally,
we used TE-1 cells with a particularly high or low
expression of miR-196b to detect luciferase activ-
ity. The luciferase assay results indicated the miR-
196b mimics or inhibitors does not affect the
luciferase activity of MUT transfected cells,
while in WT transfected cells, elevated expression
of miR-196b reduces the luciferase activity, on the
contrary, knockdown of miR-196b increased the
luciferase activity of TE-1 cells (P < 0.001, figure 4
(f)). This indicates that miR-196b may bind to the
predicted site and then inhibit the expression of
SOCS2.
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Figure 3. Proliferation of TE-1 and Eca-109 cells was facilitated or suppressed after the upregulation or downregulation of miR-196b
compared to untreated cells. (a) and (b) expression level of miR-196b was determined in TE-1 and Eca-109 cells by qRT-PCR after
transfection with miR-196b mimic, inhibitor, or NCs. (c) and (d) proliferative capacity of TE-1 and Eca-109 cells were measured by
CCK-8. (e) and (f) Migratory ability of TE-1 and Eca-109 cells were measured by transwell assay (magnification 200x). (g) and (h)
Invasive ability of TE-1 and Eca-109 cells were measured by transwell assay (magnification 200x). The above analysis was performed
using one-way ANOVA by graphpad prism software. *P < 0.05, ***P < 0.001.

Discussion

ESCC is a common malignant tumor of the upper
gastrointestinal tract, and China is a high preva-
lence area for ESCC [6,25]. Despite advances in
esophageal cancer surgery and radiotherapy, the
overall survival rate of patients has not improved
and the 5-year survival rate remains at a low level
[26]. The reason for this may be a combination of
the lack of timely ESCC detection and limited
advanced treatment. Therefore, it is imperative to
seek new predictors and therapeutic target sites for

ESCC. Our objective was to investigate the pre-
viously unfound new role whereby miR-196b acts
in ESCC.

According to the data obtained from the qRT-
PCR experiment, miR-196b expression in the
tumor tissue specimens of ESCC patients was
increased. The expression of miR-196b in the
four esophageal squamous cell carcinoma cell
lines was also high, which was in keeping with
previous studies where miR-196b was up-
regulated in the non-small cell lung cancer,
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ovarian cancer, gastric cancer, breast cancer, and
colon cancer [17,27-30]. However, there are dif-
ferences in some cancers about the miR-196b
expression. miR-196b is low expressed in liver
cancer, cervical cancer, and melanoma, suggesting
that it may also be a tumor suppressor [31-34].
Thus, miR-196b may play different roles in can-
cers based on different cancer types by targeting
downstream genes. According to this study, miR-
196b may be overexpressed and promote the pro-
gression of ESCC.

Next, the role of miR-196b in ESCC was probed
and evaluated based on clinical experimental sta-
tistics. The abnormal expressions of miR-196b
were associated with different overall survival
results. Among them, the prognosis living situa-
tion of the high miR-196b expression group was
worse than the low miR-196b expression group. In
clinical analysis, miR-196b expression is related to
the positive lymph node metastasis and high TNM
stage of ESCC. Besides, miR-196b expression is an
independent prognostic indicator of ESCC. In
summary, miR-196b may have a prognostic value
for ESCC. The prognostic value of high miR-196b
expression was also observed in ovarian cancer

[35], which confirmed the prognostic value of
miR-196b in cancers.

Functional experiments were carried out to
assess the influence on cell function of miR-196b
by transfected miR-196b mimic/inhibitor in TE-1
and Eca-109 cells. The results uncovered that
increased expression of miR-196b can accelerate
tumor cell proliferative abilities, migratory poten-
tial, and invasive capacities, while miR-196b inhi-
bitor can significantly inhibit the proliferation,
migration, and invasion of ESCC cells. A similar
finding was observed in the current study that
transfection with miR-196b inhibitor can reduce
the proliferation of ovarian cancer cells [17].
Therefore, we speculate that miR-196b may accel-
erate the proliferation, migration, and invasion of
ESCC cells and play a promotion role in ESCC
progression.

So far, a series of miR-196b direct regulatory genes
have been verified, such as SOCS2 [19], homeobox
C8 (HOXC8) [29], transcription factor GATA-6
(GATA®6) [18], Homeobox Protein HOX-B7 (HOX-
B7) and BMP4 [33]. For instance, increased expres-
sion of miR-196b inhibits SOCS2 in laryngeal squa-
mous cell carcinoma resulting in tumor progression



and poor prognosis outcomes [19]. In these studies,
miR-196b played a variety of roles in different tumor
cells by regulating different target genes. SOCS2 plays
a tumor-suppressor role in several cancers [36-38].
In this study, we determined the relationship
between SOCS2 and miR-196b in ESCC. In the
experiment, we first used the online prediction
website and predicted that SOCS2 gene
sequences have binding sites with miR-196b. At
the same time, Spearman’s rank correlation coef-
ficient analysis showed that miR-196b is closely
related to SOCS2, and miR-196b levels negatively
correlated with SOCS2 expression. RIP results
confirmed the direct interaction between miR-
196b and SOCS2. Then, the SOCS2 mRNA and
protein expression levels were downregulated or
up-regulated when the ESCC cell was transfected
with miR-196b mimic or inhibitor, respectively.
The dual-luciferase reporter assay revealed that
the luciferase activity of MUT transfected cells
was not affected by the expression of miR-196b
inhibitor or mimic, in turn, the luciferase activ-
ity of the transfected cells was significantly
reduced by the miR-196b mimic in WT trans-
fected cells, while was significantly increased by
miR-196b inhibitor. Our research revealed that
miR-196b may also drive ESCC cell prolifera-
tion, migration, and invasion by targeting
SOCS2.

Conclusion

In summary, the high expression of miR-196b
in ESCC can promote the process of ESCC. On
this basis, miR-196b can be used as an inde-
pendent poor prognostic molecule of ESCC,
and ESCC patients with high expression of
miR-196b have a poor prognosis. At the same
time, miR-196b may promote ESCC prolifera-
tion by targeting SOCS2. This experiment may
give miR-196b the possibility of clinical appli-
cation as a potential target.
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