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tumor cell switch from an epithelial
to a mesenchymal-like phenotype in GBC
Kang Cui1 and Xinyan Bian2

1Clinical Laboratory, Linyi People’s Hospital, Linyi 276003, P.R. China; 2Anorectal Branch, Linyi People’s Hospital, Linyi 276003, P.R. China
Received 26 July 2020; accepted 24 November 2020;
https://doi.org/10.1016/j.omtm.2020.11.019.

Correspondence: Xinyan Bian, Anorectal Branch, Linyi People’s Hospital, No. 27,
East Section of Jiefang Road, Linyi 276003, Shandong Province, P.R. China.
E-mail: lybianxinyan@163.com
As a malignancy of the gastrointestinal tract, gallbladder can-
cer (GBC) continues to exhibit notable rates of mortality.
The current study aimed at investigating the effects associated
with miR-30b and miR-30d (miR-30b/-30d) patterns in tumor
cells undergoing epithelial-to-mesenchymal transition (EMT)
in GBC. It identified that miR-30b and miR-30d, composed
as a miRNA cluster, exhibited lower levels in the cancerous tis-
sues from 50 patients with GBC relative to the gallbladder tis-
sues from 35 patients with chronic cholecystitis. As expected,
elevated expression of miR-30b/-30d was found to inhibit the
EMT process, as evidenced by enhanced E-cadherin and
reduced N-cadherin and vimentin in human GBC cells treated
with miR-30b mimic, miR-30d mimic, and miR-30b/-30d
mimic. Semaphorin-6B (SEMA6B) was identified as a target
gene of miR-30b/-30d. Silencing of SEMA6B by its specific
small interfering RNA (siRNA) mimicked the effect of miR-
30b/-30d upregulation on the GBC cell EMT. Consistently,
SEMA6B overexpression promoted this phenotypic switch
even in the presence of miR-30b/-30d mimic. The tumorige-
nicity assay data obtained from nude mice also further sup-
ported the notion that miR-30b/-30d inhibited EMT of GBC
cells. Thus, based on the key findings of the current study, we
concluded that the miR-30b/-30d cluster may provide a poten-
tial avenue for targeting mesenchymal-like, invasive tumor
cells in GBC.

INTRODUCTION
Gallbladder cancer (GBC) represents a well-documented malignancy
characterized by its aggressive nature, notable regional lymph node
metastasis, and an early stage distant site metastasis, with previous
data suggesting approximately 219,420 newly diagnosed cases and
165,087 deaths reported in 2018 in 185 countries.1,2 GBC is a malig-
nancy of the biliary tract that has been reported to occur at higher rates
in developing countries, with the current available treatment modal-
ities often proving to be insufficient, particularly in patients diagnosed
at a later stage of disease.3 Thus, it is imperative that molecular factors
associated with GBC continue to be explored with the objective of
identifying more effective and beneficial therapeutic targets for GBC.

A recent increase in research attention has occurred due to the pro-
posed roles of microRNAs (miRNAs or miRs) in GBC owing to their
716 Molecular Therapy: Methods & Clinical Development Vol. 20 March
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aberrant expression profile in GBC tissues and regulatory roles in cell
malignant behaviors.4,5 miRNAs, with their lengths ranging from 18
to 24 nt, have been highlighted as either tumor suppressors or onco-
genes based on their binding to target messenger RNAs (mRNAs) and
regulation of cancer progression, drug resistance, metastasis, or
relapse.6 For instance, miR-125b has been reported to function as
an independent biomarker for oncologic outcomes of patients with
GBC by exerting tumor-suppressive effects.7 Evidence has high-
lighted the role of miR-33a in GBC progression by means of GBC
epithelial-mesenchymal transition (EMT) regulation and cell prolif-
eration, migration, and invasion abilities both in vitro and in vivo.8

As a distinctive feature of carcinogenesis, EMT has been identified
as an evolutionarily conserved process with significant capacity to
mediate carcinogenesis and metastasis, highlighting its potential as
a therapeutic candidate against cancer development.9 Based on mi-
croarray-based expression analysis obtained prior to our investiga-
tion, miR-30b/-30d was revealed to form a cluster with significantly
low expression in GBC samples, which represents a significant
finding, peaking our research interests into further investigation
into the functional role and the underpinning mechanism by which
miR-30b/-30d contributes to GBC. Evidence has been presented
emphasizing the role of miR-30b in methylglyoxal-induced EMT pro-
cess in peritoneal mesothelial cells of rats.10 Additionally, studies have
indicated the ability of miR-30d to inhibit the initiation of EMT by
transforming growth factor b1 (TGF-b1) in ovarian cancer cells.11

Importantly, the synergistic effects of miR-30b/-30d have been vali-
dated in metastatic potential and cellular invasion of human mela-
noma.12 Hence, we inferred that miR-30b/-30d may also exert syner-
gistic effects in the regulation of EMT in GBC.Moreover, the presence
of binding sites between miR-30b/-30d and human semaphorin-6B
(SEMA6B) was predicted through in silico analysis (http://www.
mirdb.org/). As a member of the semaphoring axon-guidance family,
SEMA6B has been implicated in the tumorigenesis of breast cancer as
well as involvement in human umbilical vein endothelial cells.13,14 On
the basis of published data, we conducted an investigation into the less
2021 ª 2021 The Authors.
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A B C Figure 2. The miR-30b/-30d miRNA cluster

represses the EMT process in GBC cells

The miR-30b mimic, miR-30d mimic, and miR-30b/-30d

mimic were introduced into GBC-SD cells to elevate the

expression of miR-30b, miR-30d, and miR-30b/-30d. (A)

Quantification of E-cadherin, N-cadherin, and vimentin

proteins in GBC-SD cells. (B) Statistics of GBC-SD cells

invading from Matrigel-coated upper Transwell chambers

into lower ones. (C) Statistics of GBC-SD cell migration.

*p < 0.05 compared with GBC-SD cells treated with

miRNA-mimic NC by independent sample t test.
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studied role of SEMA6B in GBC through its interplay with miR-30b/-
30d by regulating EMT.

RESULTS
The miR-30b/-30d miRNA cluster was downregulated in GBC

We initially set out to analyze the differentially expressed miRNAs be-
tween 40 GBC and 8 normal gallbladder tissue samples in the GEO:
GSE104165 dataset deposited in the Gene Expression Omnibus
(GEO) database, with 358 differentially expressed miRNAs identified
(Figure 1A). Using the public database miRBase (http://www.
mirbase.org/cgi-bin/mirna_entry.pl?acc=MI0000255), miR-30b and
miR-30d, belonging to a miRNA cluster, were both shown to be
downregulated in GBC tissues. In order to prove the hypothesis
that downregulation of the miR-30b/-30d miRNA cluster is associ-
ated with the development of GBC, we quantified the expression of
miR-30b/-30d in 30 cancerous tissues and 18 normal gallbladder tis-
sues by quantitative reverse transcription polymerase chain reaction
(qRT-PCR). As expected, the results obtained illustrated that miR-
30b and miR-30d both exhibited lower expression levels in GBC tis-
sues than in normal gallbladder tissues (p < 0.05, Figure 1B). The
epithelial nature of the human gallbladder epithelial cells (HGBECs)
was confirmed by immunohistochemical staining for CK19 (Fig-
ure 1C). HGBECs presented a polygonal and flat shape and grew to
confluent monolayers.

In parallel, the expression of miR-30b and miR-30d was further eval-
uated in cultured GBC cells (GBC-SD, Mz-ChA-1, NOZ, and SGC-
996) and HGBECs. As we expected, miR-30b and miR-30d both
exhibited lower expression levels in all GBC cells when compared
to that in the HGBECs, with the GBC-SD cells exhibiting the lowest
expression (p < 0.05, Figure 1D). Furthermore, E-cadherin was found
to exhibit low levels of expression while vimentin was highly ex-
pressed in GBC cells relative to HGBECs, with GBC-SD cells display-
ing themost significant variation (p < 0.05, Figure 1E). Thus, GBC-SD
cells were selected for subsequent investigation. The aforementioned
Figure 1. The miR-30b/-30d miRNA cluster is downregulated in GBC

(A) Heatmap presenting the top 50 miRNAs with the most significant expression differen

GSE104165 dataset. Color scale indicates the degree of upregulation (red) or downre

normal gallbladder tissues (n = 18), normalized to that of U6. (C) Epithelial nature of HGB

(D) Expression of miR-30b/-30d in cultured GBC cells (GBC-SD, Mz-ChA-1, NOZ, and

GBC cells (GBC-SD, Mz-ChA-1, NOZ, and SGC-996) and HGBECs. *p < 0.05 compa

parisons between two groups and one-way ANOVA followed by Tukey’s test among m
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findings highlighted the poor expression of the miR-30b/-30d
miRNA cluster in GBC.

The miR-30b/-30d miRNA cluster inhibited the EMT in GBC cells

We subsequently evaluated the effects associated with the miR-30b/-
30d miRNA cluster on GBC, with a specific focus on the phenotypic
switch of the GBC cells from an epithelial to a mesenchymal pheno-
type. With this in mind, we introduced the miR-30b mimic, miR-30d
mimic, and miR-30b/-30d mimic into GBC-SD cells and examined
the expression of EMT-specific markers, E-cadherin, N-cadherin,
and vimentin. The immunofluorescence and immunoblot analysis re-
sults (Figures 2A, 2B, and S1) illustrated that miR-30b mimic, miR-
30d mimic, and miR-30b/-30d mimic all led to increased endogenous
expression of E-cadherin while reducing N-cadherin and vimentin,
suggesting that the miR-30b/-30d miRNA cluster inhibited the
EMT in GBC cells. Accordingly, the scratch test and Transwell inva-
sion assays (Figures 2C and 2D) demonstrated that the miR-30b
mimic, miR-30d mimic, and miR-30b/-30d mimic all weakened
GBC-SD cell invasion and migration. However, no significant differ-
ence was detected regarding the expression of EMT-specific markers
and GBC-SD cell invasion and migration in cells treated with miR-
30b mimic, miR-30d mimic, and miR-30b/-30d mimic. Altogether,
the results obtained suggested that the miR-30b/-30d miRNA cluster
could suppress the EMT and invasion and migration of GBC cells.

SEMA6B was a key underlying target of the miR-30b/-30d

miRNA cluster

We subsequently set out to elucidate the mechanism by which the
miR-30b/-30d miRNA cluster inhibited EMT in GBC cells. The
possible target genes of miR-30b and miR-30d were identified from
four public databases, i.e., DIANA, miRDB, mirDIP, and TargetScan.
Figure 3A depicts the relevant target genes meeting >80 scores (the
miRDB database) as well as the top 400 scores (other three databases).
Evaluation of the differentially expressed mRNAs between three
pairs of human GBC and matched paracancerous tissues in the
ce between GBC (n = 40) and normal gallbladder (n = 8) tissue samples in the GEO:

gulation (green). (B) Expression of miR-30b/-30d in cancerous tissues (n = 30) and

ECs (left map: original magnification, �40; right map: original magnification,�200).

SGC-996) and HGBECs. (E) The expression of E-cadherin and vimentin in cultured

red with the corresponding control (independent sample t test for statistical com-

ultiple groups).
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Figure 3. The miR-30b/-30d miRNA cluster targets and negatively regulates the expression of SEMA6B

(A) Target genes of miR-30b and miR-30d obtained from four public databases, including DIANA (the top 400 scores, http://diana.imis.athena-innovation.gr/DianaTools/

index.php?r=microT_CDS/index); miRDB (>80 scores, http://mirdb.org/miRDB/index.html); mirDIP (the top 400 scores, http://ophid.utoronto.ca/mirDIP/index.jsp#r);

and TargetScan (the top 400 scores, http://www.targetscan.org/vert_71/). (B) Overlapping target genes of miR-30b/-30d from the GEO: GSE74048 dataset and four public

databases by Venn diagrams (http://jvenn.toulouse.inra.fr/app/example.html). (C) Interactions between 10 recognized GBC-associated genes (the MalaCards database,

https://www.malacards.org/) and 13 miR-30b/-30d-binding downstream genes predicted using the STRING database (https://string-db.org/). (D) Differential analysis of

SEMA6B expression between humanGBC (n = 3) andmatched paracancerous (n = 3) tissues in the GEO: GSE74048 dataset. (E) The predicted seed sequence of miR-30b/-

30d and SEMA6B in the miRNA target detection program (http://www.mirdb.org/). (F) Luciferase activity of SEMA6B-WT and SEMA6B-MUT in HEK293T cells transfected

with miR-30b mimic, miR-30d mimic, or miR-30b/-30d mimic. (G) mRNA expression of SEMA6B in GBC-SD cells transfected with miR-30b mimic, miR-30d mimic, or miR-

30b/-30dmimic. (H) Protein expression of SEMA6B in GBC-SD cells transfected with miR-30b mimic, miR-30dmimic, or miR-30b/-30dmimic. *p < 0.05 compared with the

corresponding control (independent sample t test for statistical comparisons between two groups and one-way ANOVA followed by Tukey’s test among multiple groups).

www.moleculartherapy.org
GEO: GSE74048 dataset was then performed. The upregulated
mRNAs in the GEO: GSE74048 dataset were overlapped with the
miR-30b/-30d-binding downstream genes predicted by the Venn dia-
grams, which revealed 13 miR-30b/-30d-binding downstream genes
related to GBC (Figure 3B). Ten GBC-associated genes were identified
from the MalaCards database and established gene-gene models to
discover interactions betweenmultiple genes in the STRINGdatabase.
Figure 3C illustrates an interaction between the tumor protein p53
(TP53) gene (at the center in the regulatory network) and SEMA6B.
SEMA6B was an upregulated mRNA in the GEO: GSE74048 dataset
(Figure 3D). Hence, we asserted the hypothesis that the miR-30b/-
30d miRNA cluster may target and negatively regulate the expression
of SEMA6B. To address it, we first used a computer-based miRNA
target detection program to obtain the predicted seed sequence of
miR-30b/-30d and SEMA6B (Figure 3E). Luciferase activity at the pro-
moter of the reporter gene inserted with the seed sequence in the 30

untranslated region (UTR) of SEMA6B instead of the relative mutant
reporter gene was reduced in the presence of miR-30b mimic, miR-
30d mimic, or miR-30b/-30d mimic (Figure 3F). The expression of
SEMA6B was subsequently analyzed in cultured GBC-SD cells at
Molecular
the mRNA level (qRT-PCR) and protein level (immunoblot analysis)
in the presence of miR-30b mimic, miR-30d mimic, or miR-30b/-30d
mimic. Our data revealed that elevated miR-30b/-30d triggered a
decrease in the expression of SEMA6B (Figures 3G and 3H). Alto-
gether, the miR-30b/-30d miRNA cluster could target and negatively
regulate the expression of SEMA6B.

Silencing SEMA6B inhibited the EMT in GBC cells

Next, to evaluate SEMA6B in GBC, we analyzed the expression
pattern of SEMA6B in GBC tissues relative to normal gallbladder tis-
sues and GBC-SD cells relative to HGBECs by qRT-PCR and immu-
noblot analysis. The results obtained indicated that the mRNA and
protein expression levels of SEMA6B were both upregulated in
GBC tissues and GBC-SD cells relative to normal gallbladder tissues
and HGBECs, respectively (Figures 4A–4D). In the subsequent exper-
iments, we specifically blunted the expression of SEMA6B in GBC
cells by delivering small interfering RNA (siRNA) targeting SEMA6B
into GBC-SD cells and then examined the EMT, cell invasion, and
migration. The immunoblot analysis revealed enhanced E-cadherin
protein expression, along with diminished N-cadherin and vimentin
Therapy: Methods & Clinical Development Vol. 20 March 2021 719
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Figure 4. Silencing of SEMA6B inhibits the EMT process in GBC cells

(A) mRNA expression of SEMA6B in GBC tissues relative to normal gallbladder tissues. (B) Protein expression of SEMA6B in GBC tissues relative to normal gallbladder

tissues. (C) mRNA expression of SEMA6B in GBC cells relative to HGBECs. (D) Protein expression of SEMA6B in GBC cells relative to HGBECs. In the following experiments,

siRNA targeting SEMA6B and scramble siRNA were delivered into GBC-SD cells to specifically blunt the expression of SEMA6B. (E) Immunoblots and quantification of

E-cadherin, N-cadherin, and vimentin proteins in GBC-SD cells. (F) Representative view and statistics of GBC-SD cells invading from Matrigel-coated upper Transwell

chambers into lower ones. (G) Representative view and statistics of GBC-SD cell migration. *p < 0.05 compared with GBC-SD cells treated with scramble siRNA by an

independent sample t test.
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protein expression in GBC-SD cells with SEMA6B knockdown (Fig-
ure 4E). Scratch test and Transwell invasion assays (Figures 4F and
4G) demonstrated that siRNA-mediated knockdown of SEMA6B
weakened GBC-SD cell invasion and migration. The aforementioned
results suggested that upregulation of SEMA6B might be associated
with the development of GBC, and silencing of SEMA6B mimicked
the effect of miR-30b/-30d elevation on GBC.

The miR-30b/-30d cluster prevented EMT by repressing

SEMA6B expression

Owing to the reciprocal regulation that exists between the miR-30b/-
30d cluster and SEMA6B, rescue assays were conducted to verify the
final hypothesis that the miR-30b/-30d cluster prevents the EMT
process by downregulating SEMA6B expression. GBC-SD cells
720 Molecular Therapy: Methods & Clinical Development Vol. 20 March
treated with miR-30b/-30d mimic were transfected with an expres-
sion vector containing the SEMA6B gene to restore the expression
of SEMA6B (Figures 5A and 5B). Likewise, the immunoblot analysis
results demonstrated that restoration of SEMA6B expression trig-
gered a decline in the protein expression of E-cadherin, as well as
an enhancement of N-cadherin and vimentin protein expression in
GBC-SD cells treated with miR-30b/-30d mimic (Figure 5C). Accord-
ingly, a scratch test and Transwell invasion assays (Figures 5D and
5E) demonstrated that restoration of SEMA6B expression brought
about enhanced invasion and migration abilities of GBC-SD cells
treated with miR-30b/-30d mimic. The aforementioned findings pro-
vided evidence supporting the hypothesis we initially proposed that
the miR-30b/-30d cluster prevented the EMT process by downregu-
lating SEMA6B expression.
2021
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Figure 5. The miR-30b/-30d cluster prevents the EMT process by repressing SEMA6B expression

GBC-SD cells treated with miR-30b/-30d mimic (miR-mimic NC as negative control) were transfected with an expression vector containing the SEMA6B gene (empty vector

as negative control). (A) mRNA expression of SEMA6B in GBC-SD cells. (B) Protein expression of SEMA6B in GBC-SD cells. (C) Quantification of E-cadherin, N-cadherin, and

vimentin proteins in GBC-SD cells. (D) Statistics of GBC-SD cells invading from Matrigel-coated upper Transwell chambers into lower ones. (E) Statistics of GBC-SD cell

migration. *p < 0.05 compared with the corresponding control by one-way ANOVA followed by Tukey’s test.
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The miR-30b/-30d cluster retarded tumorigenesis and EMT of

human GBC cells in vivo by downregulating SEMA6B

Finally, we established subcutaneous xenotransplanted tumor models
of untreated GBC-SD cells, miR-30b/-30d mimic-treated GBC-SD
cells, and GBC-SD cells treated with miR-30b/-30d mimic in addition
to an expression vector containing the SEMA6B gene. As shown in
Figures 6A and 6B, the results obtained highlighted that elevated
miR-30b/-30d inhibited the growth of the subcutaneous xenotrans-
planted tumors of human GBC-SD cells. However, overexpression
of SEMA6B was observed to restore the tumorigenesis of miR-30b/-
30d mimic-treated GBC-SD cells in nude mice. We subsequently
set out to ascertain the protein expression of SEMA6B, E-cadherin,
N-cadherin, and vimentin in tissues derived from subcutaneous xen-
otransplanted tumors via immunoblot (Figure 6C) and immunohis-
tochemistry (Figure 6D) analyses. Both sets of results suggested that
elevated miR-30b/-30d enhanced the protein expression of E-cad-
herin, while reducing that of SEMA6B, N-cadherin, and vimentin
in subcutaneous xenotransplanted tumor tissues, which was abro-
gated by the overexpression of SEMA6B. Thus, we arrived at the
conclusion that the miR-30b/-30d cluster inhibited tumorigenesis
and EMT of human GBC cells in vivo by downregulating SEMA6B.

DISCUSSION
Accumulating evidence continues to emphasize the importance of
various miRNAs in GBC with studies highlighting their relationship
with the malignant behaviors displayed by cancer cells and correla-
tion to poor oncologic outcomes of patients with GBC.15–17 The
Molecular
present study set out to elucidate the role of the functional miRNA
cluster in connection with miR-30b/-30d in GBC via SEMA6B target-
ing. Collectively, the experimental data demonstrated that the forced
expression of miR-30b/-30d possessed the capacity to impede the
EMT of GBC cells in vitro and tumorigenesis in vivo through down-
regulation of SEMA6B.

A fundamental finding of our study indicated that miR-30b/-30d was
poorly expressed in GBC tissues and cells. Low expression of miR-30b
has been highlighted as an indicator of undesirable overall survival of
patients with esophageal cancer while esophageal cancer cell growth,
migration, and invasion are significantly suppressed in the setting of
miR-30b overexpression.18 The dysregulation of miR-30b has also
been identified in non-small cell lung cancer (NSCLC) and colorectal
cancer while the restoration of miR-30b expression ameliorates
tumorigenic characteristics.19,20 Likewise, lowmiR-30d-5p expression
in GBC tissues has been shown to be highly suggestive of poor prog-
nosis of patients with GBC in contribution to aggressive progression
of GBC.21 Additionally, the downregulation of miR-30b/-30d has
been detected in ovarian cancer cells with the delivery of miR-30d
mimic shown to upregulate the expression of E-cadherin while down-
regulating N-cadherin expression, impeding the EMT process
induced by TGF-b1.11 A corresponding investigation was followed
in our study, with the results demonstrating that restoration of
miR-30b by miR-30b mimic, restoration of miR-30d by miR-30d
mimic, or restoration of miR-30b/-30d bymiR-30b/-30dmimic could
all reverse EMT phenotypes in GBC, including the expression pattern
Therapy: Methods & Clinical Development Vol. 20 March 2021 721
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Figure 6. miR-30b/-30d cluster inhibits tumorigenesis and EMT of human GBC cells in vivo by downregulating SEMA6B

(A) Volume of mouse xenotransplanted tumors of GBC-SD cells at indicated time points; a repeated-measures ANOVA with a Bonferroni test was used for statistical

comparison. (B) Weight of mouse xenotransplanted tumors of GBC-SD cells. (C) Immunoblots and quantification of SEMA6B, E-cadherin, N-cadherin, and vimentin proteins

in mouse tumor tissues. (D) Immunohistochemical staining for SEMA6B, E-cadherin, N-cadherin, and vimentin proteins in mouse tumor tissues and extent of staining. *p <

0.05 compared with the corresponding control by one-way ANOVA followed by Tukey’s test.
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of molecular markers (E-cadherin, N-cadherin, and vimentin)
and migratory and invasive capabilities in GBC cells. Largely consis-
tent with our findings, the overexpression of miR-30b has been
demonstrated to result in a decreased level of mesenchymal marker
N-cadherin and increased level of the epithelial marker E-cadherin,
impairing the invasive and migration capacities as well as the tumor-
igenic potential of pancreatic cancer stem cells.22 Notably, a significant
relevance of miR-30b/miR-340 with the EMT process in GBC has
been unveiled that malignant phenotypes of GBC cells can be sup-
pressed in the setting of miR-30b/miR-340 overexpression accompa-
nied by a decrease in expression of vimentin and promoted expression
of E-cadherin.23 High levels of miR-30d/miR-30d-5p expression have
been confirmed to act as a tumor suppressor by inhibiting cancer cell
motility in esophageal squamous cell carcinoma and NSCLC.24,25

Notably, a miRNA-miRNA pair has been recognized as a functional
synergistic network identified in a wide array of malignancies.26–28

This discovery enhanced our understanding of the complex regulation
of miRNA-miRNA interaction, highlighting its potential as a new
therapeutic target for GBC.

Furthermore, our data suggested that SEMA6B, as a target of miR-
30b/-30d, was highly expressed in GBC tissues and cells, while the
re-introduction of SEMA6B was found to counteract the inhibitory
722 Molecular Therapy: Methods & Clinical Development Vol. 20 March
effect of miR-30b/-30d on GBC cell migration, invasion, as well as
the EMT process. Upregulation of SEMA6B has been identified in
gastric cancer tissues and correlated with the process of tumor dif-
ferentiation and distant metastasis, while the processes of tumor cell
migration, invasion, and adhesion can be restrained by silencing of
SEMA6B.29 In addition, the tumor formation ability of U87MG
glioblastoma cells can be crippled by silencing of SEMA6B.14 More-
over, miRNA biogenesis along with the underlying regulatory mech-
anisms in the initiation and development of biliary tract cancers has
been linked with altered expression of their target genes.30 Similarly,
the ectopic expression of miR-30b/-30d has been demonstrated to
enhance the metastatic properties of melanoma cells by binding to
GALNT7, while restoration of the expression of GALNT7 has
been reported to reverse the results triggered by the upregulation
of miR-30d,12 supporting the notion that SEMA6B contributes to
the regulatory functions of miR-30b/-30d in the progression of
GBC.

In conclusion, the key findings of the present study support the
hypothesis that overexpression of miR-30b/-30d exerted synergis-
tic effects on GBC progression by inhibiting GBC cell migration,
invasion, and the EMT process in vitro as well as weakening
tumorigenesis of GBC cells in vivo through target inhibition of
2021



Figure 7. A diagram showing themechanism by whichmiR-30b/-30d exerts

synergistic effects on GBC progression

Overexpression of miR-30b/-30d inhibits GBC cell migration, invasion, and EMT

process in vitro as well as weakening tumorigenesis of GBC cells in vivo through

target inhibition of SEMA6B.
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SEMA6B (Figure 7). The observations of our study provide evi-
dence highlighting the conserved position markers as a promising
preventive miRNA-based therapeutic strategy against GBC. Never-
theless, certain limitations were faced during the study, and
considering the physiological and pathophysiological differences
when relating the results of animal models to human clinical
setting requires further study. Further human investigations are
expected to determine the clinical significance of the reported axis.

MATERIALS AND METHODS
Ethics statement

All subjects enrolled into the study signed informed consent docu-
mentation. The study protocol was performed with the approval of
the Ethics Committee of the Linyi People’s Hospital. All animal ex-
periments were conducted with the approval from the Institutional
Animal Care and Use Committee of the Linyi People’s Hospital.
Extensive efforts were made to ensure minimal animal suffering as
well as the number of animals used in the study.
Molecular
Tissue specimen collection

Cancerous tissues were collected from 30 cases of GBC and gall-
bladder tissues from 18 cases with chronic cholecystitis. All pa-
tients were admitted to the Linyi People’s Hospital between
January 2018 and January 2019. GBC diagnosis was confirmed
by means of histopathological evaluations, with none of the pat-
ents having received radiotherapy and chemotherapy prior to tis-
sue specimen collection.

Isolation of HGBECs and culture of human GBC cell lines

HGBECs were established from donation, after brain death, of gall-
bladder based on a previously described method31,32 and subse-
quently grown as monolayers. The epithelial nature of these cells
was confirmed via immunohistochemical staining for CK19 (1:200,
ab52625, Abcam, Cambridge, UK). Human GBC cell lines (purchased
from Shanghai Institute of Nutrition andHealth, Chinese Academy of
Sciences), GBC-SD, Mz-ChA-1, NOZ, and SGC-996 were grown in
the Roswell Park Memorial Institute (RPMI) 1640/fetal bovine serum
(FBS) medium (HyClone, Logan, UT, USA) at 37�C, with exposure to
an atmosphere of 5% CO2.

Dual-luciferase reporter gene assay

The 30 UTRs of SEMA6B wild-type (SEMA6B-WT) and SEMA6B
mutant in seed sequence (SEMA6B-MUT) were inserted into the 30

UTR of the luciferase reporter gene to construct recombinant vectors.
The desired luciferase reporter plasmids, SEMA6B-WT or SEMA6B-
MUT, were subsequently co-transfected with miR-30b mimic and
miR-30d mimic into HEK293T cells. The luminescence of firefly
luciferase was determined using a dual-luciferase reporter assay sys-
tem kit (E1910, Promega, Madison, WI, USA) in accordance with
the instructions provided by manufacturer, relative to that of Renilla
luciferase.

RNA interference and plasmid delivery

The miR-30b mimic, miR-30d mimic, and miR-30b/-30d mimic
(Shanghai GenePharma, Shanghai, China) were introduced into the
GBC cells in an attempt to elevate the expression of miR-30b, miR-
30d, and miR-30b/-30d using Lipofectamine 2000 reagents (11668-
019, Invitrogen, Carlsbad, CA, USA) based on standard protocols,
with the miRNA-mimic negative control (NC) regarded as the NC.
A siRNA targeting SEMA6B and an expression vector containing
the SEMA6B gene (both purchased from Shanghai GenePharma,
Shanghai, P.R. China) were delivered into GBC cells to specifically
blunt and overexpress SEMA6B, respectively, using Lipofectamine
2000 reagents (Invitrogen). A scramble siRNA or empty vector was
used as the NC. Cell transfection was performed during a period of
24–48 h.

qRT-PCR

Total RNA was extracted from cells and tissues using the TRIzol re-
agent (Life Technologies, Gaithersburg, MD, USA). With regard to
miRNA, complementary DNA (cDNA) was generated using a kit
(#D1801) following the instructions provided by the manufacturer
(HaiGene, Harbin, P.R. China). With regard to mRNA, the synthesis
Therapy: Methods & Clinical Development Vol. 20 March 2021 723
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Table 1. Primer sequences used for qRT-PCR

Target Primer sequence (50/30)

SEMA6B
F: CTCTTTGTGTGCGGTTCCAA

R: GAGCATCCCGTCAGAGAAGA

miR-30b F: CGCGCTGTAAACATCCTACAC

miR-30d F: TGTAAACATCCCCGACTGGAAG

Universal R: GTGCAGGGTCCGAGGT

U6
F:GCTTCGGCAGCACATATACTAAAAT

R: CGCTTCACGAATTTGCGTGTCAT

GAPDH
F: CCACATCGCTCAGACACCAT

R: GCGCCCAATACGACCAAAT

Molecular Therapy: Methods & Clinical Development
of cDNA was performed using a kit (#K1622) based on the instruc-
tions provided by the manufacturer (Yaanda, Beijing, P.R. China).
qRT-PCR was carried out using a qPCR instrument (ViiA 7, DaAn
Gene, Guangzhou, P.R. China), with each reaction run in triplicate.
The expression of target miRNA was normalized to the expression
of U6, and the expression of target mRNA was normalized to the
expression of glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
The results were calculated using the 2�DDCt method. The primers
used in this assay are depicted in Table 1.
Immunoblot analysis

Protein extraction was performed using a protease inhibitor-con-
tained radioimmunoprecipitation assay (RIPA) lysis buffer (Beyotime
Biotechnology, Shanghai, P.R. China). After sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) analysis, the protein
was transferred onto polyvinylidene fluoride (PVDF)membranes and
probed with the following primary antibodies (Abcam, UK): anti-
SEMA6B antibody (1:1,000, ab180215), anti-N-cadherin antibody
(1:1,000, ab18203), anti-E-cadherin antibody (1:500, ab15148), anti-
vimentin antibody (1:1,000, ab137321), and anti-GAPDH antibody
(1:2,500, ab9485) at 4�C overnight. The next day, the membranes
were re-probed with horseradish peroxidase-coupled goat anti-rabbit
immunoglobulin G (IgG) at room temperature for 1 h, after which
immunoblots were then exposed using enhanced chemiluminescence
detection reagents (EMD Millipore, Billerica, MA, USA). The gray
values of the target protein bands were quantified using ImageJ soft-
ware, with GAPDH used for normalization.
Immunofluorescence

Following paraformaldehyde fixation (4 h) and Triton X-100 incu-
bation (15 min), the GBC cells were permitted to react with the
aforementioned primary antibodies against E-cadherin, N-cadherin,
and vimentin for immunoblot analysis. The results were subse-
quently visualized under a fluorescence microscope (Nikon, Tokyo,
Japan).
Scratch test

Cells maintained with serum-free medium were seeded onto a six-
well plate at a density of 5 � 105 cells/well. A thin scratch
724 Molecular Therapy: Methods & Clinical Development Vol. 20 March
(10 mL) was created along the center of each well using a sterile
pipette tip (the width of each scratch was the same). In order to
evaluate wound closure, six fields were selected, and the cells were
imaged at 0 hour and 24 h after incubation with serum-free me-
dium. The cells in the wound area were counted and analyzed using
counting software.

Transwell invasion assay

GBC cells were adjusted to a density of 5� 105 cells/mL using serum-
free RPMI 1640 medium with 100 mL of cell suspension added to the
upper chambers coated with 30 mL Matrigel (YB356234, Shanghai
Yubo Biological Technology, Shanghai, P.R. China) that had been
diluted with serum-free Dulbecco’s modified Eagle’s medium
(DMEM). After a 24-h incubation at 37�C, the cells that were trans-
ferred to the lower chamber containing 20% FBS-supplemented
DMEM were subjected to 0.1% crystal violet staining and counted
in six random fields per well using an inverted microscope (Olympus,
Tokyo, Japan).

Tumorigenicity assay of human hepatocellular carcinoma (HCC)

cells in nude mice

Specific pathogen-free (SPF) nudemice (6–8 weeks of age, n = 15, Hu-
nan SJA Laboratory Animal, Hunan, China) were subcutaneously in-
jected with human GBC cells treated with miR-30b/-30d mimic alone
or in combination with expression vector containing the SEMA6B
gene at a dose of 5 � 105 cells/mL. Tumor growth was examined
on a weekly basis during a 6-week period. All mice were euthanized
by means of cervical dislocation. Fresh tumor tissues were fixed and
paraffin-embedded.

Immunohistochemistry

Paraffin-embedded cancerous and non-cancerous gallbladder tissues
were cut into 5-mm-thick sections. The sections were subsequently
constructed onto slides and immunostained for E-cadherin, N-cad-
herin, and vimentin using primary antibodies in line with those
used for immunoblot analysis Visualization was performed using di-
aminobenzidine (DAB) (DA1010, Solarbio Science & Technology,
Beijing, P.R. China). Five fields of view at �200 magnification were
randomly captured for each replicate using an inverted microscope
(Nikon, Tokyo, Japan). The degree of staining was scored as 0 (0%
of cytoplasmically stained cells); 1 (1%–25% of cytoplasmically
stained cells); 2 (26%–50% of cytoplasmically stained cells); 3
(51%–75% of cytoplasmically stained cells); and 4 (76%–100% of
cytoplasmically stained cells).

Statistical analysis

All data (mean ± standard deviation) were recorded based on the
mean of three independent experiments (each in triplicate). An inde-
pendent sample t test, a one-way analysis of variance (ANOVA) with
Tukey’s test, and repeated-measures ANOVA with a Bonferroni test
were performed when appropriate for statistical comparisons. All
statistical analyses were performed using SPSS 19.0 software (IBM,
Armonk, NY, USA), with a two-tailed value of p <0.05 considered
to be indicative of statistical significance.
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Data availability

The datasets generated and/or analyzed during the current study are
available from the corresponding author upon reasonable request.
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