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miR-143 inhibits bladder cancer cell proliferation and enhances
their sensitivity to gemcitabine by repressing IGF-1R signaling
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Abstract. microRNAs (miRNAs) are a class of small RNAs
that regulate gene expression. It has been demonstrated that
aberrant miRNA expression is associated with cancer devel-
opment and carcinogenesis. Altered miRNA expression has
been suggested to occur in bladder cancer. In other cancer
systems, studies have indicated that miR-143, as a tumor
suppressor gene, plays essential roles in cancer progression.
However, its role in bladder cancer has yet to be elucidated. In
the present study, we observed that miR-143 expression was
downregulated in human bladder cancer tissues and cells, and
that its levels were negatively correlated with bladder cancer
clinical stages. We further demonstrated that insulin-like
growth factor-1 receptor (IGF-1R) is a functional target of
miR-143. Their expression levels were inversely correlated in
bladder cancer samples. Overexpression of miR-143 inhibited
cell proliferation and promoted chemosensitivity of bladder
cancer 5637 cells to gemcitabine. Consistently, small inter-
fering RNA-mediated knockdown of IGF-1R phenocopied
miR-143 overexpression. Notably, the expression of IGF-1R
is a predictor of patient prognosis. Collectively, our findings
indicate that miR-143 is a valuable biomarker for bladder
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cancer. The miR-143/IGF-1R axis is associated with bladder
cancer drug resistance and patient survival.

Introduction

Bladder cancer is the ninth most common malignancy in the
world. In the US, ~15,000 people succumb to this disease
every year (1). As a common malignancy, bladder cancer
often exhibits the characteristics of frequent recurrence and
an undesirable clinical outcome when tumors progress to
invasive disease (2). Approximately 90% of bladder cancer
cases are urothelial carcinomas, previously named transi-
tional cell carcinomas. The majority of bladder cancers are
low-grade, non-muscle-invasive cancers, which account for
up to 70-80% of cases, and which seldom progress to the
muscle-invasive stage (3,4). However, 10-20% of patients
are diagnosed with high-grade and muscle-invasive tumors,
exhibiting aggressive clinical behavior (3). Although limited
treatment options are available, 31-78% of patients still
suffer from disease recurrence within 5 years. In addition,
~20% of the recurring tumors have an increased degree of
malignancy (5). Accumulating evidence suggests that genetic
and epigenetic factors contribute to uncontrolled cancer
cell proliferation and invasion, therefore mediating tumor
cell survival, treatment resistance and metastatic spread.
Immunotherapy and chemotherapy are commonly used to
temporary restrain the recurrence; however, eventually the
tumor progresses (6). Methods of targeting these chemo-
therapy-resistant cancer cells are now emerging as a new and
critical focus in the field.

miRNAs are a type of 21- to 25-nucleotide non-coding
RNAs which regulate gene expression at the level of mRNA
stability and translation (7). miRNAs are post-transcriptional
regulators that bind to the 3'-untranslated regions (3'-UTRs)
of target mRNAs, usually leading to translational repression
and gene silencing (8). It is well established that a number of
miRNAs are highly tissue-specific and play significant roles
in multiple physiological processes, including cell differentia-
tion and tissue development. Therefore, aberrant expression of
miRNA is involved in cellular dedifferentiation, oncogenesis,
tumor invasion and metastasis (9). Identification of the targets of
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miRNAs would help us to understand the function of miRNAs
in tumor development and progression. Among them, miR-143
is of particular interest due to its constant downregulation in a
wide range of cancer cell lines and tumors, including bladder
cancer (10). However, the mechanism of miR-143 action
remains largely unknown.

Insulin-like growth factor-1 receptor (IGF-1R) and its
ligand play an essential role in regulating cellular prolifera-
tion and apoptosis (11). Upregulated expression of IGF-1R has
been documented in numerous malignancies, including lung,
breast, liver and thyroid cancer (12). Ligand binding to IGF-1R
triggers various downstream signaling pathways, including the
PI3K/Akt pathway, which is essential for cell survival (13,14).
In colorectal cancer, overexpression of miR-143 inhibits cell
proliferation, migration and tumor growth and increases
chemosensitivity to oxaliplatin treatment in an IGF-1R-depen-
dent manner, suggesting that IGF-1R is a functional target of
miR-143 (15). Moreover, miR-143 levels in human blood and
tumor tissues are associated with cancer occurrence, metastasis
and drug resistance (15), indicating the potential of miR-143 as
a biomarker. The role of IGF-1R in cancerous transformation
of urothelial cells is not well established, but previous studies
have demonstrated that IGF-1R is overexpressed in bladder
cancer (16). Given the interrelationship between IGF-1R and
miR-143, we speculate that downregulation of miR-143 in
bladder cancer may be involved in tumor development via
the activation of IGF-1R and other downstream pathways
(e.g. PI3K/Akt and MAPK). To confirm this hypothesis, we
examined the levels of miR-143 and IGF-IR levels in benign
bladder and cancer tissues, as well as cancer cell lines. We also
performed a functional study to reveal the role of miR-143 and
IGF-IR in bladder cancer cell growth and chemoresistance.
Finally, a large bladder cancer data set from The Cancer
Genome Atlas (TCGA) was utilized to correlate the expression
of IGF-IR to clinical traits.

Materials and methods

Reagents and cell culture. Two human bladder cancer cell lines
(T24 and 5637) and an immortalized cell line (SV-HUC-1)
from human urinary bladder urothelium were obtained from
the Shanghai Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). All cell lines were cultured in RPMI-1640
medium supplemented with 10% fetal bovine serum, 100 U/ml
penicillin and 100 mg/1 streptomycin in a humidified incubator
with 5% CO, at 37°C.

Human specimens. Human bladder cancer tissues (n=23) and
their matched normal adjacent tissues (n=23) were obtained
from patients at the Huai'an First People's Hospital, Jiangsu,
China. The study was approved by the Academic and Ethics
Advisory Board of Nanjing Medical University with docu-
mented patient consent.

Lentivirus infection and transient transfections. High-titer
stocks of lentivirus carrying miR-143 or scramble control
(miR-SCR) were purchased from GenePharma (Shanghai,
China). The lentiviruses were used to infect the T24 and 5637
cells.Infected cells were selected by puromycin (Sigma-Aldrich,
St. Louis, MO, USA), and then stable T24 and 5637 cell lines
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expressing miR-143 and miR-SCR were established. Small
interfering RNA (siRNA) duplex oligonucleotides targeting
IGF-1R or scramble control were synthesized by GenePharma.
T24 cells were transfected with either silGF-IR or siSCR using
Lipofectamine 2000 (Invitrogen Life Technologies, Carlsbad,
CA, USA) according to the manufacturer's instructions.

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) analysis. Total RNAs were extracted from cultured
cells or human tissues using TRIzol reagent (Invitrogen Life
Technologies) according to the manufacturer's instructions.
To quantify the mRNA levels of IGF-1R and GAPDH, RNAs
were transcribed using a PrimeScript RT reagent kit and oligo
dT primer (Takara Biotechnology Co., Ltd., Dalian, China).
To measure miR-143 and U6 expression levels, RNAs were
transcribed using stem-loop RT primer and the PrimeScript
RT reagent kit (Takara Biotechnology Co., Ltd.) as previously
described (17,18). RT-qPCR was performed using SYBR
Premix DimerEraser (Takara Biotechnology Co., Ltd.).
Primers were purchased from RiboBio (Shenzhen, China).

Antibodies and western blot analysis. Tissues or cells were
harvested and lysed on ice for 30 min in RIPA buffer (Beyotime
Institute of Biotechnology, Haimen, China) supplemented with
1 mM phenylmethylsulfonyl fluoride. Lysates were subjected
to western blot assay as described previously (19). Antibodies
against IGF-1R, p-Akt (Ser-473), Akt,p-ERK (Thr202/Tyr204),
ERK (Cell Signaling Technology, Inc., Danvers, MA, USA)
and GAPDH (Santa Cruz Biotechnology, Inc., Dallas, TX,
USA) were used to check the protein expression.

Cell proliferation and chemosensitivity assays. A total of
4,000 cells per well were plated in 96-well plates, and cultured
at 37°C in an incubator with 5% CO,. Cell proliferation was
measured at 24, 48, 72 and 96 h using a Cell counting kit 8
(CCKS; Dojindo Molecular Technologies, Inc., Tokyo, Japan)
according to the manufacturer's instructions. Results were
obtained from three separate experiments with six replica-
tions per experiment, and presented as the means =+ standard
deviation (SD). For chemosensitivity assay, freshly prepared
gemcitabine (Sigma-Aldrich) was added at varying concentra-
tions (ranging from 0.64 to 10,000 nM). Cell viability was
determined 72 h later by CCK8 kit.

Statistical analysis. Results were mainly presented as
mean + SD, and Graphpad Prism software (GraphPad Soft-
ware, Inc., La Jolla, CA, USA) was used to calculate the mean
and standard deviation. The statistical differences within
results among the groups or treatments were analyzed using
an unpaired Student's t-test or Pearson correlation. P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-143 is downregulated in bladder cancer tissues and cell
lines. Accumulating evidence suggests a downregulation of
miR-143 in multiple cancers. To determine whether miR-143 is
downregulated in clinical bladder cancer tissues, we examined
the miR-143 expression levels in 20 pairs of bladder cancer
tissues and matched adjacent normal tissues by RT-qPCR.
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Figure 1. Expression of miR-143 in human benign tissues, bladder cancer tissues and cancer cell lines. (A) Reverse transcription-quantitative polymerase
chain reaction analysis of miR-143 levels in bladder cancer tissues and adjacent normal tissues from cystectomy patients. (B) Expression of miR-143 in normal
bladder tissues, and grade 1 and 2 cancer tissues ("P<0.05 and “P<0.01). (C) miR-143 levels in normal bladder and cancer cell lines. ““P<0.001 vs. SV-HUC-1.
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Figure 2. Insulin-like growth factor-1 receptor (IGF-1R) is a target of miR-143. (A) Schematic of the putative miR-143 binding site in the IGF-1R 3'-untranslated
region (3' UTR). (B) The mRNA levels of IGF-IR in 20 matched pairs of bladder cancer and adjacent normal tissues. (C) Correlation of miR-143 and IGF-IR
expression in bladder cancer tissues. (D) Lentiviral-mediated miR-143 overexpression in T24 and 5637 cells. (E) Effect of miR-143 overexpression on IGF-1R

levels in T24 and 5637 cells using western blot analysis. ““P<0.001.

As shown in Fig. 1A, the expression levels of miR-143 in
bladder cancer tissues were significantly lower than those in
adjacent normal tissues. We further analyzed the miR-143
expression levels according to the pathological features of
bladder cancer patients. Consistently, miR-143 expression was
notably decreased in bladder cancer tissues compared with
normal tissues, and the expression of miR-143 was negatively
correlated with the level of malignancy, with grade 2 demon-
strating the lowest expression (Fig. 1B). We next evaluated the
expression levels of miR-143 in widely used bladder cancer cell
lines. The result clearly demonstrated that miR-143 expression
was markedly downregulated in bladder cancer cells (T24 and
5637) compared with normal uroepithelial cells (SV-HUC-1)
(Fig. 1C). Collectively, these data confirm the downregulation
of miR-143 in clinical bladder cancer tissues and cancer cell
lines.

miR-143 targets IGF-IR. It has previously been suggested that
IGF-1R may be a target of miR-143 (20). To investigate this
further in bladder cancer, we first performed in silico analysis
using TargetScan, observing that miR-143 potentially targets a
region of the 3'-UTR sequence of the IGF-1R gene (Fig. 2A).
Next, we analyzed the expression of IGF-1R in 20 pairs of
bladder cancer and matched adjacent normal tissues. The
RT-qPCR results revealed that IGF-1R was overexpressed in
bladder cancer tissues compared with normal tissues (Fig. 2B),

a pattern opposite to that of miR-143. This suggested that
IGF-1R may be a target of miR-143. To strengthen this hypoth-
esis, we plotted the expression data from Figs. 1A and 2B, and
observed that the expression levels of miR-143 and IGF-1R
were reversely correlated (Fig. 2C, Pearson's correlation
scatter plots: R=-0.6216, P<0.05). To confirm that miR-143
targets IGF-1R, we performed overexpression experiments. As
shown in Fig. 2C, transfection of miRNA mimics successfully
induced the upregulation of miR-143 in T24 (395-fold higher)
and 5637 (250-fold higher) cancer cell lines, compared with
the scrambled negative control (miR-SCR) group. Significantly,
IGF-IR protein levels were markedly decreased by miR-143
overexpression in the two cell lines (Fig. 2D). Together, our
data suggest that miR-143 inhibits IGF-IR expression in bladder
cancer.

Overexpression of miR-143 and knockdown of IGF-IR
enhance chemosensitivity to gemcitabine. Several studies have
suggested that miR-143 functions as a tumor suppressor (21-23).
To investigate the effects of overexpression of miR-143, we
utilized CCK-8 assay to demonstrate that forced miR-143
expression inhibited 5673 cell proliferation (Fig. 3A). Consis-
tently, knockdown of IGF-1R by siRNA phenocopied miR-143
overexpression in regulating cell proliferation. These results
suggest that miR-143 exhibits its function via the inhibition of
IGF-1R signaling.
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Figure 3. Improvement of chemosensitivity to gemcitabine by upregulation of miR-143 and knockdown of insulin-like growth factor-1 receptor (IGF-1R).
(A and B) Effect of lentiviral-mediated miR-143 overexpression and siRNA-mediated downregulation of IGF-1R on bladder cancer cell proliferation.
(C and D) Effect of miR-143 overexpression and knockdown of IGF-1R on cancer cell sensitivity to gemcitabine. “P<0.05, “P<0.01.
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Figure 4. miR-143/ insulin-like growth factor-1 receptor (IGF-1R) axis regulates Akt and extracellular signal-regulated kinase (ERK) signaling pathways in
cancer cells and patient survival rate. (A) The levels of p-Akt, Akt, p-ERK and ERK in 5637 cells transfected with miR-143 and siRNA targeting IGF-1R.
(B and C) Meta-analysis revealed that higher expression of IGF-1R negatively correlates with bladder cancer (BCA) patient overall survival (B) and disease-free
survival. RNA-seq bladder cancer data from The Cancer Genome Atlas (TCGA) was used, and the log-rank test was used for statistical analysis.

IGF-1R is overexpressed in bladder cancer cells, and IGF
signaling plays a significant role in promoting cell survival
and proliferation. To explore the contribution of IGF-1R and
miR-143 in chemotherapy, we treated 5637 cells with various
concentrations of gemcitabine, a leading chemotherapy drug
used in the treatment of bladder cancer. The results revealed
that overexpression of miR-143 and siRNA-mediated knock-
down of IGF-1R significantly increased cell sensitivity to
gemcitabine (Fig. 3C and D). These data suggested that
miR-143 enhances chemosensitivity to gemcitabine through,
at least partially, downregulation of IGF-1R.

miR-143/IGF-IR axis regulates Akt and extracellular
signal-regulated kinase (ERK) pathway activation in 5637
cells. To assess the involvement of downstream signaling
molecules, we transfected 5637 cells with miR-143 or negative

control and examined Akt and ERK pathway activation. Over-
expression of miR-143 significantly inhibited p-Akt and p-ERK
levels in 5637 cells (Fig. 4A). Similarly, knockdown of IGF-1R
also reduced the expression of these molecules (Fig. 4A). To
put these findings into clinical relevance, we speculate that
downregulation of miR-134 would benefit cancer cell growth
through activation of the IGF-1R, Akt and ERK pathways.

Expression of IGF-IR negatively correlates with patient
survival. A previous study (24) and our data suggest that
IGF-1R is upregulated in bladder cancer cells. To investigate
the possibility of IGF-1R as a biomarker for prognosis, we
employed the largest TCGA bladder cancer database. After
extracting and plotting IGF-1R expression against patient
clinical data, we observed that IGF-1R is a suitable marker
for predicting patient overall survival, with higher expression
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demonstrating a short survival time (Fig. 4B). Significantly,
IGF-1R levels also predict tumor recurrence (Fig. 4C).

Discussion

It is well known that miRNAs are involved in diverse
processes, including apoptosis, proliferation, differentiation
and chemosensitivity. Thus, a number of miRNAs have been
linked to distinct development defects or cancers (25,26).
Previous studies have revealed low miR-143 expression in
various types of tumors (27,28). In the present study, we
observed decreased expression of miR-143 in bladder cancer
tissues and cell lines compared with normal tissues, consistent
with the findings of Noguchi et al (28). We observed a negative
correlation between miR-143 and IGF-1R mRNA expression
in bladder cancer tissues and cell lines, suggesting that the
tumor-suppressive role of miR-143 may be attributed to its
suppression of IGF-1R. Subsequently, we identified IGF-1R
as a functional target for miR-143. Furthermore, chemosensi-
tivity to gemcitabine was improved by upregulating miR-143
and knocking down IGF-1R in 5637 cells.

Notably, miR-143 has been suggested as a biomarker for
various types of cancer (29,30). Qian et al (15) indicated that
low levels of miR-143 in colorectal cancer tissues were closely
associated with cancer stage and metastasis. Consistently, the
results of the present study revealed a decreasing expression of
miR-143 with the increasing bladder cancer grade, suggesting
that miR-143 has a tumor suppressive role in bladder cancer
progression.

IGF-1R has been identified as a key regulator of tumor
development by regulating cell proliferation, differentiation
and survival (31,32). Upregulated expression of IGF-1R
has been observed in numerous human malignancies (12).
Previous studies have revealed that IGF-1R is also upregu-
lated in human invasive bladder cancer and promotes cell
migration and invasion (33). Based on the signaling pathway
analysis results, we speculated that miR-143 exerts a tumor
suppressor function through the inhibition of IGF-1R,
consistent with previous studies demonstrating that miR-143
directly targets the 3'-UTR region to suppress IGF-1R expres-
sion (20). Aberrant expression of IGF-1R affects a number
of downstream signaling cascades, including the PI3K/Akt
and MAPK/ERK pathways (34,35), which are frequently
activated in cancer cells. These pathways play critical roles
in tumor growth and progression (36,37). The present study
indicated that overexpression of miR-143 significantly
inhibits Akt and ERK activity, as evidenced by the decreased
levels of p-Akt and p-ERK. Consequently, forced expression
of miR-143 enhanced the chemosensitivity of 5637 cells
to gemcitabine in vitro. To further strengthen the clinical
relevance of our study, we analyzed TCGA bladder cancer
data, observing that expression of IGF-1R stratifies patients
with higher levels of IGF-1R, predicting a poorer patient
survival time.

In conclusion, our study demonstrated that miR-143
inhibits bladder cancer cell proliferation and improves
chemosensitivity to gemcitabine, at least in part through the
inactivation of IGF-1R and downstream pathways in vitro. The
expression of IGF-1R negatively correlates with a beneficial
clinical outcome of patients. The findings of the present study
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provide new information to support the possible usage of
miR-143/IGF-1R-based therapeutic strategies to treat bladder
cancer patients in the future.
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