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 Background: Collagen type VI alpha 3 chain (COL6A3) has been proven to be a biomarker in the occurrence and develop-
ment of bladder cancer, which is the most common malignant tumor in the urinary system. This study aimed 
to explore the effect and molecular mechanism of COL6A3 on EMT in vitro induced by TGF-b/Smad in bladder 
carcinoma.

 Material/Methods: There were 42 patients included in the Kaplan-Meier survival analysis. A cell counting kit-8 (CCK-8) assay and 
an angiogenesis assay were used to measure cell proliferation and tube formation, respectively. Western blot 
analysis and quantitative reverse transcription-polymerase chain reaction (qPCR) were conducted for the pro-
teins and mRNAs expression.

 Results: COL6A3 was highly expressed in tissues and cells of bladder cancer. COL6A3 silencing could inhibit the cell 
proliferation and angiopoiesis. In addition, COL6A3 silencing obviously suppressed the levels of matrix metal-
loproteinase-2 (MMP2), Matrix metalloproteinase-9 (MMP9), and vimentin. On the contrary, the levels of epi-
thelium-specific cell-cell adhesion molecule (E-cadherin) and tumor inhibitor of metalloproteinase-1 (TIMP-1) 
were significantly increased. Furthermore, we found that COL6A3 silencing reduced the activity of p-Smad2, p-
Smad3, and transforming growth factor b (TGF-b).

 Conclusions: COL6A3 could influence the viability and angiogenesis of bladder cancer cells. COL6A3 may have a certain re-
lationship with the TGF-b/Smad-induced EMT process.
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Background

Bladder cancer is the one of the most common tumors in the 
urinary system, and even in the whole body. For urogenital tu-
mors, its incidence ranks first in China [1]. Muscle invasive blad-
der cancer which is treated through radical cystectomy and adju-
vant chemotherapy, still cannot meet the demand of the quality 
of life and prognosis. The 5-year survival rate is only 45–66% [2]. 
Therefore, it is very necessary to define the specific target genes 
and discuss the molecular mechanism of bladder cancer.

It has been found that epithelial-mesenchymal transition (EMT) 
is regarded as the key initiation step in tumor progression, me-
tastasis, and multidrug resistance [3,4]. In the EMT process, ep-
ithelial cells lose their epithelial properties (E-cadherin) while 
obtain mesenchymal character (such as N-cadherin and vimen-
tin). E-cadherin maintains normal intercellular connections and 
maintains epithelial cell polarity by participating in the regu-
lation of calcium dependent cell adhesion. The reduction or 
deletion of E-cadherin expression is a landmark characteristic 
of the epithelial transformation of the tumor cells [5]. Matrix 
metalloproteinases (MMPs) and their inhibitors (TIMPs) are re-
ported to play a vital role in the development of tumor [6,7]. 
Moreover, MMP2 and MMP9 are overexpressed in transition-
al cell carcinoma of the bladder [8], and MMP9 may improve 
the invasion of tumor cells by induction of EMT [9]. Recently, 
massive studies have proved that the EMT process was in-
duced by TGF-b via multiple pathways [10–14].

TGF-b is an interesting cytokine. It has been reported to be 
associated with the phenotypic regulation of cancer and the 
change of tumor microenvironment [15]. Smad proteins can be 
phosphorylated and activated by TGF-b signals, and then are 
translocated into the nucleus to induce the transcriptional ac-
tivation of downstream genes [16–18]. Aberrant TGF-b/Samd 
signaling may lead to tumor metastasis, EMT, and DNA dam-
age response [19–21]. In bladder cancer, highly phosphorylated 
Smad2 (intermediate molecule in TGF-b signaling) is highly cor-
related with the recurrence of highly invasive bladder cancer and 
leads to a sharp decline in survival [22]. TGF-b signaling path-
way is involved in all aspects of psychological and physiological 
processes, including the progression of bladder cancer [23,24]. 
Moreover, the level of TGF-b1 secretion is shown to be associ-
ated with the active phenotype of bladder cancer cell lines [25].

COL6A3, which is involved in tumor grade, participates in cell 
anchoring and remodeling of the extracellular matrix (ECM). 
Stromal COL6A3 is reported to be involved in Hippo and Wnt 
signaling pathway to affect the tumor growth [26]. In addition, 
COL6A3 is found to be significantly upregulated in pancreat-
ic ductal adenocarcinoma (PDA) [27,28]. In total, these results 
indicated that COL6A3 might have a specific function in hu-
man cancer. However, its function and regulation mechanism 

in bladder cancer has not been investigated. The current study 
aimed to identify the function of COL6A3 in the bladder can-
cer cells and explore the relationship between COL6A3 and 
TGF-b/Smad-induced EMT.

Material and Methods

Patient tissues

We collected 42 cases of bladder cancer tissues which were 
surgically resected and pathologically confirmed. Each case se-
lected as the experimental groups had tissue specimens from: 
normal bladder mucosa away from the tumor site 5 cm, adja-
cent cancer tissue 1 cm away from the cancer site, and cancer 
tissue center. Chemotherapy and immunotherapy were not ac-
cepted before operation. Each specimen was stored in the re-
frigerator at –80°C. Informed consents were acquired from each 
patient, and this study was performed with the agreement of 
the Ethics Committee of Liaoning Cancer Hospital and Institute.

Cell culture

The SV-40 immortalized human uroepithelial cell line (SV-HUC-1) 
was purchased from the American Type Culture Collection (ATCC, 
Wiltshire, USA). T24 and 5637, the human bladder cancer cell 
lines, were obtained from Chinese Academy of Sciences Cell 
Bank (Shanghai, China). T24 as well as SV-HUC-1 cells were 
grown in Dulbecco’s Modified Eagle’s Medium (DMEM) with 
10% fetal bovine serum (FBS) while 5637 cells were grown in 
(RPMI) 1640 medium with 10% FBS, and then cells were cul-
tured in an incubator with 5% CO2 at 37°C. All reagents were 
from Thermo Fisher Scientific, Waltham, MA, USA.

Cell transfection

Cells were seeded in 6-well plates at a density of 4×105 cells per 
well. The medium was replaced by Opti-MEM (Invitrogen) after 
24 hours of culture. And 2 μg plasmid was transfected according 
to the Lipofectamine 2000 protocol (Invitrogen, Grand Island, NY, 
USA). After incubation for 48 hours, the cells were used for fur-
ther study. Small interference RNAs (COL6A3-siRNA) and emp-
ty vector were purchased from Genepharma (Shanghai, China).

Angiogenesis assays

Matrigel (BD Biosciences, San Jose, CA, USA) was placed in a 
4°C refrigerator for 12 hours for liquefaction, and then was add-
ed to each well of a 24-well plate and solidified in an incuba-
tor for 30 min. The T24 cells transfected by COL6A3-siRNA and 
empty vector were cultured at a concentration of 4×104/well 
in triplicates with control group. After 12 hours of culturing, 
the results were observed.
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Cell counting kit-8 (CCK-8) assay

Cell viability was detected by a cell counting kit-8 (CCK-8) 
(Beyotime, Shanghai, China) assays. Cells in each group were 
plated in 96-well plates at a density of 3000 cells/well, followed 
by incubation on the new media for 12, 24, and 48 hours, re-
spectively. CCK-8 was added and incubated for 4 hours. The 
absorbance was measured at 450 nm, 3 times in each group.

Quantitative reverse transcription-polymerase chain 
reaction (qPCR)

Total RNA was isolated according to the manufacturer’s instruc-
tions (Thermo Fisher Scientific), followed by the detection of puri-
ty and concentration. The amplification reactions were performed 
using the ABI 7900 system (Applied Biosystems, Carlsbad, CA, USA) 
with the following conditions: 95°C for 30 sec, 40 cycles at 95°C 
for 5 sec, and 60°C for 1 min. All primers were compared with 
BLAST, which were presented in Table 1. The data were analyzed 
using the 2–DDCt method. Each reaction was performed 3 times.

Western blot

Tissues and cells were lysed in the lysis buffer (Beyotime, 
Beijing). Total proteins were transferred onto polyvinylidene 
fluoride (PVDF) membranes (Millipore, Billerica, MA, USA) after 
separation by 10% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE). Membranes were probed with rab-
bit monoclonal antibodies against TGF-b, Smad2/3, phospho-
Smad2/3 (p-Smad2/3), vimentin, E-cadherin, MMP2, MMP-9, 
TIMP-1 (1: 1,000), and COL6A3 (1: 200, Abcam, Cambridge, MA, 
USA), and anti-bodies against GAPDH was used as a control, 
then with goat anti-rabbit secondary antibody. Blots were de-
tected using a Bio-Rad Bioimaging system (Bio-Rad, Hercules, 
CA, USA). All experiments were performed 3 times.

Statistical analysis

All data values are expressed as mean ± standard deviation, and 
statistical analyses were performed using the SPSS software. 

Statistical evaluations were analyzed using the Student’s t-test. 
Multiple group comparisons were performed by ANOVA. A val-
ue of P<0.05 had statistical significance.

Results

COL6A3 was overexpressed in tissues and cells of bladder 
cancer

To ascertain the effect of COL6A3 on bladder cancer, the ex-
pression of COL6A3 in tumor tissues and their adjacent tissues 
was examined by quantitative reverse transcription-polymerase 
chain reaction (qPCR). The COL6A3 gene was higher expressed in 
the tumor tissues than that in the adjacent tissues (Figure 1A). 
Moreover, patients with high COL6A3 expression had low sur-
vival rate within 800 days after operation, while those with low 
COL6A3 expression showed opposite results. The results showed 
that COL6A3 was involved in cancer metastasis (P=0.1336, 
which might due to the insufficient sample size; Figure 1B). 
Furthermore, the expression of COL6A3 in 4 representative tu-
mor tissues and their matched adjacent tissues were analyzed 
by western blot. And the result confirmed that COL6A3 was in-
volved in bladder cancer (Figure 1C, 1D). The expression levels 
were also tested in T24 and 5637. The levels of protein expres-
sion in the T24 cell line were higher than that in the 5637 cell 
line (Figure 1E), and the trend of mRNA was the same (Figure 
1F), indicating that T24 were the optimal cell lines for further 
study of bladder cancer. Given these results, COL6A3 was high-
ly expressed in tissues and cells of bladder cancer.

Transfection with siRNA inhibit the expression of COL6A3 
in bladder cancer cell line

To explore the role of COL6A3 in bladder cancer, T24 cells were 
transfected with a COL6A3-siRNA and empty vector. The re-
sults demonstrated that the protein level of COL6A3 in COL6A3-
siRNA group decreased to nearly 30% (P<0.01; Figure 2A) while 
the mRNA levels decreased to approximately 10% (P<0.01; 
Figure 2B), compared to cells without transfection.

Gene Forward primer (5’-3’) Reverse primer (5’-3’)

COL6A3 TCTCTTAAAATCAGTGCACAACG AACTCTTTCAACAGAGGGAAGC

MMP2 ATGACAGCTGCACCACTGAG GCCTCGTATACCGCATCAAT

MMP9 TACCGAGAAAGCCTATT CACCTGGTTCAACTCACT

TIMP-1 TTCCGACCTCGTCATCAGGG ATTCAGGCTATCTGGGACCGC

E-cadherin AACGCATTGCCACATACAC GAGCACCTTCCATGACAGAC

Vimentin ACAGGCTTTAGCGAGTTATT GGGCTCCTAGCGGTTTAG

GAPDH GGTGAAGGTCGGAGTCAACGG CCTGGAAGATGGTGATGGGATT

Table 1. List of qPCR primers.
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COL6A3 enhanced cell proliferation

To understand the roles of COL6A3 on cell proliferation, we per-
formed CCK-8 assays. Compared to negative control cells, the 
cell proliferation ability of the COL6A3-siRNA group decreased 

after COL6A3 downregulation, and the decline of cell prolifer-
ation was more obvious with the extension of time (P<0.05; 
Figure 2C).
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Figure 1.  Expression of COL6A3 and survival situation. (A) Detection of the expression of COL6A3 in human bladder cancer tissues and 
adjacent tissues in 42 patients by qPCR. *** P<0.0001. (B) Using Kaplan-Meier method to show survival situation of patients 
with high or low level of COL6A3. The log-rank test was used to calculate the P value. Results were presented as mean ± 
SD from 3 independent experiments. (C) Western blot from 4 representative bladder cancer tumors (T1–T4) and adjacent 
tissues (A1–A4) showed expression of COL6A3 mainly in the tumors. (D) Protein expression of COL6A3 showed differential 
expression levels between individual tumors and showed higher levels in the tumor tissue than those in adjacent tissues. 
** P<0.01 compared with adjacent tissues. (E) Representative of western blot showed that protein in T24 was higher than 
that in 5637. ** P<0.01 compared with SV-HUC-1, ## P<0.01 compared with T24. (F) Both cell lines expressed high levels of 
COL6A3 and T24 express higher levels of COL6A3. ** P<0.01 compared with SV-HUC-1, ## P<0.01 compared with T24.
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Knockdown of COL6A3 suppressed the angiogenesis in 
vitro

In control and empty vector group, T24 cells gradually stretched, 
and connected each other into cords and network struc-
ture, forming luminal structures of various sizes and shapes. 
Nevertheless, tubes forming in the COL6A3-siRNA group was 
rare (Figure 2D). Furthermore, silencing COL6A3 notably reduced 
the number of generated blood vessels (P<0.01; Figure 2E).

COL6A3 promoted the EMT process

The EMT played a role in bladder carcinoma, so we detect-
ed EMT-related molecules by western blot to explore wheth-
er COL6A3 could affect EMT in bladder cancer cells. We found 
that the expression of vimentin was decreased significantly af-
ter COL6A3 interference, while the level of E-cadherin was the 
opposite. Furthermore, downregulation of COL6A3 reduced the 
levels of MMP2 and MMP-9 and increased TIMP-1 (Figure 3A). 
And the mRNA expression levels of these EMT-related mole-
cules further verified these results (Figure 3B).

COL6A3 regulated the activity of TGFb/Smad signaling 
pathway

TGF-b receptor kinases could phosphorylate Smad2/3 to 
form a complex with Smad4, and nuclear translocation oc-
curs to regulate gene expression, leading to the EMT [29]. To 

further analyze the mechanism of COL6A3 in bladder cancer, 
the protein levels of TGF-b, Smad2/3, and p-Smad2/3 were 
detected (Figure 4A). The expression of TGF-b showed a sig-
nificant decrease with the knockdown of COL6A3 (Figure 4B). 
Interestingly, the expression levels of Smad2 and Smad3 pro-
tein were unchanged regardless of whether the COL6A3 ex-
pression interference, while the p-Smad2/3 were inhibited, so 
the p-Smad2/Smad2 and p-Smad3/Smad3 were appreciably 
decreased (Figure 4C, 4D).

Discussion

Bladder cancer is the most common urinary tract neoplasm. 
Although early radical cystectomy and targeted therapy are 
used, some concerns, such as high mortality and poor progno-
ses, still exist. Therefore, new target genes are urgently need-
ed for this neoplasm.

It has been reported that COL6 is associated with cell anchor-
ing, and can form a filamentous network with collagen types 
I and III and ECM remodeling to creates an environment for 
the tumor to flourish [30–32]. In our study, we confirmed that 
the expression of COL6A3 were upregulated in bladder can-
cer tissues. We also confirmed that COL6A3 was almost ex-
pressed exclusively in tumors, and could potentially serve as 
a new tumor marker [33]. In addition, patients with high ex-
pression level of COL6A3 had an extremely low survival rate as 

Control COL6A3
-siRNA

Empty
vector

Empty
vector

COL6A3

GAPDH

ControlRe
lat

ive
 pr

ot
ein

 ex
pr

es
sio

n 
of

CO
L6

A3
 (T

24
 ce

lls
)

1.5

1.0

0.5

0.0

**##

COL6A3
-siRNA

Empty
vector

Control

Re
lat

ive
 m

RN
A 

ex
pr

es
sio

n 
of

CO
L6

A3
 (T

24
 ce

lls
)

1.5

1.0

0.5

0.0
**##

*

COL6A3
-siRNA

Empty
vector

Control

Ce
ll v

iab
ilit

y %

150

100

50

0
COL6A3
-siRNA

12 h
24 h
48 h

Empty
vector

Control

Nu
m

be
r o

f b
ra

nc
he

s

80

60

40

20

0

**##

COL6A3
-siRNA

Empty vectorControl COL6A3-siRNA

A

D

B C

E

Figure 2.  The role of COL6A3 in the biological behavior of bladder cancer cells. After transfection of T24 cells by COL6A3-siRNA, both 
the protein expression (A) and mRNA expression of COL6A3 (B) were significantly reduced. (C) Cell viability by CCK-8 assay. 
Interfered COL6A3 could significantly reduce the cell viability. (D) Angiogenesis showed that COL6A3 silencing could inhibit 
the formation of cable structures and reticular structures. (E) A significant decrease in the number of generated vessels when 
COL6A3 was downregulated conducted by angiogenesis experiment. * P<0.05, ** P<0.01 compared with control; ## P<0.01 
compared with empty vector
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time passed. The levels of COL6A3 in tumor and adjacent tis-
sues from 4 typical patients further verified that COL6A3 was 
involved in bladder cancers, which was accordance with a pre-
vious study [33]. In bladder cancer cells, we found that COL6A3 
displayed a relatively high expression in T24 cells, compared 
with 5637 cells. When inhibiting the expression of COL6A3, 
we demonstrated that downregulated COL6A3 expression ev-
idently decreased the proliferative abilities of bladder cancer 
cells. And this result was similar to that in gastric cancer [34]. 
Angiogenesis is the premise and foundation for tumor inva-
sion and metastasis [35]. In this study, the number of regen-
erated vessels sank rapidly after COL6A3 expression was de-
pressed. It has been previously reported that the high serum 
collagen is the result of high levels of degradation, angiogen-
esis, and remodeling in the ECM [36,37]. As a result, we spec-
ulated that interfered COL6A3 could inhibit the biological ac-
tivities of bladder cancer cells and prevent cancer progression.

To understand the effects of COL6A3 on EMT in bladder can-
cer, the levels of EMT-related genes were detected. It has been 
proven that EMT involves the invasion and metastasis process 

of tumor [38,39], which can improve cell migration and inva-
sion ability [40,41]. EMT is characterized by changes in the ex-
pression of adhesion molecules, the most important of which 
is the downregulation of E-cadherin [42]. E-cadherin is often 
related to cell migration. In addition, many biomarkers change 
in the process of EMT, such as the upregulation of N-cadherin, 
MMP2, MMP9, and vimentin. MMP2 and MMP9 could play a 
critical role in the metastasis of pancreatic cancer [43–45]. In 
our current study, COL6A3 silencing suppressed the expres-
sion of MMP-2, MMP-9, and vimentin, and then was involved 
in the inhibition of the EMT process in bladder cancer cells. 
These results suggested that COL6A3 may regulate the levels 
of EMT-related proteins to facilitate cell migration and metas-
tasis in bladder cancer.

The aforementioned results confirmed that COL6A3 might play 
a certain role in bladder cancer. Moreover, we considered what 
mechanisms were regulated by COL6A3. There were many path-
ways that affect the EMT process of tumor, and TGF-b pathway 
was one of the core pathways to regulate cell proliferation and 
EMT process in the process of controlling organ development, 

Control COL6A3
-siRNA

Empty
vector

E-cadherin

Vimentin

TIMP-1

MMP-2

MMP-9

GAPDH

Empty vecto
r

Contro
l

Re
lat

ive
 pr

ot
ein

 ex
pr

es
sio

n 
(T

24
 ce

lls
)

10.0

8.0

6.0

4.0

2.0

0.0

COL6A3-siR
NA

Empty vecto
r

Contro
l

COL6A3-siR
NA

Empty vecto
r

Contro
l

COL6A3-siR
NA

Empty vecto
r

Contro
l

COL6A3-siR
NA

Empty vecto
r

Contro
l

COL6A3-siR
NA

E-cadherin
Vimentin
TIMP-1
MMP-2
MMP-9

**##

**##

**##

**## **##

Empty vecto
r

Contro
l

Re
lat

ive
 m

RN
A 

ex
pr

es
sio

n 
(T

24
 ce

lls
)

8.0

6.0

4.0

2.0

0.0

COL6A3-siR
NA

Empty vecto
r

Contro
l

COL6A3-siR
NA

Empty vecto
r

Contro
l

COL6A3-siR
NA

Empty vecto
r

Contro
l

COL6A3-siR
NA

Empty vecto
r

Contro
l

COL6A3-siR
NA

E-cadherin
Vimentin
TIMP-1
MMP-2
MMP-9

**##

*#

**##

**## *#

A

B

Figure 3.  The effect of COL6A3 on EMT related protein and mRNA. The MMP2, MMP9 and vimentin decreased significantly after 
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tissue fibrosis, and cancer cell development [46]. Recently, the 
TGF-b/Smad2/3 signaling pathway has been reported to play 
critical roles in cancer metastasis and progression [47,48]. 
Therefore, we examined several related molecules and found 
that COL6A3 had a positive correlation with the expression of 
TGF-b as well as the p-Smad2/Smad2 and p-Smad3/Smad3 ra-
tio in bladder cancer cells. TGF-b, which could phosphorylate 
and activate the Smad2/3, is involved in cell proliferation, pro-
duction of ECM, and apoptosis [49,50]. Therefore, the carcino-
genesis of COL6A3 in the bladder may partly be due to its re-
lationship with the TGF-b signaling pathway. In this study, we 
found that COL6A3 silencing could lead to reduced levels of 
p-Smad2 and p-Smad3. Recently, the activation of TGF-b sig-
naling has been reported to involve the EMT process and the 
risk of tumor metastasis [51–53]. These results revealed the 
possible molecular mechanisms of COL6A3 to promoted cell 
proliferation and the EMT process in bladder cells.

Conclusions

In total, our study identified that COL6A3 silencing significant-
ly inhibited the cell proliferation, angiogenesis, and EMT pro-
cess. In addition, we found that COL6A3 could suppress the 
molecules involved in TGF-b/Smad signaling pathway. These 
results may enhance our understanding of COL6A3 functions in 
bladder cells and encourage studies to explore possible mech-
anisms of TGF-b/Smad-induced EMT in bladder carcinomas.
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Figure 4.  The effect of COL6A3 on the protein level of TGF-b/Smad pathway in bladder cancer cells. The expression level of Smad2 and 
Smad3 protein was similar (A), while the expression of TGF-b was decreased (B) after interference of COL6A3 expression. 
The phosphorylation of Smad2 (C) and Smad3 (D) faded after reducing the expression of COL6A3. ** P<0.01 compared with 
control, ## P<0.01 compared with empty vector.
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