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Protein disulfide isomerases A6 (PDIAG) belongs to the PDI family. Recently, PDIA6 was found to have a close
association with various cancers. However, there has been little investigation into the biological functions of
PDIAG in bladder cancer (BC). In this study, we explored the expression pattern and functional significance
of PDIA6 in BC. We found that PDIA6 was overexpressed in BC tissues and cell lines. The in vitro study
showed that PDIA6 downregulation significantly inhibited BC proliferation and invasion. In addition, the
in vivo experiment demonstrated that PDIA6 downregulation decreased the volume, weight, and metastasis
of tumors. Furthermore, PDIA6 downregulation reduced the protein expression of B-catenin, cyclin D1, and
c-Myc and thus suppressed the Wnt/B-catenin signaling pathway. In conclusion, we suggest that PDIA6 could

be targeted for the treatment of BC.

Key words: Protein disulfide isomerases A6 (PDIA6); Bladder cancer (BC); Proliferation; Invasion

INTRODUCTION

Bladder cancer (BC), a common malignancy in the
urinary system, has a high incidence in both developed
and developing countries'. The disease is classified
into two types, which are non-muscle-invasive blad-
der cancer (NMIBC) and muscle-invasive bladder can-
cer (MIBC)’. NMIBC will develop, with a probability
of 30%, into MIBC due to a high rate of recurrence™.
Many factors may contribute to the progression of BC,
such as chronic irritation, molecular abnormalities, and
exposure to chemicals’. In spite of increasingly advanced
therapies, the 5-year survival rate is still far from satisfac-
tory for patients with metastatic BC, which varies from
6% to 36%"°. Therefore, great effort needs to be made in
exploring an effective intervention so as to improve the
poor outcome for BC patients.

Protein disulfide isomerases (PDIs), first isolated from
rat livers, are abundantly found in many tissues'®"'. PDIs
belong to a family of ER-resident chaperones that assist
in forming and isomerizing disulfide bonds of the ER
lumen". The PDI family contains at least 20 members,
and all the members conduct disulfide formation and
cyclic oxidation to participate in ER protein folding and
maturation'*™". Recently, PDIA6, a member of the PDI

family, was reported to be implicated in the progression
of several kinds of cancers. For example, Ramos et al.
suggested the expression of PDIA6 as an aggressiveness
marker in breast cancer'®. In addition, PDIA6 was found
to have a promoting effect on the proliferation of cervical
cancer cells'”. However, there has been little investigation
into the biological functions of PDIA6 in BC.

This study aimed to explore the expression pattern
and functional significance of PDIA6 in BC. We found
that PDIA6 was overexpressed in BC tissues and cell
lines. We conducted in vitro and in vivo experiments and
observed an inhibitory effect of PDIA6 downregulation
on the proliferation and invasion of BC cells. In addition,
PDIA6 downregulation reduced the protein expression
of B-catenin, cyclin D1, and c-Myc, thus suppressing the
Whnt/B-catenin signaling pathway.

MATERIALS AND METHODS
Tissue Samples

BC tissues and adjacent noncancerous tissues were
obtained from 24 BC patients who underwent surgery in
Huaihe Hospital, Henan University (PR. China). Tissue
samples were immediately frozen in liquid nitrogen at
—80°C until use. The study was performed with written
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consent from each patient and with the approval of the
ethics committee of Huaihe Hospital.

Cell Lines and Cell Culture

Human BC cell lines (T24 and RT4) and human blad-
der epithelial cell line SV-HUC-1 were obtained from the
American Type Culture Collection (ATCC; Manassas,
VA, USA). All cell lines were cultured in RPMI-
1640 medium (Hyclone, Logan, UT, USA) containing
10% fetal bovine serum (FBS; Hyclone), streptomycin
(100 pg/ml), and penicillin (100 U/ml), followed by incu-
bation at 37°C in a humidified atmosphere with 5% CO,.

RNA Isolation and Quantitative RT-PCR

Total RNA was isolated from tissue samples or cell
lines using the TRIzol reagent (Thermo Fisher Scien-
tific, Waltham, MA, USA) and then reversely transcribed
into cDNA with a reverse transcription kit (Takara Bio-
technology, Dalian, PR. China). The following primers
were used for RT-PCR: PDIA6, 5-TGGATCCAACA
AAAACAGACC-3’ (forward) and 5-CTCAGCGCAG
CATCTACAAT-3" (reverse); P-actin, 5-CTCCATCCT
GGCCTCGCTGT-3’ (forward) and 5-GCTGTCACCTT
CACCGTTCC-3’ (reverse). The reaction was conducted
under the following conditions: 95°C for 15 min, 40 cycles
of 95°C for 10 s, and 65°C for 30 s. The relative expres-
sion level of genes was normalized to B-actin and ana-
lyzed using the comparative CT method (27*CT)"®.

Protein Extraction and Western Blot Analysis

Total protein was extracted from tissue samples or
cell lines using RIPA lysis buffer. Protein concentration
was calculated with a BCA protein assay kit (Beyotime,
Haimen, PR. China). After separation by 10% SDS-PAGE,
protein was transferred to nitrocellulose membranes and
blocked for 1 h in 5% nonfat milk. Subsequently, mem-
branes were incubated overnight at 4°C with primary
antibodies against PDIA6, B-catenin, cyclin D1, c-Mye,
and B-actin (Invitrogen, Carlsbad, CA, USA), followed
by incubation with the corresponding secondary anti-
body. All antibodies used in the study were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Protein bands were visualized by an ECL detection sys-
tem and analyzed by BandScan5.0.

Cell Transfection

PDIAG siRNA (siPDIA6) and negative control siRNA
(siNC) were obtained from RiBo Biotech (Guangzhou,
P.R. China). T24 and RT4 cells were seeded into six-well
plates, cultured for 24 h, and then transfected with siPDIA6
or siNC using transfection reagents (Invitrogen) according
to the manufacturer’s protocol. The sequences were as fol-
lows: siPDIA6, 5-UCGAUUUGUUCUCUGAUAA-3’;
siNC, 5-TCTTAATCGCGTATAAGGC-3'.
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Cell Proliferation Assay

The proliferative capacity of BC cells was evaluated
by the MTT assay. After transfection for 48 h, cells were
plated into 96-well plates at a density of 2x10° cells/
well and then incubated for different times. Subsequent
to adding MTT (Sigma-Aldrich, St. Louis, MO, USA)
to each well, cell incubation was continued for another
4 h before removal of culturing medium and adding of
DMSO (Sigma-Aldrich). The absorbance was measured
at 570 nm using a microplate reader.

Cell Invasion Assay

Transwell chambers with Matrigel-coated membranes
were used to detect cell invasion. Transfected cells
(4% 10" were plated in the upper chamber with serum-
free medium. The lower chamber contained DMEM
supplemented with 10% FBS. After incubation for 48 h
at 37°C, cells invading to the lower surface of the mem-
brane were fixed and stained with cold methanol and
crystal violet, respectively. Five fields were randomly
selected to count the number of invading cells under
a microscope.

In Vivo Xenograft Experiments

Female BALB/c nude mice (4 to 5 weeks old) were
used for in vivo experiments. All animals were handled
with the approval of the Institutional Animal Care and
Use Committee of Henan University. Mice were divided
into two groups, and each group consisted of eight mice.
For the tumor growth assay, 5x 10° transfected RT4 cells,
suspended in 200 pl of RPMI-1640, were subcutaneously
injected into the right flank of the mice. Tumor size was
measured every week and calculated by the following for-
mula: tumor volume = (length X width?)/2. After 4 weeks,
mice were sacrificed, and tumors were weighed.

For the tumor metastasis assay, 100 ul of suspen-
sion of transfected RT4 cells (5% 10*) was intravenously
injected into the tail of nude mice (n=8). Four weeks
later, mice were sacrificed, and tumor metastasis to the
lungs was checked.

Statistical Analysis

Student’s t-tests were used for data analysis and the
SPSS16.0 software (Chicago, IL, USA) for statistical
analysis. All values were expressed as means*standard
deviation (SD). A comparison was made between differ-
ent groups via the one-way analysis of variance. A value
of p<0.05 indicated statistically significant difference.

RESULTS

Expression of PDIA6 in BC Tissues and Cell Lines

We examined the expression of PDIA6 in BC tissues
and adjacent normal tissues by RT-PCR and Western
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blot assays. The results showed that PDIA6 had a higher
expression level in BC tissues than in normal tissues
(Fig. 1A and B). Next, we detected the expression of
PDIAG in the BC cell lines T24 and RT4 and in the nor-
mal bladder epithelial cell line SV-HUC-1. Consistently,
PDIAG was more highly expressed in T24 and RT4 cells
than in SV-HUC-1 cells (Fig. 1C and D).

The Effect of PDIA6 Downregulation on BC Cell
Proliferation In Vitro and Tumor Growth In Vivo

In order to explore the functional role of PDIAG6 in the
development of BC, we transfected T24 and RT4 cells
with siPDIA6 to downregulate PDIA6. Forty-eight hours
after transfection, Western blot analysis was performed
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to confirm the decreased expression of PDIA6 in T24 and
RT4 cells (Fig. 2A and B).

The MTT assay was conducted to examine the effect
of PDIA6 downregulation on BC cell proliferation. The
proliferative capacity of T24 cells was greatly reduced
by PDIA6 downregulation in comparison with the con-
trol cells (Fig. 2C). In addition, we obtained a similar
result for RT4 cells (Fig. 2D). To confirm whether PDIA6
downregulation affected BC cell growth in vivo, we sub-
cutaneously injected siPDIA6-transfected RT4 cells into
the right flank of nude mice. Consistent with the in vitro
results, the in vivo experiments showed that the volume
and weight of tumors formed by siPDIAG6-transfected
RT4 cells were remarkably decreased in comparison with
the control group (Fig. 2E and F).
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Figure 1. Expression of PDIA6 in BC tissues and cell lines. (A, B) The RT-PCR and Western blot assays showed much higher expres-
sion levels of PDIA6 in BC tissues than in corresponding normal tissues. (C, D) The RT-PCR and Western blot assays showed much
higher expression levels of PDIA6 in BC cell lines T24 and RT4 than in the normal bladder epithelial cell line SV-HUC-1. *p<0.05.
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Figure 2. The effect of PDIA6 downregulation on BC cell proliferation in vitro and tumor growth in vivo. (A, B) The Western blot
assay showed downregulated PDIA6 in T24 and RT4 cells after transfection of siPDIA6. (C, D) The MTT assay showed that PDIA6
downregulation greatly reduced the proliferative capacity of T24 and RT4 cells. (E, F) The volume and weight of tumors were remark-
ably decreased after injection of siPDIA6-transfected RT4 cells into nude mice. *p<0.05.
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Figure 3. The effect of PDIA6 downregulation on BC cell inva-
sion in vitro and tumor metastasis in vivo. (A, B) The Transwell
assay showed that the invasion of T24 and RT4 cells was signif-
icantly inhibited by PDIA6 downregulation in comparison with
the control group. (C) The metastatic capability of RT4 cells
was greatly weakened by PDIA6 downregulation in comparison
with the control group. *p<0.05.
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The Effect of PDIA6 Downregulation on BC Cell
Invasion In Vitro and Tumor Metastasis In Vivo

The Transwell assay was performed to measure the
effect of PDIA6 downregulation on BC cell invasion.
The assay results indicated that PDIA6 downregulation
significantly reduced the number of T24 and RT4 cells
that invaded through the Matrigel-coated membranes
(Fig. 3A and B). Further in vivo experiments were con-
ducted to test the effect of PDIA6 downregulation on
tumor metastasis. Tumor metastasis to the lungs of nude
mice in the PDIA6 downregulated group was markedly
lower in comparison with the control group (Fig. 3C).
These results suggested that the invasive and metastatic
capabilities of BC cells were inhibited by PDIA6 down-
regulation in vitro and in vivo.

The Effect of PDIA6 Downregulation on the Activity of
Whnt/B-Catenin Signaling Pathway

To explore whether PDIA6 downregulation exerted
any effect on the Wnt/B-catenin signaling pathway, we
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Figure 4. The effect of PDIA6 downregulation on the activ-
ity of Wnt/B-catenin signaling pathway. (A) The Western blot
assay showed that the protein expression of B-catenin, cyclin
D1, and c-Myc was remarkably decreased in RT4 cells by
PDIA6 downregulation in comparison with the control group.
(B) Quantification of the protein expression was conducted with
the BandScan5.0 software. *p <0.05.
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measured the protein expression of B-catenin, cyclin D1,
and c-Myc in RT4 cells. PDIA6 downregulation sig-
nificantly decreased the protein expression of B-catenin,
cyclin D1, and c-Myc in RT4 cells in comparison with
the control cells, indicating a suppressive effect of PDIA6
downregulation on the activity of the Wnt/B-catenin sig-
naling pathway (Fig. 4).

DISCUSSION

A great number of studies have been carried out at
both the genetic and molecular levels for BC. However,
the progress made in improving the survival rate of BC
patients has been unsatisfactory. Thus, exploration of
novel therapeutic targets for BC is desperately needed.

PDIAG, also known as ERpS5, PS5, or TXNDC7, belongs
to the PDI family'®. Similar to other members of the PDI
family, PDIAG is often found to have a ubiquitous expres-
sion in various human tissues®. In addition, PDIAG is
induced by ischemic and hypoxic stress in different kinds
of tissues and cells such as head and neck carcinoma'™'.
Recently, PDIA6 was found to have a close association
with the development of various cancers. For example,
one study suggested that PDIA6 could be a helper in
the resistance to cell death in lung adenocarcinoma®.
Another study reported the role of PDIA6 in marking the
aggressiveness of breast cancer'®. Both studies mentioned
above found overexpressed PDIA6 in corresponding
cancer tissues. In our study, we observed a similar over-
expression pattern of PDIAG6 in BC tissues. We further
verified this result by detecting the expression of PDIA6
in BC cell lines. As expected, we found that PDIA6 was
highly expressed in BC cell lines in comparison with the
normal bladder epithelial cell line. With regard to bio-
logical functions of PDIA6 in cancer development, Gao
et al. demonstrated a promoting effect of PDIA6 on the
proliferation of cervical cancer cells'’. We also found that
PDIAG played a tumor-promoting role in the prolifera-
tion and invasion of BC cells. These findings, confirmed
by our in vivo results, were that PDIA6 downregulation
inhibited BC cell growth and metastasis in nude mice. In
accordance with our study results, we suggest that PDIA6
functions as a tumor promoter during the progression of
BC. However, the mechanisms underlying the promoting
function remain unknown.

The Wnt/B-catenin signaling pathway is known for its
important role in cellular processes such as proliferation,
migration, differentiation, and apoptosis™**. Increasing
evidence has shown that deregulated Wnt/B-catenin
signaling pathway is a great contributor to the develop-
ment of various cancers, including BC***, More impor-
tantly, PDIA6 was found to promote cervical cancer cell
proliferation via activating the Wnt/B-catenin signal-
ing pathway'’. Therefore, we reasonably inferred in our
study that PDIAG6 exerted its promoting effect on BC cell
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proliferation and invasion through the Wnt/B-catenin
signaling pathway. To prove our inference, we examined
whether PDIA6 downregulation affected the expression
of B-catenin and its downstream targets cyclin D1 and
c-Myc in BC cells. The assay results showed that PDIA6
downregulation significantly inhibited the Wnt/B-catenin
signaling pathway via reducing the protein expression
of B-catenin, cyclin D1, and ¢-Myc in BC cells. These
results were consistent with our hypothesis.

In summary, our study found overexpressed PDIA6
in BC tissues and cell lines. Downregulation of PDIA6
inhibited BC cell proliferation and invasion in vitro as
well as tumor growth and metastasis in vivo. In addition,
PDIA6 downregulation suppressed the Wnt/B-catenin sig-
naling pathway. Taken together, we suggest that PDIA6
could be targeted as a treatment for BC.
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