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Background: Long term exposure to benzidine has been determined as a cause of urothelial carcinoma.
But how it works in the process of cell proliferation that involves in tumor growth is not examined yet. In the
current research, the effect of PI3K/Akt on cell proliferation mediated by benzidine was confirmed.
Methods: The immortalized SV-40 human uroepithelial cells (SV-HUC-1) had been subjected to 6 days
of benzidine treatment at various contents, then MTT assay, together with subsequent flow cytometry
assay were used for observing effects on cell proliferation. Further Western blots were used to detect the
expression of total-Akt, phospho-Akt and specific proteins of cell cycle. The Akt, Cyclin D1, PCNA and P21
mRNA levels were detected through RT-PCR. In addition, the blocker-LY294002 was used to cut down the
PI3K/Akt signaling pathway. And then those parameters were detected using the same methods as above.
Results: Results showed that benzidine acted to induce cell proliferation at low doses (P<0.05 wvs.
controls) via MTT and flow cytometry assay. The expression of phospho-Akt, Cyclin D1, and PCNA were
significantly enhanced compared with that of control (P<0.05; P<0.01), but total-Akt and P21 levels were
reduced. Whereas, inhibitor of PI3K/Akt suppressed the proliferating procedure when cells were treated
with the blocker (LY294002) and also inhibited the expression of related cycle proteins.

Conclusions: Activated PI3K/Akt signal pathway promotes benzidine-triggered cell proliferation. It may
shed light on the molecular mechanisms that the activated PI3K/Akt pathway promotes benzidine-triggered

cell proliferation and intervention of its target.
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Introduction 16,000 death in 2015 in the Unite State alone (1,2).
Bladder cancer has been recognized as the frequently- Epidemiology of bladder cancer indicated that occupational

seen tumor in urinary track worldwide. Statistic showed exposures, cigarette smoking, arsenic, some medications,

that there were 72,570 new cases of bladder cancer in and genetic variation are the major risk factors associated
2013, accounts for 51.68% of the urinary system, increased with the disease, and aromatic amine is the notable risk
to 74,000 cases at the ratio of 53.35%, and resulted in factor of bladder cancer development. Benzidine (BZ)
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is a kind of aromatic amine, which is divided as definite
human carcinogen according to the International Agency
for Research on Cancer (IARC), among them, urinary
bladder cancer has been the frequently-occurring cancer
type caused by exposure to it (3,4). BZ can be found
from rubber industry, chemical dye, fungicides, hair dyes,
cigarette smoke, discharge of industrial pollutants, diet and
automobile exhaust (5,6). According to prior research, food
dyes (including yellow 6, yellow 5, and red 40) have been
found to be contaminated with BZ or other carcinogens (7).
So BZ continues to be a risk factor of public health.

Previously, the epidemiology of BZ has been extensively
investigated, but little research has been conducted to
research how BZ leads to bladder tumor. Our previous
study has showed that BZ could meditate the epithelial-
mesenchymal transition (EMT) among SV-40 human
uroepithelial cells (SV-HUC-1) via ERK1/2 signaling (8).
However, there were few researches designed to explore
the effect and mechanism of BZ-induced cell proliferation.
As we all know, cancer should escape the regulation
over normal cell cycle for its development; besides, it
should obtain the immortalized cell proliferation ability,
proliferation capacity without any suitable signals, as well
as the ability to neglect the proliferation suppression, while
apoptosis induction-related signals. Therefore, we try to
characterize the possible carcinogenic mechanism via BZ-
induced cell proliferation.

PI3K/Akt pathway is an intracellular signaling
pathway, which exerts a vital part in multiple biological
processes like invasion, proliferation, and metastasis
of cells, as well as progression of the cell cycle (9-11).
Being a leading effector in the downstream of G protein-
coupled receptors and the receptor tyrosine kinases
(RTK), PI3K can transduce signals derived from a variety
of cytokines and growth factors as the intracellular
messages through producing phospholipids, thereby
activating the downstream effectors, such as Akt (12).
The activated Akt can result in translation of proteins and
progression of cell cycle (13) and could phosphorylate and
disable glycogen synthase kinase 3p (GSK3p), which leads
to the up-regulation of Myc and cyclin D1 (14). Moreover,
activated Akt could inhibit forkhead box O1, thus up-
regulating p21 and p27 (15). Overall, the PI3K/Akt pathway
mainly functions to promote cell duplication as well as
survival, in the meantime of reducing apoptosis and growth
suppression (13).

The current research aimed to examine the impact and
mechanism by which cell proliferation was meditated by low
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concentrations of BZ, and the effect of PI3K/Akt on this
process. We sought to examine the potential mechanism in
cancer genesis caused by BZ.

Methods
Materials

The immortalized SV-HUC-1 was provided by Shanghai
Institutes for Biological Sciences, CAS (Shanghai, China).
4, 4'-diaminobiphenyl (BZ, 99.0%, RT), methanol, as
well as dimethyl sulfoxide (DMSO), had been provided by
Yboiotech (Shanghai, China). In addition, kinase inhibitor
(LY294002) was provided by Cell Signaling Technology
(Beverly, MA, USA); whereas growth media (namely, the
Ham’s F12 medium), fetal bovine serum (FBS), antibiotics,
phosphate-buffered saline (PBS), together with trypsin had
been provided by HyClone (Logan, UT, USA). Antibodies
to total-Akt, phospho-Akt, P21, PCNA and Cyclin D1 had
been provided by Cell Signaling Technology. Moreover, the
GAPDH antibody had been provided by Biogot Technology
(Nanjing, China). In addition, the primers of Akt, Cyclin
D1, P21, GAPDH and PCNA had been prepared from
Invitrogen (Carlsbad, CA, USA). The sources of other

materials were explained within the manuscript accordingly.

Cell culture and treatments

The SV-HUC-1 cell line was grown within the flasks
(25 ecm’) at 1x10’ cells/mL initially, and cultured within
the Ham’s F-12 medium supplemented with 100 units/mL
penicillin, 10% FBS, as well as 100 units/mL streptomycin
in a humid incubator under 37 °C and 5% CO, conditions
for 12 h. Afterwards, cells would be either subjected to BZ
exposure at various contents, or LY294002 (10 pmol/L)
treatment. The SV-HUC-1 cell line was then subjected
to 6 days of stimulation by BZ or inhibitor. Final BZ
concentrations would be set at 0, 0.001, 0.005, 0.01, 0.05, as
well as 0.1 pmol/L. Each experiment was repeated trice.

MTT assay

The viability of cells was assayed through MTT assay.
Briefly, cells would be individually plated into the 96-
well plates at 5x10*well during exponential growth phase.
After cultured for 12 h, cells would be subjected to culture
medium (100 mL) treatment containing 0.1% DMSO as
well as different concentrations of BZ (0.0001-200 pmol/L)
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Table 1 Primer sequences of target genes

Gene name Primer sequence

Akt Forward: 5'-GTGCTGGAGGACAATGACTACG-3'
Reverse: 5'-AGCAGCCCTGAAAGCAAGGA-3'

Cyclin D1 Forward: 5'-CGTGGCCTCTAAGATGAAGG-3'
Reverse: 5'-TGCGGATGATCTGTTTGTTC-3'

P21 Forward: 5'-GACACCACTGGAGGGTGACT-3'
Reverse: 5'-CAGGTCCACATGGTCTTCCT-3'

PCNA Forward: 5'-CTGAAGCCGAAACCAGCTAGACT-3'
Reverse: 5'-TCGTTGATGAGGTCCTTGAGTGC-3'

GAPDH Forward: 5'-GCTGCCCAACGCACCGAATA-3'

Reverse: 5'-GAGTCAACGGATTTGGTCGT-3'

and got changed every day for 6 days. After 6 days
treatment, 10 pL MT'T solution (5 mg/mL) would be put
into all wells to incubate for another 4 h. Finally, the original
medium would be discarded, followed by the addition of
150 mL dimethylsulphoxide into all wells. Afterwards, the
absorbance would be measured at 490 nm by the microplate
reader.

Analysis of the cell cycle

SV-HUC-1 cell distribution was detected using flow
cytometry at various stages during the cell cycle. Generally,
cells (2x10°) had been inoculated into the 6 cm dishes to
culture using the Ham’s F12 medium supplemented with
10% FBS, 100 units/mL streptomycin and 100 units/mL
penicillin for 12 h in the humid incubator under 37 °C and
5% CO, conditions. Then the cells would be treated with
BZ at the concentrations of 0.005, 0.01 pM, and equivalent
DMSO was used for 6 days of incubation in the control
group. Afterwards, cells would be subjected to trypsin
digestion, rinsing by cold PBS for twice, and blending
with the 70% ethanol overnight under 4 °C; followed by
centrifugation and resuspension within PBS (500 pL).
Later, 10 pL of 10 mg/mL RNAse was added, and then cells
would be allowed for 30 min of standing in dark under 37 °C,
followed by 10 pL. propidium iodide (I mg/mL, PI) staining
and immediate evaluation through flow cytometry. Cell
percentage at every phase in the cell cycle (including G0/G1,
G2/M and S) was determined by MULTICYCLE V.3.0,

and at least 1x cells were assessed for every sample.
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Western blotting

Cells at different BZ contents were homogenized in the
lysate buffer (supplemented with 50 mmol/L Tris, 10 pg/mL
aprotinin, 5 mmol/L EDTA, 1% NP-40, 1% SDS, 1%
Triton-X 100, 10 pg/mL leupeptin, 1 mM PMSE, and 1%
sodium deoxycholate, at pH of 7.5), followed by 20 min of
centrifugation at 4 °C. Afterwards, protein content would
be calculated by the BCA Protein Assay (Pierce, Rockford,
IL, USA); 50 mg protein was separated via 7.5-10% SDS-
PAGE, followed by transfer onto the PVDF films (Millipore,
Billerica, MA, USA). Subsequently, all PVDF films would
be mounted by 5% skim milk, incubated using the primary
antibody under 4 °C overnight, followed by incubation
by the secondary antibody, with GAPDH being utilized
to be the loading reference. Afterward, the protein bands
would be measured through the Immobilon Western
chemiluminescent HRP substrate kit.

Reverse transcription-polymerase chain reaction (RT-PCR)

Total cellular RNA cultured for 6 days at various BZ
contents would be separated through RNAiso Plus in
accordance with manufacturer protocols (TaKaRa, Japan).
Afterwards, the extracted total cellular RNA would be
subject to reverse transcription by the Easy RT-PCR kit
in accordance with manufacturer instructions. Then, the
relative total-Akt, phospho-Akt, Cyclin D1, P21 and PCNA
expression was detected through RT-PCR with GAPDH
being utilized to be the loading reference. The reaction
mixture (20 mL) was comprised of 7.8 mL dH,O, 0.4 mL
Rox, 10 mL SYBR premix, as well as 0.4 mL respective
forward and reverse primers and 1 mL. ¢cDNA sample. The
primer sequences of all target genes have been presented in
Table 1. Every sample was repeated for trice. Specifically, the
RT-PCR conditions were as follows: 15 s at 95 °C during
the initial denaturation process; and then 10 s 95 °C, 30 s at
60 °C, and 30 s at 72 °C for 40 cycles during amplification
and quantification processes. All primers had been prepared
from Invitrogen (Carlsbad, CA, USA). mRNA levels of all
genes had been normalized relative to the GAPDH level.
The gene expression fold change was computed according
to the 27**“ method.

Statistical analysis

The SPSS 17.0 was adopted for all statistical analyses.
Each value was presented in the form of mean + standard
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Figure 1 Detection of the viability of SV-HUC cells following BZ treatment for six days. No significance was detected at extremely

low concentration (0.0001 pM) of BZ, while cell viability was improved at the concentration from 0.001 to 0.1 pM and had significance.

Moreover, there were no marked significance between doses above 10 pM and control group. *P<0.05 vs. controls.

deviation. Statistical differences between various groups
would be detected through one-way ANOVA and LSD test
in sequence. Differences between any two groups would
be detected through unpaired student 7-test. The statistical
significance level was set at **P<0.01 or *P<0.05.

Results
Selecting the proliferation-promoted BZ to SV-HUC-1

The viability of cells would be detected through MTT assay
after cell treatments by different concentrations of BZ. The
statistics showed that cell viability was higher at the doses
from 0.001 to 0.1 pM compared with the control group
and had significant difference, while there was no marked
significance between doses above 1 pM and control group
(Figure 1). And doses of benzidine higher than 50 pM/L
tended to have toxic effect to the cells. Thus, concentrations
of BZ for the later experiments were selected at the doses of

0, 0.001, 0.005, 0.01, 0.05, and 0.1 pM.

Cell cycle assessment

The cell cycle changes between treated groups and the
control were evaluated with flow cytometry. The outcome
indicated that DipG2 + S increased from 33.33% to 52.41%;
DipG1 reduced to 47.59% from 66.67% (Figure 2A,B)
and the differences had statistical significance. Expression
of specific cell cycle markers had been measured, so as
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to examine the presence/absence of cell cycle molecular
alteration in SV-HUC-1 under BZ treatment. Cells exposed
to BZ manifested higher PCNA and Cyclin D1 levels,
whereas lower P21 level than those of control (Figure 34).
In addition, the PCNA, P21, and Cyclin D1 mRNA
expression was evaluated by RT-PCR, and the results
manifested decreasing level of P21 and increasing level of
PCNA and Cyclin D1 (Figure 3B).

BZ activated PI3K/Akt signaling pathway

Total-Akt and phospho-Akt were detected to test whether
BZ could activate PI3K/Akt signal pathway. Results show
that level of phospho-Akt increased, meanwhile total-Akt was
reduced (Figure 44) which indicated that BZ could activate
PI3K/Akt pathway. Consistence with the results of Western
blots, the mRNA level of Akt was shown in Figure 4B.

PI3K/Akt signal pathway was involved in BZ-meditated
cell proliferation

The PI3K/Akt inhibitor (1.LY294002) was used to culture
cells treated with BZ to confirm the relation between PI3K/
Akt activation and BZ-triggered cell proliferation. Results
revealed that the inhibitor could reverse BZ-meditated cell
proliferation as manifested by the results of MTT assay of
cell viability (Figure 5A4) and Western blot of P21, Cyclin
D1 and pAkt (Figure 5B), and RT-PCR for the P21, Ak,
and Cyclin D1 mRNA expression (Figure 5C).
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Figure 2 Analysis of cell cycle of BZ-cultured SV-HUC-1 with flow cytometry. (A) BZ induced cell cycle progression. Cells of the control
group at DipG2 + S phase increased from 33.33% to 48.29% at the concentration of 0.005 pM and 52.41% at 0.01 pM of BZ treated groups;
while cells at DipG1 phase reduced from 66.67% to 51.67%, 47.59%, respectively. (B) Statistical analysis of cell cycle distribution. There

difference between control group and treatment groups has significance. Data have been presented in the form of mean + SD. *P<0.05,

*P<0.05 vs. controls.

Discussion

Although occupational exposure to amylamine like BZ
and aminobiphenyl has been manifested as a high risk of
bladder cancer, the mechanism of tumor formation to
these carcinogens remains to be completely interpreted.
According to our findings, low concentrations of BZ
could induce cell proliferation in SV-HUC-1 and first
demonstrated for the important effect of the PI3K/Akt
signal transduction pathway on the BZ-mediated cell
proliferation. These findings may provide critical prove
for the mechanism by which BZ induced tumor genesis
at molecular level, and contribute to mining the possible
interventional target for bladder tumor.

More convincing evidences confirmed that the
deregulation of normal cell proliferation pathway is central
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to cancer initiation (16) and escape from regulation of the
cell dividing cycle; besides, the uncontrolled proliferation
may exert a vital part in initiating tumor genesis (17).
Previous study showed that persistent hyperplasia of
epithelial cells, together with squamous metaplasia, is
recognized to be the preneoplastic lesion in lung cancer
genesis (18). Brait er al. also revealed that exposure to
tobacco smoke extract induced proliferation in urothelial
cell (19).

To elucidate the possible molecular mechanisms of BZ-
induced proliferation, the PI3K/Akt pathway regulating
the proliferation process has been investigated in our
study. In recent years, the association of the PI3K/Akt
pathway with tumorigenesis has been a focus of researchers.
Abnormal expression of PI3K/Akt pathway proteins and
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BZ upregulated PCNA and cyclin D1 mRNA expression, downregulate P21 mRNA level. The typical image from at least 3 independent

experiments has been displayed. Data have been presented in the form of mean = SD of >3 independent experiments under every treatment.

*P<0.05, **P<0.01 vs. controls.

their regulatory molecules could be detected in several of
malignant tumors, and overexpression of Akt or inactivation
of negative regulation of PTEN is closely related to the
formation of malignant tumor (20,21). Xu et 4. revealed that
the regulation of PI3K/Akt was involved in PIG3-triggered
tumorigenesis in papillary thyroid cancer (22). Zhuo et al.
found that the activation of this signaling pathway could
suppress apoptosis while promoting the development of
pediatric osteosarcoma; besides, dual inhibition of PI3K/
mTOR could restrain the proliferation and cause cell
apoptosis in Burkitt lymphoma cells (23). There was also
study revealed that the PI3K/Akt signaling exerted positive
effect on cellular motility and, by extension, invasion, and
suppressing the PI3K-mediated signal transduction can
remarkably affect the proliferation of glioblastoma cells (24).

© Translational Cancer Research. All rights reserved.

In agreement with previous reports, our study ascertained
that the PI3K/Akt was associated with the regulation of cell
viability and proliferation in BZ-cultured SV-HUC-1 cells.
Therefore, selective inhibitor of PI3K/Akt may be chose
to block this signaling pathway to interfere precancerous
lesion and target therapy in treatment of bladder cancer.
Our data also showed abnormal expression of cyclin
D1, PCNA and P21, whose encode gene were downstream
target genes of the PI3K/Akt. The role of this pathway
in regulation of encode gene of three periodical proteins
mentioned above was confirmed by treating SV-HUC-1
cells with blocker LY294002. Cyclin D1 is a G1 cyclin
and its abnormal expression has intimate relationship with
the formation and progress as well as the prognosis of
tumor. The upregulation of Cyclin D1 could promote cell
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decreased whereas the phospho-Akt was up-regulated, relative intensity of these two proteins showed the same change. (B) BZ induced the

enhancement of Akt mRNA level. *P<0.05, **P<0.01 vs. controls.

proliferation, while downregulation of Cyclin D1 inhibits
proliferation (25,26). According to former research, PI3K/
Akt participates in regulating Cyclin D1 (27). On the
other hand, proliferating cell nuclear antigen (PCNA),
one of the nuclear nonhistone proteins, is essential to the
synthesis of DNA, which can act as an objective indicator
of cell proliferative activity (28,29). Former manifested
high expression of PCNA is associated with cancer cell
proliferation (30). P21, one of the CKIs during the
transition from G1 stage to S stage, has been recognized
to be the mediator for the downstream p53 (31). Its
upregulation can suppress the G1 cyclin-CDK complex
kinase activity, thereby avoiding pRB hyperphosphorylation
and suppressing the progression of cell cycle and
downregulation of it could meditate the promotion of cell
proliferation (32). Consistent with previous studies, our
experiments found that BZ could activate Akt pathway,
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promote cell proliferation, and lead to up-regulated cyclin
D1 and PCNA, whereas down-regulated P21, as manifested
by outcomes of flow cytometry, RT-PCR and Western
blotting. In the meantime, we confirmed the role of PI3K/
Akt in BZ induced proliferation as showed by the reversed
results after the usage of the PI3K/Akt blocker.

Conclusions

We found that low concentrations of BZ promote the
proliferation of cells through the PI3K/Akt pathway.
Findings in this study indicate that, the PI3K/Akt signal
transduction pathway has played a vital part in the BZ-
meditated pathologies, which can also shed more light
on the underlying mechanisms of BZ- or aromatic amine
compound-induced diseases, including bladder diseases and
cancer, at molecular level.
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