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Benzidine, a known carcinogen, is closely associated with the 

development of bladder cancer (BC). Epithelial–mesenchymal 

transition (EMT) is a critical pathophysiological process in BC 

progression. The underlying molecular mechanisms of mito-

gen-activated protein kinase (MAPK) pathway, especially 

extracellular regulated protein kinases 5 (ERK5), in regulating 

benzidine-induced EMT remains unclarified. Hence, two hu-

man bladder cell lines, T24 and EJ, were utilized in our study. 

Briefly, cell migration was assessed by wound healing assay, 

and cell invasion was determined by Transwell assay. Quanti-

tative PCR and western blot were utilized to determine both 

gene expressions as well as protein levels of EMT and MAPK, 

respectively. Small interfering RNA (siRNA) was transfected to 

further determine ERK5 function. As a result, the migration 

and invasion abilities were enhanced, epithelial marker ex-

pression was decreased while mesenchymal marker expres-

sion was increased in human BC cell lines. Meanwhile, benzi-

dine administration led to activation of ERK5 and activator 

protein 1 (AP-1) proteins, without effective stimulation of the 

Jun N-terminal kinase (JNK) or p38 pathways. Moreover, Ben-

zidine-induced EMT and ERK5 activation were completely 

suppressed by XMD8-92 and siRNAs specific to ERK5. Of 

note, ERK1/2 was activated in benzidine-treated T24 cells,  

while benzidine-induced EMT could not be reversed by 

U0126, an ERK1/2 inhibitor, as indicated by further study. 

Collectively, our findings revealed that ERK5-mediated EMT 

was critically involved in benzidine-correlated BC progression, 

indicating the therapeutic significance of ERK5 in benzidine-

related BC. 
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INTRODUCTION 
 

Bladder cancer (BC), the most frequently-seen urinary tract 

malignancy, appears to be one of the costliest diseases to 

manage from diagnosis to death (Siegel et al., 2016). Benzi-

dine, an aromatic amine, is commercially produced and pre-

dominantly used in the production of dyes (Chung, 2016). 

Benzidine can cause various types of cancers, which, there-

fore, is confirmed as definite human carcinogens by the In-

ternational Agency for Cancer Research (IARC) for several dec-

ades (IARC, 1987). To date, the positive association of benzi-

dine with BC has been revealed by multiple epidemiological  
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as well as experimental researches (Baan et al., 2008; Ma et 

al., 2012; Weistenhofer et al., 2008). Nevertheless, a lack of 

comprehensive understanding of molecular mechanism is 

one of the biggest obstacles to identify effective diagnostic 

and therapeutic approaches for benzidine-associated BC. 

The process of epithelial–mesenchymal transition (EMT), 

initially described as an essential developmental program for 

embryogenesis, implantation and organogenesis, is now 

defined as a vital contributor to cancer progression and me-

tastasis. It is featured by a lack of epithelial characteristics 

and the attainment of a motile, invasive, as well as migratory 

mesenchymal phenotype (Yeung and Yang, 2017). Studies 

have demonstrated the important involvement of EMT in 

tumorigenicity, tumor invasion, distant metastasis (Hui et al., 

2017). Many carcinogens are involved in BC development, 

including benzidine, demonstrated to enhance benzidine-

induced EMT (Liu et al., 2017; Zhao et al., 2015). Neverthe-

less, the potential mechanisms of benzidine-induced-EMT 

remains unclarified. 

Conventional MAPKs are mainly divided into four major 

groups: ERK1/2, JNK, p38 and ERK5. ERK5 signaling is one 

of the less-studied MAPK cascades, despite its increasingly 

demonstrated relevance in growth, survival, and differentia-

tion of cancer cells (Hoang et al., 2017). Recently, the 

dysregulation of ERK5 has been documented in multiple 

malignancies, including breast cancer, glioma, lung cancer, 

colorectal cancer, renal cancer as well as prostate cancer (Liu 

et al., 2017; Salinas-Sánchez et al., 2017; Won et al., 2017; 

Wu et al., 2016; Zhuang et al., 2016). However, the func-

tion of ERK5 in BC is still unknown. 

Here, we reported that benzidine enhanced migration and 

invasion in human BC cells T24 and EJ. In addition, benzi-

dine-induced EMT had a correlation with activation of ERK5 

pathway, which could be reversed by XMD8-92 and siRNAs 

specific to ERK5. In spite of activation of ERK1/2 signaling in 

T24 cells, inhibition of ERK1/2 by U0126 could not restore 

benzidine-induced EMT. Collectively, these data suggest the 

effect of ERK5 in modulation of benzidine-stimulated EMT 

and benzidine-related BC promoting effects. 

 

MATERIALS AND METHODS 
 

Reagents and antibodies 
Benzidine (4, 4′-diaminobiphenyl; ≥98.0%, RT), methanol 

as well as DMSO were purchased from Merck (USA). Benzi-

dine was dissolved in DMSO, which was subsequently pre-

served at -20℃. The final concentration of DMSO adminis-

tered in cells was under 1‰. Polyclonal antibodies against p-

ERK1/2, p-p38, p-JNK, p-ERK5, p-c-Jun, p-c-Fos, and Fra-1 

were purchased from Cell Signaling Technology (USA). Poly-

clonal antibodies against ZO-1, E-cadherin, Snail, N-cadherin, 

Vimentin, XMD8-92, U0126, as well as GAPDH were com-

mercially obtained from Santa Cruz (USA). Primers for Snail, 

N-cadherin, Vimentin, ZO-1, E-cadherin as well as GAPDH 

were synthesized by Invitrogen (USA). Sources of unmen-

tioned materials were described in the following. 

 

Cell culture and treatment 
Human BC cells T24 and EJ were purchased from American 

Type Culture Collection (ATCC, USA) and cultured in RPMI-

1640 medium containing 10% FBS, penicillin, streptomycin 

(HyClone, USA) at 37℃ in a humidified atmosphere with 

5% CO2. Cells were kept in 25-cm
2
 flasks, with the medium 

changing every two days. When cells grown to 80-90% 

confluency, cells were administered with indicated concen-

trations of benzidine for 4 days (T24) or 5 days (EJ), with or 

without XMD8-92 (5 μΜ) or U0126 (5 μΜ). All procedures 

were conducted in triplicate. 

 

Cell viability assay 
In brief, cells were seeded into 96-well plates (2000 

cells/well) for 24 h, followed by incubation with indicated 

concentrations of benzidine for 4 days (T24) or 5 days (EJ). 

Then, MTT solution was given to each well for solubilization 

of formazan crystals, followed by incubation at 37℃ for 4 h. 

After discarding MTT solution and solubilization of crystals in 

DMSO, the optical density was detected at a wavelength of 

490 nm by a microplate reader. Each treatment was con-

ducted in triplicate for statistical analysis. 

 

Wound healing assay 
Human BC cells were initially treated with or without benzi-

dine for 4 days (T24) or 5 days (EJ), which were further 

seeded into 6-well dishes. When cells reached to 90% con-

fluency, they were scratched with a 2-mm-wide tip. Cells 

were allowed to migrate, followed by photography under an 

inverted microscope. 

 

Transwell invasion assay 
Cell invasion was performed with transwell chamber (Milli-

pore, USA) with Matrigel (BD, USA). Briefly, T24 cells were 

pretreated for 4 days, then cells resuspended in 100 μl me-

dium with 2% serum (containing 1 × 10
4
 cells) were cul-

tured in upper chambers, with 800 μl of medium with 10% 

serum in lower chambers. After incubating at 37℃ for 24 h, 

cells in upper chamber were discarded with cotton swabs, 

and 0.1% crystal violet was employed to stain the invaded 

cells after fixing in methanol. Finally, cells of each membrane 

were counted and photographed in five random fields of 

100 magnification under microscope. 

 

Transfection with small interfering RNA (siRNA) 
For ERK5 silencing, we transiently transfected cells with 70 

pmol/L of specific human siRNAs against ERK5 using 

Lipofectamine 2000 reagent (Invitrogen) according to 

standard protocols. Targeting sequences of siRNA were de-

scribed as follows: human ERK5 siRNA, 5′-GGGCCTATATCC 

AGAGCUU-3′. Non-specific control siRNA was commercially 

obtained from Santa Cruz Biotechnology (USA) to serve as a 

negative control. Cells were harvested 96 hours (T24) or 120 

h (EJ) after siRNA transfection, followed by Western blot to 

determine protein expression. 

 

Western blotting analysis 
Briefly, cell protein was extracted from T24 and EJ cells by 

washing with PBS, followed by lysis in 100 μl of RIPA solu-

tion (Thermo Scientific, USA), centrifugation as well as 

mixture with 5X SDS sample buffer. Protein samples were 
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Fig. 1. Benzidine induced EMT morpho-

logical alterations and increased migra-

tory and invasive abilities of human BC

cells. (A) Human BC cells were exposed

to 0-5 μΜ of benzidine for 4 days (T24)

or 5 days (EJ), followed by cell viability

assessment by MTT. (B, C) Morphologi-

cal examination of human BC cells

showed that benzidine led to morpho-

logical alterations from epithelial to

spindle-like mesenchymal form. (D, E)

Wound healing assay indicated that

benzidine increased migratory ability of

human BC cells. (F) Transwell invasion

assay showed that invasive ability of

T24 cells were elevated by benzidine.

*P < 0.05 and **P < 0.01, compared to

control group. 
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subjected to 10% SDS-PAGE, transferred onto PVDF mem-

branes (Millipore, USA), and blocked in 5% milk. Then, the 

membranes were reacted with appropriate primary and 

secondary antibodies, followed by visualization using Super-

Signal West Pico Chemiluminescent Substrate. 

 

Quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR) 
RNA extraction was carried out from T24 and EJ cells using 

RNAiso Plus (TaKaRa, Japan) in line with standard protocols. 

cDNA was synthesized from 2 mg of total RNA with AMV 

reverse transcriptase (Takara) in accordance with the manu-

facturer’s instructions. qRT-PCR was conducted using Power 

SYBR Green Master Mix (TaKaRa, Japan) with ABI 7300 real-

time PCR detection system (Applied Biosystems, USA) under 

default conditions: 95℃ for 10 s, and 40 cycles of 95℃ for 

10 s and 72℃ for 30 s. Comparative Ct method was em-

ployed for quantification, and the mRNA expression of every 

gene was normalized to its respective GAPDH. The primers 

used were as follows: GAPDH, forward 5′-GCTGCCCAACGC 

ACCGAATA-3′ and reverse 5′-GAGTCAACGGATTTGGTCGT-

3′; ZO-1, forward 5′-GCAGCCACAACCAATTCATAG-3′ and 

reverse 5′-GCAGACGATGTTCATAGTTTC-3′; E-cadherin, for-

ward 5′-TCGACACCCGATTCAAAGTGG-3′ and reverse 5′-
TTCCAGAAACGGAGGCCTGAT-3′; N-cadherin forward 5′-
ATCAAGTGCCATTAGCCAAG-3′ and reverse 5′-CTGAGCAG 

TGAATGTTGTCA-3′; Vimentin, forward 5′-CCTTGACATTGA 

GATTGCCA-3′ and reverse 5′-GTATCAACCAGAGGGAGTGA-

3′; Snail, forward 5′-TTCCAGCAGCCCTACGACCAG-3′ and 

reverse 5′-CGGACTCTTGGTGCTTGTGGA-3′. 

Statistical analysis 
Results presented in figures were representative from tripli-

cate. Data were expressed as mean ± standard deviation 

after analyzing with SPSS 16.0 software (SPSS, Inc., USA). 

Unpaired Student’s t-test was employed for comparison 

between two groups. One-way ANOVA was utilized in mul-

tiple groups comparison, followed by LSD significant differ-

ence test. P values < 0.05 implicated statistical significance. 

 

RESULTS 
 

Benzidine induced EMT of human BC cells 
In exploration of the relationship of benzidine and BC metas-

tasis, human BC cells were culture with indicated concentra-

tions of benzidine for 4 days (T24) or 5 days (EJ). As a result, 

benzidine at a concentration up to 0.1 μΜ did not exert an 

obvious effect on cell viability (Fig. 1A). Hence, benzidine 

concentrations of 0.001, 0.005, 0.01, 0.05 μΜ were selected 

for the following procedures in our study. 

EMT is critically involved in tumor invasion as well as me-

tastasis. In our study, benzidine treatment led to an obvious 

morphological alteration, from round-shaped to spindle-like 

mesenchymal form (Figs. 1B and 1C). Wound healing assays 

revealed that benzidine increased migration ability of T24 

and EJ cells (Figs. 1D and 1E), and Transwell assays showed 

that benzidine enhanced invasion ability in T24 cell (Fig. 1F). 

Therefore, we analyzed the role of benzidine on EMT by 

detecting the expression levels of EMT markers. Western 

blot showed that benzidine exposure reduced the protein 

expression of epithelial indicators, such as E-cadherin and 
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Fig. 2. Benzidine modulated the expressions of EMT markers in human BC cells. (A) Protein levels of ZO-1, E-cadherin, Snail, N-cadherin as 

well as Vimentin by Western blot. GAPDH was employed as an internal control. (B) mRNA levels of ZO-1, E-cadherin, Snail, N-cadherin as 

well as Vimentin by qRT-PCR, after normalization to GAPDH. *P < 0.05, **P < 0.01, ***P < 0.001, compared to control group. 
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ZO-1, but enhanced the levels of mesenchymal indicators, 

including Vimentin, N-cadherin as well as Snail (Fig. 2A), 

which were consistent with outcomes of qRT-PCR assay (Fig. 

2B). Together, these data showed that benzidine administra-

tion triggered EMT in human BC cells. 

 

Benzidine enhanced MAPK/AP-1 activation in human BC 
cells 
In investigation of the potential association between MAPKs 

activation and benzidine-induced EMT in human BC cells, 

the expressions of total as well as phosphorylated ERK5, JNK, 

ERK1/2, p38 were determined by Western blot. Conse-

quently, benzidine significantly increased p-ERK1/2 and p-

ERK5 expression, while had little effect on p-JNK and p-p38 

in T24 cells (Fig. 3A), while benzidine exposure only stimu-

lated p-ERK5 in EJ cells (Fig. 3A). Moreover, Western blot 

also revealed elevated expressions of downstream target AP-

1 proteins, including Fra-1, p-c-Fos, as well as p-c-Jun (Fig. 3B). 

 

Blockade of ERK5 by XMD8-92 prevented 
benzidine-induced EMT in human BC cells 
Next, XMD8-92 (a specific inhibitor of ERK5) was used to 

further determine whether benzidine-triggered EMT could 

be suppressed by blocking ERK5 signaling in vitro. As a result, 

XMD8-92 decreased the protein expressions of p-ERK5, p-c-

Fos as well as p-c-Jun in T24 cells, as indicated by Western 

blot (Figs. 4A and 4B). Morphological evaluations showed 

that XMD8-92 rescued the mensenchymal-like morphologi-

cal alterations (Fig. 4C). XMD8-92 suppressed the invasion 

capacities of T24, as the representative micrographs demon-

strated in Fig. 4D. Besides, XMD8-92 restored the migratory 

ability of EJ cells, as revealed by wound healing assays (Fig. 

4E). Moreover, XMD8-92 reversed benzidine-stimulated 

reduction of E-cadherin, ZO-1 expressions, and enhance-

ment of Vimentin, N-cadherin, Snail in T24 cells using West-

ern blot (Fig. 4F). 

 

Suppression of ERK5 by a specific small interfering RNA 
rescued benzidine-induced EMT in human BC cells 
To further characterize regulation of EMT by ERK5, loss of 

function was performed using siERK5 and non-silencing 

siRNA. Initially, Western blot was utilized to confirm the 

efficacy of siERK5, which efficiently reduced ERK5 protein 

expression, but did not affect ERK1/2 protein expression (Fig. 
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Fig. 3. Benzidine-induced EMT was related to MAPK/AP-1 activation in human BC cells. (A) Protein expressions of T-ERK1/2, p-ERK1/2, 

p38, p-p38, JNK, p-JNK, T-ERK5 as well as p-ERK5 by Western blot. GAPDH was utilized as an internal control. (B) AP-1 protein expres-

sions (p-c-Fos, p-c-Jun as well as Fra-1) by Western blot. GAPDH was employed as an internal control. 
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Fig. 4. Suppression of ERK5 by XMD8-92 reversed benzidine-triggered EMT in human BC cells. (A, B) Cells were administered various 

concentrations of benzidine with or without 5 μΜ XMD8-92 for 4 days (T24) or 5 days (EJ), followed by Western blot, which implicated 

that XMD8-92 diminished benzidine-induced ERK5 and AP-1 protein activation. GAPDH was utilized as an internal control. (C) Morpho-

logical alterations of human BC cells induced by benzidine were attenuated by XMD8-92. (D) Transwell invasion assay revealed that 

XMD8-92 decreased benzidine-triggered invasive capacity of T24 cells. (E) Wound healing assay revealed that XMD8-92 restored benzi-

dine-triggered migratory capacity of the EJ cells. (F) Western blotting analyses showed that XMD8-92 reversed benzidine-triggered 

down-regulation of protein levels of ZO-1, E-cadherin, and up-regulation of protein expressions of N-cadherin, Snail and Vimentin. 

GAPDH was employed as an internal control. **P < 0.01, compared to control group; 
##P < 0.01, compared to 0.01 μΜ benzidine-

treated group. 
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Fig. 5. Inhibition of ERK5 by siRNA repressed benzidine-induced EMT of human BC cells. (A) Human BC cells were transfected with 70 

pmol/L siERK5, 70 pmol/L non-silencing siRNA or left untransfected. Cells were lysed 4 days (T24) or 5 days (EJ) after transfection, fol-

lowed by Western blot to illustrate the role of siERK5 on ERK5 and ERK1/2 expressions. (B) siERK5 inhibited benzidine-induced ERK5 as 

well as AP-1 protein activation in human BC cells. After exposure to various concentrations of benzidine with or without 70 pmol/L 

siERK5 for 4 days (T24) or 5 days (EJ), the expression levels of p-c-Jun, p-c-Fos as well as p-ERK5 were determined by western blot. 

GAPDH was employed as an internal control. (C) Treatment of siERK5 in human BC cells attenuated benzidine-stimulated down-

regulation of protein expressions of ZO-1, E-cadherin, and up-regulation of protein levels of Snail, N-cadherin and Vimentin, indicated 

by Western blot. GAPDH was employed as an internal control. 

 

 

 

5A). siERK5 decreased levels of p-ERK5, p-c-Fos as well as p-

c-Jun in T24 cells (Fig. 5B). Moreover, suppression of ERK5 

by siERK5 led to elevated protein levels of epithelial indica-

tors, including E-cadherin, ZO-1, and decreased levels of 

mesenchymal indicators, such as Vimentin, N-cadherin and 

Snail (Fig. 5C). Taken together, these observations demon-

strated a critical role of ERK5 activity in benzidine-triggered 

EMT in human BC cells. 

Inhibition of ERK1/2 by U0126 could not reverse 
benzidine-triggered EMT in T24 
Next, we tendentiously investigated whether ERK1/2 con-

tributed to benzidine-induced EMT in T24. To this end, 

U0126 (a selective inhibitor of MEK1 and MEK2) was ul-

tilized to pretreat the cells. Consequently, U0126 restored 

benzidine-induced increase of p-ERK1/2, p-c-Fos, as well as 

p-c-Jun in T24 cells, as indicated by Western blot (Fig. 5A 
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Fig. 6. ERK1/2 inhibition had little influence on benzidine-induced EMT in T24 cells. (A, B) After exposure of T24 cells to various concen-

trations of benzidine with/or 5 μΜ U0126, an ERK1/2 inhibitor for 4 days, Western blot implicated that U0126 suppressed benzidine-

triggered ERK1/2 and AP-1 protein activation. GAPDH was employed as an internal control. (C) Morphological alterations of T24 cells 

induced by benzidine could not be restored by U0126. (D) Benzidine-triggered invasion ability of T24 cells could not be decreased by 

U0126, detected by Transwell invasion assay. (E) Western blot revealed that U0126 failed to ameliorate benzidine-stimulated down-

regulation of protein levels of ZO-1, E-cadherin, and up-regulation of protein expressions of Snail, N-cadherin and Vimentin. GAPDH 

was employed as an internal control. **P < 0.01, compared to control group; 
##P < 0.01, compared to 0.01 μΜ benzidine-treated group. 

 

 

 

and 5B). However, U0126 treatment did not reverse the 

mensenchymal-like morphological alterations (Fig. 5C), nei-

ther did it have effect on invasive capacity of T24 cells (Fig. 

5D). Further study demonstrated that U0126 had no signifi-

cant effect on benzidine-triggered reduction of E-cadherin, 

ZO-1 expressions, or enhancement of N-cadherin, Snail and 

Vimentin in T24 cells (Fig. 5E). Therefore, ERK1/2 was not 

likely to play an essential role in benzidine-induced EMT in 

T24. 

 

DISCUSSION 
 

Recently, the participation of MAPK pathway in EMT has 

been a hot topic, and dysregulation of MAPK exhibits a cru-

cial function in cancer progression, which provides novel 

insights into therapeutics against cancers. Nevertheless, the 

roles of MAPKs, especially ERK5, in the development of ben-

zidine-related BC are far from fully understood. Numerous 

studies have proved that EMT contributes to the malignancy 

of BC. Thus, exploring the mechanism underlying the rela-

tionship between MAPKs and EMT in benzidine-associated 

BC is particularly important for developing novel therapeutic 

drugs and improving patient survival rate. 

EMT is an integral part of metastatic progression whereby 

cells gain motile and invasive capabilities through loss of 

epithelial markers, namely E-cadherin and ZO-1, and ob-

tainment of mesenchymal markers, including Vimentin as 

well as N-cadherin. Accumulating evidence has shown that 

EMT is of paramount importance in BC development and 

progression (Kiselyov et al., 2016), and the effects of benzi-

dine on carcinogenesis as well as EMT induction (Liu et al., 

2017; Zhao et al., 2015). In agreement with previous re-

searches, we found that benzidine exposure triggered EMT 

in human BC cells T24 and EJ, as evidenced by morphologi-

cal alteration from epithelial to mesenchymal form, en-

hanced migratory as well as invasive abilities, and changes in 

expressions of EMT markers, including reduced epithelial 

markers, ZO-1 and E-cadherin, as well as elevated mesen-

chymal markers N-cadherin, Vimentin and Snail. 

The ERK5 pathway harbors many features that are struc-

turally and functionally distinct from other MAPKs, all of 

which make it possible to be an ideal therapeutic target (Ho-

ang et al., 2017). Recently, there is increasing evidence re-

garding the involvement of ERK5 signaling in cancer pro-

gression. ERK5 overexpression in cancer cells, such as hu-

man prostate cancer PC3 cells, exhibited a migratory and 

invasive phenotype, therefore contributing to increased ca-

pacities of metastasis (Ramsay et al., 2011). Moreover, 

pharmacological suppression of ERK5 inhibited cell motility 

and invasion in several kinds of tumor cells in vitro (Rovida et 
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al., 2015; Sawhney et al., 2009), and reduced metastasis of 

prostate and liver cancer xenografts in vivo (Ramsay et al., 

2011; Rovida et al., 2015). Loveridge et al. (2017) indicated 

that ERK5 deletion could increase T-cell infiltration in a 

PTEN-deficient mouse model of prostate carcinogenesis, 

suggesting that ERK5 may affect immune therapy in pros-

tate cancer. ERK5 has also been demonstrated to regulate 

TS-mediated urocystic, pulmonary and hepatic EMT in vivo 

and in vitro (Geng et al., 2015; Liang et al., 2015a; 2015b; 

2017; Min et al., 2017). Our team previously reported that 

benzidine induced EMT, activated ERK5, and transactivated 

AP-1 proteins in SV-40, an immortalized human urothelial 

cell (Liu et al., 2017). Likewise, in our research, we verified 

that benzidine-elicited EMT of human BC cells was linked 

with activation of ERK5. We observed that utilizing XMD8-

92 or siRNA targeting ERK5 contributed to the inhibition of 

the ERK5/AP-1 signaling pathway, consequently reversing 

benzidine-stimulated EMT. These researches revealed the 

underlying mechanisms of benzidine-facilitated or -induced 

migration, invasion, and EMT process in human BC cells. 

Several reports have demonstrated the importance of 

ERK1/2 pathway in BC progression (Sun et al., 2016; 2017; 

Zhao et al., 2015). Studies by Zhao revealed that benzidine 

triggered ERK1/2 activation and EMT in human uroepithelial 

cells, which could be suppressed by U0126, an ERK1/2 in-

hibitor (Zhao et al., 2015). Our team previously confirmed 

that benzidine promoted proliferation of human BC T24 cells 

via ERK1/2 signaling (Sun et al., 2016). In addition, ERK1/2 is 

critically involved in CSE-induced EMT of T24 (Sun et al., 

2017). Taken together, we speculated that ERK1/2 might 

regulate benzidine-stimulated EMT in human BC cells. Inter-

estingly, our data showed an activation of ERK1/2 activated 

in benzidine-triggered EMT in T24 cells, but not in EJ cells. 

Moreover, using ERK1/2 inhibitor, U0126, could significantly 

down-regulate p-ERK1/2 expression. Further study demon-

strated that U0126 had no obvious effect on benzidine-

induced EMT phenotype, cell invasion ability, and EMT 

markers expressions. These observations seem inconsistent 

with our previous report. In CSE-treated T24 cells, inhibition 

of ERK1/2 can reverse EMT process (Sun et al., 2017). How-

ever, the results from these two studies are not contradictory, 

since T24 cells were treated with different stimuli (i.e., ciga-

rette smoke or benzidine). In comparison to benzidine, ciga-

rette smoke is a complex chemical mixture that contains 

over 4,500 compounds, including more than 60 carcinogens 

(Boffetta, 2008). Because of the different oncogenic mech-

anisms of each carcinogen in cigarette smoke, the role of 

distinct signaling pathways varies widely. In our studies, we 

have showed that ERK1/2 pathway responds differently to 

CSE or benzidine in T24 cells. Taking all of these facts into 

account, in spite of the enhanced ERK1/2 experssion in ben-

zidine-treated T24 cells, ERK1/2 is not likely to be critically 

involved in EMT process. 

AP-1 has been demonstrated to participate in progression 

of a number of malignancies, including BC. Increased ex-

pressions of AP-1 proteins were also found in multiple hu-

man cancer samples, such as colorectal cancer, endometrial 

carcinoma, and so on (Shivtia and Yehudit, 2017). As a 

downstream target of MAPKs, studies showed that AP-1 

exerted a directly and indirectly transcriptional regulation of 

EMT markers during EMT induction (Bakiri et al., 2015; Lu et 

al., 2016; Yoshinaga et al., 2016). Here, we found that ben-

zidine-mediated MAPK activation increased the activation of 

AP-1 proteins. Meanwhile, benzidine-stimulated AP-1 acti-

vation was decreased after administration of XMD8-92, 

siRNA, and U0126 treatment. These results suggested the 

importance of AP-1 in benzidine-elicited EMT of human BC 

cells. However, there are still many uncertainties about the 

molecular mechanism of AP-1 on EMT, which requires fur-

ther investigation. 

In conclusion, to the best our knowledge, our work was 

the first to reported that benzidine induced EMT in human 

BC cells, primarily via activation of ERK5, but not ERK1/2 

signaling. Our findings implicate that the targeted blockade 

of ERK5 pathway might be if effect as therapeutic ap-

proaches against benzidine-related BC progression, which is 

worth of further investigation. 
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