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Background: So far, little research has been conducted regarding the underlying mechanism 
of renal carcinogenesis at molecular level. Epithelial–mesenchymal transition (EMT) exerts 
an important part during tumor genesis as well as the development through mitogen-activated 
protein kinase (MAPK) pathways. Therefore, we hypothesized that EMT could promote renal 
cell carcinoma (RCC) progression via the ERK5/AP-1pathway.
Materials and Methods: The RCC cell lines were utilized to be the models with in vitro 
exposure to cigarette smoke extract (CSE). We used the curcumin for the EMT intervention 
study. In the present study, immunohistochemistry (IHC), Western blotting, and real-time 
quantitative reverse transcription PCR had been used to determine the experimental results. 
EMT phenotypic alterations were assessed by changes in cell morphology, invasion and 
transfer ability, as well as expression of epithelial and mesenchymal markers.
Results: In human renal cell carcinoma tissue, E-cadherin expression within the smoking renal 
cancer patients was down-regulated compared with that among the non-smokers. However, 
Vimentin, N-cadherin, and TWIST levels increased (P<0.05). Significantly, we clarified that 
ERK5/AP-1 exerted positive regulation on the renal cell carcinoma EMT mediated by CS, which 
was suggested based on the results of CS activating the ERK5/AP-1 pathway, as well as ERK5 
inhibition via XMD8-92 reversed AP-1 protein levels and the EMT process. Furthermore, 
curcumin showed the same inhibitory effect as XMD8-92 and significantly reversed CS- 
induced EMT through inhibiting the ERK5/AP-1 signaling pathway.
Conclusion: The above results indicated that ERK5/AP-1 signaling pathway exerts a vital 
part for CS-associated RCC development and cancer intervention.
Keywords: renal cell carcinoma, epithelial–mesenchymal transition, cigarette smoke, 
ERK5/AP-1 pathway, curcumin

Introduction
Epidemiological investigations found that over 90% of renal cancers are renal cell 
carcinoma, and 50% of renal cancer in patients is associated with long-term 
smoking.1,2 Although cigarette smoke (CS) shows tight correlation with renal 
tumor occurrence and progression, few studies have examined the mechanisms by 
which CS is involved in renal carcinoma progression at molecular level. 
Consequently, the current research aimed to investigate CS pathogenesis in renal 
cell carcinoma at molecular level.
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Epithelial–mesenchymal transition (EMT) has been recog-
nized as an essential physiopathological process for tumor 
genesis and progression.3 In the process of EMT, cells have 
lost the epithelial characteristics, obtaining the e mesenchymal 
characteristics. Moreover, abundant evidence demonstrates 
that EMT could enhance the invasive capabilities and meta-
static growth attributes of tumor cells.4,5 Additionally, evi-
dence also suggests that EMT plays a critical role in initiating 
tumor genesis.6,7 However, no molecular mechanism has been 
proposed for CS-induced EMT in renal cell carcinoma.

Extracellular signal-regulated kinase 5 (ERK5), as one of 
the MAPKfamily members, has been rarely investigated. The 
ERK5/AP-1 (the transcriptional factor TF subunit and the Jun 
proto-oncogene) pathway participates in numerous vital cell 
processes, such as angiogenesis, apoptosis, proliferation, 
and viability of cells.8 The AP-1, which is constituted by 
FOS and JUN proteins, participates in mediating tumorigen-
esis and progression. Based on compelling evidence from our 
preliminary research, the activity of MAPK/AP-1 plays a vital 
part in the CS effect.9–11 Besides, activating the ERK5/AP-1 
pathway can up-regulate EMT induced by CS within non- 
carcinoma urothelial cells.12 Arias-Gonzalez et al found that 
high levels of ERK5 are associated with a poor prognosis of 
RCC.13 Nonetheless, little research concentrates on the role of 
ERK5/AP-1 in regulating the EMT in renal carcinoma induced 
by CS.

Curcumin is currently the most widely studied phyto-
chemical, which has a distinct safety profile. As one of the 
primary turmeric bioactive components, curcumin is the 
traditional Chinese herbal medicine that has been used for 
a long time across Asia.14 According to the previous studies 
both in vivo and in vitro, curcumin exerts anti-tumor effects 
on various cancer types, such as bladder, lung, thyroid, and 
colorectal cancer.4,5,12 Nonetheless, little research is carried 
out to examine its interventional effects.

So far, no studies have examined whether curcumin 
negatively regulates cigarette smoke-induced renal cell 
carcinoma EMT. Consequently, the present research 
aimed to examine the role of ERK5/AP-1 in regulating 
EMT induced by CS, aiming to further clarify the mechan-
ism of CS-induced renal cell carcinoma progression, and 
provide new ideas for cancer intervention.

Materials and Methods
Chemicals and Reagents
ACHN and 786-O cells were provided by the American Type 
Culture Collection (ATCC, Manassas, VA, USA). Dimethyl 

sulfoxide (DMSO) and the remaining reagents were provided 
by Sigma-Aldrich (St. Louis, MO, USA) and had the greatest 
purity. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) had been provided by Sigma-Aldrich. 
Antibodies recognizing the total-ERK5, phosphorylated- 
ERK5 (p-ERK5), c-jun, phosphorylated-c-jun (p-c-jun), 
E-cadherin, c-fos, phosphorylated-c-fos (p-c-fos), Vimentin, 
and N-cadherin were provided by the Cell Signaling 
Technology (Monoclonal, Rabbit, Danvers, MA, USA). 
Moreover, those antibodies recognizing Twist family BHLH 
transcription factor (TWIST) and zonula occludens protein 1 
(ZO-1, which is also referred to as the tight junction protein 1 
(TJP1)), had been offered by Santa Cruz Biotechnology 
(Monoclonal, Rabbit, Santa Cruz, CA, USA). Biogot 
Technology (Nanjing, China) supplied the antibodies against 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
(Nanjing, China). Curcumin had been provided by Sigma- 
Aldrich (at the purity of 99.0%). XMD8-92 had been provided 
by the Selleck Chemicals (Huston, TX, USA). In terms of the 
IHC staining tests, mouse antibodies against E-cadherin and 
N-cadherin, together with rabbit antibody against Vimentin, 
and the DAB chromogenic kit, were provided by the Beijing 
Zhongshan Jinqiao Company. Moreover, other material 
sources are marked within the manuscript.

CSE Preparation
CSE was prepared freshly for all experiments according to 
a previously reported method.9 The commercially avail-
able cigarettes (the Hongtashan filter-tipped cigarettes 
manufactured in Yunnan Province of China; each contain-
ing 1.1 mg nicotine and 12 mg tar) were smoked. 
Subsequently, one vacuum was used to draw the main-
stream smoke via the pre-warmed (37°C, 10 mL) fetal 
bovine serum (FBS)-free 1640 medium containing strep-
tomycin and penicillin at the speed of 5 min/cigarette. To 
acquire the 100% solution, a 0.22-µm filter was used to 
filter and further dilute the resultant solution. Different 
concentrations of CSE were used to treat the 786-O and 
ACHN cells for 6 days.

Culture and Treatment of Cells
The 786-O and ACHN cell lines had been grown within 
the 10 cm2 flasks filled with the Roswell Park Memorial 
Institute (RPMI) 1640 medium containing antibiotics (100 
µg/mL streptomycin and 100 U/mL penicillin) as well as 
the 10% FBS, and cultured under the 37°C conditions 
within an incubator under 5% CO2. Afterwards, the med-
ium would be replaced daily till reaching 80–90% cell 
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confluence. Later, cells were subjected to CSE curcumin 
or XMD8-92 treatments at different contents.

Preparation of Case Data
The current work gained approval from the Ethics 
Committee at the Second Affiliated Hospital of Anhui 
Medical University. Sixty cases with renal cell carcinoma 
diagnosed at the Second Affiliated Hospital of Anhui 
Medical University from February 2017 to 
February 2019 and treated with surgery in urology were 
selected. Both smoking groups (SG) and non-smoking 
groups (NSG) comprised 30 cases. No patients underwent 
neoadjuvant targeted therapy or interventional therapy 
before surgery. The patients were asked about their smok-
ing status before surgery. Immediately after the surgical 
specimen was isolated, the cancer tissue and some normal 
kidney tissues were taken and frozen at −80°C.

MTT Assay
The 786-O and ACHN cell lines were subjected to CSE 
treatments at various doses (0%, 0.1%, 0.25%, 0.5%, 1%, 
and 2%) for 6 days. Then, the MTT assay would be 
performed to examine the viability of cells under different 
CSE concentration treatments. XMD8-92 (0–3 µM) or 
curcumin (0–6 µM) was added into 786-O and ACHN 
cells with CSE (0%, 0.25%, 0.5%) to select the appropri-
ate concentrations for further experiments.

Wound-Healing Assay
Medium without CSE or with CSE at 0.25% or 0.5% was 
used to pretreat 786-O and ACHN cells for 4 days. Then, 
the cells lines would be grown at the concentration of 4 × 
105/well within the 6-well plates and incubated for 24h in 
serum-free medium before wounding. Using a 20-µL pip-
ette tip, a wound was made on the surface of the cell layer 
on the plates. The movement of the cells at the sides of the 
scratch was evaluated at 0, 12, and 24 h. Photographs were 
taken and evaluated under a light microscope.

Transwell Assay
For cell pretreatment, refer to the wound-healing assay sec-
tion. The assay was carried out within the 24-well Boyden 
chamber coated with the polycarbonate membrane (with the 
pore size of 8-µm, Millipore, Billerica, MA, USA) as well as 
Matrigel for the formation of the matrix barrier. RPMI 1640 
medium would be put into bottom chamber with 10% FBS to 
be the chemoattractant. Afterwards, the cells were cultured 
for 24 h in the incubator. In addition, those that were still 

staying on the internal channel membrane would be elimi-
nated by the cotton swab, whereas those adhering to the 
lower membranes would be subjected to methanol fixation 
and crystal violet staining. Afterwards, the migrating cell 
number in each microscopic field of view (FOV) was 
recorded and examined.

Western Blotting
Proteins were extracted from 786-O and ACHN cells, and 
surgical specimen tissues (including cancer and normal 
kidney tissues). Western blotting was carried out to deter-
mine the levels of protein. To conduct densitometry, each 
protein band on the blot was determined by the Eagle Eye 
II software (Stratagene Inc., La Jolla, CA, USA)

Quantitative Real-Time Reverse 
Transcription PCR (qRT-PCR)
Relative Vimentin and E-cadherin mRNA expression levels 
in 786-O and ACHN cells were assessed with qRT-PCR, and 
GAPDH was used as the reference for loading. All primers 
involved in the current study were shown below: E-cadherin, 
5′-TCGACACCCGATTCAAAGTGG-3′(forward), 5′-TTC 
CAGAAACGGAGGCCTGAT-3′ (reverse); Vimentin, 5′- 
CCTTGACATTGAGATTGCCA-3′ (forward), 5′-GTATCA 
ACCAGAGGGAGTGA-3′(reverse); and GAPDH, 5′-GCT 
GCCCAACGCACCGAATA-3′ (forward), 5′- GAGTCA 
ACGGATTTGGTCGT-3′(reverse).

Immunohistochemistry
Wax blocks from 60 patients (SG: 30 cases and NSG: 30 
cases) were chosen and sliced into sections. Conventional 
methods of dewaxing, hydration, antigen retrieval, dropwise 
addition of hydrogen peroxide, and the addition of appropriate 
amounts of EMT marker protein antibodies were used. The 
sections were subjected to 60 min of incubation under 37°C, 
after which, antibody would be rinsed off, an appropriate 
amount of secondary antibody would be jointed, and all sec-
tions were subsequently placed under ambient temperature for 
a period of 20 min. Thereafter, secondary antibody was rinsed 
off, DAB staining solution was added, and staining degree 
would be monitored. The sections were rinsed with distilled 
water to a suitable depth and dyeing was completed. Finally, 
the sections were counterstained with hematoxylin and sealed. 
The results of section staining were interpreted by two experi-
enced pathologists. When the interpretation results were 
inconsistent, a third pathologist was asked to make the final 
decision. Stain evaluation using semi-quantitative counting 
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method: determine tissue staining intensity under light micro-
scope 100 times (0: no staining; 1: low intensity dyeing; 2: 
medium intensity dyeing; 3: strong dyeing), then after 400 
times to determine the dyeing range (0: <5%; 1: 5–25%; 2: 26– 
75%; 3:> 75%). Meanwhile, the intensity score and the range 
score are added to obtain the final IHC score (0–6 points).

Statistical Analysis
Data were analyzed with the SPSS 19.0 (IBM Corp., 
Armonk, NY, USA) software. Results were expresses as 
mean ±S.D. from at least three independent experiments. 
Statistical analysis was performed according to Student`s 
t-test by one-way analysis of variance. The Student`s t-test 
was used to compare the labeling index and relative den-
sity for different treatments and χ2 test was used for 
qualitative data. At the same time, a difference of *P< 
0.05 would be deemed to be of significant difference.

Results
Patient Demographic Data
Totally 60 patients were included, including 30 in the smok-
ing and 30 in the non-smoking groups. The tumors were 
staged as stages I–IV in accordance with the American 
Joint Committee on Cancer (AJCC) 2010 renal cancer clas-
sification criteria. The tumors were graded according to the 
pathological results of the patients, and the levels 1 and 2 of 
the Fuhrman and WHO/ISUP grades were unified as high 
differentiation. Those assessed as grade 3 by the two methods 
were unified as moderate differentiation, and those assessed 
as grade 4 by the two methods were unified into low differ-
entiation. The maximum diameter of the tumors for smoking 
group would be increased compared with that for non- 
smoking group, and the stage IV patient number and patients 
with poor tumor differentiation for smoking group were 
highly compared with those for non-smoking counterpart. 
There were fewer stage I tumors, and fewer patients had 
highly differentiated tumors in the smoking group relative 
to those for non-smoking group. However, differences in 
tumor stage and tumor differentiation between them were 
not statistically significant (Table 1).

CSE Induces EMT in Renal Cell 
Carcinoma Cells
To examine the CSE influence on inducing EMT, 786-O and 
ACHN cell lines were subjected to CSE exposure at different 
contents for a period of 6 days. CSE treatment at 0.5% dose 
would not significantly affect the viability of cells (Figure 1A). 

As a result, 0.25% and 0.5% CSE were chosen as the doses for 
subsequent experiments. Besides, 786-O and ACHN cells 
were subjected to CSE treatment for a period of 6 days, 
leading to obvious morphologic changes to the spindle-like 
mesenchymal one from the epithelial round shape (Figure 1B). 
Afterwards, all cells had become thinner and longer, and 
slender tails were generated in some of them. Transwell and 
Wound-healing assays would be carried out to further examine 
the CSE role in EMT. According to our results, CSE increased 
the migratory capacities of renal cell carcinoma cells signifi-
cantly (Figure 1C). Additionally, the EMT process is also 
demonstrated by the changes in mesenchymal and epithelial 
marker expression. In addition, Western blotting was carried 
out to analyze the EMT protein markers, including 
N-cadherin, Vimentin, E-cadherin and ZO-1. The ZO-1 and 
E-cadherin levels within cells subjected to 0.25% and 0.5% 
CSE treatment were significantly decreased versus the control 
(P<0.01). The N-cadherin and Vimentin levels were up- 
regulated relative to those in control cells in vitro 
(Figure 2A). Similar results were detected for the E-cadherin 
and Vimentin mRNA expression in CSE-treated 786-O and 
ACHN cells (Figure 2B).

CSE Activates the ERK5/AP-1 Pathway
To examine whether the ERK5/AP-1 signaling pathway was 
triggered following exposure of 786-O and ACHN cells to 

Table 1 Demographic Data of Two Groups of Patients with 
RCC (n=60, χ±s)

Group SG NSG χ2/T 

value

P value

Gender 9.017 0.003

Male (%) 29 (96.7) 20 (66.7)

Female (%) 1 (3.3) 10 (33.3)

Age (year) 58.73±11.91 60.20±13.96 −0.439 0.663

Maximum diameter of 

tumor (cm)

5.21±2.87 4.69±1.91 0.826 0.413

Tumor staging (AJCC) 5.934 0.051*

I 15 24

II 5 2

III 6 4

IV 4 0

Tumor grading 1.763 0.185*

Highly differentiated 16 21

Medium differentiation 8 8

Low differentiation 6 1

Notes: *Patients with stage III and IV renal cell carcinoma were combined for 
statistical analysis; Patients with moderately differentiated and poorly differentiated 
renal cancer were combined for statistical analysis. 
Abbreviations: SG, smoking group; NSG, non-smoking group.
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CSE for a 6-day period, the ERK5 and AP-1 protein levels 
were detected. Findings suggested that the t-ERK5, -fos and - 
jun levels were notably decreased depending on the CSE dose. 
However, the phosphorylated-ERK5, -fos and -jun levels were 
notably increased (Figure 3A). Correspondingly, inhibition of 
ERK5 (XMD8-92) decreased p-c-fos and p-c-Jun activation, 
suggesting the positive modulation of ERK5 on the AP-1 
pathway (Figure 4A).

CSE Altered Expression of EMT Markers 
and Activated AP-1 in RCC Tissue
In tumor tissues, according to Western blotting, E-cadherin 
expression was down-regulated of smoking group compared 
with that for non-smoking one (P<0.01), while the N-cadherin, 
Vimentin, and TWIST levels were up-regulated (P<0.05) 

(Figure 2C). Western blotting analysis in renal cell carcinoma 
tissue also detected an increase in AP-1 proteins (p-c-fos, 
p-c-jun) levels (Figure 3B). To further examine Vimentin, 
N-cadherin, TWIST and E-cadherin expression within renal 
clear cell carcinoma, IHC was used to detect the four proteins. 
As shown in Figure 2E, the IHC scores of E-cadherin: SG (0.90 
± 1.09); NSG (1.47 ± 1.20), (P=0.0604). The IHC scores of 
N-cadherin: SG (3.33±1.63); NSG (3.07±1.28), (P=0.4837). 
The IHC scores of Vimentin: SG (4.17±1.05); NSG (3.17 
±1.02), (P<0.01). The IHC scores of TWIST: SG (3.4±0.33); 
NSG (1.9±0.29), (P<0.01). As presented in Figure 2D, we find 
that E-cadherin showed high expression within RCC tissue 
from the non-smoking group, showing low expression in RCC 
tissues of the smoking group. N-cadherin, TWIST and 
Vimentin were poorly expressed in non-smoking group and 
highly expressed in smoking group.

Figure 1 CSE induces EMT in RCC cells. (A) 786-O and ACHN cell lines are subjected to CSE exposure at different doses for a 6-day period. The viability of cells is not 
significantly influenced in CSE - treated cells at the dose of 0.5%. Moreover, cells are treated by CSE at the dose of ≥1%, which is found to show RCC cell toxicity. (B) CSE 
can induce the morphologic changes from the epithelial round shape to the spindle-resembling mesenchymal form. The cells become thinner and longer, and slender tails are 
generated in some cells, as indicated by the red arrow (×400 magnification). (C and D) Transwell migration and Wound-healing assays (×100 magnification) demonstrate that 
CSE increased migratory capacities of renal cell carcinoma cells significantly. Data are expressed in the form of mean ± SD. **P< 0.01 relative to control group. 
Abbreviations: CSE, cigarette smoke extract; EMT, epithelial mesenchymal transition; RCC, renal cell carcinoma.
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ERK5/AP-1 Inhibition Diminished EMT 
Induced by CSE Within the RCC Cell 
Line
The specific inhibitor of ERK5, XMD8-92, is frequently 
used for in vitro trials. Besides, 786-O and ACHN cells 
were exposed to XMD8-92 (1–3 µM with or without 
0.25% and 0.5% CSE) for 6 days. Finally, 2 µM XMD8- 
92 was selected as a suitable concentration for subsequent 
experiments (Figure 5A). Then, it could be observed that 
XMD8-92 attenuated the invasion and migration capacities 
of cells enhanced by CSE (Figure 5B and C). At the 
molecular level, XMD8-92 suppression of ERK5 reduced 
p-c-jun and p-c-fos levels (Figure 4A). Meanwhile, 

inhibition of ERK5 resulted in the down-regulated ZO-1 
and E-cadherin, whereas up-regulated Vimentin and 
N-cadherin at both mRNA and protein levels (Figure 4B 
and C). The above findings are in consistent with CSE 
inducing EMT in ACHN and 786-O cells via the ERK5 
signaling pathway.

Curcumin Decreased the EMT Induced 
by CSE Through Suppressing ERK5/AP-1
Curcumin is extensively used in clinical applications 
because of its anti-tumor, anti-oxidation, and anti- 
inflammatory effects. To examine the interference of cur-
cumin EMT induced by CSE, MTT assays were carried out 

Figure 2 CSE alters EMT marker expression within RCC tissues and cells. (A) Epithelial marker levels, ZO-1 and E-cadherin, at 0.25% CSE and 0.5% CSE were significantly 
decreased versus the control. However, N-cadherin and Vimentin levels are elevated. (B) Similar results were detected for E-cadherin and Vimentin mRNA expression in 
CSE-treated RCC cells. (C) In tumor tissues, E-cadherin level is down-regulated of smoking patients relative to those of non-smoking patients, while Vimentin, N-cadherin, 
and Twist levels increased, as suggested by Western blotting. (D) IHC presented that N-cadherin and E-cadherin staining is more intense within cell membrane, while 
Vimentin and TWIST showed deeper staining in the cytoplasm. E-cadherin was highly expressed in non-smoking group RCC and poorly expressed in the RCC tissues of the 
smoking group. N-cadherin, TWIST and Vimentin were poorly expressed in the non-smoking group but were highly expressed in the smoking group. (E) The IHC scores of 
E-cadherin: SG (0.90 ± 1.09); NSG (1.47 ± 1.20) (P = 0.0604), the smoking group was down-regulated, but the difference was not statistically significant. The IHC scores of 
N-cadherin: SG (3.33±1.63); NSG (3.07±1.28), the difference was not statistically significant (P = 0.4837). The IHC scores of Vimentin: SG (4.17±1.05); NSG (3.17±1.02), the 
smoking group was higher than the non-smoking group (P<0.01). The IHC scores of TWIST: SG (3.4±0.33); NSG (1.9±0.29), the smoking group was higher than the non- 
smoking group (**P<0.01). Data are expressed in the form of mean ± SD. *P< 0.05, relative to respective control group. **P<0.01 relative to respective control group. 
Abbreviations: CSE, cigarette smoke extract; EMT, epithelial mesenchymal transition; RCC, renal cell carcinoma; IHC, immunohistochemistry; SG, smoking groups; NSG, 
non-smoking groups.
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to screen a suitable dose of curcumin (5 µM) for subse-
quent experiments (Figure 6A). A wound-healing assay 
showed that the cells’ CSE-enhanced migration ability 
was also reduced through curcumin (Figure 6B). 
Afterwards, it was found that treating cells with curcumin 
inhibited the ERK5/AP-1 activation induced by CSE 
(Figure 7A). Moreover, according to our results, curcumin 
treatment up-regulated the ZO-1 and E-cadherin mRNA 
and protein levels, and down-regulated the levels of and 
N-cadherin and Vimentin, demonstrating curcumin- 
mediated inhibition of EMT induced by CSE (Figure 7B 
and C). Therefore, curcumin also has an anti-tumor effect 
in RCC and regulates the EMT process by inhibiting the 
ERK5/AP-1 signaling pathway.

Discussion
The incidence of RCC is increasing year by year and there 
are significantly more male patients than female 
patients.1,2 Cigarette smoke (CS) has been recognized as 
one of the most important risk factors of RCC 

development and numerous epidemiological studies have 
revealed that CS exposure can promote the initiation and 
progression of RCC.15,16 Tobacco contains a variety of 
carcinogens, and their combustion products can attack 
cells through various mechanisms, consequently activating 
signaling pathways related to each tumor in a network, 
leading to the rapid development of tumors.17 Although 
a lot of studies have found that smoking is associated with 
renal cancer progression, the specific molecular mechan-
isms involved remain unclear. The current study aimed to 
explore the mechanism by which smoking promotes the 
progression of RCC and the anti-tumor effect of curcumin.

Studies have found that EMT contributes to the metas-
tasis of RCC through transforming the polarity of cancer 
cells as well as the adhesion between cells and boosting 
cancer aggression. Loss of epithelial cell characteristics 
makes it difficult for cells to adhere, and the acquisition 
of interstitial cell characteristics makes it easier for cells to 
metastasize.18 Numerous molecular alternations occur in 
the process of EMT, such as the loss or low E-cadherin 

Figure 3 CSE can activate the ERK5/AP-1 signaling pathway. (A) t-ERK5, -fos and -jun levels were notably decreased depending on the CSE dose. However, the 
phosphorylated-ERK5, -fos and -jun levels were notably increased via Western blotting. (B) Western blotting analysis in RCC tissue also detected an increase in AP-1 protein 
(p-c-fos and p-c-jun) levels. Data are expressed in the form of mean ± SD. *P< 0.05, relative to respective control group. **P<0.01, relative to respective NSG group. 
Abbreviations: CSE, cigarette smoke extract; RCC, renal cell carcinoma; NSG, non-smoking groups.
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expression as well as the up-regulated N-cadherin expres-
sion, referred to as “cadherin switch”, which is typically 
observed during EMT via the interruption of tight junc-
tions and the concomitant gain of cell motility. In vitro 
IHC had been carried out to evaluate levels of N-cadherin, 
E-cadherin, Vimentin, as well as ZO-1 EMT markers in 
RCC specimens, proving that they correlated with the 
prognosis of patients with RCC.18,19 Yu et al demonstrated 
that EMT caused epithelial cells to significantly change 
their cell morphology, and increase their proliferation and 
invasion in human normal bladder epithelial cells and 
mouse models.9 Giordano et al20 found that EMT- 
inducing factors not only induced the occurrence of EMT 
in breast cancer cells but also enhance their stem cell 
characteristics. EMT plays a vital role during tumor metas-
tasis and occurrence. Regulating EMT might become 
a new strategy to treat cancer recurrence and metastasis 
in the future. In consistence with previous results, our 
study also suggested that exposure to CSE induced EMT 

within 786-O and ACHN cells, manifested by changes in 
the cell phenotype and EMT marker levels.

In RCC tissue, we found that the tumor size, tumor 
stage, and tumor grade in smoking patients were slightly 
enhanced relative to than those for non-smoking ones. 
However, the differences were not statistically signifi-
cant. At the same time, EMT-related markers expression 
would be different between smoking group and non- 
smoking group using both Western blotting and IHC 
detection. Combined with the results of the in vitro 
cell experiments, we believe that CS induces EMT of 
RCC cells, and that EMT exerts a vital part during 
smoking-induced RCC progression. Nevertheless, the 
specific regulatory mechanisms remain to be further 
studied. The current study was a single-center retrospec-
tive study with limited clinical cases, no long-term 
patient follow-up, and a lack of follow-up data, such 
as tumor-specific survival and overall survival. 
However, the relationship between smoking and EMT 

Figure 4 Molecular changes were further tested in XMD8-92-treated RCC cells. (A) XMD8-92 reduced p-c-jun and p-c-fos levels according to ERK5 suppression. (B and 
C) Meanwhile, inhibition of ERK5 results in ZO-1 and E-cadherin down-regulation, as well as Vimentin and N-cadherin up-regulation at both mRNA and protein levels. Data 
are expressed in the form of mean ± SD. *P<0.05, relative to control group; #P <0.05, XMD8-92 group relative to respective CSE group. 
Abbreviations: CSE, cigarette smoke extract; RCC, renal cell carcinoma.
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has been studied clinically. Cases have been presented, 
and preliminary findings have revealed the induction of 
EMT in RCC, which is in consistent with previous 
in vitro cell experiments.

As suggested in a prior research, ERK5 plays a vital 
part within CSE or benzidine-induced EMT in bladder 
tumor cells,7,12 yet it remains unclear about ERK5 effect 
on the development of RCC promoted by CSE. 
Numerous studies have reported the regulation of the 
EMT signaling pathway by, for instance, ERK5, MAPK, 
nuclear factor kappa B (NF-κB), and phosphatidylinosi-
tol-4,5-bisphosphate 3-kinase (PI3K).7,21,22 In primary 
RCC, TGFB1 mRNA (encoding transforming growth 
factor beta 1) was detected, indicating that the stimula-
tion of EMT in RCC by TGFB1 induces and contributes 

to tumor growth.23 Laura et al found that high levels of 
ERK5 correlated with stages associated with worse 
prognosis in RCC.13 Different from other ERKs, ERK5 
can activate the transcription activity. Specifically, its 
special structure allows ERK5 to regulate downstream 
molecule transcription by two manners, either via phos-
phorylation or transcriptional boosting.24 In this study, 
the 786-O and ACHN cell lines were subjected to CSE 
exposure for a 6-day period, which induced a marked 
increase in p-ERK5 in a CSE dose-dependent manner, 
indicating that CSE up-regulation exerted certain effect 
on the activity of ERK5. Additionally, CSE enhanced 
p-c-fos and p-c-jun levels. An ERK5 inhibitor (XMD8- 
92) could remarkably reverse EMT induced by CSE, 
which was shown through the reduced p-c-jun and 

Figure 5 Inhibiting ERK5/AP-1 diminishes the EMT induced by CSE within RCC cell lines. (A) 786-O and ACHN cells were exposed to XMD8-92 (1–3 µM with or without 0.25–0.5% 
CSE) for 6 days. 2 µM of XMD8-92 is chosen to be the most suitable dose in subsequent assays. (B and C) Transwell and wound-healing assays are carried out to observe the XMD8-92 
effect in the attenuation of CSE-enhanced cell migration. Data are expressed in the form of mean ± SD. **P<0.01 relative to control group, ##P<0.01, XMD8-92 group relative to 
respective CSE group. 
Abbreviations: CSE, cigarette smoke extract; EMT, epithelial mesenchymal transition; RCC, renal cell carcinoma.
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p-c-fos levels after inhibiting ERK5. However, the pre-
sent study did not reveal the exact mechanism of ERK5 
in regulating the activation of AP-1, which requires 
further investigation.

Curcumin is a natural compound with great applica-
tion prospects, which is used in the treatment of malig-
nancy. Besides, it can modulate numerous signaling 
pathways, such as transcriptional, signal transduction, 
and adhesion.4,12 Evidence suggests that curcumin can 
regulate different signaling pathways or cytokines to 
achieve anti-tumor effects, and could be used as an 
effective adjuvant for cisplatin to regulate the erythroid 
2 like 2 (NRF2), nuclear factor, as well as signal trans-
ducer and activator of transcription 3 (STAT3) signaling 
within humans to treat squamous cell carcinoma.25 

According to Woo et al, curcumin inhibited the MAPK 
signal transduction pathways within astroglioma cells in 
humans.26 Moreover, Sun et al also demonstrated that 
curcumin repaired the EMT induced by benzidine within 

phenotype and genotype levels.21 Our results suggested 
that curcumin reversed the CSE-enhanced invasion and 
migration abilities of RCC cells. Additionally, activating 
ERK5/AP-1 and EMT markers might be inhibited via 
curcumin, as assessed by detecting the activation of 
ERK5/AP-1 in the case of cell exposure to curcumin. 
Therefore, we believe that curcumin attenuated EMT 
induced by CSE through suppressing the ERK5/AP-1 
signaling.

Conclusion
To conclude, ERK5 is found to have a positive part within 
EMT progression of smoking-promoted renal cell carcinoma. 
In addition, curcumin is related to the smoking-associated 
renal malignancies. The above results further clarify the mole-
cular mechanisms of smoking-promoted renal cell carcinoma 
progression, contributing to formulating the novel preventing 
and interventional strategies.

Figure 6 Curcumin reduces the EMT induced by CSE through suppressing ERK5/AP-1. (A) An MTT assay was conducted to screen a suitable concentration for subsequent 
experiments. Treatment with CSE at various doses under 6 µM curcumin revealed lower cell viability below 70%, which proved to be toxic to ACHN and A498 cells. (B) A wound- 
healing assay showing that CSE-enhanced migration was weakened by curcumin. Data are expressed in the manner of mean ± SD. **P<0.01 relative to control group. 
Abbreviations: CSE, cigarette smoke extract; EMT, epithelial mesenchymal transition; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.
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