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Abstract: Objective: Emerging evidence suggest that the acquisition of epithelial mesenchymal transition (EMT) 
and induction of cancer stem cell (CSC) or cancer stem-like cell phenotype are interrelated and contribute to tumor 
recurrence and drug resistance. The aim of this study is to shed light on the relationship between EMT and CSCs 
by using renal cell carcinoma (RCC) cell line, ACHN and 786-0. Methods: RCC cells were treated with 50 ng/ml of 
TNF-α for 14 days. To evaluate EMT, morphological changes were assessed by light microscopy. RT-PCR and Western 
blot for EMT-related markers. On TNF-α treated and untreated RCC cells, we performed stemness tests and stem-
ness markers expression. Results: TNF-α treated ACHN cell lost its epithelial morphology assuming a fibroblast-like 
appearance. The same results were obtained for the 786-0 cells. RT-PCR and Western blot showed up-regulation 
of Vimentin and down-regulation of E-cadherin in TNF-α treated ACHN and 786-0 cells. Slug and ZEB1 mRNA tran-
scripts were up-regulated in TNF-α treated RCC cells confirming EMT. This two cell line also showed overexpression 
of Oct4, Nanog, and Bmi-1, all genes of stemness. In addition, in TNF-α treated RCC cell, an increased tumorsphere-
forming capacity was detectable. Conclusions: The induction of EMT by TNF-α exposure, in RCC cell results in the 
acquisition of mesenchymal profile and in the expression of stemness markers.
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Introduction

Evidence has recently been accumulating to 
support the hypothesis that tumors contain a 
subpopulation of tumor cells called cancer 
stem cells (CSCs), also known as tumor initiat-
ing cells or tumorigenic cells, which exhibit 
stem-like cell properties to self-renew, form 
tumorspheres, differentiate into heteroge-
neous populations of cancer cells, and seed 
new tumors in a xenotransplant system [1, 2]. 

Epithelial mesenchymal transition (EMT) is 
often activated during cancer invasion and 
metastasis. The acquisition of EMT is associat-
ed with tumor progression [3]. Both the EMT 
and CSCs play a critical role in tumor metasta-
sis, therapeutic resistance and recurrence [4, 
5]; however, each alone cannot explain the sum 
of the cellular events in tumor progression and 
the significance of EMT in regulating the stem-

ness of CSCs remains unknown until recently 
[6]. Balancing these two concepts has led 
researchers to investigate a possible link 
between EMT and the CSC phenotype. 

In this context, it is important to identify which 
factors could induce EMT and how the EMT 
cells could become a resource for cancer stem-
like cells, developing novel and targeted thera-
pies for malignance. Therefore, the aim of this 
study is to shed light on the possible relation-
ship between EMT and CSCs by using RCC cell 
line ACHN and 786-0. 

Materials and methods

Cell culture and reagent

Human RCC cell lines (ACHN, 786-0) were 
obtained from American Type Culture Collection 
(Manassas, VA), which were maintained in 
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DMEM medium (Invitrogen) containing 10% 
fetal bovine serum (FBS; Invitrogen). Cells were 
plated at the density of 1 × 106 cells per 100-
mm dish.

TNF-α treatment

In order to induce EMT process, ACHN and 
786-0 cells were treated with 50 ng/ml TNF-α 
(Invitrogen, CA, USA) for 7 and 14 days, respec-
tively. TNF-α has been added twice a week in 
the medium. To test the possible growth 
increase due to TNF-α treatment, 10000 cells 
were plated in 24-well plates and TNF-α 
untreated and treated cells were detached 
every 24 hours for 4 days. The number of cells 
for each experimental condition was counted 
and represented on a linear graph. 

Relative level of mRNA by real time RT-PCR

Total cellular RNA was extracted with RNeasy 
mini kit (Qiagen, Gaithersburg, MD) and 1 μg 
RNA was subjected to a cDNA synthesis kit 
(Bio-Rad, Hercules, CA). One-tenth of the cDNA 
was subjected to a 25-μL PCR carried out in an 
iCycler thermal cycler (Bio-Rad) using iQ SYBR 
Green Supermix (Bio-Rad). The forward and 
reverse primers for E-cadherin, Vimentin, Slug, 
ZEB1, Oct 4, Nanog, Bmi-1 and 18S were syn-
thesized by Invitrogen (Table 1). qRT-PCR was 
performed as described previously [7]. 

Western blot analysis

Equal amounts of protein were separated in 
10% SDS-PAGE and transferred to nitrocellu-
lose membrane. After blocking with 5% non-fat 
dry milk in PBS containing 0.2% Tween-20, 
membranes were incubated at 4°C overnight 
with primary antibody, including primary anti-
bodies against E-cadherin (1:400), Vimentin 
(1:1000), Slug (1:400), ZEB1 (1:350), Oct 4 
(1:400), Nanog (1:400), Bmi-1 (1:400) and 
β-actin (1:1000). All primary antibodies were 
purchased from Santa Cruz Biotechnology. 
Membranes were then incubated with horse-
radish peroxidase-conjugated secondary anti-
bodies for 2 hrs. ECL reagent (GE Healthcare) 
was used for protein detection. 

Clonogenic assay

Clonogenic assay was conducted to evaluate 
the clonogenicity due to TNF-α treatment, as 
described previously [8]. Briefly, treated and 
untreated RCC cells were seeded in 6-well 
plates (Corning) at a clonal density (i.e., 2,000 
cells per well) and cultured for 14 days prior to 
fixing in 4% paraformaldehyde and staining with 
crystal violet. The number of clones containing 
more than 20 cells was counted. Representative 
fields were photographed. Each assay was per-
formed three times.

Tumorsphere formation assay

In order to evaluate the effect of TNF-α on 
tumorspheres growth and formation, the RCC 
cells was plated at a density of 4000 cells per 
well in 24-well ultra-low attachment plates 
(Corning Inc., Corning, NY, USA) in serum-free 
DMEM/F12 supplemented with 20 ng/ml 
human EGF, 10 ng/ml human bFGF, 2% B27 
and 1% N2 supplement (Invitrogen). Cells were 
incubated in a humidified atmosphere at 37°C 
with 5% CO2. Fresh aliquots of TNF-α, were 
added twice a week. Two weeks later, plates 
were analyzed for tumorsphere formation and 
were quantified using an inverted microscope. 

Statistical methods

All data were reported as means ± standard 
error of the mean (SEM). Statistical significance 
of differences between mean values was 
assessed by Student’s t test for unpaired data. 
Comparisons of data between multiple groups 
were performed with analysis of variance 

Table 1. Sequences of the primer pairs used 
in reverse transcription polymerase chain 
reactions
Genes Forward primer/reverse primer
E-cadherin 5’-AGAGGGTCACCGCGTCTATG-3’

5’-CTCACAGGTGCTTTGCAGTT-3’         
Vimentin 5’-TCCAGCAGCTTCCTGTAGGT-3’

5’-CCCTCACCTGTGAAGTGGAT-3’
Slug 5’-TGTTGCAGTGAGGGCAAGAA-3’

5’-GACCCTGGTTGCTTCAAGGA-3’
ZEB1 5’-GCCAATAAGCAAACGATTCTG-3’

5’-TTTGGCTGGATCACTTTCAAG-3’
Oct 4 5’-GTCCGAGTGTGGTTCTGTA-3’

5’-CTCAGTTTGAATGCATGGGA-3’
Nanog 5’-CAAAGGCAAACAACCCACTT-3’

5’-TCTGCTGGAGGCTGAGGTAT-3’
Bmi-1 5’-CTGGTTGCCCATTGACAGC-3’

5’-CAGAAAATGAATGCGAGCCA-3’
18S 5’-GGAATTGACGGAAGGGCACCACC-3’

5’-GTGCAGCCCCGGACATCTAAGG-3’
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(ANOVA). P < 0.05 was considered statistically 
significant.

Results

TNF-α treatment induces morphologic changes 
in RCC cells

In order to investigate the effect of TNF-α on 
ACHN and 786-0 cells, we treated them with 50 
ng/ml of TNF-α. The results show that ACHN 
cells treated with TNF-α lost epithelial cell mor-
phology after 4 days of treatment; they were 
dispersed and grew as fibroblast-like or long 
spindle-shaped, and the nucleus was still cen-
tral (Figure 1A). Similar results were obtained 
with 786-0 cells, which lost the epithelial mor-
phology and acquired mesenchymal appear-
ance starting from 4 days of TNF-α treatment. 
The cells became spindle-shaped, fibroblast-
like with central nucleus (Figure 1B). This mes-
enchymal morphology was maintained through-
out all time of treatment.

TNF-α treatment promotes EMT of RCC cells

The morphological changes induced by TNF-α 
treatment in ACHN and 786-0 cells suggested 
that TNF-α promoted an EMT. The morphologi-

cal changes of cells undergoing EMT are accom-
panied by a shift in gene expression from an 
epithelial to a mesenchymal phenotype. To 
determine whether TNF-α induces such a shift, 
we used real time RT-PCR and Western blot to 
examine the expression of E-cadherin, Vimentin, 
Slug and ZEB1 in TNF-α-treated RCC cells 
(ACHN and 786-0 cells). The RT-PCR data 
showed that there was marked shift of gene 
expression from a pattern characteristic of epi-
thelial cells to that of mesenchymal cells in 
ACHN cells with a considerable increase in the 
expression of EMT-inducing transcription fac-
tors, specifically Slug (9.21 fold), and ZEB1 
(7.25 fold) indicating their EMT phenotype. 
(Figure 2A). Also, Western blot results showed 
that TNF-α treatment led to increased expres-
sion of Vimentin, Slug, ZEB1 and decreased 
expression of E-cadherin in ACHN (Figure 2C). 
Similar results were obtained with 786-0 cells 
(Figure 2B, 2D). We conclude that TNF-α led to 
the acquisition of EMT phenotype in RCC cells. 

Gene expression profiling of stemness markers 
in RCC cells treated with TNF-α

To determine the genes regulating and main-
taining the stem cell phenotype of RCC cells 

Figure 1. Morphological changes and growth curves after TNF-α treatment. A: Untreated ACHN and treated ACHN, at 
4 days 50 ng/ml TNF-α treatment; B: Untreated 786-0 and treated 786-0, at 4 days 50 ng/ml TNF-α treatment; C: 
Growth curves of untreated and treated ACHN; D: Growth curves of untreated and treated 786-0. 
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having EMT signatures (termed EMT-ACHN, 
EMT-786-0 cells), we performed RT-PCR and 
Western blot for Oct 4, Nanog and Bmi-1. 
Interestingly, “stemness” genes Oct 4, Nanog 
and Bmi-1, known to be sufficient to reprogram 
somatic cells to undifferentiated, pluripotent 
stem cells, were significantly increased in EMT-
ACHN cells with an increase of 6.8 fold, 5.2 
fold, and 4.6 fold for Oct 4, Nanog and Bmi-1, 
respectively more than parental cells (Figure 
3A). To further investigate the stemness prop-
erties of EMT-ACHN cells, by using western blot 
analyses, we confirmed preferential expression 
of these stemness genes. Our results showed 
that the expression of Oct 4, Nanog and Bmi-1 
were significantly increased in EMT-ACHN cells 
compared with that of ACHN. Similar results 

were obtained in 786-0 cells. Therefore, the 
increased expression of these stemness genes 
indicate the acquisition of stem cell phenotype 
in the EMT RCC cells (Figure 3). 

Colony formation ability was increased in EMT-
RCC cells

For determining the self-renewal capacity, colo-
ny-forming assays were employed. As shown in 
Figure 4, the cells were adherently plated and 
could form holoclone. The EMT-ACHN cells had 
more holoclone colonies than the ACHN cells 
(Figure 4A, 4B). Similarly, the data from clono-
genic assay in 786-0 cells showed that EMT-
786-0 cells generated more colonies than the 
786-0 cells (Figure 4C, 4D). Therefore, the EMT 

Figure 2. The expression of EMT phenotype marker induced by TNF-α treatment. TNF-α upregulates mesenchymal 
markers expression and downregulates epithelial markers expression. A: mRNA levels for E-cadherin, Vimentin, Slug 
and ZEB1 in untreated (control) and TNF-α treated in ACHN cell line after 4 days of treatment; B: mRNA levels for 
E-cadherin, Vimentin, Slug and ZEB1 in untreated (control) and TNF-α treated in 786-0 cell line after 4 days of treat-
ment; C: Western blotting analysis for E-cadherin, Vimentin, Slug and ZEB1 in untreated (control) and TNF-α treated 
in ACHN cell line after 4 days of treatment; D: Western blotting analysis for E-cadherin, Vimentin, Slug and ZEB1 
in untreated (control) and TNF-α treated in 786-0 cell after 4 days of treatment. *P < 0.05 compared to Control.
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RCC cells were capable of proliferating exten-
sively, indicating that EMT RCC cells could play 
a critical role in maintaining tumor growth.

Tumorspheres formation ability was increased 
in EMT-RCC cells

Tumorsphere formation assays have been 
widely used to measure the self-renewing abili-
ty of stem or progenitor cells. RCC cells were 
cultured in serum-free stem cell medium. After 
14 days, tumorsphere cells of 50 to 100 µm in 
diameter were observed. The self-renewal 
capacity of RCC cells was assessed by dissoci-
ating them into single cell, and growing at a 
density of 2,000 cells/ml to form tumorsphere. 
After 14 days, the EMT-ACHN generated more 
tumorspheres with size larger than 100 µm 
diameter (Figure 5). The tumorsphere forma-
tion rate of EMT-ACHN cells was significantly 

higher than that of ACHN cells (Figure 5B). 
Moreover, we analyzed the size of tumor-
spheres and found that EMT-ACHN cells could 
generate larger size (diameter > 100 µm). The 
percentage of tumorspheres with a diameter of 
larger than 100 µm was significantly higher in 
EMT-ACHN cells than that in ACHN cells (Figure 
5B). Similar results were obtained in 786-0 
cells (Figure 5C, 5D). Based on this functional 
assay, we concluded that the cells generated 
by an EMT acquired yet another attribute of 
renal cancer stem cells. 

Discussion

The identification of cancer stem cells (CSCs) in 
hematologic malignancies has provoked inten-
sive research in oncology in order to identify 
and characterize them in many different solid 
tumors [9, 10]. CSCs represent a small propor-

Figure 3. Stemness markers distribution on EMT-ACHN and EMT-786-0 cells. A: Real time RT-PCR evaluation for 
Oct 4, Nanog and Bmi-1 genes on ACHN and EMT-ACHN cells; B: Real time RT-PCR evaluation for Oct 4, Nanog and 
Bmi-1 genes on 786-0 and EMT-786-0 cells; C: Western blot for Oct 4, Nanog and Bmi-1 genes on ACHN and EMT-
ACHN cells; D: Western blot for Oct 4, Nanog and Bmi-1 genes on 786-0 and EMT-786-0 cells. *P < 0.05 compared 
to ACHN, #P < 0.05 compared to 786-0.
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Figure 4. Colony efficiency analyses. A: Photographs of colonies from ACHN and EMT-ACHN cells; B: The colony 
number was counted and the data were presented as CFU (%) respect to cell number seeded; C: Photographs of 
colonies from 786-0 and EMT-786-0 cells; D: The colony number was counted and the data were presented as CFU 
(%) respect to cell number seeded. *P < 0.05.
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tion of tumor cells and possess morphologic 
markers and functional properties (i.e. self-
renewal) associated with normal stem cells. 
Many studies demonstrated that CSCs are 
responsible for cancer relapses and metasta-
sis [11, 12].

EMT is a critical physiological process during 
development and wound healing [13]. Studies 
demonstrate that the EMT is activated in many 
types of cancers, and the acquisition of EMT is 
associated with tumor invasion and metastasis 
[3]. During the process of tumor progression, 
cancer cells acquire skills of self-renewal in 
order to spread the metastases, which similar 
to that exhibited by stem cells. Recently, stud-
ies have shown that EMT plays a vital role not 
only in tumor metastasis but also in tumor 
recurrence, which is believed to be strongly 
linked with the signatures of cancer stem-like 
cells [14-16]. Taken together, these evidences 
suggest a possible relationship between EMT 
and cancer stem cells. 

In the current study, we aim to show that EMT 
acquisition is associated with an increase of 
stemness signatures in RCC cells. Because 
EMT plays a critical role in the tumor progres-
sion, we chose ACHN and 786-0 cells as model 
system of EMT. We investigate the effect of 
TNF-α on EMT and stemness. The results 
showed that TNF-α induces EMT in RCC cells by 
acquisition of mesenchymal cell morphology, 
increased expression of mesenchymal molecu-
lar markers such as Vimentin and decreased 
expression of epithelial molecular markers 
such as E-cadherin. We treated RCC cells with 
TNF-α 50 ng/ml for 14 days. Only after 4 days, 
we observe cell morphological changes with 
the acquisition of EMT phenotype as character-
ized by the loss of expression of epithelial 
molecular markers such as E-cadherin and the 
increased expression of mesenchymal molecu-
lar markers such as Vimentin. More important-
ly, RCC cells displayed an increased clonogenic 
and tumorsphere-forming capacity, the charac-
teristics that are known to be associated with 
cancer stem-like cell characteristics. Our 
results suggest that EMT-type RCC cells show 

stem-like cells or cancer stem-like cell charac-
teristics. Moreover, these primary data support 
the notion that EMT, a critical process of cancer 
invasion and metastasis, is associated with 
stemness property of cancer cells. At the same 
time, the identification of relationship between 
EMT and stemness property in RCC remains a 
high priority to develop new therapeutic strate-
gies and to advance the comprehension of RCC 
biology.
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