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Abstract. Parthenolide has been demonstrated to have anti-
cancer effects against various types of cancer. However, the 
functional role of parthenolid has yet to be clearly reported 
in renal cell carcinoma (RCC). The aim of the present study 
was to investigate the effect of parthenolide in RCC 786‑O 
and ACHN cells. CCK‑8 and colony‑formation assays were 
used to observe the proliferation of RCC 786‑O and ACHN 
cells. Migration and invasion abilities were assessed through 
Transwell assays. The stem cell‑like properties of RCC cell 
lines were evaluated by mammosphere formation assay. 
Western blot analysis was used to investigate the metastasis 
and epithelial‑mesenchymal transition (EMT) induced by 
parthenolide on the expression levels of MMP2, MMP9, 
E‑cadherin, N‑cadherin, vimentin and snail. The results 
revealed that when the cells were treated with various concen-
trations of parthenolide, the rate of proliferation and growth 
was decreased in 786‑O and ACHN cells. The number of 
invasive cells in a field was approximately 170, 90, 40 and 
190, 150, 70 in 786‑O and ACHN cells with 0, 4 and 8 µM 
of parthenolide treatment. MMP‑2/‑9 expression (P<0.05) was 
inhibited by parthenolide. The protein levels of E‑cadherin 
were increased (P<0.05) and N‑cadherin, vimentin and snail 
were decreased (P<0.05) by parthenolide treatment. In addi-
tion, Parthenolide inhibited the expression of cancer stem 
cell markers and the PI3K/AKT pathway. The present study 
confirmed that parthenolide inhibited RCC cell proliferation 
and metastasis and suppressed the stem cell‑like properties of 
RCC cell lines, which could be a potential strategy to treat 

RCC. However, further molecular mechanisms of parthenolide 
in RCC should be observed and reported in the future.

Introduction

Renal cell carcinoma (RCC) is one of the 14 most frequently 
diagnosed types of cancer worldwide and accounts for 
approximately 3% of all adult malignancies (1). According to 
the World Health Organization, the incidence and mortality 
rates of renal cell carcinoma (RCC) are rapidly increasing 
worldwide (2). Patients with RCC exhibit a trend for metas-
tasis, and approximately 20% of them will develop metastasis 
following treatment (3). Surgical resection has been the major 
strategy in the treatment of RCC; however, this method has 
several limitations regarding its efficacy (4). Additionally, 
recent pharmacological research has indicated that targeted 
therapy results in the improved survival of patients with 
RCC  (5). However, a number of patients present with 
metastasis following treatment, which is a main reason for 
the progression of RCC. Therefore, the development of novel 
therapeutic strategies is crucial.

The primary bioactive component of feverfew, a flowering 
plant in the daisy family, plant Tanacetum parthenium, has 
traditionally been used as a medicinal herb. Parthenolide has 
been revealed to exhibit anti‑inflammatory properties, and it 
has been used for the treatment of migraines (6). Numerous 
studies have indicated that parthenolide also exhibits antitumor 
activity against a wide variety of solid tumors, including those 
of osteosarcoma, pancreatic cancer and prostate cancer (7‑9). 
However, relevant studies have not been reported for the effects 
of parthenolide on EMT in RCC and renal cancer stem cells. 
Epithelial‑mesenchymal transition (EMT) is characterized 
by epithelial cells under the influence of certain factors, and 
by a loss of cell polarity, cell connections and tight junctions, 
with cells acquiring a mesenchymal cell morphology and 
characteristics. EMT plays an important role in the regulation 
of tumorigenesis  (10). Furthermore, the main hallmark of 
EMT is the loss of the expression of the adhesion molecule, 
E‑cadherin, and the acquisition of the expression of the mesen-
chymal cell marker, N‑cadherin (11), as well as the increase 
in the expression of E‑cadherin transcriptional suppressors, 
including Snail, Twist, and Slug (11). It has been demonstrated 
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that the progression of metastatic RCC is usually triggered 
by the activation of the embryonic development program, 
EMT (12). Hence, targeting an important molecule that leads 
to this process is key to improving the treatment efficacy for 
RCC. It has been suggested that renal cancer stem cells (CSCs) 
are primarily associated with metastasis, recurrence and a 
poor prognosis. These cells have the ability to resist tumor 
therapy (13).

Therefore, the aim of the present study was to determine 
whether parthenolide alleviates RCC, and to examine whether 
parthenolide may be an effective therapeutic drug for RCC.

Materials and methods

Cell culture. 786‑O and ACHN (Dalian Medical University) 
cells and were maintained in minimal essential medium 
(MEM) supplemented with 10% fetal bovine serum (FBS) 
and RPMI‑1640 with 10% fetal bovine serum (FBS) (all 
from HyClone™; Thermo Fisher Scientific, Inc.), at 37˚C in a 
humidified atmosphere of 95% air and 5% CO2, respectively.

Cell viability assay. A Cell Counting Kit‑8 (CCK‑8) (Nanjing 
KeyGen Biotech. Co., Ltd.) assay was used to examine cell 
viability. 786‑O and ACHN cells were plated at a density of 
5x103 cells/well in 96‑well plates and treated with various 
concentrations ( 0, 1, 2, 4, 6, 8, 12, 16 and 20 µM) of parthenolide 
(Sigma‑Aldrich; Merck KGaA) for 24 and 48 h. Parthenolide 
was first dissolved in DMSO and serum‑free medium was then 
used to dilute it to various concentrations ( 0, 1, 2, 4, 6, 8, 12, 
16 and 20 µM). Thereafter, 10 µl CCK‑8 solution was added to 
each well, and the cells were further cultured at 37˚C for 2 h. 
The absorbance of each group was detected using a microplate 
reader at a wavelength of 452 nm.

Colony‑formation assay. The colony‑formation assay was 
performed as follows: Single‑cell suspensions of 786‑O 
and ACHN cells were seeded in 6‑well culture plates 
(1,000 cells/well). They were subsequently treated with parthe-
nolide at various concentrations (0, 4 and 8 µM) for 24 h. 
Cells were cultured for a further 7 days for colony formation. 
The cells were then washed with phosphate‑buffered saline 
(PBS) and fixed with 4% paraformaldehyde for 30 min at 
room temperature. After washing, the cells were then stained 
with 1% crystal violet for 20 min at room temperature, and 
the number of colonies (minimum number of cells in a colony 
was ~50) was counted. The colonies were visualized via a light 
microscope (magnification, x400) and were photographed 
using a camera.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). 786‑O and ACHN cells were incubated with 
parthenolide for 24 h. After incubation, total RNA was extracted 
using TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.), 
followed by isopropanol precipitation and chloroform extrac-
tion. cDNA was synthesized using the Reverse Transcriptase 
system (Invitrogen; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol. RT‑PCR was performed using 
an iCycler™ Real Time system (Bio‑Rad Laboratories, Inc.) 
and the SYBR Premix EX Tag Master mixture kit (Takara 
Bio, Inc.) according to the manufacturer's protocol. The PCR 

reactions were carried out under the following conditions: 
40 cycles of denaturation at 95˚C for 10 sec, annealing at 60˚C 
for 20 sec and extension at 72˚C for 20 sec.

GAPDH mRNA was used as internal control. The primers 
used in the present study were as follows: E‑cadherin forward, 
5'‑GAA​AAC​AGC​AAA​AGG​GCT​TGG​A‑3' and reverse, 
5'‑TTA​GGG​CTG​TGT​ACG​TGC​TG‑3'; Snail forward, 5'‑CGA​
GTG​GTT​CTT​CTG​CGC​TA‑3' and reverse, 5'‑AGG​GCT​GCT​
GGA​AGG​TAA​AC‑3'; GAPDH forward, 5'‑CAC​CCA​CTC​
CTC​CAC​CTT​TG‑3' and reverse, 5'‑CCA​CCA​CCC​TGT​TGC​
TGT​AG‑3'. The samples were amplified in different wells and 
run in triplicate. The relative expression of genes was calcu-
lated by means of the 2‑ΔΔCq relative quantification method (14).

Mammosphere formation assay. Following treatment with 
various concentrations of parthenolide for 24 h, 786‑O and 
ACHN cell lines were inoculated into ultra‑low attachment 
6‑well plates (Corning, Inc.) at a density of 0.1x106 cells/well, 
and grown in MEM and RPMI‑1640 supplemented with B27 
(1:50, Invitrogen; Thermo Fisher Scientific, Inc.), 20 ng/ml 
human recombinant EGF (Sigma‑Aldrich; Merck KGaA), 
20 ng/ml bEGF (Sigma‑Aldrich; Merck KGaA) and 5 µg/ml 
insulin (Sigma‑Aldrich; Merck KGaA) for 14 days. Cell colo-
nies >60 µm in diameter were counted under an inverted 
microscope (magnification, x400) (Olympus Corporation).

Transwell assay. Cell invasion and migration were evalu-
ated by Transwell assays (Corning, Inc.). An 8‑µm Transwell 
was pre‑coated with diluted Matrigel (1:10 with serum‑free 
medium; only for the cell invasion assay) and dried for 2 h 
at room temperature in an incubator. 786‑O and ACHN cells 
were pretreated parthenolide (0, 4 and 8 µM) for 24 h. Briefly, 
1x105  cells were seeded onto each upper chamber, while 
medium with 10% FBS was added into the lower chamber for 
chemo‑attraction and allowed to invade for 24 h. The Transwell 
chamber was then removed, the culture solution in the Transwell 
chamber was discarded and the chamber was washed twice 
with calcium‑free phosphate‑buffered saline (PBS). Then, the 
chamber was fixed in 3% methanol solution for 30 min at room 
temperature and stained with 0.1% crystal violet for 20 min 
at room temperature. The chamber was washed several times 
with PBS, and the upper chamber liquid was aspirated. The 
non‑migrated/non‑invasive cells in the upper layer were gently 
wiped off using a cotton swab. The microporous membrane 
was removed carefully with small tweezers and dried with the 
bottom side up. Next, the membrane was transferred to a glass 
slide and sealed with a neutral gum. Images were observed and 
collected by an inverted optical microscope (magnification, 
x200; Keyence Corporation).

Immunofluorescence analysis. Cells were seeded in a 24‑well 
plate (1x104 cells/well) and allowed to attach overnight at 
37˚C in a humidified atmosphere of 95% air and 5% CO2. 
Following treatment with parthenolide (0, 4 and 8 µM) for an 
additional 24 h, the cells were permeabilized with 0.1% Triton 
X‑100 for 10 min and blocked with 5% BSA (Sigma‑Aldrich; 
Merck KGaA) for 1 h at room temperature and then incubated 
with primary antibodies (E‑cadherin, N‑cadherin, vimentin, 
Snail) (Table I) overnight at 4˚C. The following day, the cells 
were washed and incubated with AlexaFluor 594 (1:500; 
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product code ab150108) and AlexaFluor 488 (1:500; product 
code ab150061; both from Abcam) secondary antibodies at 
room temperature for 1 h. After washing, DNA was counter-
stained with DAPI (Sigma‑Aldrich; Merck KGaA) at room 
temperature for 15 min, and images of 3 high‑expression fields 
were captured using a fluorescence microscope (magnification, 
x200).

Western blot analysis. Antibodies raised against matrix 
metalloproteinase (MMP)‑2, MMP‑9, E‑cadherin, N‑cadherin, 
vimentin, Snail, PI3K, phosphorylated (p)‑PI3K, AKT and 
p‑AKT and CSC markers (ALDH1, CD133, Oct4 and Sox2) 
were used in the present study. GAPDH was selected as a 
reference protein. The information regarding the antibodies 
is summarized in Table I. The antibody of ALDH1 with cat. 
no. 22109‑1‑AP was used in 786‑O cells, and the antibody 
of ALDH1 with product code ab52492 was used in ACHN 
cells. The antibody of GAPDH, cat. no. 10494‑1‑AP was used 
in 786‑O cells, and antibody cat. no. 60004‑1‑Ig was used in 
ACHN cells. The 786‑O and ACHN cells were cultured under 
normal conditions, and were then treated with parthenolide at 
various concentrations (0, 4 and 8 µM) for 24 h. The cells were 
scraped on the ice, collected by centrifugation (12,000 x g, 
10 min, 4˚C) for protein extraction and incubated with freshly 
prepared RIPA lysis (Merck KGaA) for 15 min, and then quan-
tified with a bicinchoninic acid (BCA) kit (Nanjing KeyGen 
Biotech. Co., Ltd.). The protein sample (20 µg) was mixed with 
loading buffer and boiled for 8 min. Subsequently, the sample 
was separated by a 10% SDS‑PAGE gel and electrotransfered 
onto PVDF membranes (Merck KGaA). The membranes were 
incubated for 1 h at room temperature with 5% fat‑free milk 
in Tris‑buffered saline containing 10% Tween‑20, followed 
by incubation overnight at 4˚C with primary antibodies. The 
following day, the cells were washed and incubated with 

secondary antibodies, AffiniPure goat anti‑rabbit IgG (cat. 
no. 111‑035‑003) or anti‑mouse IgG (cat. no. 115‑035‑003; 
both 1:3,000; both from Jackson ImmunoResearch, Inc.), at 
room temperature for 1 h. After washing, the protein bands 
were detected using an enhanced chemiluminescence (ECL) 
kit (Advansta, Inc.) and were analyzed by ImageJ software 
(v1.47; Rawak Software, Inc.).

Statistical analysis. GraphPad Prism 5.0 software (GraphPad 
Software, Inc.) was used for all statistical analyses. Results are 
presented as the mean ± standard deviation (SD) or standard 
error of the mean. Statistical significance was determined using 
ANOVA analysis followed by Tukey's post hoc test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Parthenolide suppresses the growth of human renal cancer 
cells. Parthenolide (Fig. 1A) was revealed to exert an effect 
on the viability of human 786‑O and ACHN cells, which was 
examined by CCK‑8 assay. It was revealed that the groups 
treated with various concentrations of parthenolide exhibited 
reduced cell survival rates (Fig. 1B and C).

To further confirm the effects of parthenolide on RCC, 
colony‑formation assays were performed. Parthenolide signifi-
cantly inhibited the colony‑formation abilities of the 786‑O 
and ACHN cells in a dose‑dependent manner (Fig. 1D and E). 
These results indicated that parthenolide exerted an evident 
inhibitory effect on human RCC.

Parthenolide inhibits the migration and invasion abilities 
of RCC cells. To elucidate the underlying mechanisms of the 
effects of parthenolide on cell migration and invasion, the 
expression of related proteins was examined in the 786‑O and 

Table I. Antibodies.

Primary		  Catalogue				  
antibodies	 Clonality	 number	 Company	 Species	 Dilution	 Diluent

MMP2	 Monoclonal	 66366‑1‑Ig	 ProteinTech Group, Inc.	 Mouse	 1:1,000	 Non‑fat milk
MMP9	 Monoclonal	 ab76003	 Abcam	 Rabbit	 1:500	 Non‑fat milk
E‑cadherin	 Monoclonal	 60335‑1‑Ig	 ProteinTech Group, Inc.	 Mouse	 1:1,000	 Non‑fat milk
N‑cadherin	 Monoclonal	 13116S	 Cell Signaling Technology, Inc.	 Rabbit	 1:1,000	 Non‑fat milk
Vimentin	 Monoclonal	 60330‑1‑Ig	 ProteinTech Group, Inc.	 Mouse	 1:1,000	 Non‑fat milk
Snail	 Monoclonal	 ab216347	 Abcam	 Rabbit	 1:500	 Non‑fat milk
PI3K	 Monoclonal	 60225‑1‑Ig	 ProteinTech Group, Inc.	 Mouse	 1:1,000	 Non‑fat milk
p‑PI3K	 Monoclonal	 17366S	 Cell Signaling Technology, Inc.	 Rabbit	 1:500	 Non‑fat milk
AKT	 Monoclonal	 60203‑2‑Ig	 ProteinTech Group, Inc.	 Mouse	 1:1,000	 Non‑fat milk
p‑AKT	 Monoclonal	 66444‑1‑Ig	 ProteinTech Group, Inc.	 Rabbit	 1:1,000	 Non‑fat milk
ALD1H1	 Monoclonal	 ab52492	 Abcam	 Rabbit	 1:500	 Non‑fat milk
ALD1H1	 Polyclonal	 22109‑1‑AP	 ProteinTech Group, Inc.	 Rabbit	 1:500	 Non‑fat milk
CD133	 Monoclonal	 66666‑1‑Ig	 ProteinTech Group, Inc.	 Mouse	 1:500	 Non‑fat milk
Oct‑4	 Monoclonal	 60242‑1‑Ig	 ProteinTech Group, Inc.	 Mouse	 1:1,000	 Non‑fat milk
Sox2	 Monoclonal	 66411‑1‑Ig	 ProteinTech Group, Inc.	 Mouse	 1:1,000	 Non‑fat milk
GAPDH	 Polyclonal	 10494‑1‑AP	 ProteinTech Group, Inc.	 Rabbit	 1:500	 Non‑fat milk
GAPDH	 Monoclonal	 60004‑1‑Ig	 ProteinTech Group, Inc.	 Mouse	 1:500	 Non‑fat milk
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ACHN cells by western blot analysis. The results revealed that 
parthenolide decreased the expression of MMP‑2 and MMP‑9 
in the 786‑O and ACHN cells (Fig. 2).

Transwell assays demonstrated that the parthenolide‑treated 
786‑O and ACHN cells exhibited suppressed migratory and 
invasive abilities compared with the control group (Fig. 3).

Effect of parthenolide on EMT of RCC cells. E‑cadherin, 
N‑cadherin and vimentin are important biomarkers of EMT. 
Western blot analysis was thus performed to examine the 
occurrence of EMT. The results revealed a high expression 
level of E‑cadherin, and a low expression level of N‑cadherin 
and vimentin in the 786‑O and ACHN cells treated with 
parthenolide in a dose‑dependent manner (Fig. 4A and B). 
The expression of E‑cadherin and Snail was also assessed 
by RT‑qPCR. The results revealed the increased expres-
sion of E‑cadherin and the decreased expression of Snail 
(Fig.  4C  and  D) in the cells treated with parthenolide. 
Furthermore, the present study confirmed that parthenolide 
treatment induced high expression levels of E‑cadherin, and 
decreased expression levels of N‑cadherin and vimentin, as 
revealed by immunofluorescence (Fig. 5).

Additionally, the expression of the EMT transcriptional 
factor, Snail, was assessed by western blot analysis, which 
revealed that parthenolide treatment of the 786‑O and 

ACHN cells inhibited the expression of Snail (Fig. 4A and B). 
The inhibited expression of Snail was also observed in 
the 786‑O and ACHN cells treated with parthenolide by 
immunofluorescence (Fig. 5).

Parthenolide suppresses RCC cells stemness. Mammosphere 
formation is a typical cancer stem‑cell property, which can 
reflect the self‑renewal potential ability (15). Mammosphere 
formation assays were performed and they revealed that 
parthenolide significantly inhibited the number of spheres that 
derived from 786‑O and ACHN cells (Fig. 6A). Western blot 
assays were also carried out to confirm whether parthenolide 
has an effect on cancer stem cell markers. The results revealed 
that parthenolide inhibited the expression of ALDH1, CD133, 
Oct4 and Sox2 (Fig. 6B).

Parthenolide suppresses the PI3K/AKT pathway. The 
PI3K/AKT pathway is one of the most frequently mutated or 
altered pathways in RCC and plays an important role in tumori-
genesis, proliferation, and cancer progression. PI3K and AKT, 
which are the major components of this signaling pathway, 
are both increased in RCC (16). Parthenolide decreased the 
levels of components of the PI3K/AKT pathway including 
the expression of p‑PI3K, and p‑AKT (Fig. 7A and B). The 
total protein levels of PI3K, and AKT were also inhibited 

Figure 1. Effects of parthenolide on RCC. (A) Chemical structure of parthenolide. (B and C) 786‑O and ACHN cells were treated with parthenolide (0, 1, 2, 
4, 6, 8, 12, 16, 20 µM) for 24 and 48 h. Parthenolide suppressed the growth of these two cell lines in a dose‑dependent manner. (D and E) Colony‑formation 
assays demonstrated the inhibitory effects of parthenolide on 786‑O and ACHN. Cells were grown in 6‑well plates for 7 days following parthenolide 
(0, 4 and 8 µM) treatment. Parthenolide inhibited the colony formation of the two RCC cell lines in a dose‑dependent manner. These experiments were 
performed 3 times. *P<0.05 and **P<0.01. RCC, renal cell carcinoma.
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by parthenolide, as determined by western blot analysis in 
786‑O and ACHN cells (Fig. 7A and B). The ratio of p‑PI3K/ 
PI3K and p‑AKT/ AKT in 786‑O and ACHN cells was also 
analyzed (Fig. 7C). There was no significant difference in 
the ratio of p‑PI3K/PI3K between the control group and the 
group treated with 4 µM parthenolide in 786‑O cells. The 

ratio of p‑PI3K/PI3K was significant between the control 
group and the group treated with 8 µM parthenolide in 786‑O 
cells. Similarly, no significant difference was observed in the 
ratio of p‑AKT/AKT between the control group and the group 
treated with 4 µM parthenolide in 786‑O cells. A significant 
difference was detected in the ratio of p‑AKT/AKT between 

Figure 3. Parthenolide inhibits the migration and invasion abilities of RCC cells. Cells were treated with parthenolide at various concentrations (0, 4 and 
8 µM) for 24 h. Representative images are presented, demonstrating that parthenolide inhibited the migration and invasion abilities of 786‑O and ACHN cells. 
The number of cells in each field was counted, averaged and data are expressed as the means ± SD from 3 independent experiments. *P<0.05, **P<0.01 and 
***P<0.001 vs. the control group. RCC, renal cell carcinoma.

Figure 2. Parthenolide inhibits the migration of RCC cells. (A and B) RCC cells were treated with parthenolide (0, 4 and 8 µM) for 24 h. Parthenolide treatment 
led to a dose‑dependent decrease in the expression levels of MMP‑2 and MMP‑9. *P<0.05, **P<0.01 vs. the control group. RCC, renal cell carcinoma.
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the control group and the group treated with 8 µM parthe-
nolide in 786‑O cells. In addition, there was no significant 
difference observed in the ratio of p‑PI3K/PI3K between the 
control group and the groups treated with 4 and 8 µM with 
parthenolide in ACHN cells. However, a significant differ-
ence was observed in the ratio of p‑AKT/AKT between the 
control group and the group treated with 8 µM parthenolide 
in ACHN cells.

Discussion

Renal cell carcinoma (RCC) comprises approximately 4.2% of 
all new cancer diagnoses, and RCC accounts for approximately 

2‑3% of adult malignant tumors and 80‑90% of adult kidney 
malignancies (17). Therefore, it is of utmost importance to 
identify novel treatment strategies for RCC.

The sesquiterpene parthenolide has traditionally been 
used primarily for the treatment of fever, migraine and 
arthritis  (6,18) and no significant side‑effects have been 
reported in humans (19). In recent years, it has been revealed 
that parthenolide exerts anticancer effects against various 
types of tumors, such as breast cancer, cholangiocarcinoma, 
pancreatic, bladder and prostate cancer, as well as leukemia, 
and melanoma (20), which may be related to feverfew lactone; 
its structural formula contains a‑methylene‑γ‑lactone ring and 
epoxide structure (21). As these structures can interact with 

Figure 4. Parthenolide inhibits EMT biomarker expression in RCC cells. (A and B) Parthenolide (0, 4 and 8 µM) treatment increased the expression of 
E‑cadherin and decreased N‑cadherin and vimentin expression in a dose‑dependent manner, as revealed by western blot analysis. Parthenolide treatment 
resulted in a decrease in the expression of Snail, as revealed by western blot analysis. (C and D) Parthenolide treatment increased the expression of E‑cadherin 
and decreased the expression of Snail as determined by RT‑qPCR. *P<0.05 and **P<0.01 vs. the control group. ETM, epithelial‑mesenchymal transition; RCC, 
renal cell carcinoma; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.
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enzymes and some functional proteins containing sulfhydryl 
groups, they can subsequently affect biological processes, such 
as cell signaling pathways, cell proliferation and apoptosis (22).

The present study revealed that parthenilide markedly 
inhibited the tumorous characteristics of 786‑O and ACHN 
cells (Fig. 8). The results of CCK‑8 assays indicated a marked 

Figure 5. Expression of genes of EMT in 786‑O and ACHN cell lines. (A and B) Cells were treated with parthenolide (0, 4 and 8 µM) for 24 h. Cells were 
processed and mounted on slides, and images were captured using a fluorescence microscope (magnification, x200). Red fluorescence indicates the presence 
of E‑cadherin and vimentin; green fluorescence indicates N‑cadherin and Snail; blue represents DAPI. Parthenolide treatment upregulated the expression of 
E‑cadherin and decreased the expression of vimentin, N‑cadherin and Snail. ETM, epithelial‑mesenchymal transition.
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decrease in the viability of cancer cells following treatment 
with parthenolide, which occurred in a dose‑dependent 
manner. Additionally, a colony‑formation assay revealed that 
parthenolide suppressed the growth of the cells. Transwell 
assays revealed that parthenolide suppressed the migratory and 
invasive abilities of the 786‑O and ACHN cells. Collectively, 
these data indicated that treatment with parthenolide may be 
a novel therapeutic strategy for RCC. In the present study, it 
was demonstrated that parthenolide suppressed the formation 
of mammospheres, which indicated parthenolide can inhibit 

renal cancer stem cell‑like properties. In addition, the results 
of western blot analysis revealed that parthenolide exerted a 
significant effect on biomarkers of metastasis and EMT.

Invasion and metastasis are important biological features 
of malignant tumors. These biological processes can cause 
cancer cells to invade and spread to other tissues and organs, 
and represent a major obstacle to treatment (23). MMPs are 
zinc‑dependent endopeptidases that play an important role 
in tumorigenesis and cancer cell development (24). They can 
degrade the main components of the basal membrane and 

Figure 6. Parthenolid suppresses stem cell‑like properties of RCC cells. (A) Mammosphere formation assay was performed to elucidate the inhibitory 
effects of Parthenolide on mammosphere formation. Mammosphere formation was inhibited in a dose‑dependent manner in the 786‑O and ACHN cell lines. 
(B and C) The expression of cancer stem cell markers was observed by western blot analysis. 786‑O and ACHN cell lines treated with parthenolide (0, 4 and 
8 µM) exhibited a lower expression of ALDH1, CD133, Oct4 and Sox2. *P<0.05 and **P<0.01 vs. the control group. RCC, renal cell carcinoma.
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extracellular matrix, such as collagen IV and fibronectin (25), 
causing a partial defect to the basement membrane, which 
promotes the passage of cancer cells, migration into blood 
vessels and lymphatic vessels, or other parts of the body cavity, 
followed by extended growth. It has been demonstrated that 
the overexpression of MMP‑2 and MMP‑9 is associated with a 
poor prognosis of RCC (26).

EMT refers to the loss of polarity of cells exhibiting 
an epithelial‑like phenotype, demonstrating an enhanced 

mobility, the ability to move freely within the cell matrix and 
the transformation process of a fibroid phenotype (27). It has 
been demonstrated that EMT is closely related to the primary 
and secondary metastases of multiple tumor cells (28). The 
most significant change associated with EMT is the decrease in 
E‑cadherin expression as an epithelial marker and the increase 
in N‑cadherin expression as a mesenchymal marker (29). It is 
usually accompanied by the increased expression of stromal 
cell‑derived proteins, such as vimentin, α‑smooth muscle actin 

Figure 7. Parthenolide inhibits the PI3K/AKT pathway. (A and B) The expression of PI3K, p‑PI3K, AKT and p‑AKT was reduced in 786‑O and ACHN cell 
lines with parthenolide treatment compared with control group. (C) The ratio of p‑PI3K/ PI3K and p‑AKT/AKT was increased in 786‑O cells with treated with 
parthenolide compared with the control group. The ratio of p‑PI3K/ PI3K was increased in ACHN cells treated with 4 and 8 µM parthenolide compared with 
the control group, however the differences were not significant. The ratio of p‑AKT/AKT was increased in ACHN with 4 µM parthenolide compared with the 
control group, however the difference was not significant. The ratio of p‑AKT/AKT was significantly decreased in ACHN cells treated with 8 µM parthenolide 
compared with the control group. *P<0.05. p‑, phosphorylated.

Figure 8. Parthenolide inhibits the tumorous characteristics of renal cell carcinoma.
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and fibronectin (30). EMT activation is regulated by transcrip-
tion factors, such as Snail. It has been revealed that Snail is 
a binding protein containing a zinc finger structure  (31). 
It can recognize and combine with the F‑box sequence of 
the E‑cadherin gene promoter to inhibit the expression of 
E‑cadherin and lead to the occurrence of EMT  (32). The 
highly conserved Twist can promote the expression of Snail 
and further promote the tumor cells to undergo EMT (33).

The PI3K/AKT pathway is closely associated with 
tumorigenesis, growth, apoptosis, invasion, metastasis, EMT 
and the stem‑like phenotype of cancer cells (34). The present 
results revealed that parthenolide could inhibit the PI3K/AKT 
pathway, which may be a potential mechanism of suppressing 
cancer cells. We only carried out the study in vitro, it is important 
and necessary to observe the function of parthenolide in vivo. 
In additional, the mechanism of parthenolide should be further 
studied in RCC.

In conclusion, the antitumor effects of parthenolide on 
RCC were demonstrated. The biological function of partheno-
liode on renal cancer cells may be related to the regulation of 
the PI3K/AKT pathway. These findings provide a promising 
treatment approach for RCC.
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