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Parthenolide induces apoptosis and inhibits  
proliferation of human 786-O kidney cancer cells in vitro
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Abstract: Background: Clear cell renal carcinoma is one of the most common malignant tumors, with high incidence 
and mortality rates. Prognosis of RCC is poor, with 5-year survival rates less than 5%. PTL, a naturally occurring ses-
quiterpene lactone isolated from Tanacetum parthenium, can inhibit tumor cell growth and induce tumor cell apop-
tosis. Methods: MTT and apoptosis assays were performed to evaluate the function of PTL on human 786-O kidney 
cancer cells. Moreover, Western blotting analysis was performed to detect expression levels of cell apoptosis-related 
proteins. Results: PTL inhibits cell proliferation and induces apoptosis in human 786-O kidney cancer cells. Western 
blot analysis indicated a downregulation of phosphorylated survival, in a dose-dependent manner, in 786-O cells 
with PTL treatment. Regarding gene and protein levels, PTL treatment of 786-O cell-lines resulted in a significant 
reduction in Bcl-2 expression, but an increase in Bax protein, in a dose-dependent manner. Conclusion: PTL may 
display powerful activities against kidney cancer. Thus, it should be considered a potential candidate facilitating 
anticancer treatment.
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Introduction

Kidney cancer is one of the most common ma- 
lignancies, accounting for 2%-3% of all malig-
nant tumors. More than 80% of kidney cancers 
are clear cell renal carcinoma [1, 2]. Epide- 
miological data indicates a decade-long trend 
of gradually increasing kidney cancer incidence 
and mortality rates. Regarding the progression 
of regular physical examinations and imaging 
technology, asymptomatic renal carcinoma and 
occasional small kidney cancer detection rates 
have increased significantly in recent years. 
However, 20%-30% of patients with kidney can-
cer are in the late stages upon primary diagno-
sis with kidney cancer [3, 4]. Advanced kidney 
cancer is not sensitive to radiotherapy and che-
motherapy, resulting in poor prognosis and 
5-year survival rates less than 5% [5]. There- 
fore, exploration of new therapeutic modalities 
for kidney cancer has become an urgent prob-
lem for urologists. Cancer chemoprevention, 
defined as the use of natural or biological sub-
stances to slow or reverse cancer development, 

can reduce incidence and mortality rates of 
malignant tumors. The current study attempted 
to find a kind of natural plant extract that can 
be applied for chemoprevention of kidney can-
cer, aiming to improve prognosis.

Parthenolide (PTL, C15H20O3, molecular struc-
tural formula; see Figure 1) is a naturally occur-
ring sesquiterpene lactone isolated from Ta- 
nacetum parthenium (feverfew). It is used for 
treatment of fevers, migraines, headaches, rh- 
eumatoid arthritis, and skin infections. It has 
remarkable sterilization, anti-inflammatory, an- 
tispasmodic, and pain relieving effects [6-8]. In 
recent years, one study found that PTL has sig-
nificant antitumor properties with minimal ad- 
verse effects. PTL can inhibit tumor cell growth 
and induce tumor cell apoptosis in a number of 
ways, including oxidative stress, mitochondri- 
al dysfunction, and caspase family cascade 
[9-11]. PTL has been used for several tumors, 
including glioblastomas and prostate, pancre-
atic, and colorectal cancer. However, underlying 
molecular mechanisms of the anti-metastasis 
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Figure 1. Chemical structure of PTL chemical struc-
ture of the sesquiterpene lactone4α, 5β-ep-oxy-ger- 
macra-1-(10), 11-(13)-dien-12, 6α-olide (PTL) isolat-
ed from T. parthenium.

activity in renal cancer cells have not been elu-
cidated. The current study investigated the ef- 
fects of PTL on cell viability, proliferation, and 
apoptosis of human 786-O kidney cancer cells.

Materials and methods

Cells, reagents, and instruments

For this study, 786-O cells were obtained from 
the Lanzhou Branch of the Chinese Academy of 
Sciences (Cell source was clear; Cells grew well 
and had stable character). Dulbecco’s modified 
Eagle’s medium (DMEM), endotoxin-free bovine 
serum albumin (BSA), 0.25% trypsin mixture, 
fetal bovine serum (FBS), and TRIzol Reagent 
were purchased from Invitrogen (Carlsbad, CA, 
USA). Dimethyl sulfoxide (DMSO), MTT, and PTL 
were purchased from Sigma (St. Louis, MO, 
USA). PTL was dissolved with DMSO to a con-
centration of 10 mmol/L and stored in the  
dark at -80°C. A sample of DMSO was stored 
under the same conditions and used as the 
control treatment. PrimerScriptTM Master Kit 
was obtained from TaKaRa (Osake, Japan). SY- 
BR Green PCR Mix was obtained from Toyobo 
(TaKaRa Biotechnology, Dalian, China). Anti- 
bodies against Bax, Bcl-2, and survivin were 
obtained from CST (Cell Signaling Technology, 
USA). β-actin monoclonal antibody was obtain- 
ed from Santa Cruz (Santa Cruz, CA, USA). HRP-
conjugated goat anti-rabbit and anti-mouse IgG 
were obtained from Beyotime Institute of Bio- 
technology (Shanghai, China).

Cell culturing 

For culturing, the 786-O cells were maintained 
in DMEM supplemented with 10% fetal bovine 
serum, penicillin (100 units/mL), and strepto-

mycin (100 mg/mL). Cultured cells were used 
between passages 5 and 10. All cells were 
incubated in a humidified atmosphere of 5% 
CO2 at 37°C. 

Cell treatment 

The cells were divided into five groups and 
treated with parthenolide at various concentra-
tions, including 0, 5, 10, 15, and 20 μM. After 
incubation for 24 hours or 48 hours, MTT 
assays were performed. In the control group, 
cells were treated with nothing. After 24 and  
48 hours of treatment, cell viability was deter-
mined using MTT assay. The cells were divided 
into five groups: 1) Control group, cells treated 
with nothing; 2) 5 μM, cells stimulated with 5 
μmol/L of PTL for 24 hours and 48 hours; 3) 10 
μM, cells stimulated with 10 μmol/L of PTL for 
24 hours and 48 hours; 4) 15 μM, cells st- 
imulated with 15 μmol/L of PTL for 24 hours 
and 48 hours; and 5) 20 μM, cells stimulated 
with 20 μmol/L of PTL for 24 hours and 48 
hours.

Cell viability assay

Cell viability was determined using MTT assays. 
Briefly, 786-O (8 × 103 cells/well) and 100 μL of 
medium was seeded in 96-well plates. After 24 
hours, the medium in each well was replaced 
with a medium containing different concentra-
tions of parthenolide. The plate was incubated 
for 24 and 48 hours. Subsequently, 20 μL of 
MTT (5 mg/mL) was added into each well. After 
incubation at 37°C for 4 hours, the superna- 
tant was removed and 200 μL of DMSO was 
added to each well. After the precipitate was 
fully dissolved, absorbance values were mea-
sured with the Microplate Reader (Thermo 
Fisher Scientific, Thermo®RMK3, USA). Data in 
each treatment group are expressed as per-
centages of controls.

Apoptosis assay

Cell apoptosis was evaluated using an apop- 
tosis assay with Annexin V-FITC Apoptosis De- 
tection Kit (BD Biosciences, San Jose, CA). 
Briefly, harvested cells were resuspended in 
100 μL of the binding buffer to achieve a con-
centration of 1 × 106 mL. Next, 5 μL of Annexin 
V-FITC and 5 μL of propidium iodide (PI, 20 μg/
mL) were added. The tubes were incubated for 
15 minutes at room temperature in the dark. 
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Finally, the binding buffer (400 μL) was added 
to each reaction tube and the cells were ana-
lyzed using flow cytometry. Data were analyzed 
by software (Becton, Dickinson and Company 
BD FACS VerseTM).

RNA extraction and real-time RT-PCR analysis

The 786-O cells were harvested at indicated 
time points. Total RNA was extracted from the 
cells using TRIzol Reagent, according to manu-
facturer instructions. Single-strand cDNA was 
synthesized from 2 μg of total RNA using a 
reverse-transcription kit (TaKaRa Biotechno- 
logy, Dalian, China). Quantitative analyses of 
Bax and Bcl-2 mRNA were carried out with a 
real-time system (Stratagene Mx3000P, La 
Jolla, USA), using the SYBR Green Master Mix 
real-time RT-PCR kit. Primers for Bcl-2 we- 
re forward 5’-TGGCCAGGGTCAGAGTTAAA-3’ 
and reverse 5’-TGGCCTCTCTTGCGGAGTA-3’; for 
β-actin, forward 5’-GCACCACACCTTCTACAATG- 
AG-3’ and reverse 5’-ATAGCACAGCCTGGATAG 
CAAC-3’; and for Bax, forward 5’-TTGCTTCAG- 
GGTTTCATCCA-3 and reverse 5’-AGACACTCG- 
CTCAGCTTCTTG-3’ [12]. Amplification was car-
ried out in a total volume of 20 µl and cycled 40 
times after initial denaturation (95°C for 30 
seconds) with the following parameters: 95°C 
for 5 seconds, 60°C for 30 seconds, and 72°C 
for 30 seconds. After the completion of cycling, 
melting curve analysis was performed to es- 
tablish the specificity of PCR products. More- 
over, mRNA levels were obtained from the value 
of threshold cycle (Ct) for each specific gene 
and normalized against the Ct of β-actin. Re- 
lative changes in gene expression were calcu-
lated with the 2-ΔΔCt method [13].

Western blotting analysis

The 786-O cells were washed with ice-cold 
phosphate-buffered saline (PBS) and lysed for 
20 minutes on ice, with a lysis buffer containing 
20 mM of Tris-HCl pH 8, 137 mM of NaCl, 10% 
glycerol, 1% NP-40, 2 mM of EDTA, 5 mM of 
DL-Dithiothreitol (DTT), and 10 mM of Phenyl- 
methanesulfonyl fluoride (PMSF). Following 
lysis, the lysates were centrifuged for 4 min-
utes at 10 800 g. The supernatant was collect-
ed in a fresh tube kept on ice. Protein concen-
trations were determined using a BCA assay. 
Proteins (40 μg/lane) were separated on 10% 
sodium dodecyl sulfate-polyacrylamide gel el- 
ectrophoresis (SDS-PAGE) gels and transferr- 

ed onto polyvinylidene difluoride (PVDF) mem- 
branes (Millipore, USA). Membranes were blo- 
cked with 3% fat-free milk in Tri Buffered Saline 
Tween-20 (TBST) (in mmol/L: Tris-HCl 20, NaCl 
150, pH 7.5, 0.1% Tween 20) for 1 hour at 4°C 
under agitation. They were then washed three 
times in TBST and incubated with rabbit anti-
human Bcl-2 antibody, rabbit anti-human Bax 
antibody, rabbit anti-human survivin antibody 
(1:1000 dilution, CST, USA), or β-actin monoclo-
nal antibody (1:1000 dilution, Santa Cruz, CA, 
USA) for 18 hours at 4°C. After washing three 
times with TBST, membranes were incubated 
with horse radish peroxidase (HRP)-conjugated 
goat anti-rabbit IgG (1:1000, Beyotime Institute 
of Biotechnology) for 1 hour at room tempera-
ture. Proteins were visualized using an en- 
hanced chemiluminescence (ECLTM) Western 
blotting detection kit (Amersham Pharmacia 
Biotech). Results were recorded and analyzed 
using ChemiDoc molecular imaging systems 
and ImageJ software (ChemiDocTM XRS+, BIO- 
RAD).

Statistical analysis

All experiments were repeated three times. 
Data are expressed as mean ± SD from a repre-
sentative experiment. SPSS 16.0 was used for 
statistical analysis. One-way analysis of vari-
ance and Dunnett’s post-hoc tests were per-
formed, analyzing the statistical significance of 
differences in all assays. P < 0.05 indicates 
statistical significance. 

Results

PTL inhibits cell proliferation of renal cancer 
cells

Examining the effects of PTL on proliferation of 
cells, 786-O cells were exposed to different 
concentrations of PTL for 24 and 48 hours 
using MTT assays. Consequently, PTL inhibited 
proliferation of 786-O cells in a significant 
dose-dependent manner (*P < 0.05, **P < 
0.01) (Figure 2). The viability of 786-O cells was 
reduced to 93.21% and 53.61% after treat-
ment with PTL for 24 and 48 hours, respective-
ly. At the same level, with the role of the exten-
sion of time, survival rates of 786-O cells were 
significantly lower. 

PTL induces apoptosis in renal cancer cells

Verifying and quantifying apoptotic cells induc- 
ed by PTL, apoptosis assays were performed  
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Figure 2. PTL suppressed the viability of 786-O cells. 
The effects of PTL on cell viability were measured by 
MTT assay. 786-O cells were treated with PTL for 24 
and 48 hours. PTL significantly inhibited cell viability, 
in a dose-dependent manner. Results are represent-
ed as the mean ± standard deviation (SD) of these 
experiments and the corresponding standard error. 
Significant versus control, *P < 0.05, **P < 0.01.

to analyze apoptotic rates of PTL-treated cells 
with Annexin V-conjugated Alexa Fluor 488 and 
propidium iodide staining. Percentages of early 
and later apoptotic cells are shown in the lower 
right (LR) and upper right (UR) quadrant of the 
histograms, respectively (Figure 3A-E). The to- 
tal percentage of apoptotic cells (UR+LR) in- 
creased from 5.7% in non-PTL-treated 786-O 
cells to 15.1%, 38.3%, 72.1%, and 86.6% in 
PTL-treated cells (5, 10, 15, and 20 μM, respec-
tively) after 48 hours (*P < 0.05, **P < 0.01, 
Figure 4F). Treatment of 786-O cells with 0, 5, 
10, 15, and 20 μM of PTL for 48 hours induced 
apoptosis in these cells, in a dose-dependent 
manner. The significant induction of apoptosis 
after PTL treatment indicates the anti-cancer 
effects on 786-O cells.

PTL induces Bax and reduces Bcl-2 mRNA 
expression in 786-O cells

Determining whether PTL regulates Bax and 
Bcl-2 expression, 786-O cells were treated with 
various doses of palmitate (0, 5, 10, 5, and 20 
μM) for 24 and 48 hours. Expression of Bax 
and Bcl-2 mRNA was analyzed using real-time 
reverse transcription-polymerase chain reac-
tion (RT-PCR). PTL induced a dose-dependent 
decrease in Bcl-2 mRNA expression in 786-O 
cells (*P < 0.05, **P < 0.01, Figure 4A and  
4B). In contrast, PTL induced a dose-depen-
dent increase in Bax mRNA expression in 786-O 
cells (*P < 0.05, **P < 0.01, Figure 4C and  
4D). 

Effects of PTL on expression of cell apoptosis-
related proteins

Expression of pro-apoptotic protein Bax has 
been associated with increased apoptosis, whi- 
le anti-apoptotic protein Bcl-2 has been associ-
ated with inhibition of apoptosis in target cells. 
After treatment with increased concentrations 
of PTL for 48 hours, expression of Bax and 
Bcl-2 in 786-O cells was detected. Levels of 
Bax were positively correlated with apoptosis 
rates of 786-O cells, while Bcl-2 was just the 
opposite (Figure 5A, 5B). The ratio of Bax/Bcl-2 
protein levels is the decisive factor in transmit-
ting the apoptosis signal. Comparing the inten-
sity of their bands, it was found that Bax/Bcl-2 
had dose-dependent effects on apoptosis (*P 
< 0.05, **P < 0.01) (Figure 5C). With an elevat-
ed ratio of Bax/Bcl-2, expression of survivin 
was decreased (Figure 5D). 

Discussion

PTL is a naturally occurring sesquiterpene lac-
tone, a plant endemic in Lebanon known in 
Arabic as “Bahar ghishai” [14]. PTL belongs  
to the Anthemideae tribe of the Asteraceae 
(Compositae) family, comprising 25,000 spe-
cies within three subfamilies and 17 tribes. 
Many of these are employed in a variety of 
medicinal applications [15, 16]. In recent years, 
the PTL molecule and several structurally relat-
ed sesquiterpene lactone analogs have been 
extensively studied due to their potent anti- 
tumor and cytotoxic properties. PTL induces 
apoptosis in prostate cancer [17], pancreatic 
cancer [18] and colorectal cancers [19], as  
well as in Burkitt lymphoma [20] and leukemia 
cells [21]. However, it is ineffective in normal 
tissues [22]. PTL exerts antitumor effects in 
breast and lung cancer cells [23, 24]. Observed 
differences in the antitumor potential of PTL 
may be due to different physicochemical prop-
erties. Specifically, the lactone skeleton can 
exert effects via the Michael type addition with 
sulfhydryl groups of enzymes and other fun- 
ctional proteins (α-methylene-γ-lactones and 
epoxide structure) [25]. This may interfere with 
key biological processes in the cells, such as 
cell signal transduction, line grain with breath-
ing, proliferation, and apoptosis [26]. Consi- 
dering the apoptosis-promoting nature of PTL, 
the current study aimed to investigate its po- 
tential effects on renal cancer cells.
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Although PTL can promote apoptosis and anti-
cancer effects, effects of PTL on 786-O cells 
have not been reported. The present study 
found that PTL could potently inhibit prolifera-
tion and promote apoptosis in renal cancer 
cells in vitro. Furthermore, this study examined 
apoptotic markers after exposure to different 

concentrations of PTL. Results indicate that 
PTL could induce apoptosis, downregulate pro-
apoptotic survivin and Bax, and upregulate 
anti-apoptotic Bcl-2. It has been reported that 
cell-cycle arrest partly contributes to the grow- 
th suppression of PTL in cancer cells. Therefo- 
re, further experiments are necessary to deter-

Figure 3. PTL induced dose-dependent apop-
tosis in 786-O cells (A-E). 786-O cells were 
treated with PTL (0, 5, 10, 15 and 20 μM) for 
48 hours and stained with FITC-annexinV and 
PL. The percentage of survivin cells is shown 
in the lower left quadrant; The percentage of 
early-stage apoptosis and late-stage apopto-
sis cells is shown in the upper right and lower 
right quadrants, respectively (F). Quantifica-
tion of apoptosis induced by PTL was cal-
culated. Data are presented as the mean ± 
standard deviation (SD) of these experiments. 
Significant versus control, *P < 0.05, **P < 
0.01.
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mine the effects of parthenolide on the cell 
cycle in 786-O cells.

Molecular mechanisms by which PTL elicits 
antitumor effects have been a recent focus of 
investigations. Recent studies have implicated 
NF-κB signaling pathways as mediators of PTL-
dependent pro-apoptotic effects [17]. It has 
been reported that PTL could suppress the  
proliferation of human glioblastoma cancer 
U87MG and U373 cells and inhibit NF-κB [27]. 
PTL promotes apoptosis in neoplastic cells by 
inducing oxidative stress and inhibiting cancer-
promoting transcription factor nuclear factor 
kappa B (PTL decreases NF-κB DNA binding by 
inhibiting I-κB kinase) [28]. In addition, dysre- 
gulation of Raf/MEK/ERK signaling pathways, 
found in one-third of all kinds of human can-
cers, alters multiple gene expression, affecting 
tumor cell differentiation, proliferation, surviv-
al, migration, and angiogenesis [29-31]. Due to 
their powerful potential effects, Raf/MEK/ERK 
signaling pathways have been a focus of in- 

tense investigation for therapeutic targets [32, 
33]. Therefore, effects of PTL on these signal-
ing pathways should be examined in future 
research.

Molecular mechanisms of apoptosis signals 
pathways have been explored in-depth by many 
scholars. Survivin, Bcl-2, and Bax are three of 
the molecular proteins involved in apoptosis. 
Survivin, a member of the inhibitor of apoptosis 
protein (IAP) family, can bind the effector cell 
death proteases caspase-3 and -7 in vitro and 
inhibit caspase activity and cell death in cells 
exposed to diverse apoptotic stimuli [34]. Bcl-2, 
an anti-apoptotic membrane-associated pro-
tein, exerts its function by binding to Bax and 
blocking c-Myc-induced apoptosis [35]. Bax, a 
pro-apoptotic Bcl-2 homologue residing in the 
cytoplasm or in the cell membrane, promotes 
apoptosis through interaction with p53/Bcl-2/
Bcl-XL/c-Myc [35]. Results of Ku et al. demon-
strated that the apoptogenic effects could be 
due to increased levels of Bax or decreased 

Figure 4. Effects of PTL on Bcl-2 and Bax mRNA expression in human 786-O cells. The cells were treated with PTL (0, 
5, 10, 15, and 20 μM) for 24 and 48 hours. Total RNA was isolated at indicated time points. Bcl-2 RNA expression 
was analyzed using real-time reverse-transcription polymerase chain reaction (A and B). Bax also used the same 
method (C and D). Values represent the means ± standard deviation (SD) of two experiments. Significant versus 
control, *P < 0.05, **P < 0.01.
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Bcl-2 and survivin expression in prostate can-
cer [36]. The current study found that the ratio 
of Bax/Bcl-2 was elevated, while expression of 
survivin was decreased, with an increase of  
cell apoptosis. This is consistent with previous 
conclusions.

Accumulating evidence has emphasized the 
anti-cancer efficacy of PTL against multiple 
malignant tumors. The current study demon-
strated that PTL could effectively inhibit prolif-
eration and induce apoptosis of renal cancer 
cells in vitro. Present results suggest that PTL 
may be a promising drug for patients with 
advanced renal cancer.

Conclusion 

In summary, current results suggest that par-
thenolide may possess powerful characteris-
tics against kidney cancer. Therefore, it should 
be considered a potential candidate for anti-
cancer treatment, assuming further positive 
studies in vivo are confirmed.
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Figure 5. Effects of PTL on protein levels of Bcl-2, Bax, and survivin in 786-O cells (A, B and D). 786-O cells were as-
sayed for Bcl-2, Bax, and survivin by Western blotting analysis with β-actin as a control (C). Bax/Bcl-2 ratios of A498 
and 786-O cells. The densitometry value of each band was determined with ImageJ. Values are represented as the 
means ± standard deviation (SD) of three experiments. Significant versus control, *P < 0.05, **P < 0.01.



Parthenolide inhibits renal cancer cell 786-O

7063 Int J Clin Exp Med 2019;12(6):7056-7064

boratory Gansu Provincial Hospital, 204 Donggang 
West Road, Lanzhou 730000, Gansu, China. Tel: 
0086-0931-8282506; Fax: 0086-0931-8266957; 
E-mail: yangxiongfeiphd@163.com

References

[1] Riegel W, Kruger B and Schnulle P. Dialysis 
and renal transplantation. Update 2012. Dtsch 
Med Wochenschr 2012; 137: 2567-2570.

[2] Jonasch E, Futreal PA, Davis IJ, Bailey ST, Kim 
WY, Brugarolas J, Giaccia AJ, Kurban G, Pause 
A, Frydman J, Zurita AJ, Rini BI, Sharma P, At-
kins MB, Walker CL and Rathmell WK. State of 
the science: an update on renal cell carcino-
ma. Mol Cancer Res 2012; 10: 859-880.

[3] Patel C, Ahmed A and Ellsworth P. Renal cell 
carcinoma: a reappraisal. Urol Nurs 2012; 32: 
182-190; quiz 191.

[4] Li J, Weir HK, Jim MA, King SM, Wilson R and 
Master VA. Kidney cancer incidence and mor-
tality among American Indians and Alaska Na-
tives in the united states, 1990-2009. Am J 
Public Health 2014; 104 Suppl 3: S396-403.

[5] Gupta K, Miller JD, Li JZ, Russell MW and Char-
bonneau C. Epidemiologic and socioeconomic 
burden of metastatic renal cell carcinoma 
(mRCC): a literature review. Cancer Treat Rev 
2008; 34: 193-205.

[6] Pozarowski P, Halicka DH and Darzynkiewicz Z. 
NF-kappaB inhibitor sesquiterpene partheno-
lide induces concurrently atypical apoptosis 
and cell necrosis: difficulties in identification of 
dead cells in such cultures. Cytometry A 2003; 
54: 118-124.

[7] Popiolek-Barczyk K, Kolosowska N, Piotrowska 
A, Makuch W, Rojewska E, Jurga AM, Pilat D 
and Mika J. Parthenolide relieves pain and pro-
motes M2 microglia/macrophage polarization 
in rat model of neuropathy. Neural Plast 2015; 
2015: 676473.

[8] Karmakar A, Xu Y, Mustafa T, Kannarpady G, 
Bratton SM, Radominska-Pandya A, Crooks PA 
and Biris AS. Nanodelivery of parthenolide us-
ing functionalized nanographene enhances its 
anticancer activity. RSC Adv 2015; 5: 2411-
2420.

[9] Sun Y, St Clair DK, Xu Y, Crooks PA and St Clair 
WH. A NADPH oxidase-dependent redox signal-
ing pathway mediates the selective radiosensi-
tization effect of parthenolide in prostate can-
cer cells. Cancer Res 2010; 70: 2880-2890.

[10] Kim HY, Kim SL, Park YR, Liu YC, Seo SY, Kim 
SH, Kim IH, Lee SO, Lee ST and Kim SW. Bal-
salazide potentiates parthenolide-mediated 
inhibition of nuclear factor-kappab signaling in 
HCT116 human colorectal cancer cells. Intest 
Res 2015; 13: 233-241.

[11] Zhao X, Liu X and Su L. Parthenolide induces 
apoptosis via TNFRSF10B and PMAIP1 path-
ways in human lung cancer cells. J Exp Clin 
Cancer Res 2014; 33: 3.

[12] Xu Y, Liu L, Qiu X, Liu Z, Li H, Li Z, Luo W and 
Wang E. CCL21/CCR7 prevents apoptosis via 
the ERK pathway in human non-small cell lung 
cancer cells. PLoS One 2012; 7: e33262.

[13] Livak KJ and Schmittgen TD. Analysis of rela-
tive gene expression data using real-time qu- 
antitative PCR and the 2(-Delta Delta C(T)) 
Method. Methods 2001; 25: 402-408.

[14] Park SJ, Shin HJ and Youn HS. Parthenolide in-
hibits TRIF-dependent signaling pathway of 
Toll-like receptors in RAW264.7 macrophages. 
Mol Cells 2011; 31: 261-265.

[15] Talhouk RS, Nasr B, Fares MB, Ajeeb B, Nah-
has R, Al Aaraj L, Talhouk SN, Ghaddar TH and 
Saliba NA. Anti-inflammatory and cytostatic ac-
tivities of a parthenolide-like sesquiterpene 
lactone from cota palaestina subsp. syriaca. 
Evid Based Complement Alternat Med 2015; 
2015: 474597.

[16] Penthala NR, Bommagani S, Janganati V, Mac-
Nicol KB, Cragle CE, Madadi NR, Hardy LL, 
MacNicol AM and Crooks PA. Heck products of 
parthenolide and melampomagnolide-B as an-
ticancer modulators that modify cell cycle pro-
gression. Eur J Med Chem 2014; 85: 517-525.

[17] Hayashi S, Koshiba K, Hatashita M, Sato T, Jujo 
Y, Suzuki R, Tanaka Y and Shioura H. Thermo-
sensitization and induction of apoptosis or 
cell-cycle arrest via the MAPK cascade by par-
thenolide, an NF-kappaB inhibitor, in human 
prostate cancer androgen-independent cell 
lines. Int J Mol Med 2011; 28: 1033-1042.

[18] Liu JW, Cai MX, Xin Y, Wu QS, Ma J, Yang P, Xie 
HY and Huang DS. Parthenolide induces prolif-
eration inhibition and apoptosis of pancreatic 
cancer cells in vitro. J Exp Clin Cancer Res 
2010; 29: 108.

[19] Trang KT, Kim SL, Park SB, Seo SY, Choi CH, 
Park JK, Moon JC, Lee ST and Kim SW. Parthe-
nolide sensitizes human colorectal cancer 
cells to tumor necrosis factor-related apopto-
sis-inducing ligand through mitochondrial and 
caspase dependent pathway. Intest Res 2014; 
12: 34-41.

[20] Li Y, Zhang Y, Fu M, Yao Q, Zhuo H, Lu Q, Niu X, 
Zhang P, Pei Y and Zhang K. Parthenolide in-
duces apoptosis and lytic cytotoxicity in ep-
stein-barr virus-positive Burkitt lymphoma. Mol 
Med Rep 2012; 6: 477-482.

[21] Guzman ML, Yang N, Sharma KK, Balys M, Cor-
bett CA, Jordan CT, Becker MW, Steidl U, Abdel-
Wahab O, Levine RL, Marcucci G, Roboz GJ and 
Hassane DC. Selective activity of the histone 
deacetylase inhibitor AR-42 against leukemia 
stem cells: a novel potential strategy in acute 



Parthenolide inhibits renal cancer cell 786-O

7064 Int J Clin Exp Med 2019;12(6):7056-7064

myelogenous leukemia. Mol Cancer Ther 
2014; 13: 1979-1990.

[22] Guzman ML, Rossi RM, Karnischky L, Li X, Pe-
terson DR, Howard DS and Jordan CT. The ses-
quiterpene lactone parthenolide induces apo- 
ptosis of human acute myelogenous leukemia 
stem and progenitor cells. Blood 2005; 105: 
4163-4169.

[23] Wyrebska A, Szymanski J, Gach K, Piekielna J, 
Koszuk J, Janecki T and Janecka A. Apoptosis-
mediated cytotoxic effects of parthenolide and 
the new synthetic analog MZ-6 on two breast 
cancer cell lines. Mol Biol Rep 2013; 40: 1655-
1663.

[24] Jin X, Qiu L, Zhang D, Zhang M, Wang Z, Guo Z, 
Deng C and Guo C. Chemosensitization in non-
small cell lung cancer cells by IKK inhibitor oc-
curs via NF-kappaB and mitochondrial cyto-
chrome c cascade. J Cell Mol Med 2009; 13: 
4596-4607.

[25] Tiuman TS, Ueda-Nakamura T, Garcia Cortez 
DA, Dias Filho BP, Morgado-Diaz JA, de Souza 
W and Nakamura CV. Antileishmanial activity 
of parthenolide, a sesquiterpene lactone iso-
lated from Tanacetum parthenium. Antimicrob 
Agents Chemother 2005; 49: 176-182.

[26] Wyrebska A, Gach K, Szemraj J, Szewczyk K, 
Hrabec E, Koszuk J, Janecki T and Janecka A. 
Comparison of anti-invasive activity of parthe-
nolide and 3-isopropyl-2-methyl-4-methyle-
neisoxazolidin-5-one (MZ-6)-a new compound 
with alpha-methylene-gamma-lactone motif-on 
two breast cancer cell lines. Chem Biol Drug 
Des 2012; 79: 112-120.

[27] Shanmugam R, Kusumanchi P, Appaiah H, 
Cheng L, Crooks P, Neelakantan S, Peat T, 
Klaunig J, Matthews W, Nakshatri H and Swee-
ney CJ. A water soluble parthenolide analog 
suppresses in vivo tumor growth of two tobac-
co-associated cancers, lung and bladder can-
cer, by targeting NF-kappaB and generating 
reactive oxygen species. Int J Cancer 2011; 
128: 2481-2494.

[28] Nakabayashi H and Shimizu K. Involvement of 
Akt/NF-kappaB pathway in antitumor effects 
of parthenolide on glioblastoma cells in vitro 
and in vivo. BMC Cancer 2012; 12: 453.

[29] McCubrey JA, Steelman LS, Chappell WH, 
Abrams SL, Wong EW, Chang F, Lehmann B, 
Terrian DM, Milella M, Tafuri A, Stivala F, Libra 
M, Basecke J, Evangelisti C, Martelli AM and 
Franklin RA. Roles of the Raf/MEK/ERK path-
way in cell growth, malignant transformation 
and drug resistance. Biochim Biophys Acta 
2007; 1773: 1263-1284.

[30] Li XL, Chen XQ, Zhang MN, Chen N, Nie L, Xu M, 
Gong J, Shen PF, Su ZZ, Weng X, Tan JY, Zhao T, 
Zeng H and Zhou Q. SOX9 was involved in TKIs 
resistance in renal cell carcinoma via Raf/
MEK/ERK signaling pathway. Int J Clin Exp 
Pathol 2015; 8: 3871-3881.

[31] Chen F, Deng J, Liu X, Li W and Zheng J. HCRP-
1 regulates cell migration and invasion via EG-
FR-ERK mediated up-regulation of MMP-2 with 
prognostic significance in human renal cell car-
cinoma. Sci Rep 2015; 5: 13470.

[32] Suzuki K, Mizuno R, Suenaga K, Teruya T, 
Tanaka N, Kosaka T and Oya M. Bisebro-
moamide, an extract from Lyngbya species, in-
duces apoptosis through ERK and mTOR inhi-
bitions in renal cancer cells. Cancer Med 
2013; 2: 32-39.

[33] Bailey ST, Zhou B, Damrauer JS, Krishnan B, 
Wilson HL, Smith AM, Li M, Yeh JJ and Kim WY. 
mTOR inhibition induces compensatory, thera-
peutically targetable MEK activation in renal 
cell carcinoma. PLoS One 2014; 9: e104413.

[34] Tamm I, Wang Y, Sausville E, Scudiero DA, Vig-
na N, Oltersdorf T and Reed JC. IAP-family pro-
tein survivin inhibits caspase activity and 
apoptosis induced by Fas (CD95), Bax, caspas-
es, and anticancer drugs. Cancer Res 1998; 
58: 5315-5320.

[35] Hussein MR, Haemel AK and Wood GS. Apop-
tosis and melanoma: molecular mechanisms. 
J Pathol 2003; 199: 275-288.

[36] Ku JH, Seo SY, Kwak C and Kim HH. The role of 
survivin and Bcl-2 in zinc-induced apoptosis in 
prostate cancer cells. Urol Oncol 2012; 30: 
562-568.


