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Abstract 
 

Background: Interfering with cell proliferation and survival is a critical role for antineoplastic drugs 

leading to cell death through induction of apoptosis. Alternative treatments with herbal extracts offer 

insights into acute myeloid leukemia (AML) therapy. Parthenolide (PTL), an extract from feverfew, 

induces apoptosis in primary human leukemia stem cells (LSCs) and bulk leukemic cell populations. 

Osteopontin (OPN) preserves cell viability in response to anticancer agents and its receptors could be 

utilized for therapeutic targeting of cancer cells.    

Methods: U937 cells were cultured in RPMI 1640 with concentrations of 2, 4, 6, 8, and 10 μM PTL 

for 20-24 hours for MTT assays. Apoptosis assays were performed with Annexin V-Alexa Fluor-

488/PI as Annexin V+/PI- and Annexin V+/PI+ to measure early and late apoptosis, respectively. 

Quantitative real-time PCR was used to measure OPN gene expression using the 2-∆∆Ct method. The 

PTL–treated cells were stained with FITC-CD38 antibody for flow cytometry analyses. Data were 

compared using one-way analysis of variance (ANOVA) by SPSS 19.  

Results: Parthenolide inhibited growth of U937 cells with IC25 and IC50 values of 4 and 5.8 µM, 

respectively. Death induction with PTL was apoptotic. Flow cytometry showed a significant decrease 

in the percentage of CD38+ U937 cells in response to PTL. Osteopontin gene expression decreased 

in response to PTL. 

Conclusions: PTL induced apoptosis and reduced OPN gene expression in U937 cells. 
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Introduction 
Acute myeloid leukemia (AML) is a clonal 

disorder through transformation and uncontrolled 

proliferation of myeloid progenitor cells with 

arrested differentiation (1). Leukemic stem cells 

(LSCs) are AML-initiating cells of various 

populations with different features (2, 3). Acute 

myeloid leukemia-initiating cells are identified 

 

immunophenotypically as CD34+ and CD38- or 

CD34+ and CD38+ (4, 5). As AML cells mature, 

CD34 expression decreases gradually while 

CD38+ increases (6, 7). Current AML treatment 

utilizes chemotherapy with cytarabine and an 

anthracycline to achieve complete remission (CR) 

(8). Most therapies target molecules involved in
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the cell cycle; therefore, proliferation of AML cells 

can be affected (9). Interfering with cell 

proliferation and survival through induction of 

apoptosis is a critical. One problem with 

conventional AML therapies is unwanted side 

effects. Alternative treatments with herbal 

extracts could both increase efficiency in 

molecular targeting and have fewer unwanted 

side effects.  

Parthenolide (PTL), an extract from feverfew, 

induces apoptosis in primary human LSCs and 

bulk leukemic cell populations (10-12). NF-kB 

inhibition is the best-known mechanism of PTL-

induced apoptosis (13). 

Osteopontin (OPN) is a glycoprotein 

expressed by cells in many tissues. Osteopontin 

preserves cell viability in response to anticancer 

agents and its receptors could be utilized for 

therapeutic targeting of cancer cells (14, 15). 

Osteopontin exists as both a secreted (sOPN) and 

intracellular (iOPN) protein. Osteopontin is 

recognized by a variety of integrins including 

αvβ3 and CD44 (16). In the present study, we 

evaluated the role of OPN in U937 cell viability 

after PTL treatment. 

 

Materials and Methods 
Materials  

Parthenolide was purchased from Sigma-Aldrich 

and dissolved in dimethyl sulfoxide (DMSO) as 

a 50mM stock solution, stored at -20 °C, and 

diluted in DMSO before use. The Annexin V-

Alexa Fluor-488/PI kit and the human 

monoclonal antibody FITC anti-CD38 were 

purchased from BD Biosciences (San Jose, CA, 

USA). TriPure Isolation Reagent was purchased 

from Roche Applied Science (Germany). The 

cDNA synthesis kit and 

SYBR® Premix Ex Taq™ were purchased from 

Takara Biotechnology Co. (Otsu, Japan). 

Cell culture  

The human leukemic monoblast U937 cell line was 

obtained from the Pasteur Institute of Iran. RPMI 

1640-10% fetal bovine serum (FBS) medium 

(Gibco; Invitrogen, USA) was used for culturing. 

The medium was supplemented with 2 mM L-

glutamine, 100 units/mL penicillin, and 100 μg/mL 

streptomycin. Cells were incubated at 37 °C in a 

humidified atmosphere containing 5% CO2.  

MTT assay 

Cells were cultured in triplicate at 5×103/100µl 

in 96-well culture plates (SPL Life sciences, 

Pocheon, Korea) with 2, 4, 6, 8, or 10 μM PTL 

for 20 to 24 hours. 

After incubation at 37 °C in 5% CO2, the cells were 

incubated for 4 h with 3-(4,5-dimethylthiazol-2-yl)-2,5 

diphenyltetrazolium bromide (MTT, 5mg dissolved 

in 1 ml of PBS, Sigma, St. Louis, MO, USA). The 

plates were centrifuged (10 min at 350×g), and the 

purple formazan crystals of metabolized yellow 

tetrazolium salt by viable cells were dissolved in 

DMSO. Absorbance was quantified at 570 nm 

using the ELISA plate reader (Microplate Reader; 

Bio-Rad). Results were expressed as a percentage of 

viability, with 100% representing control cells 

treated with 0.1% DMSO alone. 

Evaluation of apoptosis by annexin V/Propidium 

iodide (PI) assay 

Cells were cultured at 1× 106/ml per well in 6-

well plates treated with PTL as above. After 24 

hours cells were harvested and mixed with 

Annexin V-Alexa Fluor-488/PI according to 

the manufacturer’s instructions. The stained 

cells were examined by flow cytometry 

(Partec, Munich, Germany). Discrimination of 

cells was performed as apoptosis (Annexin 

V+/PI- [early apoptosis] and Annexin V+/PI+ 

[late apoptosis]). 

Flow cytometry 

Cells were treated with PTL for 24h. Before 

labeling, the cells were centrifuged (10min at 

200×g) to remove the debris and resuspended in 

PBS. Then, the cells were stained with the human 

monoclonal antibody FITC anti-CD38. An 

appropriate isotype control IgG1 was used. The cells 

were analyzed on a Partec PAS III flow cytometer 

(Partec, Munich, Germany), and data were 

interpreted using FloMax software. 

Quantitative Real-time PCR (qRT-PCR) 

Total RNA of the PTL-treated and untreated cells 

was extracted with TriPure Isolation Reagent
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according to the manufacturer’s instructions, 

quantified on a NanoDrop ND-1000 (NanoDrop 

Technologies, Wilmington, DE), and stored at −80 

°C. The cDNA synthesis kit was used to synthesize 

complementary DNA (cDNA). A light cycler 

instrument (Roche Diagnostic, Manheim, 

Germany) and SYBR Premix Ex Taq were used 

for quantitative real-time RT-PCR analysis. A final 

volume of 20 μl containing 2 μl of a 2-fold diluted 

cDNA, 1 μl of 10 pmol primers (0.5 μl each 

forward and reverse primers), 10 μl of 

SYBER, and 7 μl of distilled water were used. Data 

were normalized to HPRT expression in each 

sample. Relative gene expression data were 

analyzed using the 2-∆∆Ct method. Table 1 shows 

the primer sequences for genes used.  

Statistical analysis 

Using IBM SPSS Statistics 19 software the 

groups of data was presented as means ±SDs and 

compared by one-way analysis variance 

(ANOVA) or t-test.  

Table 1. Primers used for qRT-PCR 

Gene Forward Primer (5'-3') Reverse Primer (5'-3') Size (bp) 

HPRT TGGACAGGACTGAACGTCTTG CCAGCAGGTCAGCAAAGAATTTA 111 

OPN ACCCTTCCAAGTAAGTCCAACG GGTGAGAATCATCAGTGTCATCTAC 139 

 

 

Results 
 

 
Fig. 1. Parthenolide induced apoptosis in U937 cells (a) Dose-response curves with different concentrations of PTL using MTT 

assay/24 h were generated. (b) The performance of the Annexin-V/PI staining on treated cells with PTL. (c) Representative dot-

plot diagrams of AV/PI flow cytometry. The graphs represent three independent experiments (mean±SD). *P<0.05, **p<0.01, 

***p<0.001 (compared with control or comparisons depicted).  
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Parthenolide inhibited cell growth of U937 cells 

Dose-response curves with increasing 

concentrations of PTL using the MTT assay at 24 

h showed that 6 µM PTL decreased U937 cells 

viability to 47%, while other concentrations of 

PTL did not significantly affect cell viability (Fig. 

1a). The IC25 and IC50 values at 24 h were 4 and 

5.8 µM respectively. The 4 µM concentration was 

chosen for the other assays.  

 

Parthenolide induced apoptosis in U937 cells  

Annexin-V/PI staining indicated that PTL induced 

apoptosis. The average percentage of apoptosis was 

58.51 ±2.1 within 24 h (Fig. 1b).  

Parthenolide reduced the CD38+ population of U937 cells 

Flow cytometry analysis (Fig. 2) showed a 

significant decrease in the percentage of the 

CD38+ population from 43.4 ±2.3% in untreated 

cells to 3.5±1.5% in response to PTL (p < 0.001).  

 

Parthenolide decreased OPN expression in U937 cells  

We investigated OPN mRNA levels by quantitative 

RT-PCR to determine the effects of PTL on this 

reported chemotherapy resistance factor. Osteopontin 

gene expression was significantly less in the PTL-

treated than in the untreated cells (p<0.001, Fig. 3).  

 

 

 

 
Fig. 2. Parthenolide reduced the CD38+ population of U937 cells. Flow cytometric analysis of PTL-treated/24 h U937 cells stained 

with monoclonal antibody FITC-CD38. 

 

 

 
 

 

 

 
 

 

Fig. 3. Parthenolide decreased OPN expression in U937 cells. 

Evaluation of mRNA expression of OPN relative to HPRT, using 

real time RT-PCR after treatment of U937 cells with PTL for 24h. 

Three independent experiments were performed (mean ± SD). *P 

< 0.05, **p < 0.01, ***p < 0.001 (compared with control). 
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Discussion 
Our data indicated that U937 AML cells are 

sensitive to PTL. The observed decrease in OPN 

expression could play a role in this sensitivity. 

Parthenolide has been used for centuries against 

fever and inflammation. In addition, PTL effects 

on cancers have been studied. Osteopontin has 

been shown to mediate anti-apoptotic effects on 

cancer cells in response to cytotoxic agents (16).  

In recent years, PTL has been shown to eradicate 

LSCs (11, 12). Given that AML consists of stem and 

bulk AML cells, therapies targeting both populations 

would be ideal. However, due to differences between 

the two populations, most therapies can only be 

directed at one of them (9). Leukemic stem cells are 

immunophenotypically CD34+ and CD38- while 

more mature cells are CD34+ and CD38+ (2). When 

CD34 gradually decreases, CD38 increases on 

committed progenitors (6, 7). Whereas U937 cells 

express committed progenitor surface markers (17), 

Parthenolide could affect AML bulk cells. PTL 

treatment of bone marrow cells in children with acute 

lymphocytic leukemia has shown that the CD34+ 

subpopulations are more resistant to PTL than the 

CD34- subpopulations (18). In clinical settings, a 

PTL water-soluble analog called dimethylamino-

parthenolide (DMAPTL) has been utilized that kills 

both LSCs and bulk leukemic cell populations (19).  

Parthenolide induces apoptosis in cancer cells by 

interfering with the function of vital proteins in gene 

transcriptional regulatory units, especially with NF-

kB, as well as via other mechanisms such as PI3K 

pathway suppression, reactive oxygen species 

induction, and stress response proteins activation (20-

26). In our work PTL decreased OPN transcription. 

A NF-kB binding site on the OPN promoter has been 

identified that regulates OPN expression (27, 28). A 

blocking role of PTL in U937 cells on NF-kB, which 

involves IL-6 gene expression, as an apoptosis 

inhibitory stimulus in some hematologic 

malignancies, has been reported (29-31). AP-1, 

another OPN transcriptional activator, is also 

inhibited by PTL (32, 33). In conclusion, PTL 

inhibits OPN expression and induces apoptosis in 

U937 cells. Thus, PTL could be considered as a 

therapeutic tool and OPN as a target molecule to 

eradicate bulk AML cells.   

Acknowledgement 
All authors claim no conflicts of interest or 

financial involvements with this manuscript. 

Results of this study are concluded from the thesis 

approved by the Research Center of Blood 

Transfusion research center, High Institute for 

Research and Education in Transfusion Medicine. 

References 
1. Bapat S. Leukemic Stem Cells. In: Bapat S, editor. 

Cancer stem cells: identification and targets. Hoboken, 

New Jersey: Wiley-Interscience; 2008. p. 273. 

2. Bonnet D, Dick JE. Human acute myeloid 

leukemia is organized as a hierarchy that originates from 

a primitive hematopoietic cell. Nature medicine. 

1997;3(7):730-7. 

3. Lowenberg B, Downing JR, Burnett A. Acute 

myeloid leukemia. New England Journal of Medicine. 

1999; 341(14):1051-62. 

4. Bhatia M, Wang JCY, Kapp U, Bonnet D, Dick 

JE. Purification of primitive human hematopoietic cells 

capable of repopulating immune-deficient mice. 

Proceedings of the National Academy of Sciences. 

1997; 94(10):5320-5.  

5. Taussig DC, Miraki-Moud F, Anjos-Afonso F, 

Pearce DJ, Allen K, Ridler C, et al. Anti-CD38 

antibody-mediated clearance of human repopulating 

cells masks the heterogeneity of leukemia-initiating 

cells. Blood. 2008; 112(3):568-75. 

6. Kussick SJ, Wood BL. Using 4-color flow 

cytometry to identify abnormal myeloid populations. 

Archives of Pathology and Laboratory Medicine. 2003; 

127(9):1140-7. 

7. Wood BL. Myeloid malignancies: 

myelodysplastic syndromes, myeloproliferative 

disorders, and acute myeloid leukemia. Clinics in 

laboratory medicine. 2007; 27(3):551-75. 

8. Appelbaum FR, Rowe JM, Radich J, Dick JE. 

Acute myeloid leukemia. ASH Education Program 

Book. 2001; 2001(1):62-86. 

9. Pollyea DA, Gutman JA, Gore L, Smith CA, 

Jordan CT. Targeting acute myeloid leukemia stem 

cells: a review and principles for the development of 

clinical trials. haematologica. 2014; 99(8):1277-84. 

10. Guzman ML, Rossi RM, Karnischky L, Li X, 

Peterson DR, Howard DS, et al. The sesquiterpene 

lactone parthenolide induces apoptosis of human 

A B 

B 



Zahedpanah M et al. 

 

     Rep. Biochem. Mol. Biol., Vol. 4, No. 2, Apr 2016    87 

acute myelogenous leukemia stem and progenitor 

cells. Blood. 2005; 105(11):4163-9. 

11. Guzman ML, Rossi RM, Neelakantan S, Li X, 

Corbett CA, Hassane DC, et al. An orally 

bioavailable parthenolide analog selectively 

eradicates acute myelogenous leukemia stem and 

progenitor cells. Blood. 2007; 110(13):4427-35. 

12. Neelakantan S, Nasim S, Guzman ML, Jordan 

CT, Crooks PA. Aminoparthenolides as novel anti-

leukemic agents: Discovery of the NF-kB inhibitor, 

DMAPT (LC-1). Bioorganic & medicinal 

chemistry letters. 2009; 19(15):4346-9. 

13. Hassane DC, Guzman ML, Corbett C, Li X, 

Abboud R, Young F, et al. Discovery of agents that 

eradicate leukemia stem cells using an in silico 

screen of public gene expression data. Blood. 2008; 

111(12):5654-62. 

14. Dai J, Li B, Shi J, Peng L, Zhang D, Qian W, et 

al. A humanized anti-osteopontin antibody inhibits 

breast cancer growth and metastasis in vivo. Cancer 

immunology, immunotherapy. 2010; 59 (3):355-

66. 

15. Rangaswami H, Bulbule A, Kundu GC. 

Osteopontin: role in cell signaling and cancer 

progression. Trends in cell biology. 2006; 16(2):79-87. 

16. Sodek J, Ganss B, McKee MD. Osteopontin. 

Critical Reviews in Oral Biology & Medicine. 

2000; 11(3):279-303. 

17. Harris P, Ralph P. Human leukemic models of 

myelomonocytic development: a review of the HL-

60 and U937 cell lines. Journal of leukocyte 

biology. 1985; 37(4):407-22. 

18. Diamanti P, Cox CV, Moppett JP, Blair A. 

Parthenolide eliminates leukemia-initiating cell 

populations and improves survival in xenografts of 

childhood acute lymphoblastic leukemia. 

Blood.121 (8):1384-93. 

19. Neelakantan S, Nasim S, Guzman ML, Jordan 

CT, Crooks PA. Aminoparthenolides as novel anti-

leukemic agents: discovery of the NF-κB inhibitor, 

DMAPT (LC-1). Bioorganic & medicinal 

chemistry letters. 2009; 19(15):4346-9. 

20. Nam YJ, Lee DH, Lee MS, Lee CS. 

Sesquiterpene lactone parthenolide attenuates 

production of inflammatory mediators by 

suppressing the Toll-like receptor-4-mediated 

activation of the Akt, mTOR, and NF-kappaB 

pathways. Naunyn Schmiedebergs Arch 

Pharmacol. 2015 May 15; 388(9):921-30. 

21. Nakabayashi H, 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. 

22. Zunino SJ, Storms DH, Ducore JM. Parthenolide 

treatment activates stress signaling proteins in high-risk 

acute lymphoblastic leukemia cells with chromosomal 

translocation t (4; 11). International journal of oncology. 

2010; 37(5):1307-13. 

23. Kim YR, Eom JI, Kim SJ, Jeung HK, Cheong J-

W, Kim JS, et al. Myeloperoxidase expression as a 

potential determinant of parthenolide-induced apoptosis 

in leukemia bulk and leukemia stem cells. Journal of 

Pharmacology and Experimental Therapeutics. 2010; 

335(2):389-400. 

24. Wen J, You K-R, Lee S-Y, Song C-H, Kim D-G. 

Oxidative stress-mediated apoptosis the anticancer 

effect of the sesquiterpene lactone parthenolide. Journal 

of Biological Chemistry. 2002; 277(41):38954-64. 

25. Pajak B, Gajkowska B, Orzechowski A. Molecular 

basis of parthenolide-dependent proapoptotic activity in 

cancer cells. Folia Histochem Cytobiol. 2008; 

46(2):129-35. 

26. Aggarwal BB, Sethi G, Nair A, Ichikawa H. 

Nuclear factor-B: a Holy Grail in cancer prevention and 

therapy. Current Signal Transduction Therapy. 2006; 

1(1):25-52. 

27. Zhao W, Wang L, Zhang M, Wang P, Zhang L, 

Yuan C, et al. NF-kB- and AP-1-mediated DNA 

looping regulates osteopontin transcription in 

endotoxin-stimulated murine macrophages. The 

Journal of Immunology. 2011; 186(5):3173-9. 

28. Samant RS, Clark DW, Fillmore RA, Cicek M, 

Metge BJ, Chandramouli KH, et al. Breast cancer 

metastasis suppressor 1 (BRMS1) inhibits osteopontin 

transcription by abrogating NF-kappaB activation. Mol 

Cancer. 2007; 6(6):2007-1. 

29. Inoue K, Sugiyama H, Ogawa H, Yamagami T, 

Azuma T, Oka Y, et al. Expression of the interleukin-6 

(IL-6), IL-6 receptor, and gp130 genes in acute 

leukemia. Blood. 1994; 84(8):2672-80. 

30. Olsen NJ, Spurlock CF, Aune TM. Methotrexate 

induces production of IL-1 and IL-6 in the monocytic 

cell line U937. Arthritis Res Ther. 2014; 16:17-25. 

31. Libermann TA, Baltimore D. Activation of 

interleukin-6 gene expression through the NF-kappa B 

transcription factor. Molecular and cellular biology. 

1990; 10(5):2327-34.  



Parthenolide Induces Apoptosis in U937 Cell Line  

      Rep. Biochem. Mol. Biol, Vol. 4, No. 2, Apr 2016 88 

32. Saadane A, Eastman J, Berger M, Bonfield TL. 

Parthenolide inhibits ERK and AP-1 which are 

dysregulated and contribute to excessive IL-8     

expression and secretion in cystic fibrosis cells. J 

Inflamm (Lond). 2011; 8:26. 

33. Kim HJ, Lee MH, Shin HI, Choi JY, Ryoo HM. 

Okadaic acid stimulates osteopontin expression through 

de novo induction of AP-1. J Cell Biochem. 2002; 

87(1):93-102. 

 

 

 


