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Abstract 
 

Acute myeloid leukemia (AML) is an aggressive and heterogeneous disease characterized by an abnormal proliferation and impaired 

differentiation of the myeloid precursor cells. The outcome for most AML patients remains poor with high relapse rates and chemotherapy 

remains the first line treatment for AML. The Wilms tumor wt1 and the anti-apoptotic BCL2 genes are upregulated in AML and are known 

to be involved in apoptosis inhibition. In the present study we evaluated the molecular mechanisms underlie the anti-proliferative and pro-

apoptotic activities exerted by thymoquinone (TQ), the major biologically active compound of the black seed oil on acute myeloid 

leukemia (AML) cell line-HL60. Cell proliferation was determined by WST-1 assay and apoptosis rate was assessed by flow cytometry 

using annexin-V/7AAD staining. The expression of target genes was analyzed by real-time RT–PCR analysis. TQ significantly reduced 

HL60 cell viability and induced apoptosis in a dose and time-dependent manner.  In order to decipher the molecular mechanisms underlie 

the anti-cancer activities induced by TQ in AML cells, we investigated its effect on the expression of WT1 and BCL2 genes. TQ 

significantly decreased the expression of WT1 and BCL2 genes in a dose and time-dependent manner. In summary, these findings 

suggest that TQ induces cell proliferation inhibition and apoptosis in acute myeloid leukemia cells most likely through targeting the 

apoptosis-related WT1 and BCL2 genes and also suggest that TQ could be a promising strategy for AML therapy. 
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1. Introduction 

Acute myeloid leukemia (AML) is an aggressive and 

heterogeneous disease characterized by an abnormal proliferation 

and impaired differentiation of the myeloid precursor cells [1]. The 

outcome for most AML patients remains poor with high relapse 
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rates and chemotherapy remains the first line treatment for AML [1, 

2]. The Wilms tumor WT1 and the anti-apoptotic BCL2 genes are 

upregulated in patients with most forms of acute leukemia including 

AML and are known to be involved in the inhibition of apoptosis [2-

4]. WT1 was shown to positively regulate the expression of BCL2 

leading to failure in apoptosis as well as resistant to chemotherapy-

induced apoptosis [5, 6]. In this context, the upregulation of WT1 

was found to inhibit p53-mediated apoptosis in Saos-2 cells, an 

osteosarcoma cell line through a direct interaction with p53 [7]. 

Considering the fact that the defect in apoptosis leads lo malignant 

transformation, the overexpression of WT1 could potentiate 

carcinogenesis by inhibiting the apoptosis. In agreement with this 

hypothesis, high expression levels of WT1 was found in several 

solid tumors [8-10] and in leukemia including AML [5, 8, 11, 12]. 

WT1 was detected in the bone marrow of 70-80% of AML patients 

but not in bone marrow of healthy controls [13, 14] and also 

suggested as a possible marker for the detection of leukemic blast 

cells [15]. WT1 can inhibit apoptosis in cancer cells through several 

mechanisms including targeting the anti-apoptotic BCL2 [5, 16, 17]. 

Like WT1, high expression levels of BCL2 were also detected in 

AML and considered as prognostic factor in this type of leukemia 

[18-20].  Considering the fact that the upregulation of BCL2 

observed in AML is related to the overexpression of WT1, finding 

new types of inhibitors of WT1/BCL2 pathway could be a promising 

strategy for AML therapy. 

Many purified components extracted from medicinal plants 

have shown beneficial therapeutic potentials in the recent years 

and widely used as an alternative to chemical drugs. 

Thymoquinone (TQ), the major bioactive component of the 

essential oil of black seeds have shown promising inhibitory effects 

on a large number of solid and leukemia tumors through targeting 

several pathways such as those involved in cell cycle, apoptosis, 

ROS generation, metastasis and angiogenesis [21-26].  

Consequently, the aim of the present study was to evaluate the 

molecular mechanisms underlie the anti-proliferative and pro-

apoptotic activities exerted by TQ on acute myeloid leukemia 

(AML) cell line-HL60. Our results showed that TQ reduced HL60 

cell viability and induced apoptosis in a time and dose-dependent 

manner. TQ-induced apoptosis in HL60 was associated with a 

decrease in the expression of WT1 and BCL2 genes. These 

findings indicate that TQ induces cell proliferation inhibition and 

apoptosis in acute myeloid leukemia cells most likely through 

targeting the apoptosis-related WT1 and BCL2 genes and also 

suggest that TQ could be a promising strategy for AML therapy. 

2. Materials & Methods 

2.1 Cell culture and treatment 

Acute myeloid leukemia (AML) cell line HL60 were purchased 

from American Type Culture Collection (ATCC, Manassas, VA, 

USA).  Cells were maintained in RPMI1640 (UFC-Biotech, Riyadh, 

SA) supplemented with 15% (v/v) FBS, penicillin (100 IU/ml) and 

streptomycin (100µg/ml). Cells were maintained in a humidified 

incubator containing 5% CO₂ at 37°C. For all treatments, a 10 mM 

solution of TQ (Sigma–Aldrich, Louis, MO, USA) was prepared in 

10% DMSO (DiMethylSulfOxide; Millipore, Molsheim, France) and 

appropriate working concentrations were prepared with cell culture 

medium. The final concentration of DMSO was always less than 

0.1% in both control and treated conditions.  

2.2 Cell proliferation assay 

The effect of TQ on cell proliferation was analyzed by a 

colorimetric cell proliferation assay using WST-1 Cell Proliferation 

Reagent Kit (Sigma-Aldrich, USA). Briefly, the cells were seeded in 

96-multiwell plates at a density of 4 x 104/well. After 24h of 

incubation, the cells were exposed to different concentrations of TQ 

for the desired time periods. Cell proliferation rate then was 

evaluated through a rapid WST-1 reagent. After incubation for the 

desired time periods, 10 µL of the WST-1 solution was added and 

incubated for an additional 3h at 37°C. Finally, the absorbance was 

read at 450nm with a microplate ELISA reader (ELx800™ Biotek, 

USA) and the results were analyzed by the Gen5 software (Biotek, 

USA). The reaction based on the cleavage of the tetrazolium salt 

WST-1 to formazan by cellular mitochondrial dehydrogenases. The 

quantity of formazan dye in the medium is directly proportional to 

the number of viable metabolically active cells. The percentage of 

cell viability was calculated by assuming control (untreated) 

samples as 100 % viable. 

2.3 Apoptosis Assay 

To study the apoptosis, HL60 cells were seeded in 96-well 

plates at a density of 4 x 104 cells/well, grown for 24h and exposed 

to different concentrations of TQ for the desired time periods. Cell 

apoptosis rate was assessed using the Annexin V Binding Guava 

Nexin® Assay by capillary cytometry (Guava Easycyte Plus HP 

system, with absolute cell count and six parameters) following the 

manufacturer’s recommendations (Guava Technologies Inc, 

Hayward, CA, USA). Guava Nexin® Assay utilizes Annexin V-PE.  

2.4 Real-time RT–PCR analysis  

Real-time RT-PCR analysis was described elsewhere [27]. 

Briefly, the cells were treated with different concentrations of TQ for 

the desired time periods. Then, total RNAs were purified and 

subjected to reverse transcription using Oligo (dt) (Sigma) and 

Superscript II reverse transcriptase (Invitrogen). Quantitative real-

time PCR was done with the LightCycler 480 SYBR Green I Master 

kit (Roche Diagnostics) and the Mastercycler Realplex apparatus 

(Eppendorf, Montesson, France). The results were normalized with 

RPL11 mRNA. The sequences of the primers for PCR amplification 

were: WT1 (sense: 5 ′ -GCTGTCCCACTTACAGATGCA-3′ ; 

antisense: 5 ′ -TCAAAGCGCCAGCTGGAGTTT-3 ′ ); BCL2 

(sense: 5′-TCCGCATCAGGAAGGCTAGA-3′, antisense: 5′- 

AGGACCAGGCCTCCAAGCT-3 ′ ), RPL11 (sense: 5 ′ - 

AGCCAAGGTCTTGGAGCAGCTTA-3 ′ , antisense: 5 ′ -

http://www.euraass.com/


 

4                                                                                                                    Eur. J. Cell Sci. 2019, 1(1) 02 – 09 

 

 

www.euraass.com 

TTGGGCCTCTGACAGTACAGTGAACA-3 ′ ). Amplicons were 

size controlled on agarose gel and purity was assessed by analysis 

of the melting curves at the end of the RT-PCR reaction. 

2.5 Statistical Analysis 

All the data were presented as Mean SEM of triplicates done in 

the same experiment or an average of at least three separate 

experiments. The differences between the control and the treated 

were analyzed by Student’s t-test (two-tailed) using GraphPad 

Prism 6 (Graph Pad Software, SanDiego, USA) and the significant 

differences were indicated as * p < 0.05, **p < 0.01, ***p < 0.001, 

****p < 0.0001. 

3. Results 

3.1 TQ reduced HL60 cell viability through dose and time-

dependent mechanism 

We first studied the anti-proliferative effect of TQ in HL60 cells. 

For this purpose, HL60 cells were incubated with increasing 

concentrations of TQ for 24 h (Fig. 1A). We found that TQ began to 

significantly inhibit cell proliferation from 10 μM (Fig. 1A). At a 

higher concentration 30 μM, TQ significantly decreased HL60 

viability by about 60% (Fig. 1A). Then, a kinetic analysis of TQ on 

cell proliferation in HL60 cells was performed. For this objective, 

cells were exposed to 30 μM of TQ (Fig. 1B).  TQ significantly 

decreased cell proliferation of HL60 starting from 1 h (Fig. 1B). At 6 

h, the reduction in cell viability reached approximately 25% (Fig. 

1B). These findings indicate that TQ induces a dose and time-

dependent inhibition of HL60 cell proliferation. 

3.2 TQ induced dose and time-dependent apoptosis in 

HL60 cells 

We then investigated the apoptotic effect of TQ in HL60 cells 

under the same experimental conditions. Firstly, cells were 

exposed to increasing concentrations of TQ for 24 h (Fig 2). We 

observed that TQ began to significantly induce early and late 

apoptosis at 5 μM, (Fig. 2). At 30 μM, 65% of HL60 cells were in 

early apoptosis stage (Fig. 2A, B) and 21% in late apoptosis (Fig. 

2A, C). 

Events in each of the four quadrants were: Lower-left quadrant: 

viable cells, not undergoing detectable apoptosis (Annexin V-PE 

negative and 7-AAD negative cells). Lower-right quadrant: cells in 

the early stage of apoptosis (Annexin V-PE positive and 7-AAD 

negative cells). Upper right quadrant: cells in the late apoptotic or 

dead (Annexin V-PE positive and 7-AAD positive cells, their 

number, expressed as percentage relative to the total cell number, 

is indicated on the right). Upper-left quadrant: mostly nuclear debris 

(Annexin VPE negative and 7-AAD positive). The number of 

apoptotic cells in early stage (B) and late apoptosis and dead cells 

(C) is expressed as percent relative to the total cell number. Values 

are shown as means ± S.E.M. (n = 3); * p < 0.05, **p < 0.01, ***p < 

0.001, versus respective control. 

 

 

 

 

 

 

 

 

Figure 1: Dose and time-dependent effects of TQ on HL-60 cell viability. Cells were exposed to increasing concentrations of TQ for 24 h (A) or to 

30 μM for the indicated times (B).  Cell viability rate was assessed by WST-1 assay. The data are representative of three different experiments. 

Values are shown as means ± S.E.M. (n = 3); * p < 0.05, ***p < 0.001, ****p < 0.0001 versus respective control.  
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Then, we performed a kinetic analysis of TQ on apoptosis in HL60 
cells using 30 μM of TQ (Fig. 3).  Interestingly, TQ significantly 
induced apoptosis in HL60 starting from 1 h (Fig. 3A, B). The 
percentage of early apoptotic cells was approximately 11% at 1h 

and reached 35% at 6 h (Fig. 3A, C). Altogether, these results 
indicate that TQ-induced HL60 cell proliferation inhibition results in 
large part from an apoptosis process.  

 

 

 

 

 

 

 

 

 

Figure 2: Dose effect of TQ on apoptosis in HL-60 cells. Cells were exposed to increasing concentrations of TQ for 24 h. Apoptosis in HL-60 
cells was assessed by flow cytometry using the annexin V-Phycoerythrin (PE) and 7-Amino-Actinomycin (7AAD) staining assay. (A) 
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3.3 TQ decreased the expression of WT1 and BCL2 genes 

in a dose and time-dependent manner.  

 As the Wilms tumor WT1 and the anti-apoptotic BCL2 genes 

are upregulated in AML and are known to be involved in the 

inhibition of apoptosis [3, 4], we studied the effect of 5 and 10 µM 

TQ for 24 h on mRNA expression of WT1 (Fig. 4A) and BCL2 (Fig. 

4B) in HL60 using RT-qPCR. We found that mRNA expression of 

both target genes WT1 (Fig. 4A) and BCL2 (Fig. 4B) was 

significantly decreased in a dose-dependent manner in HL60 

treated with TQ compared with control. Under the same conditions, 

this effect was associated with a significant increase in apoptosis in 

HL60 (Fig. 2) suggesting a significant role for these genes in the 

pro-apoptotic effects of TQ in AML cells. Interestingly, a kinetic 

analysis of TQ on mRNA expression of WT1 and BCL2 in HL60 

cells using 30 μM of TQ showed that the expression of WT1 was 

significantly decreased at 1h (Fig. 4C) while the decrease in the 

expression of BCL2 started to be significant at 3h (Fig. 4D) 

suggesting that the decrease in the expression of WT1 is an 

upstream event in the TQ-induced pathway signaling in HL60 cells 

leading to the downregulation of the expression of BCL2 with 

subsequent apoptosis. 

 

 

Figure 3: Time-course of the effects of TQ on apoptosis in HL-60 cells. Cells were exposed to 30 μM of TQ for the indicated times.  Apoptosis 

in HL-60 cells was assessed by flow cytometry using the annexin V-Phycoerythrin (PE) and 7-Amino-Actinomycin (7AAD) staining assay as 

described in Fig 2 legend. (A) Events in each of the four quadrants.  The number of apoptotic cells in early stage (B) and late apoptosis and dead 

cells (C) is expressed as percent relative to the total cell number. Values are shown as means ± S.E.M. (n = 3); * p < 0.05, ***p < 0.001, ****p < 

0.0001 versus respective control.  
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4. Discussion 

 The coordinated overexpression of WT1 and BCL2 genes in 

cancers and their fundamental role in the inhibition of apoptosis in 

AML compel us to find new inhibitors of this pathway. Interestingly, 

the downregulation of WT1 in response to several inhibitory factors 

such as antisense oligomers is followed by BCL2 downregulation 

with subsequent induction of apoptosis. Therefore, it is of high 

interest to find new types of inhibitors of WT1/BCL2 pathway as 

new strategies of apoptosis induction and thus of anti-cancer 

therapies. In the present study we evaluated the molecular 

mechanisms underlie the anti-proliferative and pro-apoptotic 

activities exerted by TQ on AML cell line-HL60. We found that TQ 

reduced HL60 cell viability and induced apoptosis in a time and 

dose-dependent manner. TQ-induced apoptosis was associated 

with a significant decrease in the expression of WT1 and BCL2  

 

genes in HL60. To our knowledge, it is the first time that WT1/BCL2 

pathway is shown as a target of the natural compound, 

thymoquinone.  

 High BCL-2 expression was observed in the blasts from AML 

patients and was correlated with a poor clinical response to 

chemotherapy in leukemia cells [28]. The knockdown of BCL2 in 

the blasts of AML patients significantly decreased the expression of 

the BCL2 protein in 40% of cases and this effect was associated 

with an increase in apoptosis rate [28]. Interestingly, the 

susceptibility of the blasts to apoptosis induced by Cytarabine (Ara-

C), the most active drug for the treatment of AML was increased 

when BCL2 downregulated [28].  Our results showed that TQ-

induced apoptosis in HL60 was accompanied with a significant 

decrease in the expression of BCL2 indicating that TQ via inhibiting 

BCL-2 could have clinical potential to increase the chemosensitivity 

of treatment-resistant AML patients.  

 Like BCL2, the overexpression WT1 has been shown to have 

an important role in blast cell survival as well as resistance to 

chemotherapy in AML [2, 29]. Treating AML cell lines HL60 and 

K562 with two arsenic compounds arsenic trioxide (As2O3) and 

 

 

Figure 4: Dose and time-dependent effects of TQ on the expression of WT1 and BCL2 mRNA levels in HL-60 cells. Cells were exposed to 

increasing concentrations of TQ for 24 h (A, B) or to 30 μM for the indicated times (C, D). The histograms show the quantification data of mRNA 

expressions of WT1 (A, C) and BCL2 (B, D), as assessed by real-time PCR. Results are means of three separate experiments performed in 

triplicate. Values are shown as means ± S.E.M. (n = 3); * p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 versus respective control. 
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sodium arsenite (NaAsO2) induced apoptosis and this effect was 

accompanied by a decrease in the expression of WT1 at mRNA 

and protein levels [30]. In the present study we found that TQ 

induces the downregulation of WT1 in HL60 with subsequent 

apoptosis indicating that the downregulation of WT1 is a main 

event in the induction of apoptosis in leukemia cells in response to 

natural products. In accordance with this hypothesis, the anticancer 

agent etoposide was shown to induce apoptosis in leukemia cells 

through the degradation of WT1 and the downregulation of BCL2 

protein [5]. Etoposide-induced apoptosis involved the activation of 

caspase 3 and a decrease in the binding of WT1 to BCL2 promoter 

[5] and this effect was counteracted by caspase-3 inhibitor. Our 

previous study showed that TQ induces apoptosis in acute 

lymphoblastic leukemia cells through the activation of caspase 3 

suggesting that the TQ-induced downregulation of WT1 in HL60 in 

the present study could also result from the activation of caspase 3 

which leads to the downregulation of BCL2 and the consequence is 

apoptosis.  

5. Conclusions 

 The present study suggests that the inhibitory effects of TQ on 

acute myeloid leukemia (AML) involve the downregulation of WT1 

through the activation of caspase-3 leading to the downregulation 

of BCL2 with subsequent apoptosis (Fig. 5). These results also 

suggest that TQ could be used as an inhibitor of WT1/BCL2 

pathway which could be a promising strategy for AML as well as 

other tumors overexpression WT1 and BCL2.  
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Figure 5: Schematic representation of WT1/BCl2 pathway regulated by thymoquinone leading to apoptosis in AML. Schematic 

representation of thymoquinone-induced apoptosis involving WT1 and BCL2 deregulation in acute myeloid leukemia (AML) cells. 

Thymoquinone induces caspase-3 activation. The activation of the caspase-3 leads to the degradation of WT1 inducing BCL2 downregulation 

with subsequent cell proliferation inhibition and apoptosis.  
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