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Background and Aims: Detection of overexpression in tumor-inhibiting 

genes provides valuable information for leukemia diagnosis and prognosis. 

Chronic myeloid leukemia (CML) is a stem cell disorder determined by a 

well-defined genetic anomaly involving BCR-ABL translocation in the 

Philadelphia chromosome. Curcumin is a chemo-preventive agent for the 

primary cancer targets, such as the breast, prostate, lung, stomach, 

duodenum, colon cancers, and leukemias. Imatinib (Gleevec®, Glivec®) is 

a synthetic tyrosine kinase inhibitor that treats CML. This study aimed to 

investigate Curcumin and Imatinib's effect on K562, a human CML cell line 

that expresses p210 BCR-ABL.  

Materials and Methods: In this study, Curcumin nanomicelles and 

Imatinib's apoptotic effects on the K562 cells and the expression of BCR-

ABL were studied. BCR-ABL gene expression was evaluated using real-

time polymerase chain reaction. 

Results: The findings indicated a decrease in the desired gene expression, 

but the BCR-ABL gene expression of the samples treated with Curcumin 

nanomicelles did not differ significantly from Imatinib (group control). The 

amount fold change of the BCR-ABL gene for Imatinib and Curcumin 

nanomicelle was 0.497 and 0.540, respectively. 

Conclusions: The present study showed that treating cellular category k562 

with Curcumin nanomicelle and Imatinib reduces the BCR-ABL gene 

expression. Also, data showed that the Curcumin nanomicelle and Imatinib 

induced the apoptotic process. 
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Introduction 

Chronic myeloid leukemia (CML) is a stem cell 

neoplastic disorder associated with BCR-ABL 

fusion oncoprotein and the presence of the 

Philadelphia chromosome [1, 2]. Translocation 

t(9;22) (q34.1;q11.21) occurs in about 95% of all 

CML patients and creates the chimeric BCR-

ABL gene [3]. The incidence rates vary from 0.6 

to 2.0 cases per 100 000 habitants, develop with 

age, and are higher in males than females [4]. 

The annual prevalence of newly diagnosed CML 

in the United States has been reported at nearly 

1.0 to 1.3 per 100,000 or nearly 4800 to 5200 

new cases [5]. 

Curcumin (diferuloylmethane, Cur) is a 

polyphenol compound derived from the rhizome 

of turmeric (Curcuma longa L) and the main 

component of the different curry recipes [6]. 

Pharmacological effects of Curcumin include 

anti-tumor, anti-inflammatory, and anti-oxidant 

properties [7]. In addition, Curcumin is well 

known to be a potent inhibitor of the 

proliferation of several tumor cells [8]. 

Curcumin has such effects as the suppressor of 

the tumor initiation, promotion, and metastasis 

[9] in Xammatory, anti-bacterial, fungal, anti-

oxidant, anticarcinogen/antimutagen, and 

anticancer properties [10]. Curcumin has been 

described as a potent inhibitor of protein kinase 

C, tyrosine kinase receiver epidermal growth 

factor and kinase IkappaB [11]. Curcumin 

prevents NFkappaB activation and expression of 

c-jun, c-fos, c-myc, and inducible nitric oxide 

synthase [12], increases cell cytotoxicity, and 

down-regulates cyclin D1 [13]. It also has been 

demonstrated to have more or less the same anti-

proliferative effect on K562 p210 BCR/ABL-

positive cells [12]. 

Imatinib mesylate is an inhibitor of tyrosine 

kinase, which suppresses the activity of the 

BCR-ABL fusion protein [14], ABL-related 

gene protein [15], platelet-derived growth factor 

(PDGF) receptor, and Kit [16, 17]. Imatinib 

suppresses the proliferation and induces 

apoptosis of the leukemic cells [18]; approved 

for use in the treatment of CML [19]. 

K562 cells are based on chronic myelocytic 

leukemia blastic crisis [20]. They reported that 

Curcumin inhibited the proliferation of K562 

cells associated with the downregulation of the 

P210 BCR/ABL protein [21] and inhibited the 

proliferation of K562 cells. The inhibition effect 

was associated with the down-regulation of p210 

CR/ABL/Ras/Raf/MEK-1/ERK/Elk-1 and p210 

CR/ABL/Ras/MEKK/SEK/JNK/c-Jun signal 

transduction pathway [21]. This study used the 

P210 CR/ABL-positive K562 cell line as a CML 

cell model for drug detection. Therefore, we 

aimed to examine Curcumin and Imatinib's 

effects on p210 BCR/ABL expression and 

proliferation of k562 cells. 

Materials and Methods 

Chemicals 

Nanomicelle-Curcumin was obtained from Exir 

Nano Sina Company (Tehran, Iran). Each nano-

Curcumin soft gel contains  60 mg of Curcumin 

(60 mg/ml). 

Imatinib was produced by the Sobhan company 

(Tehran, Iran). Each Imatinib capsule contains 

100 mg of Imatinib (100 mg/ml). 
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Cell lines and cell culture 

Cell lines based on a patient with CML in blast 

crisis (K562; Cat No: C122) were bought 

from Cell Bank, Institute Pasteur, Iran 

(Teheran, Iran). All the reagents and 

mediums made in this study were supplied 

immediately before use. The American Type 

Culture Collection (ATCC) cell line is called 

Cell-bank: CCL-243. 

Cells were cultured in Roswell Park 

Memorial Institute (RPMI)-1640 (Gibco; 

Germany) fortified with 10% fetal bovine 

serum (Gibco; Germany) and 1% pen strep at 

37°C in 5% CO2 until confluent. 

3-[4,5-dimethylthiazole-2-yl]-2,5-diphenylte 

trazolium bromide (MTT) assay 

The effects of different concentrations of 

Nano-Curcumin and Imatinib on the K562 cell 

line were investigated in this study. This effect 

was dose-dependent. Initially, in each 96-well 

culture plate, 105 non-stick cells (cell/ml) 

showed rapid growth, containing 100 µl 

aliquots of growth medium and incubated for 

48 hours with concentrations (Table 1) of 

nano-Curcumin and Imatinib in triplicate. 

After 48 hours of incubation, 5 mg/ml of 

MTT solution was added to all plates. Finally, 

the plates were incubated for 4 hours at 37°C. 

The Formosan precipitate was dissolved by 

adding 100 µl of Dimethyl Sulfoxide 

solution. The absorbance was read using the 

enzyme-linked immunosorbent assay plate 

reader (Anthos, Australia) at 570 and 630 nm. 

The middle-maximal inhibitory concentration 

(IC50) of every group was calculated. The 

cells' viability was determined by measuring 

the absorbance of the samples against 

negative controls. 

Cell line preparation before RNA extraction 

To ready the cells line, a million cells were 

primarily transported on a six-well plaque. A 

dose of 46×10-3 mmol/ml Curcumin nanomicelle 

(IC50) was added to the first well. Also, a dose 

of 36 ×10-3 mmol/ml Imatinib (IC50) was added 

to the latter. The treated 48hr with the IC50 dose 

of nanomicelle and Imatinib; afterward, 106 

untreated k562 cells were included in the three 

wells as a control sample. The 6-well plate was 

incubated for 48 h at 37°C at 5% CO2. 

Molecular assessment 

The RNAs of K562 cells treated with Nano-

Curcumin and Imatinib with the mentioned 

concentrations were extracted using the RNA 

extraction kit (Jena Bioscience; Cat No: pp-

210s). All stages of testing were performed in an 

environment free of RNAs. The extracted RNAs 

were quantitatively evaluated using Nano Drop 

(Thermo Scientific, Wilmington, USA) 

apparatus and qualitatively investigated with gel 

electrophoresis.  

To make the cDNA using a cDNA kit (parstous 

Co, Cat#A101231 Tehran, Iran), 1 microliter of 

RNA was used. Factory instructions were used 

to perform the process. Primers for quantitative 

real-time polymerase chain reaction (PCR) are 

presented in Table 2. Quantitative real time-PCR 

(qRT-PCR) of BCR/ABL was performed with 

the SYBR Green (Batch: 18A0802) technique in 

a LightCycler® 96 device sequence detection 

system. (2 microtubes with synthesized cDNA 

after treatment and one microtube as a control 

sample with synthesized cDNA from the 

untreated cell line). 
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The gene used as housekeeping was glycerol 

aldehyde 3 phosphates (GAPDH). The results 

were expressed in the form of relative fold 

changes in gene expression and then normalized 

to the corresponding levels of the reference gene 

(GAPDH) (primers in Table 2). 

Based on the data obtained for target genes 

(BCR / ABL) and reference (GAPDH), the value 

of (ΔCT) was calculated, the results of each drug 

were compared with each other, and (ΔΔCT) 

was expressed as 2-∆∆CT. 

Ethical approval 

Mashhad University of Medical Sciences 

Research Committee approved the research 

protocol (IRMUMSMEDICAL. REC. 1397. 

056). All data were kept confidential. 

Statistical analysis 

The pairwise comparison between the groups was 

performed using the Tukey post hoc test, and 

statistical differences were analyzed using 

ANOVA. Analysis of CT values obtained from 

the real-time PCR device using formula 2(-∆∆ct) 

indicates a decrease in BCR-ABL gene 

expression compared to the reference gene 

expression. 

Result 

MTT assay 

We evaluated the growth inhibition effects of 

nanomicelle of Curcumin and Imatinib on k562 

cells by MTT assay. The results indicated that 

Curcumin significantly inhibited the k562 cells in 

a time- and dose-dependent manner. Since the 

samples were studied in three replicates, the 

percentage of viability of the control sample was 

computed at 100%. Using PRISM software 

(version 8), we calculated IC50 for Curcumin 

nanomicelle and Imatinib. MTT assay 

concentrations were obtained, 59×10-3μmol/ml 

(after 48 h) and 36×10 -3μmol/ml (after 48 h) as 

50% killing dose (IC50), respectively ,for 

Curcumin nanomicelle and Imatinib (Figure 1). 

 

 

Table 1. The concentration of Curcumin nanomicelle and Imatinib in culture media for MTT assay. 

concentration 

Curcumin 

(umol/l) 

203.5 101.7 50.8 25.4 12.7 6.35 3.175 

        

Imatinib 

(umol/l) 

202 101 50.5 25.25 12.6 6.3 3.15 

 

 

Table 2. Primers used in this study for the target gene and housekeeping gene in Real-time PCR 

Primers   Sequence 5' 3' 

GAPDH Forward 5´-GGT GGT CTC CTC TGA CTT CAA CA-3´ 

Reverse 5´-GTT GCT GTA GCC AAA TTC GTT GT-3' 

BCR/ABL Forward 5´-CTGGGTTCTGGGTGATTCAGTGG-3´ 

Reverse 5´-CTTCACAGCCCACCATTCTGATAGCCC-3´ 
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RNA extraction and cDNA synthesis  

The RNA extracted from the cells was treated 

with the mentioned doses at the next step. Then, 

RNA concentration and purity were determined 

by optical absorbance. Ratio 260/280 nm in 

NanoDrop estimated at 1.98, 1.96 and 2.03  for 

cells treated with Curcumin nanomicelle, 

Imatinib, and untreated, respectively. Like the 

above-order mean concentration of extracted 

RNA, it was 131 ng/µl, 374ng/µl, and 

532.5ng/µl, respectively.  

In the next step, cDNA was manufactured from 

the extracted RNA with the mentioned doses. 

Real-time PCR results 

In the fourth step, CT figures out for each 

sample; then,  ΔΔCT was estimated and earned 

using the gene ratio law, the gene expression 

ratio. The gene expression ratio yielded the 

amount of 0.497 while treating with Imatinib; 

this amount was 0.540 while treating with 

Curcumin nanomicelle. The pairwise 

comparison between the groups was performed 

using Tukey's post hoc test. The BCR/ABL gene 

expression of the samples treated with 

Curcumin nanomicelle was not significantly 

different from the Imatinib (Fig. 2). 

 

 

Fig. 1. Comparison viability between Curcuminnanomicelle and Imatinib 
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Fig. 2. Gene expression status in control and treated samples 
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Discussion 

CML results from a mutation in a pluripotent 

stem cell with progressive granulocytosis, 

hypercellularity of the bone marrow, and 

splenomegaly [22]. CML is the first cancer 

treated with a tyrosine kinase inhibitor. The 

Philadelphia chromosome produces CML. 

Imatinib was identified as the first-line 

treatment method Imatinib is an "Abelson 

Cluster Point Fracture Inhibitor" (BCR-ABL) 

inhibitor [23]. Although Imatinib, the first 

molecular medicine developed for CML, has 

been remarkably successful, the appearance of 

resistance to this agent attenuates the prospect 

of a cure for this leukemia [24]. Research on the 

controlled administration of Curcumin in target 

tissues and limbs has been a significant topic 

over the past decade. Although the benefit of 

Curcumin has been investigated in many 

studies, supplementary research is needed for 

its utilization [25]. 

Due to insufficient bioavailability in the free 

formulation, various strategies have been tried 

to modify the bioavailability of Curcumin in the 

form of nanomicelles and nanoparticles [26]. In 

this study, the BCR/ABL gene expression was 

0.497 and 0.540 for Imatinib, and Curcumin 

nanomicelle, respectively, which was not 

statistically significant. Our finding suggested 

that treating K562 cell lines with Curcumin 

Nanomicelle  IC50 dose might decrease the 

BCR/ABL gene expression compared to the 

untreated ones. Although this reduction in 

expression was not statistically significant, 

increased medication concentrations might 

yield better results. 

One of the most important genetic changes that 

cause leukemia is the bilateral translocation 

between the long arms of chromosomes 9 and 

22 and the formation of the Philadelphia 

chromosome, which leads to the formation of 

the BCR/ABL hybrid gene. The molecular 

result of the Philadelphia chromosome is the 

production of oncogenes BCR-ABL which 

code for oncoprotein BCR-ABL chimeric, with 

creator kinase activity that increases the growth 

overtaking of the leukemic cells [27]. This 

fusion is crucial in activating the enzyme 

tyrosine kinase and the abnormal tyrosine 

kinase activity and is vital for many 

hematological disorders and leukemia initiation 

[28]. The has not adjusted the tyrosine kinase 

activity of BCR-ABL has been essential enough 

to preserve CML's leukemia phenotype [24]. It 

indicates a severe issue in an attempt to project 

molecular therapies. 

Imatinib is an antineoplastic substance. The drug 

is an oral chemotherapy medication used to treat 

cancer [29]. Imatinib stops the BCR-ABL 

chimeric protein tyrosine kinase, a non-typical 

enzyme constructed by chronic myeloid leukemia 

cells that possess the Philadelphia chromosome 

[30]. Moreover, the drug prevents the receptor 

tyrosine kinases for a platelet-derived growth 

factor and stem cell factor (SCF)/c-kit [31]. This 

drug stops the increase and causes apoptosis in 

cells overexpressing such oncoproteins [32, 33]. 

Notably, it is utilized for chronic and acute 
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lymphocytic leukemia that possess Philadelphia 

chromosome-positive, some kinds of 

gastrointestinal stromal tumors, and several other 

malignancies [34]. 

Some studies have shown that Curcumin 

nanomicelle of plant origin has fewer toxic 

properties than chemical drugs. Animal and 

human studies have noted the lack of 

Curcumin's side effects. It is also economical, 

and its raw material is available for production. 

In a study conducted in 2019  by Hosseini et al., 

the anti-tumor activity of Curcumin capsules 

was investigated, and this study showed that 

Curcumin inhibited the growth and migration of 

breast cancer cells [35]. This study shows that 

Curcumin nanomicelles have a lethal effect on the 

K 562 method by the MTT method, and the study 

of gene expression shows a decrease in expression 

compared to the control groups. It cannot be 

evaluated simultaneously. Imatinib and nano 

Curcumin muscles can show better results. Also, 

In 2019, Curcumin nanoparticles' anti-oxidant 

and anti-inflammatory effects on drug-induced 

acute myocardial infarction in diabetic rats 

were investigated, and their effect was 

confirmed [36]. 

Conclusion 

The present study revealed that treating cellular 

category k562 with Curcumin nanomicelle and 

Imatinib reduces the BCR-ABL gene 

expression. Also, data obtained from the MTT 

assay showed that the Curcumin nanomicelle 

and Imatinib induced the apoptotic process. 
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