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Introduction 
 

Aberrant proliferation of myeloid progenitor 

cells in the bone marrow leads to myeloid 

leukemia, which may be classified into acute 

and chronic forms (Szczepański et al., 2003). 

Chronic myeloid leukemia (CML), the most 

common form of adult leukemia in India, is 

characterized by the reciprocal translocation 

between chromosomes 9 and 22, leading to a 

fusion Bcr-Abl gene, commonly known as 

Philadelphia chromosome (Machado et al., 

2011). Acute myeloid leukemia (AML) on the 

other hand is a heterogeneous disease 

involving clonal proliferation of immature 

myeloid cells in the bone marrow and is one 

of the most lethal form of leukemia (Saultz 

and Garzon, 2016). Like all other cancers, 

various proteins viz., Tumor necrosis factor-

alpha (TNF-α) and interleukins are aberrantly 
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Myeloid leukemia may be classified as Acute Myeloid Leukemia (AML) or Chronic 

Myeloid Leukemia (CML) based on its rate of progression. Administration of drugs is the 

best modality to treat myeloid leukemia, Imatinib mesylate (IM) and cytarabine (cyt) for 

CML and AML respectively. However, these drugs show severe adverse effects on 

patients, thereby limiting their therapeutic efficacy. Hence, a safer intervention needs 

attention. Phytochemicals possess disease fighting properties and hence may be a solution 

to the problem. Curcumin, a common Indian spice is known to have anti-cancer properties. 

Present study aims to elucidate the role of curcumin as a chemo-enhancer in myeloid 

leukemia (CML and AML). Lymphocytes from freshly diagnosed patients (before 

administration of medication) have been used in this study. Certain proteins contributing to 

leukemogenesis are being targeted by IM and cyt. Curcumin efficiently modulates these 

target proteins and maximum effect is seen when drugs are used in conjunction with 

curcumin, where enhanced induction of apoptosis is facilitated. Curcumin therefore, 

improved the efficiency of conventional drugs used in myeloid leukemia therapy. This 

study suggests that curcumin may be used as a combinatorial therapy in leukemia in 

addition to existing treatment protocols. 
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expressed, as a result of which signalling 

pathways like Janus kinase-Signal Transducer 

and Activator of Transcription (JAK-STAT), 

Mitogen-activated protein kinase (MAPK), 

and Phosphoinositide 3-kinase (PI3K/Akt) are 

anomalous. Deregulation of cytokines is 

associated with the etiology of myeloid 

leukemia (Kupsa et al., 2012). TNF-α, a 

multifunctional cytokine and interleukins play 

pivotal role in leukemogenesis, owing to their 

involvement in inflammation and immunity 

(Goselink et al., 2000). Aberrant expressions 

of pro-inflammatory cytokines (IL-6 and IL-8) 

and anti-inflammatory cytokine IL-10 have 

been observed in myeloid leukemia patients 

(Sanchez-Correa et al., 2013). Abnormal 

regulation of signalling molecules like JAK-

STAT, MAPK and PI3K/Akt leads to 

uncontrolled cell proliferation, survival, and 

thereby leukemogenesis. Binding of cytokines 

induces the JAK/STAT pathway and regulates 

various events in carcinogenesis. Constitutive 

activation of members of the STAT family, 

which normally require JAK-mediated 

phosphorylation for their transcriptional 

activation, has been observed in leukemia 

(Yamada and Kawauchi, 2013). MAP kinases 

are serine-threonine kinases that regulate 

malignant transformation and cell-cycle 

progression. Abnormal regulation of PI3K/Akt 

signalling network by cytokines plays pivotal 

role in the genesis of myeloid leukemia (Park 

et al., 2010). Chemotherapy/ targeted therapy 

continue to be the mainstay of treatment in 

myeloid leukemia. Imatinib mesylate (IM) is 

the drug of choice for CML, which acts by 

targeting the Philadelphia Chromosome (Bcr-

Abl) (Sacha, 2014). The most acceptable drug 

for AML is Cytarabine (cyt), which acts by 

inhibition of DNA synthesis; it combines 

cytosine with arabinose instead of 

deoxyribose, thereby causing damage to DNA 

(Löwenberg et al., 2011). Though IM and cyt 

are effective in tackling the disease, they are 

bestowed with severe adverse side effects as 

they target not only the leukemia cells but also 

the healthy cells. Hence natural compounds 

(phytochemicals) having antitumor activities 

(Roy et al., 2015a) and minimal toxicity 

(Sarkar et al., 2014a; Mukherjee et al., 2015) 

in combination with anti-neoplastic drugs may 

be explored for effective treatment of 

leukemia. The phytochemicals have a unique 

feature that they show preferential effect on 

cancer cells only; Indian spice Curcumin, 

having a plethora of medicinal value may be a 

good option in this regard.  

 

Present study is an ex-vivo one conducted on 

lymphocytes isolated from CML and AML 

patients. Lymphocytes from healthy donors 

were used as control for the study. This study 

aims to determine whether a combinatorial 

therapy of curcumin and conventional anti-

leukemia drugs will be an effective strategy in 

leukemia so that the drug dose and associated 

toxicity may be minimized. 

 

Materials and Methods 

 

Materials 

 

Cell culture media RPMI-1640 and 

Phytohaemagglutinin (PHA) were purchased 

from GIBCO-BRL India Pvt. Ltd, New Delhi, 

India. N, N’-methylenebisacrylamide, 

Acrylamide, Fetal Bovine Serum (FBS) and 

kits for ELISA were obtained from Invitrogen 

BioServices India Pvt. Ltd., Bangalore, India. 

Histopaque, bovine serum albumin (BSA), 

dithiothreitol (DTT), Ponceau S, 4-(2-

hydroxyethyl)-1-piperazineethanesulfonic acid 

(HEPES), CHAPS, RNase A, proteinase K, 

ethylene glycol-O,-O’-bis,(2-aminoethyl) 

N,N,N’,N’-tetra acetic acid (EGTA), 

propidium iodide (PI), curcumin and IM were 

purchased from Sigma, MO, USA. 

Nitrocellulose membrane was purchased from 

Hybond ECL, Amersham Biosciences, UK. 

Tris, glycine, 5-bromo-4-chloro-3-indolyl 

phosphate/nitro blue tetrazolium (BCIP-NBT) 

and sodium dodecyl sulfate (SDS) were 
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obtained from Amresco, Ohio, USA. Goat 

anti-rabbit IgG-alkaline phosphatase conjugate 

was obtained from Abcam. Activities of 

caspases 3, 8 and 9 were determined using 

assay kits from Millipore, Billerica, MA. 

Antibodies against TNF-α (Biorbyt); IL-8 and 

IL-10 (Abcam); p38 Map Kinase, Ras, Raf, 

PI3K, Akt, JAK2, STAT3 (Genetex) were 

used for western blotting purpose. Anti-BCR-

ABL Monoclonal Antibody [7C6] (MA1-153) 

was procured from Pierce, Thermo Scientific, 

USA. Other reagents were of analytical grade 

and were purchased locally.  

 

Methods 

 

Selection of patients 

 

The study was conducted on AML and CML 

patients visiting Chittaranjan National Cancer 

Institute. Necessary permission from 

Institutional Ethics Committee was taken; vide 

IEC Number A-4.311/39/2014, where the 

informed consent form, inclusion and 

exclusion criteria were approved. Freshly 

diagnosed 50 patients in the age group of 18-

60 years were recruited in each group, who are 

yet to receive any treatment. Patients were 

diagnosed by the doctors based on patient 

history, clinical examination, bone marrow 

examination and complete blood count. For 

CML patients, only Bcr-Abl positive cases 

were taken, based on FISH analysis done in a 

reputed diagnostic laboratory. Healthy 

individuals, who are non-smokers, not having 

any chronic disease were taken as study 

controls.  

 

Isolation and culture of lymphocytes 

 

This is an ex-vivo study. Heparinized blood 

was layered on top of Histopaque and 

centrifuged to get a buffy coat rich in 

lymphocytes. The isolated lymphocytes were 

seeded in RPMI-1640 media supplemented 

with 10% FBS, antibiotics and 20μg/ml 

Phytohaemagglutinin (PHA). The cells were 

cultured at 37˚C in a humidified atmosphere 

of 5% CO2/95% air. 

 

Treatment protocol 

 

Lymphocytes were treated with drugs (3.6 µM 

IM and 84.0 µM cyt) alone, as well as in 

presence of Curcumin (30 µM) for 24 hours. 

These doses of drugs were chosen based on 

the EC50 values (concentration causing 50% 

cell killing), as obtained from MTT assay.  

 

Assessment of cell cytotoxicity 

 

Cytotoxicity of antileukemic drugs to 

lymphocytes was measured by MTT assay, 

which is based on the principle that 

mitochondrial dehydrogenase enzyme reduces 

3-(4, 5-dimethythiazol-2-yl)-2,5-diphenyl 

tetrazolium bromide (MTT) in metabolically 

active cells; activity level being directly 

proportional to cell viability. The MTT-

formazan product dissolved in DMSO gives a 

purple colour, which was estimated 

spectrophotometrically at 570 nm. 

 

Enzyme-linked immunosorbent assay 

 

The cytokine levels (TNF-α, IL-6, IL-8, and 

IL-10) were estimated using ELISA kits as 

described previously (Mukherjee et al., 2016).  

 

Western blotting analysis 

 

Expressions of Bcr-Abl, p38 MAPK, Ras, Raf, 

PI3K, Akt, JAK2, STAT3 were examined 

using Western blot (WB) analysis technique 

using appropriate antibodies (Sarkar et al., 

2013). β-actin was used as loading control. 

 

RNA extraction and semi quantitative RT 

PCR 

 

RNAqueous 4PCR kit (Ambion) was used to 

extract total RNA from cells following 
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laboratory protocol and Polymerase Chain 

Reaction was performed (Roy et al., 2015b).  

 

Assessment of apoptosis by TUNEL assay 

 

Induction of programmed cell death was 

studied using in situ Apoptosis Detection Kit 

as per prescribed protocol. Harvested cells 

were fixed with 4% paraformaldehyde (pH 

7.4). Methanol containing 0.3% H2O2 was 

used to remove endogenous peroxidases, 

followed by addition of permeabilization 

buffer. Cells undergoing apoptosis were 

labelled with fluorescein-dUTP. Anti-FITC 

HRP Conjugate was then added and slides 

were incubated followed by addition of DAB. 

The cells were counterstained with methyl 

green. The apoptotic cells were observed 

under light microscope.  

 

Assessment of caspase activity 

 

Cell lysates were prepared to measure the 

activities of caspases 3, 8 and 9 following 

manufacturer’s protocol (Mukherjee et al., 

2016).  

 

Statistical analysis 

 

Statistical analysis was done using SPSS 10.0 

(one way ANOVA followed by Dunett t-test). 

 

Results and Discussion 

 

Pilot study 

 

A pilot study has been conducted with 10 

freshly diagnosed myeloid leukemia patients 

in each group. Peripheral blood lymphocytes 

(PBL) have been isolated from healthy human 

donors (control) and the patients who were 

free from metastatic and locally recurrent 

disease. Western blot has been conducted to 

assess the expression of several tumor markers 

(TNF-α, IL-6, IL-8, IL-10, p38 MAPK, Ras, 

Raf, PI3K, Akt, JAK2, STAT3). These 

proteins are expressed at much higher levels in 

leukemia patients as compared to normal 

healthy individuals, except IL-10, whose 

expression is just the reverse, though there is 

inter-individual variation. The results are 

shown in Figure 1; Western blot bands in 

Figure 1A and the corresponding band 

intensities in Figure 1B. The results are 

consistent with our previous finding with 

leukemia cell lines. MTT assay was conducted 

to estimate the toxicity of IM and cyt. It has 

been observed that increasing doses of both 

IM and cyt induce killing of lymphocytes 

isolated from myeloid leukemia patients 

(Figure 1C). The EC50 values of IM and cyt 

has been calculated to be 3.6 µM and 84.0 µM 

respectively. Upto a concentration of 50 µM, 

curcumin is non-toxic in lymphocytes from 

healthy donors, whereas beyond 30 µM 

concentration it was reported that extent of 

killing of leukemia cells is quite high 

(Mukherjee et al., 2016); hence for further 

studies in order to obtain substantial number 

of cells to work with, the concentration of 

curcumin was set at 30 µM.  

 

Further, it has been studied whether curcumin 

increases the efficacy of these anti-leukemia 

drugs towards cell killing. Lymphocytes from 

leukemia patients have been treated with 

different concentrations of drugs along with 

increasing doses of curcumin for 24 hours. 

The doses selected for IM are 0.5, 1, 2.5 and 

5µM and that for cyt are 0.1, 1, 10 and 100 

µM. It has been seen that curcumin increases 

the cytotoxicity of the drugs (Figure 1C). The 

EC50 values have been calculated and are 

shown in Table 1. Curcumin increases the 

relative efficacy of IM and cyt by 1.89 and 

2.43 respectively.  

 

Based on these findings, 40 more patients 

have been selected in each group and further 

experiments have been conducted to prove the 

fact that curcumin may act as an enhancer of 

anti-leukemia drugs. 
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Modulation of leukemia markers 

 

The levels of cytokines have been assessed 

with the lymphocytes isolated from leukemia 

patients, treated with drugs and/or curcumin. 

Pro-inflammatory cytokines (TNF-α, IL-6 and 

IL-8) are down-regulated by drugs; curcumin 

enhances the effect. IL-10, an anti-

inflammatory cytokine on the other hand, is 

unaffected by IM, but cyt positively influences 

IL-10 levels. Curcumin, when added along 

with the drugs, increases the levels of IL-10 in 

both the cases (Figure 2). It has been observed 

from Western blot results that Curcumin, IM 

and cyt could individually reduce the 

expression of these proteins in lymphocytes 

isolated from CML and AML patients (Figure 

3A). As evident from the bands, the extent of 

down-regulation is more when the drugs and 

curcumin are used in conjunction. The 

corresponding band intensities are represented 

in the bar diagrams (Figure 3B). 

 

Fig.1 Preliminary study to assess constitutive expression of tumor markers and drug dose. (A). 

Constitutive expressions of various proteins implicated in myeloid leukemia were assessed by 

western blot in lymphocytes isolated from CML patients (I), AML patients (II) and normal 

healthy donor (III). β-actin was used as loading control. (B). Corresponding band intensities 

representing average of 10 individuals in each group ± SE are depicted as bar diagrams. (C). 

Lymphocytes from CML and AML patients were treated with IM (0.5, 1, 2.5, 5 μM) and cyt 

(0.1, 1, 10, 100 μM) respectively in absence and presence of curcumin (0, 0.5, 1, 10, 30 μM) for 

24 hours. Curcumin increases the cytotoxicity of the drugs. Values are significant 
a
(p<0.01), 

b
(p<0.005), 

c
(p<0.0005) with respect to cells treated with drugs alone 
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Fig.2 Effect of drugs on cytokine levels as influenced by curcumin. Lymphocytes isolated from 

CML and AML patients were treated with drugs (3.6 µM IM and 84.0 µM cyt respectively) 

and/or curcumin (30 μM) for 24 hours. The levels of cytokines were assessed by ELISA 

technique. Cytokine levels were found to be regulated by drugs; however, the extent of 

modulation was much more in presence of curcumin. Values are average of 40 patients in each 

group ± SE and are significant 
a
(p<0.01), 

b
(p<0.005), 

c
(p<0.0005) with respect to untreated cells 

 

 
 

Fig.3 Effect of drugs on expression of proteins involved in leukemogenesis. (A). Western 

blotting was used to assess the expression of tumor markers in lymphocytes after treating the 

cells with drugs (3.6 µM IM for CML and 84.0 µM cyt for AML) alone and in combination with 

30 μM curcumin. Lane 1 represents control cells, Lane 2 represents curcumin treated cells, Lane 

3 represents cells treated with drugs, Lane 4 represents cells treated with both curcumin and 

drugs. Maximum modulation of markers has been observed in the combinatorial treatment 

modality. (B). Corresponding band intensities, which are average of 40 individuals ± SE in each 

group are depicted in the bar diagrams. (C). Modulation of expression of Bcr-Abl, a 

characteristic feature of CML was assessed at the genetic level by RT-PCR. (D). Western blot 

bands show modulation of Bcr-Abl at the protein level by IM and/or curcumin. (E). 

Corresponding band intensities have been depicted as bar diagram. Decrease in Bcr-abl was 

much higher when IM and curcumin was used in conjunction. The results are significant 
a
(p<0.01), 

b
(p<0.005), 

c
(p<0.0005) with respect to untreated cells 
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Fig.4 Induction of apoptosis by anti-leukemia drugs as influenced by curcumin. (A). Activation 

of caspases 3, 8 & 9 was observed in peripheral blood lymphocytes (PBL) after treatment of cells 

with drugs (3.6 µM IM for CML and 84.0 µM cyt for AML) and/or curcumin. Activation of 

caspase 9 was more than caspases 3 and 8, thereby suggesting that intrinsic pathway of apoptosis 

is involved. (B). Representative micrographs showing induction of apoptosis as revealed by 

TUNEL assay results. (1) represents control cells, (2) represents curcumin treated cells, (3) 

represents cells treated with drugs, (4) represents cells treated with both curcumin and drugs. (C). 

Based on these results, apoptotic index was calculated and are depicted in the bar diagram. 

Results show that programmed cell death facilitated by drugs gets enhanced in presence of 

curcumin. Values represent mean of 40 patients in each group ± SE and are significant 
a
(p<0.01), 

b
(p<0.005), 

c
(p<0.0005) with respect to untreated cells 

 

 
 

Table.1 Curcumin increases the efficacy of anti-leukemia drugs Imatinib Mesylate and 

cytarabine 

 

Cell Drug Compound EC50 (µM) Relative Efficacy 

PBL-CML IM Cur- 3.6 1.0 

Cur+ 1.9 1.89 

PBL-AML Cyt  Cur- 84 1.0 

Cur+ 34.56 2.43 
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Bcr-Abl is a characteristic hallmark of CML. 

The level of this marker has been assessed in 

lymphocytes of CML patients by RT-PCR at 

the genetic level (Figure 3C) and by western 

blot at the protein level (Figure 3D). IM reduces 

the expression of Bcr-Abl both at the protein 

and genetic level. However, the effect is more 

pronounced in presence of curcumin. The 

corresponding band intensities are depicted in 

Figure 3E. 

 

Activation of caspases  

 

Caspases are critical regulators of the apoptotic 

event and activities of caspases 3, 8 and 9 have 

been determined. Results show that both IM and 

cyt induce activation of caspases in treated 

lymphocytes and curcumin enhances the effect 

prominently (Figure 4A). It is evident from the 

graphs that the increase in activities of caspase 

3 and caspase 9 are more than that of caspase 8, 

thereby indicating that intrinsic pathway is 

responsible for induction of apoptosis in this 

case.  

 

Induction of apoptosis 

 

TUNEL assay was employed to ascertain 

induction of apoptosis in lymphocytes isolated 

from leukemia patients. Apoptotic cells have 

been viewed under a light microscope and 

representative micrographs are shown in Figure 

4B. The number of apoptotic cells has been 

counted and apoptotic index (i.e. the ratio of the 

apoptotic to the non-apoptotic cells) has been 

calculated. The values are depicted in the bar 

diagram (Figure 4C). 

 

Despite rapid advancements in understanding 

the biology of myeloid leukemia and 

development of new therapeutic strategies, the 

disease, especially acute type continues to have 

poor prognosis. The main barrier to successful 

remission is the toxic effects (Krug et al., 2011) 

associated with existing therapeutic regimens 

(chemotherapeutics and targeted therapy). 

Imatinib mesylate and cytarabine are the mostly 

commonly used drugs for CML and AML 

respectively, both focusing on various 

signalling molecules involved in 

leukemogenesis. However apart from leukemia 

cells, these drugs, affect other healthy cells as 

well. Therefore, though effective in treating the 

disease, they pose serious adverse effects on the 

health of patients. Non-toxic means of leukemia 

control thus need to be warranted. Plant derived 

molecules or phytochemicals are often blessed 

with anti-cancer properties.  

 

They also act differentially on cancer cells, 

sparing the normal ones (Biswas et al., 2015). 

Thus inclusion of these phytochemicals in the 

therapeutic regimen of cancer may help to 

combat the problem of adverse toxicity of 

existing therapeutics. Curcumin, a commonly 

used Indian spice, is one such example.  

 

It has been reported earlier from the Department 

of Environmental Carcinogenesis and 

Toxicology, CNCI that curcumin is non-toxic to 

lymphocytes isolated from normal healthy 

individuals upto the dose tested but it is toxic to 

cancer cells (Mukherjee et al., 2016). 

 

Previous studies from our laboratory have 

shown that curcumin helps to increase the 

efficacy of IM and cyt in leukemia cell lines K-

562 and HL-60 respectively by modulation of 

various important markers and induction of 

apoptosis (Sarkar et al., 2014b). It has also been 

shown that curcumin helps to reduce drug dose.  

 

The present work is an ex vivo study, conducted 

with lymphocytes isolated from CML and AML 

patients (50 patients in each group) to elucidate 

the potential of curcumin as a combinatorial 

therapy in myeloid leukemia. Lymphocytes 

isolated were treated with anti-leukemia drugs 

(IM or cyt) and curcumin, either alone or in 

combination. A pilot study was conducted with 

lymphocytes from 10 patients in each group. It 

was found that leukemia markers TNF-α, IL-6, 

IL-8, IL-10, p38 MAPK, Ras, Raf, PI3K, Akt, 

JAK2, STAT3 are aberrantly expressed in 

leukemia cells as compared to normal controls. 

The results are consistent with findings from 

other laboratories (Hemmati et al., 2017).  
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Cytotoxicity of IM and cyt to lymphocytes of 

patients were tested and the EC50 values were 

calculated. It was found that when curcumin 

was administered to cells along with the drugs, 

the EC50 values of the drugs were dampened. 

Thus, the efficacies of the drugs were found to 

increase in presence of curcumin as the cells 

were sensitive to lower concentration of drugs 

in presence of the phytochemical.  

 

Based on these results, further experiments 

were conducted to elucidate the underlying 

mechanisms. It was observed that IM and cyt 

could modulate aberrant expression of leukemic 

markers but the effect was much more when 

curcumin was present along with the drugs. In 

the combinatorial therapy, modulation of these 

markers enhances programme cell death, as 

revealed by the apoptotic index values and 

increase in caspase activity.  

 

Thus, results of this preliminary study suggest 

that curcumin may help to improve the 

efficiency of IM and cyt, thereby reducing drug 

dose and associated toxicity. An indication of 

the potential of curcumin is indicated, but being 

an ex vivo work, nothing can be concluded 

concretely. Further clinical studies are 

warranted, where curcumin will be given 

directly to the patients along with the drugs to 

establish its potential as an adjuvant therapy in 

myeloid leukemia. 
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