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ABSTRACT: 

Recent researches on natural chemicals as potential cancer drugs has been focused on grape 

seeds, a plant-derived extract with a complex chemical structure and health benefits. Grape 

seeds are rich in bioactive compounds that have potential health-promoting effects. The 

combination of polyphenols, flavonoids, and procyanidins in grape seeds results in a 

powerful collection of antioxidants. Polyphenols, particularly proanthocyanidins, have 

significant potential in cancer research. Flavonoid compounds, such as catechin and 

epicatechin, exhibit significant antioxidant activity and are considered promising 

candidates for both the prevention and treatment of cancer. 

Leukemia, a blood cancer characterized by the uncontrolled proliferation of white blood 

cells, presents significant problems due to the limited availability of effective therapeutic 

interventions. Grape seed extracts have been investigated for their potential in combating 

various cancer cell lines, including leukemia. The study of grape seed extracts has revealed 

intricate mechanisms of action, such as apoptosis induction, which acts as a protective 

mechanism against cancer cell proliferation. The complex interaction between bioactive 

compounds found in grape seeds and specific molecular targets within JURKAT cells 

presents opportunities for the development of novel drugs for treating leukemia. This 

review gives insight the potential effects of grape seed components on cancer cell lines, 

specifically leukemia, focusing on K562, HL60, and JURKAT cell lines. 

 

 

INTRODUCTION 

Research on grape seeds has received considerable 

attention as a prospective contender within the realm of 

natural sources, primarily owing to their multifaceted 

chemical composition and the consequential health 

advantages they offer.1 Grape seeds, which are 

commonly regarded as a secondary output of the wine 

production sector, contain a diverse array of bioactive 

chemicals that have been associated with various 

biological functionalities.2  The purpose of this 

introduction is to offer a comprehensive examination 

of the complex chemical makeup of grape seeds and 

their possible effects on various leukemia cell lines, 

including K562, HL60, and JURKAT3. 

The presence of a diverse array of bioactive chemicals 

within grape seeds is well documented, and the main 

components found in grape seeds consist of 

polyphenols, flavonoids, procyanidins, and a variety of 

other antioxidant compounds.4-8 Polyphenols, which 

are a heterogeneous collection of phytochemicals, are 

highly prevalent in grape seeds and have been linked to 

a range of biological functions, such as anti-

inflammatory, antioxidant, and anticancer properties. 9 

Within the group of polyphenols, one prominent class 

known as proanthocyanidins, or procyanidins, has 

exhibited considerable potential in the field of cancer 

research. Procyanidins are a class of flavonoids that 

exist in oligomeric and polymeric forms .10  These 

compounds are comprised of monomers of catechin 

and epicatechin, which are connected by both C-C and 

O-C bonds. The distinctive antioxidant and free radical 

scavenging activities of these compounds are attributed 

to their polymerization degree, rendering them very 

promising candidates for the prevention and treatment 

of cancer. 

Leukemia is a diverse collection of hematological 

malignancies distinguished by the unregulated 
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proliferation of immature or atypical white blood cells 

.11  Chronic lymphocytic leukemia (CLL) and T-cell 

leukemia, the JURKAT cell lines, represent distinct 

forms of leukemia that present notable difficulties in 

therapy because of their aggressive and resistant 

characteristics. The K562 and HL60 cell lines are used 

as models for myeloid leukemia, contributing to the 

breadth of leukemia subtypes being studied. 

Researchers have been motivated to investigate natural 

substances, including those present in grape seeds, in 

order to discover innovative therapeutic strategies that 

could offer more precise and less harmful alternatives 

to traditional treatments. 

Several studies have provided evidence of the possible 

anticancer properties of grape seed extracts against 

several types of cancer cells; including those related to 

leukemia .12-14. The induction of apoptosis, a crucial 

process for maintaining tissue homeostasis, is one of 

the primary ways through which grape seed extracts 

exert their effects. The initiation of apoptosis hinders 

the viability of cancer cells that manage to resist the 

regulatory mechanisms of normal cellular processes. 

The K562 and HL60 cell lines, which are commonly 

used to study myeloid leukemia, have been the focus of 

research regarding the potential effects of grape seed 

extract.  

 GSE Chemical Composition 

Grape seed extract (GSE) is comprised of a wide range 

of chemical compounds, primarily polyphenols and 

phenolic acids(60-70%). Polyphenols have been 

identified as the predominant and diverse metabolites 

found in grape seeds. Flavan-3-ols, broad classes of 

polyphenols that includes monomeric catechins and 

procyanidins (also known as condensed tannins), are 

the main constituents that accumulates in grape seeds. 

In addition, the presence of different grape varieties 

can result in the occurrence of diverse additional 

constituents, including phenolic acids, stilbenes, 

flavanols, water-hydrolysable tannins, and organic 

acids. In the following section, we will explore the 

extensive range of chemical components found in 

grape seeds.  

The positive characteristics of wine, as well as its 

physiological and health benefits, can largely be linked 

to the polar chemicals present in grape seed extracts, 

particularly flavan-3-ols. The chemical composition of 

grape seed oil has been extensively studied and 

reported by various researchers .15-17 

The anti-tumoral actions attributed to grapes involve a 

diverse range of biological pathways and cellular 

targets. Consequently, this phenomenon finally results 

in the suppression of cellular proliferation and a 

concurrent elevation in programmed cell death 

(apoptosis) in a wide range of cancer cell types, 

encompassing lung, colon, breast, bladder, leukemia, 

and prostate cancers. The present study aims to 

investigate the effectiveness of anti-tumor agents in 

different types of leukemia cell lines. 

 Flavan-3-Ols 

The term "phenol" denotes the presence of an aromatic 

ring that is substituted with one or more hydroxyl 

groups. Moreover, the use of the prefix "poly" 

indicates the existence of several rings inside the 

molecular configuration. Phenolic substances can be 

classified into four primary categories: stilbenes, 

lignans, phenolic acids, and flavonoids.18  Flavonoids 

exhibit a characteristic tricyclic structure, with a central 

pyran ring (C ring) containing oxygen, which is fused 

to an aromatic ring (A ring) through a singular bond. 

Furthermore, the C ring is connected to the B ring, 

which is also an aromatic ring, by a single bond 

(Figure 1). A comprehensive compendium comprising 

more than 6,000 unique flavonoids has been 

meticulously recorded and documented. 

Flavonoids can be categorized into distinct groupings 

based on their chemical structure, which notably 

encompasses changes in the quantity and arrangement 

of substitution groups such as hydroxyl, hydrogen, 

methyl, glycosyl, malonyl, and sulphate groups. The 

main subgroups of flavonoids are flavanols, flavones, 

flavanones, anthocyanidins, isoflavones, 

dihydroflavonols, and chalcones. Flavanols, also 

known as flavan-3-ols because of the hydroxyl group 

located at the 3-position of the C ring, are considered 

the most chemically reduced category of flavonoids. 

The structural variety of flavan-3-ols is determined by 

the stereochemistry and hydroxylation patterns of the C 

ring, along with the quantity of hydroxyl groups on the 

B ring. A flavan-3-ol molecule possesses four different 

configurations due to the presence of two chiral centers 

located at C2 and C3. As a result, four 

diastereoisomers are obtained.19 Flavan-3-ols, which 
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can be found in different molecular configurations, 

including monomers, dimers, oligomers (3 to 10 units 

of flavan-3-ols), and polymers (more than 10 units of 

flavan-3-ols). Proanthocyanidins are composed of 

oligomers and polymers of polyhydroxyflavan-3-ol 

units, namely (+)-catechin and (-)-epicatechin in the 

context of procyanidins. The most common type of 

procyanidins consists of dimers, with the predominant 

dimers being the four C4→C8 linked dimers (B1-4). 

The identification and characterization of these dimers 

have been reported in previous studies conducted on 

grapes.20-27  
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Fig.1. Flavan-3-ol monomers reported in grape seed (upper left) including possible flavan-3-ol epimers and enantiomers 

(upper right). Common O- or COO-linked substituents of flavan-3-ols and other phenols are included in the lower 

panel. 

 

The flavan-3-ol is the fundamental structure within the 

flavonoid class. It is distinguished by its 2-phenyl-3, 4-

dihydro-2H-chromene framework, with a hydroxyl 

group attached to the 3-position of ring C (Figure 1). 

The existence of two chiral centers at positions 2 and 3 

in flavan-3-ols gives rise to four potential 

configurations, leading to the formation of chiral 

diastereomers. Two enantiomers are present for each 

epimer. The two enantiomers, specifically referred to 

as (+)- or (-)-catechin in the trans conformation and 

(+)- or (-)-epicatechin in the cis conformation (as 

shown in Figure 1) result in the corresponding epimers 

of (+)-catechin (2R, 3S) and (-)-epicatechin (2R, 3R), 

respectively.28-31  Nevertheless, comprehensive 

documentation of their absolute configurations is 

frequently lacking in the published literature, primarily 

because these configurations are determined using 

methodologies such as mass spectrometry or nuclear 

magnetic resonance (NMR)analysis. The monomers 

known as (+)-gallocatechin and (-)-epigallocatechin are 

synthesized by introducing an additional hydroxyl 

group to the B rings of the epimers (+)-catechin and (-

)-epicatechin, respectively. The presence of these 

metabolites has been commonly seen in grape skin .32-

33 The process of galloylation involves the conversion 

of gallic acid into a molecule known as a "gallate," 

which is produced as a byproduct during this particular 

activity. As of now, a total of eleven unique flavan-3-

ols have been discovered in grape seeds, and their 

chemical compositions have been comprehensively 

described in scholarly publications .34-35 The monomers 

that are most prevalent and often seen are (+)-catechin, 

(-)-epicatechin, and (-)-epicatechin 3-O-gallate .36-37  

Additional monomers that are not as commonly found 

include (+)-catechin-3-O-gallate, (+)-Gallo catechin, 

(+)-epigallocatechin, (+)-gallocatechin-3-O-gallate, 

(+)-epigallocatechin-3-O-gallate, and (+)-

epigallocatechin-3-O-vanillate .38  
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The two main glycosylated flavan-3-ols identified in 

previous research are (+)-catechin-4'-O-glucoside and 

(+)-catechin-7-O-glucoside.42.The presence of (+)-

Gallo catechin, (+)-epigallocatechin, and their O-

gallate derivatives in grape berry skins necessitates 

careful examination in certain studies using grape 

seeds .43-46    Several investigations have indicated that 

the fragrance profile and biological activity of wine can 

be influenced by the presence of galloylated 

metabolites.39-42 

The detection of glycosylated catechins in grape seeds 

has been reported in a recent study.51 Delcambre and 

Saucier et al  demonstrated that a comprehensive set of 

14 flavan-3-ol mono glycosides may be produced 

through the synthesis of four different aglycone units, 

namely (+)-catechin, (-)-epicatechin, (-)-

epigallocatechin, and (-)-epicatechin gallate. 

Nevertheless, a comprehensive understanding of their 

structures is still awaited. Focused MS/MS 

fragmentation patterns have been utilized to acquire 

partial structural information. The exact placement of 

the hexoside substituent in the initial investigation 

remains uncertain. Furthermore, these molecules have 

the potential to function as fundamental units for the 

formation of oligomers. Zerbib et al.,   also identified 

glycosylated procyanidines in grape seed, but, the 

stereochemistry and glycosylation of these molecule is 

not reported. Conducted a recent study wherein they 

identified the existence of flavan-3-ol mono glycosides 

in different grape seed kinds, including merlot, 

cabernet sauvignon, and syrah.  

 Procyanidins 

A diverse range of compounds  can be found in grape 

seed, including monomers, dimers, oligomers 

(composed of 3 to 10 units), and polymers (consisting 

of more than 10 units, commonly known as condensed 

tannins) . Procyanidins are formed through the 

condensation of (+)-catechin and/or (-)-epicatechin 

units. In contrast, the formation of prodelphinidins 

occurs through the condensation of gallocatechins. 

Based on authoritative references, it has been shown 

that prodelphinidins are predominantly located in the 

skins of grapes, whereas procyanidins are primarily 

found in the seeds of grapes. The lack of 

prodelphinidins in grape seeds raises questions 

regarding claims that gallocatechins, which are 

considered its essential monomer constituents, are 

present in these seeds. Procyanidins are frequently 

classified into two types, B-type and A-type, based on 

their interflavanic connections. The connection in 

question encompasses either a solitary bond connecting 

carbon atoms C4→C8 or a bond connecting carbon 

atoms 4 and 6 (C4→C6), as depicted in Figure 2. 

Certain procyanidins may possess an extra ether bond 

connecting carbon atoms 2 and 7. The existence of B-

type procyanidins in grape seeds has been well 

acknowledged. However, a solitary investigation 

utilizing tandem mass spectrometry identified the 

presence of A-type procyanidins in a particular white 

Vitis vinifera cultivar, namely chardonnay . 
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Fig.2.  Procyanidin dimers reported in grape seeds 
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The composition of procyanidins in grape seeds 

consists of 17 dimers, 16 trimers, and 1 tetramer. The 

majority of gallic acid esterifications are associated 

with units of (-)-epicatechin. Nine of these 

procyanidins exhibit esterification of gallic acid with 

one or two moieties. Enzymatic esterification processes 

are implicated in the formation of esters, namely those 

involving procyanidins B1 to B4, which exhibit the 

highest levels of abundance. These procyanidins are 

linked together through carbon 4 to 8 carbon 

connections. 43-47 

Procyanidin B2 (epicatechin-(4β→8)-epicatechin) is 

the most abundant dimer among the many procyanidins 

present in grape seeds. Nevertheless, the 

documentation of procyanidins B3- and B6-3-O-

gallates in grape seeds is limited to a solitary article. 

The study undertaken by De Freitas et al. aimed to 

investigate the occurrence and properties of 

procyanidins B3 and B6 gallates in V. vinifera seeds 

through the utilization of several analytical techniques. 

The unsolved issue is the shortage or likely lack of 

procyanidins B3 and B6 O-gallates in grape seeds. 

cyanidin C1 and epicatechin-(4β→8)-epicatechin-

(4β→8)-catechin (Figure 3) are commonly observed as 

the predominant trimers within the set of 16 trimeric 

procyanidins that have been found in grape seeds. The 

diversity of C-type procyanidins is derived from four 

distinct backbones (A–D), which exhibit variations in 

the organization of their constituent monomer units. 

Backbone A demonstrates the utmost level of structural 

diversity as it displays the coupling of the three-

monomer units at locations C4→C6through alpha or 

beta bonds. De Freitas et al. have provisionally 

provided a description of a solitary trimer containing 

the C4→C6 linkage inside the C-type procyanidins, 

specifically pertaining to backbone D.(Fig.4.) 

Procyanidins can be synthesized by employing 

catechin and epicatechin as initiation, extension, or 

terminal subunits to form various types of backbones. 
52  While several studies indicate for particular flavan-

3-ols as terminal and extension subunits, conflicting 

findings have been reported by other investigations. In 

general, (-)-epicatechin seems to function as the 

primary extension unit, despite the extract containing a 

higher abundance of (+)-catechin. As the concentration 

of epicatechin increases, its occurrence as a monomer 

in other places likewise exhibits an upward trend. 

According to Santos-Buelga, seeds with elevated levels 

of (-)-epicatechin demonstrate increased relative 

proportions of procyanidins that incorporate this 

particular chemical in both the initiation and terminal 

units .53-55 This association is frequently linked to 

elevated concentrations of the aforementioned 

monomer. 
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Fig. 3.  Procyanidin trimers (backbones A and B) reported in grape seeds 
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Fig. 4. Procyanidin trimers (backbones C and D) reported in grape seeds 

The presence of 16 procyanidin trimers has been 

identified in grape seeds, with 10 of these trimers 

including (-)-epicatechin as the extension unit. The 

aforementioned trimers account for 75% of the total 

initiation units, whereas (+)-catechin contributes to 

merely 25% of them. The process of galloylation has a 

higher frequency in the (+)-catechin compound in 

comparison to the (-)-epicatechin compound. Out of 

the 33 identified dimeric and trimeric procyanidins, it 

has been observed that only three of them possess 

galloylation on units of (+)-catechin, whereas twelve of 

them exhibit galloylation on units of (-)-epicatechin. 

According to Santos-Buelga, the observed 

phenomenon could potentially arise due to steric 

hindrance occurring within the active site of esterifying 

enzymes. Out of the total of 16 procyanidin trimers, six 

of them exhibit (+)-catechin as their terminal unit, 

followed by five trimers with (-)-epicatechin and four 

trimers with (-)-epicatechin-3-O-gallate. This 

observation suggests that the origin of initiation units is 

separate from that of extension units, as they come 

from distinct metabolic pools. 

Nonetheless, it is important to exercise caution in 

drawing firm conclusions regarding the feasibility of 

this hypothesis, as our understanding of procyanidin 

oligomerization remains limited. 

In addition to widely recognized trimers and dimers, 

polymerizations with significantly greater degrees of 

polymerization are also observed. Previous 

investigations have indicated that procyanidins display 

a range of galloylation levels, often falling between 8 

and 15. Additionally, these compounds have been 

found to have degrees of polymerization ranging from 

28 to 37 units.56,57 In a study conducted by Sica et al. 

2018, it was observed that certain tannins found in 

grape seeds possess molecular weights that surpass 

100,000 Daltons . In order to characterize the extensive 

polymers, it is important to ascertain both the binding 

sites and identities of each extension unit. Additional 

mass spectrometry investigations are required in order 

to achieve a thorough characterization of these 

polymers. Based on the limited available information, 

it appears that there is a tendency for galloylation to 

decrease as the levels of polymerization increase. 

Nevertheless, there remains a dearth of full biological 

elucidation for this occurrence. The strong selectivity 

of esterifying enzymes is expected to arise from their 

preference for galloylation on (-)-epicatechin in 

polymeric procyanidins, possibly because of steric 

hindrance caused by the polymer. 

The current advancements in the field of flavan-3-ols 

derived from grape seeds have brought attention to 

significant information gaps. These gaps pertain to the 

identification of galloylated monomers, comprehensive 

structural analysis of glycosylated flavan-3-ols, and the 

study of oligomeric procyanidins. Comprehending 

these biosynthetic processes is of utmost importance, 

as both monomeric and polymeric flavan-3-ols play a 

substantial role in the biological and nutritional 

characteristics of grape seed extracts. 
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Grape Seed Chemical Composition Activities on 

Different Leukemia Cell Lines 

Grape seed activity on K562 cell line 

The challenge of multidrug resistance (MDR) poses a 

substantial barrier in the field of cancer therapy, 

particularly in the context of treating acute myeloid 

leukemia (AML). The effectiveness of grape seed 

proanthocyanidin extract (GSPE) in addressing 

multidrug resistance (MDR) among individuals 

diagnosed with acute myeloid leukemia (AML) has yet 

to be established. The main aim of this study was to 

investigate the capacity of GSPE to counteract 

multidrug resistance (MDR) in an in vitro environment 

as well as elucidate the underlying processes involved 

in this reversal process . 

The objective of this research was to investigate the 

cytotoxic properties of GSPE on K562 human chronic 

myelogenous leukemia cells, with a specific emphasis 

on analyzing the correlation between concentration and 

duration of exposure. The growth inhibition effect of 

GSPE on these cells was shown to be contingent upon 

both the concentration of GSPE and the duration of 

exposure. A progressive augmentation in the 

proliferation of the cultivated cells was seen 

throughout the duration of incubation, spanning from 0 

to 72 hours. However, there were no significant 

alterations seen in cellular proliferation at comparable 

times after the administration of GSPE doses of 25 or 

50 mg/l. 

Grape seed activity on HL60 cell line  

The study utilized human leukemia cell lines, 

specifically HL-60 cells and HL-ADR cells. The MTT 

assay was employed to assess the cytotoxic impacts of 

different chemotherapeutic drugs and to investigate the 

potential of GSPE to counteract these effects. Flow 

cytometry tests were performed to verify the 

occurrence of cellular death resulting from GSPE. The 

evaluation of gene expression related to multidrug 

resistance (MDR) was conducted using the real-time 

polymerase chain reaction (Q-PCR) method. The use 

of Western blot analysis , a widely used laboratory 

technique, was employed in order to assess the 

expression of proteins relevant to multidrug resistance 

(MDR) at both the genetic and protein levels. The 

research investigation centered on three crucial 

proteins, namely multidrug resistance protein 1 

(MRP1), MDR1, and lung resistance-related protein 

(LRP). 

The study's findings indicated that HL-60/ADR cells 

showed resistance to multiple chemotherapeutic drugs, 

such as cytarabine (Ara-C), Adriamycin (ADR), 

vincristine (VCR), daunorubicin (DNR), mitoxantrone 

(MTZ), pirarubicin (THP), homoharringtonine (HHT), 

and etoposide (VP16). The simultaneous delivery of 

GSPE resulted in a notable reduction in IC50 values 

for Ara-C and ADR in HL-60/ADR cells, with 

statistical significance (P < 0.01) . Significantly, the 

levels of both mRNA and protein expression of MRP1 

and MDR1 were significantly greater in HL-60/ADR 

cells in comparison to HL-60 cells (P < 0.01). 

Nevertheless, the protein expression of LRP 

demonstrated a noteworthy augmentation in HL-

60/ADR cells (P < 0.05). Furthermore, the treatment of 

GSPE has shown the capacity to augment the 

concentration of intracellular ADR in HL-60/ADR 

cells. Additionally, it demonstrated the ability to hinder 

the phosphorylation of Akt, leading to the inhibition of 

MRP1, MDR1, and LRP, triggering cellular apoptosis . 

At a dosage of 25.0 grammes per milliliter (g/mL), 

GSPE exhibited a strong inhibitory effect on Akt 

phosphorylation (P < 0.05). 

In summary, the observed reversal of multidrug 

resistance (MDR) in HL-60/ADR cells following 

treatment with grape seed proanthocyanidin extract 

(GSPE) can potentially be due to the suppression of the 

phosphoinositide 3-kinase (PI3K)/protein kinase B 

(Akt) signaling pathway, resulting in reduced 

expression levels of multidrug resistance-associated 

protein 1 (MRP1), P-glycoprotein (MDR1), and lung 

resistance-related protein (LRP) . The results of this 

study indicate that GSPE may have the potential to be 

used as an adjunctive therapy in the treatment of acute 

myeloid leukemia (AML), therefore justifying the need 

for additional investigation 

Grape seed activity on JURKAT cell line 

The primary objective of this work was to conduct an 

analysis and provide a comprehensive understanding of 

the functional role of c-Jun NH2-terminal kinase (JNK) 

and its associated variables. The present study explores 

the apoptotic pathways induced by grape seed extract 

(GSE) in human leukemia cells, utilizing a 

combination of pharmacological and genomic 
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methodologies. The experimental design involved 

exposing JURKAT cells to different concentrations of 

GSE treatment over a period of 12 hours. Two distinct 

methodologies were employed in this study: one 

involved subjecting the samples to a 24-hour exposure 

to GSE, while the other involved subjecting the 

samples to a concentration of 50 μg/mL of GSE for 

different durations. Additional measurements were 

performed in order to assess apoptosis and the 

activation of caspases, which are essential components 

of cellular death signaling pathways. Additionally, the 

investigation entailed the examination of cellular 

signaling networks. 

The investigation conducted on human leukemia cells 

revealed that the administration of GSE (grape seed 

extract) led to a gradual and proportional rise in 

apoptosis, which is a controlled mechanism of cell 

death. Additionally, the treatment induced caspase 

activation, which is a crucial enzymatic activity 

involved in signaling cell death. It is worth mentioning 

that there was a substantial increase in the expression 

of Cip1/p21, a protein that is known to be involved in 

the regulation of the cell cycle . Moreover, the use of 

GSE on Jurkat cells demonstrated a significant increase 

in phospho-JNK levels, which is a subject of great 

significance in our study. In contrast, notable outcomes 

were observed when the JNK pathway was inhibited 

using pharmacological agents such as SP600125 or 

genetic techniques such as short interfering RNA. The 

findings of this study provide evidence for the possible 

protective effects of this method against GSE-induced 

mortality in Jurkat cells.48-50 

 

CONCLUSION 

This review article described the grape seed extract, 

chemical composition and its structure and backbone 

framework, which are useful for its pharmacological 

activity particularly flovon-3-ol and 

proanthocyanidines activity on K562, HL60, and 

JURKAT cell lines. Grape seed extract does not show 

any activity on the K562 cell line. In the HL60 cell 

line, grape seed extract showed induced apoptosis in 

cells, and it significantly reduced multidrug resistance 

in the HL60 cell line. The standard grape seed extract 

increases apoptosis in JURKAT cells. The apoptosis 

process is encompassed by a series of events, including 

the activation of JNK and the overexpression of 

Cip1/p21.  The grape seed extract demonstrated 

significant activity on different cell lines, but there are 

no standard studies available for which chemical 

ingredient or molecule responsible for showing 

different activity on leukemia cell lines. Hence, 

studying the grape seed at molecular and cellular level 

may pave the way to obtain a safe therapeutic drug 

candidate, which can save the millions from cancer. 
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