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ABSTRACT 

6-gingerol is a traditional medicine that possesses anti-cancer activity against several types of cancer. However, 
the mechanism of action still remains unclear. Therefore, this study explored the effects of 6-gingerol on anti-
leukemic mechanisms in NB4, MOLT4, and Raji leukemic cell. Results indicated that 6-gingerol inhibited cell 
proliferation and induced cell apoptosis in these 3 cell lines. Moreover, 6-gingerol was shown to increase the 
mRNA expression of the caspase family thereby suggesting that 6-gingerol induced apoptosis through the caspase-
dependent pathway. To explore the signaling pathway regulating 6-gingerol induced apoptosis, we utilized and 
integrated the network pharmacology approach together with experimental investigations. Targets of 6-gingerol 
were identified from ChEMBL and STITCH databases, which were used for constructing the protein-protein in-
teraction (PPI) network. Results from the PPI network indicated that p53 was a key regulator. Moreover, it was 
found that 6-gingerol could increase the levels of p53 mRNA in all leukemic cell lines. Thus, 6-gingerol has shown 
to have anti-cancer activity. In addition, p53, BAX and BCL2 could be involved in the apoptosis pathway of these 
leukemic cells. This study is anticipated to be useful for the development of 6-gingerol as an anti-leukemic drug 
in the future. 
 
Keywords: 6-gingerol, leukemia, apoptosis, network pharmacology, p53, bioinformatics 
 
 
 

INTRODUCTION 

Acute leukemia is characterized by the 
uncontrolled proliferation and impaired dif-

ferentiation of hematopoietic stem cells dur-
ing hematopoiesis (Rose-Inman and Kuehl, 
2014). Treatment strategies relying on chem-
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otherapy in both myeloid and lymphoid leu-
kemia have shown unsatisfactory outcome 
along with disease complications (Liesveld 
and Lichtman, 2016; Niederhuber et al., 2013; 
Salzer et al., 2010). Moreover, conventional 
chemotherapy is associated with various side 
effects (i.e., ranging from mild to severe) en-
compassing nausea, cardiac and renal toxicity 
and myelosuppression (Eiring et al., 2011; 
Kell, 2004). Therefore, there is an urgent need 
to seek novel therapeutic agents with less side 
effects. Recently, many research works have 
focused on natural products which have 
shown potential effects in regards to preven-
tion and treatment (Aggarwal and Shishodia, 
2006; Burton, 2003; Kizaki, 2006; Weng and 
Yen, 2012). Furthermore, natural products 
have exhibited their actions against multiple 
targets via various pathways which are able to 
achieve the desired effects for disease treat-
ment (Wu et al., 2013). 

Ginger (Zingiber officinale) has been used 
in both culinary and traditional medicine for 
relieving many symptoms consisting of in-
flammation, asthma, stroke, rheumatic disor-
ders and gastrointestinal discomforts (Afzal et 
al., 2001). The rhizome contains 6-gingerol, 
which is the most abundant phenolic com-
pound that exhibits anti-cancer activities 
against several cancers such as colon cancer, 
breast cancer, skin cancer, and myeloid leuke-
mia. Several studies suggest that 6-gingerol 
modulates apoptosis, cell cycle regulation, 
oxidative stress and metastasis inhibition by 
means of various signaling pathways includ-
ing miRNA27b, MAPK/AP-1, MMP9 and 
Cyclins (Lee et al., 2008; Nigam et al., 2009; 
Radhakrishnan et al., 2014; Rastogi et al., 
2014). However, only few studies have eluci-
dated the mechanism of 6-gingerol in induc-
ing cell death in leukemia (Rastogi et al., 
2014; Wang et al., 2003). 

Network pharmacology is a promising bi-
oinformatic approach for gaining systemic in-
sights into the molecular mechanism on the 
interactions between drugs and their targets as 
well as their implications in diseases at the ho-
listic level (Hopkins, 2008; Zeng and Yang, 
2017). On the basis of this context, network 

pharmacology can be used to explore the un-
derlying mechanism of diseases and for stud-
ying the effect of drugs in the signaling path-
ways. Chen et al. utilized network pharmacol-
ogy for revealing that JUN plays an important 
role in the mechanism of Yinchensini decoc-
tion (i.e., a classical traditional Chinese med-
icine) (Chen et al., 2018). Moreover, the net-
work pharmacology approach was also used 
for studying the mechanism of action of Te-
mozolomide (TMZ), a second-generation im-
idazotetrazine lipophilic prodrug, in glioblas-
toma (Xu et al., 2018). Furthermore, network 
pharmacology had also been used to study the 
mechanism of action of drugs in leukemia. 
The MAPK pathway was identified as an im-
portant pathway in the molecular mechanism 
of action of Qingdai on CML (Li et al., 
2018a). However, the mechanism of 6-gin-
gerol remains unclear and has not yet been 
elucidated by network pharmacology. 

In this article, we studied the effect of 6-
gingerol on leukemic cell lines as compared 
to PBMC (i.e. normal white blood cells) for 
examining the cell death mechanism. 
Through the use of network pharmacology, 
we have revealed key proteins involved in 6-
gingerol induced cell death. This research 
represents the first study to investigate the 
mechanism of 6-gingerol on leukemic cell 
lines through the integrative use of network 
pharmacology along with experimental vali-
dations. 

 

MATERIALS AND METHODS 

Chemicals and reagents 
6-gingerol and propidium iodide (PI) 

were purchased from Sigma Aldrich (St. 
Louis, CA, USA). Briefly, 6-gingerol was dis-
solved in DMSO as a 34 mM stock solution 
and stored at -20 °C. 3-(4-dimethylthiazol-2-
yl)-2-5-diphenyl tetrazolium bromide (MTT) 
was purchased from Invitrogen (Walthem, 
MA, USA). Annexin V assay kit was pur-
chased from BD Biosciences (Palo Alto, CA, 
USA). Ultra-pure water was used for the prep-
aration of reagents as well as in all experi-
ments.  
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PBMC collection and preparation 
Sample collection in this study was con-

ducted according to “The Code of Ethics of 
the World Medical Association (Declaration 
of Helsinki)” for experiments involving hu-
mans. Specimen collection and experimental 
protocols for handling clinical samples were 
approved by the Committee on Human Rights 
Related to Research Involving Human Sub-
jects, Faculty of Medicine, Ramathibodi Hos-
pital, Mahidol University (MURA2019/778). 
Written informed consents were obtained 
from participants prior to blood collection. 10 
ml of blood was collected from each healthy 
volunteer via venous phlebotomy. PBMC was 
separated by Lymphoprep (Alere Technolo-
gies AS, Oslo, Norway) following manufac-
turer’s protocol. Briefly, the blood was di-
luted with phosphate buffer saline (PBS) in a 
1:1 ratio. Lymphoprep was added into 50 ml 
conical tubes, and the diluted blood was gen-
tly layered on top of the Lymphoprep. The 
sample tubes were then centrifuged at 800 g 
for 20 min without declined acceleration. 
Lastly, the PBMC layer was collected and 
washed twice with medium before being used 
for further experiments. 

 
Leukemic cell culture  

NB4 (acute promyelocytic leukemia cell 
line) and MOLT4 (acute T-lymphocytic leu-
kemia cell line) were obtained from Cell line 
services (Eppelheim, Germany). Raji (B-lym-
phoma cell line) was kindly gifted from Asst. 
Prof. Dr. Usanarat Anurathapan (Faculty of 
Medicine, Ramathibodi Hospital, Mahidol 
University). Leukemic cells were cultured in 
RPMI1640 medium supplemented with 10 % 
(v/v) fetal bovine serum (FBS) and 100 U/ml 
penicillin and 100 μg/ml streptomycin (Gibco 
Life Technologies, Walthem, MA, USA). The 
cells were maintained in an incubator contain-
ing humidified atmosphere of 5 % CO2 and 
the media was changed twice a week. 

 
Cell viability by MTT assay 

Briefly, 15,000 cells were seeded in a 96-
well plate and treated with 100, 200, and 300 
µM of 6-gingerol for 24 and 48 hours. After 

which, 5 mg/ml of MTT was added to each 
well and incubated for 4 hours. Formazan 
crystals were solubilized by adding 10 % so-
dium dodecyl sulfate (SDS) in 0.01 M HCl 
and incubated overnight. The developed color 
was measured as optical density (OD) using a 
microplate reader at 570 nm with GEN5TM 
analysis software (BioTek Instruments, Inc., 
Winooski, VT, USA). All experiments were 
done in triplicate. The results were expressed 
as a percentage of cell viability as compared 
with the control, and the IC50 was calculated. 

 
Apoptosis assay by Annexin V/PI staining  

Apoptosis was determined by using the 
Annexin V assay kit (BD Biosciences, Palo 
Alto, CA, USA) following the manufacturer’s 
protocol. Briefly, leukemic cells (2x105 cells) 
were treated with 200 µM of 6-gingerol for 48 
hours. After the incubation time, cells were 
harvested and washed twice with phosphate 
buffer saline (PBS). Then, cells were stained 
with 5 µl of Annexin V-FITC and 5 µl of 
50 µg/ml propidium iodide (PI). The apop-
totic cells were determined by using 
FACSCantoII flow cytometer and analyzed 
via FACSDiva software (BD Biosciences, 
Palo Alto, CA, USA). All experiments were 
conducted in triplicate. 

 
Cell cycle assay by flow cytometry 

Leukemic cells (2x105 cells) were treated 
with 200 µM of 6-gingerol for 48 hours. Cells 
were harvested and washed twice with PBS. 
Then, the cells were fixed dropwise with 
70 % ethanol and incubated overnight 
at -20 °C. The fixed cells were washed with 
PBS and incubated with 100 µg/ml RNase A 
at 37 oC for 30 min. 50 µg/ml of propidium 
iodide (PI) was then added and incubated for 
an additional 30 min in the dark, at room tem-
perature. The cells were examined by 
FACSCantoII flow cytometer and analyzed 
using the FACSDiva software (BD Biosci-
ences, Palo Alto, CA, USA). All experiments 
were conducted in triplicate. 
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Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR) to determine the level 
of gene expression 

Leukemic cells (2x105 cells) were treated 
with 200 µM of 6-gingerol for 48 hours. Total 
RNA was extracted by Genezol® (New Eng-
land Biolab, Inc., Ipswich, MA, USA) follow-
ing manufacturer’s procedure. The RNA con-
centration was determined by nanodrop2000 
(Thermo Scientific, Waltham, MA, USA). 
After which, 2 µg of RNA was reverse-tran-
scribed using the RevertAid first strand 
cDNA synthesis kit (Thermo Scientific, Wal-
tham, MA, USA). Next, real time PCR was 
performed using the designed primers. The 
sequences of primers used in this study are 
shown in Table 1. The reactions were carried 
out with Luna® real time PCR master mix 
(New England Biolab, Inc., Ipswich, MA, 
USA) in the bio-rad thermal cycle CX1000 
(Bio-Rad, Inc., Hercules, CA, USA). Gene 
expression levels were determined with the  
2-∆∆ct technique, and levels were normalized 
using GAPDH as the house keeping gene.  
 

Construction of target database of  
6-gingerol 

The targets of 6-gingerol were obtained 
from two sources. The first source was the 
STITCH database (http://stitch.embl.de/), 
which provided the interaction between mol-
ecule and its molecular partner. The keyword 

“6-gingerol” was used as a search parameter 
with a confidence score of >0.4. This pro-
duced a list of 9 target proteins as shown in 
Supplement S1 (List of target proteins from 
STITCH). The second source was composed 
of using the molecular similarity approach 
since similar chemical structures of com-
pounds may share common target proteins. 
These similar compounds were identified 
from the ChEMBL database 
(https://www.ebi.ac.uk/chembl/) by using a 
similarity threshold of >70 % for obtaining 
compounds with a similar chemical structure 
to that of 6-gingerol. The bioactivity of these 
compounds was then obtained. Target pro-
teins of identified compounds affording bio-
activity potency with a concentration lesser 
than 100 µM were used as a threshold for fil-
tering potent compounds as shown in Supple-
ment S2 (List of target proteins from 
ChEMBL). 

 
6-gingerol related protein-protein  
interaction network construction 

The compiled list of target proteins 
against 6-gingerol obtained from ChEMBL 
and STITCH databases and the caspase fam-
ily proteins, resulted in a total of 24 proteins 
as listed in Table 2. 
 

 
 
Table 1: Primers used in this study 

Target Sequence 

Caspase 3 Forward primer: 5′-TTCAGAGGGGATCGTTGTAGAAGTC-3′ 
Reverse primer: 5′-CAAGCTTGTCGGCATACTGTTTCAG-3′ 

Caspase 8 Forward primer: 5′-GATCAAGCCCCACGATGAC-3′ 
Reverse primer: 5′-CCTGTCCATCAGTGCCATAG-3′ 

Caspase 9 Forward primer: 5′-CATTTCATGGTGGAGGTGAAG-3′ 
Reverse primer: 5′-GGGAACTGCAGGTGGCTG-3′ 

p53 Forward primer: 5′-CCCAGCCAAAGAAGAAACCA-3′ 
Reverse primer: 5′-TCTGAGTCAGGCCCTTCTGT-3′ 

BAX Forward primer: 5′-CGAGAGGTCTTTTTCCGAGTG-3′ 
Reverse primer: 5′-GTGGGCGTCCCAAAGTAGG-3′ 

BCL2 Forward primer: 5′-ATGTGTGTGGAGAGCGTCAA-3′ 
Reverse primer: 5′-GCCGTACAGTTCCACAAAGG-3′ 

GAPDH Forward primer: 5′-GCACCGTCAAGGCTGAGAA-3′ 
Reverse primer: 5′-AGGTCCACCACTGACACGTTG-3′ 

https://www.excli.de/vol19/Tanyong_06052020_supplementary_information.zip
https://www.excli.de/vol19/Tanyong_06052020_supplementary_information.zip
https://www.excli.de/vol19/Tanyong_06052020_supplementary_information.zip
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Table 2: Target proteins used in the construction of the protein-protein interaction network 

Data source  Protein 

ChEMBL APEX1, CYP2D6, CYP3A4, GAA, HTR1A, LTA4H, POLB, POLI, 

RGS4, and TRPV1 

STITCH ATP2A1, ATP2A2, ATP2A3, ATP2B1, ATP2B2, ATP2B3, ATP2B4, 

ATP2C1, and ATP2C2 

Caspase family CASP3, CASP6, CASP7, CASP8, and CASP9 

 

 

The protein-protein interaction (PPI) net-
work was constructed by importing all poten-
tial target proteins to the STRING database 
(http://string-db.org), which is a protein-pro-
tein interaction database. In order to obtain an 
optimal network configuration, an intermedi-
ate confidence score of >0.4 was used. Next, 
the first and second spheres of interaction 
were varied in the range of 10-100 nodes. All 
resulting data from STRING were imported to 
and visualized in Cytoscape, version 3.7.1. 
The biological network is a scale free network 
which follows the power law of P(k)~k-γ with 
a distribution degree (Broido and Clauset; 
2019). All networks that corresponded with γ 
and R-squared in correlation with the power 
law, were built and computed in Cytoscape. 
Furthermore, the γ, R-square and correlation 
coefficient of all networks were listed as Sup-
plement S3 (Data of network topology). In ad-
dition, the network with 30 first interaction 
spheres and 40 second interaction spheres 
having a lower value of γ and a higher value 
of R-square, cluster coefficient and correla-
tion coefficient for both indegree and outde-
gree was selected for further experiments. 

 
Gene ontology (GO) and KEGG pathway 
enrichment analysis of PPI 

DAVID was used to identify significant 
groups of genes and pathways that are related 
to the data set used in this study. All 92 pro-
teins in the network were imported to the DA-

VID Bioinformatics resource 6.8. (https://da-
vid.ncifcrf.gov/) for pathway annotation and 
gene ontology analysis (Huang et al., 2009). 
Generated files of GO biological processes, 
GO molecular function, GO cellular compo-
nent and KEGG pathway analysis were ob-
tained. The pathway or gene ontology and 
KEGG pathways which have <0.01 Bonfer-
roni p-value were selected. 

 
Statistical analysis 

Results were expressed as mean ± SEM. 
All statistical analyses were performed using 
GraphPad Prism 6 (GraphPad Inc., San Di-
ego, CA, USA). Experiments containing only 
two groups were analyzed using the student’s 
t-test whereas experiments containing more 
than two groups were analyzed using one-way 
ANOVA with p-value <0.05 being consid-
ered as statistically significant. 

 
RESULTS 

The conceptual framework of this study is 
summarized in Figure 1. Briefly, we are in-
vestigating the anti-leukemic activity of 6-
gingerol by means of computational and ex-
perimental approach and this encompasses 
the use of several bioinformatics databases 
and tools for shedding light on putative target 
proteins that interact with 6-gingerol to give 
rise to anti-leukemic activity via the induction 
of the apoptosis pathway. 
 

https://www.excli.de/vol19/Tanyong_06052020_supplementary_information.zip
https://www.excli.de/vol19/Tanyong_06052020_supplementary_information.zip
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Figure 1: Schematic overview of experimental and computational methodologies employed in this study 

 

Cytotoxic effect of 6-gingerol on acute  
leukemic cell lines 

To determine the effect of 6-gingerol in-
duced leukemic cell death, we observed the 
cell viability of leukemic cell lines under 6-
gingerol treatment. As presented in Figure 2a, 
6-gingerol was found to significantly de-
crease the cell viability in a dose- and time-
dependent manner. The IC50 values of 6-gin-
gerol against NB4, MOLT4 and Raji leuke-
mic cell lines were 313±32, 338±4 and 
297±18 µM, respectively, at 24 hours while 
the IC50 values were 194±12, 208±6 and 
204±8 µM, respectively, at 48 hours. For the 
non-cancerous cells (i.e., PBMC), no effect 
on cell viability was observed. The results 
suggest that 6-gingerol showed toxicity in 
leukemic cells without toxicity to PBMC. 

Apoptosis induction of 6-gingerol on acute 
leukemic cell lines 

To evaluate the role of 6-gingerol in apop-
tosis, we measured the apoptotic cells at a 6-
gingerol concentration of 200 µM. After 48 
hours of incubation, 6-gingerol increased the 
level of apoptosis in NB4, MOLT4 and Raji 
cell lines, with values of 38.07±10.02 %, 
39.27±2.84 % and 34.15±6.22 %, respec-
tively (p<0.05, Figure 2b). Furthermore, the 
results of apoptosis assay were also seen to 
correlate with that of the cell cycle assay. Par-
ticularly, 6-gingerol increased the proportion 
of sub-G1 phase by 15.6 %, 29.8 % and 
28.0 % in NB4, MOLT4 and Raji cell lines, 
respectively, as shown in Figure 2c (p<0.05). 
These results infer that 6-gingerol could in-
duce cell apoptosis in acute leukemic cell 
lines. 
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Figure 2: Effect of 6-gingerol on cell viability and apoptosis in leukemic cell lines (i.e., NB4, 
MOLT4 and Raji) and PBMC. (a) Cell viability of leukemic cell lines and PBMC treated with 6-gingerol 
at various concentrations for 24 h (left panel) and 48 h (right panel). Leukemic cell lines treated with 200 
µM of 6-gingerol were subjected to (b) cytometric analysis of apoptosis, (c) summary of the percentages 
of apoptosis (left panel) and sub-G1 cell cycle assay (right panel) and (d) mRNA expression level of 
caspase family genes (i.e., caspase 3, 8 and 9). All data are shown as mean±SEM, n=3 and *p<0.05 
were considered to be statistically significant from the control.
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Effect of 6-gingerol on expression levels of 
caspase gene family 

We further investigated the molecular 
mechanism of apoptosis as induced by 6-gin-
gerol. After 48 hours of treatment with 6-gin-
gerol at the IC50 concentration, results showed 
that 6-gingerol upregulated caspase 3, caspase 
8 and caspase 9 mRNA expression levels in 
these cell lines (p<0.05, Figure 2d). This indi-
cates that 6-gingerol induced leukemic cell 
apoptosis through a caspase-dependent apop-
tosis pathway. 

 
Construction of 6-gingerol related protein-
protein interaction network 

Next, we searched for possible targets of 
6-gingerol using the ChEMBL and STITCH 
databases. 10 targets were obtained from 
ChEMBL and 9 targets were obtained from 
STITCH as shown in Table 2. The obtained 
target proteins together with the caspase fam-
ily proteins were used as the key in the STING 
database for obtaining relevant information of 
protein interactions. The interacting data were 
introduced into Cytoscape to visualize pro-
tein–protein interaction networks of 6-gin-
gerol. The PPI network contained a total of 
1072 interactions (i.e., the edges connecting 
the nodes) involving 92 proteins (i.e., the 
nodes). All 92 proteins in the network and 
their topology parameters are shown in Sup-
plement S4 (All molecules of network). It 
should be noted that yellow, pink and green 
nodes represent proteins derived from the 
STITCH, ChEMBL and Caspase searched 
proteins, respectively (Figure 3a). Moreover, 
it should be noted that the size of the node in-
dicates the number of edges interacting with 
that node (i.e., higher number of interactions 
presented to a node result in a larger sized 
node). Topology parameters of the network 
were calculated using the Network Analyzer 
as implemented in Cytoscape. The probability 
of out- and in-degree distribution P(k) fol-
lowed the power law scaling behavior, which 
has a degree exponent of 0.512 and 0.526 with 
corresponding correlation coefficient values 
of 0.768 and 0.671, respectively and R-square 
values of 0.433 and 0.512, respectively (Fig-

ure 3b and 3c). The small value of degree ex-
ponent (<2) indicates that the network is a 
scale-free network, which is a characteristic 
signature of biological networks (Broido and 
Clauset, 2019). It can be observed from the 
results that p53 was the highest degree con-
taining node (Figure 3d). Previous reports 
suggest that a high degree node (hub) exerts a 
strong influence in controlling the topology of 
the network (Babu et al., 2004; Döhner et al., 
2010). Therefore, it can be hypothesized that 
p53 plays an important role in the induction 
of apoptosis in leukemic cells with the use of 
6-gingerol.  

 
Gene ontology (GO) and KEGG pathway 
enrichment analysis of 6-gingerol related 
PPI 

GO annotation and enrichment of network 
protein in three aspects including, biological 
process (BP), molecular function (MF) and 
cellular component (CC) was analyzed in 
DAVID. The generated files are shown in 
Supplement S5 (GO and KEGG data from 
DAVID). A total of 102 GO_BP pathways 
were obtained which consisted of 20 signifi-
cant pathways. The top 10 significantly en-
riched biological processes comprised extrin-
sic apoptotic signaling pathway, DNA repli-
cation, positive regulation of I-kappaB ki-
nase/NF-kappaB signaling, intrinsic apop-
totic signaling pathway in response to DNA 
damage and others as shown in Figure 4a. 
Furthermore, a total of 27 GO_MF were ob-
tained which consists of 12 pathways of sig-
nificance. The top 10 significantly enriched 
molecular functions were calcium-transport-
ing ATPase activity, damaged DNA binding, 
DNA clamp loader activity, ATP binding and 
others as shown in Figure 4b. In addition, a 
total of 22 GO_CC were obtained which had 
only 6 components with significance. All sig-
nificant cellular components were DNA rep-
lication factor C complex, ripoptosome, 
death-inducing signaling complex, nucleus, 
Ctf18 RFC-like complex and mitochondrion 
as shown in Figure 4c. Similarly, from a total 
of 77 KEGG pathways that had been ob-
tained, 12 of these pathways were found to be 
significant. 

https://www.excli.de/vol19/Tanyong_06052020_supplementary_information.zip
https://www.excli.de/vol19/Tanyong_06052020_supplementary_information.zip
https://www.excli.de/vol19/Tanyong_06052020_supplementary_information.zip
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Figure 3: The protein-protein interaction network modulated by 6-gingerol. (a) The interaction net-
work imported from Cytoscape, where nodes represent the protein (i.e. yellow, pink, and green nodes 
represent the searched proteins from STITCH, ChEMBL, and Caspase family respectively, blue nodes 
represent the other proteins that participated in the network) and edges represent the interaction. The 
size of nodes varies upon the degree of the node. (b) and (c) The network topology depicted with cor-
relation coefficient, (b) the in-degree distribution and (c) out-degree distribution. (d) Number of degrees 
calculated based on the interaction network. The top 10 highest degree nodes were shown. 

 

The top 10 significant pathways were 
composed of Apoptosis, Mismatch repair, 
TNF signaling pathway, Hepatitis B, Base ex-
cision repair and others as shown in Figure 
4d. 

 
Effect of 6-gingerol on mRNA expression 
of p53 pathway 

To validate results from the network anal-
ysis, we examined the mRNA expression lev-
els of p53 and related genes by quantitative 

real-time PCR. The mRNA expression levels 
of p53 and BAX were shown to increase in 
the 6-gingerol treated group as compared with 
the control group. While, BCL-2 was shown 
to decrease in the 6-gingerol treated group 
when compared with the control group 
(p<0.05, Figure 5). Therefore, it can be in-
ferred that 6-gingerol induces leukemic cell 
apoptosis via the p53 pathway. 
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Figure 4: Gene ontology annotation and KEGG related pathway of protein in the network. The 
gene ontology and KEGG pathways that had Bonferrini p-value lower than 0.01 were obtained from 
DAVID. a: Top 10 GO Biological property, b: Top 10 GO Molecular functions, c: Top 6 GO Cellular 
property and d: Top 10 KEGG related pathway. 
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Figure 5: Effect of 6-gingerol on mRNA expression levels of (a) p53, (b) BAX and (c) BCL2 in 
leukemic cell lines treated at IC50 dose of 200 µM. All data are shown as mean ± SEM, n=3 and 
*p<0.05 were considered to be statistically significant from the control. 

 

 
DISCUSSION 

Acute leukemia is a cancer involved in 
hematopoiesis. Over the last two decades, the 
treatment and prognosis of acute leukemia in 
patients have significantly improved. How-
ever, the risk of treatment-related mortality 
associated with chemotherapy and other side 
effects are a great cause of concern. In acute 
myelogenous leukemia, the mortality associ-
ated with chemotherapy is dependent on the 
age as well as underlying diseases which limit 
tolerance against the side effects of chemo-
therapy (Döhner et al., 2010). The mortality 
rate was seen to increase to 60 % in patients 
older than 70 years (Parikh et al., 2016). On 
the contrary, in patients with acute lymphoid 
leukemia, conventional treatments in children 
show an overall survival rate of around 80 %. 
However, the story is much different for 
adults whereby the chance of reaching com-
plete remission is only approximately 30 to 
40 % (Niederhuber et al., 2013). Nowadays, 
alternative treatments using natural com-
pounds or herbs have also been studied 
(Demain and Vaishnav, 2011).  

Ginger (Zingiber officinale), a spice that 
has been used extensively in culinary and rec-
ognized to afford several bioactivities, exhib-
its anti-cancer properties against breast, skin 
and colon cancers (de Lima et al., 2018). The 
aqueous extract from ginger showed anti-oxi-
dant and anti-cancer activity against human 
breast cancer cell lines via p53 and caspase 9 
induction. Moreover, the extract showed a 
synergetic effect when administrated in com-
bination with tamoxifen (Vemuri et al., 2017). 

In the ginger constituents, 6-gingerol was 
identified as a major pungent component in 
fresh ginger rhizome where it exhibited a 
wide range of bioactivities such as anti-in-
flammatory, analgesic and cardiotonic effects 
(Chang and Kuo, 2015; Young et al., 2002). 
Several studies have confirmed the anti-can-
cer activity of 6-gingerol. Particularly, Nigam 
et al. (2009) showed that 6-gingerol increased 
the reactive oxygen species thereby inducing 
the mitochondrial cell death pathway in the 
A431 skin cancer cell line (Nigam et al., 
2009). Furthermore, 6-gingerol was found to 
inhibit colon cancer cell lines via apoptosis 
induction by MAPK/AP-1 inhibition and 
G2/M cell cycle arrest mechanism (Lin et al., 
2012; Radhakrishnan et al., 2014). Moreover, 
6-gingerol had also shown anti-metastasis ac-
tivity in MDA-MB-231 breast cancer cell line 
through MMP2 and MMP9 inhibition (Lee et 
al., 2008). 

In this study, we used an integrated net-
work pharmacology and experimental ap-
proach to reveal the possible mechanism of 6-
gingerol and its targets in leukemic cell lines. 
We identified the most probable genes that 
participate in the 6-gingerol induced leukemia 
apoptosis network to be the p53 signaling 
pathway. In addition, results from gene ontol-
ogy and KEGG pathways showed that apop-
tosis was the key mechanism in the 6-gingerol 
network. GO:0008625 (i.e., the extrinsic 
apoptotic signaling pathway via death domain 
receptors) and GO:0097192 (i.e., the extrinsic 
apoptotic signaling pathway in absence of lig-
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and) were the top 2 results for molecular prop-
erty gene ontology that correlated with the 
significant result in gene ontology molecular 
function. Similarly, GO:0003684 (i.e., dam-
aged DNA binding), GO:0097153 (i.e., cyste-
ine-type endopeptidase activity involved in 
apoptotic process) and GO:0097200 (i.e., cys-
teine-type endopeptidase activity involved in 
the execution phase of apoptosis) were ranked 
2, 6 and 8 in the gene ontology molecular 
function, respectively. Furthermore, results 
from the KEGG pathway analysis showed 
that the apoptosis pathway was the most 
highly connected and significant pathway in 
the network. These results suggested that the 
mechanism of action of 6-gingerol was medi-
ated by apoptosis as induced by the p53 path-
way. Moreover, the experimental results con-
firmed our bioinformatic investigation in 
which the MTT assay proved that 6-gingerol 
could inhibit growth and proliferation of leu-
kemic cells. Finally, quantitative real-time 
PCR also validated the bioinformatic result 
where 6-gingerol was able to increase the lev-
els of p53 and BAX gene expression whereas, 
the level of BCL2 was reduced.  

Several studies have reported that the p53 
signaling pathway involved in apoptosis can 
be induced by natural compounds. Erianin, a 
compound from Dendrobium chrysotoxum 
Lindl, showed anti-cancer activity against hu-
man cervical cancer cell lines via p53 regula-
tion (Li et al., 2018b). In addition, resveratrol 
increased the phosphorylated p53 at serine 20 
to induce apoptosis in MCF-7 cell line (Her-
nandez-Valencia et al., 2018). Moreover, Lin 
et al. (2012) also reported that 6-gingerol 
could induce cell cycle arrest in colon cancer 
cell line via the p53 pathway. 

 
CONCLUSION 

The present study revealed that 6-gingerol 
exhibits anti-leukemic activity in leukemic 
cell lines by reducing cell viability, activating 
apoptosis and increasing caspase 3 expres-
sion. Furthermore, the results from our bioin-
formatic approach provided a possible mech-
anism of action induced by 6-gingerol as the 

p53-dependent pathway. Moreover, the ex-
perimental validation of the bioinformatic re-
sults also highlighted the upregulation of p53, 
BAX and downregulation of BCL2. These re-
sults indicate that 6-gingerol induces apopto-
sis in leukemic cell lines via the p53-depend-
ent pathway. Thus, this study reveals the sig-
nificance of 6-gingerol which could be devel-
oped as a candidate drug for the treatment of 
leukemia in the future. 
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