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Leukemia is one of the high-incidence cancers that is characterized by an abnormal production of 

immature white blood cells. Subject to many reports on the side effects of conventional 

chemotherapy, herbs and natural compounds have been studied as an alternative medicine. In this 

study, sesamin, a lignan in sesame seed with pharmaceutical functions including anti-cancer, was 

chosen and treated with MOLT-4 and NB4 leukemic cell lines in various concentrations for 24 

and 48 hours. The effect of sesamin on cell inhibition and expression levels of apoptotic genes in 

leukemic cell lines were investigated by MTT assay and real-time PCR, respectively. Moreover, 

apoptotic proteins were studied by mass spectrometry and bioinformatics tools to investigate the 

relation between sesamin and targeted proteins. Results showed that sesamin increased cell 

inhibition in both cell lines in dose- and time-dependent manner. Levels of caspase-3, -7, -8, and 

-9 gene expressions significantly increased, while BCL-2 decreased drastically in sesamin-treated 

cells. From bioinformatics study, PARP4, IPPK and caspase family proteins were found to be 

involved in sesamin that induced apoptosis in leukemic cells. Besides, doxorubicin, a 

chemotherapeutic drug, also shared the same protein targets as sesamin in apoptosis pathway. 

Sesamin demonstrates its potential to enhance cell inhibition and promotes cell apoptosis in both 

MOLT-4 and NB4 leukemic cell lines. This study will benefit the development of sesamin as an 

effective anti-leukemia drug in the future. 
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Introduction 

Sesamin is a major lignan extracted from sesame seeds, an economically important oil seed crop 

known as Sesamum indicum, which has recently been considered as a healthy food supplement worldwide 

(1, 2). It has been reported to have various pharmaceutical properties. Recent studies have shown that 

sesamin has anti-oxidation (3), anti-inflammation (4), anti-hypertension (5), and anti-cancer activities (6).  

Sesamin possesses an ability to act as a pro-antioxidant when metabolized to antioxidant compounds, 

namely, mono- and di-catechol metabolites, in liver cells by hepatic enzyme that could eliminate reactive 

oxygen species (ROS) (7). It also exhibits the anti-inflammation activity by protecting the cells from 

oxidative stress (8). Moreover, sesamin was demonstrated for being effective as a treatment of hypertension 

and cardiovascular diseases after the administration of sesamin in both cell line and animal models (9). It 

was also reported to prevent hypertension by inhibiting the enzyme cytochrome P450 family CYP4F2 and 

20-hydroxyeicosatetraenoic acid (20-HETE) that play a role in hypertension pathogenesis (10). 

Interestingly, sesamin also demonstrated an anti-cancer activity in distinct pathways such as cell cycle arrest 

promotion, transcription factors inhibition, and apoptosis induction (6, 11-14). There were studies that 

exhibited the proliferation of various cancer cell types was suppressed by sesamin treatment including lung 

cancer, myeloma, prostate cancer, colon cancer, pancreas cancer, breast cancer, and leukemia (15). 

However, there is less information according to sesamin effect on leukemia, one of the top ten cancer 

incidences during 2016-2018. The estimated number in Thailand based on nationwide data collection is 5.3 

cases per 100,000 population in males and 4.5 cases per 100,000 populations in females (16). 

Leukemia, especially acute leukemia, is reported to have more severity than chronic leukemia because 

of its rapid progression. Patients with acute leukemia need to be diagnosed and received a treatment as soon 

as possible as it develops very quickly. It could increase the risk of having frequent infections, fatigue, 

nausea and vomiting, anemia, bleeding, and etc. (17, 18). These complications can cause death. The 

estimated 1,580 deaths from ALL and 11,400 deaths from AML in 2021 in the United States (19). Treatment 

may include a chemotherapy which could give high side effects to leukemic patients (20). Using natural 

compounds or herbs is considering as an alternative cancer treatment given to less side effects comparing 

to the conventional chemotherapy. Nonetheless, the underlying mechanisms behind sesamin-induced 

inhibition of the proliferation and the induction of apoptosis in cancer cells are still unclear and require 

further studies. In this study, we investigated the effect of sesamin on the induction of apoptosis in leukemic 

cell lines through apoptotic signaling pathway. 

Materials and Methods 

Compound and chemical reagents 

Sesamin (Sigma Aldrich, USA) was used as a treated cell reagent. Dimethyl sulfoxide (DMSO) was 

used to dissolve sesamin. MTT dye solution 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 

used in MTT assay was from Sigma Aldrich, USA; RevertAid First Strand cDNA Synthesis Kit from 

Thermo Scientific, USA; iQTM SYBR® Green Supermix from Bio-RAD, Canada. 

Leukemic Cell culture 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
11

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

7-
06

 ]
 

                             2 / 15

http://dx.doi.org/10.22088/IJMCM.BUMS.11.1.1
https://ijmcmed.org/article-1-1886-en.html


3                                                                                                    Sesamin induces apoptosis in leukemic cells/ Wannapruk P, et al 

International Journal of Molecular and Cellular Medicine. 2022; 11(1): 1-15 

Acute lymphoblastic leukemia (ALL) MOLT-4 and acute promyelocytic leukemia (AML) NB4 cells 

purchased from Cell Lines Service GmbH (Eppelheim, Germany) were cultured in 10% fetal bovine serum 

and 2% penicillin-streptomycin supplements in RPMI-1640 medium at the condition of 37 oC and 5% CO2. 

The cultured medium was changed every 3 days.  

Cell inhibition assay 

Sesamin at different concentrations 0, 50, 100, and 200 µg/mL were treated in 1x104 cells/mL leukemic 

cell lines in 96-well plate and incubated for 24 and 48 hours at 37oC with 5% CO2. Leukemic cells in medium 

without sesamin were used as an internal control. The MTT assay, a colorimetric assay for measuring 

mitochondrial dehydrogenase activity in viable cells, was performed to determine leukemic cell inhibition 

activity. As this enzyme reduces the yellow tetrazolium salt, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) into the purple formazan dyes, the intensity of purple color could 

reflect the number of living cells in each well. After incubation, 50 µL of 1 mg/mL MTT dye solution was 

added into each well and kept incubated for 4 hours in 5 % CO2 at 37oC. Then, 100 µL of solubilized solution 

(10% Sodium dodecyl sulfate (SDS) in 0.01 M HCl) was added into each well. The plates were incubated 

overnight in 5% CO2 at 37oC. Then, the spectrophotometer was used to measure the 570 nm absorbance. 

The percentage of cell inhibition of both MOLT-4 and NB4 in different doses and times were calculated. 

The inhibitory concentration (IC50) of both MOLT-4 and NB4 was determined by linear regression analysis. 

Doxorubicin was reported as a positive control with cytotoxicity in MOLT4 and NB4 at 90% and 88.2% of 

cell inhibition percentage, respectively. While IC50 of doxorubicin was also reported at concentration of 0.1 

µM in MOLT4 and 0.4 µM in NB4 after 24 hour-treatment (21). 

In addition, peripheral blood mononuclear cells (PBMC) were extracted by Ficoll-Hypaque separation. 

Cells were treated with sesamin at various concentrations 0, 50, 100, and 200 µg/mL, and incubated for 48 

hours. 

Apoptotic gene expression 

Real-time PCR assay had been used to determine the gene expression levels of apoptotic signaling 

pathway including caspase -3, -7, -8, -9, and BCL-2 genes. The leukemic cell lines with 5 x 105 cells/mL 

concentration were treated with sesamin at their IC50 values (100 µg/mL sesamin in MOLT-4 and 120 

µg/mL sesamin in NB4), in a 24-well plate and incubated for 48 hours. Untreated cells were used as an 

internal control. RNA was extracted from the cell by TRIzol®Reagent and measured the concentration by 

NanoDrop spectrophotometer at 260/280 nm. Then, RNA was converted into cDNA by RevertAid First 

Strand cDNA Synthesis Kit (Thermo Scientific) following the manufacturer’s protocol. The cDNA was 

amplified by real-time PCR with caspase -3, -7, -8, -9, and BCL-2 primers with distinct conditions (Table 

1) using iQTM SYBR® Green Supermix (Bio-RAD, Canada) as a DNA binding dye. Real-time PCR was 

performed on iCycleriQ® Multicolor Real-time PCR Detection system under certain conditions. The 

products were normalized and quantitated the amount of gene expression. 

Phosphoprotein and Bioinformatics analysis 

Phosphoproteins of sesamin treated MOLT-4 and NB4 cells as well as untreated cells were analyzed 

by liquid chromatography in line with tandem MS mass spectrometry (LC-MS/MS). In brief, after treated 

sesamin in both leukemic cell lines in each time cost, cells were collected. Protein concentration of each 
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sample was measured by Lowry protein assay using bovine serum albumin (BSA, Thermo Scientific, USA) 

as a standard. The immobilized metal affinity column (IMAC) obtained from Pierce Phosphoprotein 

Enrichment Kit (Thermo Scientific) and Protein Desalting Spin Column Kit from Thermo Scientific was 

used for enriching phosphoproteins and removing salt from samples, respectively. Lowry assay was 

performed again to measure protein concentration of desalted samples. Then, phosphoproteins were 

reduced, alkylated, and digested into phosphopeptides. Phosphopeptide samples were injected into mass 

spectrometer (Waters Corp., Manchester, UK) 

 

Table 1. A list of apoptotic gene primers. 

Primers Sequence (5'3') Length (bp) Condition 

(39 cycles) 

Caspase-3 F: TTCAGAGGGGATCGTTGTAGAAGTC 

R: CAAGCTTGTCGGCATACTGTTTCAG 

25 

25 

95ºC, 10 s  

68ºC, 10 s 

72ºC, 40 s 

Caspase-7 F: CCAATAAAGGATTTGACAGCC 

R: GCATCTGTGTCATTGATGGG 

21 

20 

95ºC, 10 s 

65ºC, 10 s 

72ºC, 40 s 

Caspase-8 F: GATCAAGCCCCACGATGAC 

R: CCTGTCCATCAGTGCCATAG 

19 

20 

95ºC, 10 s 

65ºC, 10 s 

72ºC, 40 s 

Caspase-9 F: CATTTCATGGTGGAGGTGAAG 

R: GGGAACTGCAGGTGGCTG 

21 

18 

95ºC, 10 s 

65ºC, 10 s 

72ºC, 40 s 

BCL-2 F: ATGTGTGTGGAGACCGTCAA 

R: GCCGTACAGTTCCACAAAGG 

20 

20 

95ºC, 10 s 

65ºC, 10 s 

72ºC, 40 s 

GAPDH F: GCACCGTCAAGGCTGAGAA 

R: AGGTCCACCACTGACACGTTG 

19 

21 

95ºC, 10 s  

60ºC, 10 s  

72ºC, 40 s 

 

The data from LC-MS/MS was first analyzed by DeCyder MS Differential Analysis software for 

protein quantitation based on the intensity of each MS signal. Next, protein identification was analyzed by 

Mascot software (Matrix Science, London, UK) searching against Homo sapiens protein using UniprotKB 

database. Then, PANTHER database along with UniprotKB database were used for categorizing proteins 

into different types, for example, biological regulation, metabolic process, immune system process, or 

apoptotic process, etc. (22). The protein quantitation was conducted using heat map visualization from 

Multi-Experiment Viewer (MeV) software (23). In addition, the possibility of the interaction between 

apoptotic phosphoproteins and sesamin was studied by using STITCH database which is a bioinformatics 

tool to study the relation between protein-protein and protein-chemical interaction (24).  

Statistical analysis 
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The triplicated experiments were performed where each effect result was compared against the control 

(untreated cell) and resulted as a mean ± SEM. The statistical analysis was conducted by student t-test using 

SPSS statistical program (SPSS Inc., Chicago, IL, USA) with statistically significant differences at *, p-

value < 0.05; **, p-value < 0.01; ***, p-value < 0.001. 

Results 

Effect of sesamin on leukemic cell inhibition 

MTT assay was used to measure the percentage of cell inhibition of sesamin treated leukemic cells. 

Following sesamin treatment at 24 hours and 48 hours, the results of cell inhibition showed significantly 

increasing in both MOLT-4 and NB4 leukemic cell lines with dose- and time-dependent manner. The IC50 

at 48 hours of incubation for MOLT-4 was 104.84 µg/ml whereas NB4 had higher value at 121.00 µg/ml. 

Peripheral blood mononuclear cells (PBMC) were extracted by Ficoll-Hypaque separation as normal cells 

and treated with sesamin at various concentrations 0, 50, 100, and 200 µg/ml, following 48 hours incubation. 

Untreated cells (medium without sesamin) were assigned as an internal control. Then, the activity of cell 

inhibition was measured by MTT assay where the results showed no significant increase of PBMC’s cell 

inhibition after sesame treatment (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Cytotoxic effects of sesamin on (a) MOLT-4 and (b) NB4 cell line after 24 hour and 48 hour treatments compare with PBMC 

cells after 48 hour treatment. The results showed the percentage of cell inhibition measured by MTT assay. IC50 at 48 hours for 

MOLT-4 and NB4 were reported as 104.84 and 121.00 µg/mL, respectively. Data were expressed as the mean±SD of independently 

three experiments. The differences between sesamin treated and untreated were examined for the statistical significance: *, p < 0.05; 

**, p < 0.01; ***, p < 0.001. 

Effect of sesamin on apoptotic gene expression 

MOLT-4 and NB4 leukemic cell lines were treated with sesamin for 48 hours at their IC50 concentration 

of 100 and 120 µg/mL, respectively. Untreated cells were used as an internal control. Gene expression was 

analyzed using real time quantitative PCR assay. The results showed that pro-apoptotic gene expression of 

caspase-3, -7, -8, and -9, were significantly up regulated whereas BCL-2, an anti-apoptotic gene, was 

adversely down regulated in both MOLT-4 and NB4 cell lines (Figure 2). 
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Effect of sesamin on phosphoproteins profile in MOLT-4 and NB4 

Phosphoprotein profile of sesamin treated cells and untreated cells in MOLT-4 and NB4 were identified 

by LC-MS/MS. Number of phosphoproteins found in both MOLT-4 and NB4 after sesamin treatment were 

reported to be 79 in total. Using the criteria of presenting in sesamin treated cells but not in untreated, 

showed sets of 14 phosphoproteins presented in MOLT-4 treated cells and 14 phosphoproteins presented in 

NB4 treated cells in Venn diagram (Figure 3). PANTHER and UniprotKB database were used to categorize 

the biological process of these phosphoproteins (Tables 2, 3). 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. The relative normalized expression of apoptotic genes in (a) MOLT-4 and (b) NB4 after sesamin treatment at IC50 values of 

100 and 120 µg/mL, respectively, for 48 hours. The experiment was determined by Real-time PCR. Data were expressed as the 

mean±SEM of three independent experiments. The differences between sesamin treated and untreated were examined for the 

statistical significance: *, p < 0.05; **, p < 0.01. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Venn diagram shows a set of 14 phosphoproteins present only in sesamin treated MOLT-4 (blue) and a different set of 14 

phosphoproteins present only in sesamin treated NB4 (yellow). 
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Table 2. A list of 14 phosphoproteins with their biological functions expressed only in MOLT-4 treated with 

sesamin analyzed from PANTHER and UniprotKB database. 

Protein name 
Accession 

number 
Biological function 

Phenylalanine-4-hydroxylase  gi|4557819 Enzyme regulation 

Interleukin-1 receptor type 1 isoform X7 gi|530368626 
Mediates interleukin-1-dependent activation 

of NF-kappa-B, MAPK and other pathways. 

S67384_1 preprogastrin-releasing peptide, partial  gi|4261690 Unknown 

Family with sequence similarity 86, member C, 

isoform CRA_h  
gi|119595208 Unknown 

hCG2041389  gi|119604326 Unknown 

PARP4 protein  gi|118142848 Cell death 

VIP36-like protein isoform X1 gi|578804985 
Regulation of export from the ER of 

glycoproteins 

Unnamed protein product  gi|158255130 Unknown 

CLIP-associating protein 2 isoform X25 gi|578805860 Regulation of Cell cycle/Cell division 

Chain B, Crystal Structure Of The Kix Domain 

Of Human Recql5  
gi|512125382 DNA replication, transcription and repair 

hCG2041708  gi|119632065 Unknown 

Chain A, Nmr Structure Of The C-Terminal Pas 

Domain Of Hif2a 
gi|159162817 Transcription regulation 

Nuclear antigen H731 gi|1825562 Programmed cell death 4 

Unnamed protein product  gi|40039962 Unknown 

 

Table 3. A list of 14 phosphoproteins with their biological functions expressed only in NB4 treated with sesamin 

analyzed from PANTHER and UniprotKB database. 

Protein name 
Accession 

number 
Biological function 

hCG2036718 gi|119571777 Unknown 

Zinc finger protein 622 gi|15529978 Positive regulation of apoptotic process 

Zinc finger protein 711 isoform X5 gi|578838469 
Transcription regulator required for brain 

development 

Lysine-specific demethylase 4A isoform X3 gi|530363648 Histone demethylation 

Unnamed protein product gi|40043974 Unknown 

Unnamed protein product gi|40980138 Unknown 

Syntaxin binding protein 1 variant gi|62087940 Regulation of synaptic vesicle docking/fusion 

Inositol-pentakisphosphate 2-kinase gi|12232423 inositol phosphate metabolic process 

Basic proline-rich protein-like gi|578805478 Unknown 

hCG2041389 gi|119604326 Unknown 

Phenylalanine-4-hydroxylase gi|4557819 Enzyme regulation 

Family with sequence similarity 86, member 

C, isoform CRA_h 
gi|119595208 Unknown 

CLIP-associating protein 2 isoform X25 gi|578805860 Regulation of Cell cycle/Cell division 

Unnamed protein product  gi|40039962 Unknown 
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These individual phosphoproteins were further analyzed for the quantitative expression in various times 

after sesamin treatment using heatmap visualization from MeV software (Figure 4). The result showed that 

several phosphoproteins were upregulated in comparison with the untreated sample. Among the upregulated 

phosphoproteins, there were some proteins involved in cell death pathway such as PARP4 in MOLT-4 or 

inositol pentakisphosphate-2-kinase (IPPK) in NB4. 

The interaction between apoptotic proteins and chemotherapeutic drug  

To study the involvement between caspase family proteins, selected phosphoproteins and anti-cancer 

drugs, bioinformatics analysis was performed. The results showed the interaction observed between the 

BCL-2, caspase family proteins, PARP4, IPPK, and the doxorubicin, a cancer chemotherapy drug  

(Figure 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Heatmap of phosphoproteins with significant difference in expression of (A) MOLT-4 and (B) NB4 treated with sesamin in 

various times compare with the control. The color indicates the expression level from low (green) to high (red). The blue arrow 

indicates the selected phosphoproteins. 
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Fig. 5. The schematic diagram shows the interactions between sesamin, caspase-3 (CASP3), caspase-7 (CASP7), caspase-8 

(CASP8), caspase-9 (CASP9), BCL-2, and selected phosphoprotein; PARP4 and IPPK, in MOLT-4 and NB4 leukemic cell lines 

using STITCH database. The round shape represents protein. The oval shape represents chemical. Red circle indicates selective 

proteins. Red dashed circle indicates selective chemicals. 

Discussion 

Apoptosis is a programmed cell death (PCD) which plays a role in regulating the homeostasis of 

hematopoietic system by keeping the equilibrium between cell proliferation and cell death. Accordingly, 

the apoptosis reduction or growing proliferation may lead to an event of cancer (25). Then, the enhancement 

of apoptosis level which conceivably executed by various therapies is one of a mean to treat cancer. 

Conventional chemotherapy has been used for cancer treatment. However, it causes adverse effects to the 

patients (20). Therefore, natural compounds and herbs have been recently developed as an alternative 

treatment and a new cancer therapeutic.  

Several evidence showed numerous therapeutic activities by sesamin comprising anti-hypertensive, 

anti-oxidant, anti-inflammatory, and anti-cancer (1). By focusing on cancer, there are many previous studies 

that reported the ability of sesamin on anti-cancer in different types of cell lines. Sesamin can inhibit cell 

proliferation by enhancing growth arrest at G1 phase in cell cycle progression and apoptosis in breast cancer 

cell line (T-47D and MCF-7), transformed renal cell line (293T), immortalized keratinocyte cell line 

(HaCaT), melanoma cell line (UACC-62), osteosarcoma cell line (MG63), and lung cancer cell line (A549 
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and H1792) (12-14). It also promotes cell cycle arrest at G2/M phase and induces apoptosis of HepG2 liver 

cancer cell line through STAT3 signaling pathway (11) with dose-dependent manner. Conversely, the 

mechanism of sesamin treated leukemic cells is still uncertain. In this study, sesamin demonstrated anti-

cancer properties to MOLT-4 and NB4 leukemic cell lines. 

Sesamin could enhance cell inhibition and promote cell apoptosis in both MOLT-4 and NB4 leukemic 

cell lines in dose- and time-dependent manner. However, there is a minimal cytotoxic effect on normal 

PBMC. Similarly, the report (26) also showed sesamin with less cytotoxicity in PBMCs.  

Apoptosis could be triggered by many pathways. Based upon the caspase involvement, it was classified 

into two major pathways as caspase-independent pathway and caspase-dependent pathway. The caspase-

independent pathway can occur when in the case that mitochondria membrane potential change was induced 

by death stimulus. There are many ligands and cell death stimuli involved in this pathway such as drug, 

virus infection, granzyme A, and some free radical groups. It leads to the creation of reactive oxygen species 

(ROS) or the release of AIF and endonuclease G factor, which translocated to nuclear for DNA cleavage 

and exerted apoptosis. On the other hand, the caspase-dependent pathway involves caspases participation 

in both intrinsic- and extrinsic-apoptotic signaling pathway. Intrinsic pathway promotes the apoptosis 

process through mitochondria by activating the mitochondrial outer membrane permeabilization (MOMP) 

and the proteins on its membrane such as BCL-2, Bax, etc. Then, cytochrome c releases and activates 

caspase-9 and caspase-3/7 to exert the apoptosis. Besides, the extrinsic apoptotic pathway is promoted by 

death ligands through caspase-8 and caspase-3/7. However, caspase-8 can also drive through a pro-apoptotic 

factor, called Bid, and induces the release of cytochrome c from MOMP leading to the activation of caspase-

9 and caspase-3 as similar as the intrinsic pathway (27-29).   

Results from this study showed that sesamin causes down regulation of BCL-2 and up-regulation of 

caspase-3, -7, -8, and -9 gene expression in both MOLT-4 and NB4 leukemic cell lines. BCL-2, as an anti-

apoptotic gene located on mitochondrial membrane, prevents the release of mitochondrial apoptotic factors 

for example cytochrome c and AIF into the cytoplasm and thus plays an important role in inhibiting the 

apoptosis process. On the other hand, caspase cascade takes part in promoting all perspective of apoptosis. 

Caspase-8 and caspase-9 act as an upstream caspase coupling the apoptosis stimuli to the downstream 

caspases; caspase-3 and caspase-7, which then triggered cell death with apoptosis morphological features. 

Caspase-8 is accountable for the extrinsic pathway that initiates apoptosis by trans membrane death 

receptors, for example Fas receptor, TNF receptor, and TRAIL receptor. Caspase-9 is an intrinsic pathway 

caspase activated from MOMP and the release of cytochrome c, which then leads to the cleavage and the 

activation of executioner caspases (30, 31). Caspase-3 and caspase-7 are the executioner caspases with a 

distinct function in apoptosis. Caspase-3, which considered as a major executioner caspase of apoptosis, is 

responsible for the initiation of apoptotic degradation phase, whereas caspase-7 is engaged in cell 

detachment that helped remove apoptotic cells from extracellular matrix. However, working together 

between caspase-3 and caspase-7 would induce and execute the apoptosis effectively (32). Thus, the 

induction and the execution of apoptosis processes were regulated by BCL-2 and caspase family genes. 

Ultimately, the results of this study demonstrated that sesamin treatment in MOLT-4 and NB4 were involved 

in caspase-dependent cascade apoptosis signaling pathway. 
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Sesamin also affect the leukemic cells in protein level. Interestingly, few phosphoproteins were up- 

regulated in sesamin treated MOLT-4 and NB4 cells were identified to be involved in apoptosis pathway. 

There was poly (ADP-ribose) polymerase family member 4 (PARP4) that was upregulated from the control 

sample in MOLT-4 leukemic cell line. PARPs are a family of protein composed of 17 members that were 

associated with many cell regulations such as DNA repair, gene stability or apoptosis. There are many 

studies that reported PARP was found to be involved in programmed cell death (33-35). PARP had also 

been studied together with p53, a tumor suppressor protein, and caspase-3 in their interaction in rat models 

after irradiation. It found that PARP, p53, and caspase-3 expression were up regulated and highly 

coordinated during apoptosis process (36). In PARPs family, PARP1 is the major protein in the family that 

plays a crucial role in apoptosis. However, other PARP family members were also reported to have taken 

part in cell death (34). PARP4 is grouped in a different category from other PARPs members by their 

structure but it also may serve as a tumor suppressor protein like the others (37). Previous study also reported 

about PARP4 and its potential to play the role as a tumor suppressor when PARP4 knockdown has enhanced 

the cell proliferation in HCC1143 breast cancer cells (38). These data can support our study that PARP4 

could be involved in apoptosis induction in sesamin treatment of leukemic cells. 

While in NB4 cells, there was a high expression of inositol-pentakisphosphate 2-kinase (IPPK) 

upregulating the sesamin treated cell. IPPK is an enzyme that phosphorylates inositol pentakisphosphate 

(InsP5) at position 2 to form inositol hexakisphosphate (InsP6). There were some previous studies that 

showed the evidence of InsP6 activity in human cancer cell lines that InsP6 was able to reduce cell 

proliferation rate in both Jurkat acute lymphoblastic leukemia cells (39) and A2058 melanoma cells (40). 

InsP6 and Ins could enhance the anti-cancer activity and control the metastasis of cancer on in vivo study 

(41). InsP6 was also reported responsible for inhibiting the activation of phosphoinositide 3-kinase 

(PI3K)/Akt which plays the roles in cell survival and proliferation process and also for giving a cytotoxic 

effect inducing apoptosis to cancer cells (42). Interestingly, IPPK was found to have a function associated 

with cullin-RING ligase (CRL) regulation in various cellular activities, including CRL neddylation that 

plays a role as an anti-cancer target (43).  These data indicated that the up regulation of IPPK could be 

involved in inositol metabolism pathway which was associated with apoptosis pathway leading to the cell 

death. 

The STITCH database tool was used to demonstrate the relationship between these selective apoptotic 

proteins, anti-cancer drug and sesamin. The data showed the interaction of indirect linkage between sesamin, 

PARP4, IPPK, BCL-2 and caspase family proteins; caspase-3, caspase-7, caspase-8, and caspase-9. 

Nonetheless, an anti-cancer drug called doxorubicin was observed to share mutual protein targets as 

sesamin. Doxorubicin is a cancer chemotherapy drug commonly used in the treatment of cancers, including 

leukemia. Doxorubicin can induce apoptosis in several types of cancer cells such as hepatoma cell lines 

(44), breast cancer cell lines (45), and acute lymphoblastic leukemia cell lines (46) via p53 and caspase 

activation. It also targeted programmed cell death 4 on apoptosis induction in HCT116 colon carcinoma 

cells and A375 melanoma cells (47). In addition, the effect of doxorubicin had been studied in various cancer 

cell types whose results showed the increasing level of pro-apoptotic or tumor suppressor phosphoproteins 

and supported its role in an anti-cancer activity (48). 
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From previous study (49), it reported the effect of sesamin on the induction of both apoptosis and 

autophagy in MOLT-4 and NB4 leukemic cell lines. It predicted the protein-chemical interaction between 

sesamin and target proteins using bioinformatic analysis, which showed the connection of apoptotic protein 

(caspase-3) and autophagic proteins (mTOR, and ULK1). In the present study, the phosphoproteomics and 

mass spectrometry, followed by bioinformatic technology were used to identify novel targeted anti-cancer 

phosphoproteins; PARP4 and IPPK. Furthermore, apoptotic gene expression was investigated using real-

time PCR. It revealed that sesamin up regulated caspases-3, -7, -8, -9 and BCL-2, which were involved in 

both extrinsic and intrinsic apoptosis in sesamin-treated leukemic cell lines.  

In conclusion, sesamin possesses an ability to enhance cell inhibition and promotes cell apoptosis in 

both MOLT-4 and NB4 leukemic cell lines in dose- and time-dependent manner with no significant decrease 

of the cell viability in normal PBMCs.  The induction and execution of apoptosis process demonstrated that 

sesamin treatment in MOLT-4 and NB4 were involved in caspase-dependent apoptosis signaling pathway. 

This study reports on the effect of sesamin playing a role in apoptosis pathway through BCL-2, caspase 

family proteins, PARP4, and IPPK in MOLT-4 and NB4 leukemic cell. Additionally, sesamin was found to 

share the same target proteins with doxorubicin, which suggests potential use of sesamin in reducing the 

side effects or synergizing the cytotoxic effect of doxorubicin in leukemic patients. In the future, sesamin 

could be possibly developed as an alternative drug for leukemia treatment. However, further investigation 

on in vivo study or clinical samples is required. 

Acknowledgment 

We are grateful to the following: Department of Clinical Microscopy, Faculty of Medical Technology, 

Mahidol University, and National Center for Genetic Engineering and Biotechnology (BIOTEC), for their 

expertise and assistance throughout our study as well as the support of the 60th Year Supreme Reign of His 

Majesty King Bhumibol Adulyadej, and Graduate Studies of Mahidol University Alumni Association 

scholarships. 

Conflicts of Interest 

There are no conflicts of interest to disclose as well as no significant financial support for this research 

that could have influenced its outcome. 

References 

1. Dar AA, Arumugam N. Lignans of sesame: purification methods, biological activities and biosynthesis--a review. Bioorg Chem 

2013;50:1-10. 

2. Andargie M, Vinas M, Rathgeb A, et al. Lignans of Sesame (Sesamum indicum L.): A Comprehensive Review. Molecules 

2021;26. 

3. Tada M, Ono Y, Nakai M, et al. Evaluation of antioxidative effects of sesamin on the in vivo hepatic reducing abilities by a 

radiofrequency ESR method. Anal Sci 2013;29:89-94. 

4. Bournival J, Plouffe M, Renaud J, et al. Quercetin and sesamin protect dopaminergic cells from MPP+-induced 

neuroinflammation in a microglial (N9)-neuronal (PC12) coculture system. Oxid Med Cell Longev 2012;2012:921941. 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
11

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

7-
06

 ]
 

                            12 / 15

http://dx.doi.org/10.22088/IJMCM.BUMS.11.1.1
https://ijmcmed.org/article-1-1886-en.html


13                                                                                                    Sesamin induces apoptosis in leukemic cells/ Wannapruk P, et al 

International Journal of Molecular and Cellular Medicine. 2022; 11(1): 1-15 

5. Majdalawieh AF, Dalibalta S, Yousef SM. Effects of sesamin on fatty acid and cholesterol metabolism, macrophage cholesterol 

homeostasis and serum lipid profile: A comprehensive review. Eur J Pharmacol 2020;885:173417. 

6. Wu MS, Aquino LBB, Barbaza MYU, et al. Anti-Inflammatory and Anticancer Properties of Bioactive Compounds from 

Sesamum indicum L.-A Review. Molecules 2019;24. 

7. Wan Y, Li H, Fu G, et al. The relationship of antioxidant components and antioxidant activity of sesame seed oil. J Sci Food 

Agric 2015;95:2571-8. 

8. Aquino LBB, HSIEH C-Y, HSIEH C-L, et al. Antioxidant and anti-inflammation activities of bioactive compounds extracted 

and isolated from ethanol extract of sesamum indicum L. Plant Cell Biotechnol Mol Biol 2020;21:115-28. 

9. Dalibalta S, Majdalawieh AF, Manjikian H. Health benefits of sesamin on cardiovascular disease and its associated risk factors. 

Saudi Pharm J 2020;28:1276-89. 

10. Watanabe H, Yamaori S, Kamijo S, et al. In Vitro Inhibitory Effects of Sesamin on CYP4F2 Activity. Biol Pharm Bull 

2020;43:688-92. 

11. Deng P, Wang C, Chen L, et al. Sesamin induces cell cycle arrest and apoptosis through the inhibition of signal transducer and 

activator of transcription 3 signalling in human hepatocellular carcinoma cell line HepG2. Biol Pharm Bull 2013;36:1540-8. 

12. Siao AC, Hou CW, Kao YH, et al. Effect of sesamin on apoptosis and cell cycle arrest in human breast cancer mcf-7 cells. Asian 

Pac J Cancer Prev 2015;16:3779-83. 

13. Yokota T, Matsuzaki Y, Koyama M, et al. Sesamin, a lignan of sesame, down-regulates cyclin D1 protein expression in human 

tumor cells. Cancer Sci 2007;98:1447-53. 

14. Chen Y, Li H, Zhang W, et al. Sesamin suppresses NSCLC cell proliferation and induces apoptosis via Akt/p53 pathway. 

Toxicol Appl Pharmacol 2020;387:114848. 

15. Harikumar KB, Sung B, Tharakan ST, et al. Sesamin manifests chemopreventive effects through the suppression of NF-kappa 

B-regulated cell survival, proliferation, invasion, and angiogenic gene products. Mol Cancer Res 2010;8:751-61. 

16. Rojanamatin J, Ukranun W, Supaattagorn P, et al. Cancer in Thailand Vol.X, 2016-2018. Medical Record and Databased Cancer 

Unit, National Cancer Institute Thailand; 2021. 

17. Albrecht TA. Physiologic and psychological symptoms experienced by adults with acute leukemia: an integrative literature 

review. Oncol Nurs Forum 2014;41:286-95. 

18. Zimmermann C, Yuen D, Mischitelle A, et al. Symptom burden and supportive care in patients with acute leukemia. Leuk Res 

2013;37:731-6. 

19. Siegel RL, Miller KD, Fuchs HE, et al. Cancer Statistics, 2021. CA Cancer J Clin 2021;71:7-33. 

20. Nurgali K, Jagoe RT, Abalo R. Editorial: Adverse Effects of Cancer Chemotherapy: Anything New to Improve Tolerance and 

Reduce Sequelae? Front Pharmacol 2018;9:245. 

21. Souza GC, Franchi J.r GC, Nowill AE. Synthesis, Characterization and in vitro Anticancer Activity of Novel8,4’-Oxyneolignan 

Analogues. J Braz Chem Soc 2017;28:2229-43. 

22. Mi H, Muruganujan A, Casagrande JT, et al. Large-scale gene function analysis with the PANTHER classification system. Nat 

Protoc 2013;8:1551-66. 

23. Howe E, Holton K, Nair S, et al. Mev: multiexperiment viewer.  Biomedical informatics for cancer research: Springer; 2010. p. 

267-77. 

24. Szklarczyk D, Santos A, von Mering C, et al. STITCH 5: augmenting protein-chemical interaction networks with tissue and 

affinity data. Nucleic Acids Res 2016;44:D380-4. 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
11

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

7-
06

 ]
 

                            13 / 15

http://dx.doi.org/10.22088/IJMCM.BUMS.11.1.1
https://ijmcmed.org/article-1-1886-en.html


Sesamin induces apoptosis in leukemic cells/ Wannapruk P, et al                                                                                                    14 

International Journal of Molecular and Cellular Medicine. 2022; 11(1): 1-15 

25. Polychronakis I, Dounias G, Makropoulos V, et al. Work-related leukemia: a systematic review. J Occup Med Toxicol 

2013;8:14. 

26. Banjerdpongchai R, Yingyurn S, Kongtawelert P. Sesamin Induces Human Leukemic Cell Apoptosis via Mitochondrial and 

Endoplasmic Reticulum Stress Pathways. World J Oncol 2010;1:78-86. 

27. Wen X, Lin ZQ, Liu B, et al. Caspase-mediated programmed cell death pathways as potential therapeutic targets in cancer. Cell 

Prolif 2012;45:217-24. 

28. Sun H, Yang S, Li J, et al. Caspase-independent cell death mediated by apoptosis-inducing factor (AIF) nuclear translocation is 

involved in ionizing radiation induced HepG2 cell death. Biochem Biophys Res Commun 2016;472:137-43. 

29. Do BH, Nguyen TPT, Ho NQC, et al. Mitochondria-mediated Caspase-dependent and Caspase-independent apoptosis induced 

by aqueous extract from Moringa oleifera leaves in human melanoma cells. Mol Biol Rep 2020;47:3675-89. 

30. Parrish AB, Freel CD, Kornbluth S. Cellular mechanisms controlling caspase activation and function. Cold Spring Harb Perspect 

Biol 2013;5. 

31. McIlwain DR, Berger T, Mak TW. Caspase functions in cell death and disease. Cold Spring Harb Perspect Biol 2013;5:a008656. 

32. Brentnall M, Rodriguez-Menocal L, De Guevara RL, et al. Caspase-9, caspase-3 and caspase-7 have distinct roles during 

intrinsic apoptosis. BMC Cell Biol 2013;14:32. 

33. Diamantopoulos PT, Sofotasiou M, Papadopoulou V, et al. PARP1-driven apoptosis in chronic lymphocytic leukemia. Biomed 

Res Int 2014;2014:106713. 

34. Hong SJ, Dawson TM, Dawson VL. PARP and the release of apoptosis-inducing factor from mitochondria.  Poly (ADP-Ribosyl) 

ation: Springer; 2006. p. 103-17. 

35. Virag L, Robaszkiewicz A, Rodriguez-Vargas JM, et al. Poly(ADP-ribose) signaling in cell death. Mol Aspects Med 

2013;34:1153-67. 

36. Akpolat M, Oz ZS, Gulle K, et al. X irradiation induced colonic mucosal injury and the detection of apoptosis through PARP-

1/p53 regulatory pathway. Biomed Pharmacother 2020;127:110134. 

37. Annunziata CM, O'Shaughnessy J. Poly (ADP-ribose) polymerase as a novel therapeutic target in cancer. Clin Cancer Res 

2010;16:4517-26. 

38. Ikeda Y, Kiyotani K, Yew PY, et al. Germline PARP4 mutations in patients with primary thyroid and breast cancers. Endocr 

Relat Cancer 2016;23:171-9. 

39. de Lima EM, Kanunfre CC, de Andrade LF, et al. Cytotoxic effect of inositol hexaphosphate and its Ni(II) complex on human 

acute leukemia Jurkat T cells. Toxicol In Vitro 2015;29:2081-8. 

40. Wawszczyk J, Kapral M, Lodowska J, et al. Antiproliferative Effect of Inositol Hexaphosphate on Human Skin Melanoma Cells 

in Vitro. Acta Pol Pharm 2015;72:895-900. 

41. Fu M, Song Y, Wen Z, et al. Inositol Hexaphosphate and Inositol Inhibit Colorectal Cancer Metastasis to the Liver in BALB/c 

Mice. Nutrients 2016;8. 

42. Liu G, Song Y, Cui L, et al. Inositol hexaphosphate suppresses growth and induces apoptosis in HT-29 colorectal cancer cells 

in culture: PI3K/Akt pathway as a potential target. Int J Clin Exp Pathol 2015;8:1402-10. 

43. Rao F, Lin H, Su Y. Cullin-RING Ligase Regulation by the COP9 Signalosome: Structural Mechanisms and New Physiologic 

Players. Adv Exp Med Biol 2020;1217:47-60. 

44. Wang G, Zhang J, Liu L, et al. Quercetin potentiates doxorubicin mediated antitumor effects against liver cancer through 

p53/Bcl-xl. PLoS One 2012;7:e51764. 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
11

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

7-
06

 ]
 

                            14 / 15

http://dx.doi.org/10.22088/IJMCM.BUMS.11.1.1
https://ijmcmed.org/article-1-1886-en.html


15                                                                                                    Sesamin induces apoptosis in leukemic cells/ Wannapruk P, et al 

International Journal of Molecular and Cellular Medicine. 2022; 11(1): 1-15 

45. Pilco-Ferreto N, Calaf GM. Influence of doxorubicin on apoptosis and oxidative stress in breast cancer cell lines. Int J Oncol 

2016;49:753-62. 

46. Mendivil-Perez M, Velez-Pardo C, Jimenez-Del-Rio M. Doxorubicin induces apoptosis in Jurkat cells by mitochondria-

dependent and mitochondria-independent mechanisms under normoxic and hypoxic conditions. Anticancer Drugs 2015;26:583-98. 

47. Zhang D, Shi Z, Li M, et al. Hypoxia-induced miR-424 decreases tumor sensitivity to chemotherapy by inhibiting apoptosis. 

Cell Death Dis 2014;5:e1301. 

48. Gratia S, Kay L, Potenza L, et al. Inhibition of AMPK signalling by doxorubicin: at the crossroads of the cardiac responses to 

energetic, oxidative, and genotoxic stress. Cardiovasc Res 2012;95:290-9. 

49. Deesrisak K, Chatupheeraphat C, Roytrakul S, et al. Autophagy and apoptosis induction by sesamin in MOLT-4 and NB4 

leukemia cells. Oncol Lett 2021;21:32. 

 

 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
11

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

7-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            15 / 15

http://dx.doi.org/10.22088/IJMCM.BUMS.11.1.1
https://ijmcmed.org/article-1-1886-en.html
http://www.tcpdf.org

