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ABSTRACT

Diffuse Large B-Cell Lymphoma (DLBCL) is an aggressive type of non-Hodgkin's lymphoma and has a poor prognosis,
but still has the potential to be cured with combination chemotherapy, but has a high rate of resistance and recurrence.
Resistance to apoptosis is the main reason for the occurrence of chemoresistance in DLBCL is associated with the
inhibition of the modulation of the apoptotic signaling pathway. Pasak bumi (Eurycoma longifolia) is one of the native
Indonesian plants which has anti-cancer potential by inducing the apoptosis pathway mechanism, with one of the
contents of pasak bumi root, namely eurycomanol which has been proven to be cytotoxic in solid tumors. Protein
tracking was carried out using the UniProt database (https://www.uniprot.org/), with the bioactive components of pasak
bumi and STAT-3 as target proteins. Molecular docking was carried out using Patchdock Server and antioxidant activity
(https://services.healthtech.dtu.dk/service.php? AnOxPePred-1.0) to determine affinity and interactions with target
proteins in cancer cells. Researchers found that the peptide (quassionoid/flavonoid) eurycomanol content in pasak bumi
has the potential to modulate apoptosis pathway in its role as an anti-cancer through stimulation of pro-apoptotic genes
and inhibition of anti-apoptotic genes by activating JAK-STAT Pathways.
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INTRODUCTION

Diffuse Large B-Cell Lymphoma (DLBCL) is a type of
mature B cell non-Hodgkin's lymphoma that has separate
entity based on classification and It is a malignant disease
that very heterogeneous with classification in terms of
cytology, immunophenotype, genetic and clinical
features.!"** Diffuse Large B-Cell Lymphoma (DLBCL) is
one of the hematological malignancies and is the most
common type of lymphoma of all types of non-Hodgkin's
lymphoma, accounting for 38-50% of the total number of
lymphoma cases each year.*>¢

Diffuse Large B-Cell Lymphoma (DLBCL) is an
aggressive type of non-Hodgkin's lymphoma and has a
poor prognosis, but still has the potential to be cured with

combination chemotherapy.”® The standard chemotherapy
for non-Hodgkin's lymphoma since 1970, namely CHOP,
consists of cyclophosphamide, hydroxydaunorubicin
(doxorubicin), vincristine and prednisone with a complete
response rate of 40%-50%. So far, although DLBCL
treated with standard CHOP chemotherapy has the
potential to be cured and has a high remission rate, there
are around 30% of non-Hodgkin's lymphoma cases that do
not respond to CHOP therapy due to resistance and even
disease progression occurs until death occurs. Front line
DLBCL chemotherapy is the CHOP protocol which
combined with the anti-CD20 monoclonal antibody
rituximab (R). Rituximab is chimeric monoclonal
antibodies directed against the B cell antigen CD20. CD20
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is thought to be involved in the regulation of intracellular
calcium, cell cycle, and apoptosis via several mechanisms,
including cellular cytotoxicity antibody-dependent direct
(ADCC), complement-mediated cell death, and apoptotic
signals. 101112

Resistance to apoptosis is the main reason for
chemoresistance in DLBCL, and also one of the important
targets for improving therapy in DLBCL is the modulation
of apoptotic signaling pathways. Apoptosis is the main
type of cell death in tumor cells which plays an important
role in cancer therapy and prevents the development or
progression of cancer cells. Apoptosis is programmed cell
death, which begins after damage to DNA and other cell
organelles, such as mitochondria and the endoplasmic
reticulum. One of the mechanisms used by cancer cells to
survive is to prevent apoptosis. Tumor growth is basically
an imbalance between cell proliferation and death. One
form of cell death that is easily detected and frequently
evaluated is apoptosis. Apoptosis can be turned on and off
by various genes. Deregulation of genes involved in the
activation or execution of the apoptosis process can cause
cell radioresistance and chemoresistance. Apoptosis is
regulated by the protein BCL-2 (B-cell lymphoma-2)
family which mainly works at the mitochondrial level.
Strong BCL2 expression indicates a build up of BCL2
protein in the cytoplasm, thereby disrupting the apoptosis
process and can cause chemoresistance so that tumor cells
continue to proliferate and sufferers can die from the
disease, 13141516

p53 mutations are one of the main causes of resistance to
chemotherapy. p53 plays a central role in inducing
apoptosis. pS3 istumor suppressor geneswho acts astumor
suppressorswhich is coded for by the TP53 gene by
preventing the development of damaged cells. p53 is the
gene mutation most often associated with cancer and is
also referred to as “the guardian of the genome”. p53 is an
important tumor suppressor protein with dual activity as a
transcriptional activator and suppressor associated with
cell proliferation, DNA repair, and cell malignancy.
Upregulation of p53 can inhibit cell proliferation through
cell cycle arrest (in the G2 phase) and induces apoptosis in
cancer cells. p53 plays an important role in inducing
apoptosis in precancerous and tumor cells. This can
weaken the function of BCL-2 through the activation of
PUMA and NOXA, which leads to the activation of BAX
and the penetration of BAX into the mitochondria causing
the release of cytochrome C. Chemotherapy agents will
cause DNA damage and induce the release of cytochrome
C controlled by p53 from the mitochondria, which then
binds to APAF-1 (apoptosis activating factor-1). This
binding causes activation of caspase-9, followed by
activation of caspase-3 and the cell will undergo apoptosis.
Increased resistance to the cytotoxic effects of
chemotherapy or radiotherapy may be the result of

decreased p53 levels. If there is degradation of p53
function, the carcinogenesis process will proceed without
control by p53. Loss of normal p53 function causes
decreased resistance to the cell cycle and decreased
apoptosis, thereby increasing the ability of cell
proliferation and increasing the progression of cancer
cells. Apoptosis is a marker of survival and assessment of
response to therapy. Because of the effect tumor
suppressive its powerful target, pS3
molecular/pharmacological importance for therapy in
DLBCL.">"7

Various studies related to anti-cancer plants have been
carried out earth stake (Eurycoma longifolia) is one of the
native Indonesian plants which has anti-cancer potential.
Eurycoma longifolia also shows strong antiproliferative
and anticancer activity against various strains solid tumors
such as cancers such as hepatocellular carcinoma,
malignant melanoma, cervical cancer, ovarian cancer,
breast cancer, colon cancer and lung cancer.!®!%-20.21.22
Pasak bumi contains 16 active compounds which have
anti-cancer potential. One of the contents of pasak bumi
root, namely eurycomanol, has been proven to be
cytotoxic in cultured cancer cells A-549, MCF-7,
fibrosarcoma, melanoma, colon cancer and can induce
apoptosis. Pasak bumi's active ingredients which also have
the potential to be used in cancer treatment are quassinoid
and chantin by inducing apoptotic mechanisms, both
through extrinsic and intrinsic pathways in prostate cancer
patients by interacting directly with the BH3 domain of
BCL-2 which plays a pro-apoptotic role. So far, research
on the role of pasak bumi as an anticancer has been widely
carried out on solid tumors, but on hematological
malignancies, especially lymphoma, it has never been
carried out. including the apoptosis pathway. Therefore,
we conducted this insilico research to identify the potential
content of pasak bumi, especially in its effect on the
apoptosis pathway.
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Figure 1. Structure of Eurycomanol

Figure 2. J4 K-STAT Signaling pathway Eurycomanol

The main mechanism of cytotoxicity of Pasak Bumi and
its bioactive compounds is the induction of apoptosis
(programmed cell death) through up-regulation of p53
expression (tumor suppressor proteins) and pro-apoptotic
proteins (BAX), anddownregulation expression of anti-
apoptotic protein (BCL-2) with parameters early apoptosis
(Annexin-V positive). Research on the use of Pasak Bumi
extract (Eurycoma longifolia) has been done a lot on solid
tumors, but there has been no research on the use of Pasak
Bumi extract (Eurycoma longifolia) in hematological
malignancies such as lymph node cancer DLBCL.?*?
Efforts to modulate the apoptotic pathway in
tumorigenesis through interventions providing potential
natural ingredients are one of the potential supportive
therapies in preventing and increasing the effectiveness of
therapy in cancer, especially DLBCL.

16 Medicinal compounds having

anticancer activity

Eurycoma Longifolia

Isolation

Extraction 7.

glucopyranosice
4
Figure 3. Modulation of apoptosis Eurycoma longifolia
MATERIAL AND METHOD

Root& Leaves

This research uses a comprehensive database containing
information about the bioactive components of pasak
bumi, by carrying out molecular docking simulations to
determine affinity and interactions with target proteins in
cancer cells. Then a computational model was used to
predict the signaling pathways affected by these

components and their impact on the mechanisms of
apoptosis and cell proliferation was analyzed. Docking of
the protein interaction of eurocumanon with STAT3,
interaction of eurocumanon with PDGF receptor alpha,
interaction of eurycumalactone with STAT3, interaction of
eurycumalactone with PDGF receptor alpha, interaction of
eurycomanol with STAT3, interaction of eurycomanol
with PDGF receptor alpha, interaction of 13,21-
dihydroeurycomanone with STAT3, interaction of 13,21-
dihydroeurycomanone with PDGF receptor alpha,
interaction of 9-methoxycanthin-6-one with STATS3,
interaction of 9- methoxycanthin-6-one with PDGF
receptor alpha, interaction of pasakbumin B with STAT3
and with PDGF receptor alpha, and interaction of
pasakbumin C with STAT3 and with PDGF receptor alpha.
For control, cyclophosphamide was used, which is
commonly used in lymphoma therapy, also with
interactions with STAT3 and PDGF receptor alpha. As a
control, cyclophosphamide was used, which is commonly
used as a standard chemotherapy component in DLBCL,
also by looking at its interaction with STAT3 and PDGF
receptor alpha.

RESULTS

From this study it was found that Eurocomanol had the
highest Vina score for both parameters, namely STAT and
platelets with the most significant effect. The content of
Eurycomalactone and Eurycomanone shows almost the
same effect as Eurocumanol, with almost the same Vina
score. Meanwhile 1,21-dihydroeurycomanone and 9-
Methoxycanthin-6-one showed a more moderate effect
compared to other compounds. Pasakbumin B and C
content had a consistent effect on both parameters, but not
as strong as other compounds. While Cyclophospamide (as
a control in lymphoma therapy) had the lowest VINA
score, which may indicate a standard for comparison of
the effectiveness of other compounds. The simulation
results show that several components in pasak bumi have a
high affinity for proteins involved in the apoptosis
pathway. There are indications that pasak bumi can induce
apoptosis in certain cancer cells and inhibit cell
proliferation.

The phytochemical content of pasak bumi, namely pasak
bumin B, pasakbumin C, eurycomanon,
eurycomanolactone, eurycomanol, 3,21-
dihydroeurycomanone has 2 main target proteins, namely
STAT3 andPlatelet-derived growth factor receptor alpha
(PDGFR-alpha). The phytochemical content 9-
Methoxycantine-6-one has different targets, namely Signal
transducer and activator of transcription-1 and CREB-
binding protein. Other phytochemical contents contained
in pasak bumi is thought to not be involved in the JAK-
STAT Signaling pathway. To determine the ligand-protein
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Figure 7. Platelet-derived growth factor receptor alpha-

interaction of the Pasak Bumi target, proceed to molecular
Eurycomalactone interaction

docking.
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Figure 14. STAT3-Pasakbumin B interaction
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Figure 18. STAT3-Cyclophosphamide interaction

Figure 19. Platelet-derived growth factor receptor alpha-
Cyclophosphamide interaction

DISCUSSION

All active compounds contained in pasak bumi have better
inhibitory activity on STAT3 and PDGFR-alpha than
cyclophosphamide. This is characterized by a greater
VINA score than cyclophosphamide. Eurycomanol is a
compound that has greater potential in inhibiting STAT3
and PDGFR-alpha in JAK-STATsignaling pathways.

The JAK/STAT3 signaling pathway and the apoptosis
pathway are closely interrelated in regulating cell survival.
JAK (Janus kinases) and STAT (signal transducer and
activator of transcription) is a protein involved in the
transmission of signals from cell receptors to the cell
nucleus. The apoptotic pathway, on the other hand, is a
programmed process of cell death that is important for

maintaining homeostasis and preventing disease
progression.  JAK/STAT3  relationship  mechanism
pathways with apoptosis pathways via a). STAT3

activation, where the JAK/STAT3 pathway can be
activated by various stimuli, including cytokines, growth
factors, and cell stress. When the JAK receptor activated,
they phosphorylate STATs, which then translocate to the
cell nucleus and activate transcription of target genes, b).
regulation of apoptotic genes, STAT3 can regulate the
expression of various genes involved in the apoptotic
pathway, including pro-apoptotic and anti-apoptotic genes.
STAT3 can suppress the expression of pro-apoptotic genes,
such as BAX and BAK, which trigger cell death.
Conversely, STAT3 can increase the expression of anti-
apoptotic genes, such as BCL-2 and BCL-XL, which
protect cells from death, c). interaction with other
transcription factors, where STAT3 can also interact with
other transcription factors to regulate apoptotic gene
expression. For example, STAT3 can interact with p53, a
tumor suppressor protein that is important for inducing
apoptosis. This interaction can suppress p53 activity and
protect cells from  death.242326:27:28293031  Fyrther

identification was carried out to see the comparison of the
potential of the active compound Pasak Bumi
(Eurycomanol) with the standard chemotherapy
component R-CHOP used in DLBCL through molecular
docking.

Table 1. Molecular docking component R-CHOP and
apoptosis markers

Anexin | BCL2 | BCL6 | P53

\%
Cyclophosphamide -4.3 -4,7 -4,1 -3,9
Eurycomanol -8,5 -6,9 -6,9 -6,8
Rituximab -8,7 -6,0 -5,3 -5,2
Prednison -9,0 -8,7 -6,9 -7,0
Vincristin -7,9 -21,7 -6,4 -7,7
Doxorubicin -9,2 -8,0 -7,3 -7,3

Molecular docking results show that eurycomanol has
better anticancer potential compared to several standard R-
CHOP chemotherapy components such as
cyclophosphamide and rituximab. Data analysis shows
that pasak bumi extract has the potential as an anticancer
agent through modulating the apoptosis pathway by
activating JAK-STATpathways and offers new insights
into cancer drug development. However, there are
limitations in computer simulations that need to be
followed up with experimental research.

CONCLUSION

This insilico research provides initial evidence that pasak
bumi can play a role in the treatment of lymphoma
through the mechanism of apoptosis and inhibition of cell
proliferation, so there is a need for experimental studies to
validate the effect of pasak bumi on lymphoma. The
content of the peptide (quassionoid/flavonoid)
eurycomanol in pasak bumi provides initial evidence that
Pasak Bumi has the potential to modulate apoptosis
pathway in its role as an anti-cancer through stimulation of
pro-apoptotic genes and inhibition of anti-apoptotic genes
by activating JAK-STAT Pathways.
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