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ABSTRACT

Introduction: Estrogen deficiency during menopause is
associated with pathological menopausal syndromes and
metabolic disorders, including dysregulated lipid
metabolism (dyslipidemia). Mahogany is a promising
material for use in an alternative treatment for preventing
dyslipidemia during menopause. This study investigated the
potency of mahogany compounds and their molecular
mechanism as an alternative treatment for preventing
dyslipidemia during menopause.

Method and Materials: The determination of the potential of
the compounds of interest was performed by machine
learning using KNIME software to identify the potential
compounds for HMG-CoA Reductase (HMGCR) inhibitor.
Target genes for a potential mahogany compound were
obtained from Swiss Target Prediction. Analysis of the
KEGG-Pathways, Gene Ontology profiling, and
protein—protein interaction networks of the target gene were
analyzed.

Results: We identified five compounds: B-sitosterol,
swietemacrophyllanin, 7-hydroxy-2-(4-hydroxy-3-
methoxyphenyl)-chroman-4-on (7-HMC), scopoletin, and
stigmasterol as candidates for HMGCR inhibitors. The target
prediction results mined 294 genes. The top 20 hub genes
with the highest degree included MAPK1/3, PI3K/AKT, ER1,
and mTOR, which played a role in lipid metabolism.

Conclusion: The possible molecular mechanisms mainly
involved direct inhibitory pathway of HMGCR and an indirect
inhibitory pathway of HMGCR. The tidal inhibitory pathway
was Indirectly mediated via the PI3K/AKT, MAPK1/3, MTOR,
ER1, and SREBP1/2 signaling pathways. Further
investigation is warranted to validate the results of the
present study.
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INTRODUCTION
Menopause is a condition of the cessation of the menstrual
cycle in women as a result of aging of the reproductive

organs." A new hormonal pattern is established at
menopause, which is characterized by low estrogen level.”
Estrogen is a steroid hormone produced primarily in the
ovaries that contributes to the regulation of some
physiological mechanisms. Estrogen deficiency during
menopause is associated with pathological menopausal
syndromes, psychiatric disorders, cardiovascular diseases
(CVDs), cancer, and metabolic disorders, including
dysregulated lipid metabolism or dyslipidemia.® Hormone
replacement therapy (HRT) using estrogen synthesis has been
the primary treatment for preventing menopausal
symptoms, CVD, and dyslipidemia.* However, clinical studies
have demonstrated that HRT increases the risks of
endometrial and breast cancers and hence cannot be used as
an idealized therapy.® Seeking alternative dietary estrogenic
compounds is believed to be crucial for the prevention of
menopause-associated metabolic syndromes.*

Decreasing level of estrogen during menopause causes
dyslipidemia through multiple mechanisms.” Decreased level
of estrogen increases the hepatic HMG-CoA reductase
(HMGCR) gene expression and activation, leading to the
elevation of the serum cholesterol levels.®* HMGCR is a rate-
limiting enzyme that plays a pivotal role in cholesterol
biosynthesis. Dysregulation of lipid metabolism during
menopause can alter the level of various lipids circulating in
the blood, such as lipoproteins, apolipoproteins, low-density
lipoproteins (LDLs) high-density lipoproteins (HDL), and
triacylglycerol (TG).°

Mahogany (Swietenia macrophylla and Swietenia mahogany)
has the potential resource of phytoestrogen’® Mahogany has
been used in the preparation of traditional medicine in Asia
to treat hypertension, diabetes, and pain." Chemical
compounds in mahogany include flavonoids, saponins,
alkaloids, steroids, and tannins. Recent studies have
demonstrated that mahogany seeds have an estrogenic
activity that can increase the uterine weight and bone
density, prolong the estrus phase, and increase the breast
gland proliferation in ovariectomized rats.”? Another study
also showed that compound contained in the mahogany
extract could decrease the cholesterol, triglyceride, low-
density lipoprotein, increased high-density lipoprotein, and
reduced atherogenic indexes.”" According to the study
performed by Kalpana and Pugalendi, the in vivo study of
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ethanolic extract of mahogany seeds on rats proved
reduction in the level of total cholesterol, triglyceride, LDL,
and VLDL and increase in the level of HDL.” This finding
suggests that mahogany offers potential efficacy for
preventing menopause syndrome and hyperlipidemia that
often occur during menopause.

Mahogany is a promising plant for use in preventing
dyslipidemia during menopause. However, the detailed
therapeutic targets and signaling mechanisms behind the
benefits of mahogany remain unknown.” Cholesterol in our
body can arise from de novo synthesis in our cells or obtained
through food consumption.” In the process of cholesterol
biosynthesis, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase (HMGCR) catalyzes HMG-CoA conversion to
mevalonate. It is known as a rate-limiting enzyme in
cholesterol synthesis, signifying its important role. The
multivalent system regulates HMGCR through various
mechanisms."”

This study was conducted to investigate the potency of
mahogany compound's molecular targets and signaling
mechanisms as an alternative treatment for preventing
dyslipidemia during menopause by focusing on the indirect
effects. In this study, bioinformatics analysis was performed
to investigate the potential compound of mahogany that can
inhibit HMGCR, an enzyme that plays an essential role in
lipid metabolism. The use of bioinformatics analysis can
simplify and organize bioinformatics data such that it allows
researchers to access existing information and submit new
entries as they are produced and make new conclusions and
understand new possibilities. In conclusion, we identified and
developed potential compound candidates and predicted
their molecular target and molecular signaling role in lipid
metabolism.

MATERIAL AND METHODS

Prediction inhibition activity prediction using KNIME

The prediction model for the inhibition of mahogany
compounds against HMGCR was developed using the dataset
inhibitor compound activity against HMGCR obtained from
ChEMBL (https://www.ebi.ac.uk/chembl), which were entered
in CHEMBL ID and analyzed by the KNIME version 4.3.1 with
the pipeline/workflow created. Mahogany metabolite profiles
were analyzed to predict the inhibitory activity on HMGCR
based on the prediction model prepared. The outputs
produced were the "ROC curve" and "Prediction value," which
provided method validation and prediction value of
mahogany's metabolites. Furthermore, the potential
compounds in mahogany’s metabolites were selected by
identifying the compounds that predicted the inhibitory
activity based on the machine learning (ML) prediction
outcomes.™

Target prediction and collection

The potential compounds of mahogany metabolites were
analyzed for their predictive target genes using online
databases based on the SMILES code. The database used
included Swiss Target Prediction
(http://www.swisstargetprediction.ch) with the default
settings. The total target genes were collected, combined, and
then sliced using the InteractiVenn
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(http://www.interactivenn.net) to ensure no duplicity in the
target.”

Gene ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis

KEGG pathways and GO enrichment analysis was conducted
to explore the potential functions of the essential protein
targets of mahogany metabolites with the Database for
Annotation, Visualization, and Integrated Discovery
(DAVID). GO analysis involved three categories: biological
process (BP), cellular component (CC), and molecular
function (MF). P < 0.05 was set as the thresholds for
significant enrichment analysis.”

Protein-protein interaction (PPI) network of predictive biomarkers
and hub gene construction

The PPI data were obtained from the Search Tool for the
Retrieval of Interacting Genes (STRING) database
(https://string-db.org), which can predict interactions among
proteins. The prediction method of this database was derived
from experiments, databases, and text mining of the
neighborhood, gene fusion, co-occurrence, and co-
expression. In the present study, PPIs with combined scores
>0.4 were selected for further research. The Cytoscape
software (http://www.cytoscape.org) was used to establish a
PPI network. In addition, the Cytohubba was applied to
analyze the PPI network to obtain the top 20 nodes that were
considered hub genes according to the degree value.”

RESULTS

Predicted compounds of mahogany showed inhibitory activity
against HMG-CoA reductase

The study of mahogany metabolites on predicting HMGCR
inhibition was performed using the KNIME software by
predicting the inhibitory activity of one or more compounds
at once against the targeted protein (mahogany-stated
inhibition of HMGCR). The prediction model was constructed
with the KNIME software by adapting the Teach-Open CADD
pipeline.’”® The dataset for constructing the prediction model
was a dataset of HMGCR inhibitory activity, which is
provided in ChEMBL with ID dataset CHEMBL407. Based on
the MACCS fingerprint of the inhibitor compounds from the
dataset, ML had mapped all compound fingerprints to
prepare a predictive model of the inhibitory activity from the
targeted protein.”? The HMGCR inhibitory compound data set
was split into active and inactive compounds and used to
train ML classifiers based on two ML algorithms: Random
Forest (RF) and Artificial Neural Network (ANN). Validation
of the prediction models from two different MLs suggested
that all prediction models had an overall accuracy value
>90% (RF 92.07% and ANN 90.24%) and ROC curve p scores
>0.75 (RF 0.932 dan ANN 0.879). These results indicated that
the prediction model was valid and could predict the
inhibitory activity of compounds in mahogany.*

The results of the inhibitory activity prediction revealed that
potential compounds of mahogany metabolites inhibited
HMGCR. Based on the prediction model under ML
algorithms, ANN showed 5 compounds, namely, B-sitosterol,
swietemacrophyllanin, 7-hydroxy-2-(4-hydroxy-3-
methoxyphenyl)-chroman-4-on (7HMC), scopoletin, and
stigmasterol, which were predicted to possess inhibitory
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activity against HMGCR based on the number of predictive
values being 1.00 and 0.99. Analyzing the RF algorithm
presented the same result as that with ANN, with the highest
predictive value of 0.9 for scopoletin (Table I). These
inhibitory activities were predicted based on the likeness of
structure and inhibitory activity with those of known
inhibitor compounds processed by the RF and ANN
algorithms.

Targeted genes prediction of mahogany potential compounds
Predictive target genes of each potential mahogany
metabolites using databases SwissTargetPrediction obtained
from the default settings. We obtained 100 targets for each
compound (Fig. 1). A Venn diagram was used to determine
all compounds' total targeted genes to ensure no duplication
of the targets. A total of 294 genes were known predicted as
the target of the 5 potential compounds (Table II and Table
D).

KEGG pathway and GO enrichment analysis

A total of 294 common targets were subjected to the DAVID
v6.8 database for gene enrichments. GO and KEGG gene
enrichment results were put in order according to the
percentage of genes. The top 5 GO results in the KEGG
pathway, biological process, cellular component, and
molecular function were recorded.

KEGG pathway enrichment analysis revealed that the genes
were regulated in the cancer signaling pathways, PI3K-Akt,
neuroactive ligand-receptor interaction, proteoglycan in
cancer, and viral carcinogenesis pathway (Table IV). The
results for GO analysis were evaluated through the related
term option of the DAVID database. According to biological
process results, protein phosphorylation, signal transduction,
response to drug, oxidation-reduction process, and positive
regulation of transcription from RNA polymerase II promoter
showed higher targeted numbers in the count. Molecular
function results with higher targeted numbers included
protein binding, ATP binding, protein kinase activity, protein
serine/threonine kinase activity, and zinc ion binding, which
were found to be related to at least one of the KEGG pathways
such as the cancer signaling pathways, PI3K-Akt, neuroactive
ligand-receptor interaction, proteoglycan in cancer, and viral
carcinogenesis pathway. Moreover, based on the analysis,
most of the genes were present in the cellular components of
the plasma membrane, nucleus, cytoplasm, and integral
component of membrane.

PPI network construction and hub gene selection

Construction of the PPIs network among the targeted genes of
mahogany compounds and identification of the most
significant modules using the online tool STRING with a
cutoff score of >0.4. A total of 294 genes were constructed to

the PPI network complex containing 294 nodes and 3150
edges, with an average node degree of 22.2, an average local
clustering coefficient of 0.465, and a PPI enrichment p-value
of <1.0e-16 (Fig. 2a). Using the cytoHubba plugin Cytoscape,
we detected the top 20 targeted genes with the uppermost
degree score, including AKT1, MAPK3, EGFR, SRC, MAPK1,
VEGFA, SKP90AA1, ESR1, PTGS2, MTOR, PIK3CA, APP,
MMP9, MAPK14, AR, ERBB2, MDM2, KDR, BCL2L1, and
STAT1 (Fig 2b, Table V).

DISCUSSION

The present study investigated the potency of mahogany
compounds and their molecular targets and signaling
mechanism as an alternative treatment for preventing
dyslipidemia during menopause through bioinformatics
analyses. This study was conducted to determine which
compounds were responsible for the anti-dyslipidemic effect
of mahogany. Moreover, the predictive targeted genes of the
compounds showed inhibit activity against HMGCR under
hyperlipidemia conditions. It uses data on HMGCR inhibitor
compounds that have been studied, which is then used to
perform ML on the fingerprint pattern of the inhibitor
compounds for the prediction of compounds in mahogany
with inhibitory activity against HMGCR.®™ Past analysis
suggests  B-sitosterol, swietemachropyllanin, 7-HMC,
scopoletin, and stigmasterol as compounds that can be
suspected to be responsible for the anti-dyslipidemia effect of
mahogany through the inhibition of HMGCR (Table I).
Targeted genes’ exploration predicted 294 genes is the target
of the 5 mahogany potential metabolites. Twenty potential
hub genes including MAPK, AKT1, PI3K, MTOR, and ER1, and
others were screened as effective targets of mahogany
compounds (Fig. 2, Table V).

Past studies have shown that the ethanolic extract of the
seeds, leaves, and bark of mahogany tree possesses
hypolipidemic activity and can reduce the HMGCR activity.*
HMGCR is a rate-limiting enzyme of cholesterol biosynthesis.
HMGCR inhibitors (ex, statins) are currently the mainstay of
treatment for dyslipidemia. Nevertheless, during the
menopause condition, treatment with only a single statin
cannot alleviate the other menopausal syndromes.* Under
physiological conditions, HMGCR activity is regulated by
multiple mechanisms. At the transcriptional level, the
expression of the HMGCR gene is regulated by the sterol
regulatory element-binding proteins (SREBP).” SREBPs can be
mainly categorized as SREBP1 and SREBP2, where every
subunit plays an essential role in lipid and cholesterol
biosynthesis. SREBP1 activates mostly those genes that are
related to fatty acid biosynthesis or carbohydrate
metabolism, while SREBP2 primarily activates cholesterol
synthesis-related genes.” SREBP2 was also predicted as a

Table I: The predicted value of HMG-CoA reductase inhibitory activity of mahogany metabolites

No Compound Prediction value (1.0)
ANN RF
1 B-sitosterol 0.99 0.84
2 Swietemacrophyllanin 1.00 0.79
3 (7HMCQ) 1.00 0.86
4 Scopoletin 1.00 0.9
5 Stigmasterol 1.00 0.83
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Table II: Prediction 100 protein target of a potential mahogany compound through Swiss Target Prediction

No B-sitosterol Swietemacrophyllanin 7THMC Stigmasterol Scopoletin

1 AR PGF CYP1B1 AR CA7

2 HMGCR VEGFA CYP19A1 NPC1L1 CA12

3 CYP51A1 MMP2 TAS2R31 HMGCR CA9

4 NPC1L1 MMP9 CA7 CYP51A1 CA13

5 NR1TH3 SQLE CA12 CYP19A1 CA1

6 CYP19A1 BACE1 CA4 NR1TH3 CA14

7 CYP17A1 CA5B ADORA1 CYP17A1 CA4

8 RORC MMP13 ADORA3 RORC EGFR

9 ESR1 MMP12 ESR1 ESR1 CA5A

10 ESR2 PTGS1 ESR2 ESR2 XDH

11 SREBF2 CA2 MAOB SHBG CA6

12 SHBG CA1 HSD17B1 SREBF2 CA2

13 SLC6A2 DNM1 MMP13 ACHE SRD5A1

14 CYP2C19 CA4 ABCG2 CYP2C19 CBR1

15 RORA CA7 ABCC1 PTPN1 CDK2 CCNA1 CCNA2

16 PTPN1 CA12 SHBG SLC6A2 MAOA

17 BCHE CA9 CBR1 BCHE ESR2

18 SERPINAG6 CYP19A1 MMP12 RORA ALOX5

19 SLC6A4 HIFT1A PTGS1 SERPINAG6 CCND1 CDK4

20 CHRM2 BCL2 CA2 SLC6A4 FLT4

21 VDR MMP14 CA1 CHRM2 INSR

22 ACHE SYK CA6 G6PD PTK2

23 G6PD MAPT CASA VDR PLK1

24 NR1H2 TERT CA3 NR1H2 TEK

25 GLRA1 PGD APP HSD11B1 MAP3K8

26 CES2 ST3GAL3 KLK1 PTGER1 HSPATA

27 PTGER1 FUT7 KLK2 PTGER2 NUAK1

28 PTGER2 FUT4 PLA2G1B CDC25A FGR

29 HSD11B1 PDK1 ACHE GLRA1 CA5B

30 PTGES ABCB1 CHRNA7 CES2 AKR1C1

31 CDC25A PIK3CA PIK3R1 BACE1 PTGES DAO

32 PPARA PIK3CD PIK3R1 SRC PPARA GSK3B

33 PPARD PIK3R1 PIK3CB SGK1 PPARD KCNA3

34 DHCR7 MTOR ERN1 SQLE PTGS2

35 SQLE PIK3CG RPS6KB1 DHCR7 GSR

36 PTPN6 PIK3CA AURKA NR1I3 HSD17B3

37 NR1I3 MET POLB PTPN6 SRC

38 FDFT1 CA3 CA9 NR3C1 KDR

39 SIGMAR1 CA6 CA13 CDC25B ACHE

40 NOS2 CAS5A CASB NOS2 CYP1A2

41 NR3C1 ALPL GRM2 HSD11B2 NAT1

42 PPARG PLAA PLA2G5 TBXAS1 MAOB

43 CDC25B FCER2 EDNRA PPARG PTPN1

44 UGT2B7 TYMP MET UGT2B7 ESR1

45 HSD11B2 PRKDC MMP2 POLB MB

46 POLB MAPK3 NOX4 PREP PARP1

47 PREP MAPK1 PLG SIGMAR1 KCNMA1

48 PTGER4 PCNA MMP3 PTGER4 ERBB2

49 IDO1 POLB MMP7 IDO1 SQLE

50 DRD2 FBP1 PPARG MDM4 BACE1

51 TBXAS1 MMP7 MMP9 DRD2 MET

52 ATP12A MMP8 SLC5A2 MDM2 coMT

53 MDM4 GABRA1 GABRB2 GABRG2 BCL2 ATP12A GPR35

54 MDM?2 PLA2G2A CDK2 CCNA1T CCNA2 MGLL CDK9 CCNT1

55 PTGIR PLA2G5 DNM1 PTGIR AKR1C3

56 DHCR7 EBP PLA2G10 DYRK1A DHCR7 EBP ALPG

57 FABP4 GAK RXRA FABP4 PLAA

58 TERT ERN1 BCHE FABP3 AKR1B1

59 FABP3 HDAC2 HSD17B2 FABP5 AURKA

60 FABP5 P2RX3 CHEK1 FABP1 CHRM1

61 FABP1 CYP1B1 CDK2 BACE2 AOC3

62 ADORA3 PIM1 cbC7 ADORA3 AURKB

63 MAPK3 PIM2 KDR MAPK3 CISD1

64 PTPN11 PIM3 BRAF PTPN11 AKT1

65 AKR1B10 EDNRA ODC1 AKR1B10 PLEC

66 PRKCG KLK1 BCL2L1 CCR1 CSNK1A1

67 PRKCD KLK2 CLK1 GABBR1 CSNK1D

68 PRKCB ADAM17 DYRK1B BACE1 HMGCR

69 PRKCE NCOR2 HDAC3 DNMT1 PTPRF ALPL
cont..... pg 70
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cont from..... pg 69
Table II: Prediction 100 protein target of a potential mahogany compound through Swiss Target Prediction

No B-sitosterol Swietemacrophyllanin 7HMC Stigmasterol Scopoletin

70 PRKCQ HDAC5 PGD PLA2G1B BRAF

71 PTPRF HDAC7 ST3GAL3 ACP1 ALDH5A1

72 PLA2G1B PIK3CB FUT7 SCD ABAT

73 ACP1 HDAC4 FUT4 MAPK14 CSNK2A1

74 IGF1R HDAC10 STAT1 GRM2 APEX1

75 SRC HDAC3 SQLE ACACB CXCR1

76 KDR PLG MMP8 MTNR1TA PIK3CG

77 ALK PLAU CDK4 MTNR1B CLK1

78 SCD PLA2G7 CES1 TOP2A DYRK1B

79 MGLL CHRM1 SERPINE1 IGF1R IGF1R

80 BACE1 TOP1 ABCB1 SRC PTPRC

81 CCR1 CDK2 RPS6KA3 KDR GRK6

82 TOP2A CDK1 CHEK2 ALK TNNC1 TNNT2 TNNI3

83 GABBR1 HSP90AA1 RPS6KA1 PRKCG EPHB4

84 BACE2 KCNH2 WEE1 PRKCD PDGFRB

85 MAPK14 JAK3 BMP1 PRKCB PLK4

86 F11 JAK1 OPRK1 PRKCE LYN

87 PTGFR SCN9A DUSP3 PRKCQ PNP

88 PTGER3 CCNE2 CDK2 CCNE1 HDAC5 PTPN2 TAAR1

89 PTGDR LCK HDAC7 KCNAS5 PIM3

920 TOP1 ITK HDAC4 TACR1 HTR2B

91 HIFT1A JAK2 PNP PTGFR TERT

92 ACACB TXK YWHAG PTGER3 CA3

93 PRKCH F11 CES2 PTGDR JAK1

94 PTPN2 PNMT AKR1C3 AGTR1 JAK2

95 TACR1 KDR TYMS CNR1 TYK2

96 MTNR1TA FGFR1 ECE1 TOP1 F2

97 MTNR1B HSD17B2 MMP14 HIFT1A CHEK1

98 NPY5R HSD17B3 GABRA1 GABRB2 F11 WEE1
GABRG2

99 SLC22A6 ESR1 PTPN1 HTR2B ADRA2A

100 MAP3K14 ESR2 TERT AVPR1A ADRA2C

Table lll: The total of 294 genes were known predicted as the target of the 5 potential compounds

No Genes No Genes No Genes

1 FDFT1 101 NATT1 201 CDC25A
2 PRKCH 102 MB 202 PPARA

3 NPY5R 103 PARP1 203 PPARD

4 SLC22A6 104 KCNMAT 204 DHCR7

5 MAP3K14 105 ERBB2 205 PTPN6

6 PGF 106 COMT 206 NR1I3

7 VEGFA 107 GPR35 207 SIGMAR1
8 SYK 108 CDK9 CCNT1 208 NOS2

9 MAPT 109 ALPG 209 NR3C1
10 PDK1 110 AKR1B1 210 CDC25B
11 PIK3CA PIK3R1 111 AOC3 211 UGT2B7
12 PIK3CD PIK3R1 112 AURKB 212 HSD11B2
13 PIK3R1 PIK3CB 113 CISD1 213 PREP

14 MTOR 114 AKT1 214 PTGER4
15 PIK3CA 115 PLEC 215 IDO1

16 FCER2 116 CSNK1A1 216 DRD2

17 TYMP 117 CSNK1D 217 TBXAST
18 PRKDC 118 ALDH5A1 218 ATP12A
19 MAPK1 119 ABAT 219 MDM4
20 PCNA 120 CSNK2A1 220 MDM2
21 FBP1 121 APEX1 221 PTGIR

22 PLA2G2A 122 CXCR1 222 DHCR7 EBP
23 PLA2G10 123 PTPRC 223 FABP4
24 GAK 124 GRK6 224 FABP3

25 HDAC2 125 TNNCT TNNT2 TNNI3 225 FABP5
26 P2RX3 126 EPHB4 226 FABP1

27 PIM1 127 PDGFRB 227 PTPN11
28 PIM2 128 PLK4 228 AKR1B10
29 ADAM17 129 LYN 229 PRKCG
30 NCOR2 HDAC3 130 TAART1 230 PRKCD
31 PIK3CB 131 TYK2 231 PRKCB
32 HDACT10 132 F2 232 PRKCE

cont..... pg 71
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cont from..... pg 70
Table lll: The total of 294 genes were known predicted as the target of the 5 potential compounds

No Genes No Genes No Genes

33 HDAC3 133 ADRA2A 233 PRKCQ

34 PLAU 134 ADRA2C 234 PTPRF

35 PLA2G7 135 KCNA5 235 ACP1

36 CDK1 136 AGTRI1 236 ALK

37 HSP90AA1 137 CNR1 237 SCD

38 KCNHZ2 138 AVPRTA 238 MGLL

39 JAK3 139 MMP2 239 CCR1

40 SCN9A 140 MMP9 240 TOP2A

41 CCNE2 CDK2 CCNET| 141 MMP13 241 GABBR1

42 LCK 142 MMP12 242 BACE2

43 ITK 143 PTGS1 243 MAPK14

44 TXK 144 DNM1 244 PTGFR

45 PNMT 145 BCL2 245 PTGER3

46 FGFR1 146 MMP14 246 PTGDR

47 TAS2R31 147 PGD 247 ACACB

48 ADORA1 148 ST3GAL3 248 PTPN2

49 HSD17B1 149 FUT7 249 TACR1

50 ABCG2 150 FUT4 250 MTNRTA

51 ABCC1 151 ABCB1 251 MTNR1B

52 APP 152 MMP7 252 PIK3CG

53 CHRNA7 153 MMP8 253 ALPL

54 SGK1 154 GABRA1 GABRB2 254 PLAA
GABRG2

55 RPS6KBT 155 PLA2G5 255 PIM3

56 NOX4 156 ERNT 256 CHRM1

57 MMP3 157 CYP1B1 257 JAK1

58 SLC5A2 158 EDNRA 258 JAK2

59 DYRKTA 159 KLK1 259 HSD17B3

60 RXRA 160 KLK2 260 GRM2

61 CcDC7 161 HDAC5 261 SHBG

62 OoDC1 162 HDAC7 262 BCHE

63 BCL2L1 163 HDAC4 263 CES2

64 DNMTT1 164 PLG 264 PPARG

65 STAT1 165 CDK2 265 ADORA3

66 CDK4 166 HSD17B2 266 PLA2G1B

67 CES1 167 MAOB 267 HMGCR

68 SERPINE1 168 CBR1 268 IGF1R

69 RPS6KA3 169 AURKA 269 MAPK3

70 CHEK2 170 CA13 270 F11

71 RPS6KAT1 171 CDK2 CCNAT CCNA2 271 TOP1

72 BMP1 172 CHEK1 272 HIF1A

73 OPRK1 173 BRAF 273 CYP19A1

74 DUSP3 174 CLK1 274 POLB

75 YWHAG 175 DYRK1B 275 TERT

76 TYMS 176 WEE1 276 CA5B

77 ECE1 177 PNP 277 CA2

78 CA14 178 AKR1C3 278 CA1

79 EGFR 179 HTR2B 279 CA4

80 XDH 180 AR 280 CA7

81 SRD5A1 181 CYP51A1 281 CA12

82 MAOA 182 NPCTL1 282 CA9

83 ALOX5 183 NRTH3 283 MET

84 CCND1 CDK4 184 CYP17A1 284 CA3

85 FLT4 185 RORC 285 CA6

86 INSR 186 SREBF2 286 CA5A

87 PTK2 187 SLC6A2 287 PTPN1

88 PLK1 188 CYP2C19 288 ACHE

89 TEK 189 RORA 289 SRC

90 MAP3K8 190 SERPINA6 290 ESR1

91 HSPATA 191 SLC6A4 291 ESR2

92 NUAKT 192 CHRM2 292 SQLE

93 FGR 193 VDR 293 KDR

94 AKR1C1 194 G6PD 294 BACET

95 DAO 195 NR1H2

96 GSK3B 196 GLRAT1

97 KCNA3 197 PTGER1

98 PTGS2 198 PTGER2

99 GSR 199 HSD11B1

100 CYP1A2 200 PTGES
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Table IV: Top five results of KEGG pathway dan Gene Ontology enrichment analysis of the potential targeted

genes using DAVID v6.8.

Term

Count

P-Value

Genes

hsa05200: Pathways in
cancer

49

3.21162E-13

GSK3B, PIK3CD, PIK3CB, PIK3CG, IGF1R, EDNRA, CCND1, AKT1, JAKI,
PDGFRB, PRKCG, HSP90AAT, PRKCB, MMP2, MMP9, PGF, AR, PIK3CA,
CCNE2, CCNET1, AGTR1, PPARG, MET, PPARD, PTGER4, HDAC2, PTGERI,
PTGERZ2, PTGER3, PIK3R1, PTGS2, HIF1A, EGFR, RXRA, ERBB2, MAPK1,
MAPK3, NOS2, STAT1, BRAFE, MTOR, PTK2, VEGFA, CDK4, CDK2, BCL2,
MDM_2, FGFR1, BCL2L1

hsa04151:PI3K-Akt
signaling pathway

41

2.03355E-10

CHRM_Z2, GSK3B, CHRM1, FLT4, PIK3CD, PIK3CB, PIK3R1, EGFR, PIK3CG,
IGF1R, RXRA, CCND1, KDR, AKT1, MAPK1, JAK2, JAK3, YWHAG, JAKI,
MAPK3, PDGFRB, HSP90AAT1, SYK, INSR, MTOR, PGF, PTK2, VEGFA, PIK3CA,
CCNE2, RPS6KB1, CCNE1, CDK4, CDK2, BCL2, MDM2, TEK, SGK1, MET,
FGFR1, BCL2L1

hsa04080:
Neuroactive ligand-
receptor interaction

37

7.16148E-11

PTGER4, CHRMZ2, GABRB2, PTGFR, CHRM1, PTGER1, PTGER2, CHRNA?Z,
PTGER3, HTR2B, PLG, NR3C1, GRM2, GLRA1, EDNRA, CNR1, ADORAS3,
ADORA1, DRD2, PTGDR, GABRAT, PTGIR, GABBR1, NPY5R, GPR35, OPRK1,
TACR1, AVPR1A, ADRA2C, F2, TAAR1, GABRGZ2, ADRA2A, MTNRTA, P2RX3,
MTNR1B, AGTR1

hsa05205:
Proteoglycans in
cancer

32

1.78808E-11

SRC, PIK3CD, PIK3CB, PIK3R1, HIF1A, EGFR, PIK3CG, IGFTR, CCND1, PLAU,
ERBB2, KDR, AKT1, MAPK1, MAPK3, PRKCG, PRKCB, MMPZ2, PTPN11, BRAF,
MAPK14, MMP9, ESR1, MTOR, PTK2, VEGFA, PIK3CA, RPS6KB1, MDM_2,
PTPN6, MET, FGFR1

hsa05203: Viral
carcinogenesis

30

7.95804E-10

HDAC4, HDAC5, HDAC2, HDAC3, HDACT10, SRC, PIK3CD, PIK3CB, PIK3R1,
PIK3CG, HDAC7, POLB, CCND1, CHEK1, MAPK1, JAK3, YWHAG, JAK1,
MAPK3, LYN, SYK, CCNA2, CCNAT, PIK3CA, CCNE2, CCNE1, CDK4, CDK2,
CDK1, MDM2

Molecular function

Term

Count

P-Value

Genes

GO:0005515~protein
binding

199

2.66061E-07

APPR, HDACT10, SERPINE1, PREP, RPS6KA3, EDNRA, CHEK2, RPS6KAT, CHEKT,
KDR, AKT1, EPHB4, PDK1, PTGDR, CSNK2A1, PRKCB, PRKCE, PRKCD,
CSNK1D, GABRG2, AR, AGTR1, PRKCQ, SLC22A6, ABCB1, PRKDC, TXK,
PIK3R1, HIF1A, NUAK1, TERT, CCR1, LYN, PLK4, INSR, PLK1, CDC7, BRAF,
PTK2, AKR1B10, NOX4, TOP2A, ACHE, ITK, SLC6A2, SLC6A4, JAK2, JAK3,
JAK1, PARP1, SYK, TNNC1, AVPRI1A, TYK2, TACR1, F2, SREBF2, GAK, BACET,
NCOR2, FCER2, MMP14, TNNT2, KCNMAT, PPARG, MAPT, SGK1, PPARA,
PPARD, PTGER4, PCNA, ODC1, KCNAS, PTGS2, EGFR, GLRA1, RXRA, ALOX5,
AOC3, GABBR1, STAT1, CSNK1A1, AKR1C1, NRTH2, F11, NRTH3, VEGFA,
FABP1, FABP3, FABP5, APEX1, HSPA1A, CCNT1, RORC, RORA, COMT, NR3C1,
IGF1R, CCND1, PLAU, ADORAT1, PIM1, MAP3K8, PIM3, PIMZ2, PDGFRB,
KCNH2, G6PD, DYRK1A, DYRK1B, PGF, CDC25A, CDC25B, ERN1, ADAM17,
MTNR1A, CCNE2, CCNE1, MTNR1B, PLAA, ABCG2, DNMT1, ACACB, NPC1L1,
GRK6, DRD2, VDR, ESR1, ESR2, CDK9, CLK1, DAO, BMP1, PTPRC, CDK4,
CDK2, BCL2, MDM_2, CDK1, ALPL, MDM4, MAP3K14, BCL2L1, FGFR1, ALK,
GSK3B, FLT4, PIK3CD, ECE1, PIK3CB, PIK3CG, POLB, GRMZ2, CA1, CA2, CA4,
ACP1, YWHAG, HSP90AA1, MMP2, MMP3, ADRA2C, MMP9, ADRAZ2A,
DNM1, FGR, CCNA2, CCNAT, PIK3CA, LCK, TOP1, MET, FBP1, PLEC, HDAC4,
HDACS5, HDAC2, HDACS, SRC, PLG, HMGCR, AURKB, AURKA, HDAC7,
ERBB2, MAPK1, TNNI3, MAPK3, PTPN1, NOS2, OPRK1, PTPN11, MAPK14,
MTOR, WEE1, RPS6KB1, PTPN6, TEK, PTPN2

GO0:0005524~ATP
binding

83

2.15845E-21

ALK, TOP2A, GSK3B, ITK, FLT4, PIK3CD, PIK3CB, ATP12A, PIK3CG, IGFIR,
RPS6KA3, CHEK2, RPS6KA1, CHEK1, PIM1, KDR, AKT1, PIM3, MAP3KS8,
PIM2, JAK2, JAK3, EPHB4, JAK1, PDK1, PDGFRB, PRKCG, ABCC1, HSP90AA1,
PRKCH, CSNK2A1, SYK, PRKCB, PRKCE, PRKCD, DYRK1A, DYRK1B, CSNK1D,
TYK2, GAK, ERN1, FGR, PIK3CA, LCK, PRKCQ, SGK1, MET, ABCG2, ABCBI,
SRC, PRKDC, TXK, ACACB, EGFR, AURKB, AURKA, NUAK1, ERBB2, GRK®,
MAPK1, MAPK3, LYN, PLK4, CSNK1AT1, INSR, PLK1, BRAF, CDC7, MAPK14,
MTOR, PTK2, CDK9, CLK1, WEET, P2RX3, RPS6KB1, CDK4, CDK2, CDK1, TEK,
MAP3K14, FGFR1, HSPATA

GO:0004672~protein
kinase activity

51

1.5312E-30

GSK3B, PIK3CG, RPS6KA3, CCND1, CHEK2, RPS6KA1, CHEK1, AKT1, PIMS3,
MAP3KS8, PIM2, JAK2, PDK1, PRKCG, PRKCH, CSNK2A1, SYK, PRKCB, PRKCE,
PRKCD, DYRK1A, DYRK1B, CSNK1D, TYK2, GAK, PRKCQ, MET, SRC, PRKDC,
TXK, EGFR, AURKB, AURKA, NUAK1, ERBB2, CSNK1AT1, PLK1, BRAF, CDC7,
MAPK14, MTOR, PTK2, CDK9, CLK1, WEE1, RPS6KB1, CDK4, CDK2, CDK1,
TEK, MAP3K14.
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Table IV: Top five results of KEGG pathway dan Gene Ontology enrichment analysis of the potential targeted

genes using DAVID v6.8.

GO0:0004674~protein 45 9.24148E-24 GSK3B, CCNT1, PRKDC, PIK3CG, AURKB, AURKA, RPS6KA3, NUAK1, CHEK2,

serine/threonine CHEK1, RPS6KA1, PIM1, AKT1, MAPK1, PIM3, MAP3K8, PIM2, MAPK3, PLK4,

kinase activity PRKCH, SYK, CSNK2A1, PRKCB, CSNK1A1, PRKCE, PRKCD, PLK1, DYRK1A,
DYRK1B, BRAF, CSNK1D, CDC7, MAPK14, MTOR, CDK9, GAK, ERN1, CLK1,
PIK3CA, CDK4, CDK2, CDK1, PRKCQ, SGK1, MAP3K14.

GO0:0008270~zinc ion 43 8.45694E-06 HDAC4, DNMT1, NR113, RORC, RORA, NR3C1, GLRAT, CA1, RXRA, CA5B,

binding CA3, CA2, CA5A, CA4, CA7, CA6, CA9, CA13, CA12, PRKCG, PTPN1, MMP7,
PARP1, PRKCB, VDR, NR1H2, MMP2, MMP3, NR1H3, MMP8, MMP9, ESR1,
ESR2, MMP12, AR, MMP14, BMP1, MMP13, MDM2, PPARG, MDMA4, PPARA,
PPARD.

Biological process

Term Count P-Value Genes

GO:0006468~protein 56 2.74809E-30 APP, GSK3B, CCNT1, PIK3CD, PIK3CG, RPS6KA3, CCND1, CHEK2, RPS6KAT,

phosphorylation PIM1, AKT1, PIM3, MAP3K8, PIM2, JAK2, JAK3, JAK1, PDK1, PRKCG, PRKCH,
CSNK2AT1, SYK, PRKCB, PRKCE, PRKCD, DYRK1A, DYRK1B, CSNK1D, TYK2,
CDC25B, GAK, ERN1, FGR, PIK3CA, CCNET, LCK, SGK1, TXK, PIK3R1, AURKB,
AURKA, NUAK1, ERBB2, GRK6, MAPK1, MAPK3, LYN, PLK4, CSNK1A1, PLK1,
BRAF, MTOR, CDK9, RPS6KB1, CDK4, FGFR1.

G0:0007165~signal 51 3.74565E-09 ALK, ITK, CHRM1, PIK3CD, PIK3CB, NR3C1, IGF1R, RPS6KA3, EDNRA, PLAU,

transduction RPS6KA1, ADORAT, AKT1, JAK2, PDGFRB, HSP90OAAT, PRKCH, CSNK2AT1,
PRKCB, PRKCE, PRKCD, CSNK1D, ADRA2A, PGF, AR, PLAA, PPARG, MET,
PTGES, SRC, PLA2G1B, NR1/3, CHRNA7Z, PIK3R1, HIF1A, EGFR, EBF, ERBB2,
GRK6, MAPK1, LYN, CSNK1A1, VDR, MAPK14, ESR1, MTOR, ESR2, P2RX3,
RPS6KB1, CDK4, TEK.

GO0:0042493~response 40 1.44432E-22 HDAC4, HDAC5, HDAC2, ABCB1, MAOB, SRC, HTR2B, ABAT, TYMS, COMT,

to drug PTGS2, SLC6A2, ACACB, SLC6A4, HSD11B2, PNR, CCND1, NPC1L1, CA9,
DRD2, LYN, BCHE, ABCC1, HSP90OAAT1, STAT1, SRD5A1, PGF, CDK9, ADAM17,
FABP3, RPS6KB1, LCK, CDK4, APEX1, BCL2, CDK1, MDM2, PPARG, TOPI1,
ABCG2.

GO0:0055114~oxidatio 38 2.42738E-11 MAOB, MAOA, HSD17B3, AKR1B1, HMGCR, CYP2C19, PTGS2, CYP19A1,

n-reduction process PTGS1, CYP17A1, HSD11B1, HSD11B2, HSD17B1, ALOX5, HSD17B2, CYP1BI,
XDH, FDFT1, AOC3, CBR1, G6PD, NOS2, SRD5A1, AKR1C1, GSR, CYP51A1,
AKR1C3, PGD, SQLE, DAO, AKR1B10, SCD, APEX1, TBXAS1, CYP1A2, NOX4,
DHCR?7, IDO1.

GO0:0045944~positive 38 1.10342E-05 HDAC4, TOP2A, HDAC5, APR, GSK3B, HDAC2, HDAC3, CCNT1, PLA2G1B,

regulation of PRKDC, NR1I3, TXK, SERPINE1, RORA, PIK3R1, NR3C1, HIF1A, EGFR,

transcription from RPS6KA3, RXRA, RPS6KA1, AKT1, DRD2, MAPK3, PARP1, STAT1, VDR,

RNA polymerase I NR1H2, NRTH3, MAPK14, ESR1, SREBF2, VEGFA, CDK9, AR, PPARG, PPARA,

promoter MET.

Cell component

Term Count P-Value Genes

G0:0005886~plasma 123 8.03158E-13 CHRM_2, APB CHRM1, SERPINE1, COMT, ATP12A, IGF1R, EDNRA, PLAU,

membrane ADORA3, ADORAT1, PIM1, KDR, AKT1, EPHB4, CA14, PTGDR, PDGFRB,
KCNH2, PRKCG, PRKCH, CSNK2A1, PRKCB, PRKCE, PRKCD, CSNK1D, TAART1,
GABRG2, AR, MTNR1A, ADAM17, MTNR1B, AGTR1, PRKCQ, ABCG2, PTGFR,
SLC22A6, ABCB1, CHRNA7Z, PIK3R1, PLA2G5, SLC5A2, TERT, NPC1L1, GRKE®,
DRD2, CCR1, LYN, TAS2R31, INSR, BRAF, ESR1, PTK2, PTPRC, MDM?2, ALPL,
FGFR1, GABRB2, ACHE, GSK3B, FLT4, HTR2B, PIK3CD, ECE1, PIK3CB, SLC6A2,
PTPRF, PIK3CG, SLC6A4, GRM2, CA2, CA4, CA9, ABCC1, PTGIR, HSP90AAT,
NPY5R, SYK, MMP2, AVPR1A, TACR1, F2, ADRA2C, ADRA2A, DNM1, BACET,
FGR, FCER2, MMP14, PIK3CA, LCK, KCNMA1, MAPT, SGK1, MET, MGLL,
PLEC, PTGER4, HDAC3, SRC, PTGER1, PTGER2, PTGER3, KCNA3, KCNAS5, PLG,
EGFR, GLRAT1, CXCR1, CNR1, ERBB2, CA12, AOC3, PTPN1, GABRA1, GABBRI,
CYP51A1, F11, PLA2G2A, OPRK1, P2RX3, TEK, PTPN2

G0:0005829~cytosol 118 4.75122E-18 PNMT, APR. COMT, RPS6KA3, PNB CCND1, RPS6KA1, CHEK1, AKT1,

MAP3K8, EPHB4, CA13, PRKCG, G6PD, PRKCH, CSNK2A1, PRKCB, PRKCE,
PRKCD, CSNK1D, PGD, CDC25A, CDC25B, AR, CCNE2, CCNE1, PRKCQ, IDOT1,
CEST1, PRKDC, PIK3R1, HIF1A, ACACB, LYN, PLK4, PLK1, BRAF, PTK2, DAO,
AKR1B10, NAT1, CDK4, CDK2, BCL2, MDM_2, CDK1, MAP3K14, BCL2L1,
FGFR1, GABRBZ2, GSK3B, ITK, PIK3CD, AKR1B1, PIK3CB, PIK3CG, SLC6A4,
CAT, CA3, CA2, CA7, CA6, JAK2, JAK3, YWHAG, JAK1, CBR1, PTGIR,
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Table IV: Top five results of KEGG pathway dan Gene Ontology enrichment analysis of the potential targeted
genes using DAVID v6.8.

HSP90AAT, DUSP3, SYK, TNNCT, TYK2, SREBF2, GAK, FGR, CCNAT1, PIK3CA,
LCK, TNNT2, PPARG, MAPT, SGK1, FBP1, MGLL, PLEC, HDAC4, HDACS, SRC,
NR1I3, ODC1, TYMS, AURKB, TYMPE AURKA, HSD17B1, ALOX5, MAPK1,
TNNI3, XDH, MAPK3, PTPN1, NOS2, STAT1, CSNK1A1, AKR1C1, GSR,
AKR1C3, PTPN11, MAPK14, MTOR, FABP1, FABP3, FABP4, RPS6KB1, FABP5,
PTPN6, HSPATA

G0:0005634~nucleus

110

0.006034134

CCNT1, HDACT10, PRER, RORC, RORA, NR3C1, RPS6KA3, PNF, CCND1,
RPS6KAT1, CHEK1, PIM1, KDR, AKT1, PDGFRB, PRKCG, G6PD, CSNK2A1,
PRKCB, PRKCE, PRKCD, DYRK1A, DYRK1B, CSNK1D, PGD, CDC25A, AR,
CCNE2, CCNE1, PLAA, ABCG2, DNMT1, KLK1, TXK, PIK3R1, HIF1A, ACACB,
NUAKT1, TERT, LYN, VDR, PLK1, CDC7, BRAF, ESR1, ESR2, PTK2, CLK1, CDK4,
CDK2, BCL2, MDM_2, CDK1, MDM4, FGFR1, TOP2A, ACHE, GSK3B, FLT4,
PIK3CB, POLB, JAK2, JAK1, HSP90OAAT, DUSP3, PARP1, SYK, MMP2, TYK2,
SREBF2, CCNA2, NCOR2, CCNAT, PPARG, TOP1, SGK1, PPARA, PPARD,
HDAC4, HDAC5, HDAC2, HDAC3, PCNA, SRC, NR113, PTGS2, TYMS, EGFR,
AURKB, HDAC7, PTGS1, AURKA, RXRA, ERBB2, MAPK1, MAPK3, NOS2,
STAT1, NR1H2, AKR1C3, NR1H3, PTPN11, MAPK14, MTOR, WEET1, FABP4,
RPS6KB1, APEX1, PTPN6, PTPN2

G0:0005737~cytoplas

m

107

0.005336642

APR HDACT10, PRER, NR3C1, RPS6KA3, PNF, CCND1, RPS6KAT1, PIM1, AKTI,
MAP3KS8, PIM3, PIM2, PDGFRB, G6PD, PRKCH, PRKCB, PRKCE, PRKCD,
CDC25A, CDC25B, ERN1, AR, ADAM17, PLAA, PTGFR, TXK, PIK3R1, PLA2G7,
HIF1A, NUAKT, LYN, PLK1, CDC7, BRAF, ESR1, PTK2, CDK9, CLK1, CDK2,
BCL2, MDM2, CDK1, MAP3K14, BCL2L1, TOP2A, GSK3B, FLT4, HTR2B,
AKR1B1, PIK3CG, POLB, CA1, CA3, CA2, JAK2, ACP1, JAK1, HSP90AAT,
DUSP3, NPY5R, SYK, TYK2, ADRA2C, SREBF2, ADRA2A, CCNA2, MMP14,
MAPT, SGK1, FBP1, PLEC, HDAC4, HDAC5, HDAC2, HDAC3, PCNA, SRC,
NR1I3, ODC1, PTGS2, TYMS, EGFR, HDAC7, PTGS1, HSD17B1, ERBB2,
MAPK1, AOC3, GABBR1, NOS2, STAT1, NR1H2, AKR1C3, PTPN11, MAPK14,
MTOR, VEGFA, FABP1, WEE1, FABP4, RPS6KB1, FABP5, APEX1, PTPN6, TEK,
HSPATA

G0:0016021~integral
component of

101

0.026736903

APPE CISD1, COMT, ATP12A, IGF1R, ADORA3, ADORAT, KDR, CYP1B1, CA14,
PTGDR, PDGFRB, KCNH2, TAAR1, GABRG2, AR, MTNR1A, ADAM17,

membrane MTNR1B, AGTR1, PTGES, ABCG2, PTGFR, SLC22A6, ABCB1, MAOB, MAOA,
CHRNA7Z, SLC5A2, CYP19A1, FUT4, HSD11B1, HSD11B2, EBF, FUT7, NPC1L1,
ST3GAL3, FDFT1, CCR1, TAS2R31, SRD5A1, ESR1, SQLE, PTPRC, TBXASIT,
CYP1A2, BCL2, NOX4, ALPL, DHCR7, BCL2L1, FGFR1, ALK, GABRB2, ACHE,
HTR2B, ECE1, SLC6A2, PTPRF, SLC6A4, GRM2, CA4, CA9, ACP1, ABCCI,
PTGIR, GPR35, SIGMAR1, AVPR1A, TACR1, ADRA2C, BACET, FCER2, BACE2,
MMP14, MMP13, KCNMA1, MET, UGT2B7, PTGER4, HDAC2, PTGERT,
PTGER2, PTGER3, HMGCR, EGFR, GLRA1, CXCR1, CNR1, ERBB2, HSD17B2,
CA12, AOC3, BCHE, PTPN1, GABRA1, GABBR1, CYP51A1, OPRK1, SCD,
PTPN2

Table V: Top 20 hub genes with the highest degree score

No Gene symbol Full name Score

1 AKT1 Serine/threonine-protein kinase AKT 123

2 MAPK3 MAP kinase ERK1 116

3 EGFR Epidermal growth factor receptor erbB1 107

4 SRC Tyrosine-protein kinase SRC 102

5 MAPK1 MAP kinase ERK3 101

6 VEGFA Vascular endothelial growth factor A 98

7 HSP90AAT Heat shock protein HSP 90-alpha 90

8 ESR1 Estrogen receptor alpha 84

9 PTGS2 Cyclooxygenase-2 82

10 MTOR Serine/threonine-protein kinase mTOR 76

11 PIK3CA PI3-kinase p110-alpha subunit 74

12 APP Beta-amyloid A4 protein 65

13 MMP9 Matrix metalloproteinase 9 62

14 MAPK14 MAP kinase p38 alpha 59

15 AR Androgen Receptor 58

16 ERBB2 Receptor protein-tyrosine kinase erbB-2 57

17 MDM2 p53-binding protein Mdm-2 57

18 KDR Vascular endothelial growth factor receptor 2 56

19 BCL2L1 Apoptosis regulator Bcl-X 55

20 STAT1 Signal transducer and activator of transcription 1-alpha/beta 55
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Fig. 1: Venn diagram of predicted genes target of 5 potential mahogany compounds, resulting in 294 potential targets.

(a)

(b)

Fig. 2: (a) Protein—protein interaction networks of predictive mahogany metabolite target genes analyzed using STRING-DB and (b) the

top 20 hub genes with the highest degree score analyzed using Cytoscape.

Fig. 3: Mechanism of antidyslipidemic activity of the 5 mahogany test compounds through the direct inhibition of HMGCR and indirect
inhibition through SREBP, ER1, PI3K/AKT, MAPK 1/3, and MTOR.
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target of mahogany compounds (Table II). SREBP was
activated by MAPK, AKT1, PI3K, MTOR, and ER1.%5%

Intracellular mitogen-activated protein kinases (MAPKs) are
an essential class of proline-dependent protein kinases
involved in regulating various biological functions, such as
inflammation, cell proliferation, and differentiation.*
MAPK1 and MAPK3 (also known as ERK2 and ERKI,
respectively) are the members of the MAPK family. The N-
terminal domains of SREBP1a, SREBP1c, and SREBP2 are the
substrates of MAPK1 and MAPK3.*” The activation of the MAP
kinase cascade increases the transcriptional activity of
SREBP1la and SREBP2 to a similar degree (state). MAPK1/3
plays a role in regulating the lipid metabolism in the liver.*
A past study also confirmed that the inhibition of MAPK3
had been known to reduce adipocytes and resistance to high-
fat diet-induced obesity due to impaired adipocyte
differentiation and higher postprandial metabolism.*

The phosphatidylinositol 3-kinase/protein kinase B
(PI3K/AKT) pathway is considered as one of the upstream
pathways of SREBP.” The Akt pathway positively modulates
the activation of SREBP2, which selectively activates de novo
cholesterol synthesis.*® The inhibition of the AKT signaling
pathway is known to inhibit the formation of SREBP2 and the
downstream target genes of SREBP2, such as LDLR and
HMGCR.*

The mechanistic target of rapamycin (mTOR) is the catalytic
subunit of two structurally distinct complexes: mTORC1 and
mTORC2, both of which localize to different subcellular
compartments and also affect different activation and
function.36 During obesity and overnutrition conditions,
mTORC1 is hyperactivated, resulting in the persistent
activation of SREBP 1c in the liver, leading to the
overproduction of lipids and hepatic steatosis
hypertriglyceridemia.” The inhibition of mTORC1 is known
to reduce the SREBP2 activity and cholesterol synthesis in the
endoplasmic reticulum.® Moreover, the inhibition of
mTORCI1 is known to prevent lipid storage processes, increase
low-density lipoprotein cholesterol levels, and activate
lipolysis.38 Thus, the inhibition of mTORC1 can be a
potential therapeutic target for metabolic syndromes such as
dyslipidemia.

Estrogen receptor alpha (ERa) plays a significant role in
adipocyte activity and sexual dimorphism in fat distribution.’
For instance, ER alfa modulates the process of transcription
and the activation of proteins that play a role in fat
metabolisms, such as PPAR gamma, SREBP, HMGCR, and
LDLR.*** Past research has shown that ER-alpha activation
plays a role in activating the SREBP2 expression, which is
correlated with the exhibition of the HMGCR expression for
cholesterol synthesis and LDLR for the cellular uptake of LDL
cholesterol.*®* However, past studies have shown that
phytoestrogen genistein activation of SREBP2 did not
significantly increase HMGCR expression, rather it increases
LDLR expression.®

Our research suggests that mahogany contains B-sitosterol,
swietemachropyllanin, swietenia, 7-HMC, and scopoletin,
which are responsible for the estrogenic and anti-
dyslipidemic activity with the mechanism through direct or
indirect inhibition of HMGCR. Indirect inhibition of the
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HMGCR activity through inhibition of the ERK1/2, AKT/PI3K,
mTOR, and estrogen receptor alpha pathways mediated
through SREBP1/2 (Fig. 3). This study demonstrates the
potential of mahogany as an estrogenic agent and a
dyslipidemia-preventing agent in postmenopausal women.
This research was based on bioinformatics research that
suspected the compound roles of its activity and mechanism
pathways. Therefore, further research is warranted to confirm
our results.

CONCLUSION

In this study, a network pharmacology approach was
proposed to explore the mechanism underlying the action of
mahogany on dyslipidemia for menopausal conditions. The
active ingredients of mahogany in the treatment of
dyslipidemia consisted of five compounds B-sitosterol,
swietemacrophyllanin, 7-hydroxy-2-(4-hydroxy-3-methoxy-
phenyl)-chroman-4-one  (7HMC),  scopoletin, and
stigmasterol. The possible molecular mechanisms mainly
involved the direct inhibitory pathway of HMGCR and the
indirect inhibitory pathway of HMGCR. The indirect
inhibitory pathway was mediated through the PI3K/AKT,
MAPK1/3, MTOR, ER1, and SREBP1/2 signaling pathways.
Our findings suggested the use of mahogany as an
alternative herbal therapy to prevent dyslipidemia in
menopause conditions and exert estrogenic activity. This
research provides new insights for further research on the
anti-dyslipidemic effect of mahogany.
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