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Abstract

Background and objectives: Investigations indicate that Wedelia chinensis extract increases efficacy
of prostate cancer treatment. In the present study, the differentially expressed genes (DEGSs) of
prostate cancer cell line 22RV1 in the presence of W. chinensis extract derived from Gene Expression
Omnibus (GEO) were evaluated by gene ontology and pathway analysis. Methods: Gene expression
profiles of GSE100224 were analyzed by GEO2R. The significant DEGs were assessed via action
map analysis. The related biological terms were identified for the significant DEGS. The highlighted
dysregulated genes and pathways were discussed. Results: Seventy significant DEGs including 49 up-
regulated genes and 21 down-regulated ones were assessed by inhibition, activation, expression, and
binding actions. Cytochrome P450 and PTGS2 were highlighted as the crucial DEGs. Estrogen
metabolism was pointed as the main targeted pathway. Conclusion: Findings indicated that “estrogen
metabolism” and UGT1A1, MAOA, PTSG2, and cytochrome P450 in the 22RV1 cells were the main
targeted pathway and genes by W. chinensis.
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Introduction

About 1 414 259 new cases of prostate cancer
have been reported in 2020 worldwide. Total
mortality was reported as 375 304 related deaths
[1]. New therapeutics, better use of current
therapies in early-stage disease, next-generation
sequencing, and using advanced functional
imaging has been the renovated treatments of
prostate cancer over the last decade [2].
Androgen receptor is known as a crucial driver of

pathophysiology, metabolism and migration, and
for regulating the proliferation of prostate cancer.
This receptor is also a confirmed target for
prostate cancer treatment [3]. Beside chemical
drugs many herbal anti-cancers have been
introduced that can be used as therapeutic sources
in cancer treatment [4]. Wedelia chinensis
(Osbeck) Merr is known as a public component
of anti-inflammatory herbal medicines in Taiwan
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and southern China. Investigations have indicated
that Wedelia chinensis extract consumption
increases efficacy of prostate cancer treatment.
As it is reported, apigenin, luteolin, and
wedelolactone, the compounds from Wedelia
chinensis suppress androgen receptors [5,6].

Since dysregulation of many genes occurs in
cancer patients, gene expression study is a
powerful method to detect molecular mechanism
of cancers. Gene expression regulation of The
highlighted genes that are involved in cancer is a
main goal in cancer therapy [7,8]. It is a well-

known process in treatment of prostate cancer [9].

Integration of bioinformatics and genomics, is a
common trend to analyze gene expression
process in cancer diagnosis and treatment [10].
Sun et al. published a document about gene
expression analysis of prostate cancer. They used
gene ontology and pathway analysis to find the
critical pathways due to mutation in prostate
cancer. As it is reported by the authors, data were
extracted from “The Cancer Genome Atlas” and
were analyzed via gene ontology , using, “Gene
set enrichment analysis” and Kyoto Encyclopedia
of Genes and Genomes (KEGG) database [11].
Fan et al. reported a document about analysis of
GSES55 945 from GEO which is related to
prostate cancer. Data were analyzed via protein-
protein interaction network, KEGG pathway
analysis, and gen ontology. They found that cell
development, cell division, cell cycle and cell
junction were the most affected processes by the
studied DEGs. In their report, the key genes
related to prostate cancer were identified as
RPS21, FOXO01, BIRC5, POLR2H, RPL22L1
and NPM1 [12]. In the present study, gene
expression profiles of prostate cancer cell line
22RV1 (GSE100224) from GEO were analyzed
via gene ontology and pathway analysis to find
molecular mechanism of Wedelia chinensis effect
on the prostate cancer cells; the effect that leads
to increase treatment efficacy.

Material and Methods

Ethical considerations

This project was approved by
IR.SBMU.RETECH.REC.1401.427 code, ethical
committee of Shahid Beheshti University of
Medical Sciences.

Data collection
Data was derived from GSE100224 from GEO

(data is publish at 2017 and updated at 2021)
(https://www.ncbi.nIm.nih.gov/geo/query/acc.cgi
?acc=gse100224). Gene expression profiles of
the human prostate cancer cell line 22RV1 in the
presence of 10 pg/mL of Wedelia chinensis
extract versus control were down-loaded and
analyzed by GEO2R. Top 250 DEGs based on
expression change were selected as queried
DEGs. Considering “fold change” > 2 the
significant DEGs were identified. The gene
expression profiles were assessed via volcano
plot to evaluate fold change based on p-value.
The significant DEGs were included in
CluePedia; the application of Cytoscape software
to explore the regulatory relationships between
the genes. Four actions including binding,
expression, activation, and inhibition were
investigated. The regulatory network was formed
via directed edges.

To assess the related biological terms, the
significant DEGs were included in ClueGO. The
biological terms were extracted from
WikiPathways, GO_BiologicalProcess-EBI-
UniProt-GOA-ACAP-ARAP,
GO_CellularComponent-EBI-UniProt-GOA-
ACAP-ARAP, KEGG, REACTOME_Pathways,
REACTOME_Reactions, and
GO_MolecularFunction-EBI-UniProt-GOA-
ACAP-ARAP update 08.05.2020.

Statistical analysis

P-value < 0.01 was considered to determine the
significant DEGs. To analyze the biological
terms, Term p-value, term-p-value corrected with
Bonferroni step down, group p-value, group p-
value corrected with Bonferroni step down less
than 0.01 were considered .

Results and Discussion

Among the 250 top DEGs 70 significant DEGs
based on “fold change” > 2 and p-value < 0.01
were selected for more analysis. Volcano plot
was provided for the gene expression profiles.
The significant up and down-regulated genes are
shown in the volcano plot (Figure 1).

The 70 significant DEGs were included in
CluePedia to find binding, expression, activation,
and inhibition relations between the recognized
significant DEGs. Among 70 significant DEGs,
58 individuals (including 36 isolated, 6 paired, a
triple, and a main connected component) were
recognized by CluePedia.  The recognized
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significant DEGs and the related relationships are
shown in Figure 2.

The 70 significant DEGs were analyzed by
ClueGO to find the related biological terms. As
shown in Table 1, sixty-four biological terms
appeared as the dysregulated individuals. The
biological terms were clustered in four groups
including: “apoptosis-related network due to
altered Notch3 in ovarian cancer”, “oxidative
stress”, “tryptophan metabolism”, and “estrogen
metabolism” as groups 1-4, respectively.
Distribution of the biological terms in the
introduced groups was presented in Figure 3.
More evidences were required to detect the
critical DEGs. So relationship between DEGs and
the introduced biological terms was interpreted.
GEO database is a useful source of data to
analyze different diseases. Prostate cancer is a
disease that is evaluated by researchers by using
GEO database as the source of data in several
investigations [13,14]. Box plot presentation of
the dysregulated genes of the treated prostate
cancer cells indicated that considerable numbers
of DEGs were dysregulated significantly.
Assessment revealed that the significant DEGs
included 49 up-regulated DEGs versus 21 down-
regulated ones. Range of log (fold change) for up
and down-regulated DEGs was as 1.0 - 5.8 and (-
1.0) - (-2.1). CYP1Al and PMEPAL were the
most up-regulated and down-regulated genes,
respectively.

14+
124

10+

-log10(Pvalue)

log2(fold change)

Figure 1. Volcano plot for the gene expression profiles of
GSE100244; The up and down regulated spots were
determined based on “fold change 1.5.

Since network analysis is a useful tool to screen
data, the significant DEGs are assessed via this
method [15]. As it is shown in Figure 2, CYP1AL,
CYP1A2, and CYP1Bl1 (the members of
cytochrome P450 enzyme) are presented in the
main connected component. These enzymes were
the top up-regulated ones in the gene expression
profiles. Prostaglandin-endoperoxide synthase 2
(PTGS2) is the other important gene that
appeared in the action map (Figure 2). Its
expression was regulated by ELF3, HMOX1, and
TQOL1 and it activated CYP1B1. Based on report
of Ellinger et al., noncancerous PTGS2 DNA
fragments which were presented in the sera of the
prostate cancer patients can be considered as
diagnostic and prognostic biomarkers [16]. Chen
et al. published a paper about role of cytochrome
P450 members in prostate cancer development
and treatment [17] .

As it is depicted in Table 1 and Figure 3, 64
biological terms were related to the significant
DEGs. The terms were categorized in four groups.
The main group of the biological term was
“estrogen metabolism”. Forty-nine biological
terms were attributed to the “estrogen
metabolism” pathway. Prominent role of estrogen
and estrogen metabolites in prostate cancer was
confirmed by researchers [18]. As it is depicted
in Table 1, this category is related mostly to
cytochrome P450 members. Among the 49
biological terms of group 4, 47 individuals (96%
of terms) depend to cytochrome P450 members.
PTSG2 is the other gene that is highlighted in the
Table 1. As it is shown in Table 1, eight
biological terms are related to PTSG2.
Monoamine oxidase A (MAOA) is the another
gene that is related to the considerable terms of
groups 4, 3, and 2.As it is highlighted in the
report of Lin et al., MAOA is over-expressed in
prostate cancer [19]. Down-regulation of MAOA
by Wedelia chinensis is consisted with cancer
therapeutic ~ properties of W. chinensis.
Investigation of Xu et al. indicated that inhibition
of MAOA impairs prostate cancer development
[20].

The other highlighted gene in Table 1 is “UDP
glucuronosyltransferase family 1 member Al”
(UGT1Al). Role of UGT1A was investigated in
several diseases such as , hepatobiliary disease,
diabetes, Gilbert’s syndrome, cardiovascular
disease, leukemia, Crigler—Najjar syndrome,
neurological disease, tumorigenesis, metabolic
difficulties, Crohn’s disease (CD), gallstone,
myelosuppression, and obesity [21].
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Figure 2. Regulatory relationship between the 58 recognized significant DEGs; blue, green, red, and yellow refer to binding,
activation, inhibition, and expression, respectively.

Apoptosis-related
network due to altered
Notch3 in ovarian
cancer 1.56% **
Oxidative Stress 9.38%
Tryptophan metabolism
12.5% **

Estrogen metabolism
16.56% **

Figure 3. Percentage of gene ontology terms per group

12 Res J Pharmacogn 10(4): 9-15



Estrogen metabolism the main target of Wedelia chinensis

Table 1. The 64 related biological terms of the significant DEGs
R GO Term % AG Associated Genes Found
1 Apoptosis-related network due to altered Notch3 in ovarian cancer 5.56 [BCL3, NET1, NQO1]
Dopamine metabolism 21.43 [DDC, MAOA, NQO1]
[EGR1, GPX2, HMOX1, NQO1,
NRF2 pathway 411 TXNRD1, UGT1A1]
Photodynamic therapy-induced NFE2L2 (NRF2) survival signaling 12.50 [ABCG2, HMOX1, NQO1]
2 . [CYP1A1, HMOX1, MAOA,
Oxidative Stress 14.71 NQO1, TXNRD1]
Excretion 4.05 [ABCG2, HMOX1, KCNMA1]
Caveola 430 [HMOX1, KCNMAL, NR4A2,
) PTGS?]
. [CYP1A1, CYP1A2, CYP1B],
Tryptophan metabolism 11.90 DDC, MAOA]
Dopamine metabolism 21.43 [DDC, MAOA, NQO1]
Amino Acid metabolism 4.40 [DDC, MAOA, OAT, PDK4]
. [CYP1A1, HMOX1, MAOA,
3 Oxidative Stress 14.71 NQO1, TXNRD1]
Phenol-containing compound metabolic process 4.03 [CGA, CRK:\FQAEIZD]C‘ MAOA,
Catecholamine metabolic process 5.17 [DDC, MAOA, NR4A2]
Catechol-containing compound metabolic process 5.17 [DDC, MAOA, NR4A2]
Dopamine metabolic process 7.32 [DDC, MAOA, NR4A2]
. . . [AKR1C2, CYP1Al, CYP1A2,
Steroid hormone biosynthesis 8.20 CYPIB1, UGT1A1]
. [CYP1A1L, CYP1A2, CYP1B],
Tryptophan metabolism 11.90 DDC, MAOA]
Retinol metabolism 4.48 [CYP1AlL, CYP1A2, UGT1A1]
. . [CYP1AlL, CYP1A2, CYP1B],
Metabolism of xenobiotics by cytochrome P450 5.19 UGTIA1]
Drug metabolism 4.17 [CYP1A2, MAOA, UGT1A1]
. - . [CGA, CYP1AL, CYP1B1,
Ovarian steroidogenesis 7.84 PTGS?]
. . . [AKR1C2, CYP1A1l, CYP1A2,
Chemical carcinogenesis 7.23 CYPIB1, PTGS2, UGTIAI]
Cytochrome P450 - arranged by substrate type 4.55 [CYP1Al, CYP1A2, CYP1B1]
Synthesis of epoxy (EET) and dihydroxyeicosatrienoic acids (DHET) 37.50 [CYP1Al, CYP1A2, CYP1B1]
- . . [CYP1AlL, CYP1A2, CYP1B],
Avrachidonic acid metabolism 8.47 GPX2, PTGS?]
Synthesis of (16-20)-hydroxyeicosatetraenoic acids (HETE) 33.33 [CYP1A1, CYP1A2, CYP1B1]
Arachidonic acid is hydroxylated to 16/17/18-HETE by CYP (1) 100.00 [CYP1A1, CYP1A2, CYP1B1]
Arachidonic acid is hydroxylated to 19-HETE by CYP (2) 37.50 [CYP1AL, CYP1A2, CYP1B1]
Arachidonic acid is epoxidated to 5,6-EET by CYP (4) 75.00 [CYP1Al, CYP1A2, CYP1B1]
Arachidonic acid is epoxidated to 8,9/11,12/14,15-EET by CYP (5) 42.86 [CYP1AL, CYP1A2, CYP1B1]
4 Arachidonic acid is hydroxylated to 20-HETE by CYP (3) 50.00 [CYP1Al, CYP1A2, CYP1B1]
Metabolic disorders of biological oxidation enzymes 8.33 [CYP1B1, MAOA, UGT1A1]
Biosynthesis of DHA-derived SPMs 17.65 [CYP1AlL, CYP1A2, PTGS?]
Biosynthesis of specialized proresolving mediators (SPMs) 15.79 [CYP1Al, CYP1A2, PTGS?]
Dopamine metabolism 21.43 [DDC, MAOA, NQO1]
[CYP1A1, CYP1A2, CYP1B],
Aryl Hydrocarbon Receptor Netpath 10.42 NQO1, PTGS?]
[CYP1Al, CYP1A2, CYP1B1,
Aryl Hydrocarbon Receptor Pathway 10.42 NQO1, UGT1AI]
Estrogen Receptor Pathway 30.77 [CYPIAL, ?I(Dpéﬁz CYP1BL,
. . [CYP1Al, CYP1A2, CYP1B1,
Melatonin metabolism and effects 9.52 MAOA]
Oxidation by Cytochrome P450 4.76 [CYP1Al, CYP1A2, CYP1B1]
Tryptophan metabolism 9.52 [CYPIAL, nglc'?z CYP1B1,
Tamoxifen metabolism 14.29 [CYP1AlL, CYP1A2, CYP1B1]
Benzo(a)pyrene metabolism 33.33 [AKR1C2, CYP1Al, CYP1B1]
. [CYP1A1L, CYP1A2, CYP1B],
Estrogen metabolism 26.32 NQO1, UGTIA1]
Toxin metabolic process 12.90 [CYP1AL, CYP1AZ, CYPIBL,

DDC]
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Table 1. Continued

R GO Term % AG Associated Genes Found
Hydro-lyase activity 4.23 [CYP1A1, CYP1A2, CYP1B1]
. [CYP1A1, CYP1A2, HMOX1,
Tetrapyrrole metabolic process 5.63 UGT1A1]
[AKR1C2, CYP1A1l, CYP1A2,
Cellular hormone metabolic process 4.76 CYP1B1, EGR1, TIPARP,
UGT1A1]
- . . [CYP1AlL, CYP1A2, HMOX1,
Porphyrin-containing compound metabolic process 8.70 UGT1A1]
. . [AKR1C2, CYP1A1l, CYP1A2,
Primary alcohol metabolic process 4.08 CYP1B1]
Catecholamine metabolic process 5.17 [DDC, MAOA, NR4A2]
. [CYP1AlL, CYP1A2, CYP1B],
Estrogen metabolic process 11.63 TIPARP, UGT1A1]
Steroid hydroxylase activity 7.50 [CYP1Al, CYP1A2, CYP1B1]
Catechol-containing compound metabolic process 5.17 [DDC, MAOA, NR4A2]
Oxidoreductase activity, acting on paired donors, with incorporation or reduction of
molecular oxygen, reduced flavin or flavoprotein as one donor, and incorporation of 8.11 [CYP1Al, CYP1A2, CYP1B1]
one atom of oxygen
Hydroperoxy icosatetraenoate dehydratase activity 50.00 [CYP1Al, CYP1A2, CYP1B1]

Dopamine metabolic process

7.32 [DDC, MAOA, NR4A2]

Estrogen 16-alpha-hydroxylase activity

33.33 [CYP1A1, CYP1A2, CYP1B1]

Aromatase activity

10.71 [CYP1A1, CYP1A2, CYP1B1]

Retinol metabolic process

5.77 [CYP1A1, CYP1A2, CYP1B1]

Avrachidonic acid metabolic process

635  [CYPLAL CYP1A2 CYPIBL,
: PTGS2]

Long-chain fatty acid biosynthetic process

8.33 [CYP1A1, CYP1A2, PTGS2]

Epoxygenase P450 pathway

15.00 [CYP1A1, CYP1A2, CYP1B1]

Omega-hydroxylase P450 pathway

33.33 [CYP1A1, CYP1A2, CYP1B1]

AG: associated genes; R: group number.

Investigations indicated that UGT1Al enzyme
play role in metabolic pathway of estrogen
detoxification in prostate [22]. The findings open
new windows to explore medical properties of
Wedelia chinensis.

Conclusion

In conclusion, “estrogen metabolism” is the main
biochemical pathway which is affected by W.
chinensis in the prostate cancer cell line 22RV1.
Cytochrome P450 members as the main targeted
gene was highlighted. Prominent roles of
UGT1Al, MAOA, PTSG2 in response to
presence of W. chinensis were identified. It can be
suggested that investigation about effect of the
various compounds of Wedelia chinensis on cancer
cells is a useful approach in cancer therapy.

Acknowledgment
Shahid Beheshti University of Medical Sciences
supported this research.

Author contributions

Vahid Mansouri, Mahmood Khodadoost, Reza
Mahmoud Robati, Zahra Razzaghi and Mitra
Reaei were involved in project design, data
collection and analysis; all authors approved the
final draft of the manuscript.

Declaration of interest

The authors declare that there is no conflict of
interest. The authors alone are responsible for the
accuracy and integrity of the paper content.

References

[1] Wang L, Lu B, He M, Wang Y, Wang Z, Du
L. Prostate cancer incidence and mortality:
global status and temporal trends in 89
countries from 2000 to 2019. Front Public
Health. 2022; 10: 1-18.

[2] Teo MY, Rathkopf DE, Kantoff P. Treatment
of advanced prostate cancer. Annu Rev Med.
2019; 70: 479— 499.

[3] Geng C, Rajapakshe K, Shah SS, Shou J,
Eedunuri VK, Foley C, Fiskus W, Rajendran
M, Chew SA, Zimmermann M, Bond R, He
B, Coarfa C, Mitsiades N. Androgen receptor
is the key transcriptional mediator of the
tumor suppressor SPOP in prostate cancer.
Cancer Res. 2014; 74(19): 5631-5643.

[4] Xiong RG, Huang SY, Wu SX, Zhou DD,
Yang ZJ, Saimaiti A, Zhao CN, Shang A,
Zhang YJ, Gan RY, Li HB. Anticancer
effects and mechanisms of berberine from
medicinal herbs: an update review. Molecules.
2022; 27(14): 1-19.

14 Res J Pharmacogn 10(4): 9-15


https://pubmed.ncbi.nlm.nih.gov/?term=Fiskus+W&cauthor_id=25274033
https://pubmed.ncbi.nlm.nih.gov/?term=Rajendran+M&cauthor_id=25274033
https://pubmed.ncbi.nlm.nih.gov/?term=Chew+SA&cauthor_id=25274033
https://pubmed.ncbi.nlm.nih.gov/?term=Zimmermann+M&cauthor_id=25274033
https://pubmed.ncbi.nlm.nih.gov/?term=Bond+R&cauthor_id=25274033
https://pubmed.ncbi.nlm.nih.gov/?term=He+B&cauthor_id=25274033
https://pubmed.ncbi.nlm.nih.gov/?term=Coarfa+C&cauthor_id=25274033
https://pubmed.ncbi.nlm.nih.gov/?term=Mitsiades+N&cauthor_id=25274033
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao+CN&cauthor_id=35889396
https://pubmed.ncbi.nlm.nih.gov/?term=Shang+A&cauthor_id=35889396
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+YJ&cauthor_id=35889396
https://pubmed.ncbi.nlm.nih.gov/?term=Gan+RY&cauthor_id=35889396
https://pubmed.ncbi.nlm.nih.gov/?term=Li+HB&cauthor_id=35889396

Estrogen metabolism the main target of Wedelia chinensis

[5] Tsai CH, Tzeng SF, Hsieh SC, Yang YC,
Hsiao YW, Tsai MH, Hsiao PW. A
standardized herbal extract mitigates tumor
inflammation and augments chemotherapy

effect of docetaxel in prostate cancer. Sci Rep.

2017; 7(1): 1-14.

[6] Tsai CH, Lin FM, Yang YC, Lee MT, Cha
TL, Wu GJ, Hsieh SC, Hsiao PW. Herbal
extract of Wedelia chinensis attenuates
androgen receptor activity and orthotopic
growth of prostate cancer in nude mice. Clin
Cancer Res. 2009; 15(17): 5435-5444.

[7] Petty RD, Nicolson MC, Kerr KM, Collie-
Duguid E, Murray GIl. Gene expression
profiling in non-small cell lung cancer: from

molecular mechanisms to clinical application.

Clin Cancer Res. 2004; 10(10): 3237-3248.

[8] Zhang L, Zheng W, Tang R, Wang N, Zhang
W, Jiang X. Gene regulation with carbon-
based siRNA conjugates for cancer therapy.
Biomaterials. 2016; 104: 269-278.

[9] Krishnan AV, Peehl DM, Feldman D.
Inhibition of prostate cancer growth by
vitamin D: regulation of target gene
expression. J Cell Biochem. 2003; 88(2):
363-371.

[10] Valencia A, Hidalgo M.  Getting
personalized cancer genome analysis into the
clinic: the challenges in bioinformatics.
Genome Med. 2012; 4(7): 1-17.

[11] Sun J, Li S, Wang F, Fan C, Wang J.
Identification of key pathways and genes in
PTEN mutation prostate cancer by
bioinformatics analysis. BMC Med Genet.
2019; 20(1): 1-9.

[12] Fan S, Liang Z, Gao Z, Pan Z, Han S, Liu X,
Zhao C, Yang W, Pan Z, Feng W.
Identification of the key genes and pathways
in prostate cancer. Oncol Lett. 2018; 16(5):
6663-6669.

[13] He S, Shi J, Mao J, Luo X, Liu W, Liu R,
Yang F. The expression of miR-375 in
prostate cancer: a study based on GEO,
TCGA data and bioinformatics analysis.
Pathol Res Pract. 2019; Article ID 152375.

[14] Gan BL, Zhang LJ, Gao L, Ma FC, He RQ,
Chen G, Ma J, Zhong JC, Hu XH.
Downregulation of miR-224-5p in prostate
cancer and its relevant molecular mechanism
via TCGA, GEO database and in silico
analyses. Oncol Rep. 2018; 40(6): 3171-
3188.

[15] Azodi MZ, Peyvandi H, Rostami-Nejad M,

Safaei A, Rostami K, Vafaee R, Heidari M,
Hosseini M, Zali MR. Protein-protein
interaction network of celiac disease.
Gastroenterol Hepatol Bed Bench. 2016; 9(4):
268-277.

[16] Ellinger J, Bastian PJ, Haan KI, Heukamp
LC, Buettner R, Fimmers R, Mueller SC,
von Ruecker A. Noncancerous PTGS2 DNA
fragments of apoptotic origin in sera of
prostate cancer patients qualify as diagnostic
and prognostic indicators. Int J Cancer. 2008;
122(1): 138-143.

[17] Chen TC, Sakaki T, Yamamoto K, Kittaka
A. The roles of cytochrome P450 enzymes in
prostate cancer development and treatment.
Anticancer Res. 2012; 32(1): 291-298.

[18] Allam RM, Al-Abd AM, Khedr A, Sharaf
OA, Nofal SM, Khalifa AE, Mosli HA,
Abdel-Naim AB. Fingolimod interrupts the
cross talk between estrogen metabolism and
sphingolipid metabolism within prostate
cancer cells. Toxicol Lett. 2018; 291; 77-85.

[19] Lin YC, Chang YT, Campbell M, Lin TP,
Pan CC, Lee HC, Shih JC, Chang PC.
MAOA-a novel decision maker of apoptosis
and autophagy in hormone refractory
neuroendocrine prostate cancer cells. Sci Rep.
2017; 7(1): 1-17.

[20] Xu S, Adisetiyo H, Tamura S, Grande F,
Garofalo A, Roy-Burman P, Neamati N.
Dual inhibition of survivin and MAOA
synergistically impairs growth of PTEN-
negative prostate cancer. Br J Cancer. 2015;
113(2): 242-251.

[21] Liu D, Yu Q, Ning Q, Liu Z, Song J. The
relationship between UGT1Al gene &
various diseases and prevention strategies.
Drug Metab Rev. 2022; 54(1): 1-21.

[22] Karatzas A, Giannatou E, Tzortzis V,
Gravas S, Aravantinos E, Moutzouris G,
Melekos M, Tsezou A.  Genetic
polymorphisms in the UDP-
glucuronosyltransferase  1A1  (UGT1Al)
gene and prostate cancer risk in Caucasian
men. Cancer Epidemiol. 2010; 34(3): 345-
349.

Abbreviations
DEGs: differentially expressed genes; GEO: gene
expression omnibus; KEGG: Kyoto encyclopedia
of genes and genomes; AG: associated gene; CD:
Crohn’s disease

15


https://pubmed.ncbi.nlm.nih.gov/?term=Hsiao+PW&cauthor_id=29142311
https://pubmed.ncbi.nlm.nih.gov/?term=Hsieh+SC&cauthor_id=19690196
https://pubmed.ncbi.nlm.nih.gov/?term=Hsiao+PW&cauthor_id=19690196
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao+C&cauthor_id=30405806
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+W&cauthor_id=30405806
https://pubmed.ncbi.nlm.nih.gov/?term=Pan+Z&cauthor_id=30405806
https://pubmed.ncbi.nlm.nih.gov/?term=Feng+W&cauthor_id=30405806
https://pubmed.ncbi.nlm.nih.gov/?term=Ma%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhong%20JC%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hu%20XH%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Heidari%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hosseini%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zali%20MR%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mueller+SC&cauthor_id=17764114
https://pubmed.ncbi.nlm.nih.gov/?term=von+Ruecker+A&cauthor_id=17764114
https://pubmed.ncbi.nlm.nih.gov/?term=Mosli+HA&cauthor_id=29654831
https://pubmed.ncbi.nlm.nih.gov/?term=Abdel-Naim+AB&cauthor_id=29654831
https://pubmed.ncbi.nlm.nih.gov/?term=Shih+JC&cauthor_id=28402333
https://pubmed.ncbi.nlm.nih.gov/?term=Chang+PC&cauthor_id=28402333
https://pubmed.ncbi.nlm.nih.gov/?term=Neamati+N&cauthor_id=26103574
https://pubmed.ncbi.nlm.nih.gov/?term=Melekos+M&cauthor_id=20308029
https://pubmed.ncbi.nlm.nih.gov/?term=Tsezou+A&cauthor_id=20308029

