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Abstract: Objectives: Arsenic is one of the greatest hazards as an environmental carcinogen. At the same time it is
also a promising anticancer agent, that can be used to treat acute promyelocytic leukemia (APL) and some other
tumors. Arsenic trioxide (ATO) exerts its therapeutic effect by promoting degradation of an oncogenic protein that
drives the growth of APL cells. However, the molecular mechanisms that govern these paradoxical effects of arse-
nic in bladder cancer remain unclear. We speculate that they share the common mechanism that arsenic binds
to the target proteins and subsequently impacts the expression of downstream genes. Methods: To address this
issue, three Gene Set Enrichments (GSE) were loaded from the Gene Expression Omnibus (GEO) database with
four expression matrices. Three of them were mice samples at exposure times of 1, 2, and 12 weeks, and the last
was a human urothelial cell (HUC1) sample. Differentially expressed genes (DEGs) from 4 expression groups were
identified at iDEP and analyzed at Metascape and Cytoscape for signaling pathway analysis and protein-protein in-
teraction (PPI) analysis. The web-portals UALCAN and GEPIA were used to analyze the role of DEGs in the crosstalk
between carcinogenic and anticancer effects. The putative downstream genes of arsenic binding proteins were
retrieved using the Cistrome Data Browser. Real-time PCR was used to validate the expression of DEGs. Results: The
signaling pathways referred to lipid metabolism. Responses to various stimuli or hormones were overrepresented
in 4 expression matrices. The PPl network emphasized the role of KRAS and TNF signaling in different groups.
Furthermore, BDKRB2, FOS, NR4A1, PLAU, SH3BGRL, and F10 played an important role in the crosstalk between
carcinogenic and anticancer effects in bladder cancer. Arsenic may impact the activity of ACTB, BACH1, NME2,
RBBP4, PARP1, and PML by direct binding, and thus influence the expression of downstream genes such as PAX6,
MLLT11, LTBP1, PCSK5, ZFP36, COL8A2, and IL1R2. Conclusion: Arsenic exerted carcinogenic and anticancer func-
tions by altering the expression of crosstalk genes such as BDKRB2, FOS, NR4A1, PLAU, SH3BGRL, and F10, and
these were due to arsenic binding proteins.
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Introduction

Arsenic species as traditional and modern
medicines have been often used and studied,
even though paradoxically it is known for its tox-
icity. Much effort has been put into interpreting
its contradictory effects of carcinogenic and
anticancer activity. A strong association be-
tween chronic arsenic exposure and the devel-
opment of various tumors including cancers of
skin, bladder, lung, and liver was found [1].

There is evidence of increases in lung, bladder,
and kidney cancer even 40 years after high
arsenic exposure [2]. The cancer risk attribut-
able to arsenic exposure is reported in Northern
New England [3], Iran [4], Hungary [5], China [6],
and others. Chronic As3* exposure can convert
a non-invasive papillary bladder cancer to an
invasive form that acquires some basal charac-
teristics as shown by immunohistochemical
analysis [7]. One possible mechanism involves
epigenetic reprogramming through arsenic
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Table 1. Primers for real-time PCR assay

nisms of arsenic. A variety of

Gene Forward Reverse

labeled arsenics, for example,

GAPDH CCTCTGACTTCAACAGCGACAC TGGTCCAGGGGTCTTACTCC
BDKRB2 TGGAACGCCAGATTCACAAA TCAACTCATTTCCCAAGGTCG

BIO-PAO (Ill) and azide-based
AS-AC, are used to identify the
arsenic binding protein in HepG2

FOS ACCGCCACGATGATGTTCTC TGCGGGTGAGTGGTAGTAAGAG cells and NB4 cells [16, 17].
NR4A1  TGCCAATCTCCTCACTTCCC ATCCCCAGCATCTTCCTTCC

PLAU CAACGACATTGCCTTGCTGA CTTGTGCCAAACTGGGGATC We hypothesized that arsenic
SH3BGRL CTGCTCCACAGCCCTTTTCA GCATCATAGTCCCCGCGATA binding proteins govern paradox-

IL1R2 GCTTTCCTGCCGTTCATCTC

CAGCGGTAATAGCCAGCATCTT
PAX6 AGCCCTCACAAACACCTACAGC CATAACTCCGCCCATTCACC
PCSK5 CGCAGGAATCCAGAGTCACAA  CCAGGCGAAAAGTACCCAGA

ical effects of arsenic in bladder
cancer and subsequently impact
the expression of downstream

exposure, which causes changes in cell signal-
ing and dysfunctions of different epigenetic ele-
ments, including DNA methylation, histone
post-translational modifications, histone vari-
ants, and microRNAs [8, 9]. Furthermore, 218-
5p/EGFR signaling pathway may be a therapeu-
tic target for the treatment of lung cancer
induced by chronic arsenic exposure [10]. The
connections among ER stress-associated
unfolded protein response, mitochondrial dys-
function, and autophagy in arsenic malignan-
cies need further investigation [11].

Despite its carcinogenicity, arsenic and its com-
pounds have also been identified as promising
anticancer drugs. The ability of arsenic, specifi-
cally arsenic trioxide (ATO), to treat acute pro-
myelocytic leukemia has played an important
role in the re-emergence of this candidate to
western medicine for the treatment of various
cancers. ATO exerts its therapeutic effect by
promoting degradation of an oncogenic protein
that drives the growth of acute promyelocytic
leukemia cells, PML-RARx (a fusion protein
containing sequences from the PML zinc finger
protein and retinoic acid receptor alpha) [12].
Chen and colleagues proposed that arsenic
binding stabilizes the DNA-binding loop-sheet-
helix motif, endowing TP53 mutants with ther-
mostability and transcriptional activity, and
then mediates tumor suppression in cellular
and mouse xenograft models [13]. Also, ATO
directly bound to GLI1 protein, inhibited its tran-
scriptional activity, and decreased expression
of endogenous GLI target genes [14]. It is well
known that arsenic binds to a variety of pro-
teins containing dithiols formed by vicinal cys-
teine structures, such as ring finger domain and
zinc finger domain [15]. This specific interaction
can be used to elucidate the function mecha-
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genes. The biological conse-
quence of the binding between
arsenic and target proteins may be reflected by
their gene expression profiles. In this study, 3
GEO datasets were grouped into 4 expression
matrices designated 1-week, 2-week, 12-week,
and HUC1. Signaling pathway and PPI network
analysis of DEGs were performed. DEGs were
also integrated with altered expression genes
in BLCA to illustrate the arsenic impact. To
explore how arsenic induced the gene expres-
sion differentiation, the arsenic binding pro-
teins and their downstream genes were ana-
lyzed as well.

Methods
Data information

The Gene Expression Omnibus Datasets
(https://www.ncbi.nim.nih.gov/gds/) were sear-
ched with the terms arsenic and bladder can-
cer. Arsenate, realgar, orpiment and AsS were
also used but produced no search results.
Three mRNA expression data GSE116554,
GSE32102 and GSE90023 were obtained. The
GSE116554 had 4 C57BL/6 female mice sam-
ples which were provided drinking water with or
without 50 ppm arsenic (0.0867 mg/ml sodium
arsenite) for 2 weeks. The GSE32102 had 49
C57BL/6J female mice samples, 20 of which
were provided with 50 mg As/L drinking water
and were grouped as 1-week and 12-week. Two
HUC1 cell samples of the GSE9Q0023 were
chronically exposed to 1 uM arsenic trioxide for
10 months constituted the HUC1 group. These
4 expression matrices were used for differen-
tial gene expression analyses.

DEGs identification

Differential expression genes of 4 expression
groups were analyzed at iDEP (version 0.96)
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Figure 1. Workflow chart of this study.

Table 2. Characteristics of GEO datasets

Accession Object Treatment Platform Samples Ref

GSE116554 C57BL/6 female mice Fed with 50 ppm As-contained  GPL15523 GSM3242725, GSM3242726, GSM3242727, [29]
water for 2-week GSM3242728

GSE32102 C57BL/6J female mice Fed with 50 mg/L As-contained  GPL1261 GSM795662, GSM795663, GSM795664, [30]

water for 1-week or 12-week

GSE90023 HuC1 Cultured with 1 pM ATO in

F-12K medium for 10-month

GSM795665, GSM795666, GSM795667,
GSM795668, GSM795669, GSM795670,
GSM795671, GSM795692, GSM795693,
GSM795694, GSM795695, GSM795696,
GSM795697, GSM795698, GSM795699,
GSM795700, GSM795701

GPL10558 GSM2395808, GSM2395810 [31]

(http://bioinformatics.sdstate.edu/idep964/)
[18]. The criteria for identifying the DEGs was
as |Log2 Fold Change| > 1. P-value was not
considered owing to HUC1 group having no
replicate data. Non-annotated genes from
GSE116554 and GSE32102 in particular were
blast in NCBI for manual annotation. TBtools
(version 1.108) was used to identify the com-
mon DEGs among 4 expression matrices and
construct a Venn diagram [19].

Signaling pathway analysis and PPl network
construct

All DEGs were used for signaling pathway analy-
sis at Metascape (https://metascape.org/)
[20]. Gene ontology biological processes, KEGG
pathway, Wiki pathway, and Reactome gene set
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were included (P-value < 0.05). DEGs were fur-
ther used for PPI analysis using string (https://
cn.string-db.org/) (version 11.5) [21] and cyto-
scape (https://cytoscape.org/) (version 3.9.1)
[22]. CytoHubba was employed to discover the
highest linkage hub genes in the networks.
MCODE plugin was performed to identify
significant modules from PPl network with
default settings (degree cutoff = 2, node score
cutoff = 0.2, k-core = 2, and max. depth = 100).

UALCAN database analysis

UALCAN (http://ualcan.path.uab.edu) is an
interactive web-portal to perform in-depth anal-
yses of TCGA gene expression data [23]. It
enables the analysis of mMRNA expression dif-
ferences to compare normal samples with pri-
mary tumor tissue samples, as well as clinico-
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2-week 12-week

Figure 2. Venn diagram of DEGs from 4 expression matrices.
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Figure 3. Signaling pathway analysis of DEGs. Top 10 pathways of each ex-
pression group are shown. GO biological processes, KEGG pathway, Wiki
pathway, and Reactome gene set are included and shown in different colors.

pathologic features. The top 250 BLCA-UP and
top 250 BLCA-DOWN genes were downloaded
from this portal.
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GEPIA survival analyses

GEPIA  (http://gepia.cancer-
pku.cn) was applied to con-
duct the overall survival analy-
ses of hub genes and puta-
tive downstream genes using
the Kaplan-Meier method. Pa-
tients were divided into 2
groups using median values
as the cutoff points. Hazards
ratio was also calculated.

Cistrome Data Browser analy-
Sis

Cistrome Data Browser (http://
cistrome.org/db/) is a resour-
ce of human and mouse cis-
regulatory information deri-
ved from ChIP-seq, DNase-seq
and ATAC-seq chromatin profil-
ing assays [24]. Seventy-eight
arsenic binding proteins were
analyzed. Downstream genes
of ChlP-seq data were loaded
for further analysis.

Cell culture and treatment

The T24 human bladder can-
cer cell line was purchased
from Procell Co. Ltd., and
mycoplasma testing was con-
ducted. Reagents were as fol-
lows: Roswell Park Memorial
Institute (RPMI)-1640 cell cul-
ture medium, trypsin, fetal
bovine serum, 1% streptomy-
cin (Thermo Fisher Scientific,
Inc.), ATO (Sigma, Cat# 2026-
73). The T24 cells were cul-
tured in RPMI-1640 medium
containing 10% fetal bovine
serum and 1% streptomycin,
and grown at 37°C and 5%
carbon dioxide (CO,). The cells
were routinely subcultured
when they reached ~80% con-
fluence. ATO was dissolved in
1 M NaOH and further diluted
to 10 mM in culture medium

as a stock solution. The T24 cells were treated
with 1 yM ATO for 1 h or 6 h, twice washed with
PBS and were collected for the further use.

Am J Transl Res 2023;15(10):5984-5996
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Table 3. The common signaling pathways and their shared genes

Signaling pathway Group Genes

hsa04610 1-week and 12-week FGB, BDKRB2, F12, CPB2, GM4788, SERPINAS5, F10, F5

Complement and coagulation cascades

G0:0006935 1-week and 2-week  MED1, ANKRD1, NODAL, PAX6, PTPRZ1

Chemotaxis

G0:0009410 1-week and 12-week TGFBR2, ARG1, CRKL, CYP3A25, FOSL1, CES1B, CYP2C29,

Response to xenobiotic stimulus MTHFR, CPB2, CYP2A22, DNMT3A, SLCO1B2

G0:0009725 1-week, 2-week and  PLCB1, TGFBR2, FGB, ARG1, NTRK3, CRKL, FOSL1, AGTR2, NR4A1,

Response to hormone 12-week IGFBP1, PTPN2, ACHE, CTSJ, MUP3, DEFA-RS7, DNMT3A, GABRB3,
LY6H, NSCME3L, ANGPTL3

G0:0007167 1-week and 12-week PLCB1, TGFBR2, HGF, ARG1, NTRK3, CRKL, PIK3CD, BDKRB2,

Enzyme-linked receptor protein signaling pathway NOG, AFP, PTN, NR4A1, IGFBP1, PTPN2, FGFR4, ANGPTL1, FGF4,

IBSP, AKAP4, PAX9

G0:0007420 1-week and 12-week PLCB1, TGFBR2, KRAS, CRKL, AGTR2, NOG, PAX6, CPHX3, CPHX1,
Brain development CPHX2, NEUROD2, POUGF1

G0:0032102 1-week and 2-week  MED1, FGB, KNG1, SAMHD1, CLECAE

Negative regulation of response to external stimulus

G0:0009617 2-week and HUC1 S100A9

Response to bacterium

_conaz
RPS27A i FGF8
\ ,\» e

Izo

MCODE score

" 18G15

Figure 4. PPI network of the DEGs identified through the STRING database and Cytoscape. A-D. Top 10 hub genes
with the highest degrees of 4 expression matrices. E-H. The key module of MCODE analysis of 4 expression group.
Squares indicate DEGs, and lines indicate interactions. The color of squares means the degrees of connectivity and
the MCODE score.

Quantitative real-time PCR assay used to normalize the samples. The primers are

listed in Table 1.
Total RNA was isolated according to manufac-

turer's instructions using Trizol reagent Results

(TaKaRa, Cat# 9108Q). One thousand nano-

grams of RNA was used for gDNA eraser and Acquisition of datasets and identification of
reverse transcription (TaKaRa, Cat# RRO47A). DEGs

The cDNA was diluted 5 times, and 4 pyL was

used as a template in a 20-yL PCR reaction.
Real-time PCR analysis was performed using
TB Green Premix Ex Taqll (TaKaRa, Cat#
RR820A) on an Applied Biosystems 7500 Real-
Time PCR System, with 40 cycles under the fol-
lowing conditions: 95°C for 5 s, and 60°C for
45 s. GAPDH (GenBank: NM_002046.7) was

5988

The gene expression data were retrieved from
the GEO database using search terms “arse-
nic”, “arsenite” and “bladder cancer”. The work-
flow is illustrated in Figure 1. Three gene ex-
pression datasets (accession no. GSE116554,
GSE32102 and GSE9Q0023) from various plat-

forms were obtained (Table 2). The expression

Am J Transl Res 2023;15(10):5984-5996
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Figure 5. Venn diagram of DEGs and top 250 up-regulated and down-regulated genes in BLCA. (A) 1-week, (

2-weeks, (C) 12-weeks, (D) HUC1.

matrices were grouped as l1-week, 2-week,
12-week, and HUC1 from these datasets.
Differential expression genes were analyzed at
iDEP (version 0.96) [18]. Six hundred and
eighty-five DEGs were identified from the
1-week group, 734 DEGs from the 2-week
group, 762 DEGs from the 12-week group, and
269 DEGs from HUC1. Venn diagram of these
DEGs were constructed to illustrate the over-
lapped genes (Figure 2). Common DEGs were
found, especially between 1-week and 12-
weeks, which were both from GSE32102.
However, no common genes were found among
the four groups.

Signaling pathway enrichment of DEGs

Signaling pathway analysis of DEGs, including
GO biological processes, KEGG pathway, Wiki
pathway, and Reactome gene set, were per-
formed by Metascape [20]. The results of the

5989

top 10 signalings are presented in Figure 3.
Some signaling pathways were overrepresent-
ed, for example lipid metabolism, and response
to various stimuli or hormones. The strongest
signaling of each expression group was com-
plemented and coagulation cascades, detec-
tion of stimulus, locomotion, and cytokine sig-
naling in the immune system. The common sig-
naling pathways of the top 20 were comple-
ment and coagulation cascades (hsa04610),
chemotaxis (GO:0006935), response to xeno-
biotic stimulus (GO:0009410), response to hor-
mones (GO:0009725), enzyme-linked receptor
protein signaling pathway (GO:0007167), brain
development (G0O:0007420), negative regula-
tion of response to external stimulus (GO:
0032102), and response to bacterium (GO:
0009617) (Table 3). More common signaling
pathways were found between 1-week and
12-weeks which were both from GSE32102.

Am J Transl Res 2023;15(10):5984-5996
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Table 4. DEGs intersecting with 250 BLCA-UP and 250 BLCA-DOWN genes

Expression
group

Intersection Genes

Intersection 1 (BLCA-UP and AS-UP) 1-week UCK2, NUSAP1, FANCI, OAS3, FCHO1, PLA2G2F
2-week TPX2, TROAP, NDC80, LAMC2, CCNA2, BUB1
12-week  CENPF, TUBB3, BIRC5, TYMS
HUC1 IFIT3, EPSTI4, IFI127, IFI44, HIST2H2AA3, IFI6, UCA1, RARRES1, ISG15, HISTAH2BK,

MuC1

Intersection 2 (BLCA-DOWN and AS-DOWN) 1-week F10, NFIA, NR4AL

2-week  JUNB, BTG2, FOS, ZFP36, ADAMTS1
12-week  FOS, F10, NR4A1, BDKRB2
HuC1 SPON1, TMOD1, OLFM1
Intersection 3 (BLCA-UP and AS-DOWN) 1-week PLAU, CCNB1, BUB1

2-week NF

12-week  FANCI, BRCA1

HUC1 TRIB3, SQLE, APOBEC3B, PLAU, DHCR7, MDK, SCD, PSAT1
Intersection 4 (BLCA-DOWN and AS-UP) 1-week BIN1, BOC, BDKRB2
2-week ZEB2, AHNAK, MFAP4
12-week  SH3BGRL, ITGA8, FGL2

HUC1 SH3BGRL

NF: not found. Genes in bold belonged to different intersections.

- @
o o

n
o

~

n

Expression level (Fold)

u0h m1h m6h

I
| ol alls |

DEGs integrated with altered
expression genes in bladder
cancer (BLCA) describe the
paradoxical effects of arsenic

Arsenic as a potent carcino-
gen, is causally related to vari-

BDKRB2 FOS NR4A1 PLAU

Figure 6. The expression of DEGs belonging to different intersections. Hu-
man bladder cancer cells T24 were treated with 1 yM ATO for 1 h and 6 h.
Expression values were calculated using 22°T method and GAPDH as the

endogenous reference gene.

PPI network construction and identification of
hub genes

DEGs were further used for PPl analysis
using String and Cytoscape. The top 10 hub
genes were identified by degree in CytoHubba
(Figure 4A). Among these, KRAS, TNF, FOS,
and PAX6 appeared in different groups. Utili-
zing the MCODE plugin, the interconnected
clusters were retrieved and the module with the
highest score was selected for further analysis
(Figure 4B). 24, 18, 10, and 21 nodes were
identified from 1-week, 2-week, 12-week, and
HUC1 expression groups individually. The com-
mon proteins were CCNA2 and ORC1. These
results imply that RAS, TNF, FOS, PAX6, CCNA2,
and ORC1 signaling may be disturbed by
arsenic.
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ous tumors. At the same time,
As,0, has been identified as
an effective anticancer agent
for the treatment of acute pro-
myelocytic leukemia. To show
these multiple effects in blad-
der cancer, the top 250 BLCA-
UP and 250 BLCA-DOWN genes were loaded
from UALCAN, and intersected with our DEGs
(Figure 5 and Table 4). DEGs of intersection 1
(BLCA-UP and AS-UP) and intersection 2 (BLCA-
DOWN and AS-DOWN) had a coordinative
expression, meaning that these genes may
indicate a carcinogenic effect. Among them,
FOS, F10, and NR4A1 arose more than once in
different expression groups. The other two
intersections contained genes expressed
inversely, which may illustrate arsenic’s anti-
cancer effect. PLAU and SH3BGRL appeared
twice in the converse intersections. However,
FANCI, BUB1, and BDKRB2 may facilitate the
crosstalk between carcinogenic and anticancer
effects during different treatments because
they exist in both coordinative and converse
expression intersections.

SH3BGRL

Am J Transl Res 2023;15(10):5984-5996
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Figure 7. The overall survival of common genes from different intersections using Kaplan-Meier plotter at GEPIA. F10 and BDKRB2 were significantly correlated with
decreased overall survival. P < 0.05 was considered statistically significant.
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Figure 8. Signaling pathway analysis of 78 arsenic binding proteins. The top
20 pathways are shown. GO biological processes, KEGG pathway, Wiki path-
way, and Reactome gene set are included and shown in different colors.

Real-time PCR assay was performed to explore
the specific functions of DEGs belonging to dif-
ferent intersections. Human bladder cancer
cell line T24 was treated with 1 uM ATO. Results
show that BDKRB2, FOS, NR4A1, PLAU, and
SH3BGRL were responsive to arsenic (Figure
6). Interestingly, the expression of BDKRB2,
which may facilitate the crosstalk between car-
cinogenic and anticancer effects was increased
at 1 h, and decreased when the treatment
extended to 6 h. The survival curves between
the expression of these DEGs and overall sur-
vival rate were also examined by the Kaplan-
Meier method at GEPIA (Figure 7). Results
show that high expressions of F10 and BDKRB2
were significantly correlated with decreased
overall survival (P = 0.0026 and 0.0029,
Hazard Ratio = 1.6 and 1.4), while the expres-
sions of other genes were mildly correlated.
Taken together, BDKRB2, FOS, NR4A1, PLAU,
SH3BGRL, and F10 play an important role in
the crosstalk between carcinogenic and anti-
cancer effects in the bladder.

Putative downstream gene analysis of arsenic
binding proteins

To predict direct targets of arsenic and to
resolve how arsenic functions in its double-
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firmed by mass spectrometry
[16, 17] were selected for fur-
ther analysis. Signaling path-
way enrichment of these pro-
teins was performed by Me-
tascape (Figure 8). The most
significantly enriched clusters
were cellular responses to
stress (R-HSA-2262752), cell
adhesion molecule binding
(G0O:0050839), and the par-
kin-ubiquitin proteasomal sys-
tem pathway (WP2359). Cis-
trome Data Browser was used
to analyze the downstream
genes of these 78 arsenic
binding proteins. Among them,
ACTB, BACH1, NME2, RBBP4,
PARP1, and PML underwent a

= GO Biological Processes

Wiki Pattways ChlP-seq assay. Some of the

B Reactome Gene Sets

putative downstream genes of
these 6 arsenic binding pro-
teins had an altered expres-
sion level and are listed in
Table 5. Kaplan-Meier plotter
analysis showed that high
expressions of PAX6, MLLT11, LTBP1, PCSK5,
ZFP36, and COL8A2 were significantly associ-
ated with shortened survival (Figure 9). How-
ever, their expressions in 4 expression groups
were inconsistent (Figure 10A). Quantitative
real-time PCR was conducted to detect the
expressions of these putative downstream
genes in bladder cancer cell line T24 under 1
MM ATO treatment. The expressions of IL1R2,
PAX6, and PCSK5 were regulated by arsenic in
T24 cells (Figure 10B).

Among the putative downstream genes,
PAX6, LY6BH, TNFRSF8, FzD9, IL1R2, and
ZFP36 were also found as nodes in MCODE
(Figure 4). Pearson correlation tests were per-
formed in LinkedOmics. The expressions of
C150RF48 and UGCG showed stronger posi-
tive correlation with their own regulatory genes
in the 408 BLCA patient dataset (Table 5).
These results indicate that arsenic may impact
the activity of ACTB, BACH1, NME2, RBBP4,
PARP1, and PML by direct binding, further influ-
encing the expression of downstream genes
such as PAX6, MLLT11, LTBP1, PCSK5, ZFP36,
COL8A2, LY6H, TNFRSF8, FZD9, and IL1R2,
facilitating the carcinogenic and anticancer
functions of arsenic.
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Table 5. Arsenic binding proteins and their putative downstream genes based on Cistrome analysis

Arsenic binding proteins 1-week 2-week 12-week HUC1
ACTB PAX6, LYGH PAX6, GNAT3 PAX6, L2HGDH, LY6H C150RF48 (0.31)
BACH1 MLLT11 NF ERF, SYNGR3, TNFRSF8 MLLT11
NME2 NPY2R, GNMT SLC15A1, COL8A2, TTR FzZD9 BASP1, IL1R2
PARP1 LTBP1 PCSK5, OXSR1 NF NF
RBBP4 NF NF UGCG (0.38) NF

PML NF ERBIN, ZFP36 NF H2BC6

NF: not found. Genes in bold were corelated with a poor overall survival. The values in brackets represent Pearson correlation
between arsenic binding proteins and their putative downstream genes.

PAX6 MLLT11 LTBP1
= — LowPAX6TPM | = — LowMULTI1TPM | 2 — Low LTBP1 TPM
—— High PAXE TPM — High MLLT11 TPM — High LTBP1 TPM
Logrank p=0.016 Logrank p=0.014 Logrank p=0.032
w | HR(high)=14 | o | HR(hgh)=15 | o | HR(high)=1.4
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Figure 9. Overall survival of putative downstream genes using Kaplan-Meier plotter at GEPIA. P < 0.05 was consid-
ered significant.

Discussion though P-value was not considered because
the HUC1 group had no replicate data. More
The paradoxical roles of arsenic in carcinogenic common DEGs were found between 1-week
and anticancer activities have puzzled many and 12-weeks which were from the same
researchers. Three gene expression datasets experimental dataset, GSE32102 (Figure 2).
(accession no. GSE116554, GSE32102 and Less common genes were found among the
GSE90023) were obtained and were grouped other expression groups may partially result
into four expression matrices named 1-week, from weaker comparability of different experi-
2-week, 12-week and HUC1 (Table 2). mental conditions.
Differentially expressed genes were analyzed
in order to show the effect of arsenic. No com- To resolve the DEGs, the signaling pathway and
mon genes were found among the four groups, PPI analysis were conducted. The highest link-
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Expression level (Fold) >
w

u0h m1h =6h

Expression level (Fold) O
-
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PAX6 PAX6 PAX6 MLLT11 MLLT11 COL8A2 LTBP1 PCSK5 ZFP36 IL1R2 PAX6 PCSK5
1-week 2-week 12-week 1-week HUC1 2-week 1-week 2-week 2-week

Figure 10. Expression of putative downstream genes of arsenic binding proteins in each expression matrix (A) or T24
cells examined by real-time PCR (B). Human T24 bladder cancer cells were treated with 1 yM ATO for 1 h and 6 h.
Expression values were calculated using the 222°T method and GAPDH as the endogenous reference gene.

age hub gene at 1-week was albumin (ALB).
This protein acts as a carrier protein for a wide
range of endogenous molecules including hor-
mones, fatty acids, and metabolites, as well as
exogenous drugs [25]. KRAS and TNF were
found in different groups (Figure 4). It is no
doubt that these two pathways play the key
roles in carcinogenesis. A previous study identi-
fied recurrent mutations in FGFR and HRAS in
urothelial bladder carcinoma [26]. A transcrip-
tomic analysis of arsenic-induced bladder car-
cinogenesis emphasized the cell proliferation
and survival pathways, such as the MAPK,
PI3K/AKT, and Hippo signaling pathways [27].

We know that arsenic impacts the target pro-
tein structure by immediately binding to Cys
residues such as in PML-RAR, TP53, and Glil.
Therefore it became possible to deduce a
model of action for arsenic [28]. Putative down-
stream genes of 6 possible arsenic binding pro-
teins from a previous study [16, 17] and the
web-portal were analyzed. Some of the down-
stream genes such as PAX6, MLLT11, LTBP1,
PCSK5, ZFP36, and COL8A2 were significantly
associated with shortened survival (Figure 9).
Among them, PAX6, MLLT11, and ZFP36 have
been reported to be associated with poor prog-
nosis in various cancers. These may be possi-
ble mechanisms of arsenic carcinogenesis and
anticancer effects.

Conclusion

Three Gene Set Enrichments (GSE) were load-
ed from the Gene Expression Omnibus (GEO)
database and grouped into four expression
matrices named 1-week, 2-weeks, 12-weeks,
and HUC1 according to exposure time. The PPI
network emphasized the role of KRAS and TNF
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signaling in different groups. Furthermore,
BDKRB2, FOS, NR4A1, PLAU, SH3BGRL, and
F10 played an important role in the crosstalk
between carcinogenic and anticancer effects in
bladder. Arsenic may impact the activity of
ACTB, BACH1, NME2, RBBP4, PARP1, and PML
by direct binding, further influencing the expres-
sion of downstream genes such as PAX6,
MLLT11, LTBP1, PCSK5, ZFP36, COL8A2, and
IL1R2.
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