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Abstract

Antizyme inhibitor 1 (AZIN1) is a critical target in prostate cancer, which regulates the
adenosine-to-inosine (A to I) RNA editing during the cancer progression. However, the
potential signaling pathways and functions remain unknown. Here, our objective is to
figure out the functional molecules and signaling pathways by analyzing the RNA-seq
data. The GSE189379 was produced by the Illumina HiSeq 2000 (Homo sapiens). The
KEGG and GO analyses showed that focal adhesion and proteoglycans are the mainly
affected processes in prostate cancer with the loss of AZIN1. Moreover, we identified
ten key molecules including FN1, HRAS, CCND1, RAD51, PCNA, TYMS, CASP3,
RRM2, BIRC5, and CCNE2. Therefore, this study provides novel knowledge of AZIN1
mediated prostate cancer.

Introduction

Prostate cancer is the second most common cancer in men worldwide, and the
incidence has elevated over ten years'. Prostate cancer is not common under the age
of 40, but the incidence is inclined with age?. Studies showed environmental factors are
critical for the development of prostate cancer’. Environmental factors include the high
intake of saturated fat and low dietary selenium, vitamin E, and vitamin D®. Reports
showed that less than 5% of prostate cancer is hereditary, and the major reason for
prostate cancer is caused by genetic mutational events®. Deficient tumor-suppressive
genes such as p53 and p73 appear to be the main cause for the development of
prostate cancers®. However, the molecular mechanism of prostate cancer is still unclear.
Antizyme inhibitor 1 (AZIN1) plays an important role in the polyamine biosynthetic
pathway, which is a potential target for cancers®. AZIN1 was first found in the liver as an
antizyme inhibitor (AZl), which contains two isoforms and involves tumorigenesis and
aggressive behaviors®. AZIN1 gene is related to the survival and accelerated distant
metastases in breast cancers, and the expression of AZIN1 is highly expressed in
stomach, lung, and prostate cancers’. Overexpression of AZINJ1 promotes tumor
growth by maintaining polyamine homeostasis and cell proliferation®. Moreover, A to |

RNA editing of AZIN contributes to cancer through regulating the polyamine®.
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In this study, we explored the effects of AZIN1 on prostate cancer by using the RNA-seq
data. We identified several DEGs and significant pathways through the KEGG and GO.
We also construct the gene enrichment map and protein-protein interaction (PPI)
network to study the relationships among the DEGs. These DEGs and biological

processes will provide guidance on the treatment of prostate cancers.

Methods

Data resources

Gene dataset GSE189379 was downloaded from the GEO database. The data was
produced by the lllumina HiSeq 2000 (Homo sapiens) (KU Leuven, Herestraat 49,
Leuven, Belgium). The analyzed dataset includes 3 of controls and 3 of AZIN1 siRNA
treated PC3 cells.

Data acquisition and processing
The data were organized and conducted by R package as previously described®*?. We
used a classical t-test to identify DEGs with P< 0.05 and fold change 21.5 as being

statistically significant.

The Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology (GO)
KEGG and GO analyses were conducted by the R package (ClusterProfiler) and

Reactome. P<0.05 was considered statistically significant.

Protein-protein interaction (PPI) networks

The Molecular Complex Detection (MCODE) was used to create the PPI networks. The
significant modules were produced from constructed PPl networks. The pathway
analyses were performed by using Reactome (https://reactome.org/), and P<0.05 was
considered significant.

Results
Identification of DEGs in prostate cancer cells with deficient AZIN1
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To determine the impact of AZIN1 on prostate cancer cells, we analyzed the RNA-seq
data from the PC3 cells (prostate cells) with the knockout of AZIN1. A total of 1172
genes were identified with the threshold of P < 0.05. The up-and-down-regulated genes
were shown by the heatmap and volcano plot (Figure 1). The top ten DEGs were

selected in Table 1.

Enrichment analysis of DEGs by KEGG and GO analyses

To further figure out the mechanism of AZIN1 regulated cancer cells, we performed the
KEGG and GO analyses (Figure 2). We identified the top ten KEGG signaling pathways
including “Focal adhesion”, “Proteoglycans in cancer”, “Gastric cancer”, “Hepatocellular
carcinoma”, “Cell cycle”, “Small cell lung cancer”, “Cellular senescence”, “Colorectal
cancer”, “Prostate cancer”, and “Pancreatic cancer’. We also identified the top ten
biological processes of GO including “Reproductive structure development”,
“Reproductive system development”, “cell-substrate adhesion”, “DNA replication”, “sex
differentiation”, “cell-matrix adhesion”, “gonad development”, “DNA-dependent DNA
replication”, “male sex differentiation”, and “regulation of cell-matrix adhesion”. We
identified the top ten cellular components of GO including “collagen—containing
extracellular matrix”, “focal adhesion”, “cell-substrate junction”, “endoplasmic reticulum
lumen”, “basement membrane”, “protein kinase complex”, “serine/threonine protein
kinase complex”, “cyclin—dependent protein kinase holoenzyme complex”, “DNA
replication preinitiation complex”, and “laminin complex”. We identified the top ten
molecular functions of GO including “phosphoric ester hydrolase activity”, “small
GTPase binding”, “GTPase binding”, “extracellular matrix structural constituent”,
“phosphoprotein phosphatase activity”, “protein tyrosine phosphatase activity”,
“cyclin—dependent protein serine/threonine kinase regulator activity”,
“2—oxoglutarate—dependent dioxygenase activity”, “single-stranded DNA helicase

activity”, and “1—-phosphatidylinositol binding”.

PPl networks in prostate cancer cells with deficient AZIN1
To determine the relationship among the DEGs, we constructed the PPl networks by

using the Cytoscope software (combine score > 0.4). Table 2 showed the top ten
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interactive molecules with the highest degree scores. The top two modules were
indicated in Figure 3. We further explored the mechanisms with Reactome map (Figure
4) and identified the top ten significant processes including “G1/S-Specific
Transcription”, “Mitotic G1 phase and G1/S transition”, “G1/S Transition”, “NR1H3 &
NR1H2 regulate gene expression linked to cholesterol transport and efflux”, “NR1H2
and NR1H3-mediated signaling”, “Downstream signaling of activated FGFR1”,
“Crosslinking of collagen fibrils”, “Assembly of collagen fibrils and other multimeric
structures”, “Extracellular matrix organization”, and “PI-3K cascade:FGFR1”

(Supplemental Table S1).

Discussion

AZIN1 is one of the most frequently occurring A-to-1 RNA alterations in cancers and the
overexpression of AZIN1 is associated with aggressive tumors and elevated ornithine
decarboxylase and polyamines accumulation’. However, the molecular function of
AZIN1 in prostate cancer remains unexplored.

Our study showed that the deficient AZIN1 in prostate cancer cells mainly affects the
focal adhesion and proteoglycans processes. The study by Sheila Figel et al found that
focal adhesion kinase is highly expressed in prostate cancer, which enhances the
growth, survival, migration, metastasis of prostate tumors™®. Thomas R Johnson et al
also found focal adhesion kinase regulates the aggressive phenotype of prostate cancer
cells'*. Proteoglycans regulate cell signaling, adhesion, growth, and apoptosis, and the
change of proteoglycans is observed in prostate cancers. Proteoglycans may become a
tumor regulator through mediating the sonic hedgehog signaling. Moreover, changes in
tumors can alter proteoglycan contents and structure to change their functions™.

By analyzing the Reactome map and PPI network, we identified the top ten interactive
molecules that may involve the process of AZIN1 affected prostate cancers. The study
by Dibash K Das et al showed that overexpression of FN1 is positively correlate with
aggressive prostate cancer®®. Clinton L Cario et al found that HRAS is a driver gene in
the prostate cancer patients by using the machine learning methods'’. G protein-
coupled receptors (GPCRs) promote cells to respond to several stimuli through
generation of second messengers, which in turn regulate a variety of processes such as
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cell survival, proliferation, migration, and differentiation'®?®. As a key GTPase, HRAS
was found to be involved in controlling the GPCR/cCAMP signaling pathways, thereby
mediating the cancer cells®. Mingming Wang et al found the microRNA-4873-3p inhibits
the progression of prostate cancer by targeting CCND1*°. Maria Nowacka-Zawisza et al
proved that the RAD51 polymorphisms is closely related to the high risk of prostate
cancer®’. Huajun Zhao et al found the tyrosine phosphorylation of PCNA is a critical
prostate cancer target®. Circadian clocks regulate numerous downstream genes and
signaling pathways®**3. Most of genes indicate the rhythm during the day and night.
Interestingly, the oscillation of PCNA was observed during the light and dark cycles,
which may affect the proliferation of tumor cells**. Christoph Burdelski et al found that
the increased thymidylate synthase is related to aggressive tumor features in prostate
cancer”. As a key apoptosis gene, the CASP3 is upregulated in prostate cancer cell
lines*®. Ying Z Mazzu et al found the RRM2 is increased in prostate cancer, which is a
novel mechanism of poor-prognosis*’. Daixing Hu et al found the gene BIRC5 can be
used to construct the prognostic model of prostate cancers®. Zhong Wu et al found the
cyclin E2 isa PTEN-regulated gene that is related to human prostate cancer
metastasis®.

In conclusion, our study found a strong relationship between AZIN1 and prostate cancer.
The focal adhesion and proteoglycans are the major affected processes during the
development of prostate cancer. Our study provides valuable insights for the treatment

of prostate cancer.
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Figure 1. Heatmap and volcano plot in prostate cancer cells with deficient AZIN1
(A) Heatmap of significant DEGs in prostate cancer cells with deficient AZIN1.
Significant DEGs (P < 0.05) were used to create the heatmap.

(B) Volcano plot for DEGs in prostate cancer cells with deficient AZIN1. The most
significantly changed genes are highlighted by grey dots.
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Figure 2. KEGG and GO analyses of DEGs in prostate cancer cells with deficient

AZIN1

(A) KEGG analysis, (B) Biological processes, (C) Cellular components, (D) Molecular

functions.
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Figure 3. The PPI network analyses of DEGs in prostate cancer cells with
deficient AZIN1
The top two clusters were constructed by MCODE according to the DEGs.
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Figure 4. Reactome map representation of the significant biological processes in
prostate cancer cells with deficient AZIN1


https://doi.org/10.1101/2022.01.29.478331
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.01.29.478331; this version posted January 31, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-NC-ND 4.0 International license.

Table 1

Entrez gene Gene symbol Fold-change Regulation
Top 10 down-regulated DEGs

100750247  HIF1A-AS2 -2.376383392  Down
26121 RP11-314A20.2 -1.85953844 Down
27006 FGF22 -1.780925245  Down
84848 MIR503HG -1.626864453  Down
81578 COL21A1 -1.541031361 Down
728888 NPIPB11 -1.27400942 Down
114904 C1QTNF6 -1.235179154  Down
53354 PANKA1 -1.140399494  Down
5010 CLDN11 -1.111857974  Down
283373 ANKRD52 -1.109250355  Down
Top 10 up-regulated DEGs

51582 AZIN1 3.417660764 up
5918 RARRES1 2.2422406 up
284348 LYPDS 2.136706624 up
64386 MMP25 1.957904013 up
100507012 BMPR1B-AS1 1.691060182 up
11144 DMC1 1.66058871 up
23591 FAM215A 1.51673144 up
79400 NOX5 1.386794453 up
125965 COX6B2 1.323880415 up
4060 LUM 1.307668372 up
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Table 2. Top ten genes demonstrated by connectivity degree in
the PPI network

Gene symbol Gene title Degree
FN1 Fibronectin 1 53
HRAS Hras Proto-Oncogene, Gtpase 48
CCND1 Cyclin D1 43
RAD51 RAD51 Recombinase 33
PCNA Proliferating Cell Nuclear Antigen 32
TYMS Thymidylate Synthetase 31
CASP3 Caspase 3 30
RRM2 Ribonucleotide Reductase Regulatory 29
Subunit M2
BIRC5 Baculoviral IAP Repeat Containing 5 27

CCNE2 Cyclin E2 27
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