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Abstract. Papillary renal cell carcinoma (PRCC) is the second most common subtype of renal
cell carcinoma. Recurrent transcription factor E3 (TFE3) fusions have been identified in PRCC.
Although patients with TFE3 fusions show relatively aggressive phenotypes, no effective
targeted therapies have been developed. In this study, we aimed to identify putative therapeutic
targets through systematic bioinformatic analysis of PRCC with TFE3 fusion. We identified
TFE3 fusion cases (n = 6) and controls (n = 282) in The Cancer Genome Atlas database. A total
of 1,314 differentially expressed genes were extracted. An overrepresentation analysis revealed
cancer-related signaling pathways, which were categorized to 13 cancer-related pathways,
including nuclear factor-erythroid factor 2-related factor 2 (NRF2)-, G protein-coupled receptor
(GPCR) signaling-, inflammatory response-, development-, and insulin-like growth factor-
related pathways. A network analysis and literature review were performed using drug-target
databases to identify putative applicable drugs. We identified several promising drug candidates
for PRCC with TFE3 fusion, including amrubicin, BCL6 inhibitors (79-6, BI-3812), cetuximab,
epirubicin, gemcitabine, ipilimumab, linsitinib, olaparib, Orencia®, paclitaxel, panitumumab,
sorafenib, and tamoxifen. Our suggested strategy can help bridge the gap between transcriptome
studies and the choice of therapeutic agents. Further experimental validation is needed to
improve the efficacy of precision medicine for PRCC.

Keywords: biomarker, drug repositioning, papillary renal cell carcinoma, pathway analysis,
RNA-Seq, TFE3 fusion.
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1. Introduction

Renal cell carcinoma (RCC) accounts for approximately 85% of kidney cancers and accounts for the
highest mortality rate among genitourinary cancers [1-3]. RCC comprises multiple heterogeneous
cancer types [3], with papillary renal cell carcinoma (PRCC) being the second most common subtype,
accounting for 15%—20% of RCC [4]. Approximately 1%—4% of patients with RCC have gene fusions
involving transcription factor E3 (TFE3) in Xpl1.2; most of these patients show relatively aggressive
phenotypes and a papillary pattern [4-8]. However, the molecular biology underlying TFE3 fusions in
PRCC remains largely uncharacterized, and effective targeted therapies have not yet been identified [9].

According to the National Comprehensive Cancer Network guidelines, there are no specific
therapeutic agents for 7FE3 fusion-positive PRCC, and only data of phase II clinical trials on sunitinib
and everolimus in patients with non-clear cell RCC, including cases with Xp11.2 translocation, have
been reported with limited statistical value [10]. Thus, there is an urgent clinical need to identify
candidate drugs for TFE3 fusion-positive cancers.

Drug repositioning is a cost-effective strategy for developing unknown treatment options [11]. In this
study, we aimed to identify potential therapeutic targets for TFE3 fusion-positive PRCC through a
systematic bioinformatic analysis. By analyzing gene expression data and describing the transcriptomic
features and signaling pathways specific to PRCC with TFE3 fusion, we suggested putative actionable
drugs and targets can be repurposed for the treatment of this aggressive cancer subtype.

2. Materials and methods

2.1. Data acquisition and pre-processing

The RSEM-normalized TFE3 mRNA expression data were downloaded from the cBioPortal website
(https://www.cbioportal.org). The Cancer Genome Atlas (TCGA) kidney renal papillary cell carcinoma
(KIRP) RNA-Seq data and clinical information of 321 patients aligned to the hg19 reference genome
were downloaded from the GDC Data Portal (https://portal.gdc.cancer.gov). The raw count data had
34,180 Ensembl gene IDs, 11,758 (34%) of which were converted to Entrez IDs using ensemblDB.
Patients with primary solid tumor samples identified by TCGA barcode 01 (288 patients, 11,758 gene
IDs) were included in the main analysis.

2.2. Case-control setting

Six TFE3 fusion-positive samples from TCGA KIRP were identified from the TumorFusions web data
portal (https://tumorfusions.org). Compared to non-fusion-positive cases, 7FE3 fusion-positive cases
showed higher mean + SD TFE3 expression z-scores (—0.018 + 0.969 vs. 1.003 + 1.832). Fifty percent
of the non-fusion-positive cases with the lowest expression value of TFE3 were set as controls (n = 140).
(Survival rates varied between the 7FE3 fusion-positive cases and controls (log-rank test p < 0.001,
figure 2, figure Al). To avoid noise from certain samples, we randomly selected 70 samples from the
controls; this process was repeated 100 times (figure 1).

IRP samples (n=258) - [— Putative Drugs —

Analycis

Figure 1. Overall workflow of this study. We used RNA-Seq data from The Cancer Genome Atlas
(TCGA) Kidney renal papillary cell carcinoma (KIRP) database and identified 1,314 differentially
expressed genes (DEGs, g-value < 0.01, log, fold-change > 1.5) in 7FE3 fusion-positive papillary renal
cell carcinoma (PRCC). A total of 13 major cancer-related pathways were identified using
overrepresentation analysis. Putative drugs were determined using a drug-target database and visualized
in a drug-target network analysis.
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Figure 2. Kaplan—Meier curves for TFE3 fusion-positive cases (n = 6) and controls (n = 140). The plot
represents the difference in survival rate between the groups (p <0.001).

2.3. Differentially expressed gene (DEG) analysis

DEG analysis was performed 100 times with different controls each time, using DESeq2. DEGs were
selected with g-value and log, fold-change cutoff values of 0.01 and 1.5, respectively. A total of 2,019
and 1,606 genes were upregulated and downregulated, respectively. DEGs that appeared more than 90
times during the 100 permutations were selected (figure A2). A total of 1,314 DEGs were selected,
comprising 576 upregulated and 738 downregulated genes. Cancer-related DEGs were identified in a
publicly available database, the Bushman lab [12].

2.4. Pathway analysis
Clinical summary data were obtained from the Clinical Interpretations of Variants in Cancer (CIViC)
[13]. A total of 1,314 DEGs were matched to the CIViC data.

2.5. Statistical analysis and visualization

All statistical analyses were performed using R version 3.12 software (The R Foundation, Vienna,
Austria). An RNA expression heatmap with the related pathways was visualized using
ComplexHeatmap. A network between related pathways and targetable drugs was visualized using
Cytoscape software (The National Institute of General Medical Sciences, USA).

3. Results

3.1. Clinical and pathological characteristics

Clinical and pathological characteristics were compared between TFE3 fusion-positive cases and
controls among patients with PRCC in TCGA-KIRP (table 1). Significant differences were observed
between these groups in the vital status and tumor stage, whereas age, sex, and mutation profile did not
differ significantly.

Mortality rate was higher in the 7FE3 fusion-positive cases than in the controls (50% vs. 10%, chi-
squared test p <0.05). The survival curves were significantly different between the TFE3 fusion-positive
cases and controls (log-rank test p < 0.01, figure 2), as well as between the TFE3-high expression and
control groups (p <0.01, figure Al).
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TFE3 fusion-positive cases were associated with advanced tumor stages. The dominant stages in the
TFE3 fusion-positive cases and controls were stage 3 (66.7%) and stage 1 (70%), respectively (p =
0.002).

Table 1. Clinical and pathological characteristics of TFE3 fusion-positive cases and controls.

Fusion positive ~ Controls (n =

Total (n = 146) (n=6) 140) p
Age (years), median (range)  61.3 (28-85) 52.8 (37-64) 61.7 (28-85) 0.063
Sex 0.089
Male 122 (83.6%) 3 (50.0%) 119 (85.0%)
Female 24 (16.4%) 3 (50.0%) 21 (15.0%)
Vital status 0.019
Alive 129 (88.4%) 3 (50.0%) 126 (90.0%)
Dead 17 (11.6%) 3 (50.0%) 14 (10.0%)
Stage 0.002
Stage 1 100 (68.5%) 2 (33.3%) 98 (70.0%)
Stage 11 11 (7.5%) 0 (0.0%) 11 (7.9%)
Stage 111 18 (12.3%) 4 (66.7%) 14 (10.0%)
Stage IV 3(2.1%) 0 (0.0%) 3(2.1%)
Unidentified 14 (9.6%) 0 (0.0%) 14 (10.0%)
Mutation’
MET 15 (10.8%) 0 (0.0%) 15 (11.3%) 0.843
FATI 3 (2.2%) 0 (0.0%) 3 (2.3%) >0.999
NF2 2 (1.4%) 0 (0.0%) 2 (1.5%) >0.999
BAPI 4 (2.9%) 0 (0.0%) 4 (3.0%) >0.999
PBRM1 2 (1.4%) 0 (0.0%) 2 (1.5%) >0.999
SMARCBI1 2 (1.4%) 0 (0.0%) 2 (1.5%) >0.999
STAG?2 2 (1.4%) 0 (0.0%) 2 (1.5%) >0.999
TP53 2 (1.4%) 0 (0.0%) 2 (1.5%) >0.999
KDM6A 5 (3.6%) 0 (0.0%) 5 (3.8%) >0.999
SETD2/NFE2L2 0 (0.0%) 0 (0.0%) 0 (0.0%) >0.999

T Data of 139 mutation samples (6 TFE3 fusion-positive cases and 133 controls) were available.

3.2. DEGs and pathways

We initially identified 91 pathways in the confirmed 1,314 DEGs by overrepresentation of
ConsensusPathDB (p < 0.01). We manually curated 13 cancer-related pathways, which included 39
pathways and 155 associated DEGs (table B1).

Heatmap visualization revealed the following cancer-related pathways based on the expression value
of DEGs: nuclear factor-erythroid factor 2-related factor 2 (NRF2)-, G protein-coupled receptor (GPCR)
signaling-, inflammatory response-, development-, insulin-like growth factor-, axon guidance-, steroid
synthesis-, cell cycle-, differentiation-, nicotine metabolism-, cell—cell junction-, extracellular matrix-,
and integrin-related pathways (figure 3, figure A3). Among the 10 genes with the lowest p-values in the
cancer-related pathways, 6 genes were upregulated (DLLI, SCARBI, FNI, CTSK, SOSTMI, and
NCAM]I) and 4 were downregulated (KRT7, EPHAI, SLC6A20, and CD24).

The network analysis revealed key genes involved in various pathway groups (figure 4). FNI was
involved in five pathways, including axon guidance-, development-, extracellular matrix-, and
inflammatory response-related pathways (figure 4, diamond node). COL4A41, COL6A3, ITGAI, KITLG,
and LAMC?2 were related to four pathways, three of which were involved in axon guidance-,
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development-, extracellular matrix-, and integrin-related pathways (figure 4, triangle nodes). CDH1,
COLIAl, COL3A41, EREG, FGF9, ITGB4, NCAM1, RASGRF1, SHH, THBSI, UGTI1A9, and VTN were
related to three pathways (figure 4, square nodes). The 45 genes were involved in two pathways. Only
the insulin-like growth factor-related pathway clustered exclusively.

We identified 136 cancer-related genes among the 1,314 DEGs using the Bushman lab database
(table B2). The gene most extensively related to multiple pathways, FNI, was cancer-related. In addition,
FNI1 had the second highest fold change value (4.89) among the cancer-related-DEGs (details in the
Discussion). ITGA and KITLG were cancer-related genes among the five genes linked to four pathways
(figure 4, triangle nodes). Among the 12 genes involved in three pathways, the cancer-related genes
were CDHI, COLIAI, COL3A41, FGF9, ITGB4, RASGRF'1, SHH, and THBS1 (figure 4, square nodes).

3.3. Elucidation of targeted drugs

Based on the CIViC database and a literature review, we identified putative actionable drugs targeting
either DEGs or cancer-related pathways. A total of 14 putative drugs were confirmed to target 11 DEGs:
Orencia® and ipilimumab for CD&0, linsitinib for /GF2BP3, epirubicin for FOXP3, paclitaxel for
PDCD4, cetuximab and panitumumab for EREG, BCL6 inhibitors (79-6, BI-3812) for BCL6, amrubicin
for NQOI, gemcitabine for MAGEHI, olaparib for CBLC, tamoxifen for AGR2, and sorafenib for
PROM]1.

The drugs were divided into two groups according to their clinical significance, and the target genes
involved in multiple pathways were identified. For example, NOOI was associated with the NRF2-
related and steroid synthesis-related pathways, and amrubicin was the target drug (figure 5). EREG was
involved in GPCR signaling-, development-, and axon guidance-related pathways and had two putative
drugs, cetuximab and panitumumab.
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Figure 3. Gene expression heatmap of cancer-related pathways. A total of 150 DEGs were associated
with nuclear factor-erythroid factor 2-related factor 2 (NRF2)-, G protein coupled receptors (GPCR)
signaling-, inflammatory response-, development-, insulin-like growth factor-, axon guidance-, steroid
synthesis-, and cell cycle-related pathways. Pathways with p <0.01 were selected and merged based on
pathway ontology. RNA expression was converted to the z-scores presented in the heatmap.
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Figure 4. Differentially expressed genes (DEGs) involved in cancer-related pathways of TFE3 fusion-
positive cases. Pathways and associated DEGs are connected to the edges. The 13 cancer-related
pathways are positioned outside the circle and the related DEGs are indicated in black font. Some genes

involved in multiple pathways are indicated in diamond (five pathways), triangle (four pathways), and
square (three pathways).

* Pathways known to be related to TFE3 from previous research.
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Figure 5. Drug-target network of 7FE3 fusion-positive cases. (a) Drugs with putative sensitivity. (b)
Drugs with putative resistance. Oval: genes; rectangle: target drugs; solid line: over-expressed genes in
TFE3 fusion-positive cases, related with at least one type of cancer in the Clinical Interpretations of
Variants in Cancer database or other literature; dotted line: underexpressed genes, reported in the
literature but with inconsistent gene expression levels compared with the findings of the present study.

213



Proceedings of the 4th International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/64/2024.18001

4. Discussion

Herein, we described downstream pathways of downregulated gene in TFE3 fusion-positive PRCC
based on a systematic computational method. This is the first study to systematically determine putative
target drugs for 7FE3 fusion PRCC.

PRCC patients with TFE3 fusion are treated with conventional chemotherapy, which is not specific
to the TFE3 fusion type. Some conventional treatments for PRCC include tyrosine kinase inhibitors with
a VEGF inhibition mechanism (i.e., cabozantinib, sunitinib, lenvatinib with everolimus, axitinib, and
bevacizumab) [14]. Our study suggests that cetuximab, panitumumab, and sorafenib function as tyrosine
kinase inhibitors. Sorafenib is the standard treatment for clear RCC, and it involves the VEGF inhibitor
mechanism. However, VEGF inhibitors should be considered in non-clear cell RCC because of its low
response rate and high risk of progression [15].

Our analyses also revealed putative drugs that use a mechanism different from that of tyrosine kinase
inhibitors, such as amrubicin, olaparib, paclitaxel, tamoxifen, epirubicin, BCL6 inhibitors (79-6, BI-
3812), Orencia®, ipilimumab, and gemcitabine. We first grouped the drugs based on their biological
mechanisms, for example: amrubicin, epirubicin, and gemcitabine inhibit the DNA replication
mechanism, followed by cell growth inhibition and cell death; ipilimumab and Orencia® interact with T
lymphocytes, thereby reducing their activity.

We also categorized drugs that would regulate either sensitivity or resistance when the target gene is
overexpressed. Drugs related to overexpressed genes in TFE3 fusion-positive cases were related to at
least one type of cancer in the CIViC database or other literature (figure 5, solid lines). The second
grouping of drugs was related to underexpressed genes, although the gene expression levels in our study
were not consistent with the reported findings. Therefore, we inferred that the second group of drugs
was more likely to be effective in non-fusion-positive PRCC (figure 5, dotted lines). Thus, we strongly
suggest the first group of drugs, including Orencia®, ipilimumab, linsitinib, epirubicin, and paclitaxel,
to be subjected to further investigation.

The suggested drugs exhibit anti-cancer effects on TFE3 fusion-positive cells (figure 5, solid lines).
Drugs related to underexpressed genes in 7FE3 fusion-positive patients are more likely to affect non-
fusion-positive patients, as the drugs exert adverse effects when target genes are overexpressed (figure
5, dotted lines).

Some cancer-related pathways inferred in this study are consistent with those reported previously.
First, the NRF2 pathway is a distinguishing feature of type 2 PRCC [5,16]. The NRF2 pathway regulates
several genes involved in oxidative stress regulation, cell proliferation, and drug metabolism [15];
NQOI expression in the NRF2 pathway is associated with decreased survival [16]. In this study, NOO!
was identified as an overexpressed DEG, and dysregulation of the NRF2 pathway by NOOI may cause
a decrease in survival rate. Downregulated expression of genes involved in insulin-like growth factor-,
cell—cell junction-, cell cycle-, inflammatory response-, and steroid synthesis-related pathways, which
are associated with TFE3 fusion, has been confirmed [9,17,18].

Some pathways—GPCR signaling-, development-, axon guidance-, differentiation-, nicotine
metabolism-, extracellular matrix-, and integrin-related pathways—were newly to be associated with
TFE3 fusion-positive PRCC. These cancer-related pathways provide novel opportunities for targeted
therapies.

Among the DEGs, FNI was particularly overexpressed in TFE3 fusion-positive PRCC. FNI plays a
major role in cell adhesion, growth, migration, wound healing, and embryonic development [19,20].
High FNI expression is associated with RCC aggressiveness and, particularly, early systemic
progression in patients with PRCC [21]. In our analysis, NI presented the second-highest expression
in TFE3 fusion-positive cases. In addition, FN/ was the most extensively involved gene among the
DEGs participating in multiple pathways, including the inflammatory response-, development-, axon
guidance-, extracellular matrix-, and integrin-related pathway. Therefore, we suggest that FNI
expression is associated with a poor prognosis of PRCC with TFE3 fusion and that it could be used as a
prognostic biomarker for targeted therapy.

214



Proceedings of the 4th International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/64/2024.18001

Our study has several limitations. The small number of 7FE3 fusion cases (n = 6) and a single source
database could have affected the results owing to high variability. The reliability of the findings of this
study can be further improved if the same DEGs and pathways are elucidated in additional studies.
Further experimental and clinical trials are required to validate the drug candidates extracted using in
silico analysis.

5. Conclusion

In conclusion, this study not only depicts the landscape of the overall cell signaling and key genes in
TFE3 fusion-positive RCC, but also provides baseline data that can be used to maximize the
opportunities for further preclinical and clinical trials. We introduce putative target drugs that are
effective in treating TFE3 fusion-positive PRCC using a systematic computational approach. We believe
that, with further experimental validation and clinical trials, our findings will contribute to the
development of precision medicine in novel RCC treatment strategies.
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Appendices
appendix A. Supplementary Figures.
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Figure Al. Survival analysis between the TFE3 high-expression (n = 29) and TFE3 low-expression
group (n = 140).
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Figure A2. Frequency of differentially expressed genes in 100 iterations.
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Figure A3. Gene expression heatmap of cancer-related pathways based on the differentially expressed
genes.
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appendix B. Supplementary Tables.

Table B1. Summary of cancer-related pathways associated with the differentially expressed genes.

Group Gene Pathway Set  p- Source
size  value
ABCC2, EPHXI, <
GCLM, GPX3, MAFF,  NRF2 pathway 142 0.001 Wikipathways
MEI, NQOI, :
NRF2-related SLC2A14, SLC2A48,
SLC5A1, SLC6AI, .
pathway SLC6ALS. SLC6AIG Photodynamic therapy-
’ ’ induced NFE2L2 (NRF2) 23 0.004  Wikipathways
gLQ?;:;/[] ]8’ gLC6f20’ survival signaling
TXNRDI, UGTIA49
GPCR signaling-G alpha i 262 0.003 INOH

DLLI, DRD4, EDN2, ~ toxin
f;lgfv(; foginG;lle GPCR signaling-G alpha s
GPCRsignaling-  INHBA, INHBE, PKA and ERK
related pathway KITLG, LHB, PRKCG,
RGS20, RGS6, SHH, GPCR signaling-cholera toxin 270 0.005  INOH
SST, TNFSFI0,

WNT54, WNT5B, GPCR signaling-G alpha s
WNT7B Epac and ERK

285  0.005 INOH

272 0.005 INOH

GPCR signaling-G alpha q 274 0.006 INOH

Inflammatory CD80, COLIAL,

response-related COL3A1, FNI,

pathway LAMC2, THBS1, VTN
ADAM?23, ANK2,
CAMK24, CD24,
CDH4,CHLI,
CNKSRI, CNKSR2,
COL4A1,
COLG6A3,DPYSL3,
EFNAI, EFNB2,
EFNB3, EPHAI
EREG, FGF9, FNI,
GAP43, ITGAI,
KITLG, KLB, KRT],

Development- KRTI15, KRT19,

related pathway KRT24, KRT27, KRT7,
KRT81, KRT86,
LEFTYI, LGI3,
MYHI11, MYL9,
NCAM1, NRP2, PKP3,
PLXNA4, PPL,
RASA4, RASGRF1,
SCN24, SCN4B,
SHANK3, SLIT3,
SPTAl, SPTBN2,
SPTBNS5, SRGAP3,
ST14, TGM1

Inflammatory response < .
pathway 32 0.001 Wikipathways

Developmental biology 748  0.006 Reactome
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Table B1. (continued)

Insulin-like

Insulin-like growth factor-2

mRNA binding proteins
%:;)av:‘::ll fa;ctﬁ)vl;; IGF2BP2, IGF2BP3 (IGF2BPs/IMPs/VICKZs) 3 0.007 Reactome
patiway bind RNA
ANK2, CAMK24,
CD24, CHLI,
CNKSRI, CNKSR2,
COL4A1, COL6A43,
DPYSL3, EFNAI,
EFNB2, EFNB3,
EPHAI, EREG, FGFY9,
Axon guidance- FNI, GAP43, ITGAI, .
related pathway KITLG, KLB, MYHII. Axon guidance 487  0.010 Reactome
MYLY, NCAMI1, NRP2,
PLXNA4, RASA4,
RASGRFI, SCN24,
SCN4B, SHANK3,
SLIT3, SPTAI,
SPTBN2, SPTBN5,
SRGAP3
Steroid hormone
biosynthesis—Homo sapiens 58 0.006 KEGG
ADCY3, AKRIC3, (human)
CYPI7AI, CYPIBI, Ovarian steroidogenesis—
Steroid synthesis- L2142 CYP7BI, Homo sapiens (human) 0000 KBGO
related pﬁthway HSD1786, LHB,
LHCGR, NQOI, . .
SCARBI, SULTIEL Estrogen metabolism 18 0.009  Wikipathways
UGTI149
Glucocorticoid biosynthesis 3 0.007 HumanCyc
Cell cycle-related  CCNBI, RASGRFI, Sonic hedgehog receptor ptcl i
pathway SHH regulates cell cycle 48 0.007 Wikipathways
Differentiation- FST, INHBA, KITLG,
lated path LEFTYI, SHH, Differentiation pathway 48 0.007 Wikipathways
related patway - wnTs4, WNT7B
Nicotine metabolism 6 0.002  Wikipathways
Postsynapt.lc nicotinic 15 0.005 Reactome
acetylcholine receptors
Nicotine AOXI, CHRNAI,
. CHRNA2, Activation of nicotinic
m;&t‘;lbdolmtnh- CHRNA7 CHRNBA. acetylcholine receptors 15 0.005 Reactome
relatedpathway — myvo3, UGTIA9
Nicotine metabolism pathway 9 0.007 SMPDB
Highly calcium permeable
postsynaptic nicotinic 12 0.002 Reactome

acetylcholine receptors
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Table B1. (continued)

CDHI, CDH11, IV
Cellcell CDHI17, CDHY, Cell cell Junction 62 0.002 Reactome
'uilc_tic(fn-related CDH6,CLDNI, :
e CLDNI6, CLDN3,
pathway CLDN?7, ITGB4, Cell junction organization 89 0.003 Reactome
LAMC?2
miRNA targets in ECM and < i
membrane receptors 42 0.001 Wikipathways
Extracellular matrix <
ASPN, CAPN3, CDH1, organization 295 0.001 Reactome
CMAI, COLI4Al, )
COLIAL, COL2341, ECM-receptor interaction - <
COL2641, COL341, Homo sapiens (human) 82 0.001 KEGG
COL4A41, COL5A1,
COL542, COL543, Degradation of the 107 < Reactom
COL643, CTSG, extracellular matrix 0.001 cactome
Extracellular CTSK, FBNI, FNI,
matrix-related GPo6, ITGAI, ITGAII, Activation of matrix 3] 0.003 Reactome
athwa ITGB4, ITGBS, metalloproteinases ’
pathway ITGBS,
LAMC2,LTBP2, Collagen chain trimerization 47 = Reactome
MIR200A, MIR429, 0.001
MMPI14, MMP15,
NCAMI, NIDI, NID?, Collagen degradation 36 0.001 Reactome
RELN, SV2B,
THBS1,TMPRSS6,
TPSABI, VIN Collagen formation 94  0.002  Reactome

Collagen biosynthesis and 70 0.002 Reactome

modifying enzyme
B1 integrin cell surface <
interactions 70 0.001 PID
ADGRA2, CDH1,
COLIAl, COL2341, Integrin cell surface 68 S React
COL3A41, COL4A41, interactions 0.001 eactome
COL5A1, COL542,
Integrin-related COL6A3, ELN, FBNI, . . .
pathway FNL ITGAL ITGAIL Integrins in angiogenesis 66 0.001 PID
ITGB4, ITGBG, ) )
ITGBS, LAMC?, B3, Bo, ﬁ7, and ‘BS integrin cell 18 0.001 PID
MFGES, NIDI, surface interactions
THBSI, VTN
Integrin 124 0.006 INOH

Table B2. Differentially expressed genes known to be cancer-related (Bushman group allOnco,
http://www.bushmanlab.org/links/genelists). The result (fold changes and p-values) in figure 3 were
used. In all cases, p <0.001.

Gene Log: (fold change)
1 LHCGR 4.94
2 FNI 4.89
3 FST 4.89
4 CDHI11 4.39
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Table B2. (continued)

5 ELN 4.21
6 CDHI17 4.12
7 INHBE 3.97
8 COL341 3.84
9 COLIA 3.81
10 MYHII 3.64
11 ITGA1l 3.62
12 ADAM?23 3.46
13 CDHI 3.14
14 GPX3 3.1
15 SLIT3 2.95
16 CHRNB4 2.94
17 NQOI 2.81
18 SCARBI 2.8
19 RASGRF1 2.71
20 THBS1 2.55
21 CYP7BI 2.4
22 ITGAI 2.01
23 AKRIC3 1.92
24 MMPI14 1.9
25 SRXNI 1.89
26 CCNB1 1.65
27 IGF2BP2 -1.78
28 CLDN7 -2.01
29 CHLI -2.38
30 TMPRSS6 -2.41
31 ITGB4 -2.45
32 SRGAP3 -2.46
33 SHH -2.49
34 MMPI5 -2.55
35 TNFSF10 -2.55
36 CBLC -2.58
37 KITLG -2.62
38 WNT5A -2.63

39 MIR429 -3.19
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Table B2. (continued)

40 EPHAI -3.83
41 FGF9 -4.22
42 MIR2004 -4.42
43 TPK1

44 TYRO3

45 GPCS5

46 SOX11

47 ABCBS5

48 MAF

49 MSTI

50 NEILI

51 PGGHG
52 CMTM7
53 POU4F1
54 BCL6

55 PPMIE
56 MAL

57 RNASET?2
58 BHLHE41
59 PTGIS

60 ALS2CL
61 CR2

62 NLRP2

63 GREM1
64 SLC4444
65 PLPP3

66 CD109

67 CREB3LI
68 TACSTD?2
69 SFRP4

70 MSTIR

71 NBLI

72 CD200

73 PADI2

74 FOSLI

223



Proceedings of the 4th International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/64/2024.18001

Table B2. (continued)

75 ADAMI2
76 SLC3442
77 PLAGI
78 XIRP1
79 FOXP3
80 TTLL3
81 CHNI
82 PRLR

83 RORC
84 PDCD4
85 SSTR2
86 GRN

87 MNI

88 KLK4
&9 NPAPI
90 RSPHI
91 SYNPO2
92 MAMDC4
93 CDC25B
94 RAC3

95 RHOBTB?
96 GCNT3
97 PLEKHBI
98 CST6

99 PTGR2
100 BUBI
101 TK1

102 PIMI
103 PLCDI1
104 MUCI
105 PAX2
106 TP73
107 SLCI6A41
108 GPNMB

109 S100414
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Table B2. (continued)
110 ABCCI11

111 SSX2IP
112 NROB1
113 SLPI
114 PRKN

115 SLC1943
116 OSGINI
117 ZMYNDI10

118 CHSTI1
119 TRIBI
120 EEF2K
121 CASZ1
122 CEMIP
123 VMPI
124 SLC2243
125 SCD
126 GLS2
127 GREBI
128 GSDMB
129 INGX
130 TRPMS
131 NTSRI

132 PFKFB2
133 SPINK1
134 CYP2CS8
135 CYSLTR2
136 RGPD3
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