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Abstract

Comprehensive gene expression
analyses of immunohistochemically
defined subgroups of
muscle—invasive urinary bladder
urothelial carcinoma

Bohyun Kim
Department of Pathology

The Graduate School
Seoul National University

Introduction: A number of urinary bladder urothelial carcinoma (UB
UC) mRNA-—-based classification systems have been reported. It
also has been observed that treatment response and prognosis are
different for each molecular subtype.

Material and methods: In this study, cytokeratin (CK)5/6 and CK20
immunohistochemistry (IHC) were performed, and IHC—based
subgroup classification was applied. UB UC was classified into
CK5/6 single—positive (SP), CK20 SP, double—positive (DP) and
double—negative (DN) subgroups, and transcriptional analysis was
performed. In addition, ITHC staining for CK5/6, CK20, CK14, CD44,
GATA3, FOXA1 and programmed cell death—ligand 1 (PD—L1) was
performed on 189 muscle—invasive urinary bladder urothelial
carcinoma (MIBC) using tissue microarray.

Results: The results of gene ontology terms and functional analysis
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using differentially expressed genes indicate that, CK5/6 SP and DP
subgroups were enriched in cell migration, immune activation, IL6—
JAK—STAT3 signaling pathway and tumor necrosis factor—a
signaling via nuclear factor—«B signaling pathway signature gene. In
addition, compared with the other subgroups, the DN subgroup
showed inhibited cell movement, cell migration, and cell activation.
We evaluated PD—L1 expression by the SP142, SP263 and 22C3
assays, and classified the cases “positive” or “negative”
according to the manufacturer’ s recommendations. The high
positivity in the SP142, SP263 and 22C3 assay were significantly
correlated with positive CK5/6, CK14 and CD44 expression,
negative CK20, GATA3 and FOXA1l expression. The CK5/6 SP
subgroup showed high positivity in the SP142, SP263 and 22C3
assay. Furthermore, in survival analysis, the CK5/6 SP subgroup
was significantly associated with poor progression—f{ree survival (p
= 0.008).

Conclusions: These results suggests that the IHC—defined
subgroups may be important to apply the PD—1/PD—L1 blockades
in MIBC. And our study indicates that the CK5/6—positive group
exhibited high gene expression signature related to aggressive

behavior and exhibited worse clinical outcome.
Keyword: muscle invasive bladder cancer; molecular classification;
immunohistochemistry; cytokeratin 5/6; cytokeratin 20; PD—L1
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1. Introduction

Bladder cancer is worldwide the 10th most common form of
malignant tumor, and has the 14th highest cancer associated
mortality [1]. Urinary bladder urothelial carcinoma (UB UC) is the
most common tumor found in the urinary bladder. UB UC can be
divided into papillary urothelial carcinoma (UC), which shows
papillary growth, and invasive UC, which initially shows invasive
growth. The two type tumors are known to have different
pathogenesis. Recent studies reported that papillary UC originate
from the intermediate cells of the urothelium, and that carcinoma in
situ and invasive UC originate from the basal cells of the urothelium
[2].

Recently, several studies have been published, which utilized
next—generation sequencing (NGS) analysis to analyze and classify
UB UC according to gene expression [3—5]. While several different
mRNA—based subtype classifications exist, some of them overlap
with one another. Universally, UB UC is classified into luminal and
basal subtypes, and according to each classification system it is
further classified into TP53-—like type, urothelial-like A type,
infiltrated type, genomically unstable type, mesenchymal—like type,
and small cell/neuroendocrine—like type [3]. Each subtype shows
high expression of specific genes. While the basal type shows high
expression of stem cell or basal urothelial cell markers such as
KRTI14, KRT5 KRT6, and CD44, the luminal type shows high
expression of urothelial differentiation markers such as AR720,
GATAS3, and FOXAI [3, 5]. Furthermore, consistent with gene
expression in each subtype, on immunohistochemistry (IHC)
staining, the basal type shows high expression of cytokeratin
(CK)5/6, and the luminal type shows high expression of CK20 [3,
5]. Through the consensus meeting, bladder cancers showing
positive KRT5/6, KRT14 expression and negative GATAS3, FOXAI
expression were classified into a specific subtype called Basal—
Squamous—like (BASQ) [6]. In one study, the BASQ group was
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reported to show a tumor phenotype with high KRT6 and KRT14
and low FOXA1 and GATA3 expression by IHC [7].

Molecular subtypes for UB UC have been established recently,
and studies attempting to demonstrate their clinical significance are
actively in progress [8]. Molecular subtype classification in UB UC
also has the potential to play a major role in treatment decision and
prognosis prediction [9, 10]. In fact, various studies have reported
that prognosis, neoadjuvant chemotherapy response, and targeted
therapy gene mutation vary among molecular subtypes in UB UC.
Neoadjuvant cisplatin—based chemotherapy is the standard of care
for high—risk muscle—invasive urinary bladder UC (MIBC).
Neoadjuvant chemotherapy response varies among with molecular
subtype, especially the TP53—like subtype, which is known to be
chemo—resistant, and basal—type MIBC, which is reported to
benefit from neoadjuvant chemotherapy because of its chemo—
sensitive nature [3, 11].

In a phase II clinical trial of IMvigor210, different treatment
responses to the immune check point inhibitor atezolizumab and
prognosis were reported among molecular subtypes in patients with
locally advanced UC. In phase II clinical trial of CheckMate 275
using nivolumab, another immune check point inhibitor, different
treatment responses were reported among molecular subtypes in
patients with advanced stage UC [12—15]. In addition, Hodgson et
al. suggested distinguishing luminal and basal subtypes of MIBC
using CK 5/6 and GATA3 IHC, and after such classification, the
basal subtype showed a significant association with the abundance
of CD8+ T cell expression and with high programmed cell death—
ligand 1 (PD—L1) positivity identified by the SP263 assay [16].

HER?Z overexpression and ERBBZ gene amplification is known
to be common in breast cancer, stomach cancer, and also in MIBC.
Recently, HERZ2 protein overexpression and gene amplification have
been reported in UC, and some studies have shown the prognostic
significance of HERZ overexpression or gene amplification in UC

[17—20]. The frequency of HER2 overexpression or gene
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amplification in UC is approximately 10% [17, 21, 22]. Furthermore,
the luminal subtype, among NGS—based classification subtypes, was
recently reported to frequently show ERBBZ gene alteration [23].
Thus, molecular subtype classification of UB UC 1is crucial for
effective prognosis estimation and treatment planning.

In the mRNA—based subtype classification, high expression of
KRTS5 1s classified as the basal type and high expression of AR720
is classified as the luminal type [4, 5, 24, 25]. Accordingly, with
IHC, the basal type shows high expression of CK5/6 and the luminal
type shows high expression of CK20 [3, 5]. However, little has
been published regarding cases in which both CK5/6 and CK20
showed high expression or in which neither protein showed high
expression. In this study, two additional groups besides the basal
and luminal types have been defined. These two groups are the
double—positive type and double—negative type, for which we will
investigate the molecular genetic characteristics. We could expect
great clinical utility if two IHC assays could predict the molecular

genetic characteristics of a tumor.



2. Materials and Methods

2.1. Tissue samples and case selection

In total, MIBC tissues from 30 patients who underwent a radical
cystectomy at Seoul National University Hospital (SNUH) from
2016 to 2018 were included in this study. First, 30 fresh frozen
tissue samples from 2016 to 2018 were investigated. The section
containing prominent tumor tissue was selected, of which one
section was prepared as a formalin—fixed paraffin—embedded
(FFPE) tissue block, and the corresponding symmetric section was
fresh frozen with liquid nitrogen and preserved in =70 °C until tumor
excision. A total of 30 samples were classified to four subgroups
based on IHC results for CK5/6 and CK20. In each subgroup three
representative cases were selected, and RNA sequencing was
carried out with a total of 12 fresh frozen tissue samples. All 12
patients were included in the prospective studies. Written informed
consent was obtained from all patients enrolled in this mRNA
analysis group.

Additionally, 189 MIBC patients who underwent transurethral
resection of the bladder or radical cystectomy at SNUH or Seoul
Metropolitan government—Seoul National University Boramae
Medical Center were included in the survival analysis group. A total
of 189 FFPE block tissue samples from 2004 to 2010 were
investigated. A tissue microarray (TMA) block was prepared from
FFPE tissue blocks (SuperBioChips Laboratories, Seoul, Republic of
Korea). Two cores (2 mm in diameter) containing invasive tumor
areas were obtained from each case. This study was approved by
the Institutional Review Board (IRB) of SNUH (IRB No C—1701—
083—823, 24 January 2017).



2.2. Immnohistochemistry

IHC for CK5/6, CK20, CK14, CD44, GATA3, FOXA1, p53, CD8
and HERZ was performed with an automatic immunostainer
(BenchMark XT; Ventana Medical Systems, Tucson, AZ, USA),
following the manufacturer’s instructions. The primary antibodies
against CK5/6 (1:100; D5/16 B4; Dako, Glostrup, Denmark), CK20
(1:50; Ks 20.8; Dako), CK14 (1:300; LL0O02; Cell Marque, Rocklin,
CA, USA), CD44 (1:100; 156—3C11; Thermo Fisher, Waltham, MA,
USA), GATA3 (L50—-823; 1:500; Cell Marque), FOXA1 (1:500;
PA5—-27157; Thermo Fisher) and p53 (1:1000; DO7; Dako), CD8
(RTU; SP57; Ventana, Tucson, AZ, USA), HER2 (RTU; 4B5;
Ventana) were used. And PD—L1 clone SP142 (Ventana Medical
Systems; retrieval: CC1 48’; incubation: 16°; RTU dilution), clone
SP263 (Ventana Medical Systems; retrieval: CC1 40’; incubation:
32’; ready to use [RTU] dilution) and clone 22C3 (Agilent
Technologies, California; Dako Link—48 autostainer system) were
used in accordance with the manufacturer’s guidelines.
Immunohistochemical positive control tissues were tonsil tissue for
CK5/6 and CD44, duodenal mucosa epithelium for CK20, squamous
cell carcinoma tissue for CK14, UC tissue for GATAS, gastric
mucosa epithelium for p53, and breast cancer tissue, previously
confirmed with positive expression for FOXA1l. The SP142 and
22C3 assay used tonsil tissue and the SP263 assay used placenta
tissue as control tissue. Two control tissues were used for each
staining run, one as a positive control using an antibody reagent and
one as a negative control using a negative reagent.

The full-section IHC staining was performed on all 12 cases,
and in each case, two different invasive tumor areas were
investigated. Additionally, the same IHC was carried out for 189
MIBC tissue TMA blocks.

For CK5/6, CK20, CK14, and CD44, >20% expression was
defined as positive expression status. 20% cut—off value was

reported in previous studies to be 1deal for classification of
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molecular subtypes in bladder cancer [16, 26]. So, we also applied
the same criteria. GATA3 and FOXA1l were based on nuclear
staining and percentage of stained cells and staining intensity were
also considered. Staining intensity was scored to 0 to 3+ (0: no
staining, 1+: weak staining, 2+: moderate staining, 3+: strong
staining). 3+ staining intensity on more than 20% of tumor cells
was defined as positive expression. pb3 expression was measured
by proportion of tumor cells with nuclear staining at any intensity.
From the TMA cores, two noncontiguous areas with the highest
CD8+ lymphocyte infiltration were chosen, and numbers of
lymphocytes showing CD8 membranous staining were counted in
per high power field (HPF) in both intra—tumoral and stromal
compartment. For each case a mean value of four areas was
obtained. Median score of all cases was set as a cut—off value, with
which the cases were classified as high or low expression. HER2
protein expression was scored as O, 1+, 2+, and 3+ according to
the ASCO/CAP 2018 HERZ2 test guideline [27]. The average of the
two core values was evaluated as the final result.

PD—L1 expression of tumor cells (TC) was evaluated based on
the proportion of TC exhibiting membranous staining of any
intensity. PD—L1 expression of immune cells (IC) was evaluated
based on the proportion of tumor—associated IC with membranous,
cytoplasmic, or punctate staining at any intensity and the proportion
of tumor area that was occupied by PD—L1 staining IC of any
intensity. Each PD—-L1 expression type was dichotomized as
“positive” or “negative” according to the manufacturer’s
recommendations. Cut—off criteria for PD—L1 expression positivity
are summarized in Table 1.

Two pathologists (B.K. and C.L.) evaluated IHC staining at two
different time points, without awareness of the previous results at
the second evaluations. In the case of discrepant results between
evaluations another pathologist (K.C.M) was consulted before

making the final decision.
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Table 1. Positive criteria of PD—L1 assays.

Cutoff for positivity

PD-L1
(SP142)

PD-L1
(SP263)

PD-L1
(22C3)

Presence of discernible PD—L1 staining of any intensity in
tumor—infiltrating immune cells covering > 5% of tumor area
occupied by tumor cells, associated intratumoral, and
contiguous peritumoral stroma

> 25% of tumor cells exhibit membrane staining; or, ICP > 1%
and IC+ = 25%; or, ICP = 1% and IC+ = 100%

. PD-L1 staining cells (tumeor cells.lymphocytes.macrophages)
CPS =10; CPS= . X
Total number of viable tumor cells
100

Abbreviations: CPS, Combined positive score; IC+, Percentage of tumor—
associated immune cells with staining; ICP, Immune cells present (percent of tumor
area occupied by any tumor—associated immune cells).



2.3. RNA sequencing

After THC results were identified on the FFPE tissue block,
mRNA was extracted from the corresponding location of the
symmetric fresh—frozen MIBC tissues. A 3—mm-—sized plunger was
used for punching out the fresh—frozen tissue. RNA library was
assembled with TruSeq RNA Access Library Prep Kit, and base
sequence analysis was carried out with Ilumina HiSeq 2500
platform (Illumina, San Diego, CA, USA). (Macrogen, Inc., Seoul,
Korea) Paired demultiplexed fastq files were generated, and initial
quality control was performed using FastQC (Phred quality score
>30). The adaptor sequences were removed by using Trimmomatic
program and trimmed data were mapped to the reference genome
(UCSC hgl9) using the HISATZ2 and Bowtie2. Previously known
gene/transcripts were assembled with the StringTie program. Raw
data were normalized and, mRNA expression data were presented
as reads transcript per million and were transformed into log 2

volume values for the analysis.

2.4. Functional analysis

In this study, differential expression genes (DEGs) were
identified with DESeq2. Statistical analysis was performed on
selected genes whose median count for each gene was greater than
5 in at least one comparison combination. Functional analysis of
DEGs was performed using Gene ontology (GO) and the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway (adjusted p—
value <0.05 and |fold change| =2). The analyses were performed
by biological process, molecular function, and cellular component,
which are the GO subcategories. Functional annotation based on the
KEGG database was implemented. Additionally, the functional
analyses were performed with the use of Ingenuity pathway
analysis (IPA).



2.5. Statistical analysis

The association between IHC-—defined subgroups with IHC
expression was evaluated by the chi—squared test. The comparison
analysis of CD8+ lymphocyte numbers between IHC—defined
subgroups was performed using Mann—Whitney test. The
associations between IHC—subgroups and progression—free
survival (PFS), and overall survival (OS) were evaluated by the
Kaplan-Meier method with the log—rank test. The concordance rate
of PD—L1 expression between the SP142 assay, the SP263 assay
and the 22C3 assay was evaluated. Cohen’ s kappa coefficient of
agreement was calculated: the level of concordance could be
classified as poor (kappa=0.00), slight (kappa=0.00—0.20), fair
(kappa=0.21—0.40), moderate (kappa=0.41—0.60), substantial
(kappa=0.61—0.80) or almost perfect (kappa=0.81—1.00) [28].
Statistical analyses were performed using SPSS software (version
23; IBM, Armonk, NY, USA). Two—sided p—values < 0.05 were

considered to be statistically significant.



3. Results

3.1. Subgroup classification of RNA sequencing group

Thirty cases of MIBC in patients who underwent a radical
cystectomy between 2016 and 2018 and for whom we were able to
acquire fresh frozen tissues were included. With these samples, we
subdivided the cases into four subgroups based on CK5/6 and CK20
IHC expression. The CK5/6 single—positive (CK5/6 SP) subgroup
was CKb5/6 Hat JCK20 ¥ | the CK20 single—positive (CK20 SP)
subgroup was CK5/6 ** /CK20 ™&* = the double—positive (DP)
subgroup was CK5/6 %" /CK20 %" and the double—negative (DN)
was CKb5/6%%/CK20%¥. Six cases of the CK5/6 SP subgroup, 10
cases of the CK20 SP subgroup, nine cases of the DP subgroup and
five cases of the DN subgroup were identified (Figure 1).

Three cases were selected from each subgroup, and mRNA
sequencing was performed on fresh frozen tissue samples of 12
patients. The mean age of patients was 68.7 years (range, 55-83)
at diagnosis, and the male—to—female sex ratio was 10:2. Seven
patients were in stage IIIA and five patients were in stage IIIB
according to the 8th edition of the TNM staging system of the
American Joint Committee on Cancer (AJCC) [29]. Lymph node
metastasis was found in six cases. All 12 cases were classified as
high grade according to the World Health Organization/ International
Society of Urologic Pathologists (WHO/ISUP) grading system [30].

We additionally performed CD44, CK14, GATA3, FOXA1l and
p53 IHC in 12 cases. In CD44, a basal—type marker, IHC
expression was positive in all CK5/6 SP and DP subgroup cases and
mostly negative in CK20 SP and DN subgroups. In CK14, another
basal—type marker, IHC expression was positive in one case in the
DP subgroup and two cases in the CK5/6 SP subgroup and was
negative in all remaining cases. In GATA3, a luminal—type marker,
IHC expression was positive in all three CK20 SP subgroup cases
and negative in all three CK5/6 SP subgroup cases. FOXA1l IHC
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expression was positive in two cases in the CK20 SP subgroup and
one case in the DN subgroup and was negative in all remaining
cases, including CK5/6 SP and DP subgroup cases. pb3 IHC
expression showed a wide range from negative to greater than 95%

positive expression.

CK5/6high CK20'w

b S

400pm X

CK5/6'°% CK2(high

— s o
SRR - RSP

CK5/6high CK20high

Double-negative subgroup (n=5)

400pum

5

CK5/6'°v CK20'v

Figure 1. Subgrouping of MIBC by CK5b5/6 and CK20

immunohistochemistry
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3.2. Differential expression genes between each subgroup

RNA sequencing data were analyzed from 12 MIBC tissues.
Using adjusted p—value <0.05 and |fold change| =2 as the cut—
offs, we identified 38 DEGs between the DP and CKZ20 SP
subgroups, 98 DEGs between the DP and CK5/6 SP subgroups, 433
DEGs between the DP and DN subgroups, 183 DEGs between the
CK20 SP and CK5/6 SP subgroups, 256 DEGs between the CK20
SP and DN subgroups, and 614 DEGs between the CK5/6 SP and
DN subgroups. In total, 1062 DEGs were identified. Compared with
the DP, CK5/6, and DN subgroups, the CK20 SP subgroup had 10,
77, and 174 upregulated genes, respectively, and 28, 106 and 82
downregulated genes, respectively. Compared with the DP and CK
20 SP and the DN subgroups, the CK5/6 SP subgroup had 43, 106,
and 429 upregulated genes, respectively, and 55, 77, and 185,
downregulated genes, respectively. Compared with the DP, CKZ20
SP and CK5/6 SP subgroups, the DN subgroup had 79, 82 and 185
upregulated genes, respectively, and 354, 174 and 429
downregulated genes, respectively. A Venn diagram of DEGs in the
four major comparison conditions is shown in Figure 2.

CK5/6 SP vs DN DP vs DN

354 232

CK5/6 SP vs CK20 SP DP vs CK20 SP

Figure 2. Venn diagram of DEGs in four major comparison

conditions.
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3.3. Gene ontology analysis

The results of GO analysis between each subgroup are
summarized in Table 2. Between the CK5/6 SP and CK20 SP
subgroups, the leukocyte aggregation GO term was identified. Some
related DEGs (S100A9, CD44 and S100A8) were upregulated in the
CK5/6 SP subgroup. Between the CK5/6 SP and DN subgroups,
various GO terms related to immune response and the tumor
necrosis factor (TNF) signaling pathway were identified, and
various related DEGs (CDS86, HLA—-DMB, CD209, CCL19, TLRI,
BTK, IRAKS3 and 7LR 6) were upregulated in the CK5/6 SP
subgroup. Between the DP and CKZ20 SP subgroups, GO terms
related to immune response were identified, and various related
DEGs (CCL4L1, S100A9, ILIB and LILRBI) were upregulated in
the DP subgroup. Between the DP and DN subgroups, GO terms
related to cell proliferation, immune response, mitogen—activated
protein kinase (MAPK) signaling pathway and TNF signaling
pathway were identified, and various related DEGs (CCL14, CD74,
CD4, CD86, FLT3 and LRRKZ2) were upregulated in the DP
subgroup.

When comparing the CK5/6—positive and CK5/6—negative
groups, we identified 226 DEGs. Compared to the CK5/6—negative
group, the CK5/6—positive group had 169 upregulated genes and 57
downregulated genes. The CK5/6—positive group was enriched with
cell migration, immune response, MAPK signaling pathway and TNF
signaling pathway associated GO terms. Compared to CKb/6-—
negative tumors, many DEGs (ACVRI, CSFIR, SEMA4A, SASHS3,
CD74, HLA-DMB, TLRI, BTK, IRAKS3, MAP4K1 and CD40)
associated with previously mentioned GO terms were upregulated in

CK5/6—positive group tumors (Table 3).
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Table 2. The GO analysis results between each subgroup.

CK5/6 SP vs. DP

None related to major cellular function
CK5/6 SP vs. CK20 SP

Immune response (leukocyte aggregation)

CK5/6 SP vs. DN
Immune response (positive regulation of lymphocyte proliferation, positive
regulation of T cell activation, positive regulation of T cell proliferation,
regulation of B cell receptor signaling pathway, neutrophil activation
involved in immune response, and positive regulation of leukocyte cell—cell
adhesion)

TNF signaling pathway (MyD88—dependent toll—like receptor signaling
pathway and positive regulation of NF— « B transcription factor activity)

DP vs. CK20 SP

Immune response (regulation of T cell proliferation and positive regulation
of inflammatory response)

DP vs. DN

Cell proliferation (positive regulation of cell proliferation)

Immune response (T cell proliferation, regulation of T cell activation,
regulation of immune response, regulation of inflammatory response,
regulation of B cell proliferation, positive regulation of lymphocyte
proliferation, positive regulation of T cell activation, and positive regulation
of T cell proliferation)

TNF signaling pathway (positive regulation of tumor necrosis factor
biosynthetic process, positive regulation of tumor necrosis factor
production, regulation of tumor necrosis factor biosynthetic process,
MyD88—dependent toll—like receptor signaling pathway, positive
regulation of I— x B kinase/NF— « B signaling, regulation of I— « B
kinase/NF— x B signaling, regulation of interleukin—6 production, and
regulation of interleukin—8 secretion)

MAPK signaling pathway (activation of MAPK activity, regulation of MAP
kinase activity, positive regulation of MAP kinase activity, positive
regulation of MAPK cascade, positive regulation of phosphatidylinositol 3 —
kinase signaling, positive regulation of ERK1 and ERK?Z cascade, regulation
of ERK1 and ERK2 cascade, and positive regulation of JNK cascade)

CK20 SP vs. DN

None related to major cellular function

Abbreviations: CK5/6 SP, CK5/6 single—positive; CK20 SP, CK20 single—positive;
DN, double—negative; DP, double—positive; NF— x B, Nuclear factor— « B;
TNF, Tumor necrosis factor.
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Table 3. The GO analysis results between CK5/6 positive
and CK5/6 negative group.

CK5/6—Positive vs. CK5/6—Negative

Cell migration (positive regulation of cell migration, positive regulation of
cell motility, and regulation of cell migration)

Immune response (positive regulation of immune response, positive
regulation of inflammatory response, positive regulation of lymphocyte
proliferation, regulation of immune response, regulation of immune
response, B cell activation, regulation of B cell proliferation, positive
regulation of T cell activation, regulation of T cell proliferation, and T cell
activation)

TNF signaling pathway (positive regulation of NF— x B transcription factor
activity and MyD88 —dependent toll—like receptor signaling pathway)

MAPK signaling pathway (positive regulation of MAP kinase activity,
positive regulation of MAPK cascade, regulation of MAP kinase activity,
regulation of ERK1 and ERKZ2 cascade, and positive regulation of JNK
cascade)
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3.4. Ingenuity Pathways Analysis and Gene set enrichment
analysis

The IPA results showed that some functions related to immune
response and cell migration were activated in the CK5/6 SP and DP
subgroups (Table 4). Regulator effect analysis also indicated
analogous results (Figure 3). The significant ingenuity canonical
pathways of DEGs between four subgroups are listed in Figure 4.

Gene set enrichment analysis (GSEA) confirmed that the
interleukin 6—Janus kinase—signal transducer and activator of
transcription 3 (IL6—-JAK—-STAT3) signaling pathway,
inflammatory response and TNF—a signaling via nuclear factor—«B

(NF—«xB) signaling pathway were significantly enriched in the
DP and CK5/6 SP subgroups. (Figure 5) However, in the
comparison conditions of the CK5/6 SP and CK20 SP subgroups,

related functions did not exhibit a significant difference.
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Table 4. The IPA results (disease and function).

CK5/6 SP vs. DP

None related to major cellular function

CK5/6 SP vs. CK20 SP

upregulated in
CK5/6 SP

Cancer and invasion of tumor cell lines
Adhesion of immune cells

CK5/6 SP vs. DN

upregulated in
CK5/6 SP

Cancer, neoplasia of cells, cell movement of cancer cells,
cell movement of tumor cell lines, cell movement, and
migration of cells

Lymphocyte migration, cell movement of T lymphocytes,
leukocyte migration, cell movement of mononuclear
leukocytes, activation of lymphocytes, proliferation of
immune cells, and proliferation of lymphocytes

DP vs. CK20 SP

upregulated in
DP

Activation of leukocytes, activation of mononuclear
leukocytes, and leukocyte migration
Chemotaxis

DP vs. DN

upregulated in
DP

Cancer and activation of cells

Cell movement, migration of cells, and binding of tumor cell
lines

Activation of lymphocytes, lymphocyte migration, cell
movement of lymphocytes, immune response of cells, and

inflammatory response

I— k¥ B kinase/NF— ¢ B cascade

CK20 SP vs. DN

upregulated in
CK20 SP

Activation of cells

Abbreviations: CK5/6 SP, CK5/6 single—positive; CK20 SP, CK20 single—positive;
DN, double—negative; DP, double —positive.
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3.5. Expression of gene signature markers

We compared the expression patterns of gene signature
markers between four subgroups (Figure 6). Expression of basal—
type markers was most enriched in the CK5/6 SP subgroup, and the
DP, CK20 SP, and DN subgroups followed in respective order. In
contrast, expression of luminal—type markers was most enriched in
the CK20 SP subgroup, and the DP, DN, and CK5/6 SP subgroups
followed in respective order. Expression of p63—associated genes
was the highest in the CK5/6 SP subgroup followed by the DP
subgroup, and the CK20 SP and DN subgroups showed low
expression. Expression of TP53—like signature genes was lowest in
the DN subgroup. Expression of immune cell—associated genes was
highest in the DP subgroup. Compared with the CK5/6—negative
group, expression of epithelial-mesenchymal transition (EMT)
markers was enriched in the CK5/6—positive group. Expression of
cell adhesion markers was enriched to the highest degree mostly in
the CK5/6 SP subgroup, which was followed by the DP subgroup.
Expression was relatively low in the remaining CK5/6 —negative
group. Expression of TNF and MAPK signaling pathway was
enriched in the DP and CK5/6 SP subgroups. The DN subgroup

showed the lowest expression.
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Figure 6. Expression of gene expression signature between four
subgroups: (a) basal type genes; (b) luminal type genes; (c) p63—
associated genes; (d) TP53-—like signature genes; (e) immune
response genes; (f) epithelial-mesenchymal transition genes; (g)
cell adhesion genes; (h) MAPK signaling pathway genes; (i) TNF

signaling pathway genes.

29

A e e

ECRIL MATICMAL NMNERSTY



3.6. Clinicopathological analysis of IHC-based subgroups

The clinicopathological and demographic characteristics of the
189 patients for whom we performed IHC analysis are summarized
in Table 5. Overall, 189 patients were included in this study,
including 158 men and 31 women. The age of the patients ranged
from 37 to 87 years with a mean age of 68 years. According to the
8th edition of the TNM staging system of the AJCC, 172 patients
were in pT2, 10 patients were in pT3, and 7 patients were in pT4.

According to the WHO/ISUP grading system, seven cases were

classified as low grade, and 182 cases were classified as high grade.

Only conventional UB UC cases were selected excluding specific
variant cases. IHC was performed to subdivide subgroups, and the
results were as follows. There were 61 cases in the CK5/6 SP
subgroup, 13 cases in the DP subgroup, 70 cases in the CK20 SP
subgroup and 45 cases in the DN subgroup that were confirmed.
(Table 6).
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Table 5. Clinicopathological characteristics of patients and
association with IHC—defined subgroups.

CK5/6 SP DP CK20 SP DN Total
n (%) n (%) n (%) n (%) n
Age
(years)
<68 27 (44.3%) 7 (53.8%) 29 (41.4%) 21 (46.7%) 84
>68 34 (55.7%) 6 (46.2%) 41 (58.6%) 24 (53.3%) 105
Gender
Male 48 (78.7%) 13 (100%) 58 (82.9%) 39 (86.7%) 158
Female 13 (21.3%) 0 (0.0%) 12 (17.1%) 6 (13.3%) 31
Nuclear
grade
Low 1 (1.6%) 0 (0.0%) 3 (4.3%) 3 (6.7%) 7
High 60 (98.4%) 13 (100%) 67 (95.7%) 42 (93.3%) 182
T
category
T2 55 (90.2%) 12 (92.3%) 63 (90.0%) 42 (93.3%) 172
T3~4 6 (9.8%) 1 (1.1%) 7 (10.0%) 3 (6.7%) 17

Abbreviations: CK5/6 SP, CK5/6 single—positive; CK20 SP, CK20 single—positive;
DN, double—negative; DP, double—positive; IHC, immunohistochemistry.
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Table 6. Relationship between IHC—defined subgroups with
immunohistochemistry expression.

CK5/6 SP DP CK20 SP DN Total
(%) 1 (%) (%) n (%) P
CK14
28 12 69 45
Low (45.9%) (92.3%) (98.6%) (100%) 154
. 33 1 1 0
High (54.1%) (7.7%) (1.4%) (0.0%) 35
CD44
2 P 64 34
Low (3.3%) (15.4%) (91.4%) (75.6%) 102
. 59 11 6 11
High (96.7%) (84.6%) (8.6%) (24.49%) 87
GATA3
. 55 3 11 20 -
ow (90.2%) (23.1%) (15.7%) (44.4%)
. 6 10 59 25
High (9.8%) (76.9%) (84.3%) (55.6%) 100
FOXA1
56 9 25 30
Low (91.8%) (69.2%) (35.7%) (66.7%) 120
. 5 4 45 15
High (91.8%) (30.8%) (64.3%) (33.3%) 69

Abbreviations: CK5/6 SP, CK5/6 single—positive; CK20 SP, CK20 single—positive;
DN, double—negative; DP, double—positive; IHC, immunohistochemistry.
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3.7. PD-L1 assays

The results of the SP142, SP263 and 22C3 assays are
summarized in Table 7. The overall concordance rate for PD—L1
expression between SP 142 and SP 263 was 89.4%. (169/189)
(kappa =0.681) The overall concordance rate for PD-L1
expression between SP 142 and 22C3 was 91.0%. (172/189)
(kappa =0.700) The overall concordance rate for PD-L1
expression between SP 263 and 22C3 was 94.2%. (178/189)
(kappa =0.836) The SP142 assay showed 15.9% (30/189)
positivity, at the IC 5% cutoff. The mean percentage of IC
expression was 2.6% (range, 0—80) and the mean percentage of
TC expression was 2.8 % (range, 0—80). The SP263 assay showed
25.4% (48/189) positivity at the TC or IC 25% cutoff. When further
subdivided, 14 cases met only the TC criteria, 12 cases met only
the IC criteria, and 22 cases met both TC and IC criteria. The mean
percentage of IC expression was 9.6% (range, 0—80) and the mean
percentage of TC expression was 11.4% (range, 0—95) and). The
22C3 assay showed 20.6% (39/189) positivity, at the Combined
Positive Score (CPS) 10 cutoff. The mean CPS was 5.9% (range,
0—90).

The union with either SP142 or SP263 or 22C3 assays positive
cases was 90 cases. A Venn diagram of DEGs in the PD—L1 assays
positive cases is shown in Figure 7. All but one of 30 cases positive
for the SP142 assay were also positive for the SP263 assay, and all
but one of 39 cases positive for the 22C3 assay were also positive
for the SP263 assay.

Comparisons of PD—L1 IHC expression with the SP142, SP263
and 22C3 assays between positive and negative groups classified
according to CKb5/6, CK14, CD44, CK20, GATA3 and FOXA1l
expression levels are summarized in Table 8. High positivity in all
the SP142, SP263 and 22C3 assays was significantly correlated
with positive CK5/6, positive CK14, positive CD44, negative CK20
negative GATAS and negative FOXA1 expression.
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Table 7. Distribution of PD—L1 expression in MIBC.

PD-L1 Positive Positive rate
assay cell 0% 1-4% 5-9% 10—24% 25—=49% 50-100%
137 23 11 11 5 2
SPHAZTC osa)  (12.2%)  (5.8%)  (5.8%)  (2.6%)  (1.1%)
IC 96 63 12 14 2 2
(50.8%) (33.3%) (6.3%) (7.4%) (1.1%) (1.1%)
108 25 10 10 16 20
SP263 TC i) (13.2%)  (5.3%)  (5.3%)  (85%)  (10.6%)
IC 67 44 23 21 25 9
(35.4%) (23.3%) (12.2%) (11.1%) (13.2%) (4.8%)
9903 CPS 100 32 18 24 10 5

(52.9%) (16.9%) (9.6%) (12.7%) (5.3%) (2.6%)

Abbreviations: CPS, Combined positive score; IC, immune cell; MIBC, Muscle—
invasive urinary bladder urothelial cell carcinoma; TC, tumor cell.

SP263 (n=48)

7
1 3 26 12 1
SP142 22C3
(n=30) (n=39)

Figure 7. Venn diagram of DEGs in the PD-L1 assays positive

cases.
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Table 8. Relationship between PD—L1 positivity and CK5/6, CK14, CD44, CK20, GATA3 and FOXA1 expression.

SP142 SP 263 22C3
Negative Positive p—Value Negative Positive p—Value Negative Positive p—Value
Neg 109 (68.6%) 6 (20.0%) 107 (75.9%) 8 (16.7%) 108 (72.0%) 7 (17.9%)
CK5/6 <0.001 <0.001 <0.001
Pos 50 (31.4%) 24 (80.0%) 34 (24.1%) 40 (83.3%) 42 (28.0%) 32 (82.1%)
Neg 137 (86.2%) 17 (56.7%) 129 (91.5%) 25 (52.1%) 132 (88.0%) 22 (56.4%)
CK14 <0.001 <0.001 <0.001
Pos 22 (13.8%) 13 (43.3%) 12 (8.5%) 23 (47.9%) 18 (12.0%) 17 (43.6%)
Neg 98 (61.6%) 4 (13.3%) 96 (68.1%) 6 (12.5%) 97 (64.7%) 5 (12.8%)
CDh44 <0.001 <0.001 <0.001
Pos 61 (38.4%) 26 (86.7%) 45 (31.9%) 42 (87.5%) 53 (35.3%) 34 (87.2%)
Neg 79 (49.7%) 27 (90.0%) 63 (44.7%) 43 (89.6%) 71 (47.3%) 35 (89.7%)
CK20 <0.001 <0.001 <0.001
Pos 80 (50.3%) 3 (10.0%) 78 (55.3%) 5 (10.4%) 79 (52.7%) 4 (10.3%)
Neg 66 (41.5%) 23 (76.7%) 50 (35.5%) 39 (81.3%) 58 (38.7%) 31 (79.5%)
GATA3 <0.001 <0.001 <0.001
Pos 93 (58.5%) 7 (23.3%) 91 (64.5%) 9 (18.8%) 92 (61.3%) 8 (20.5%)
Neg 94 (59.1%) 26 (86.7%) 79 (56.0%) 41 (85.4%) 86 (57.3%) 34 (87.2%)
FOXA1 0.004 <0.001 0.001
Pos 65 (40.9%) 4 (13.3%) 62 (44.0%) 7 (14.6%) 64 (42.7%) 5 (12.8%)
Abbreviations: Neg, negative; Pos, positive.
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3.8. PD-L1 expression in IHC-based subgroups

Most of the all the SP142, SP263 and 22C3 assay positive
cases corresponded to the CK5/6 SP subgroup. Besides, when
classified into each subgroup analyzed each, the positive rate of all
PD—-L1 assays in each subgroup was significantly higher in the

CK5/6 SP subgroup compared to other subgroups (Table 9 and

Figure 8).

Table 9. Comparison of IHC—defined subgroups and PD—L1

positivity.
CK5/6 SP DP CK20 SP DN Total
n (%) n (%) n (%) n (%)
SP142
Negative 38 (62.3%) 12 (92.3%) 68 (97.1%) 41 (91.1%) 159
Positive 23 (37.7%) 1 (7.7%) 2 (2.9%) 4 (8.9%) 30
SP263
Negative 24 (39.3%) 10 (76.9%) 68 (97.1%) 39 (86.7%) 141
Positive 37 (60.7%) 3 (23.1%) 2 (2.9%) 6 (13.3%) 48
22C3
Negative 31 (50.8%) 11 (84.6%) 68 (97.1%) 40 (83.9%) 150
Positive 30 (49.2%) 2(15.4%) 2 (2.9%) 5 (11.1%) 39

Abbreviations: CK5/6 SP, CK5/6 single—positive; CK20 SP, CK20 single—positive;

DN, double—negative; DP, double —positive; IHC, immunohistochemistry.

36



(b)

-.-,-,
t%lv‘,‘

.‘:,.a' )

" 4L X
f :‘f"‘ fz}"

Figure 8. Representative images
subgroup. (a) CK5/6 SP subgroup;

3
™, ﬁ
u e vg*.ﬂ

of CK5/6 SP and CK20 SP

PD—L1 assays are positive and
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assays are negative and CD8+ lymphocyte level is low.

37



3.9. CD8+ lymphocyte numbers in IHC-based subgroups

The result of the CD8+ lymphocyte is summarized in Figure 9.
Mean numbers of CD8+ lymphocyte was 58.3/HPF in the CK5/6 SP
subgroup, 27.8/HPF in the DP subgroup, 17.0/HPF in the CK20
subgroup and 26.6/HPF in the DN subgroup. The CD8+ lymphocyte
number was significantly different between the CK5/6 SP subgroup
and other subgroups (all, p<0.01). With median score cut—off value
applied, high CD8+ lymphocyte level was observed in 77.0%
(47/66) in the CKb5/6 SP subgroup, 46.2% (6/13) in the DP
subgroup, 34.3% (24/70) in the CK20 SP subgroup and 48.9%
(22/45) in the DN subgroup. And there was a significant correlation
of high CD8+ lymphocyte level with PD—L1 SP 142, SP 263 and
22C3 assays positivity (all, p<0.001) (Table 10).
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Figure 9. Comparison of CD8+ lymphocyte numbers between IHC—
defined subgroups. (¥, p=0.03; #*, p=0.009; *** p<0.001)
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Table 10. Relationship between PD—L1 positivity and CD8+ lymphocyte.

SP142 SP 263 22C3
Negative Positive p—Value Negative Positive p—Value Negative Positive  p—Value
Low 90 0 87 3 88 2
(56.6%) (0.0%) (61.7%) (6.3%) (68.7%) (5.1%)
CD8 . 69 20 <0.001 54 15 <0.001 62 37 <0.001
& (43.4%) (100%) (38.3%) (93.8%) (41.3%) (94.9%)
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3.10. HER2 expression in IHC-based subgroups

The HERZ IHC results are summarized in Table 11. HERZ
expression score was 3+ in 31 cases, 2+ in 21 case, 1+ in 50
cases and O+ in 87 cases. The HERZ 3+ results were significantly
enriched with CK20 SP subgroup (21/31). Furthermore, it
decreased in the DN (5/31), the CK5/6 SP (4/31), and the DP
subgroup (1/31) in respective order (Figure 10). In the sequencing
analysis using fresh—frozen tissue, ERBBZ mRNA expression was
the highest in the CK20 SP subgroup, which was followed by the
DN, the DP, and the CK5/6 SP subgroup in respective order.

Table 11. Comparison of and HER2 expression between IHC—
defined subgroups.

CK5/6 SP DP CK20 SP DN Total
n (%) n (%) n (%) n (%) n
HER?2
negative 57 (93.4%) 12 (92.3%) 32 (45.7%) 36 (80.0%) 137
0, 1+)
HER?2
equivocal 0 (0.0%) 0 (0.0%) 17 (24.3%) 4 (8.9%) 21
2+)
HER2
positive 4 (6.6%) 1 (7.7%) 21 (30.0%) 5 (11.1%) 31
(3+)
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Abbreviations: CK5/6 SP, CK5/6 single —positive; CK20 SP, CK20 single —positive;
DN, double—negative; DP, double —positive; IHC, immunohistochemistry.
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Figure 10. Representative images of HER2 expression. (a) CK5/6
SP subgroup; HERZ2 expression is negative. (b) CK20 SP subgroup;
HER?Z expression is positive.
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3.11. Survival analysis of IHC-based subgroups

The follow—up period ranged from 1 to 277 months, the median
follow—up period was 16 months, and the median survival period
was 92 months. Of a total of 189 patients, clinical follow—up data
for 185 patients were available. During the follow—up period,
disease progression was found in 95 cases, and death occurred in
128 cases.

We performed the Kaplan—-Meier survival analysis according to
IHC—based classification. Of the four IHC—based subgroups, the
CK5/6 SP subgroup had the worst PFES (p = 0.008). The Kaplan—
Meier analysis also showed that the high expression of CK5/6 was
associated with unfavorable PFS (p = 0.005) (Figure 11). In
contrast, low expression of CK20 was associated with unfavorable
PFS (p = 0.028). However, there was no significant difference in
OS according to IHC—based classification (p = 0.709) or IHC
expression (p = 0.840, CK5/6; p = 0.286, CK20).
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Figure 11. Progression free survival analysis: (a) impact of ITHC—
based classification; (b) impact of CK5/6 expression; (¢) impact of
CKZ20 expression.
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4. Discussion

In recent years, research on molecular—based UB UC subtype
classification has been actively underway. As gene expression
profiles were reported to show different disease progressions,
responses to chemotherapy and survival rates, the UB UC
molecular subtype classification became a necessary step in UB UC
diagnosis and treatment planning. In MIBC, the basal type is known
to arise from basal and stem cells of normal urothelium, and the
luminal type is known to arise from terminally differentiated
superficial umbrella cells [31]. During urothelium differentiation,
basal and intermediate cells express AK75 but do not express
KRTZ0. Furthermore, terminal differentiation process is associated
with suspension of AR75 expression and start of ARTZ0
expression [32]. Additionally, as AR7T14 is also involved in this
process, basal cells are known to show ARTI4+KRT5+KRTZ20-,
intermediate cells show ART14-KRT5+KRTZ20~, and differentiated
cells show AKRT14-KRT5-KRT20+ [33]. In MIBC, the basal
subtype shows high expression of AR75, KRT6, KRT14, CD44 and
CDH3, shows chemo—sensitive properties, 1is intrinsically
aggressive, and is associated with poor prognosis. The luminal
subtype shows high expression of UPK, KRT20, FOXAI, and
GATAS shows chemo—resistant properties, and seems to be less
aggressive [31]. In addition to mRNA levels, ITHC protein level
markers include CK5/6 and CK14 for the basal subtype and CK20,
GATAZS, and Uroplakin2 for the luminal subtype. Furthermore, one
study indicated that expression of CK5/6 and CK20 was inversely
related in MIBC [3]. Based on these results, in a practical context,
affordable THC antibodies, CK5/6 and CKZ20, were selected as
surrogate markers for IHC—based subgroup classification.

Previous studies utilized NGS analysis to assess gene
expression patterns and reported differences in CK expression
patterns between molecular subtypes. In this study, we took a
different approach in case selection. Cases of the CK5/6 SP, CK20
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SP, DP and DN subgroups were selected based on CK IHC results,
and gene expression profiles were evaluated with these cases.
Furthermore, based on IHC, CK5/6 and CKZ20 protein expression
areas were accurately evaluated before tissue collection, which led
to more precise tumor tissue collection.

MIBC cases with sufficient fresh—frozen tissues were included,
which resulted in 30 samples classified to four subgroups based on
CK5/6 and CK20 IHC results. Nine cases in the DP subgroup and
five cases in the DN subgroup among 30 cases may indicate a
relatively high proportion of the DP and DN subgroups in UB UC
molecular subtype classification. The DP and DN subgroup cases
may be in a stage of transition between molecular subtypes or they
may be subtypes completely independent from the CK5/6 SP and
CK20 SP subgroups. However, research regarding this aspect of
subtype classification has not been presented to date. Compared to
the CK5/6 SP and CK20 SP subgroups, the DP subgroup showed a
relatively high expression of basal— and luminal—type markers,
which gave us the impression of a mixed phenotype. This subgroup
showed the strongest immune signature genes expression. However,
in GO, IPA, and GSEA functional analysis, the DP subgroup did not
show a significant difference from the CK5/6 SP subgroup. Based
on these results, the DP subgroup was expected to be close to the
CK5/6 SP subgroup in tumor characteristic aspects. The DN
subgroup, in every comparison with the three other subgroups,
showed the highest number on GO and KEGG pathways with
significant differences. The DN subgroup also showed mostly low
gene expression on biological signature gene cluster expression
analysis. In GO, IPA, and GSEA functional analysis, the DN
subgroup showed no significant difference from the CKZ20 SP
subgroup, except for “activation of cells associated molecules”, in
the IPA result. The DN subgroup is the most similar to the CK20 SP
subgroup among the three other subgroups, but we think it is a
unique subtype that shows differences in gene expression from the

other subgroups.
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Expression of p63—associated genes was high in the CK5/6 SP
and DP subgroups. 7763, which is a transcription factor associated
with basal/stem cells in the urothelium, is known to be activated in
the basal—type MIBC and to regulate basal gene expression
signature [3]. In line with previous studies, which reported that
p63—associated genes were enriched in the basal—type MIBC,
CK5/6 SP and DP subgroups showed high expression of p63—
assoclated genes.

In comparison between subgroups, expression of TP53-—like
signature genes was the lowest in the DN subgroup and varied
among cases. Six cases, which showed diffusely strong positive
results on IHC, showed high expression of TP53—associated gene
mRNA. Association between 7755 mRNA expression and pb53 IHC
protein expression showed a positive correlation.

Expression of immune response—associated genes was high in
the DP subgroup, and the CK5/6 SP, DN, and CK20 SP subgroups
followed in respective order. Dividing the genes into two groups
based on CK5/6 THC results, immune response GO term associated
DEGs were more enriched and associated genes were more
upregulated in CK5/6 —positive group (DP and CK5/6 SP subgroups)
than in CK5/6—negative group (DN and CK20 SP subgroups).
Additionally, on IPA analysis, immune activation was more
upregulated in DP and CK5/6 SP subgroups than in the other
subgroups. In a previous study in our group, it was found that PD—
L1 expression was enriched in the BASQ subtype positive for
CK5/6 and CK14 on IHC [34]. These results correlate with
previous studies, which reported high immune gene signature
expression in the basal subtype [8, 35].

Expression of EMT marker was enriched in the DP and CK5/6
SP subgroups. The EMT is the process of epithelial or endothelial
cells acquiring mesenchymal phenotypes, and is associated with
tumor progression and metastasis process [36—39]. Furthermore,
some studies reported that, in various cancers, EMT showed a

strong correlation with immune activation, and had high expression
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of programmed cell death—1 (PD—1), PD—L1, CTLA4, OX40L and
PD—-L2 In these studies, activation of the immune cell signaling
pathway was observed in the EMT setting, which was interpreted
as an indication that the EMT may facilitate a change of the tumor
microenvironment [40, 41]. Additionally, Chen et al. suggested that
microRNA—200 (miR—200) formed a negative feedback loop with
ZEB1, an EMT activator, suppressed the EMT, and suppressed PD—
L1 expression. These authors demonstrated that the EMT is linked
to the immunosuppression through the miR—200/ZEB1 axis [42,
43]. The miR—200 family is known to be enriched in the luminal
type, which also correlates well with the results of this study, as
CK20 SP and DN subgroups showed low EMT and immune
response—associated gene expression [3].

Expression of cell adhesion markers showed low expression of
tight junction—related genes 7/7/2 and CLDN4 and high expression
of desmosome—related genes DSCS and PKPFI, gap junction—related
genes (/B3 and GLB4, and epithelial integrin genes /7GA6 and
ITGB4 in the CK5/6 SP subgroup. These results imply that the
CK5/6 SP subgroup shows increased expression of cell adhesion,
especially basolateral cell adhesion—related genes. This result is in
keeping with previous studies, which reported high cell adhesion
gene expression signature in the mRNA-—based basal subtype,
including urobasal B and SCC—like subtype [24].

Expression of the MAPK and TNF signaling pathways was
enriched in the DP and CK5/6 SP subgroups. Most of the DEGs
associated with these signaling pathway were upregulated in the DP
and CK5/6 SP subgroups.

On GSEA analysis, the IL6—JAK—STAT3 signaling pathway
and TNF—a signaling via NF—«xB signaling pathway were
significantly enriched in the DP and CK5/6 SP subgroups. In
contrast, the DN subgroup was found to be less sensitive to this
pathway. The IL6—JAK—-STAT3 signaling pathway is upregulated
in various types of cancer and its hyperactivation is associated with
adverse clinical outcome [44—46]. Furthermore, the TNF—a/NF—
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kB signaling pathway is known to be involved in the tumor invasion
and metastasis [47, 48]. Considering the GSEA results, the CK5/6—
positive group (CK5/6 SP and DP subgroups) is a more aggressive
subtype than the CK5/6 —negative or at least the DN subgroup.

On IPA analysis, compared to the other subgroups, the DN
subgroup showed downregulated cell movement, cell migration, and
cell activation. Such cellular functions, which are associated with
cell motility, are closely related to cancer invasion and cancer
metastasis [49—52]. Based on IPA analysis we can expect the DN
subgroup to have a less aggressive behavior than the three other
subgroups.

In phase II clinical trial of CheckMate 275 different nivolumab
immunotherapy response was reported among molecular subtypes
in patients with metastatic UC, of which it was the highest in TCGA
cluster III [15]. Additionally, in a clinical trial using the SP142
assay, mRNA based TCGA clusters III and IV, which correspond to
the basal type, showed highly enriched PD—-L1 IC and TC
expression, and TCGA cluster II, which corresponds to the luminal
type, showed a significantly higher response to atezolizumab, a
humanized monoclonal anti PD—L1 antibody, than clusters III and IV
[13]. Our present results showing high PD—L1 expression in CK5/6
SP subgroup are in line with previous research.

In a previous study, Hodgson et al. suggested that MIBC could
be classified into luminal and basal subtypes using CK5/6 and
GATAS3 IHC, and each subtype was analyzed for its PD—L1 SP263
expression and tumor infiltrating lymphocytes. The results showed
that PD—L1 positivity was more common in the basal subtype, and
that CD8+ T cells and PD—L1 expression were also significantly
associated with the basal subtype [16].

In this study, we additionally analyzed the PD—L1 expression
status using SP142, SP263 and 22C3 in MIBC
immunohistochemically defined molecular subtypes. We evaluated
PD—-L1 expression using three PD—L1 assays (SP142, SP263 and

22C3), and the overall concordance rate of PD—L1 positive status
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was substantial and almost perfect, in line with previous studies
[53]. We demonstrated that a high PD—L1 positive rate was
significantly associated with the CK5/6 SP subgroup. Furthermore,
we demonstrated that a high PD—L1 positive rate was significantly
associated with positive CK5/6, CK14 and CD44 expression and
negative CK20, GATAS3 and FOXA1 expression.

T lymphocytes eliminate tumor cells through immune
surveillance using T cell receptor and major histocompatibility
complex interaction. The interaction of PD—1 expressed in T
lymphocyte with PD—L1 expressed in tumor cell leads to obstacles
in immune regulation described above. PD—1/PD—-L1 pathway is
used by tumor cells as a method of immune evasion. But, PD—-L1
expression on clinical prognosis 1s poorly defined in UC. Some
studies have suggested that PD—L1 overexpression was correlated
with poor prognosis in bladder cancer [54—56]. On the other hand,
some studies reported that PD—L1 expression was no correlation
with clinical outcome in UC [57, 58].

The role of PD—L1 expression as a predictive biomarker also
has many points to consider. There are clinical trial results that
show that PD—L1 expression and response rate of PD—1/PD-L1
blockades are insufficiently related [59]. However, currently, it is
clear that PD—L1 expression is a companion or complementary
diagnostic test of PD—1/PD—-L1 blockades and a potential predictive
biomarker. And it is generally accepted that PD—-1/PD-L1
blockades has been known to have a higher efficacy in patients
whose immune cells express PD—L1. The positive PD-LI1
expression rate in IHC—based subgroups can help to determine a
treatment strategy in MIBC. To the best of our knowledge, our
study is the first to analyze the association of IHC-—defined
subgroups with three PD—L1 assays (SP142, SP263 and 22C3) in
MIBC. The significant difference of positive rate of PD—L1 assays
according to IHC—based classification suggests that ITHC—based
classification may be important to apply the PD—1/PD—-L1 blockade
treatment in patients with MIBC.
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mRNA sequencing analysis was carried out after selecting
areas composed of mainly tumor cells, excluding any peri—tumoral
stroma including inflammatory cells. In contrast, PD—L1 and CD8
IHC analysis results reflected tumor cells as well as peri—tumoral
inflammatory cells. In PD—L1 analysis, SP142 assay only reflected
immune cells, and SP263 and 22C3 assay reflected tumor and
immune cells. In CD8 IHC analysis, lymphocytes showing CDS8
membranous staining were counted.

As described above, mRNA expression only reflects tumor cells
and IHC protein expression either reflects only immune cells, or
reflects tumor and immune cells together, which can lead to a
discrepancy between their results. Especially, the CK5/6 SP
subgroup showed higher PD—L1 positivity and CD8+ lymphocyte
numbers than mRNA expression. The CK5/6 SP subgroup,
compared to other subgroups, showed higher EMT —associated gene
expression, upregulation of signaling pathways related to tumor
aggressiveness, and poorer PFS outcome. In our opinion, CK5/6 SP
1s accompanied by tumor microenvironment changes, which can lead
to a stronger immune response, resulting in high PD—L1 and CD8
IHC expression.

We evaluated HERZ protein expression in 189 cases of MIBC.
HERZ is a well—established therapeutic target in some forms of
cancer characterized by HERZ2 protein overexpression or gene
amplification [60, 61]. MIBC has the third highest incidence of
ERBB2 amplification after breast and gastric cancer [4], thus,
targeted therapy against HERZ has been attempted in patients with
UC showing HER2 gene amplification [62, 63]. Our study revealed
that the CKZ20 SP subgroup frequently showed HERZ protein
expression. These results are in line with previous studies, which
reported that HERZ alteration was high in the luminal TCGA
clusters, and that £RBEZ amplification and HER?Z protein expression
were significantly higher in the luminal TCGA clusters compared to
basal TCGA clusters [23]. The results of our study suggest that
classification of MIBC according to the IHC could be suggested as a
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potential marker for HER2 —targeted therapy.

Different molecular subtypes were reported to have different
prognoses and chemotherapy sensitivity in MIBC. In addition, we
also found that the IHC—based classification has prognostic value.
Compared with the CKb5/6—negative group (CK20 SP and DN
subgroups), the CK5/6—positive group (CK5/6 SP and DP
subgroups), which implies the high EMT, IL6—JAK—-STAT3
signaling pathway, TNF—o/NF—«B signaling pathway and immune
gene expression signature, show adverse disease progression
outcome, and this result is in keeping with the findings of previous
studies [3, 5]. It is assumed that the effective immune escape
process that arises by expression of PD—L1 may be related to
disease progression. Although the DP subgroup showed no
difference in disease progression rate from other CK20 SP and DN
subgroups, this consequence is considered because there were very
few cases of the DP subgroup in this study population. In contrast
to the PFS, there was no significant difference in OS rate between
IHC—defined subgroups. The difference in PFS for each subgroup
but no difference in OS can be interpreted as meaning that the
post—progression period is considerably long. We think this is
related to the fact that most of the subjects of this study consist of
pathologic stage T2 cases. Since it was composed of cases with a
good overall prognosis, there was no significant difference in the OS
analysis for each subgroup.

In the personalized precision medicine era, subgrouping of
patients based on molecular characteristics has considerable
influence on selecting therapeutic regimens and forecasting
therapeutic responses and prognoses. In addition, mRNA
sequencing analysis is a good method to examine phenotype
characteristics of a tumor, however, in this study we utilized an
IHC—based classification that is simpler and more affordable. We
examined the molecular characteristics of subgroups based on THC
classification. In summary, we found that the CK5/6—positive group

showed a high gene expression signature related to aggressive
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behavior, high positivity of PD—L1 assays and showed worse

clinical outcomes.
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