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Background: Stanniocalcin-1 (STC1) is a well-studied oncogene that promotes different
types of cancer progression. However, the expression status of STCI, the values of STC1 on
prognosis, and its immune characteristic in bladder cancer (BLCA) have not been well
examined.

Methods: The expression of STC1 and its clinicopathological as well as immune character-
istics in BLCA samples were firstly identified in The Cancer Genome Atlas (TCGA) and the
Gene Expression Omnibus (GEO) databases. Immunohistochemistry (IHC) performed on the
tissue microarray (TMA) slide was further used to validate the expression of STC1 and its
relationship with immune features in 16 non-muscle invasive bladder cancer (NMIBC)
samples and 42 muscle invasive bladder cancer (MIBC) samples.

Results: The expression of STC1 was upregulated in higher stage BLCA. High STCI
expression also predicted poor prognosis in BLCA. Subsequently, the TMA validated the
expression and prognostic value of STC1 in BLCA. Bioinformatics analysis demonstrated
that STC1 and common immune checkpoints as well as immune markers of various immune
cells were positively correlated in TCGA. In addition, IHC data from the TMA further
validated that tumor cells with higher STC1 level tended to express higher PDL1 as well as
increased infiltration of CD3+ T cells.

Conclusion: To our knowledge, this is the first comprehensive study that investigates the
clinical and immune characteristics of STC1 in BLCA. It may provide new insight into the
function of STCI in regulating tumor immune microenvironment. Further studies are
warranted to uncover the potential mechanisms that mediate STC1 expression and tumor
immunity in BLCA.

Keywords: STCI1, bladder cancer, tissue microarray, immune characteristics, immune
checkpoints

Introduction
Bladder cancer (BLCA) is the second most frequently diagnosed urinary cancer,
with an estimated 573,000 new cases and 213,000 deaths worldwide in 2020.'
Although non-muscle invasive bladder cancer (NMIBC) accounts for approxi-
mately 75% of all BLCA,?

progression and even metastasis after appropriate primary curative treatment or

the major concern is its high rates of recurrence,

sequential intravesical therapy.3 Subsequently, cisplatin-based combination che-
motherapy is widely used as the standard first-line systemic treatment for patients
who present with muscle-invasive bladder cancer (MIBC) or metastatic disease.*
Nevertheless, even with this kind of therapy, the median overall survival is still

poor, which is estimated to be about 12-14 months.’ In the recent few
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years, second-line immunotherapy with immune check-
point inhibitors (ICIs) has been established and is still
being studied in BLCA treatment.® Several multi-center
randomized controlled trials have demonstrated that these
ICIs such as PD1/PDL1 inhibitors showed superior clin-
ical benefits over chemotherapy.” '® Unfortunately, these
studies also found that only a minority of patients could
respond to common ICIs. Therefore, it could be of great
significance to discover more novel immune-related bio-
markers and targets for the assessment and treatment of
BLCA.

Stanniocalcin-1 (STC1) is a 56kDa homodimeric glyco-
protein hormone that was first identified in bony fish and was
then identified in human in 1995."" Both fish and human STC
are involved in plasma calcium and phosphate homeostasis.
However, in contrast to fish STC, which is expressed mainly
in the corpuscles of Stannius, human STCI1 is expressed in
multiple tissues and is not detected in the circulation under
normal circumstances.'? It means that human STCI could
possibly be associated with cellular immortalization, a key
feature of the cancer cell phenotype. In recent years, accu-
mulating evidence has proved that STCI plays a crucial role
in different types of cancer'® and is involved in multiple
cancer-related signaling pathways, such as NOTCHI-
SOX2,'"* NF-kB'® and JNK signaling pathways.'® Of them,
NF-kB was previously reported to suppress apoptosis and
promotes BLCA cell proliferation by upregulating survivin
expression.!” INK was also proved to play an important role
BLCA cell invasion.'® In addition, several clinical studies
have also revealed that STC1 may have a negative correla-
tion with prognosis.'*?° However, more detailed and com-
prehensive reports of STC1 and its association with
clinicopathological feature in BLCA are still lacking.

Furthermore, the expression of tumor STC1 correlates
with immunotherapy efficacy and is negatively associated
with patient survival across diverse cancer types, which is
recently reported.?’ STC1 could mediate tumor immunity
by functioning as an intracellular “eat-me” signal blocker,
STCl1
a significant target for immunotherapy. In addition,

indicating that could possibly be wused as
among all the genitourinary cancer, BLCA has received
the most extensive tumor immunotherapy in clinical prac-
tice. Tumor immunology has been proven to play a vital
role in BLCA progression and prognosis.”? Given the fact
that BLCA is a hot spot in tumor immunotherapy, we
conducted this study to identify the relationship between
STC1 and BLCA.

Therefore, in the present research, we comprehensively
investigated the clinical relevance of STCI in BLCA spe-
cimens, explored its associations with clinical characteris-
tics and tumor immunity in BLCA by analyzing RNA
sequencing (RNA-seq) data from The Cancer Genome
Atlas (TCGA) database and the Gene Expression
Omnibus (GEO) database. Besides, the protein level of
STC1 and its correlations with PDL1 as well as tumor
infiltrating lymphocytes (TIL) in BLCA was validated by
immunohistochemistry (IHC) staining via tumor tissue
microarray (TMA). Our results revealed the correlation
of STCI expression with clinical characteristics and
immunoregulatory factors in BLCA and we expect that
our findings will give a more comprehensive insight into
the role of STC1 in BLCA.

Methods and Materials

Acquisition and Preprocess of Public Data
The data of RNA-seq (FPKM value) and clinical informa-
tion in TCGA-BLCA database were downloaded from
UCSC Xena data portal.>> Data on RNA-seq were log2
transformed. Besides, two BLCA GEO cohorts with
detailed clinical data were downloaded, namely
GSE13507 and GSE128959. For further analysis, a total
of 430 samples from TCGA database and 456 samples
from two GEO cohorts, which contained both gene expres-
sion and clinical data were extracted.

Screen of Co-Expressed Immune Genes

and Enrichment Analysis

To identify the STC1 associated immune signature in
BLCA, immune-related genes defined by the ImmPort
database were selected.”* Immune-related genes that cor-
related with STC1 expression (Pearson |R| > 0.2) in TCGA
database were further extracted. Totally, 377 immune-
related genes in TCGA-BLCA database were eligible for
subsequent analysis. Next, the Database for Annotation,
Visualization and Integrated Discovery (DAVID)* was
employed to perform Gene Ontology (GO) and KEGG
(Kyoto Encyclopedia of Genes and Genomes) pathway
analysis of STC1 co-expression immune genes. Top 10
enrichment terms were exhibited in this research.

Tissue Microarray and

Immunohistochemistry
The TMA slide (HB1aU079Su01) was obtained from
Outdo Biotech Co. Ltd. (Shanghai, China). The slide
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contained samples from 63 patients with stage -1V
BLCA. Next, IHC staining was performed directly on
this slide. The primary antibodies were as following: anti-
STC1 (ab229477, Abcam), anti-CD3 (ab16669, Abcam),
anti-PDL1 (PA167, Abcarta). Antibody staining was
visualized with DAB and hematoxylin counterstain
(ZSGB-Bio). Ethical approval for the study of TMA was
granted by the Clinical Research Ethics Committee, Outdo
Biotech (Shanghai, China)
Declaration of Helsinki.

in accordance with the

Evaluation of IHC Staining

The TMA slides were digitally scanned using Aperio
Digital Pathology Slide Scanners. All results of IHC
were evaluated using an established semi-quantitative
approach by two independent pathologists in a blind man-
ner. According to the intensity of the staining, the positive
reaction of STC1 was scored into four grades: 0 (nega-
tive), 1 (low), 2 (moderate) and 3 (high). The percentages
of STC1 positive cells were also scored into five grades: 0
(0%), 1 (<10%), 2 (10-50%), 3 (51-80%) and 4 (>80%).
The immunoreactive score (IRS) gives a range of 0-12 as
a product of multiplication between the intensity and per-
centage scores. PDL1 expression was assessed by tumor
proportion score (TPS), which is defined as the number of
positive tumor cells divided by the total number of viable
tumor cells multiplied by 100%. CD3 is the surface marker
of mature T cells and is used to detect T helper and
cytotoxic T cells. Therefore, tumor infiltrating lympho-
cytes (TIL) infiltration was assessed as a continuous vari-
able based on the percentage of stromal tissue areca
occupied by CD3+ T cells.

Statistical Analysis

All statistical analysis and figure exhibitions were imple-
mented using R 4.0.3 (R Foundation, Vienna, Austria) and
GraphPad Prism 9.0 (GraphPad Inc, San Diego, CA,
USA). Continuous variables fitting a normal distribution
between binary groups were compared using a t-test.
the Mann—Whitney U-test was
Correlation analysis was evaluated by Pearson method if

Otherwise, applied.
variables fit a normal distribution. Otherwise, Spearman
correlation analysis was applied. Log rank test was per-
formed to assess the difference between the survival
curves. All tests with two-sided P < 0.05 were considered
statistically significant.

Results
The Association of STCI| Expression with
the Clinicopathological Characteristics

and Prognosis of Patients with BLCA

We firstly analyzed the expression of STCl1 in BLCA
according to the clinicopathological characteristics in
TCGA database and two BLCA GEO cohorts. In TCGA
database, STC1 mRNA levels in stage Il BLCA was sig-
nificantly lower than that in stage III and stage IV BLCA
(Figure 1A). In addition, STC1 mRNA levels were higher
in advanced BLCA (pT3~T4) than in early stage of BLCA
(pT0~T2) (Figure 1B). However, the difference of STC1
expression between low- and high-grade BLCA in TCGA
database was not significant (P=0.07) (Figure 1C).
Kaplan—Meier analysis of overall survival (OS) illustrated
that BLCA patients with higher STC1 expression exhib-
ited significantly shorter OS compared with that with
lower STC1 expression (Figure 1D). In GSE13507,
STC1 mRNA levels in NMIBC were significantly lower
than that in MIBC (Figure 1E). In GSE128959, the results
also showed that STC1 expression was statistically posi-
tively correlated with BLCA T stage (Figure 1F).

Next, IHC staining were performed to clarify the STC1
expression in our BLCA cohort. The detailed information of
patients and TMA were shown in Supplementary 1-4.
Representative images showed the samples with different
stage stained with STC1 (Figure 2A). Compared with
NMIBC, samples with MIBC expressed higher STCI1
(Figure 2B). The IRS of STC1 were higher in stage III~IV
BLCA than in stage I~II BLCA (Figure 2C). We also divided
BLCA patients into low- and high-expression groups based
on the median IRS of STCI1 to evaluate its prognostic value.
As shown in Figure 3A, patients with higher STC1 expres-
sion exhibited significantly shorter OS compared with those
with lower STC1 expression in our recruited cohort.
Moreover, IRS of STC1 in BLCA samples was negatively
correlated with OS (Figure 3B) and dead patients expressed
higher STC1 compared with the alive patients (Figure 3C).

STCI Was Correlated with Common

Immune Checkpoints Expressions in BLCA
Recent evidence showed that STC1 played a crucial role in
mediating tumor immunity.”' Therefore, we examined the
potential correlations between STC1 and immune-related
molecules in BLCA. First, we examined the relationships
between STCI and common immune checkpoints, and the
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Figure | Relationship between STCI expression and clinical characteristics in TCGA and GEO databases. STC| expression according to different stages (A), pathologic
T stages (B) and grades (C) of BLCA in TCGA database. (D) Kaplan—Meier analysis of overall survival in TCGA database. (E) Different STCI expression between NMIBC
and MIBC in GSE13507. (F) STCI expression according to different T stages of BLCA in GSE128959. **P value < 0.01, ***P value < 0.001, ns means no significant difference.
Abbreviations: BLCA, bladder cancer; NMIBC, non-muscle invasive bladder cancer; MIBC, muscle-invasive bladder cancer; TCGA, The Cancer Genome Atlas; GEO, Gene

Expression Omnibus.

results showed that positive correlations between STC1 and
PDL1, PD-L2, OX40L, TIM3, 0X40, FOXP3, CTLA4,
B7H3 in TCGA database (Figure 4). Given the significant
role of PDL1 in immunotherapy, we further validated the
positive correlation between STC1 and PDL1 using IHC
staining in our cohort. Representative images showed the
samples stained with STC1 and PDL1 (Figure 5A), and
tumor with higher STC1 expression tended to express higher
PDL1 (P=0.055) (Figure 5B).

STCI Expression is Related to Density of
CD3+ T Cells Infiltration in BLCA

The correlation between STC1 and CD3+ T cells infiltrat-
ing in BLCA was also validated using IHC staining in our
cohort. Representative images showed the samples stained
with STC1 and CD3+ T cells (Figure 6A). As were also
shown in Figure 6B, tumor with higher STC1 expression
tended to express higher density of stromal CD3+ T cells.

STCI Was Associated with Various
Immune Cells in BLCA

Subsequently, we analyzed the correlations between STC1
and representative immune markers of various immune cells,

including general T cells, CD8+ T cells, CD4+ T cells,
T helper 1 (Thl) cells, Th2 cells, Th17 cells, Treg
cells, follicular helper T (Tfh) cells, B cells, M1 macro-
phages, M2 macrophages, tumor-associated macrophages,
neutrophils and dendritic cells in BLCA (Table SI).
Interestingly, the STC1 expression level showed significantly
positive correlations with the expression of specific markers
of immune cells in TCGA database, namely, general T cell
markers (CD3D, CD3E, CD2, CD7), CD8+ T cell markers
(CD8A, CD8B, CD45R), CD4+ T markers (CD4, IL7RA,
BTLA, PDCDI1), Thl cell markers (STAT1, STAT4,
CXCR3, CCRS5), Th2 cell markers (CXCR6, CCR3), Th17
cell markers (STAT3, IL17RA), Treg cell markers (FOXP3,
TGFB, ITGA4, CCRS), Tth cell markers (CD84, CD83),
B cell markers (CD20, CD79A, CD79B), M1 macrophage
markers (FCGR3A, CD86, NOS2), M2 macrophage markers
(CD163, VSIG4, ARGI), tumor-associated macrophage
markers (IL10, CD206, CCL2, CCLS), neutrophil markers
(CD11b, CXCR1) and dendritic cell markers (TLR7, HLA-
DPBI, CDlc, CDle). These results indicated that higher
STC1 expression in the BLCA microenvironment resulted
in greater immune cell infiltration compared with BLCA with

lower STC1 expression.
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Figure 2 Relationship between STCI expression and clinical characteristics in clinical specimens. (A) Representative IHC images showing BLCA samples with different
stages immunostained for STCI. (B) Different IRS of STC| between NMIBC and MIBC. (C) IRS of STCI according to different T stages of BLCA. **P value < 0.01.
Abbreviations: BLCA, bladder cancer; IHC, immunohistochemistry; NMIBC, non-muscle invasive bladder cancer; MIBC, muscle-invasive bladder cancer; IRS, immunor-

eactive score.
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Figure 3 Association between STCI expression and survival in clinical specimens. (A) Higher IRS of STCI is associated with worse overall survival. (B) Correlation

between IRS of STCI and overall survival time. (C) Different STC| expression in dead and alive BLCA patients. **P value < 0.01.

Abbreviations: IRS, immunoreactive score; BLCA, bladder cancer.

GO and KEGG Analysis of STCI

Co-Expression Immune Genes
Lastly, to further explore the STCIl-associated immune
signatures in BLCA, 377 immune-related genes that

correlated with STC1 expression (Pearson [R| > 0.2)

were identified in TCGA database. As were shown in

the heatmap, the majority of genes (318 genes) were
positively correlated with STC1 expression, while the
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Figure 4 Association between STCI and common immune checkpoints expressions in TCGA database.

minority of genes (59 genes) were inversely correlated
with STC1 expression (Figure 7, Supplementary 5).
DAVID was next used to perform GO and KEGG path-
way analysis to clarify the biological processes, mole-

cular functions, cellular components and pathways of
these genes. As shown in Figure 8, these results also
suggested that STC1 could play a crucial role in
immune functions in BLCA.

Discussion

For the past decade, a number of ICIs have been
approved as first-line therapy for cisplatin-ineligible
BLCA or as second-line therapy for metastatic BLCA.
However, only 30% of these patients could respond to
common ICIs immunotherapy.?® In order to improve the
prognosis of patients with BLCA, uncovering novel
personalized immunotherapeutic strategies are extreme
urgencies that need to be well addressed. In this study,
in BLCA was

the clinical significance of STCI

systematically analyzed. Moreover, we found that the
expression of STC1 was closely associated with immune
checkpoints and immune cell infiltration levels. In short,
our study provides a new understanding of the role of
STCI1 in BLCA.

Several research groups have tried to define the
clinical value of STCI1 expression in cancer. In gastric
cancer, Fang et al*’ demonstrated that the high/moderate
of STC1 protein was significantly associated with lymph
metastasis, clinical stage and adverse 3-year progres-
sion-free survival. In hepatocellular carcinoma, Chan

et al'®

reported that a higher serum STCI1 level was
correlated with larger tumor size and poorer 5-year
disease-free survival. Another study also reported that
the level of STC-1 expression was directly associated
with the relapse-free and OS of basal-type breast cancer
patients.”® However, the role of STC1 in BLCA has so
far not been available yet. Here, we firstly took advan-

tage of bioinformatics analysis and found that STC1 was
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Figure 5 Association between STCI and PDLI expression. (A) Representative IHC images showing BLCA samples immunostained for STCI and PDLI. (B) Different PDLI

expression according to STCI levels.
Abbreviations: IHC, immunohistochemistry; BLCA, bladder cancer.

notably overexpressed in advanced BLCA, upregulated
in MIBC compared with NMIBC and could predict poor
survival rate, suggesting that STC1 expression was cor-
related with a more aggressive biological process.
Furthermore, to acquire a more convinced conclusion,
we performed IHC on the BLCA tissue via TMA tech-
nique. The results were highly consistent with that
acquired from the bioinformatics analysis.

Although no relevant literature has reported the
potential carcinogenic mechanism of STC1 in BLCA
so far, Bai et al*’ previously reported that STC1 pro-
moted prostate cancer cell proliferation and correlated
with the expression levels of cell cycle-related proteins,
cyclin E1/CDK2. In line with their results, another study
also reported that STC1 could promote cell cycle pro-
gression, accelerate G1/S transition through elevating
the expression of cyclin D1, Cdk4 and Cdké6, and sup-
pressing p21 in clear cell renal cell carcinoma.*
Therefore, STC1 may possibly promote BLCA cell pro-
liferation via a mechanism through which several
cyclins and CDKs are recruited.

Our study also demonstrated that the expression of
STC1 and some common immune checkpoints in BLCA

were positively correlated. The positive correlation
between STC1 and PDL1 was further validated using
IHC staining in our cohort, suggesting that targeting
STC1 might be a strategy to improve the efficiency of
immunotherapy. In fact, a number of former studies have
demonstrated that a combination of PDL1/PD-1 and some
immune-related molecules may enhance antitumor immu-
nity. A preclinical study showed that combined blockade
of PD-1/PDL1 and IL-6 signals resulted in synergistic
anti-tumor effects.>’ Zeng et al’” reported that targeting
the CXCR4-CXCLI12 axis in combination with PD-1/
PDL1 could inhibit tumor growth and prevent multifaceted
immunosuppression in ovarian cancer. In melanoma, the
result of a double-blind, Phase 3 clinical study suggested
that nivolumab (a PD-1 checkpoint inhibitor) combined
with ipilimumab (a CTLA-4 checkpoint inhibitor) resulted
in significantly longer progression-free survival than ipili-
mumab alone.®> Therefore, based on our study, STC1
might be as a novel immune-related molecule to enhance
immunotherapy efficiency in combination with PDL1 in
the future.

Moreover, our findings were in line with the result of
a former study, which mechanistically clarified the
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Figure 6 Association between STCI and CD3+ T cells infiltration level. (A) Representative IHC images showing BLCA samples immunostained for STCI and CD3. (B)
Different density of CD3+ T cells infiltration according to STCI levels. *P value < 0.05.

Abbreviations: IHC, immunohistochemistry; BLCA, bladder cancer.

immunoregulatory role of STCI in cancer.”' It is known
that BLCA is an immunosensitive tumor, which is infil-
trated by T cells, macrophages, dendritic cells, neutro-
phils and mast cells. Furthermore, among all types of
cancer, BLCA is associated with one of the highest
mutation burdens, which is a known predictor of treat-
ment response to checkpoint. These mutations could
add

microenvironment.** Meanwhile, it is known that calre-

also more  complexity to the tumor
ticulin translocation to the cell membrane serves as an
“eat me” signal, thereby promoting efferocytosis of can-
cer cell.>®> However, tumor STC1 interacts with calreti-
culin and minimizes calreticulin membrane exposure.
Thus, this impairs membrane calreticulin-directed anti-
gen-presenting cells (macrophages and dendritic cells)
phagocytosis and T cell activation. Interestingly, our
study also revealed the tight correlation between STCI1
and immune features in BLCA, suggesting that STC1
exactly plays a prominent role in regulating tumor
immune microenvironment.

The immune cell infiltration has been verified to play

critical roles in the development and progression of

various cancers.>® In our study, the relationship between
the expression of STC1 and immune features in BLCA
was comprehensively analyzed by the public datasets
and our TMA samples. It showed that the expression
of STC1 was positively correlated with various immune
infiltrating cells. Generally speaking, a dense TIL is
that

a favorable prognosis. However, a significant correlation

a common characteristic of tumors have
between dense TIL and poor prognosis has also been
reported in several solid tumors, including BLCA.*”*!
Krpina et al’’ found that the number of CD3+ and CD8
+ lymphocytes observed in the non-recurrent group of
BLCA patients was lower than that in recurrent patients.
Patschan et al’® assessed CD3+ T cells infiltration in
a cohort of primary T1 BLCA using TMA and the result
showed that high levels of CD3+ T cells were signifi-
cantly associated with poor prognosis and progressive
disease. Rouanne et al*® also reported that the density of
stromal TILs was not associated with a better clinical
outcome in BLCA. This dual role of TIL in promoting
or suppressing tumor growth is still one of the most

challenging questions in immunology.** Based on our
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Figure 7 The heatmap of correlated immune genes that associated with STCI in TCGA. 318 genes were positively correlated with STCI expression while 59 genes were

inversely correlated with STCI expression.
Abbreviation: TCGA, The Cancer Genome Atlas.

study, a scenario that high STC1 expression is positively
related to dense TIL, which causes poor clinical out-
comes in BLCA can be envisioned. With the develop-
of BLCA,
response is enhanced via propagating the expansion of

ment tumor-specific adaptive immune
immune cells. Simultaneously, more tumor STC1 inter-
acts with calreticulin, thereby abrogating membrane cal-
reticulin-directed phagocytosis by antigen-presenting
cells. Although the immune response is still being
strengthened, as the “eat-me” signal is blocked, tumor
cells still acquire the ability to escape STCl-related
immune recognition.

The study has several limitations. Firstly, since cancer
tissues could show high heterogeneity, TMA sections, as
a part of the whole tumor tissue, may not be representative
of the entire tumor insofar as STC1 expression. Secondly,
participants involved in this study had no history of immu-

notherapy, which means the prognostic value of STCI1 in

BLCA after immunotherapy is not studied. Lastly,
a relatively small number of BLCA samples were included
in our study. Future studies with a larger patient sample
size are warranted.

Conclusion

To our knowledge, this is the first comprehensive study
that investigates the associations between STC1 expres-
sion and clinicopathological characteristic of BLCA.
More importantly, via bioinformatics, we found that
STCl1
a variety of immune-related genes and well-known

was potentially positively correlated with
immune checkpoints in BLCA. Subsequently, the results
of TMA identified the relationship between STC1 and
PDL1 as well as CD3+ T cells. Further studies are
warranted to uncover the potential mechanisms that
mediate STC1 expression and tumor immunity in

BLCA.
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Figure 8 Functional enrichment analysis of STCI-related immune genes in TCGA. Top 10 enriched biological processes (A), cellular components (B), molecular functions

(C) and KEGG pathways (D) terms were shown in this study.

Abbreviations: TCGA, The Cancer Genome Atlas; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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