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A B S T R A C T

This study attempted to explore the role of interferon-γ related genes (IRGs) in the prognosis and immunotherapy
of bladder cancer (BC). Based on data downloaded from public databases, molecular subtypes with different IRG
expression patterns were determined via nonnegative matrix factorization clustering. On the basis of IRGs,
interferon-γ related gene signature (IRGS) was developed through Cox regression analyses. We identified that two
molecular subgroups with different outcome and immune profiles. It was proved that IRGS possessed prediction
efficiency for BC prognosis. Compared with low IRGS group, high IRGS group was related to less anti-cancer
immune cells infiltration, less tumor mutation burden score, more cancer stem cell index, and less benefit from
immunotherapy. Differential expression of six model genes (IRF5, LATS2, MTHFD2, VAMP8, HLA-G and PTPN6)
was validated between paired tissues by RT-qPCR. This study presents a prognostic model, which could serve as
an indicator for the benefit of BC immunotherapy.
1. Introduction

Bladder cancer (BC) is one of most shared types of urologic cancers
and the ninth most lethal malignant tumor [1]. It is estimated that nearly
550000 new individuals were diagnosed with BC across the world per
year, resulting in approximately 200000 deaths annually [2]. Recent
studies have demonstrated that more than 40% of muscle-invasive BC
patients were inoperable when diagnosed [3, 4]. Despite substantial
progress has been made in early diagnosis and novel therapeutic in-
terventions, clinical outcomes of BC patients are still not satisfactory [5].
Thus, there is an urgent need to improve risk stratification and the rate of
early diagnosis of BC. Conventional treatment modalities for BC include
surgery, radiotherapy, and chemotherapy [6, 7]. In the past decades,
despite the optimal treatment of surgical resection, the five-year survival
rate of late-stage BC patients is still less than 50% [8, 9]. For advanced
bladder cancer, traditional therapies of BC including radiotherapy and
chemotherapy incapable of controlling tumor progression effectively
[10, 11, 12]. Immunotherapy based on immune checkpoint inhibitors
(ICI) such as targeting PD-1,PD-L1, and CTLA4 as an option could fulfill
this unmet need, and has shown favorable oncological outcomes in
.
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advanced BC patients [13]. Further, ICI have demonstrated efficacy in
various kinds of cancers including BC [14, 15]. However, a number of BC
patients treated with immunotherapy do not experience clinical benefit
due to the clinical response rates are far from sufficient [16]. Hence, how
to evaluate the response of BC patients to ICI is still a problem to be
solved.

The tumor microenvironment (TME) consists of tumor cells, stromal
cells, cytokines, immune cells and other components. Increasing evi-
dences have demonstrated that different subpopulations of infiltrating
immune cells in the TME is associated with the outcome of patients and
the abundance of infiltrating immune cells could affect the response of
patients to ICI therapy [17, 18]. For instance, previous studies demon-
strated that infiltrating regulatory T cells-induced suppressive tumor
microenvironment is a critical obstacle for effective tumor immuno-
therapy [19]. Some reports pointed out that PD-L1 expression levels and
abundance of CD8 T cells infiltrated in the TME could influence inter-
individual differences in immune checkpoint inhibitors response [20, 21,
22]. More specifically, a clinical experiment proved that patients with
dense CD8þT cells infiltration show higher responsivity to pem-
brolizumab [23]. In addition, recent study has also suggested that
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mucosal melanoma patients with sparse lymphocytes infiltration tend to
benefit less from ICI therapy [24]. To some extent, the tumor immune
microenvironment (TIME) is the underpinnings of ICI therapy, under-
standing the immune cells infiltration profile in the TME is the corner-
stones of developing effective precision ICI therapy strategy [25].

Interferon gamma (IFN-γ) as a pleiotropic cytokine, is a complex
regulator of the TIME and participates in the coordination of tumor-
related immune response [26]. On the one hand, IFN-γ secreted by T
cells and natural killer (NK) cells could suppress cancer cells growth via
tumor-infiltrating macrophages recruitment and cytotoxic T-cell prolif-
eration activation [27, 28]. On the other hand, IFN-γ is also an essential
contributor to the demotion of antitumor immune responses [29]. Spe-
cifically, IFN-γ secreted by lymphocytes can induce the upregulation of
immune checkpoints expression (PD-L1, PD-L2) within the TIME, thus
mediating tumor immune escape [30, 31]. Afterwards, it was reported
that activation of interferon stimulated genes was closely related to both
superior prognosis and inferior prognosis following ICI therapy [32].
Furthermore, previous studies indicated that the IFN-γ related genes
model enables prediction of prognosis and ICI therapy benefit for clear
cell renal cell carcinoma and lung adenocarcinoma [33, 34]. Some
retrospective studies also demonstrated that the expression levels of
interferon gamma showed tight correlation with the outcome of BC pa-
tients [35, 36]. With the rapid development of high-throughput
sequencing, the research of molecular signatures in tumor has shown a
promising prospect. Nevertheless, no studies have involved comprehen-
sive bioinformatic analysis or identification of IFN-γ related genes as risk
model focused on both the outcome and immunotherapy benefit for BC.
Moreover, there were also few biomarkers of BC can effectively predict
prognosis and guide therapy [37]. Thus, this article aims to identify the
molecular subgroups on the basis of different interferon-γ related genes
expression patterns via NMF clustering, and develop an interferon-γ
related gene signature (IRGS) associated with the TIME to facilitate the
molecular stratification of BC and maximize the benefits of ICI therapy.
The process flowchart of the research was summarized in Fig. S1.

2. Materials and methods

2.1. Datasets collection

RNA-seq data and clinical data regarding 412 BC and 19 normal
bladder tissue samples were mined from TCGA database, and the 165
GEO BC samples with complete survival data were obtained from
microarray data of GSE13507(Table S1). The IMvigor210 cohort of 208
metastatic urothelial tumor patients treated with anti-PD-L1 therapy was
chosen to confirm the IRGS prediction ability of clinical benefit from ICI
therapy (http://research-pub.gene.com/IMvigor210CoreBiologies/).
Then, IFN-γ related genes were extracted from the gene set “HALL-
MARK_INTERFERON_GAMMA_RESPONSE” (https://www.gsea-ms
igdb.org/). Also, copy number variation (CNV) data and the TCGA
cohort corresponding survival data (overall survival, disease-free sur-
vival, disease-specific survival and progression-free survival) was ob-
tained from UCSC Xena database (https://xenabrowser.net/). The
reported BC immune classifications data and gene mutation information
were also acquired from TCGA databases [38]. The cancer stem cell
(CSC) index of BC was used to describe the similarity between tumor cells
and stem cells, and the CSC index data was obtained from the study of
Malta et al. [39].

2.2. Screening of differentially expressed genes and preliminary
classification

First, referring to the RNA-seq data of TCGA BC samples, differen-
tially expressed IFN-γ related genes between normal and tumor tissues
were determined (criteria were p < 0.05 and |log2FC| > 0.585). Then,
functional analyses (GO and KEGG) based on these genes was performed.
Protein-Protein Interaction (PPI) analysis of differentially expressed IFN-
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γ related genes was performed using the STRING website (http://stri
ng-db.org). Moreover, we also assessed somatic copy number alter-
ations in these differentially expressed IFN-γ related genes. Second, based
on differentially expressed genes, nonnegative matrix factorization
(NMF) clustering was conducted to identify the molecular subgroups by
the R package “NMF”. Third, the immune composition, purity, and
immunocytes infiltrated profile of each sample were calculated via the
ESTIMATE and the microenvironment cell-population (MCP)-counter
algorithms. Finally, principal components analysis (PCA) was performed
using the R package “PCA”.
2.3. Construction and validation of a prognostic signature based on IRGS

Univariate Cox regression analysis was used to screen prognostic
genes from differentially expressed genes. Based on this, multivariate Cox
regression analysis was performed to construct the IRGS, and the model
was finalized using following formula: risk score ¼ Pn

i¼1 expðiÞ *coef ðiÞ
where exp represented the gene expression value while coef represented
the coefficient. Then, BC patients were subdivided into the high and low
IRGS groups using the criterion of median risk score. Kaplan-Meier (K-M)
survival analysis was conducted to compare the overall survival (OS),
disease-free survival (DFS), disease-specific survival (DSS) and
progression-free survival (PFS) between the high and low IRGS groups.
Univariate and multivariate Cox regression analyses were applied to
evaluate whether the IRGS possessed independent prognostic value. The
receiver-operating characteristic (ROC) curves were generated to mea-
sure the diagnostic efficacy of IRGS. Finally, we analyzed the correlation
between IRGS scores and clinical features.
2.4. Development and validation of the nomogram based on the IRGS

Nomogram for OS of BC prediction was developed based on the
clinical features and the IRGS. Moreover, calibration curves were
implemented to evaluate the calibration of the nomogram. Also,
concordance index (C-index) and ROC curves were applied to assess the
discriminating superiority of nomogram.
2.5. Identification molecular and immune characteristics of IRGS
subgroups

First, to probe the relationship between the eight genes and OS, we
conducted K-M analysis on the identified genes. Second, to further
explore the potential function of the eight genes, the Gene Set Enrich-
ment Analysis (GSEA) based on the KEGG gene set (c2. cp.kegg.v7.4.
symbols.gmt) and Gene ontology (GO) enrichment analysis were per-
formed (NOM p < 0.05 and false discovery rate (FDR) < 0.05). Third, for
evaluation of immune and molecular response among the IRGS sub-
groups, immune cell infiltration and some cancer-associated pathways
(extracted from gene set h. all.v7.4. symbols.gmt) were estimated via the
CIBERSORT algorithm and Gene Set Variation Analyses (GSVA) [40].
Meanwhile, correlation analysis was applied to screen the relevance
between immunocyte infiltration and risk scores with the Pearson cor-
relation analysis. Finally, we explored the relationships between the
IRGS and tumor mutation burden (TMB) score and CSC index.
2.6. Prediction of ICI therapy response

The data of BC patients ICI therapy efficacy was downloaded from
The Cancer Imaging Archive (TCIA, https://tcia.at/). Then, the IMvi-
gor210 cohort was chosen to validate the IRGS prediction ability of
clinical benefit from ICI therapy. Furthermore, the T-cell dysfunction and
exclusion gene expression (TIDE) and tumor inflammation signature
(TIS) signatures scores were calculated as the normalized expression of
genes provided by original article [41, 42]. Besides, the ROC curves and
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C-index were generated to measure the diagnostic value of IRGS, TIS, and
TIDE.

2.7. Investigation of drug sensitivity

To assessed the IRGS prediction ability of sensitivity to chemothera-
peutic agents and potential drugs, we estimated the half-maximal
inhibitory concentration (IC50) of the commonly-used chemothera-
peutic agents and potential drugs for BC through the R package pRRo-
phetic. The Wilcoxon signed-rank test was conducted to analyze IC50
difference among the IRGS subgroups.

2.8. Specimen collection and RT-qPCR

A total of four paired BC tissues (C1, C2, C3, C4) and adjacent
noncancerous tissues (N1, N2, N3, N4) were collected from the Second
Hospital of Lanzhou University between January and March 2022
(detailed clinical data of the patients can be found in Table 1). All tissues
were confirmed by two independent pathologists. Tissue samples were
immediately frozen and stored at -80 �C for further analysis. Based on
manufacturer’ s protocol, Trizol (Takara) was used to extract total RNA in
tissue samples. cDNA was produced by total RNA using a PrimeScript™

RT reagent kit (Perfect Real Time; Takara). Primer was synthesized by
Tsingke Biological Technology (Beijing, China) and the sequence as
suggested in following table (Table S2) Reverse transcription-
quantitative PCR (RT-qPCR) was performed by Bio-Rad CFX96 real-
time PCR detection system (Bio-Rad, Hercules, California, USA). β-actin
serve as the internal control, and all operations were repeated 3 times.
Relative expression levels of genes were analyzed by the 2�ΔΔCt method.
Meanwhile, we also explored the protein expression of model genes be-
tween BC and normal tissue on the basis of Human Protein Atlas (HPA)
database via immunohistochemistry (IHC).

2.9. Statistical analysis

All statistical analyses were performed using R (v.4.1.0), and P-value
< 0.05 was considered as statistically significant. Comparison of
continuous variables between groups was analyzed with the independent
t-test. Moreover, chi-square test was performed to examine categorical
data. The Wilcoxon test was applied to identify correlations between
groups defined by IRGS score.

3. Results

3.1. Identification of differentially expressed IFN-γ related genes

On the basis of TCGA cohort, 93 differentially expressed IFN-γ related
genes were identified using the differentially expressed gene analysis
(Table S3; Fig. 1A, B). Next, we assessed the CNV in the differentially
expressed IFN-γ related genes and witnessed extensive copy number al-
terations in above genes. Among them, 25 genes (ARID5B, EIF4E3,
IL10RA, NFKBIA, PDE4B, SOD2, TNFAIP6, etc) possessed CNV decreases,
while 67 genes (APOL6, BPGM, CMPK2, CXCL10, CXCL11, CXCL9,
DHX58, etc) had CNV increases (Figure 1C). Figure 1D showed the lo-
cations of the CNV alterations in the differentially expressed IFN-γ
related genes on their respective chromosomes. Refer to Table S3, we
found a positive correlation between majority of genes expression levels
Table 1. Clinical characteristics of the 4 bladder cancer patients.

Patient number Age (years) Gender Histologic grade T classificati

1 58 Male High Grade T1

2 74 Female High Grade T3

3 52 Male High Grade T2

4 59 Male High Grade T1

3

and CNV alteration. Differentially expressed IFN-γ related genes with
CNV loss, such as ARID5B, EIF4E3, IL10RA, NFKBIA, PDE4B, SOD2, and
TNFAIP6, were decreased in BC samples compared with normal bladder
samples (logFC <0), while 45 genes with CNV gain, such as APOL6,
BPGM, CMPK2, CXCL10, CXCL11, CXCL9, and DHX58, were increased in
BC samples compared with normal bladder samples (logFC >0). These
implied that CNVmight be a regulatory factor of the mRNA expression of
IFN-γ related genes.

As shown in Fig. S2A, a number of enriched gene sets were found
using GO enrichment analysis. The biological process (BP) of the IFN-γ
related differentially expressed genes were mainly enriched in response
to virus, defense response to virus and defense response to symbiont. In
the cellular component (CC) analysis, proteasome complex, endopepti-
dase complex and peptidase complex were considered to be relevant to
the IFN-γ related differentially expressed genes. In addition, for the result
of the molecular function (MF), it was suggested that these genes were
mainly involved in cytokine receptor binding, ubiquitin�like protein
ligase binding and endopeptidase activity. The top three enriched path-
ways for the KEGG pathway analysis were Influenza A, Herpes simplex
virus 1 infection and Epstein�Barr virus infection (Fig. S2B). As shown in
Fig. S2C, differentially expressed genes were screened into the PPI
network complex via the STRING website.

3.2. Classifying of molecular subtypes

Based on these differentially expressed IFN-γ related genes, the NMF
consensus clustering was carried out to classify the molecular subgroups.
It was found that the two subgroups (C1, C2) had clear boundaries at K ¼
2 (Fig. 2A, B). After a comprehensive consideration, K of 2 as the optimal
k-value was determined. Then, PCA was applied to verify the rationality
of above subtypes. As displayed in Figure 2C, the there-dimensional PCA
plot clearly describes a clear separation of different populations for each
sample. Moreover, survival analysis using the K-M curve suggested that
C1 subtype had a poorer OS than that in C2 subtype (Figure 2D).

To explore immune condition of the two subtypes, we conducted
ESTIMATE and MCP-counter algorithms for the TCGA gene expression
profile based on the subgroups. It was discovered that stromal score,
immune score, and ESTIMATE score were upregulated in C1 subtype
(Fig. 3A-C), while tumor purity were enriched in C2 subtype (Figure 3D).
Meanwhile, MCP-counter algorithm indicated that significantly
increased B cell lineage, CD8 T cells, cytotoxic lymphocytes, fibroblasts,
monocytic lineage, and NK cells were observed in C1 subtype compared
with C2 subtype (Fig. 3E-J), while the opposite was witnessed for neu-
trophils (Figure 3K). In view of the fact that the blockade of immune
checkpoints has become a vital strategy in the treatment of BC. We then
evaluated a slice of immune checkpoints expression levels between BC
subtypes. The results demonstrated that the expression levels of
CD274(PD-L1), PDCD1 (PD-1), CTLA4, LAG3, TIGIT, and HAVCR2 were
higher in C1 subtype than that in C2 subtype (Fig. 4A-F), revealing that
C1 subtype was more amenable to the formation of tumor-
immunosuppressive microenvironment, which subsequently drove
tumor immune escape [43]. This also explained why C1 subtype had a
poorer OS than that in C2 subtype. The above studies had suggested that
molecular subtype based on differentially expressed IFN-γ related genes
could distinguish the outcome of patients, and was associated with the
components of the TIME and the expression levels of immune
checkpoints.
on M classification N classification Surgical procedure

M0 Unknow Laparoscopic radical cystectomy

M0 Unknow Laparoscopic radical cystectomy

M0 N0 Laparoscopic radical cystectomy

M0 N0 Laparoscopic radical cystectomy



Figure 1. Genetic and transcriptional alterations of differentially expressed IFN-γ related genes in BC (A) Heatmap of differentially expressed genes between BC and
normal tissues in the TCGA cohort (B) Volcano diagram of differentially expressed IFN-γ related genes based on TCGA database (C) Frequencies of CNV gain, loss, and
non-CNV among differentially expressed IFN-γ related genes (D) Locations of CNV alterations in differentially expressed IFN-γ related genes on 23 chromosomes. IFN-
γ, Interferon gamma; BC, bladder cancer; TCGA, The Cancer Genome Atlas; CNV, copy number variant.
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Figure 2. Identification of molecular subgroups through nonnegative matrix factorization (NMF) cluster (A) The cophenetic correlation coefficient for the cluster
number from 2 to 10 (B) The two molecular subgroups were determined when k ¼ 2 (C) Principal component analysis (PCA) for the BC patients (D) Survival analysis
for the overall survival of the molecular subgroups in BC. BC, bladder cancer.
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3.3. Construction and testing of prognostic signature

Given that the close correlation between differentially expressed IFN-
γ related genes and outcome and immune profile of BC, we attempted to
construct a model based on the IFN-γ related genes signature for their
prognostic value and immunotherapeutic efficacy. Afterwards, 24 genes
most associated with overall survival were further determined by uni-
variate Cox regression analysis (Fig. S3). After above filtration, a stepwise
multivariate Cox regression analysis was carried out to sort out eight
prognostic IFN-γ related genes (LATS2, MTHFD2, VAMP8, IRF5, RIPK2,
HLA-G, APOL6 and PTPN6) and established a risk signature. The risk
score of each patient was calculated using the following formula: risk
score ¼ expression value of LATS2 * 0.4097 þ expression value of
MTHFD2 * 0.2446 þ expression value of VAMP8 * 0.2262 - expression
value of IRF5 * 0.1809 - expression value of RIPK2 * 0.2269 - expression
value of HLA-G * 0.2476 - expression value of APOL6 * 0.3725 -
expression value of PTPN6 * 0.3751.

Then, patients were grouped according to the median risk score of
TCGA cohort: the high IRGS group (risk score > the median-risk score)
5

and the low IRGS group (risk score � the median-risk score). TCGA and
GEO cohorts patients survival statuses and selected genes expression
profile were illustrated in Figures 5A and Fig. 5B. To explore the pre-
diction ability of the IRGS on the outcome of BC patients, we also
generated K-M and survival-ROC curves. The results of survival analysis
suggested that high IRGS score group had a poorer OS (Fig. 5C, D) than
that in low IRGS score group in TCGA and GEO cohorts.

Also, the patients of high-risk score group showed worse DFS, DSS,
and PFS outcome (Fig. 5E-G) compared with those in low-risk score
group based on risk score optimal cutoff in TCGA cohort. ROC curves
indicated that 1-year AUC ¼ 0.721, the 3-year AUC ¼ 0.697 and the 5-
year AUC ¼ 0.709 of IRGS in TCGA cohort (Figure 6A), and 1-year
AUC ¼ 0.663, the 3-year AUC ¼ 0.639 and the 5-year AUC ¼ 0.638 of
IRGS in GEO cohort (Figure 6B). We then conducted univariate and
multivariate Cox regression analyses to confirm the independent prog-
nostic value of our signature in OS prediction. The results proved the
independent prognostic value of IRGS in TCGA cohort (Figure 6E). Then,
it was found that there was a positive correlation between risk score
levels and clinical features (age, histological grade, clinical stage, T



Figure 3. Immune profile of the two molecular subgroups. The comparisons of stromal score (A), immune score (B), ESTIMATE score (C), and tumor purity (D)
between the two subgroups. Infiltration levels of B cell lineage (E), CD8 T cells (F), cytotoxic lymphocytes (G), fibroblasts (H), monocytic lineage (I), NK cells (J), and
neutrophils (K) that were calculated by the MCP-counter algorithm in the two subtypes. MCP-counter algorithm, the microenvironment cell-population
counter algorithm.

Figure 4. Immune checkpoint molecules expression levels of the two molecular subgroups. The expression levels of CD274 (A), PDCD1 (B), CTLA4 (C), LAG3 (D),
TIGIT (E), and HAVCR2 (F) between the two subgroups. The number of patients with specific clinical information for each subtype is detailed below the bar plot (N).

J. Wang et al. Heliyon 8 (2022) e12102
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Figure 5. Evaluation of IRGS. BC patients' survival statuses and selected genes expression profile in TCGA (A) and GEO cohorts (B). The patient risk curve defined by
risk score. Scatter plot showing whether the patients were alive. Heatmap showing the expression levels of the eight IFN-γ related genes. K-M curves analyses sug-
gested that high IRGS score group had a poorer OS than that in low IRGS score group in TCGA (C) and GEO cohorts (D). High risk score group enjoyed poorer DFS (E),
DSS (F), and PFS (G) than that in low score group based on risk score optimal cutoff in TCGA cohort. BC, bladder cancer; TCGA, The Cancer Genome Atlas; GEO, Gene
Expression Omnibus; IRGS, the interferon-γ related gene signature; K-M, Kaplan-Meier; OS, overall survival; DFS, disease-free survival; DSS, disease-specific survival;
PFS, progression-free survival.

J. Wang et al. Heliyon 8 (2022) e12102
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Figure 6. Testing of IRGS. ROC curves indicated that 1-year AUC ¼ 0.721, the 3-year AUC ¼ 0.697 and the 5-year AUC ¼ 0.709 of IRGS in TCGA cohort (A), and 1-
year AUC ¼ 0.663, the 3-year AUC ¼ 0.639 and the 5-year AUC ¼ 0.638 of IRGS in GEO cohort (B). Univariate Cox analyses showed that IRGS was correlated with OS
of BC patients in TCGA (C) cohort. Multivariate Cox analyses demonstrated IRGS was independently associated with OS of BC patients in TCGA (E) cohort. IRGS, the
interferon-γ related gene signature; TCGA, The Cancer Genome Atlas; GEO, Gene Expression Omnibus; BC, bladder cancer; OS, overall survival; ROC, receiver
operating characteristic; AUC, area under the curve.
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classification, N classification, and M classification) (Fig. 7A, B). In
summary, these results suggested that samples with higher risk score
possessed a tendency for poor prognosis.

3.4. The prognostic nomogram

To apply the results of this study to clinical practice in a quantitative
approach, the independent predictors (IRGS, age, and stage) were
involved to construct a nomogram for the prediction of TCGA patients’
OS probability of 1-year, 3-year and 5-year (Figure 8A). The calibration
8

curves of above nomogram proved preferable agreement between
nomogram-predicted OS and actual OS (Figure 8B). The ROC curves and
C-index implied that the diagnose ability of nomogram was more precise
than those of clinical stage and IRGS alone, and the reliability of
nomogram for predict OS was superior to IRGS alone (Fig. 8C-F).

3.5. Functional analyses of the high and low IRGS groups

To identify differentially activated signaling pathways in the high
IRGS and low IRGS groups, GSEA based on the KEGG gene sets was



Figure 7. Relationships between IRGS and clinical features (A) The heatmap of relationships between IRGS and clinical features in the TCGA cohort (B) Relationships
between IRGS and age, histological grade, pathological stage, T stage, N stage, and M stage. The number of patients with specific clinical information for each subtype
is detailed below the bar plot (N); * represents P value < 0.05, ** represents P value < 0.01, and *** represents P value < 0.001; IRGS, the interferon-γ related gene
signature; TCGA, The Cancer Genome Atlas.
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conducted. It was found that the top five of most significantly related
signaling pathways, including dilated cardiomyopathy, hypertrophic
cardiomyopathy, melanoma, and two tumor-progression related path-
ways (focal adhesion, ECM-receptor interaction) [44, 45, 46], were
enriched in the high IRGS group (Fig. S4A). Meanwhile, five pathways
were enriched in the low IRGS group (Fig. S4B).
9

3.6. Immune and molecule characteristics of the two IRGS groups

To assess immune condition of the IRGS groups, we conducted ES-
TIMATE algorithm for the TCGA gene expression profile based on the
subgroups. It was found that stromal score was upregulated in the high
IRGS group, while immune score was enriched in the low IRGS group



Figure 8. The prognostic nomogram (A) The nomogram for the prediction of BC patients' OS probability of 1-year, 3-year, and 5-year (B) The calibration curves of the
nomogram showed good agreement between nomogram-predicted 1, 3, 5-years OS probability and actual 1, 3, 5-years OS probability. The ROC curves indicated that
the diagnose ability of IRGS was more precise than those of clinical stage and IRGS alone at 1 (C), 3 (D), and 5 (E) years follow-up (F) C-index of the nomogram was
0.681, which was obviously higher than those of the IRGS. *** represents P value < 0.001. BC, bladder cancer; OS, overall survival; ROC, receiver operating char-
acteristic; C-index, concordance index; IRGS, the interferon-γ related gene signature.

J. Wang et al. Heliyon 8 (2022) e12102
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Figure 9. Immune and molecule characteristics of the two IRGS groups (A) The comparisons of stromal score, immune score, ESTIMATE score, and tumor purity
between the two subgroups (B) The difference of immune cells infiltration levels between the two IRGS groups (C) The different distribution of pro-oncogenic signals
between the two IRGS groups. * represents P value < 0.05, ** represents P value < 0.01, and *** represents P value < 0.001; IRGS, the interferon-γ related
gene signature.

Figure 10. The correlation between IRGS and the immune infiltrating cells. IRGS, the interferon-γ related gene signature.

J. Wang et al. Heliyon 8 (2022) e12102
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(Figure 9A). Further, to probe the relevance between IRGS and the
immunocyte infiltration, the profile of immunocytes were estimated in
the two IRGS groups through CIBERSORT algorithm. The results inferred
that Macrophages M0 and Macrophages M2 predominate in the high
IRGS group, while the opposite was witnessed for T cells CD8, T cells CD4
memory activate, T cells follicular helper and Dendritic cells activated
(Figure 9B). Meanwhile, the proportion of 22 kinds of immunocytes
infiltrated in IRGS subgroups was also confirmed (Fig. S5). Afterwards,
correlation analysis of risk score and immunocyte infiltration showed a
consistency with those of difference analysis (Figure 10). In addition,
hallmark gene set was carried out to define the molecular function be-
tween different IRGS groups. As shown in Figure 9C, GSVA results sug-
gested that tumor-progression related pathways (KRAS, TNFa/NF-kB,
WNT/β-catenin and TGF-β pathways) enriched in the high IRGS group.

Furthermore, we examined whether the prognostic value of IRGS
came from better immunosuppression or more malignant tumor growth.
For OS, it was found that samples with higher levels of M2 Macrophages,
WNT/β-catenin, TGF-β, KRAS and TNFa/NF-kB pathways had a signifi-
cantly worse outcome, while samples with higher level of CD8 T cells
presented a favorable prognosis (Fig. S6). Consequently, above results
implied that the prognostic value of IRGS might derive from stronger
immunosuppression or more malignant tumor growth.
3.7. Relationship of IRGS with TMB and CSC index

Accumulating evidence proved that the high TMB was associated
with improved response to ICI therapy [47]. Correlation analysis sug-
gested that IRGS score was negative correlated with the TMB
(Figure 11A). The top ten mutated genes in the two subgroups were
TP53, TTN, KMT2D, MUC16, ARID1A, KDM6A, PIK3CA, SYNE1, RYR2,
and KMT2C. The high IRGS group showed significantly higher
Figure 11. Relationship of IRGS with TMB and CSC index (A) IRGS score was negat
Mutated genes in the low IRGS subgroups (D) IRGS score was positive correlated with
low IRGS group. The number of patients with specific clinical information for each
signature; TMB, tumor mutation burden; CSC, cancer stem cell.
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frequencies of TP53 and KMT2Dmutations compared to those in the low
IRGS group, while the opposite was witnessed for TTN and MUC16
(Fig. 11B, C). Also, tumor progression was known to be related to the
stemness of cancer cells [48]. It was found that IRGS score was positive
correlated with the cancer stem cell (CSC) index and the high IRGS group
had the higher CSC index than that of the low IRGS group (Fig. 11D, E).

3.8. IRGS clustering is strongly linked to reported immune subtypes

Based on the genomic profiles of 33 non-hematologic TCGA cancer
types, a solid tumors immune subtype has defined the immune landscape
of malignancy as 6 immune subtypes: the wound healing (C1), the IFN-γ
dominant (C2), the inflammatory (C3), the lymphocyte depleted (C4),
the immunologically quiet (C5), and the TGF-βdominant (C6) [38]. As for
BC, we try to explore the landscape of the reported immune subtype in
the IRGS subgroups. In this paper, the low IRGS group comprised 30% C1
samples, 49% C2 samples, 6% C3 samples, and 15% C4 samples, while
the high IRGS group comprised 59% C1 samples, 33% C2 samples, 5% C3
samples, and 3% C4 samples (Figure 12A). These results concluded that
IRGS clustering was strongly linked to reported solid tumors immune
classification (p¼ 0.001, chi-square test). Furthermore, we examined the
connectedness between IRGS clustering and above molecular subgroups
(C1, C2), and also found that the two were significantly associated
(Figure 12B).

3.9. Analysis of immunotherapeutic response between IRGS subgroups

Subgroups immune checkpoints expression levels differed signifi-
cantly as shown in Figure 13A, the expression levels of CD274(PD-L1),
PDCD1 (PD-1), CTLA4, LAG3, and TIGIT in the low IRGS group were
higher than that in the high IRGS group. Further, correlation analysis of
ive correlated with the TMB (B) Mutated genes in the high IRGS subgroups (C)
the CSC index (E) The high IRGS group had the higher CSC index than that of the
subgroup is detailed below the bar plot (N); IRGS, the interferon-γ related gene



Figure 12. Relationship between the IRGS clustering and other classification
(A) The IRGS clustering was related to the reported solid tumors immune
classification (B) The connectedness between IRGS clustering and above mo-
lecular subgroups (C1, C2). IRGS, the interferon-γ related gene signature; TCGA,
The Cancer Genome Atlas.
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risk score and expression levels of immune checkpoints showed a con-
sistency with above analysis (Figure 13B). It has previously been reported
that BC patients with higher immune checkpoint expression gained more
benefit of ICI compared to BC patients with low immune checkpoint
expression [49]. Therefore, we speculated that the low IRGS group was
more likely to benefit from ICI therapy.

To validate this conjecture, the relationship between immunophe-
noscore (IPS) obtained from TCIA and IRGS was probed in BC patients.
IPS was supposed to predict the clinical response to immunotherapy in
many tumors [50, 51]. Further analysis of the data revealed that the low
IRGS group had the higher scores of IPS, IPS-CTLA4 blocker, IPS-PD1
blocker, and IPS-CTLA4 þ PD1 blocker than the high IRGS group
(Figure 14A), indicating that compared to the high IRGS group, the low
IRGS group might benefit more from the immunotherapy. To verify this
finding, we further examined whether IRGS conferred prediction ability
13
of response to immunotherapy and prognosis in urothelial cancer pa-
tients with anti-PD-L1 therapy (IMvigor210 cohort). In our results, the
high IRGS group also had a poorer OS than that in the low IRGS group
(Figure 14B). Moreover, CR/PR (complete response/partial response)
group had a lower IRGS scores compared with SD/PD (stable dis-
ease/progressive disease) group (Figure 14C). Then, we further attemp-
ted to explore different ICI benefits of two subgroups, and it was observed
that patients in the low IRGS group had a higher CR/PR rate than those in
the high IRGS group (Figure 14D). Based on above results of which
corroborated each other, it is reasonable to believe that patients in the
low IRGS groupmay be more sensitive to ICI therapy and development of
precision ICI therapy strategy might benefit from employing IRGS in BC.

3.10. Potential drug sensitivity prediction

Besides ICI sensitivity therapy, we also investigated the IC50 differ-
ences of commonly used drugs in BC chemotherapy between IRGS sub-
groups. The lower IC50 value, the stronger the inhibitory effect of the
drug on tumor growth. Then, we found that for methotrexate the low
IRGS group were more sensitive than the high IRGS group (Figure 15A),
while the opposite was witnessed for cisplatin (Figure 15B). These
findings may exhibit implications for guiding the chemotherapy admin-
istration in BC.

3.11. RT-qPCR and IHC

To validate the potential role of the eight model genes (LATS2,
MTHFD2, VAMP8, IRF5, RIPK2, HLA-G, APOL6 and PTPN6) in BC pro-
gression, we further measured the eight genes expression levels with RT-
qPCR. Compared with adjacent noncancerous tissues, IRF5, LATS2,
MTHFD2, VAMP8 and PTPN6 expression levels were found to be broadly
enhanced in paired BC tissues, and a reverse trend was observed in HLA-
G (Figure 16A). However, the expression of the RIPK2 and APOL6 dis-
played no significant difference between tumor and the matched normal
tissues (Fig. S7). As shown in Figure 16B, compared to the levels of
protein in the normal bladder tissues, IRF5, MTHFD2, VAMP8 and
PTPN6 were highly expressed in BC.

3.12. Comparison of models

Recently, we noticed that a number of predictive models effectiveness
for predicting patients response to immunotherapy, such as TIDE and TIS
signatures, have already been demonstrated. TIDE signature based on
identifying the mechanisms of tumor immune escape and TIS signature
constructed by quantitative and qualitative data of the TME had been
demonstrated to be the valuable biomarkers in predicting response to ICI
therapy [41, 42]. However, these two markers may place a higher
importance on response to ICI while ignoring the patients clinical
outcome, and lifespan is also critical for clinical decision. In this research,
we compared the prognostic ability of the IRGS with the TIDE and TIS
model using ROC curves and C-index in BC. It was found that the AUCs
for IRGS were better than in that TIDE and TIS model at 1, 3, and 5 years
follow-up (Fig. 17A-C). Similarly, these results also suggested that the
c-index of the IRGS was 0.664, which was obviously higher than those of
the TIDE and TIS (Figure 17D). These findings implied that the prog-
nostic ability of IRGS is better than that of TIDE and TIS in BC.

4. Discussion

As a highly heterogeneous tumor, bladder cancer (BC) is the 9th
leading cause of cancer-related deaths and the most prevalent malig-
nancy of the urinary system [1]. Worldwide, the morbidity and mortality
rate of BC remain elevated [52]. Surgical excision is the primary clinical
treatment option for BC, however, about 70% of non-muscle invasive
bladder cancer (NMIBC) patients suffer postoperative recurrence, while



Figure 13. Immune checkpoint molecules expression levels of the IRGS subgroups (A) The expression levels of CD274, PDCD1, CTLA4, LAG3 and TIGIT between the
IRGS subgroups (B) The correlation between IRGS and the expression levels of the immune checkpoint molecules. IRGS, the interferon-γ related gene signature; The
number of patients with specific clinical information for each subgroup is detailed below the bar plot (N).

Figure 14. Analysis of immunotherapeutic response between the IRGS subgroups (A) The low IRGS group had a higher the scores of IPS, IPS-CTLA4 blocker, IPS-PD1
blocker, and IPS-CTLA4 þ PD1 blocker than the high IRGS group (B) Survival analysis of the IRGS subgroups in IMvigor210 cohort (C) Distribution of IRGS score in
groups with different anti-PD-L1 clinical response statuses (D) Rate of clinical response (CR/PR and SD/PD) to immunotherapy in two IRGS subgroups. The number of
patients with specific clinical information for each subgroup is detailed below the bar plot (N); IRGS, the interferon-γ related gene signature; IPS, immunophenoscore;
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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22–47% of muscle invasive bladder cancer (MIBC) patients recurred after
standard radical surgery [53, 54]. For advanced bladder cancer, tradi-
tional therapies of BC including radiotherapy and chemotherapy inca-
pable of controlling tumor progression effectively [10, 11, 12]. In recent
years, the research fields of tumor immunity, the cancer metabolism and
the TME continue to evolve rapidly. Especially in the field of tumor im-
munity, the discovery of tumor immune escape mechanism mediated by
immune checkpoint molecules represented by PD-L1/PD-1 has opened a
new era of BC immunotherapy [13]. However, only a limited proportion
of BC patients experience clinical benefit due to the clinical response
rates are far from sufficient [16]. To address this point, previous studies
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demonstrated that infiltrating regulatory T cells-induced suppressive
tumor microenvironment is a critical obstacle for effective tumor
immunotherapy [19]. Some reports pointed out that abundance of CD8 T
cells infiltrated and PD-L1 expression levels in the TME could influence
interindividual differences in immune checkpoint inhibitors response
[20, 21, 22]. Zhang et al. found that the expression levels of WDR5 were
positively related to PD-L1, and the WDR5 inhibitor could reduce PD-L1
expression induced by IFN-γ in BC [55]. Moreover, it was reported that
activation of interferon stimulated genes was closely related to both su-
perior prognosis and inferior prognosis following ICI therapy [32].
Consequently, a full and in-depth understanding of the relationship



Figure 15. Differences of potential drug sensitivity in the IRGS subgroups. IC50, half maximal inhibitory concentration; IRGS, the interferon-γ related gene signature.
The number of patients with specific clinical information for each subgroup is detailed below the bar plot (N).

Figure 16. Validation of model genes expression levels (A) IRF5, LATS2, MTHFD2, VAMP8, HLA-G and PTPN6 expression levels in four paired BC tissues (C1, C2, C3,
C4) and adjacent noncancerous tissues (N1, N2, N3, N4) (B) Protein expression map of IRF5, LATS2, MTHFD2, VAMP8 and PTPN6 in the HPA database. Eight tissue
samples (C1, N1, C2, N2, C3, N3, C4, N4) were used for RT-qPCR analysis; ns represents not significant, * represents P value < 0.05, ** represents P value < 0.01, and
*** represents P value < 0.001; HPA database, Human Protein Atlas database; BC, bladder cancer.
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Figure 17. Comparison of models. AUCs for IRGS were better than in that TIDE and TIS model at 1(A), 3 (B), and 5 (C) years follow-up (D) C-index of the IRGS was
0.664, which was obviously higher than those of the TIDE and TIS. AUC, area under curve; IRGS, the interferon-γ related gene signature; TIDE, tumor immune
dysfunction and exclusion; TIS, tumor inflammation signature; C-index, concordance index.
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between the effectiveness of ICI therapy and infiltrating immunocytes in
the TME and IFN-γ related genes might facilitate the awareness of the
complex mechanism of BC resistance to immunotherapy.

Recent studies had suggested that molecular-based tumor typing can
complement the pathological classification of tumors in clinical prog-
nosis. The molecular biomarkers could provide more accurate clinical
information for the diagnosis, treatment, and prognosis of patients [56,
57]. In addition, some studies suggested that the combination of mo-
lecular typing and pathological typing of tumors is superior to patho-
logical typing alone in guiding clinical diagnosis and treatment. In this
study, we presented a model associated with the TIME based on the
filtered IFN-γ related genes that appeared to be helpful in BC risk strat-
ification and prediction of immunotherapy responses. This can be clearly
illustrated with the following analysis. First, molecular subtypes (C1 and
C2 subgroups) based on differentially expressed IFN-γ related genes
profile were determined using NMF clustering. Then, it can be noticed
that significant differences existed in the OS, immune condition, and
expression levels of major immune checkpoint molecules in the two
subgroups. These indicated a certain link between differentially
expressed IFN-γ related genes and both outcome and the TIME of BC.
Second, we screened out eight IFN-γ related genes (LATS2, MTHFD2,
VAMP8, IRF5, RIPK2, HLA-G, APOL6 and PTPN6) associated OS of pa-
tients and established the IRGS based on above genes using univariate
and multivariate Cox regression analyses. Afterwards, it was found that
the IRGS could effectively distinguish the outcome of BC patients and
have independent prognostic value. Third, we also witnessed that there
were apparent discrepancies in immune profile and molecular charac-
teristics between the IRGS subgroups. Fourth, our findings provided
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evidence that the underlying link between IRGS subtypes and reported
solid tumors immune classification was well-established. Fifth, the
expression of these major immune checkpoints followed the same trend
in the IRGS subgroups, the expression levels of PD-L1, PD-1, CTLA4,
LAG3, and TIGIT showed negative correlation to IRGS scores. On the
basis of this observation, it is attractive to speculate that patients in the
low IRGS group may be more likely to benefit from ICI therapy.
Remarkably, this notion could be supported not only by previous reports,
but also by our subsequent research results in IPS and IMvigor210 cohort.
Moreover, we compared the prognostic ability of IRGS with other two
signatures (TIDE and TIS). Ultimately, the IRGS was proven, to act not
only a valuable prognostic biomarker, but as an immunotherapeutic in-
dicator for BC patients.

In current paper, we screened eight IFN-γ related genes, including
LATS2, MTHFD2, VAMP8, IRF5, RIPK2, HLA-G, APOL6 and PTPN6, and
constructed a risk model of BC. Then, RT-qPCR showed that the
expression levels of the 6 model genes were significantly different in
paired BC and noncancerous tissues (IRF5, LATS2, MTHFD2, VAMP8,
HLA-G and PTPN6). However, the expression of the RIPK2 and APOL6
displayed no significant difference between tumor and the matched
normal tissues, which may be due to limitations of the quantity of tissues
collected (Fig. S7). We next inspected the relationship between the
differentially expressed genes in paired tissues and tumor progression or
immunity. Large tumor suppressor kinase 2 (LATS2) was regarded as a
tumor suppressor, and its loss of function may cause activation of
oncogenic YAP1/TEAD signaling, which result in a poorer prognosis of
urologic cancers patients [58]. As for methylenetetrahydrofolate dehy-
drogenase (NADP þ dependent) 2 (MTHFD2), a novel candidate
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oncogene in human tumors, it was proved to be as a promising biomarker
in BC diagnosis and closely correlated with immune infiltration [59].
Furthermore, a recent study had also confirmed that MTHFD2 could
activate CDK2 and promote bladder cancer cell growth [60]. Vesicle
associated membrane protein 8 (VAMP8) had been reported to be asso-
ciated with chemotherapy resistance in glioma cells, and plays suppres-
sor role in tumor metastasis [61, 62]. In addition, previous studies
suggested that Interferon regulatory Factor 5 (IRF5) expression correlates
with M1/2 macrophages polarization and plays an important role in
inflammation, tissue repair and cancer occurrence [63, 64, 65]. After-
wards, major histocompatibility complex, class I, G (HLA-G) is one of the
“non-classical” HLA antigens (class Ib), which could suppress key im-
mune cells, thus assisting tumors immune escape, and is therefore
considered a novel immune checkpoint [66]. Protein tyrosine phospha-
tase nonreceptor type 6 (PTPN6) is a nonreceptor protein tyrosine
phosphatase, which may exert its tumor suppressor function through the
phosphorylation of carcinogenic kinases [67]. As for BC, PTPN6 had also
been reported to be associated with the tumor immunity and prognosis
[68]. In summary, these data markedly demonstrated the feasibility of
developing a risk model with above IFN-γ related genes and suggested
that the IRGS was a promising biomarker associated with tumor
immunity.

Intratumoral BC microenvironment factors, especially those induced
by tumor cells and those induced by the TME in response to tumor
signaling, was a prominent driver of BC progression, and might be po-
tential intervention targets to facilitate the positive outcome. Recently,
the immune cells, as the critical component of the TME had been reported
to be related to cancer progression and prognosis [69, 70]. For instance,
dense infiltration of CD8 T cells could mediate a durable antitumor
response and contribute to improved prognosis [71, 72, 73]. Generally
speaking, M2 macrophages, the most frequently observed macrophages
subtype in the TME, induce an immunotolerant and pro-tumorigenic
microenvironment, and M2 macrophages infiltration levels has already
proved to be an adverse prognostic factor for breast, bladder, ovarian,
gastric, and prostate cancers [74]. Furthermore, the latest research sug-
gested that overexpression of HSF1 in BC cells increased M2 TAMs
recruitment in a CCL20-dependent manner, with the possibility to be
revelated to the promotion of lymphatic metastasis [75]. Besides, as one
of the core components of protective immunity to infection and cancer,
dendritic cells activated could enhance cytotoxic T lymphocyte responses
and facilitate protective anti-tumor immunity [76, 77]. Our findings
were in line with the prior studies that higher levels of CD8 T cells and
dendritic cells activated were associated low IRGS group with better
prognosis, while higher levels of M2 macrophages were associated high
IRGS group with poorer prognosis. Noteworthy, the link between IRGS
subtypes and reported solid tumors immune classification revealed that
the high IRGS group possesses more C1, while the low IRGS group pos-
sesses more C3. Researches suggested that solid tumors of immune
classification C1was associatedwith higher rate of proliferation and poor
prognosis, the opposite was true for solid tumors of immune classification
C3 [38]. Our results were consistent with this point that the high IRGS
group had a poorer OS than that in the low IRGS group. Meanwhile,
GSVA and GSEA results inferred that tumor-progression related pathways
(focal adhesion, ECM-receptor interaction,WNT/β-catenin, TGF-β, KRAS,
and TNFa/NF-kB pathways) predominate in the high IRGS group. These
further proved that high IRGS group was characterized by an active
tumor aggressiveness. In general, above findings implied that the prog-
nostic value of IRGS might derive from stronger immunosuppression or
more malignant tumor growth.

It is generally known that awareness on what causes affect immu-
notherapy responses is the key to further promote tumor immuno-
therapy. Previous studies gave some insight into this question. For
example, there were researches pointing out that the component of the
TIME is a decisive factor of tumor–immune interactions and can influ-
ence immunotherapeutic responses [78]. To be specific, a clinical
experiment proved that patients with dense CD8þT cells infiltration
17
show higher responsivity to pembrolizumab [23]. In addition, recent
study has also suggested that mucosal melanoma patients with sparse
lymphocytes infiltration tend to benefit less from ICI therapy [24]. Also,
it has previously been reported that BC patients with higher immune
checkpoint expression gained more benefit of ICI compared to BC pa-
tients with low immune checkpoint expression [49]. Thus, we could
summarize that patient with dense lymphocytes infiltration and high
expression levels of immune checkpoint molecules tend to benefit more
from ICI therapy. In this research, the low IRGS group showed higher
expression levels of immune checkpoint molecules, denser CD8þT cells
infiltration, and more benefit from ICI treatment compared with the high
IRGS group. Therefore, superior response to ICI of the low IRGS group
might derive from the favorable immune microenvironment and high
expression levels of immune checkpoint molecules.

However, it is necessary to mention that there are some shortcomings
to be pointed out with this study. First, the regarding mechanisms of the
IRGS subgroups require vitro or vivo experiments to clarify. Second, the
reliability of the IRGS needs to be further verified in other cohorts and
prospective study.

5. Conclusion

Our study developed an interferon-γ related gene signature on the
basis of the eight genes (LATS2, MTHFD2, VAMP8, IRF5, RIPK2, HLA-G,
APOL6 and PTPN6), which could serve as an indicator for the prognosis
and immunotherapy benefit in bladder cancer.
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