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Prognostic value of immune cell infiltration in bladder cancer:
A gene expression-based study
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Abstract. The present study aimed to analyse the relation-
ship between tumour-infiltrating immune cells (TIICs) and
the prognosis of bladder cancer (BC). In the present study, an
established computational method (CIBERSORT) was used to
analyse the gene expression profile of BC from 409 patients
to infer the number of infiltrating immune cells among 22
immune cell subsets. The relationship between each cell type
and overall survival (OS) was further analysed. Single-sample
GSEA and ESTIMATE algorithms were performed to eval-
uate the composition of immune microenvironment in each
immune cluster. A significant difference in immune cell infil-
tration between BC and bladder tissue was observed. Increased
natural killer and CD8* T cell infiltration was associated with
longer OS, whereas a higher percentage of MO macrophages
among the total immune cells was associated with shorter OS.
The number of MO macrophages increased with increasing BC
stage, whereas the percentage of activated memory CD4* and
CDS8* T cells decreased. Patients with BC were divided into
three subgroups by hierarchical cluster analysis of immune
cells, and each cluster was associated with distinct survival
and immune characteristics. The data indicated differences
in the cellular composition of TIICs in patients with BC.
Moreover, these TIICs were shown to be potential drug targets
and reliable prognostic indicators.
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Introduction

Bladder cancer (BC) is the second most common malignancy
of the urinary tract and the ninth most frequent cancer;
each year 380,000 new cases are diagnosed worldwide and
there are ~150,000 deaths reported (1,2). The two types of
BC are non-muscle invasive bladder cancer (NMIBC) and
muscle invasive bladder cancer (MIBC), of which MIBC is
the leading cause of cancer-related mortality in patients with
BC (3). Patients with NMIBC exhibit better survival; however,
frequent recurrence and eventual progression to MIBC present
challenges for successful treatment (4).

Malignant solid tumours consist of tumour cells and
interstitial tissue, including stromal cells, vascular endothelial
cells, tumour-associated fibroblasts and infiltrating immune
cells (5). An increasing number of studies has examined
tumour-infiltrating immune cells (TIICs) and suggested that
the tumour immune environment influences the prognosis and
response to chemotherapy (6,7). In previous studies, immune
checkpoint inhibitors have revolutionised the treatment of
various human malignant tumours, such as melanoma, classical
Hodgkin's lymphoma, non-small cell lung cancer, squamous
cell carcinomas and renal cell carcinoma (8-10). The number
and distribution of TIICs can be used to divide patients into
immunotherapeutic responders and non-responders (11,12).

BC development is highly associated with inflammation
and immune cell infiltration. A previous study has also
reported the presence of various types of tumour-infiltrating
immune cells in BC and signalling pathway interactions
between the tumour and TIICs (13). Immunotherapy has
been used to treat BC, including intravesical administra-
tion of the Bacillus Calmette-Guerin vaccine for treating
high-risk NMIBC (14). Numerous immune-based treatments
using immune checkpoint inhibitors are under development,
including melanoma, non-small cell lung cancer and renal
cell carcinoma (15). Incorporating immune cells with current
pathology-based stratification may predict the prognosis and
therapeutic response in patients with BC.

Immunohistochemistry (IHC) is the most common
method for analysing the composition of TIICs. However,
IHC can only evaluate a few immune cell types simultane-
ously (16). The immune response involves highly coordinated
interactions between numerous specific cell types. Therefore,
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to gain insight into the diversity of immune responses, it is
necessary to quantify multiple types of TIICs in a large
number of patients. CIBERSORT is a systems biology tool
that uses extensive deconvolution of gene-expression data
and a sophisticated algorithm for in silico quantification of
numerous immune cell types in different tumour samples
and substrates. The key advantage of CIBERSORT is its high
resolving power, which quantifies 22 types of immune cells
simultaneously and calculates the relative ratio of each cell
type by characterising ~500 marker genes (17). The excel-
lent properties of CIBERSORT were successfully validated
by fluorescence-activated cell sorting in several malignant
tumours, such as lung cancer, colon cancer and breast cancer,
and this tool has been applied to study cellular heterogeneity
by many researchers (18-20).

In the present study, CIBERSORT was used to quantify
the composition of TIICs in BC and to further explore their
relationship with patient survival. This study provides insight
into the relationship between TIICs and BC progression.

Materials and methods

Data acquisition. Datasets, including gene expression profiles
and corresponding prognosis information from patients
with BC, were downloaded from The Cancer Genome Atlas
(TCGA; https://cancergenome.nih.gov; uploaded on March 31,
2019). The dataset included 409 patients and 430 samples, of
which 19 samples were derived from normal tissues. Samples
with P>0.05 were further excluded in the calculation process
of CIBERSORT. Finally, 169 samples were included in the
analysis. Baseline clinicopathological characteristics were
obtained from the datasets including age, sex, tumour grade,
T stage, lymph node metastasis, distant metastasis, tumour
stage, survival status and survival time.

Evaluation of intratumoural immune cells. The CIBERSORT
algorithm was used to calculate the relative percentages of
22 types of TIICs with normalised gene expression data
(https://cibersort.stanford.edu) (17). Gene expression datasets
were prepared using standard annotation files and then uploaded
to the CIBERSORT web portal with the algorithm run using
the leukocyte signature matrix (LM22) signature matrix
at 1,000 permutations. CIBERSORT calculates a P-value for the
deconvolution of each sample using Monte Carlo sampling and
provides a confidence value for the results. These TIICs included
macrophages (MO, M1 and M2), T cells (CD8*, CD4* naive,
CD4* resting memory, CD4* activated memory, follicular helper,
regulatory and y9d), B cells (memory and naive), resting and acti-
vated natural killer (NK) cells, resting mast cells, activated mast
cells, resting and activated dendritic cells, monocytes, plasma
cells, neutrophils and eosinophils. In the calculation process of
CIBERSORT, the type and percentage of each lymphocyte in
tumour samples and normal samples can be obtained.

Statistical analysis. Overall survival (OS) was measured
from the date of diagnosis to the date of death. Patients were
divided into high and low groups according to the median
value of the lymphocyte proportion 0.5, then Kaplan-Meier
curves were generated to analyse the association between
immune cell infiltration and OS, which were then evaluated
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Table I. Baseline characteristics of patients with bladder

cancer.

Clinicopathological characteristic N (%)
Age at operation, years
<60 87 (21.3)
=60 322 (78.7)
Sex
Male 303 (74.1)
Female 106 (25.9)
Tumour grade
High 385 (94.1)
Low 21(5.1)
Unknown 3(0.7)
AJCC stage
I 2(0.5)
I 130 (31.8)
1 139 (34.0)
v 136 (33.3)
Unknown 2(0.5)
Tumour
Tl 4(0.9)
T2 120 (29.3)
T3 194 (474)
T4 59 (14.4)
Unknown 32 (7.8)
Lymph node metastasis
NO 237 (57.9)
NI1-N3 131 (32.0)
Nx 41 (10.1)
Distant metastasis
MO 194 (474)
M1 11(2.7)
Mx 204 (49.9)

AJCC, American Joint Committee on Cancer.

by the log-rank test. Missing data were processed using the
listwise deletion method, and the entire sample was excluded
from analysis if any single value was missing. Student's t-test
was used to analyse differences in gene expression between
tumour and normal tissues. K-clustering was used to deter-
mine the appropriate number of clusters. Analysis of variance
(ANOVA) was used to test the significance of the difference
in the mean of the three groups followed by Tukey's post hoc
test. Fold-changes in TIIC percentage were estimated to repre-
sent the degrees of expression differences in a volcano plot.
R software version 3.5.2(https:/www.r-project.org/) was used
to conduct all analyses, and all statistical tests were two-sided
with P-values <0.05 considered to indicate a statistically
significant difference.

Hierarchical cluster analyses. To investigate the relationship
between intratumoural immune cells and clinical outcomes,
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TCGA cohort (Patients=409 Samples=430)
MNormal tissue (n=19) Tumor tissue (n=411)

CIBERSORT P<0.05
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Figure 1. Flowchart of the detailed study design and samples at each stage of the analysis. ESTIMATE, Estimation of STromal and Immune cells in MAlignant
Tumors using Expression data; HLA, human leukocyte antigen; TCGA, The Cancer Genome Atlas; TIIC, tumour-infiltrating immune cells.

all samples were stratified and clustered to determine whether
different patterns of immune cell infiltration could be iden-
tified based on the ratios of 22 TIICs. Values for each cell
type were rescaled to be between 0 and 1 (the minimum and
maximum values observed) to ensure comparability between
rare and abundant cell types with low and high proportions.
All sample data were stratified and clustered by Ward's
method. The possible number of different clusters in the data
was explored using a combination of the Elbow method and
the Gap statistic. Clusters were divided according to different
patterns of immune cell infiltration, and the associations
between clusters and clinical outcomes were assessed by
Kaplan-Meier curves and compared using log-rank tests. The
gene sets of 29 immune markers were defined according to the
function of the immune genome (21) and the enrichment level
of the gene set in each sample was quantified and sequenced
by single-sample geneset enrichment analysis (ssGSEA) (22).
The Estimation of STromal and Immune cells in MAlignant
Tumors using Expression data (ESTIMATE) was used to
evaluate the immune score, stromal cell content and tumour
purity of each sample (23).

Results

Patient clinicopathological characteristics. The TCGA
dataset included 409 patients with bladder transitional cell
papillomas and carcinomas; their general clinicopathological
characteristics are listed in Table I. The dataset included
303 men (74.1%) and 106 women (25.9%) with an average
age of 68.1 years (range, 34-90 years). Their age, sex, tumour
grade, T stage, lymph node metastasis, distant metastasis, clin-
ical stage, survival status and survival duration were recorded
at the time of patient admission. Details of the study design
and which samples were included at each stage of analysis
are illustrated in Fig. 1 as a flowchart. Each tumour sample
corresponded to one patient.

Distribution of TIICs in bladder cancer. CIBERSORT analysis
demonstrated that tumours contained CD8* T cells (12.3%),
resting memory CD4* T cells (10.2%), MO macrophages
(14.7%) and M2 macrophages (14.9%), whereas tumour infil-
trated naive CD4* T cells (0.02%), eosinophils (0.02%) and yd
T cells (0.04%) were rare. The composition of TIICs in normal
tissue compared to tumour tissue appeared to be different, the
sum of relative percentages of TIICs in each tumour sample
equal to 1 (Fig. 2A). Normal tissue contained a higher propor-
tion of naive B cells (P=0.004), memory B cells (P=0.041) and
resting mast cells (P=0.001), whereas BC tumours contained
relatively higher proportions of resting NK cells (P=0.028),
MO macrophages (P=0.007) and M1 macrophages (P=0.008)
(Fig. 2B and C). The number of CD8 T cells was positively
correlated with that of CD4 memory activated T cells (r=0.59),
but inversely correlated with that of CD4 memory resting
T cells (r=0.57); the proportions of other TIIC subpopulations
were weakly to moderately correlated (Fig. 2D).

Identification of prognostic subsets of TIICs. The prognostic
value of TIICs was then assessed in BC. The results from
Kaplan-Meier curve analysis revealed that a greater number of
MO macrophages (P=0.031) was associated with a shorter OS,
whereas increased proportions of resting NK cells (P=0.041)
and CD8" T cells (P=0.005) were associated with prolonged
OS (Fig. 3A). Although the composition of other TIICs, such
as B cells memory, B cells naive and M1 macrophages, was
also different between normal and tumour tissue, they were not
statistically significant in determining the prognosis of patients
(Fig. S1); similarly, CD8/regulatory T cells (Tregs) ratio was not
associated with OS (Fig. S1). The proportion of MO macrophages
increased with increasing tumour stage, whereas the proportion
of activated CD4* memory and CDS8* T cells decreased (Fig. 3B).

Immune clusters associated with prognosis. As the TIIC
subtypes vary greatly at the individual level, partly reflecting
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the prognosis, K-means consensus clustering was performed to
identify various immune infiltration patterns in patients with
bladder cancer (BC). The optimal number of groups is deter-
mined by the slope of the curve (Fig. 4A and B). The slope of
curves where K =3 are no longer significantly different, there-
fore K=3 is a critical point. The consensus matrix heatmap
revealed three clusters (Fig. 4C). Various immune cell percent-
ages in these novel clusters are shown in Fig. 4E, the sum of
relative percentages of TIICs in each tumour sample equal to
1. Moreover, the data revealed that different survival patterns
were associated with specific clusters (Fig. 4D). Cluster 1,
defined by high levels of CD8 T cells and NK cells, showed
the best prognosis, whereas cluster 2, with relatively low levels
of CD8 T cells and high levels of mast cells showed a worse

prognosis than cluster 1. Cluster 3, defined by high levels of
MO macrophages and low levels of CD8 T cells, was associ-
ated with poor outcomes. Overall, these findings demonstrated
that immune cell infiltration considerably varies in BC, and the
presence of different immune cell populations may influence
clinical outcomes.

Immune characteristics of immune clusters. According to
the ESTIMATE analysis, the activity or enrichment levels of
29 immune-associated gene sets which represented diverse
immune cell types, functions, or pathways in each cancer
sample were quantified (Fig. 5A). It was found that found that
the ESTIMATE score and the immune score were signifi-
cantly higher in clusterl and significantly lower in cluster3,
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there was a statistical difference among three groups (clusterl
vs. cluster2, cluster? vs. cluster3 and clusterl vs. cluster3, all
P<0.001; Fig. 5B). Following gene analysis, it was demonstrated
that the expression level of most human leukocyte antigen
(HLA) genes increased gradually from cluster 3 to cluster 1,
there was a statistical difference among three groups (clusterl
vs. cluster2, cluster? vs. cluster3 and cluster] vs. cluster3, all
P<0.001; Fig. 5C).

Discussion

Many types of human tumours have immune cell infiltrates.
As cancer development is influenced by host immunity,
evaluating the number, phenotype and spatial distribution
of immune cells in tumours can provide helpful prognostic
information (24). In the present study, the distribution of TIICs
in BC based on gene expression data obtained from a TCGA
cohort was determined. The data showed that the infiltration

ok

P<0.001. HLA, human leukocyte antigen; ns, not significant.

patterns of TIICs were significantly different between normal
tissue and BC. In addition, analysis of the complex association
between TIICs and clinical results revealed the prognostic
value of TIICs in BC.

A total of 22 TIICs subsets were quantified in BC, and
it was revealed that there are abundant CD8* T cells, resting
memory CD4* T cells, MO macrophages and M2 macrophages
in BC tumours. The fractions of resting memory CD4* T cells
and M2 macrophages were significantly higher in tumoral
tissue, which suggested that they may play an important role
in the tumorigenesis of BC, but no association was observed
between these two TIIC subsets and clinical outcomes. This
reflected the functional heterogeneity of TIIC subgroups
during the development of BC.

Tumour-associated macrophages (TAM) can express
cytokines and enzymes which could inhibit the recruitment
and activation of T cells, thus enhancing resistance to ICIs.
Currently, numerous clinical trials are being conducted to
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inhibit the proliferation or polarization of TAM to enhance
the antitumour immune response (25). Macrophages can be
divided into M1 (activated) and M2 (alternatively activated)
phenotypes according to their functions. These categories
represent a range of functional states within the same cell
type (26). MO macrophages, formed from monocytes, have
not yet polarised into the M1 or M2 subtypes within the
tumour (27). Data from the present study revealed that
increased infiltration of MO macrophages was associated with
poor OS and increased tumour stage. Therefore, MO macro-
phages may play an important role in BC development, and
their differentiation may be therapeutically targetable.

At present, the concept of an ‘immunoscore’ is based on the
assessment of T cell subgroups, particularly CD8" T cells (28).
BC has long been thought to interact with the immune system,
and many TIICs have been analysed in this tumour type.
Lipponen et al (29), observed that CD8* tumour-infiltrating
lymphocytes (TILs) in the tumour stroma were correlated
with poor OS. In addition, Horn et al (30) reported that the
ratio of Tregs between CD3* and CD8* TILs indicates poor
prognosis in patients with invasive urothelial cell carcinoma
of the bladder. In the stroma, CD8* TIL density shows a strong
positive association with the programmed death-ligand 1
immune cells and the programmed cell death protein 1 TIL
density (31). Baras er al (32) reported that the ratio of CDS§
to Treg TIL densities was strongly associated with response
to cisplatin-based neoadjuvant chemotherapy, supporting the
hypothesis that the immune system serves a role in the response
of BC to chemotherapy. In the present study, increased levels
of CD8" T cells were associated with prolonged OS, and the
proportion of CD8* T cells decreased with increasing tumour
stage. However, the CD8/Treg ratio was not associated with
OS, which suggested that factors determining the efficacy of
BC are complex and need to be further explored.

NK cells are innate immune cells that are important
effector cells in immune surveillance (33). A previous study
reported that immune regulation by NK cells could result from
a direct interaction between NK cells and T cells, as well as
an indirect interaction with antigen-presenting cells, affecting
infected cells and the pathogen load (34). In the present study,
increased infiltration of resting NK cells was associated with
prolonged OS, indicating their protective role in tumour
development.

CD4 memory T cells function as helper cells that direct and
assist many other cell types and have the potential to perform
catalyst functions, increasing the rate of immune protection
via multiple different pathways (35). Results from the present
study indicated that the proportion of CD4"* activated memory
T cells decreased with increasing tumour stage. Furthermore,
correlation analysis revealed that the level of CD8 T cells
was positively correlated with that of CD4 memory activated
T cells but inversely correlated with that of CD4 memory
resting T cells. Patients with more CDS cells in their tumour
tissues had better outcomes, which is highly consistent with
previous studies (31,32). Therefore, CD4 memory activated
T cells may play an important role in tumour progression.

In the current study, patients were divided into different
immune clusters according to their tumour immune infil-
tration patterns, and the OS of different clusters showed
significant statistical differences. The composition of tumour
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microenvironment and the lymphocytes play an important role
in the process of antitumour immunity (36). Immune check-
point inhibitors are an important treatment for advanced stage
tumours, its curative effect depended on the immunogenicity
of tumour. Compared with cluster 2 and cluster3, cluster 1 had
higher levels of CD8 T cells and NK cells. Data from the present
study demonstrated that cluster 1 had the highest immune score
and the highest expression level of most HLA genes compared
with cluster2 and cluster3, which may aid in prolonging the OS
of patients and improving the efficacy of immunotherapy (37).

As an emerging technology, the realistic performance of
CIBERSORT in BC remains to be verified, and the findings
from the present study require validation in a larger external
patient cohort before clinical application. Despite these limita-
tions, the findings of this study are informative additions to the
existing literature.

In conclusion, this study revealed the relationship between
TIICs and BC progression, in addition to the predictive roles
of these cells in the outcomes of patients with BC. The
diversity of invasive immune cell composition indicated that
the immune system may serve a complex role in BC devel-
opment. Previous evidence suggests that immunotherapy
can effectively cure patients with BC, and the selection of
personalised treatment for each patient is crucial (15). Data
from the present study may improve our understanding of
immune responses and provided a valuable resource for
studies of immunotherapy.
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