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Comprehensive analysis of
anoikis-related long non-coding
RNA immune infiltration in
patients with bladder cancer
and immunotherapy

Yao-Yu Zhang ®"*!, Xiao-Wei Li", Xiao-Dong Li?,
Ting-Ting Zhou', Chao Chen?, Ji-Wen Liu*, Li Wang?,
Xin Jiang*, Liang Wang*, Ming Liu®, You-Guang Zhao"*
and Sha-dan Li**

‘Department of Urology, The General Hospital of Western Theater Command, Chengdu, China,
2Department of Urology, The Affiliated Hospital of Southwest Medical University,
Luzhou, China, *Department of Urology, Xuanhan Chinese Medicine Hospital, Dazhou, China

Background: Anoikis is a form of programmed cell death or programmed cell
death(PCD) for short. Studies suggest that anoikis involves in the decisive steps of
tumor progression and cancer cell metastasis and spread, but what part it plays in
bladder cancer remains unclear. We sought to screen for anoikis-correlated long
non-coding RNA (IncRNA) so that we can build a risk model to understand its
ability to predict bladder cancer prognosis and the immune landscape.

Methods: We screened seven anoikis-related IncRNAs (arlncRNAs) from The
Cancer Genome Atlas (TCGA) and designed a risk model. It was validated
through ROC curves and clinicopathological correlation analysis, and
demonstrated to be an independent factor of prognosis prediction by uni-
and multi-COX regression. In the meantime, Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analysis, immune infiltration, and half-maximal
inhibitory concentration prediction (IC50) were implemented with the model.
Moreover, we divided bladder cancer patients into three subtypes by
consensus clustering analysis to further study the differences in prognosis,
immune infiltration level, immune checkpoints, and drug susceptibility.

Result: We designed a risk model of seven arlncRNAs, and proved its accuracy using
ROC curves. COX regression indicated that the model might be an independent
prediction factor of bladder cancer prognosis. KEGG enrichment analysis showed it
was enriched in tumors and immune-related pathways among the people at high
risk. Immune correlation analysis and drug susceptibility results indicated that it had
higher immune infiltration and might have a better immunotherapy efficacy for
high-risk groups. Of the three subtypes classified by consensus clustering analysis,
cluster 3 revealed a positive prognosis, and cluster 2 showed the highest level of
immune infiltration and was sensitive to most chemistries. This is helpful for us to
discover more precise immunotherapy for bladder cancer patients.
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Conclusion: In a nutshell, we found seven arlncRNAs and built a risk model that
can identify different bladder cancer subtypes and predict the prognosis of
bladder cancer patients. Immune-related and drug sensitivity researches
demonstrate it can provide individual therapeutic schedule with greater
precision for bladder cancer patients.
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Introduction

As one of the commonest tumors in the urinary tract, bladder
cancer grows year by year in terms of both morbidity and
mortality (1, 2), and becomes an unrelenting threat to human
health. Though only about 25% of patients are diagnosed with
bladder wall infiltration or even distant metastases, most of them
would die of the disease within two years of diagnosis if left
untreated (3, 4). The number of bladder cancer treatment options
has increased for the past few years. However, some terminal
patients still cannot be effectively treated at the early stage for lack
of specific biomarkers (5), and are thus in dire need of effective
prognostic prediction biomarkers and new therapeutic targets.

Anoikis, a special type of apoptosis, is initiated when a cell
denies interaction with the adjacent extracellular matrix (ECM) (6,
7). ECM includes a network of manifold cytokines that affects cell
growth, cell motility and angiogenesis, and they are available to cells
through enzymatic digestion and cytoskeletal remodeling (8). It has
been reported that anoikis is vital for endometrial carcinoma (9).

Long non-coding RNAs (IncRNAs) are a group of RNAs
that are longer than 200 nt but are without protein-coding
functions (10). They take an important part in homeostasis
and tumorigenesis (11) and serve as tumor markers for early
screening, diagnosis, prognosis, and prediction of response to
medication (12, 13). IncRNA-related models are of great
importance to colon cancer (14), lung adenocarcinoma (15)
and pancreatic adenocarcinoma (16), etc. However, studies on
the arlncRNAs in bladder cancer prognosis and tumor immune
microenvironment (TME) have not been reported so far.

In the present research, we have identified bladder-cancer-
related arlncRNAs and developed a risk model that has the
potential to guide prognostic prediction and clinical medication.

Materials and methods
Information extraction from datasets

Bladder cancer RNA sequencing (RNA-seq) data and
clinical data were downloaded from The Cancer Genome Atlas
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(TCGA) database (https://tcga-data.nci.nih.gov/tcga/), and the
inclusion criteria were as follows (1): patients diagnosed with
bladder Cancer; and (2) patients with detailed IncRNA and
clinical information. After excluding the patients visited less
than 30 days, the information of a total of 430 bladder cancer
patients was collected.

Selection of anoikis-related genes
and IncRNAs

We obtained 434 Anoikis-related genes (ARGs)
(Supplementary Table S1) (9) from previously published
literature. First, ARGs and IncRNAs filtering were performed
via Pearson correlation analysis in the condition of |Pearson R| >
0.5 and p<0.001 to get a total of 1109 arlncRNAs. Then, 223
differentially expressed IncRNAs were obtained by filtering the
synthetic data matrix through Strawberry Perl V-5.30.0 (https://
www.perl.org/) and R software V-4.1.3 according to the criteria
of Log2 fold change (FC) >2 and fdrFilter (FDR) < 0.05. Analysis
was conducted suing the limma R package (17).

Creation and validation of the prognosis
risk assessment model

First, we screened out the IncRNA associated with the
prognosis for patients from IncRNAs by means of uni-COX
regression and p<0.05. Next, through last absolute shrinkage
and selection operator (LASSO) Cox analysis (18), we
discovered seven IncRNAs (Supplementary Table S2) and
used them to create a risk model based on arlncRNAs. Below
is the risk score formula: risk score = ¥[Exp(IncRNA) X coef
(IncRNA)]. After that, we randomly divided all samples into a
test group and a train group while classifying the bladder
cancer patients into a low-risk group and a high-risk group
pursuant to the median risk score acquired from the risk model
(19). Next, we used the ROC curve,area under the ROC curve
(AUC) and the survival curve to validate the accuracy and
prognostic value of the model.
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Construction of an anoikis-related
model nomogram

According to the clinical data of bladder cancer patients,
including, for instance, age, gender, TNM stage, and grade, we
used an “rms” R package to draw a nomogram that could assess
the one-, three- and five-year overall survival (OS) of patients,
and made calibration curves to demonstrate the predictive
power of the alignment chart.

Gene set enrichment analysis

Similarly, bladder cancer patients were classified into a
low-risk group and a high-risk group by median risk score.
We harnessed gene set enrichment analysis (GSEA) software
to look for the differentially expressed Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathways in the two groups,
and p < 0.05 and FDR < 0.25 were considered
statistically significant.

Analysis of TME and
immune checkpoints

To further the analysis of immune cell factors in the high-
and low-risk groups, we assessed the relationship between
immune cell subpopulations and risk score values through
Spearman correlation analysis on TIMER 2.0 (http://timer.
cistrome.org/), including CIBERSORT, TIMER, XCELL,
QUANTISEQ, MCPcounter, EPIC, and CIBERSORT. The
evaluation results are detailed in the bubble chart. With the
help of stromal and immune cell scores, we investigated the
abundance of immune and stromal cells between cytomes to
evaluate the TME differences in the two risk groups. Wilcoxon
signed-rank test was implemented to compare the differences,
and p < 0.05 was considered remarkable. Subsequently, the
bladder-cancer-infiltrating immune cells were scored via
single-sample GSEA (ssGSEA) and the “GSVA” software
package to quantify their relative content. The results are
shown in the boxplot. Finally, we compared the immune
checkpoint activation between the two risk groups via
“ggpubr” R package.

Exploration of model in clinical therapy

The “pRophetic” R package was applied to estimate the half-
maximal inhibitory concentration prediction (IC50) of bladder
cancer drugs, in the hope of developing drugs that are relevant to
the model and may become the candidates for the treatment of
bladder cancer.
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Consensus clustering

It was clustered “using ConsensusClusterPlus” (CC) R
package in the light of arlncRNA expression. For different
subgroups of bladder cancer patients, the “Rtsne” R package
was employed to conduct principal component analysis (PCA),
T-distributed stochastic neighbor embedding (t-SNE) and
Kaplan-Meier survival analysis, and immunocorrelation
analysis, and compare prognosis with drug sensitivity.

Statistical analysis

All statistical analyses were performed using R software
(4.0.2). Independent-samples t-test was carried out to quantify
the analysis of variables; ROC curves and Kaplan-Meier survival
analysis were employed to predict the accuracy of the model;
uni- and multi-Cox regression confirmed the independent
prognostic value of the model. The subgroups with different
clinical characteristics were investigated to fully evaluate the
stability of risk characteristics, and Student’s t-test and Wilcoxon
signed-rank test were conducted to explore the differences
between these subgroups. The result p<0.05 indicated that all
analyses had a statistical meaning.

Results
arlncRNA in bladder cancer patients

A total of 1109 arlncRNAs were obtained via co-expression
analysis, and their network relationship with ARG was mapped
using expression data (Figure 1A). Differential analysis
performed with the criterion of (|Log2FC|>2 and p<0.05)
suggested that 169 genes were upregulated and 54
downregulated in expression (Figure 1B), and the heat map
displayed the top 100 genes among |Log2FC]| values (Figure 1C).

Establishment of the model

First, we obtained 19 OS-related arlncRNAs from uni-COX
regression, and drew a heat map and forest map to show their
expression (Figure 2A, B). The Sankey diagram indicated that the
expression of these IncRNAs was upregulated (Figure 2C). We got
seven IncRNAs after LASSO analysis and used them to build a risk
model according to the following risk score formula: Risk
score=LINC01767x(0.287716362819996)+AC011503.2x(-
0.760808745099926)+ UBE2Q1-AS1'x(-0.692732045
605004)+299127.1x(2.38512933255853)+AC112721.2x(0.29620
2121517627)+ MAFG-DT " x(0.458708109689086)+LINC
00456x(0.820151733094388) (Figure 2D, E).
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FIGURE 1
arlncRNAs identification and expression in bladder cancer: (A) arlncRNAs-ARGS network diagram; (B) Volcano plot of Log2 fold change (FC)>2
differentially-expressed ARGs; (C) Volcano plot of 101 arlncRNAs in normal and tumor samples.

Validation and application of the model as a whole were evaluated by this model formula. The result
showed that the OS was much higher in the low-risk group

Bladder cancer patients were randomly grouped as test than in the high-risk group (Figure 3A-D), so was other
and train, which were further classified into two groups (i.e., clinical characteristics like TNM stage, grade, age and
high-risk and low-risk) by median risk score. The risk score gender (Figure 3E). To verify model accuracy, we
distribution, survival status and survival time expression performed uni- and multi-COX regression. The risk ratios
results of the patients in the train group, the test group and (HR) and 95% confidence interval (CI) were 1.002 and 1.001-
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FIGURE 2
Construction of a bladder cancer arlncRNAs risk model: (A) Volcano plot of 19 prognosis-related arlncRNAs expressed in normal tissues and
tumors; (B) Forest map of prognostic arlncRNAs extracted by uni-COX regression; (C) Sankey diagram of ARGs-arlncRNAs correlation;
(D) Screening of prognostic arlncRNAs via cross validation; (E) Curve of error rate 10-fold cross-validation.

1.003 (p<0.001) respectively through uni-COX analysis, and
1.002 and 1.001-1.003 (p<0.001) respectively (Figure 4A, B)
through multi-COX analysis, indicating that this model can
be used as an independent prognosis factor. AUCs were 0.744,
0.672 and 0.695 (Figure 4C-F) respectively in one, three and
five years. The model had a score of 0.744, representing high
sensitivity and specificity.
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Establishment of nomogram

We created a nomogram (Figure 5A) using the clinical
factors and risk scores to further study the predictive power of
the model, which was able to predict the morbidity of one-,
three-, and five-year OS. The calibration diagram exhibited good
agreement between the nomogram and the model (Figure 5B).
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Risk model prognosis in the train, test and entire sets: (A) Risk score distribution diagram of train, test and entire sets; (B) Heat map of seven
prognosis-related arlncRNAs; (C) The heat map of 7 IncRNAs expression in the train, test, and entire sets, respectively. (D) Survival analysis of high-
and low-risk patients in train, test, and entire sets; (E) Survival analysis of clinicopathologic characteristics of high- and low-risk patients in entire sets.
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Functional analysis of the model

GSEA analysis reveals that the enrichment pathways of the
high-risk group include DNA replication, focal adhesion, TGF,
bladder tumor signaling pathway, extracellular matrix (ECM)
receptor pathway, and the like (Figure 6). ECM has been
reported to constitute a scaffold for TME and to regulate
cancer behaviors (20, 21). The TGF signaling pathway is able
to suppress tumors, including cell cycle arrest and apoptosis
(22). There are also immune-related pathways such as leukocyte
transendothelial migration. So, our purpose was to do immune-
associated researches based on the risk model.

Immunological characteristics of
risk groups and exploration of
clinical treatment

We investigated the correlation between risk score and
tumor-infiltrating immune cells (Figure 7A), and the results
showed a closer relationship between the immune cell and the
high risk group on different platforms [e.g., common myeloid
progenitor, myeloid dendritic cell, macrophage M2 in XCELL
platform, T cells CD8+, CD4+ in TIMER platform, Endothelial
cells in EPIC platform, and macrophage M1, M2 cells
(Supplementary Table S3) in CIBERSORT-ABS platform].
According to TME scores, the high-risk group outstripped the
low-risk group in terms of interstitial cystitis (IC), immunization
and assessment (Figure 7B). According to ssGSEA (Figure 7C)

10.3389/fimmu.2022.1055304

analysis, the proportion of immune cell subpopulations and the
component levels and functions of relevant pathways rose
notably in almost all high-risk groups, where the vast majority
of immune checkpoints showed a greater degree of activation
(Figure 7D). The above results suggest that the high-risk group
had higher immune infiltration than the lower one. This implies
that we can select more appropriate immunosuppressives. It can
be seen from the two groups’ drug susceptibility researched
according to the “pRophetic” R package that the low-risk group
was more sensitive to Methotrexate, Vinorelbine, Nutlin and
Nilotinib (Figure 7E) while the high-risk group was more
sensitive to Cisplatin, Cyclopamine, Docetaxel, Dasatinib and
Imatinib (Figure 7F). It is a valuable guidance for the medication
of bladder cancer patients.

Immunological characteristics of
different bladder cancer subtypes and
prospects for treatment

Based on arlncRNA expression, we split bladder cancer
patients into three subtypes (Figure 8A and Supplementary
Figure S1). T-SNE results show (Figure 8B) that the
distribution of the three clusters and the two risk groups is
clear. The PCA results imply (Figure 8C) clear accumulation
characteristics in terms of distribution between the two risk
groups and between the three subtypes. In the Sankey diagram
(Figure 8D), substantially all of cluster3 are in the low-risk
group, and clusters 1 and 2 are equally distributed in high- and
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for prediction of 1-, 3-, and 5-year survival rates.

low-risk groups. In the immune cell heat map (Figure 8E),
cluster 2 has the greatest extent of immune cell infiltration on
different platforms, takes the first place in the facets of IC score,
immune score or assessment score (Figure 8F). Also, the
majority of immune checkpoints including PD1, PD -L1,
CD40 and CD70 are more active in cluster 2 than in cluster 1
and cluster 3 (Figure 8G). This suggests cluster 2 may have a
potentially good immunotherapeutic effect. Survival analysis
indicates that cluster 3 has the best survival time and clusterl
the worst (Figure 8H). Likewise, by comparing drug sensitivity,
we found higher sensitivity to most common
immunotherapeutic drugs in cluster 2, including, for instance,
Doxorubicin, Sunitinib, Vinblastine, Mitomycin and Lapatinib,

(Figure 8I), which is helpful for us to explore more
precise immunotherapy.

Discussion

Bladder cancer is characterized by insidious onset and being
highly aggressive. The five-year OS of the patients with metastatic
bladder cancer accounts only for 6% (23), and the important role
anoikis plays in tumor spread, metastasis and angiogenesis has been
proven by researches (24-26). Thus, we created an arlncRNAs-
based model aiming to predict the prognosis of bladder cancer
patients and open up the possibility of efficacious medication.
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FIGURE 6
Multi-GSEA analysis of high- and low-risk patients in the risk model.
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Discussion on immune infiltration and immunotherapy for patients with bladder cancer: (A) Bubble chart for immune cell correlation analysis;
(B) Differences in immune microenvironment scores of patients at high and low risks; (C) Boxplots of immune cells in high- and low-risk groups
and immune-related pathway analysis; (D) Analysis of immune checkpoints of the two risk groups; (E, F) Analysis of patients’ sensitivity to drugs.

***p < 0.001, **p < 0.01, *p < 0.05.

During the research, we gathered 1019 differentially
expressed arlncRNAs, and identified those with a prognostic
value. We performed uni- and multi-Cox regression and LASSO
regression, whereby seven arlncRNAs were validated for the
construction of risk models, including UBE2Q1-AS1 that
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constituted a prognostic model for gastric cancer (27),
"MAFG-DT" which was also a crucial member of the
prognostic model for breast cancer (28), and AC112721.2 that
regulated breast cancer expression through the TGF-J signaling
pathway (29). Further studying these IncRNAs may provide a
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TME differences and underlying immunotherapy of different subtypes of bladder cancer: (A) Division of bladder cancer into three subtypes;
(B, C) The t-SNE and PCA analysis of different subtypes; (D) Sankey diagram of interrelationship between three subtypes and high- and low-
risks; (E) Heat map of immunocyte-related analysis of subtypes; (F) Differences in immune microenvironment scores of different subtypes;
(G) Histogram of immune checkpoint expression differences between subtypes; (H) OS analysis curves of patients with different subtypes of
bladder cancer; (l) cluster 2 drug sensitivity analysis. **p < 0.01, *p < 0.05.

new target for oncotherapy. By median risk score the patients
were split into two categories: high risk and low risk. We
validated the predictive accuracy of the risk model with the aid
of ROC curves, and plotted a nomogram predicting the
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prognosis of bladder cancer patients. The results predicted by
the model were identical to the outcomes predicted by the
nomogram. Similarly, clinicopathological analysis and survival
analysis demonstrated that the model was highly sensitive to
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survival prediction. According to Cox regression, the model
might be an independent factor of prognostic implications.

GSEA results disclose that the high-risk group was enriched in
cancer signaling, DNA replication, and immune-related pathways.
Exploration of differences in immune microenvironment between
the patients at low and high risks, examination of immune
checkpoints, TME scores, and assessment of immune state by
the ssGSEA method revealed a higher level of immune infiltration
in the high-risk group; some researches indicated that the level of
immune infiltration was highly correlated with the efficacy of
immunotherapy (30, 31). And we also probed into the sensitivity
of immune drugs to both groups, offering new ideas and options
for bladder cancer immunotherapy.

By expression, arlncRNAs were divided via consensus
clustering into three subgroups. PCA analysis indicates that
each cluster had its inherent aggregation characteristics;
according to the results of Kaplan-Meier analysis, cluster 3
had a better prognosis; immune checkpoint results suggested
that PD1, PD-L1 were most active in cluster 2, implying that
cluster 2 was probably more effective against this type of
immune checkpoint inhibitors and had a higher TME score.
All this proves that cluster 2 had the highest extent of immune
infiltration and a higher sensitivity to immunotherapy. What’s
more, drug susceptibility shed a light on clinical medication for
different subtypes of bladder cancer patients.

Still, we need to fill up some deficiencies. Firstly, the data
used to validate the model are all downloaded from TCGA
instead of ours. Secondly, further verification and exploration of
biological functions are not yet done for the pathways in the
present research and associated IncRNAs. These drawbacks will
be included in our follow-up plans and addressed.

All in all, we built a bladder cancer risk model of seven
arlncRNAs, discovered the signaling pathways it might be
involved in, and evaluated its accuracy in prognostic
prediction, immune infiltration, and drug sensitivity. Also, we
classified the bladder cancer patients into different subtypes and
discussed the differences in TME and sensitivity to drugs
between these subtypes. Our research findings provide new
strategies for prognostic assessment and treatment of bladder
cancer patients.
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