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Abstract 
Background: Studies have shown that long non-coding RNA (LncRNA) 
plays a critical role in maintaining genomic instability. The correlation be-
tween lncRNA and genomic instability is still worth exploring in bladder 
cancer as a new tumour marker. Methods: Therefore, combined with the 
lncRNA expression profile and somatic mutation profile of bladder cancer, 
we established a computing framework of lncRNA related to genomic insta-
bility and identified 58 new lncRNA related to genomic instability. Next, we 
identified a lncRNA signature (GILncSig), based on these 58 new genes, 
which divided patients into high-risk and low-risk groups. The clinical prog-
nosis was significantly different and was further verified in an independent 
cohort of patients. Results: We confirmed that GILncSig is related to the ge-
nomic mutation rate of bladder cancer, suggesting that GILncSig can be used 
as an indicator of genomic instability. The results show that GILncSig has 
prognostic value independent of age, sex, grade, and stage and is vital in eva-
luating clinical prognosis. To sum up, this study provides a vital research ba-
sis and methods for further exploring the role of lncRNA in the genomic in-
stability of bladder cancer and provides a theoretical basis for the identifica-
tion of bladder cancer biomarkers related to genomic instability. 
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1. Introduction 

Bladder cancer is a common malignant tumour of the urinary system. The 
American Cancer Society estimates 76,960 new cases and 16,390 bladder cancer 
deaths in the US with a male: female ratio of 3:1 [1]. These figures indicate that 
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bladder cancer morbidity and mortality have risen in recent years [1] [2]. Early 
bladder cancer has a good prognosis, but it is easy to relapse and develop into 
muscle-infiltrating bladder cancer (muscle-infiltrating bladder cancer, MIBC), 
and MIBC has a strong ability to invade and metastasize, the prognosis is poor, 
and the 5-year survival rate is less than 50% [3] [4]. At present, the leading indi-
cators to predict the progression or recurrence of bladder cancer are tumour 
grade, lymph node metastasis, p53/pRb signal pathway, receptor tyrosine kinase 
(Receptortyroinekinase, RTK) pathway, and so on. Moreover, bladder cancer is a 
rather complex disease with molecular and clinical heterogeneity and its devel-
opment, progression, and therapeutic response [5]. Therefore, there is an urgent 
need to find new biomarkers to evaluate the clinical prognosis of patients with 
bladder cancer more accurately. 

It is reported that genomic instability is one of the prominent features of can-
cer [6]. More importantly, some studies have confirmed that genomic instability 
is an important prognostic factor, and the degree of genomic instability is related 
to tumour progression and survival rate [7] [8]. Although the mechanism of ge-
nomic instability is not fully understood, there has been evidence in recent years 
that some molecular signatures can be used as indicators of genomic instability 
[8] [9]. For example, GuntherBoysen et al. [10] revealed that the most common 
mutant gene, SPOP in primary prostate cancer, is related to genomic instability. 
SPOP mutations partly promote the development of prostate tumours through 
genomic instability, suggesting that SPOP mutations may enhance the response 
to DNA damage treatment. JanaBiermann et al. [11] identified 17 markers re-
lated to genomic stability and found that these markers have a significant impact 
on the clinical prognosis of breast cancer. A long non-coding RNA (LncRNA) is 
a widely defined transcript as more significant than 200 nt and has little poten-
tial to encode a protein [12]. LncRNA plays a vital role in different biological 
processes [13] [14], especially the abnormal expression of some lncRNA may af-
fect the proliferation, progression, or metastasis of tumour cells [15] [16]. With 
the development of bioinformatics technology, some scholars have found a se-
ries of potentially available biomarkers of urinary tumours through bioinfor-
matics [17]. It is possible to use bioinformatics to study the expression profile of 
lncRNA in tumours and normal tissues on a large scale, and it has been found 
that there are a large number of abnormal expressions of lncRNA in various tu-
mours. However, the function of this lncRNA is still unclear [18] [19]. In the 
past few years, more and more studies have shown that lncRNA also plays a vital 
role in maintaining genomic instability [20] [21]. For example, Chunzhi Zhang 
et al. [22] showed that through extensive crosstalk between non-coding RNA 
and typical DNA damage response (DDR) signal pathway, DDR-induced non- 
coding RNA expression could provide a precise regulation mechanism of DNA 
damage response gene expression in time and space. Kirsten M.T et al. [21] found a 
new LncRNA, MANCR (mitosis-related long non-coding RNA; LINC00704), 
up-regulated in breast cancer samples and cells. The deletion of the MANCR 
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gene in triple-negative breast cancer cells significantly decreased cell prolifera-
tion and vitality, accompanied by increased DNA damage. These shreds of evi-
dence suggest that lncRNA is associated with genomic instability. However, the 
association between this genomic instability-related lncRNA and the clinical 
prognosis of tumour patients is not clear. 

In this study, the lncRNA expression profile and somatic mutation profile in 
the bladder cancer genome were combined to establish the calculation frame-
work of lncRNA related to genomic instability, explore the possibility of lncRNA 
signal as an indicator of genomic instability, and improve the prognostic value of 
bladder cancer patients. 

2. Materials & Methods 
2.1. Data Collection 

The clinical characteristics, RNA-seq expression data, and somatic mutation in-
formation of patients with bladder cancer were collected from The Cancer Ge-
nome Atlas (TCGA) database (https://portal.gdc.cancer.gov/). 433 RNA-seq ex-
pression data samples were collected, including 19 standard samples and 414 
tumour samples, and 412 patients with clinical features and somatic mutations 
were collected. 

2.2. Identification of LncRNAs Associated with Genomic Instability 

To identify the lncRNA associated with genomic instability, we established a 
computational framework for genomic instability-related lncRNAs, which com-
bines the lncRNA expression profile and somatic mutation profile in the bladder 
cancer genome. First, the cumulative number of somatic mutations for each pa-
tient was computed; Second, patients were ranked in decreasing order of the 
cumulative number of somatic mutations; Then, the top 25% of patients were 
defined as genomic unstable (GU)-like group, and the last 25% were defined 
genomically stable (GS)-like group; Next, The lncRNAs expression profiles of 
GU group and GS group were compared by microarray significance analysis 
(SAM) method; Finally, differentially expressed lncRNAs (fold change > 1 or 
<−1 and false discovery rate (FDR) adjusted P < 0.05) were defined as genome 
instability-associated lncRNAs. 

2.3. Statistical Analysis 

We use Euclidean distances and Ward’s linkage method for Hierarchical cluster 
analysis. The relationship between genome instability-associated lncRNA ex-
pression level and overall survival was evaluated by univariate and multivariate 
Cox proportional hazard regression analysis. According to the coefficients of 
multiple regression analysis and the expression levels of prognostic genome in-
stability-associated lncRNA, we constructed a genome instability-associated 
lncRNA signature (GILncSig) to predict the results as follows: 

GILncSig (samples) = (Coef value * Expression quantity) lncRNA1 + (Coef 
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value * Expression quantity) lncRNA2 + … + (Coef value * Expression quantity) 
lncRNAn. 

GILncSig (sample) is the prognostic risk score of patients with Bladder cancer. 
The lncRNA represents the nth prognostic lncRNA, and Expression quantity is 
the expression level of lncRNA for the patient. The Coef value represents the 
contribution of LncRNA to the prognostic risk score obtained from the regres-
sion coefficient of multivariate Cox analysis. Taking the median score of the pa-
tients in the training set as the risk cutoff to classify patients into the high-risk 
group with high GILncSig or low-risk group with low GILncSig. 

The survival rate and median survival time of each prognostic risk group were 
calculated by the Kaplan-Meier method. The log-rank test evaluated the differ-
ence in survival rate between the high-risk and low-risk groups. Multivariate 
Cox regression and stratified analysis were used to evaluate the independence of 
GILncSig and other critical clinical factors. Hazard ratio (HR) and 95% confi-
dence interval (CI) are calculated by Cox analysis. The performance of the 
GILncSig is also evaluated by the time-dependent receiver operating characteris-
tic (ROC) curve. All statistical analyses were carried out using Rversion3.6.2. 

2.4. Functional Enrichment Analysis 

We calculated the Pearson correlation coefficient to measure the correlation 
between lncRNAs and mRNAs paired expressions, and the first ten mRNAs 
were considered co-expressed lncRNA-related partners. To predict the potential 
function of lncRNAs, we conducted functional enrichment analysis of co-expressed 
lncRNA-related mRNA partners to identify significantly enriched Gene Ontolo-
gy (GO) terms and the Kyoto Encyclopedia of Gene and Genome (KEGG) 
pathway. The function enrichment analysis was carried out using the cluster 
profile software in R-version 3.6.2 [23]. 

3. Results 
3.1. Identification of Genomic Instability-Related LncRNAs in  

Bladder Cancer Patients 

To identify determine the lncRNA, associated with genomic instability, the cu-
mulative number of somatic mutations in each patient was calculated and sorted 
in descending order. According to the cumulative number of somatic mutations, 
the first 25% (nude 105) and the last 25% (nude 105) of patients were divided 
into GU-like groups and GS-like groups. Then the lncRNA expression profiles of 
the Gu-like group and GS-like group were compared to find out the significant 
difference of lncRNA. Using the SAM method, we found that a total of 58 
LncRNA were considered to be significantly differentially expressed, their fold-
ing changes were more outstanding than or less than-1, and their FDR-adjusted 
P values were less than 0.05. Among them, 35 LncRNA were up-regulated and 
23 down-regulated in the GU-like group. We used 58 differentially expressed 
lncRNA sets to perform unsupervised hierarchical clustering analysis on 412 
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samples of TCGA sets. As shown in Figure 1(a), all 412 samples were divided 
into two groups according to 58 differentially expressed lncRNA expression le-
vels. There was a significant difference in the pattern of somatic mutation be-
tween the two groups. The group with high accumulative somatic cell mutation 
was called the GU-like group, and the other group was the GS-like group. The 
median value of cumulative somatic mutations in the GU-like group was signif-
icantly higher than that in the GS-like group (P = 3.2E−06, Mann-Whitney U 
test; Figure 1(b)). Next, we compared the expression levels of the UBQLN4 gene 
(a newly discovered driver of genomic instability) in the GS-like group and 
GU-like group. The expression of UBQLN4 in the Gu-like group was signifi-
cantly higher than that in the GS-like group (P = 0.0021, Mann-Whitney U test; 
Figure 1(c)). 

To determine whether the potential functions and pathways involved in 58 
lncRNA are related to genomic instability, we conducted functional enrichment 
analysis to predict potential functions. We first measured the expression correlation 
between 58 differentially expressed lncRNA and protein-coding gene (PCG) and 
obtained the LncRNA-related PCG, the top 10 PCG with the strongest correlation 
 

 
(a) 
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(b)                                               (c) 

 
(d) 

Figure 1. (a) All 412 samples were divided into two groups according to the expression levels of 58 differentially expressed 
lncRNA. There was a significant difference in the pattern of somatic mutation between the two groups. The group with high ac-
cumulative somatic cell mutation was called the GU-like group, and the other group was the GS-like group; (b) The median value 
of somatic cumulative mutations in the GU-like group was significantly higher than that in the GS-like group (P = 3.2E−06, 
Mann-Whitney U test; 1(b)). (c) As shown in Figure 1(c), the expression of UBQLN4 in the Gu-like group was significantly 
higher than that in the GS-like group (P = 0.0021, Mann-Whitney U test). (d) lncRNAs-mRNA co-expression network; 

 
with each LncRNAs. A lncRNAs-mRNA co-expression network is constructed, 
in which the nodes are lncRNA and mRNAs, if they are related to each other, 
then connect lncRNA and mRNAs; (Figure 1(d)). GO analysis of LncRNA-re- 
lated PCG showed that mRNAs in the network were closely related to the forma-
tion and development of chromosomes and cellular genes, including the regula-
tion of mitosis, chromosome segregation, and mitosis. Through the analysis of 
KEGG pathways of LncRNA-related PCG, 12 significantly rich pathways were 
found, including cytokine-cytokine receptor interaction pathways, calcium sig-
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nalling pathways, Wnt signalling pathways, and pathways related to carcinoge-
nesis. 

3.2. Development of LncRNAs Signature Derived from Genomic  
Instability for the Training Set Result Prediction 

To further explore the clinical value of lncRNA associated with these candidates’ 
genomic instability, 412 bladder cancer patients from the TCGA project were 
divided into the training and testing sets. To screen lncRNA, related to progno-
sis, univariate Cox proportional hazard regression was used to analyze the rela-
tionship between the expression level of 58 genomic instability-related lncRNA 
and OS in the training set. It was found that eight genomic instability-related 
lncRNAs were significantly associated with the prognosis of bladder cancer pa-
tients (P < 0.05; Figure 2). Also, we hope to screen the LncRNA with the inde-
pendent prognostic value from the eight candidate LncRNA and then conduct 
multivariate Cox proportional hazard regression analysis on the eight candidates 
LncRNA. Finally, four of the eight candidates, LncRNA (AC078880.3, AL355916.1, 
AC037198.1, and LINC02446), were identified as independent prognostic indi-
cators because they still had prognostic significance in multivariate COX (P < 
0.05). Then, according to the coefficient of multivariate Cox analysis and the ex-
pression levels of four independent lncRNA related to prognostic instability, a 
genomic instability-related lncRNA signal (GILncSig) was constructed to eva-
luate the prognostic risk of bladder cancer patients. GILncSig score = (−0.5860 × 
expression level of AC078880.3) + (0.0472 × expression level of AL355916.1) + 
(0.0988 × expression level of AC037198.1) + (−0.2257 × expression level of 
LINC02446). In GILncSig, LncRNAAL355916.1 and LINC037198.1 may be risk 
factors, suggesting that its high expression is related to poor prognosis. At the 
same time, AC078880.3 and LINC02446 may be protective factors, and their 
high expression is related to prolonged survival. 
 

 

Figure 2. The eight genomic instability-related lncRNAs are significantly asso-
ciated with the prognosis of bladder cancer patients (P < 0.05). 
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To test whether the characteristic clinical data of the above training set and 
the test set are different, we make statistics on the characteristic clinical data of 
the two groups, including age, gender, grade, stage, and TNM stages. Chi-square 
test analysis shows no difference between the two groups of clinical characteris-
tics that can be used as a basis for grouping. 

GILncSig was used to obtain the risk score of each patient in the training set, 
and then these patients were divided into different predictive groups with the 
median risk score as the threshold. The group with a patient score equal to or 
above the threshold is called the high-risk group, and the other group is called the 
low-risk group. Kaplan-Meier analysis showed that the survival outcome of pa-
tients in the low-risk group was significantly better than that in the high-risk 
group (p < 0.001, log-rank test). The time-dependent ROC curve of GILncSig was 
analyzed, and the area under the curve (AUC) was 0.740 (3 years) and 0.801 (5 
years). We classified the patients in the training set according to their scores. We 
observed that the expression level of GILncSig, the number of somatic mutations, 
and the expression level of UBQLN4 changed with the increase of the score. In 
the high score group, the expression of risk gene AL355916.1LINC037198.1 was 
up-regulated, while the expression of protective genes, AC078880.3 and LINC02446 
were down-regulated. On the contrary, the GILncSig showed the opposite ex-
pression pattern in patients with low scores. Comparative analysis showed sig-
nificant differences in somatic mutation pattern and UBQLN4 expression pat-
tern between the high-risk and low-risk groups. The number of somatic muta-
tions in the high-risk group was significantly higher than that in the low-risk 
group. (Median somatic mutation counts 300 versus 150, P = 8.6e−05, Mann- 
Whitney U test). 

3.3. Independent Validation of GILncSig in the Bladder Cancer  
Data Set Based on RNA-Seq Platform 

To test the effectiveness of GILncSig, the prognostic performance of GILncSig 
was then tested in patients with an independent TCGA test set. When the test set 
used the same GILncSig and risk cutoff as the training set, the patients in the test 
set were divided into the high-risk group and low-risk group. There was a sig-
nificant difference in overall survival. The overall survival rate of patients in the 
high-risk group was much worse than that in the low-risk group (P = 0.001, 
log-rank test). Based on the analysis of the time-dependent ROC curves of 
GILncSig in the test set, the AUC value is 0.684 (3 years). There was a significant 
difference in the mode of somatic mutation between the high-risk group and 
low-risk group (P = 0.00024, Mann-Whitney U test). The prognosis of GILncSig 
in the TCGA set was similar to that mentioned above. Patients in the TCGA set 
were divided into a high-risk group and a low-risk group, and the median sur-
vival time of patients in the high-risk group was shorter than that in the low-risk 
group (P < 0.001, log-rank test). The time-dependent ROC curves analysis was 
applied to the TCGA set. Consistent results were observed above (AUC = 0.712 
(3 years); There was a significant difference in the distribution of somatic muta-
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tions between the high-risk and low-risk groups. (P = 1.3e−07, Mann-Whitney 
U test). 

3.4. Independence of the GILncSig from Other Clinical Factors 

We conducted a stratified analysis of GILncSig to determine whether GILncSig 
had prognostic value independent of age, Gender, Grade, and Stage. Patients in 
the TCGA set were stratified into a young-patient and an old-patient group ac-
cording to age (age = 65). Patients who use GILncSig can be further divided into 
high-risk or low-risk groups in each age group. There was a significant differ-
ence in overall survival between the high-risk and low-risk groups in the 
young-patient group (log-rank test P < 0.001; Figure 3(a)) as was in the 
old-patient group (log-rank test P < 0.001; Figure 3(b). Next, all the patients 
with bladder cancer were stratified according to the pathological stage, the pa-
tients with pathological stages I and II were combined into the early group, and 
the patients with pathological stages III and IV were combined into the late 
group. The GILncSig could classify patients with pathologic stage I or II into 
high-risk and low-risk groups, and there is a significant difference in overall sur-
vival rate between the two groups (log-rank test P = 0.049; Figure 3(c)). Simi-
larly, GILncSig could also be used to divide pathological stage III and IV patients 
into a high-risk group and a low-risk group. There was a significant difference in 
the overall survival rate between the two groups (log-rank test P < 0.001; Figure 
3(d)). According to the sex of the patients, the patients in the TCGA set were di-
vided into female groups and male groups. Patients in the GILncSig group, the 
female group, and the male group can be further divided into high-risk or 
low-risk groups. There was a significant difference in overall survival rate be-
tween the high-risk and low-risk groups in the female group (log-rank test p < 
0.001; Figure 3(e)), the male group also had a significant difference (log-rank 
test p < 0.001; Figure 3(f)). According to the grade of the patients, the TCGA set 
was divided into a High-Grade and a Low-Grade group. Patients using each 
grade group of GILncSig could be further divided into high-risk or low-risk 
groups. There was a significant difference in overall survival between the 
high-risk and low-risk groups in the High-Grade group (logarithmic rank test p 
< 0.001; Figure 3(g)), but there was no significant difference in the Low-Grade 
group. Also, to evaluate whether the prognostic value of GILncSig is indepen-
dent of common clinical variables, we performed multivariate Cox regression 
analysis on age, sex, grade, stage, and GILncSig-based prognostic risk score 
model. The results of multivariate analysis showed that after adjusting for age, 
sex, grade, and stage, GILncSig was significantly correlated with the overall sur-
vival rate of each group. In multivariate analysis, in addition to GILncSig, two 
other clinical factors, age, and stage were significant. 

3.5. Comparison of Survival Prediction Performance between the  
GILncSig and Existing LncRNA Related Signatures 

We further compared the prediction performance of GILncSig with the three 
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recently published lncRNA signatures: The 5-lncRNA signature obtained from 
Cao’s research (hereinafter referred to as CaolncSig) [24] and the 8-lncRNA sig-
nature obtained from Lian’s research (hereinafter referred to as LianlncSig) [25], 
and the 14-lncRNA signature obtained from Zhang’s research (hereinafter re-
ferred to as ZhanglncSig) [26]). They are using the same TCGA patient cohort. 
The AUC at three years of OS for the GILncSig is 0.710, which is significantly 
higher than that of CaolncSig (AUC = 0.657) and LianlncSig (AUC = 0.590) and 
ZhanglncSig (AUC = 0.548). Besides, the AUC at five years of OS for the 
GILncSig is 0.801, which is significantly higher than that of CaolncSig (AUC = 
0.645) and LianlncSig (AUC = 0.630) and ZhanglncSig (AUC = 0.600). In addi-
tion, the number of lncRNA in our GILncSig is relatively moderate. These re-
sults show that GILncSig has better prognostic performance than the three re-
cently published lncRNA signatures in predicting survival. 

 

 
 
 
 

(a)                                                   (b) 

 
(c)                                                   (d) 
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(e)                                                   (f) 

 
(g)  

Figure 3. There was a significant difference in overall survival between the high-risk and low-risk groups in the young-patient 
group (log-rank test P < 0.001; 3(a)) as was in the old-patient group (log-rank test P < 0.001; 3(b)). The GILncSig could classify the 
patients with pathologic stage I or II into a high-risk group and low-risk group, and there is a significant difference in overall sur-
vival rate between the two groups (log-rank test P = 0.049; 3(c)). Similarly, GILncSig could also be used to divide pathological 
stage III and IV patients into a high-risk group and a low-risk group. There was a significant difference in the overall survival rate 
between the two groups. (log-rank test P < 0.001; 3(d)). There was a significant difference in overall survival rate between the 
high-risk and low-risk groups in the female group (log-rank test p < 0.001; 3(e)), the male group also had a significant difference 
(log-rank test p < 0.001; 3(f)). Patients using each grade group of GILncSig could be further divided into high-risk or low-risk 
groups. There was a significant difference in overall survival between the high-risk group and the low-risk group in the 
High-Grade group (logarithmic rank test p < 0.001; 3(g)), but there was no significant difference in the Low-Grade group.  

3.6. The GILncSig Predicts the Results Better Than the TP53  
Mutation Status 

Further analysis showed that in the training set, testing set, and TCGA set, the 
proportion of patients with TP53 mutations in the high-risk group was signifi-
cantly higher than that in the low-risk group. In the training set, 55% of patients 
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in the high-risk group possessed TP53 mutations, significantly higher than 42% 
of patients in the low-risk group (chi-square test P = 0.012). Similar results were 
found in the testing set and the TCGA set. In the testing set, 55% of patients in 
the high-risk group possessed TP53 mutations, significantly higher than 40% of 
patients in the low-risk group (chi-square test P = 0.050). In the TCGA set, 54% 
of patients in the high-risk group possessed TP53 mutations, significantly higher 
than 42% of patients in the low-risk group (chi-square test P = 0.022). It is well 
known that TP53 maintains genomic stability, and TP53 mutation is associated 
with poor survival and can be used as an independent prognostic marker for 
bladder cancer [27] [28] [29] [30]. It is suggested that GILncSig is also related to 
the mutation state of TP53, which may be the mutation marker of the TP53 gene. 

4. Discussion 

With the increasing incidence of bladder cancer in recent years, research on 
bladder cancer is diversified [31] [32] [33] [34]. At present, there is still no 
breakthrough. At the current stage, patients are divided into different treatment 
groups according to their pathological characteristics. At the same time, histo-
pathological features such as staging, grading, and molecular subtypes of bladder 
tumours are still the most critical factors affecting the prognosis of patients [35] 
[36] [37] [38] [39]. However, due to the limitation of standard clinicopathologi-
cal features, the clinical prognosis of patients with bladder cancer is still highly 
heterogeneous [40]. Studies have shown that genomic instability is a common 
feature of most cancers [41] [42] [43] and one of the factors affecting the prog-
nosis of bladder cancer [44]. Genomic instability plays a leading role in cancer 
occurrence, development, and recurrence. Therefore, the category and degree of 
genomic instability have important diagnostic and prognostic significance. 
There is growing evidence that abnormal transcription or epigenetic changes of 
genes in vivo or in vitro can lead to genomic instability. However, the quantita-
tive measurement of genomic instability has always been a significant challenge 
[45]. Efforts have been made to identify PCGs and microRNAs associated with 
genomic instability and develop genes or miRNA features that predict genomic 
instability [46] [47]. 

Currently, lncRNA is an essential part of tumour biology, and their abnormal 
expression in cancer is associated with disease progression and may serve as 
prognostic markers for patients [48] [49] [50]. Furthermore, studies on the func-
tional mechanism of lncRNA have found that lncRNA is also essential for ge-
nomic stability, such as MALAT1 [51] and NEAT1 [52]. Although much evi-
dence has confirmed that lncRNA is associated with genomic instability, the 
construction of such models and the systematic exploration of their clinical val-
ue in bladder cancer is still lacking. Therefore, we have developed a computa-
tional framework for identifying genomic instability-related lncRNA that com-
bines bladder cancer gene expression profiles and mutant phenotypes. Then, we 
identified 58 new lncRNA associated with genomic instability. Based on the 
functional analysis of the genes co-expressed with 58 lncRNAs associated with 
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genomic instability, our observation showed that the genes co-expressed with 
the 58 lncRNAs were enriched in the regulation of mitosis. There are three pri-
mary sources of genomic instability: DNA damage, replication pressure, and 
chromosome segregation defects. The regulation of chromosome mitosis is es-
sential to the cell cycle, and the fidelity of chromosome replication and segrega-
tion is indispensable to maintaining genome stability [53]. EleniPetsalaki et al. 
found that DNA damage proteins play an essential role in mitotic cells. In con-
trast, DNA damage response recognizes DNA damage, coordinates cell cycle ar-
rest to repair damaged DNA, removes affected cells, prevents genetic changes 
from being transmitted to the next generation, and maintains genomic stability 
[54]. The Wnt signalling pathway is critically involved in the development and 
homeostasis of tissues via regulating their endogenous stem cells. Aberrant Wnt 
signalling has been described as a critical player in the initiation of and main-
tenance, and development of many cancers via affecting the behaviour of Cancer 
Stem Cells (CSCs) [55]. We further investigated whether genomic instabili-
ty-associated lncRNA could predict clinical outcomes and generated lncRNA 
signatures consisting of four genomic instability-associated lncRNA (AC078880.3, 
AL355916.1, AC037198.1 and LINC02446). The GILncSig divided patients into 
two risk groups, and there was a significant difference in survival rate in the 
training set, which was verified in an independent test set. Furthermore, the 
GILncSig is significantly associated with the phenotype of tumour mutants and 
the expression of UBQLN4 in bladder cancer, both of which are essential indi-
cators of genomic instability. After a careful literature search, we found that the 
biological functions of this four LncRNA in GILncSig have not been reported. 
However, we found that lncRNA; AL355916.1 is located on the 14q21 chromo-
some. It has been known in previous genome-wide association analyses [56] that 
this region may be associated with a reduced risk of bladder cancer. Another 
lncRNARP11-358L4.1 is located in the 15q25 region of the chromosome, which 
is reported to be a susceptible region for bladder cancer risk [57]. These results 
suggest that GILncSig can predict the prognosis of cancer patients and be used 
as an indicator of genomic instability in tumour patients. Also, the TP53 muta-
tion rate in the high-risk group of GILncSig was significantly higher than that in 
the low-risk group, suggesting that the mutation state of GILncSig was consis-
tent with that of TP53. 

Our study has constructed new biological markers of bladder cancer and pro-
vided a vital research basis for better evaluating genomic instability and progno-
sis in patients with bladder cancer. However, there are still some limitations that 
need to be further studied in the future. Although GILncSig has been validated 
in TCGA datasets, more independent datasets and clinical trials are needed to 
verify GILncSig, to ensure its reliability and repeatability. 

5. Conclusion 

Our study proposes a computational framework based on the mutation rate of 
bladder cancer mutants to identify lncRNA related to genomic instability. This 
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framework provides a theoretical basis for our later study of lncRNA related to 
genomic instability of bladder cancer and provides a meaningful way and me-
thod for exploring the biological function of lncRNA. By combining bladder 
cancer gene expression profile, somatic mutation profile, and clinical informa-
tion, we identified lncRNA signal derived from genomic instability as an inde-
pendent prognostic marker for risk subgroup stratification of bladder cancer pa-
tients, which was successfully verified in an independent cohort of patients. 
Through further prospective verification, GILncSig may play an important role 
in genomic instability and personalized decision-making in patients with blad-
der cancer. 
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