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Bladder carcinoma (BLCA) is a leading cause of cancer-related deaths worldwide. The aim of this work was
to develop an accurate stratification in predicting the prognosis and directing the treatment of BLCA patients
based on small nucleolar RNAs (snoRNAs).

Expression profiles of snoRNAs were downloaded from the SNORic database. The expression profiles and clini-
cal outcomes of BLCA patients were analyzed. Survival-associated snoRNAs were identified and used to devel-
op a novel risk score classifier. Genes in the whole genome that were significantly correlated with the includ-
ed prognostic sSnoRNAs were used for functional enrichment analysis.

The results showed that age, American Joint Committee on Cancer (AJCC) stage, and tumor status were sig-
nificantly correlated with overall survival (OS) of BLCA patients. We selected 12 survival-associated snoRNAs
to build a prognostic signature. Patients were separated into high- and low-risk groups based on the median
value of the risk score. Patients in the high-risk group and low-risk group have distinct clinical outcomes. The
AJCC TNM stage showed moderate utility as a prognostic indicator for clinical outcome prediction. Then, clini-
cal parameters and risk scores were entered in multivariate Cox analysis. Notably, the prognostic signature re-
mained an independent significant prognostic risk factor. The pathway analysis suggested that these genes
were enriched in several types of cancer and “Focal adhesion” pathways.

The prognostic signature defined by expression profiles of 12 survival-associated snoRNAs appears to be an
excellent predictor of the clinical outcome of BLCA patients.

Risk Factors ¢ RNA, Small Untranslated ¢ Survival Rate ¢ Urinary Bladder Neoplasms

BLCA - bladder carcinoma; snoRNAs - small nucleolar RNAs; AJCC — American Joint Committee on
Cancer; TCGA — The Cancer Genome Atlas; ROC - receiver operating characteristic; OS - overall survival;
KEGG - Kyoto Encyclopedia of Genes and Genomes; PPAR — peroxisome proliferator-activated receptor;
ECM - extracellular matrix
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Material and Methods

Bladder cancer is a heterogeneous malignancy that is respon-
sible for an estimated 81 400 new cases and 17 980 deaths
in the United states in 2020 [1]. Although progress has been
made in surgical resection technology and neoadjuvant che-
motherapy, survival after surgical resection differs consider-
ably among BLCA patients [2-4]. The predictive accuracy of the
current clinical staging system is insufficient for this medical-
ly precise era and for the display of the molecular character-
istics of BLCA. Hence, cancer researchers have been interest-
ed in developing an accurate stratification method that can
predict the prognosis and direct treatment of BLCA patients
to improve their survival [5-10]. It is also imperative to deter-
mine the biological characteristics of BLCA.

Genome researchers have long regarded the non-coding RNAs
of the human genome as ‘junk’ DNA [11]. Specifically, the rap-
id development of high-throughput technology helped scien-
tists to identify a large number of non-coding RNAs, which ac-
count for almost 60% of the transcriptional output in human
cells [12-16]. This huge number of non-coding RNAs makes
it difficult to dismiss them as “junk”. Hence, recent extensive
research has identified that non-coding RNAs, especially long
non-coding RNAs and micro RNAs, are directly linked to the
tumorigenesis and development of cancers [17,18]. Notably,
small nucleolar RNA (snoRNAs), a class of small (60-300 nucle-
otides) non-coding RNAs, has been well documented in rRNA
biogenesis. Recently, however, some studies have highlight-
ed that snoRNAs are involved in cancer development and pro-
gression [19]. Because these studies dismissed the non-coding
RNAs of the human genome as ‘junk’ DNA, the relationships
between snoRNAs and BLCA have not been well characterized.

The Cancer Genome Atlas (TCGA) consortium and other public
genomic datasets offer high-throughput data for the subclas-
sification of BLCA, as well as predicting diagnosis and progno-
sis [20-22]. Gong et al. developed a database of snoRNA in can-
cers to systematically quantify and deposit snoRNA expression
profiles in more than 10 000 samples across 31 cancer types
based on TCGA, including BLCA [23]. This work greatly promoted
the development of snoRNAs analysis in cancers. However, very
few other studies have explored the role of snoRNAs in BLCA.
Furthermore, no investigative reports on models that predict
the survival status of BLCA based on snoRNAs are available.

Based on TCGA data portal, we analyzed the expression pro-
files and clinical outcomes of BLCA patients. Survival-associated
snoRNAs were identified and submitted to develop a novel
12-snoRNAs-based risk score classifier. To leverage the com-
plementary value of molecular and clinical parameters, clinical
factors were integrated to build a nomogram, which allowed
improved prediction of BLCA patient survival.

Data Acquisition

Expression profiles of snoRNAs were downloaded from the
SNORic database [23]. Corresponding clinical data of BLCA
patients were acquired from the TCGA database (https://can-
cergenome.nih.gov/).

Survival analysis

To generate a prognostic classifier to predict the outcome of
BLCA, we used univariate Cox analysis to explore the relation-
ships between snoRNAs expression levels and the overall sur-
vival (OS) of BLCA patients. Patients with OS less than 90 days
were removed to obtain more accurate results [24]. Then, mul-
tivariate Cox regression analysis was conducted to screen out
independent prognostic factors. We calculated a signature in-
volving the single prognostic parameters achieved from the
previous step to assess the OS risk based on the individual ex-
pression of the prognostic snoRNAs, weighted by the regres-
sion coefficient. The data were then divided into high- or low-
risk groups by using the median risk score as the threshold
value. To leverage the complementary value of the snoRNAs
and several indispensable clinical parameters, including age,
sex, tumor T stage, tumor N stage, tumor M stage, and histo-
logical grade, we integrated them by using a nomogram graph.

Functional characterization of the snoRNAs-based risk
score

To further gain a biological understanding of the snoRNAs-
based risk score, we collected genes in the whole genome
which were significantly correlated with the included prog-
nostic snoRNAs that were obtained from SNORic. Significantly
correlated genes were identified with the |Spearman coeffi-
cient| >0.4 and FDR <0.05. These significantly correlated genes
were submitted to a “clusterProfiler” package in R software
for gene functional enrichment analysis. The background of
the gene list was measured by “Homo sapiens.” Statistically
significant terms were identified when the p-value and the g-
value were both less than 0.05.

Statistical analysis

All statistical analyses were performed using SPSS (version
22.0, SPSS Inc., Chicago, IL, USA) and R (version 3.3.1; https://
www.r-project.org/). snoRNAs expression values were convert-
ed to log2 (RMPK+1) and the average expression value across
all samples less than 1 were identified as undetected snoRNAs.
The difference for snoRNAs with OS was evaluated using the
log-rank test. Univariate survival Cox analysis was performed
by using “survival” packages of R software. Time-dependent
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Table 1. Clinical information of included BLCA patients.

DATABASE ANALYSIS

No. Median time (days) Event Censored
Age
"""" >s 26  sas 16 10
"""" € 10 s a3 9
CGender
"""" Male 21 ses 112 259
"""" Female e s a7  a
CANICCstage
"""" Stagel-v. 245 saa 17 118
"""" Stagelf 19 8 3 s
"""" NA 2 7795 11
CAICCTstage
"""" ™4 7 saa 91 8
"""" m-r2 18 s e 116
"""" x &  e25 1 5
CAICCNsstage
"""" NI-N3 19 s 75 4
"""" N oot s e 14
"""" NG 3% e135 17 19
CAICCMsstage
"""" me 9 a0 & 3
"""" mo 174 s e 10
"""" m< 18  ses 8 o
CHistological grade
"""" WighGrade 345 s;7 157 188
"""" lowGrade 18 385 2 16
"""" NA 3 s;3 o 3

(receiver operating characteristic) ROC curve and correspond-
ing area under the curve (AUC) values, which could assess the
performance of prognostic signatures, were calculated by us-
ing the “survivalROC” package. The nomogram graph was de-
rived by using the “RMS” package. Statistical significance was
defined as P<0.05, unless specified otherwise.

Results

Identification of survival-associated snoRNAs

Expression profiles of 412 snoRNAs were acquired from the
SNORic database. Finally, a total of 366 BLCA patients with OS
more than 90 days were included in the present study. Table 1
shows the clinical information of the patients with BLCA from
TCGA. Univariate Cox hazard analyses were performed to

assess the relationship between clinical parameters and clin-
ical outcomes of the BLCA patients. Age (HR=1.792, 95% ClI:
1.262-2.543; P=0.001) and AJCC stage (HR=2.161, 95% Cl:
1.459-3.202; P<0.001) were significantly correlated with 0S
of BLCA patients. However, no significant correlations were
observed between OS and sex or histological grade. All 368
snoRNAs were submitted to a univariate Cox analysis and
58 snoRNAs were identified as survival-associated snoRNAs
(Figure 1, Table 2).

Construction of snoRNAs-based prognostic signature

Significant factors from univariate selection were kept in the
multivariate analysis by using backward selection (Table 3).
A multivariate Cox regression analysis was used to build a
prognostic signature that selected 12 out of the 58 snoRNAs.
Kaplan-Meier (K-M) curves were used to display the prognostic

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€926273-3




He R-Q etal.:
DATA BAS E A N A LYS I S snoRNAs-based classifier predicts overall survival in bladder carcinoma

© Med Sci Monit, 2020; 26: €926273

SNORD114-1 - O
SNORD114-3 1 O
SNORD114-23 o
SNORD114-14 { ®
SNORD114-26 { @
SNORD114-27 )
SNORD114-10 { ®
SNORD114-22 { ®
SNORD114-21 ®
SNORD114-28 { ®
SNORD114-16 { ®
SNORD114-12 { ®
SNORD114-9 { ®
SNORD114-4 { ®
SNORD114-24 { ®
SNORD114-25 { e
SNORD114-6 { ®
SNORDS69 -
SNORA46 -
SNORAGO -
SNORDS0 1 ®
SNORD114-15 { ®
SNORA36B{ @
SNORD114-11 1 ® pvalue
SNORA7O{ @ \
SNORD114-5 { ® B
o
{ J
®

log10 pvalue
(2]

®:
@

SNORD118 ™ 0.03
SNORD114-29 1 00
SNORD114-13 1
SNORD113-5 0.1
SNORDS1
SNORD109B 1
SCARNA1S |
SNORD113-6 { ®
SNORD114-17 1 ®
SNORD9S |
SNORDS8A 1
SCARNA3 1
SNORD121B 1
SNORD71 1
SNORD125
SNORA74B 1
U49A - °
SNORD73A 1
SNORA28 1
SNORASS 1
SCARNAY 1
snoU219 1
ACA24 1
SNORD59A 1
SNORD114-20 1
U598 1
SNORDS3 1
SNORD110 1
SNORD113-8 { .
SNORA21 1 .
SNORD20 1
U741

@'.....

[ I

, 6 000

Figure 1. Survival-associated snoRNAs in BLCA. X-axis represents the Z-score of the snoRNAs in univariate Cox analysis and Y-axis
represents survival-associated snoRNAs. Thresholds are p<0.05 and |Z-score| >1.8
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Table 2. General characteristics of prognosis-related snoRNAs in BLCA.

SnoRNA
SNORD114-1

Ensemble id

ENSG00000199575

Chromosome location

chr14_101416169_101416241

HR

1.172157633

DATABASE ANALYSIS

Z-score

4.042243541

P-value

5.29E-05
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Table 2 continued. General characteristics of prognosis-related snoRNAs in BLCA.

SnoRNA Ensemble id Chromosome location HR Z-score P-value
SNORD114-17 ENSG00000201569 chr14_101441142_101441217 1.146335348 2.270526772 0.023175641
SNoRD9S ENSG00000221182  chrl0_70514928 70514995 0848508292 2242967391  0.024898917
SNORDSSA  ENSG00000221241  chr19_51302695 51302792 0870328188 222784215 0025891043
CScARNA3 ENSG00000252906  chrl_175937532_175937676 0842498005 2207789545  0.027258947
SNORD121B  ENSGO0000238300  chro_33934294 33934374 0881577227 2199487508 0027843276
CsNorD7L ENSG00000223224  chrl6 71792304 71792390 0828580666 ~2.172435589 0029822823
CSNoRD12S ENSG00000239127  chr22_29729151 29729247 0866129363 2151538303  0.031433736
SNorA74B ENSG00000212402  chrs_172447728 172447932 0836039977 2129319367 0033227847
Cvsn N chr17_16343349_16343420 1130835565 2123119267 0033743859
SNORD73A  ENSGO0000208797  chra_152024978 152025043 089226166  -2.119595454 0034040176
CsNor2s ENSG00000272533  chri4_103804185_103804311 0865292844 2117394539  0.034226377
CSNoRAss ENSG00000201457  chrl 40033045 40033182 0872055098 -2.112023658 003468442
CscARNA4 ENSG00000252808  chrl_155895748 155895877 089074157 2100787332  0.034876678
Csmou219 ENSG00000201592  chiX_20154424 20154503 0876558632 -2.004904314  0.036179499
A N o chr4_119200344_119200475 0910089166 2086331357 0036948618
SNORDS9A  ENSG00000207031  chrl2_57038810_57038885 0862298053 2051283898 0040239308
| SNORD11420  ENSG00000202048  chrl4_101447340_101447412 1090210857 2041361273 0041214931
uses N chr12_57037463 57037538 0846756387 2031920052 004216175
SNORDE3 ENSG00000206989  chrs_137896731 137896799 085784948 2017395329  0.043654274
SNORD110  ENSGO0000221116  chr20_2634857_2634932 086206084 2014186617 0043989944
SNORD113-8  ENSG00000200367  chrl4_101409787_101409861 1115240661 1999711306 0045531447
CsNor21 ENSG00000199293  chri7_37009115 37009248 0897130856 -1982249792  0.04745129
SsNoRD20 ENSG00000207280  chr2 232321154 232321234 0861938927 1981243636  0.047563958
e N chr1_173836811 173836883 087740203 1969834633 0048857326

value of each snoRNA (Figure 2). We then derived a prognos-
tic signature for each patient based on the individual expres-
sion levels of the 12 survival-associated snoRNAs multiplied
by their coefficients in the multivariate Cox analysis: prog-
nostic signature=(SNORD114-11 * (-0.168)+SNORD114-14
* (0.201)-SNORD114-15 * (0.229)+SNORD114-9 *
(0.543)-SNORA55 * (0.198)-SNORA60 * (0.192)-SNORD8S8A *
(0.167)-SNORD69 * (0.314)-SNORD20 * (0.226)+U49A * (0.432)—
SNORD51 * (0.335)+U74 * (0.514) (Figure 3). Patients were sep-
arated into high- and low-risk groups by the median value of
the prognostic signature. K-M survival plots indicated that pa-
tients in the high- and low-risk groups had distinct clinical out-
comes (HR=2.500, 95% Cl: 1.828-3.420, P<0.001; Figure 4A).
The AUC value of the ROC curve was 0.719. The threshold was

2000 days (Figure 4B). The AJCC TNM stage appears to be a
moderate prognostic indicator for clinical outcome predicting
(HR=2.155,95% Cl: 1.553-2.993, P<0.001; Figure 4C). The AUC
value of the TNM stage was 0.636 (Figure 4D). We integrated
the clinical factors and risk score to create a composite nomo-
gram based on the results of the multivariate Cox regression
analyses to predict 1-year, 2-year, and 3-year OS. (Figure 5). We
then submitted clinical parameters and risk scores in multivar-
iate Cox analysis. Notably, the prognostic signature remained
an independent significant prognostic risk factor (HR=3.300,
95% Cl: 2.203-4.943, P<0.001) (Table 4).
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Table 3. The results of multivariate analysis selection.

snoRNA B SE Wald Sig. Exp(B) 95.0% CI for Exp(B)
SNORD114-11 -0.168 0.072 5.541 0.019 0.845 0.735-0.972

u74 0.514 0.148 12.032 0.001 1.672 1.250-2.235
SNORD114-11 —>3.44(133) —<3.44(233) SNORD114-9 —>6.81(237) —<6.81(129) SNORD88A  —>3.59(218) —<3.59(148)
_ 100 _ 100 _ 100
2 075 2 075 2 075
25 2 050 2 050
2 0.25{p=0036 S 0.25! p=0.007 = 0.25] p=0.004
v Hazard ratio=1.4 v Hazard ratio=1.61 v Hazard ratio=0.64
0.00195% C: 1.01-1.93 0,001 95% C: 1.17-2.22 0.00{ 95% C: 0.46-0.88
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time Time Time
U49A —>3.44(133) —<3.44(233) SNORD114-14 —>4.02(157) —<4.02(209) SNORA55  —>1.95(205) —<1.95(161)
_ 100 _ 100 _ 100
5 075 E 075 E 07
S b k]
2050 2050 2 050
§ 0.25/p=0.008 § 0.25p<0.001 § 0.25/ p<0.001
i Hazard ratio=1.52 i Hazard ratio=1.8 L Hazard ratio=0.54
0.00{95% C: 1.09-2.14 0.00195% C: 1.31-2.48 0.00195% C: 0.39-0.74
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time Time Time
SNORD69  —>8.57(153) —<8.57(213) SNORD51  —>7.98(185) —<7.98(181) SNORD114-15—>4.62(115) —<4.62(251)
= 100 = 100 = 100
£ 055 g 075 £ 055
S S S
= 050 = 050 =050
= = =
S 0.25(p=0.005 S 0.25(p=0045 S 0.25{p=0004
"’ Hazard ratio=0.62 e Hazard ratio=0.73 "’ Hazard ratio=1.58
0.001.95% C: 0.45-0.85 0.00195% C: 0.53-0.99 0.00195% C: 1.13-2.23
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time Time Time
SNORA6O  —>2.95(177) —<2.95(189) SNORD20  —>9.08(228) —<9.08(138) U74 —>8.22(133) —<8.22(233)
= 100 = 100 = 100
_';g 0.75 é 0.75 :§ 0.75
= 050 = 050 = 050
= = =
S 0.25]p=0.002 S 0.25{p=0.008 S 0.25/p=003
2 Hazard ratio=0.6 v Hazard ratio=0.66 "’ Hazard ratio=0.69
0.00 95%( 0.44-0.82 0.00195% C:0.48-0.91 0.00195% C:0.5-0.95
1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time Time Time

Figure 2. K-M plots prognostic snoRNAs included in prognostic signature.
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Figure 3. Prognostic signature constructed based on 12 snoRNAs. (A) The risk score assigned to each patient; (B) Survival status of
BLCA patients in high- and low-risk group; and (C) The expression pattern of included snoRNAs.

Molecular function of prognostic signature

Genes that were significantly correlated with 12 survival-associ-
ated snoRNAs were obtained from SNORic based on Spearman
correlation analysis. The network was conducted to display the
relationships between snoRNAs and genes (Figure 6). Red lines
indicate positive correlation relationships while blue lines indi-
cate negative correlation relationships. SnoRNAs-related genes
were further submitted to gene functional enrichment anal-
ysis. For the biological process, the extracellular structure or-
ganization, the extracellular matrix organization, and skeletal
system development were the commonly enriched categories
(Figure 7A). For the cellular component ontology, the enriched
categories were correlated with proteinaceous extracellular

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)
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matrix, endoplasmic reticulum lumen, and contractile fiber
(Figure 7B). With regards to the molecular function, the snoR-
NA-related genes mainly showed enrichment in cell adhesion
molecule binding, actin binding, and sulfur compound binding
(Figure 7C). The disease ontology suggested that these genes
were enriched in several types of cancer (Figure 8A). Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis revealed
significant pathways with these genes (Figure 8B). “Focal ad-
hesion” was the most significant of the enriched terms.
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Figure 4. Comparation of snoRNA-based prognostic signature and AJCC_TNM stage in predicting the clinical outcome of BLCA patients.
(A) K-M survival plots indicated that patients in the high-risk group tended to have poor clinical outcomes; (B) ROC curves
with AUCs of prognostic predictors built by snoRNAs in BLCA; (C) K-M survival plots indicated that patients in advanced stage
tended to have poor clinical outcomes; and (D) ROC curves with AUCs of AJCC_TNM stage.

Discussion

Here, we performed a systematic analysis of the snoRNAs and
identified a risk score based on the expression profiles of 12
survival-associated snoRNAs in BLCA patients based on 366 clin-
ical cases. Our study resulted in the following: (1) the identifi-
cation of 58 prognostic relevant snoRNAs; (2) the development
of a twelve-snoRNAs-based risk score classifier that predicts
0S in BLCA; (3) a pathway analyses that revealed the molec-
ular characteristics of the risk score; and (4) the construction
of a nomogram to leverage the complementary value of mo-
lecular and clinical factors.

We first identified several snoRNAs that were correlated with
the clinical outcomes of BLCA. Given the stable nature of snoR-
NAs in the human body, these snoRNAs have inherent advan-
tages for use as molecular biomarkers [25-27]. Regrettably, few
studies have assessed snoRNAs as diagnostic and prognostic
tools for BLCA. This is mainly due to the conventional preju-
dice that snoRNAs mainly function to modify, mature, and sta-
bilize rRNAs [28]. Furthermore, high-throughput DNA sequenc-
ing techniques help to identify cancer-specific snoRNAs [29].
Hence, our group comprehensively analyzed the clinical sig-
nificance and potential molecular characteristics of snoRNAs
to identify the diagnostic and prognostic biomarkers in BLCA.
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Figure 5. Nomogram of BLCA patients.

Table 4. Multivariate Cox analysis of OS in BLCA patients of TCGA.

Univariate analysis Multivariate analysis

Variables

SnoRNAs-based risk score 2.718 (2.131-3.467) <0.001 3.300 (2.203-4.943) <0.001

Age, AJCC_T stage, AJCC_N stage, snoRNAs-based risk score was coded as continuous variables. Specifically, AJCC_T stage was coded
as T1=1, T2=2, T3=3, T4=4. AJCC_N stage was coded as NO=0, N1=1, N2=2, N3=3. The risk factors of gender, AJCC_M stage, subtype
and histologic grade are male, metastasis and high Grade.
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Figure 6. Correlation network of included snoRNAs and mRNAs. Expression of survival-associated snoRNAs (green dots) were positively
(red line)/negatively (blue line) correlated with the expression level of mRNAs (red dots).

An important goal of the present study was the construction
of risk scores based on the expression pattern of snoRNAs to
create a risk stratification model for the practice of precision
medicine. Previously, studies involved several molecules, in-
cluding mRNA expression, copy number variation, DNA meth-
ylation, IncRNAs, and miRNAs. For example, Liu et al. proposed
a clinical multidimensional transcriptome signature for surviv-
al predictions of patients with BLCA [30]. Aberrant DNA meth-
ylation can provide reliable biomarkers in the prediction of
clinical outcomes of common urological cancers [31]. Several
studies have explored the prognostic value of non-coding
RNAs in developing prognostic signatures for BLCA [32,33].
We constructed the risk score model with the expectation that
it would be applicable to clinical management from the per-
spectives of snoRNAs. On the one hand, studies that refer to
the clinical significance of snoRNAs are limited. The present
study provides novel insights into the clinical value and mo-
lecular mechanisms of snoRNAs in BLCA. On the other hand,
we optimized the prognostic model and considered both mo-
lecular and clinical features. The snoRNAs possess the possi-
bility and feasibility as biomarkers and therapeutic targets in
clinical use. Aberrant snoRNAs expression was found in many
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cancers, and the expression level was correlated with diagno-
sis, classification of subtypes, and patient survival. Moreover,
snoRNAs were stably expressed and detectable in body flu-
ids, including blood plasma, serum, and urine of cancer pa-
tients, indicating that snoRNAs have the potential to serve as
biomarkers in clinical use. Urine testing is very important for
early diagnosis of BCLA. Since snoRNAs are stably expressed
and detectable in urine, snoRNAs detection in urine might be
useful for BLCA diagnosis and prognosis prediction [34-36].

It is interesting to explore the biological characteristics reflect-
ed by the risk score. Nowadays, the cellular regulatory roles of
snoRNAs in cancers are widely understood. Hence, we selected
snoRNAs-related genes to explore the molecular characteristics
of snoRNAs in BLCA. We found that prognostic snoRNAs are
mainly involved in several signal transduction pathways, such
as focal adhesion, extracellular matrix (ECM)-receptor interac-
tion, and peroxisome proliferator-activated receptor (PPAR) sig-
naling pathway. In these findings, the risk score could reflect
the cell-cell interaction status of BLCA. Notably, focal adhesion
was the most significant KEGG pathway in the pathway func-
tional enrichment analysis. In biological activity, focal adhesion
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Figure 7. Gene ontology of prognostic signature-related genes. (A) Biological process; (B) Cellular component; (C) Molecular function.

is a sub-cellular regulatory structure that mediates mechani-
cal force and regulatory signals transmitted between the ECM
and an interacting cell [37]. The focal adhesion pathway in-
teracts closely with other indispensable oncogenic pathways
and is actively involved in the progression of cancers [38,39].
Interestingly, inhibitors focused on the focal adhesion path-
way could be effective anti-tumor targets [40]. The biologi-
cal characteristics of the risk score are correlated with cell-
cell interactions, which indicated that these snoRNAs actively

participate in the progression and/or metastasis of BLCA, al-
though the results need to be further explored.

Conclusions

In summary, the development of a prognostic signature, as
defined by expression profiles of 12 survival-associated snoR-
NAs, could be an excellent predictor of the clinical outcome
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Figure 8. Disease ontology and Kyoto Encyclopedia of Genes and Genomes pathway of prognostic signature-related genes. (A) Disease
ontology; (B) Kyoto Encyclopedia of Genes and Genomes pathway.

of BLCA patients. However, studies of other independent co-
horts are required to validate these findings. There is no evi-
dence that the prognostic signature can predict prognosis in
patients who received adjuvant therapies after surgical resec-
tion. In the present study, the process involves mechanisms
that should be validated by in vitro or in vivo experiments.
Clinical information was integrated into snoRNAs expression
profiles for the first time to construct a snoRNAs-based risk
score by our group.
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