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ABSTRACT

In this study, we analyzedthe prediction accuracyof an autophagyrelated long non-coding RNA (IncRNA
prognostic signature using bladder urothelial carcinoma(BLCA)atient data from The CancerGenomeAtlas
(TCGAyYatabase.Univariate and multivariate Coxregressionanalysesshowed significantcorrelationsbetween
five autophagyrelated INCRNAsLINC02178AC108449.2783843.1FAM13AASland| { t o n ahd{owerAll
survival(OS)amongBCLApatients. Therisk scoresbasedon the autophagyrelated IncRNAprognostic signature
accuratelydistinguishedhigh- and low-risk BCLApatients that were stratified accordingto age;gender;grade
and AJCCT, and N stages.The autophagyrelated IncRNAsignature was an independent prognostic predictor
with an AUCvalue of 0.710. The clinical nomogramwith the autophagyrelated IncRNAprognostic signature
showeda high concordancdandex of 0.73and accuratelypredicted 1-, 3-, and 5-year survivaltimes amongBCL.
patients in the high- and low-risk groups. The INcRNAMRNA co-expression network contained 77 InNcRNA
MRNAIlinks among 5 IncRNAsand 49 related mRNAs.Geneset enrichment analysisshowed that cancer and
autophagyrelated pathways were significantly enriched in the high-risk group, and immunoregulatory
pathwayswere enriched in the low-risk group. Thesefindings demonstratethat an autophagyrelated INncCRN/
signatureaccuratelypredictsthe prognosisof BCLApatients.

INTRODUCTION diagnosed with advanced musalwasive diseasg?].
Moreover, the current clinical staging system requires
Bladder urothelial carcinoma (BLCA) is the most improvementin accurately predicting the prognosis of

common malignant tumor of the urinary system, BCLA patientg4].
accounting for 6.6% and 2.1% of the total cancer patients

among men and women in the world, respectij&\2]. Autophagy is an evolutionarily conserved catabolic
Patients with transitional cell carcinoma account for  process, which occurs at basal levels under normal
approximatelyd0% of all BCLA casef3]. Despite great conditions to eliminate @rn out cellular organelles and

strides in radiotherapy, surgery, and adjuvant chemo damaged or mifolded proteins[5]. However, dys
therapy,the survival outcomes remain poor for BCLA regulation of autophagy is implicated several human
patients, with approximately 30% of the patients diseases, such aancer[6], neurodegenerative disorders
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[7], cardiovascular diseasef8], and inflammatory
disorders related to infectious diseaf§s Autophagy is
associated with tumor suppression or oncogenesis
depending upon the stage of tumor developriiht11]
Recent studies show that modulation of autophagy
improves the sensitivity of BG\ tumors to chemeo
therapeutic agenf42, 13] Hence, it s critical to discover
autophagyrelated biomarkers that can serve as valuable
the early diagnostic and prognostic biomarkers for BCLA
patients.

Genome sequencing studies show that nearly 90% of
the human transcriptomerepresentsnon-coding RNA

or ncRNA [14]. The long noncoding RNAs (IncRNASs)

are a type of ncRNAs with transcripts of >200
nucleotidesn lengthwithout any proteircoding capacity
[15]. LncRNAs regulate importaniological functions
related to cell growth and survivaenomicimprinting,
chromatin modifications, and allosteric regulation of
enzyme activities[16]. Furthermore, pathogenesis of
several human diseases including several different
types of cancers involves dggulation of specific
INcRNAs [17]. Some studies have shown that IncRNAs
regulate autophagic functionsor example, Yinget al
demonstrated thatdownregulation of IncRNA MEG3
promotes proliferation of bladder cancer cells by
activating autophagy18]. Another study shows that
INcRNA MALAT1 regulates multdrug resistance of
hepatocellular carcinoma cebly altering autophagi 9].
LncRNA PVT1 promotesn vitro andin vivo pancreatic
ductal adenocarcinoma progression by activating
autophagy through its regulation of the riBa
5p/ULK1 axis[20].

New advances in genome sequencing technology and
bioinformatics have helped to identify potential
prognostic biomarkers that ma predict survival
outcomes in cancer patienf8l, 22] Therefore, we
postulated thatautophagyelated IncRNAs may be
valuable prognostic biomarkers for BLCA patieriis.
this study, wesystematically analyzed the relationship
between the expression ofitaphagyrelated IncRNAs
and the clinicopathological characteristics of 409 BLCA
patients from The Cancer Genome Atlas (TCGA)
databaseWe also constructed prognosticsignature
based on 5 autophagglated INcRNAs and evaluated
its ability to independeht and accurately predict the
prognosis of BLCA patients.

RESULTS

Identification of prognostically significant autophagy
related INcRNAs in BLCA patient tissue samples

We identified 14153 IncRNABy analyzing the RNAeq
data ofthe BLCA patient tissue samples from the TCGA

databaseéWe also extracted 232 autophagjatedgenes
from the Human autophagy databadeADDb) analysis.
We then identified 49 autophagglated IncRNAs by
performing Pearson correlation analysis between the
IncRNAs and the autophagglated genes using |R| > 0.7
and P < 0.05 as the selection criteria. Univariate Cox
regression analysis of the 49 autophagted INCRNAs

showed that expression of 7 IncRNAs, namely,
AC002553. 2, 283843. 1, LI NCO
USBB0T AS1, AC108449. 2 and

significantly correlatedwith the overall survival (OS) of
BLCA patients P < 0.05; Figure 1A). Miltivariate Cox
regression analysis showed thatof the 7autophagy
related IncRNAs were good candidates donstructing
the prognostic signature based tme lowest Akaike
information criterion (AIC) (Table 1)Among the 5
autophagyrelated IncRNAs that were included in the
prognostic signature, LINC02178 and AC108449.2 were
considered as risk factors with HR values gredien t,
whereas the remaining 3 IncRNAs, Z83843.1,
FAM13AT AS1 and dgeScBrlideied &1 W
protective factors with HR values less than 1

Evaluation of the prognostic signature containing 5
autophagy-related IncRNAs

The risk score for each BCLA patient in the TCGA
dataset was calculated using the following formula for
the autophagyelated IncRNA signature: risk score = (
0.677 x expression level of 783843.1) + (0.162 x
expression level of LINC02178) +0(403 x exprssion
level of FAM13AT AS1) + (0.307 x expression level of
USP30 AS1) + (0.489 x expression level of
AC108449.2). Then, BLCA patients were divided into
hightrisk (n = 196) and lowisk (n = 197)groups using
the median risk scoré&= 1.093 as the cubff point
KaplanMeier survival curve analysis showed that the
OS of BCLA patients with highisk scores was
significantly shorter than those with lowisk scores
(Figure 1B).The 3year survival rates were 39% and
64%, and the fyear survival rates were 328md 56%
for the highrisk and lowrisk patientsrespectively. A
principal components analysis (PCA) based on the five
autophagyrelated IncRNAs showed two significantly
different distribution patterns betwedmnigh-risk and
low-risk groups(Figure 1C). Tme-dependent receiver
operating characteristic (ROC) curve analysis showed
that the area under the ROC (AUC) value for the
autophagyrelated IncCRNA prognosis signature was
0.710 (Figure 1D)BCLA patients were then ranked
according to the risk scores calated based on the
autophagyrelated INcCRNA prognosis signature (Figure
1E). The scatter dot plathowed that the survival rates
of the BCLA patients correlated with the risk score
according to the autophagglated INcCRNA prognostic
signature; patientsitith a higher risk score demonstrated
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lower survival time (Figure 1EF)The heatmap showed
distinct differences in the levels of the @ognostic
signaturerelated INcRNAs in the high and lowrisk
BCLA patients. Higkrisk patients expressed higher
levels of risk factors (AC108449.2 and LINC02178),
while low-risk patients expressetiigher levels of
protective factors (2838
USP30T AS1) (Figure 1G).

Correlation analysis of the autophagyrelated
INcRNA prognosis signature with other clinice
pathological parameters

We then analyzed the correlation between the risk
scores from the autophagglated IncRNA prognosis
signature and the clinicopathological characteristics of
the BCLA patients from TCGA databadeatients aged
> 65 years showed sidicantly higher risk scores
compared to pati(€egure 8A) Bhg e d
risk scores were statistically similar between the male
and female BCLA patientéFigure 2B) Furthermore,

the risk scores were statistically similar for BCLA

patients beloging to high and lowgrades, probably

because majority of the patients analyzed belonged to

high-grade group (higlgrade, n = 372; lowgrade, n =

18; Figure 2G. Moreover, BCLA patients belonging to

the higher AJCC stages showed higher risk scores than
Atloselwith Idweér MAICCAStagef-igure 2M. dThese

results demonstrate that the autophegjsited INCRNA

risk signature is associated with the clinicopathological

characteristics of BCLA patients.

We further performed a stratificatio analysis to
investigate the prognostic value of the autophagy
related IncRNAsThe patients were grouped according
toage (O 65 and > 65) tumaender
grade (low grade and high grade), AJCC stage (stages

andll and stages llandIV), T stage (T1/T2 and T3/T4)

and N stage (NO and N1/N2/N3). As shown in Figure 3,

the KamarMeier ssurdval curve analysis showed that

the OS rate was significantly shorter for the higgk

patients compared to the lerigk patients based on the
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Figure 1.Construction and validation of theautophagyrelated INcRNA prognostic signature in BCLA patierity. The
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survival curve analysis shows that survival time of patients wigh-tisk scores based on the autophagyated IncRNA prognostic signature

is significantly shorter than those with lesisk scores.@ Principal components analysis (PCA) based on the confirmed five autephagy
related IncRNAs showed two significantly diffiet distribution patterns betweerhighrisk and lowrisk groups.(D) Receiver operating
characteristic (ROC) curemalysis shows the accuracy of the autophegsted INCRNA prognostic signature in predicting survival times
(prognosis) of BCLA patientorh the TCGA databaséE) Distribution of risk scores dfigh- and lowrisk BCLA patients based on the
autophagyrelated IncRNAbrognosticsignature.(F) Scatter plot shows the correlation between survival time and risk score of BCLA patients
based on theautophagyrelated IncRNAprognosticsignature (G) Heatmap showshat high-risk patients expressed higher levels of risk
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Table 1. Akaike information criterion for the models

Model Prognodic signature combination AIC

1 AC002553.2 + Z83843.1 + LINC02178FAM13A-AS1 + USP30AS1 + AC108449.2 + 1584.35
AC243960.1 '

2 AC002553.2 + Z83843.1 + LINC02178 + FAM134S1 + USP30AS1 + AC108449.2 1582.81

3 783843.1 + LINC02178 + FAM13/AS1 + USP30AS1 + AC108449.2 1581.61
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independentprognostic factor
grade

596 €71 0 2 Next, Wd performed univariate and multivariate Cox

(= probably because of the smaller sample size. These
Pem®l 89 pa 0B E nt msnl sudgéstttmtehe prognosis signature can accurately

P = hi gdeterngne dhd erogrfosis of patients relative to other
afAdIVOE= s 5 .a4 2 %-e 11 0 Schnicopadhological characteristics.
262e1 05)P=anad. 5NB0e 1s0t53a) g e
However, the OS ratbetween the highand lowrisk
groups based on the prognostic signature were similar for
patients with age© 65 P =
(P = 1e+00), AJCC stagesahdll (P= 9.

stagesP= 4. 257 e1-DslajesRa=n 2 . NI13 8 e T Bedrgssion analyses to determine if the autophagy
A age [+ <=65 =] >65 B gender [+] FEMALE [+ MALE
8 0.0015 8 0.88
I 1 ) 1
6 6
= T
5 S
2 @
8 8
3 3
o4 . T4 .
@ o
o . -
2 ', §
3 e 3
K ©
®2 N5 .O’O 2 1
H 'i{.- e
F ¢t
0 0 .
<=65 >65 FEMALE
age gender
C grade =] High Grade F+J Low Grade D stage (=] Stage| [=J Stagell [+ Stage Il Stage IV
8 068 12.59 0.14
i ! 0.0098
0.26
o 10.04 0.038
s 5 0.065
@ ‘a 0.072
o @ 7.51 -
a =%
B4 3
e e
2 2 5.0
0 w0
@ i -
®2 Lhd = e .
. N 254 . "2,
e g .
et Iai ) Fﬁ_‘
e T, '
0 0.0
High Grade Low Grade Stage | Stage Il Stage Ill Stage IV

Hgure 2. ©rrelation analyses of the autophagselated IncRNA prognostic signature with varioudinicopathological
characteristics of the BCLA patienfghe analysis compares tlegpression of the 5 prognostic IncRNAshe BCLA patient cohort from

the TCGA database stratified accordingao ( I 3§ & Ty B) Genden(ga, n %29k ve. fetale, ny= 102 @@naop 0 T

grade

0fF cCp

stage

grades (high grade, n = 372; low grade, n = 18); @h4JCC stages (stages l/ll, n = 115; stages IlI/IV, n = 266).

www.agingus.com

15627

AGING

is an

o



related IncRNA prognostic signaturewas an
independent prognostic factofor patients with
BLCA. Univariate analyses showed that adge <
0.001), AJCC stageP(< 0.001), T stageR < 0.001),

N stage P < 0.001) and autophagglated IncRNA
prognostic risk scoreP(< 0.001) were significantly
associated with OS (Figure 4A). ThR value tended

to infinity within the tumor grade because of uneven
distribution of samples (18 cases in low grade and 372
cases in high grade). Multivariate analyses showed
that age P < 0.001) and autophagglated INcRNA
prognostic risk scoreP(< 0.001) were significantly
associated with OS (Figure 4BAs shown in Figure
4C, the ROC curve analysis demonstrated that the
AUC value for the autophaerelated IncRNAs
prognostic signature was 0.710, which was higher
than the AUC values for age (AUC = 0.§29gender
(AUC= 0.526), grade (AUC= 0.537), AJCC stage
(AUC=0.688), T stage (AUC=0.605) and N stage
(AUC= 0.651). These data demonstrate that the

autophagyrelated IncRNA prognostisignature is an
independent prognostic factor for BLCA patients.

Evaluation of the prognostic prediction nomogram
that includes autophagyrelated IncRNA prognostic
signature risk score

Nomograms are commonly used tools used by
clinicians to accurately predict survival time for a
patient by calalating the nomogram score based on the
points assigned for each prognostic factor included in
the nomogram23]. We constructed a nomogram to
accurately estimate the-,13-, and 5year survival
probabilities by using risk score calculated from the
autophay-related IncRNA prognostic signature and
other clinicopathological factors, including age, gender,
grade, AJCC stage, T stage and N stage (Figure 5A).
The concordance index {@dex) value for the
nomogram was 0.715The calibration curve analysis
showedthat the actual and the predicted B-, and
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Hgure 3.The survival rates of highand lowrisk BCLA patients stratified by different clinicopathological characteristics.
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5-year survival times were in agreement when components were cytosolic part, PML body, and the
compared withthe reference ling(Figure 5B 5D). nuclear envelope (FigureD§. The top three GO terms

These results demonstrated that the nomogram using the for molecular functions were protein serine/threonine
autophagyrelated IncRNA prognostic signature risk kinase activity, ubiquitin protein ligase binding, and

scores was reliable and accurate. ubiquitinilike protein I i g:
KEGG pathway analysis confirmed that autophagy was
Construction of the IncRNAI mRNA co-expression the most significatly enrichedpathway (Figure 6F).

network and functional enrichment analysis
Gene set enrichment analysis
Next, we investigated ¢hpotential functionsof the 5

autophagyrelated IncRNAsin BLCA by constructing GSEA results showed that the altered genes in the high

the IncRNAMRNA coexpression network using risk BCLA patients belonged to pathways related to
CytoscapeThe INcRNAMRNA coexpression network autophagy and cancer, WNT signaling pathway, renal
contained 77 IncRNANRNA pairs based on the cell cacinoma, TGFbsi gnal i ng pat hwa
threshold parameterBearson correletn coefficient |R| signaling pathway, ERBB signaling pathway, PPAR

> 0.3 andP < 0.05 Figure 6A). Among these, 49 signaling pathway, MAPK signaling pathway, P53
mMRNAs significantly correlatedvith the 5 IncRNAsn signaling pathway, mTOR signaling pathway, endo

the prognostic signaturdhe Sankey diagrarshowed cytosis, RNA degradation and ubiquitimediated

the relationship between td® mRNAsand 5IncRNAs proteolysis (Figure 7A)Immunoegulatory pathways
(risk/protectivg (Figure 6B).The top three GO terms against cancer were significantly enriched in the-low

for the biological processes were autophagy, process risk group, including pathways related to antigen
utilizing autophagic mechanism, and macroautophagy processing and presentation, natural killer (NK) -cell
(Figure 6C). The top three GO terms for the cellular mediated cytotoxicity, T cell receptor (TCR) signaling,
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Hgure 4. Esmation of the prognostic accuracy of the autophagglated IncCRNA prognostic signature and other
clinicopathological variables in the BCLA patien). Univariate Cox regression analysis shows the correlation between overall survival
and various clinicagthological parameters such age, gender, AJCC stadestage, N stage and the autophaghated IncRNA prognostic
signature risk score. The remainipgrameters P< 0.001)are significantly associated with OS in addition to the gen@multivariate Cox
regression analysis shows that age aisd scoreP< 0.001) are independent prognostic indicattms overall survival rates of BCLA patients.

(O Receiver operating characteristic (ROC) camvaysis shows the prognostic accuracy of clinicopathological parameters such as age, AJCC
stage T stage, N stage and autophaglated IncRNA prognostic risk score
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chemokine signalingndB cell receptor (BCR) signaling
(Figure 7B). This suggestedhat activation of pathways
regulation immune functionin the lowrisk group

may contribute to positive prognosis or longer survival
outcomes The top 10 KEGG pathways in the higék

and lowrisk groups based on GSEA are shown in
Figure 7Cand 7D. These resultsuggestedhat a high
prognostic signature risk score correlates with autophagy
and cancer, whereas low prognostic signature risk score
correlates with enhanced immune function. These data
providedvaluable insights for futurevestigations into
potential individualized treatments for BLCA patients
belonging to different risk groups.

DISCUSSION

The most common malignancy of the urinary system is
BLCA, whose incidence rates are constantly increasing
worldwide [1, 3]. The progesis of BCLA patients is
poor because of late diagnosis and high rate of
therapeutic resistand®4]. The role of autophagy in
tumorigenesis has been reported for several cancers,
including BLCA [25]. Therefore, autophagpelated
biomarkers are potentialiaynostic biomarkers and
therapeutic targets for BCLA patients. Previous studies

have focused on the role of specific autophegsited
genes in BCLA progressidg26].

LncRNAs are a new class of naoding RNA
molecules that regulate cancer cell growtrog
ression, and survival27]. Hence, they are potential
biomarkers that can predict cancer risk and survival
outcomes. In this study, we systematically analyzed
the prognostic prediction accuracy of autophagy
related IncRNAs in BCLA using bioinformaticand
statistical tools.

We first identified 7 autophagielated IncRNAs that
significantly correlated with OS based on theévariate
Cox regression analysix the expression of autophagy
related INcRNAsn the BCLA patiensamples fronmthe
TCGA database Furthermore, 5 autophagglated
IncRNAs, 2Z83843.1, LINC02178, FAM13AMAS1,
USP30 AS1 and AC108449.2 were selected to
construct a prognostic signature based on their
performance in the multivariateCox regression
analysis The risk score of each BCLA patient was
calculated according to the expression of the five
autophagyrelated IncRNAs in the prognostic signature
and patients were classified into highnd low risk
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Figure 5.Construction and validation othe prognostic nomogram wittautophagyrelated IncRNA prognostic signature risk
score as one of the parametergA) The predicted -1 3, 5year survival rates of BCLA patients based on the prognostic nomogram

constructed using the risk score from autopkraglated INcRNA prognostic signature and clinicopathological parameters such as age, AJCC

stage T stage, N stage is showBi D) Calibration curves show the concordance betwpesdicted and observed (B)ykar, O 3year, and
(D) 5year survival ratesf high- and lowrisk BCLA patients based on the prognostic nomogtien bias correction
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groups based on the median risk score. BCLA patients on the autophagyrelated IncRNAprognosticsignature
with highrisk scores showed shorter survival times  was anindependent prognostic d@r based on muiti
compared to those with levisk scores. Principal variate Cox regression analysiStratified correlation
components analysis (PCA) based on the confirmed five analysis showed that thautophagyrelated IncRNA
autophagyrelated IncRNAs showed two significantly  prognostic signature accurately predicted survival -out

different distribution patterns between higgk and low comes for the highand lowrisk BCLA patients.
risk groups. ROC curve analysis validated phegnostic
accuracy of theautophagyelated IncRNA prognostic The autophagyelated INcRNA prognostic signature

signaturein the BLCA patients The risk score based performed more reliably than the other traditional clinical

Hgure 6.Construction of the autophagyelated IncRNAMRNAco-expressionnetwork and functional enrichment analyses.

(A) Diagrammatic rpresentation of the autophaggelated INCRNAMRNA networkshows 77 IncRN&MRNA ceexpressionpairs formed
between 5autophagyrelated IncRNAand 49 mRNAsTheyellow circlescorrespond toautophagyrelated IncRNAs, and the graljamonds
correspond to themRNAs. Every edge represents aegpressionrelationship between an IncRNA and an mRNA in the context of BCLA.
(B) The Sankey diagram shows the connection degree between the 49 naRMBautophagyrelated INncRNAs (rigkrotective). (CcE) Gene
Ontology(GO) analysis results show the enrich€jllfiological processes)) cell components ands( molecular functions associated with
the mRNAs that cexpress with the 5 autophagglated IncRNAYF Kyoto Encyclopedia of Genes and Genomes (Kg&B&yay andysis
results shows the enriched signaling pathways associated théiimRNAs that cexpress with the 5 autophaglated IncRNAs
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