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Background: Increasing evidence shows that dysregulated expression of long non-
coding RNAs (IncRNAs) can serve as diagnostic or prognostic markers in bladder cancer.
The aim of this study was to evaluate the clinical values of dysregulated INncCRNAs in
bladder cancer.

Methods: Eligible studies were systematically searched in PubMed, Embase, and
Web of Science databases from inception to December 2017. Odds ratios (OR)
were calculated to investigate the correlation between INncRNAs and clinicopathological
parameters. Pooled hazard ratios (HR) and 95% confidence interval (Cl) were calculated
to explore the prognostic value of INcBRNAs in bladder cancer. Pooled diagnostic
parameters were also calculated to estimate the performance of INcRNAs in diagnosing
bladder cancer. All statistical analyses were performed by using STATA 13.1 program.

Results: A total of 37 relevant studies were included to the present systematic review
according to the inclusion and exclusion criteria, including 26 on clinicopathological
parameters, 19 on prognosis, and 7 on diagnosis. For clinicopathological parameters,
MALAT1 expression was significantly associated with lymph node metastasis (OR =
2.731; 95% Cl: 1.409-5.292; p = 0.003), and high-level expression of XIST was related
to larger tumor size (OR = 2.473; 95% Cl: 1.159-5.276; p = 0.019) and higher TNM
stage (OR = 0.400; 95% CI, 0.184-0.868; p = 0.020). For the prognostic values, the
most significant association was observed between increased expressions of SPRY4-
IT1 and poor overall survival (OS) (HR = 3.716; 95% CI: 2.084-6.719; p < 0.001); high
MALAT1 expression was significantly associated with poor OS (HR = 1.611; 95% CI:
1.076-2.412; p = 0.020). For the diagnostic values, UCA1 expression profile achieved
a combined AUC of 0.92, with sensitivity of 0.84 and specificity of 0.89 in distinguishing
patients with bladder cancer from non-cancerous controls.

Conclusions: In summary, systematic review elaborated that abnormal IncRNAs
expression can serve as potential markers for prognostic evaluation in bladder cancer
patients. In addition, the diagnostic meta-analysis concluded that abnormally expressed
UCA1 can function as potential diagnostic markers for bladder cancer.

Keywords: bladder cancer, long non-coding RNAs, clinicopathological parameters, prognosis, diagnosis,
systematic review
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INTRODUCTION

Bladder cancer ranks as the ninth most frequently-diagnosed
cancer worldwide and it is estimated that nearly 500,000
cases are diagnosed annually worldwide (Antoni et al., 2017).
Despite improvements in current clinical treatment such as
surgery, radiation therapy, and chemotherapy, 50-70% of
patients are relapsed within the next 5 years (Terracciano
et al, 2017). Therefore, it is urgent to find novel markers
for diagnosis at early stage and identify effective therapeutic
targets for improving the survival rate of patients with bladder
cancer.

Long non-coding RNAs (IncRNAs) are generally defined as
RNA transcripts longer than 200 nucleotides that lack an open
reading frame. Recently, increasing evidences show that IncRNAs
play important roles in various cancers, which influence all
the “hallmarks of cancer” (Gutschner and Diederichs, 2012).
It is reported that IncRNAs are involved in various cell
biological processes, such as tumor cell proliferation, apoptosis,
invasion, and metastasis (Hansji et al., 2014; Terracciano et al.,
2017). So the aberrant expression patterns of IncRNAs are
correlated with cancer diagnosis and prognosis and serve as
predictors of patient outcomes. For example, LncRNA H19
expression was up-regulated and closely related to TNM
cancer stages in patients with gastric cancer, which can serve
as a potential non-invasive diagnostic biomarker in gastric
cancer (Hashad et al, 2016). Sun et al. (2016) indicated
that the IncRNA antisense non-coding RNA in the INK4
locus (ANRIL) was up-regulated in colorectal cancer tissues,
which was associated with the survival rate of patients with
colorectal cancer. LncRNA-activated by TGF-f (IncRNA-ATB)
was significantly up-regulated in hepatocellular carcinoma
metastases and associated with poor prognosis (Yuan et al.,
2014).

Up to now, it was reported that some IncRNAs was aberrantly
expressed in bladder cancer, such as HULC (Wang J. et al., 2017),
MALAT1 (Li et al,, 2017), and SNHG16 (Cao et al., 2017). Hu
R. G. et al. (2017) found that the IncRNA cancer susceptibility
candidate 8 (CASC8) was significantly down-regulated in bladder
cancers and associated with the advanced stage of bladder cancer
patients, overexpression of which remarkably suppressed the
bladder cancer cell proliferation. Hepatocellular carcinoma up-
regulated long non-coding RNA (HULC) promoted bladder
cancer cells proliferation and inhibited apoptosis via regulation
of ZIC2 and PI3K/AKT signaling pathway (Wang J. et al,
2017). LncRNA urothelial cancer-associated 1 (UCA1) promoted
bladder cancer cell migration and invasion via hsa-miR-
145/ZEB1/2/FSCN1 pathway (Xue et al, 2016). Recently
several studies have investigated the prognostic and diagnostic
value of IncRNAs in bladder cancer. However, most studies
examining the clinical values of aberrantly expressed IncRNAs
was limited by the small sample size or a single IncRNA.
Therefore, we conducted a systematic review and meta-analysis
to evaluate the clinicopathological, prognostic, and diagnostic
roles of multiple IncRNAs expression in patients with bladder
cancer.

METHODS

Publication Search

The present systematic review was performed according to
the PRISMA Statement (Moher et al, 2010) (see Table S1
PRISMA Checklist) and Cochrane Collaboration guidelines
(http://handbook.cochrane.org/). We searched the Pubmed,
Embase and Web of Science to identify relevant studies
until December 21, 2017. The search strategies were based
on combinations of the following key words: (“long non-
coding RNA “IncRNA; “lincRNA;” “long ncRNA “long
intergenic non-coding RNA”) AND (“bladder”) AND (“cancer;,”
“carcinoma,” “neoplasm,” “tumor,” “tumors,” “tumor,” “tumors,’
“malignancy,” “metastasis”). In addition, the references of eligible
studies and relevant systematic reviews were checked for other
eligible studies. We provided the detailed search strategies and
results in the Table S2.

Selection Criteria

The included studies met the following criteria: (1) patients
in the study were diagnosed with bladder cancer; (2) studies
investigated the association between IncRNAs and bladder
cancer; (3) sample size was no less than 40 cases; (4) for
clinicopathological studies, the correlation between IncRNAs
and clinicopathological parameters of patients with bladder
cancer was performed, and the expression level of IncRNAs was
divided into high or low groups; (5) for prognostic studies,
the correlation between IncRNAs and survival was performed
and the primary endpoints as overall survival (OS), disease free
survival (DFS), cancer-specific survival (CSS) or recurrence-free
survival (RFS) were clearly defined, then Kaplan-Meier survival
curves or sufficient original data was provided to extract hazard
ratio (HR) with 95% confidence interval (CI); (6) for diagnostic
studies, diagnostic accuracy of IncRNAs for bladder cancer was
performed, and sufficient data was provided for constructing the
diagnostic two-by-two tables.

The exclusion criteria were: (1) overlapping or duplicate data;
(2) lack of essential information; (3) letter, review article, case
report, and conference abstract; and (4) non-English papers and
non-human studies.

Data Quality Assessment and Extraction

Data were extracted by two authors independently from included
studies using a predefined data extraction form. Then another
author verified them and any discrepancies were resolved by
consensus. The following information were collected: (1) basic
information: first author’s name, publication year, country, study
design, patient population, IncRNAs, expression, sample size,
tumor type, detected sample, detection method, and cutoff
value; (2) clinicopathological parameters: gender, age, tumor
size, tumor number, histological grade, TNM stage, tumor stage
T, and lymph node metastasis; (3) prognostic information:
follow-up months, outcome of survival analysis, and HR with
corresponding 95% CI; (4) diagnostic information: sensitivity,
specificity, area under the curve (AUC), sample sizes for
diagnostic analysis, and data for two-by-two tables [true positive
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RFS, recurrence-free survival.

FIGURE 1 | Flow diagram of study selection process. IncRNAs, long non-coding RNAs; OS, overall survival; DFS, disease free survival; CSS, cancer-specific survival;

(TP), false positive (FP), true negative (TN), and false negative
(FN)]. For studies that showed only Kaplan-Meier survival curve,
HR with their 95% CI was calculated by using Engauge Digitizer
version 4.1 and Tierney’s method (Tierney et al., 2007).

We assessed the methodological quality of prognostic studies
using the Newcastle-Ottawa Scale (NOS) tool that was extracted
and modified from previous studies (Gao et al., 2017). The
NOS scores ranged from 0 to 8, and a study with the higher
scores indicated better methodological quality. Moreover, the
Quality Assessment of Diagnostic Accuracy Studies (QUADAS)
list was used to systematically assess the quality of all the included

diagnostic studies (Whiting et al., 2003). Fourteen items from
the QUADAS list were applied to each article, with an answer of
“yes,” “no,” or “unclear.” The answer “yes” obtained a score of 1,
whereas “no” or “unclear” gained a score of 0, and the full score
was 14. If a cumulative score is higher than 8, the study will be

considered as low risk of bias.

Statistical Analysis

Heterogeneity among the included studies was assessed by using
the Cochrane’s Q-test and I, statistics. If heterogeneity (p <
0.05 or I, > 50%) was statistically significant among studies,
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0.104
>0.05

NA 0.097 NA
0.031

NA

0.213
>0.05

0.315 0.237

Median
Mean >0.05 =>0.05

95

MALATA
HOTAIR

NA

Transurethral

NA
NA

China  RCS BT
PCS

2014

Fan'Y

NA

NA

110

Up

BC

2014  China

Yan TH

resection of the

bladder

0.021

0.422

NA

NA 0.828

102 Fold-change 0.655 0.961 NA

Up

Surgical resection  linc-UBC1

2013 China RCS BC NA

He W

RCS, retrospective cohort study; PCS, prospective cohort study; CCS, case-control study; UBC, urinary bladder cancer; UCB, urothelial carcinoma of the bladder; MIBC, muscle-invasive bladder cancer; BTCC, bladder transitional

cell carcinomas, BC, bladder cancer; UNB, urothelial neoplasms of the bladder; UC, urothelial cancer; NMIBC, non-muscle invasive bladder cancer; BT, bladder tumors, LncRNAs, long non-coding RNAs; Up, up-regulation; Down,

down-regulation; NA, not available.

the random-effect model was chosen for the meta-analysis;
otherwise, the fixed-effect model was used. Odds ratio (OR)
with 95% CI was used to evaluate association between IncRNAs
expression and clinicopathological parameters. Pooled HR with
95% CI was calculated to summarize the effect between IncRNAs
and survival in patients with bladder cancer. For the diagnostic
meta-analysis, correlated diagnostic accuracy indexes were
computed as follows: sensitivity, specificity, positive likelihood
ratio (PLR), negative likelihood ratio (NLR), diagnostic odds
ratio (DOR), summary receiver operating characteristic (SROC)
curve, and AUC. Publication bias was detected using Deeks’
regression test of asymmetry (Deeks et al., 2005). All statistical
analyses were performed by using STATA 13.1 program (Stata
Corpotion, College Station, Texas, USA).

RESULTS

Study Selection

As shown in the flow diagram (Figure 1), we identified 737
records in the electronic databases, including Pubmed, Embase,
and Web of Science. Firstly, 283 duplicate records were excluded
using EndNote X8. With the inclusion and exclusion criteria,
396 records were excluded by reviewing titles and abstracts.
Subsequently, the 58 remaining full-text articles were assessed.
Among 58 articles, 21 were excluded from the quantitative
synthesis for the reasons depicted in Figure 1. No additional
studies were identified by a manual search of the references of the
original studies. Finally, the remaining 37 articles were eligible
for the systematic review (Wang et al., 2006; He et al., 2013,
2016a,b; Fan et al., 2014; Li et al.,, 2014, 2017; Srivastava et al.,
2014; Yan et al., 2014; Chen et al., 2015, 2017; Eissa et al., 2015a,b;
Milowich et al., 2015; Zhao F. J. et al., 2015; Zhao X. L. et al,,
2015; Duan et al., 2016; Iliev et al., 2016; Zhan et al., 2016a,b,
2017a,b; Zhang et al., 2016, 2017; Cao et al., 2017; Cui et al., 2017;
Dudek et al.,, 2017; Du et al, 2017; Hu Y. Y. et al, 2017; Liao
et al,, 2017; Lin et al,, 2017; Tolkach et al., 2017; Wu et al., 2017;
Xiong et al., 2017; Yang et al., 2017; Ye et al., 2017; Zhuang et al.,
2017), including 26 studies for clinicopathological parameters, 19
studies for prognosis, and 7 studies for diagnosis.

Clinicopathological Parameters

Table 1 summarized the main characteristics of studies on
the association between IncRNAs and clinicopathological
parameters. All the selected studies on clinicopathological
parameters were from China, with 20/26 (76.9%) being
published between 2016 and 2017. The systematic review
of clinicopathological parameters was performed in 1,896
patients with bladder cancer, including urinary bladder cancer,
urothelial carcinoma of the bladder, muscle-invasive bladder
cancer, bladder transitional cell carcinomas, and non-muscle
invasive bladder cancer. Twenty-four IncRNAs were described
in the 26 studies involved in clinicopathological parameters.
The expression of MALAT1 (Fan et al., 2014; Li et al., 2017),
ASAPI1-IT1 (Yang et al, 2017), SPRY4-IT1 (Zhao X. L. et al,
2015), IncRNA-n336928 (Chen et al., 2015), linc-UBC1 (He
et al, 2013), SUMOI1P3 (Zhan et al., 2016b), HNF1A-AS1
(Zhan et al.,, 2017b), CCEPR (Zhan et al., 2017a), linc00346
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(Ye et al,, 2017), XIST (Hu Y. Y. et al, 2017; Xiong et al.,
2017), ZEB2-AS1 (Wu et al.,, 2017), ZEB1-AS1 (Lin et al., 2017),
PVT1 (Cui et al, 2017), ABHD11-AS1 (Chen et al., 2017),
SNHG16 (Cao et al, 2017), IncRNA-UNMIBC (Zhang et al.,
2016), PANDAR (Zhan et al., 2016a), AATBC (Zhao F. J. et al,,
2015), and HOTAIR (Yan et al., 2014) were up-regulated in
bladder cancer patients, while the expression of IncRNA-LET
(Zhuang et al,, 2017), IncRNA-LOWEG (Liao et al, 2017),
NBAT1 (Du et al., 2017), BANCR (He et al., 2016b), and
MIR31HG (He et al, 2016a) were down-regulated. Only one
study reported that down-regulated IncRNA-LOWEG were
significantly associated with gender of patients (Liao et al., 2017).
The results of these studies indicated that 24 IncRNAs were not
significantly correlated with age of patients and tumor number.
Two studies claimed that up-regulated ZEB2-AS1 (Wu et al,
2017) and XIST (Hu Y. Y. et al., 2017) were significantly related
to tumor size. Dysregulated SPRY4-IT1 (Zhao X. L. et al., 2015),
IncRNA-n336928 (Chen et al., 2015), SUMOI1P3 (Zhan et al,
2016b), HNF1A-AS1 (Zhan et al., 2017b), CCEPR (Zhan et al.,
2017a), ZEB1-AS1 (Lin et al., 2017), NBAT1 (Du et al., 2017),
PVT1 (Cui et al, 2017), ABHD11-AS1 (Chen et al., 2017),
PANDAR (Zhan et al., 2016a), AATBC (Zhao F. J. et al., 2015),
and HOTAIR (Yan et al., 2014) were significantly associated with
histological grade. Dysregulated ASAP1-IT1 (Yang et al,, 2017),
IncRNA-LET (Zhuang et al., 2017), XIST (Hu Y. Y. et al,, 2017;

Xiong et al., 2017), ABHDI11-AS1 (Chen et al., 2017), SNHG16
(Cao et al, 2017), BANCR (He et al., 2016b), and MIR31HG
(He et al., 2016a) were significantly associated with TNM stage.
Furthermore, SPRY4-IT1 (Zhao X. L. et al.,, 2015), MALAT1 (Li
et al,, 2017), linc-UBC1 (He et al., 2013), IncRNA-LET (Zhuang
et al., 2017), ZEB2-AS1 (Wu et al., 2017), XIST (Hu Y. Y. et al.,
2017), PVT1 (Cui et al., 2017), and SNHG16 (Cao et al., 2017)
were significantly associated with lymph node metastasis status
in patients with bladder cancer.

Two IncRNAs (MALAT1 and XIST) were investigated in two
studies, respectively. Therefore, we performed a meta-analysis
to evaluate the association between MALAT1 and XIST and
clinicopathological parameters. For the MALAT1, we combined
two studies with a total of three groups according to different
clinicopathological parameters (Figure 2). Heterogeneity was
observed in two groups (Gender, I, = 81.0%, p = 0.022; Tumor
stage T, I, = 50.8%, p = 0.154); therefore, a random effect
model was used for the quantitative pooling. The results revealed
that high MALAT1 expression was significantly associated with
lymph node metastasis (OR = 2.731; 95% CI: 1.409-5.292; p =
0.003). However, expression of MALAT1 was not significantly
associated with gender of patients (OR = 1.748; 95% CI: 0.440—
6.951; p = 0.428) and tumor stage T (OR = 0.501; 95% CI: 0.225-
1.120; p = 0.092). For the XIST, we combined two studies with
a total of three groups according to different clinicopathological

Study %
ID OR (95% CI) Weight
Gender (Male vs Female)
Fan'Y 2014 (MALATI1) + 3.67 (1.40,9.63) 47.32
Li C 2017 (MALATI) —_— 0.90 (0.44, 1.85) 52.68
Subtotal (I-squared = 81.0%, p = 0.022) <:>— 1.75 (0.44,6.95)  100.00
Tumor stage T (Ta—T1 vs T2-T4)
Fan'Y 2014 (MALATI1) g 0.78 (0.33, 1.81) 46.98
Li C 2017 (MALATI) _— 0.34(0.16,0.72)  53.02
Subtotal (I-squared = 50.8%, p = 0.154) <>> 0.50(0.22, 1.12) 100.00
Lymph node metastasis (Yes vs No)
Fan'Y 2014 (MALAT1) -+ 2.21(0.88, 5.56) 51.33
Li C 2017 (MALAT1) - 3.42(1.32,8.83)  48.67
Subtotal (I-squared = 0.0%, p = 0.517) <> 273 (1.41,529)  100.00
NOTE: Weights are from random effects analysis
I I
104 1 9.63
FIGURE 2 | Forest plots of odds ratios (OR) for the association between MALAT1 expression and clinicopathological features in bladder cancer patients.
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parameters (Figure 3). After analysis using fixed effect model, our
results revealed that high expression of XIST was significantly
associated with larger tumor size (OR = 2.473; 95% CI: 1.159-
5.276; p = 0.019). In addition, high expression of XIST was
related to higher TNM stage (OR = 0.400; 95% CI: 0.184-0.868;
p = 0.020). However, expression of XIST was not significantly
associated with tumor number (OR = 0.859; 95% CI: 0.413-
1.783; p = 0.682). Publication bias was not assessed because only
two studies investigated the same IncRNA MALAT1 or XIST that
were pooled into the meta-analysis.

Prognosis

Nineteen studies on prognosis were eligible for the final
analysis, with 13/19 (68.4%) being published between 2016 and
2017. Most of the eligible studies were conducted in Chinese
populations (84.2%), followed by German (5.3%), Czech (5.3%),
and Netherlander (5.3%). Additionally, NOS scores indicated
that 17 (89.5%) of the 19 eligible studies were not <7 (Table
S3). Summary of IncRNAs used as prognostic biomarkers of
bladder cancer was presented in Table 2. The systematic review
of prognosis was performed in 1,604 patients with bladder cancer,
including urinary bladder cancer, urothelial carcinoma of the
bladder, muscle-invasive bladder cancer, bladder transitional cell
carcinomas, and non-muscle invasive bladder cancer. Fifteen
studies containing 17 IncRNAs were available to evaluate the

relationship between abnormally expressed IncRNAs and OS of
bladder cancer patients. HRs and their corresponding 95% CI
were produced from the eligible studies. An observed HR <
1 implied that the patients with increased IncRNAs expression
had a better survival. Conversely, an observed HR > 1 implied
that the patients with increased IncRNAs expression had a worse
survival. Increased expressions of MALAT1 (Fan et al., 2014; Li
et al., 2017), ASAP1-IT1 (Yang et al, 2017), SPRY4-IT1 (Zhao
X. L. et al,, 2015), TUG1 (Iliev et al., 2016), IncRNA-n336928
(Chen et al.,, 2015), GHET1 (Li et al., 2014), linc-UBC1 (He et al.,
2013), YRNAS (Tolkach et al., 2017), XIST (Hu Y. Y. et al., 2017),
PVTI1 (Cui et al., 2017), and SNHG16 (Cao et al., 2017) were
significantly correlated with poor prognosis in OS, along with
decreased expressions of CAT1297 (Dudek et al., 2017), IncRNA-
LET, YRNALI (Tolkach etal., 2017), YRNA3 (Tolkach et al., 2017),
YRNA4 (Tolkach et al., 2017),and NBAT1 (Du et al., 2017). It was
worth noting that the most significant association was observed
between increased expressions of SPRY4-IT1 and poor OS (HR
= 3.716; 95% CI: 2.084-6.719; p < 0.001). One study containing
4 IncRNAs were available to evaluate the relationship between
abnormally expressed IncRNAs and CSS of bladder cancer
patients. Increased expressions of YRNA4 (Tolkach et al., 2017)
and YRNAS5 (Tolkach et al., 2017) were significantly correlated
with poor prognosis in CSS, along with decreased expressions
of YRNA1 (Tolkach et al,, 2017) and YRNA3 (Tolkach et al,,

Study %
D OR (95% CI) Weight
Tumor size (>3 vs <3)
Xiong YY 2017 (XIST) - 2.49(0.93,6.64)  59.85
HuYY 2017 (XIST) + 2.45(0.75, 8.07) 40.15
Subtotal (I-squared = 0.0%, p = 0.987) <> 2.47(1.16,5.28)  100.00
Tumor number (Single vs Multiple)
Xiong YY 2017 (XIST) 0.94 (0.36,2.45)  55.48
Hu YY 2017 (XIST) + 0.76 (0.24,234)  44.52
Subtotal (I-squared = 0.0%, p = 0.772) <> 0.86 (0.41,1.78)  100.00
TNM stage (I /I vs M/IV )
Xiong YY 2017 (XIST) - 0.35(0.13,0.95)  63.65
Hu YY 2017 (XIST) + 0.49 (0.14,1.67)  36.35
Subtotal (I-squared = 0.0%, p = 0.683) <> 0.40 (0.18, 0.87) 100.00
T T
124 1 8.07
FIGURE 3 | Forest plots of odds ratios (OR) for the association between XIST expression and clinicopathological features in bladder cancer patients.

Frontiers in Physiology | www.frontiersin.org

May 2018 | Volume 9 | Article 652


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

INcRNAs in Bladder Cancer

Suetal.

(penunuoD)

(16'L1-ev°0) L2C Jappe|q Jo
“JeloN-Ue|dey SO (el 09 ues\ YOd-1db enssil 1z G2 e14 dn 9LDHNS  [erowsel [eed JO [BJ0L A0 o4  SOd 'ulyo 210z X 0eD
(62€-90'1) (r9'e)
00°2 :ererenln SO (B0l 09 uesiN 4Od-Lyb enssi, €/ ¢/ orl an LA Aebing VN od  SOd euyo /loe AIND
(ZL'1=v10) 170
BEICTARVITCIoN SO (el 09 VYN HOd-14b enssif  ¥&  G¥ 6. umog  L1vaN uonossal [eolBINS YN 0od  Sod eulyo 210z ang
(P2'G-€¥°0) 1G'L
“JoloIN-Ue|dey SO (el 0 VYN 40d-14b enssil 0z c¢ 2s dn 1SIX Aebins uopossey Al 0od  SOd euyo /1og AANH
(ee€'6-955°0)
0.8}
/¥952-219°0)
052"+ GYNHA
(L68'2-L¥10)
LELL
/702G 1¥°0)
926°0 YYNHA
(¢zz2-80¢€°0)
€680
/€19°1-20€°0)
669'0 EYNHA
(82l 2510
0280
/818'1-25€°0) otz-1) SYNYA
9080 ke PYNYA
LVNdA SSO/SO {(ebuel) EVNYA  Awojosysko [eolpe io
ofeUeANN SSO SO Uelipsiy YN d0d-14b enssil VYN WN 88 umog  LYNYA uopossel [elyiednsuell  wN 0dn SOd  Auewsen /102 A yoedoL
(£6'2-61'0002°0 131
BEICTARVITCIoN SO (E0) 09  uepsiN HOd-Lyb enssifl  0g  0¢ 09 umog  -YNYou| Aebing  AIFO odn  SOd euyo /1og  rBuenyz
(606°0-782°0) (rerol)
80G°0 :FeUBANA SO 891 YN VOOL enssil 19 09 [k} dn /6211v0 N VN OdIN SOd SPuBLsUION /102 NV epna
Joppelq
By1 JO uonossal [eolpel
(628°¢-9¢2°1) (s9°2) pue Iowny Isppe|q Jo
950°Z :ereUBANNA SO (eol) 09 ues HSI enssi. 95 9 0zh dn  LIVIVIN - uopossel eayjeansued. YN od  SOd euyo /1og on
(c218:0-5982°0) Awioyoeisho [eolpel pue
¥28%°0 :ererenun s4a (el 09 VYN "Od-14b enssif Ly Iy 28 umoqQ GSVYH  UORO8sal [eayieinsuel 0019  SOd eulyo /l0g  Hbueyz
(625°9-950°1) (er1) |
6£9'Z :OFeUBANNN SO (El0) 0G  wnipejy YOd-Lyb enssif 6z 62 85 dn  -Ldvsvy Awoyoeisho jeoipey Al odn SOy BulyD /102 7 Bues
mo7 ybiH
syjuow sjuaned sjuaned
(19 %S6) (Mo sisAjeue dn poyow a|dwes J0 jo abeys uonendod ubisap
*SAYBIH) UH [BAIMNS  -mojj04 goinguonosleq  paloeleq JaquinN  Jaquinp uoissaidxg syNYou juaned jo juswieall  ANL uaned Apms Anuno) aesp Apnis

*Jo0URD Jeppe|q JO siexsewolq oisouboud se pasn syNHou| Jo Arrwwing | g 319V.L

May 2018 | Volume 9 | Article 652

Frontiers in Physiology | www.frontiersin.org


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

INcRNAs in Bladder Cancer

Suetal.

‘B/qE|IBAR JOU VN ‘SBJJY SUOUSL) JedUB)) 8y ‘VOO.L {UOHBZIPLGAY NYS Ul ‘HS| uoioBa. Uieyo aselowAiod aui-1eal enjeiuenb ‘YOd-14b [BAInNS 8a.l-e0us.lindal ‘S44
leAININS D1Yj08ds-190URD ‘SSD) {[BAINNS 88.4) 8SBASID ‘SH{ [BAINNS [[BISAOC ‘SO ‘uoneinbai-umop ‘umoq ‘uoneinbai-dn ‘dn SyNY Buipoo-uou Buoj ‘SyNHOUT (Siown) Jeppelq ‘| g L4eouBd JsppE|q SAISBAUl 8joSNW-UOU ‘DGINN L4eourd
18ppEIq ‘D SBWoUoIR) (80 [BUORISUBI] J8PPEBIq DL 480URd 18pPEIq BAISBAUI-8[0SNW “DgI/ 18PPEIq 8y} JO BUIOUIDIBD [Bljay1oin ‘goN eoued seppelq Areuun ‘Ogn “Apnis LIoyoo eapoadsoid ‘SO Apnis 1Hoyoo enjoedsonel ‘'SoY

(61'6-9€°0) L0°L Lodn
oo -Ue|dey SO (&0l 08 VYN d0d-14b onssi | [44 09 0t an -oul uonossal [eolBINg VN ols] SOd Beulyd  ¢10c M 8H
(v12'8-v68'2) Jeppelq ayi Jo
Zh.L'Y elelenninin S4d  (fe10l) 09 uesiN 4Od-Lyb anssi | 0¢ 06 Okt dn  HIVIOH uonosse [eiyeinsuel| VN ols] SOd BUYD ¥10C H.L uex
(S¥'g-G2'0) ZL'L J1eoueo Jeppe|q Arewd
JelB|N-ue|de] SO (eoD) 09  uepaN HOd-14b enssil ¥  6¢ 08 dn  L13HO ay}jouonossey YN od  Sod BulyD 102 rn
(€12-89°0)
9¢’ | eleleAlniN SO (eol) 0 UepsN YOd-Ldb enssi | 0S8 14 g6 an  LIVIVIN VN VN 19 SOd Beulyd  ¥10c A Ueq
(0r9'g-200'1) 8c69ceU
1/€'¢ elelenninin SO (el 09 VYN dOd-1db enssi | LG 144 g6 an  -vNyou| AwojoesAo [eolpey VN ols] SOd BUYD SL0C 1usyo
AW01081sA0 [eolpel
61297802 (89°¢) L1l pue Awoyoeisho feped
91/'¢ ereuennniA SO (ewol) 09 uesN 4od-Ldb enssi | 0oe 8¢ 89 dn  -vA"dS ‘uonossei feiuieinsuel VN gon SOd BUYD S10C X oeyz
(92-¥) /S Awoy0818A0
(£86'0-502°0) :(ebuel) [eQlpel O Uono9sal
0G0 ereuenniA Sdd  ueIpsN  oAlelpY YOd-lyb enssi/wnies YN WN 08 umoQ EOAN  Ieppelq [edyidinsuel| VN 04 SOd BUYD 910 M uendg
(288 7-70G"1) OdIINNN
29€'¢ elelennin S4d  (jelol) ¢ VYN dOd-1db enssi | 0oe S Sz dn  -vNyou| VN VN OgIAN SOd BUIYD 9102 NS Bueyz
(roL-2l)
0¢
(r2s-eLh) ((ebue))  (zez1'0) Awojoesho olgndey
7G'¢ ereleAlniA SO  Uelpsy uesN  HOd-L4b anssi|. (¥4 9¢ Ly an 1ONL [edIpel IO [eled VN OdIN SOd Yooz 910¢ d A8l
moT ybiH
syjuow sjuaned sjuaned
(19 %66) (Mo sisAjeue dn poylow o|dwes J0 jo abejs uone|ndod ubisap
'SAYBIH) HH [eAIMNS  -mojjod  Jolnpuonoeleg  palodleq JaquinN  JaquinN uoissaidxg SYNYOou] juaned jo juswileail  WNL waned Apnms  Anuno) Jeap Apms

panunuo) | 2 31avL

May 2018 | Volume 9 | Article 652

Frontiers in Physiology | www.frontiersin.org


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

Suetal.

INcRNAs in Bladder Cancer

2017). Three studies containing 3 IncRNAs were available to
evaluate the relationship between abnormally expressed IncRNAs
and RFS of bladder cancer patients. Increased expressions of
IncRNA-UNMIBC (Zhang et al., 2016) and HOTAIR (Yan et al,,
2014) were significantly correlated with poor prognosis in RFS,
along with decreased expression of MEG3 (Duan et al., 2016).
It was also worth noting that the most significant association
was observed between increased expressions of HOTAIR and
poor RES (HR = 4.712; 95% CI: 2.894-8.714; p < 0.001). Only
one study was available to evaluate the relationship between
abnormally expressed IncRNAs and DFS of bladder cancer
patients. Decreased expression of GAS5 (Zhang et al., 2017) was
significantly correlated with poor prognosis in DFS.

Two studies investigated the relationship between the
expression of MALAT1 and OS in a total number of 215 bladder
cancer patients. Therefore, we carried out a meta-analysis on
the association between abnormally expressed MALAT1 and
the OS of bladder cancer patients. There was not statistically
significant heterogeneity among studies (I = 29.9%, p = 0.232).
After analysis using fixed effect model, our result suggested that
high MALAT1 expression was significantly correlated with poor
prognosis in OS (HR = 1.611; 95% CI: 1.076-2.412; p = 0.020)
(Figure 4). Publication bias was not assessed because only two
studies investigated the same IncRNA MALAT]1 that were pooled
into the meta-analysis.

Diagnosis

In the diagnosis category, summary of IncRNAs used as
diagnostic biomarkers of bladder cancer are presented in Table 3.
Eight IncRNAs were described in the seven studies providing
complete diagnostic data. The expression of SNHG16 (Duan
et al.,, 2016), MALAT1 (Duan et al., 2016), and UCA1 (Wang

et al.,, 2006) were up-regulated in bladder cancer tissue, while the
expression of YRNAI1 (Tolkach et al., 2017), YRNA3 (Tolkach
et al., 2017), YRNA4 (Tolkach et al., 2017), YRNA5 (Tolkach
etal., 2017), and MEG3 (Duan et al., 2016) were down-regulated.
Diagnostic accuracy differed greatly between different IncRNAs
tests. We found that UCA1 test had the highest sensitivity (91.5%)
and specificity (96.5%) in the study conducted by Eissa et al.
(Eissa et al., 2015a). Quality assessment of diagnostic studies
included in the systematic review by the QUADAS tool was
presented in Table S4, which showed that QUADAS scores of
prognostic studies ranged from 9 to 12, indicating the high
quality of included studies.

Since five studies investigated diagnostic value of UCA1
for bladder cancer, a meta-analysis was performed based on
UCALI. There was statistically significant heterogeneity in pooled
sensitivity (I = 79.41%, p < 0.01) and pooled specificity (I,
= 90.43%, p < 0.01), then, a random-effect model was chosen
for the generation of pooled indexes. The pooled sensitivity of
UCA1 was 0.84 (95% CI: 0.76-0.89), specificity was 0.89 (95%
CI: 0.78-0.95), PLR was 7.81 (95% CI: 3.45-17.68), NLR was
0.18 (95% CI: 0.11-0.30), and DOR was 39.65 (95% CI: 10.40—
151.12). Forest plots of pooled sensitivity and specificity for
UCA1 was presented in Figure 5. The AUC of SROC curve
based on summary sensitivity and specificity were 0.92 (95% CI:
0.89-0.94) (Figure 6), indicating a moderate accuracy for the
diagnostic test. To obtain the post-test probability, we performed
a simulation of an environment that had a prevalence of 20% for
bladder cancer, with base on the included studies. Incorporating
this evidence in a Fagan’s nomogram (Figure 7), it appeared
that the positive post-test probability was 66% and the negative
post-test probability 4%. Deeks’ funnel plot asymmetry test was
performed to check publication bias in this meta-analysis. The

Study
ID

(High vs Low)

Good association

HR (95% CTI)

Fan'Y 2014 (MALATI)

Li C 2017 (MALATI1)

Overall (I-squared =29.9%, p = 0.232)

Weight
Poor association
i
i
1
: 1.26 (0.68, 2.13) 555
1
1
! \
2.06 (1.24, 3.88)
! / 50.05
1
1
61(1.08,2.4
161 (1.08, 2.41) —

T
258 1

FIGURE 4 | Forest plots of studies evaluating hazard ratios of up-regulated MALAT1 expression and the overall survival (OS) of bladder cancer patients.

Frontiers in Physiology | www.frontiersin.org

10

May 2018 | Volume 9 | Article 652


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

INcRNAs in Bladder Cancer

Suetal.

‘9|qBIRAR JOU YN SBI] JO XSL MOJ SB PespISuoD 8q [im Apnis
By} ‘g UBY} JoYBIY SI 8J00S SAEINUIND B Jf, {UOIORS. Uleyd 8selewAiod awi-[eal aapeyuenb ‘Yod-1Hb oaino ey) Jepun gate ‘DN ‘uoneinbas-umop ‘umoq ‘uoneinbel-an ‘an ‘syNY Buipoo-uou Buoj ‘SyNHoUT Leaued Jeppelg ‘Og

aseasip
10eJ} ABUnN Jooued
o] HOdb-14  se|dwes enssi|. 2880 8'16 6'08 g8 6 dan FVON  VNJ8UIO pue [BULION Jeppe|g enioadsosey euIyd 900¢ SX Buep
sJopJosip
jueubiew-uou Jeppe|q
pue sfenpiapul - Adeuun ayy
L HOdb-1H  sejdwes suln €980 €.'6/ 6v'6. |22 L1 an IYon  WN AyyesH jo ewouIe) oARORdsONRY BIPU| #10Z MV BABISBAUS
S|0JJU0D [euliou
payolew-ebe
pue suoiss| Jooued
b Hodb-14  seidwes suun G/6°0 96 g6 9kt ¥6 an LYON - Jeppeq ublueg Jeppelg ennoadsoley 1dA63 G102 S essd
seseas|p  Buwouosed
LE Hodb-1d  sejdwes suun 9960 £'c6 2’68 jei4 68k an LvON  lii- [ediBojoin ubiueg Jappelg ennosdsoliey 1dAB3 G102 S essig
SUOI}PUOD Jooued
ah Hodb-1y  sejdwes suun VN 02'0. 00'0L 6 0L dan IYON VN [edibojoin Jeuo Jeppelg  eaoedsold  wnibleg GL0Z A YOIMOIIN
0¥9'0 199
HIVIVIN HIVIVIN
189°0 G'L9 HIVIVIN 9 an LIV IVIN FIVIVIN
so|dwes  9IHHNS 0°G9 :9LOHNS  9LDHNS dn :91OHNS 9LOHNS aseasip ubjueq Jooued
(o] H4odb-14 enssij/wunies 8620 :€OAN  8'GZ *€DIIN 0°0Z :€OIN och 0ch umoQ:eo3anN €OIN  WN pue AyyesH Jeppelg ennoadsoley BUIYD 910¢ M uend
G120 'GYNHA €€/ ‘GYNHA 0'GZL ‘SYNHA SYNYA
778'0 'WVYNUA  2'98 PVNUA 0°GL ‘PVNUA PVYNYA
€98°0 ‘SVNHA 008 ‘EVNHA 988 ‘SVNHA EVNUA anssn J8dueo
6 HOdb-1y  sejdwes anssi] 1G8°0 (LYNHA €€ (LYNYA 6'06 :LYNYA 0¢ 88 umod FWNHA VN [Bl[8Y10In [eulioN Jeppelg  eAjoedsold  Aueunen /10g A yoeMioL
sjoijuoy sasen s|joiuod sase)
e(sa109s) poylaw a|dwes (%) (%) obels
SYavno uonoaeq pajoaleq onv  Auoyoadg Apasusg  azis s|dweg uoissaidx3gy SYNYOUT WNL uonendod juaned ubisap Apmg  A)uno) Jesp Apms

JOOUED Joppe|q JO Sieyiewolq olisoubelp se pasn SyYNYoU| Jo Alewwng | € 379V.L

May 2018 | Volume 9 | Article 652

11

Frontiers in Physiology | www.frontiersin.org


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

Suetal.

INcRNAs in Bladder Cancer

Studyld SENSITIVITY (95% CI)

|
.

Wang XS 2006 (UCAI) 0.81 [0.71 - 0.88]
Srivastava AK 2014 (UCAL1) — 0.79 [0.71 - 0.86]
|
|
|
Eissa S 2015 (UCA1) —e— 0.91 [0.84 - 0.96]
|
|
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|
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|
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FIGURE 5 | Forest plot of the sensitivity (Left) and specificity (Right) of UCA1 for the diagnosis of bladder cancer.
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result indicated that no significant bias was found (t = —0.59;
p = 0.598). The shape of the funnel plot was presented in
Figure 8, without any evidence of obvious asymmetry. Therefore,
no obvious publication bias existed in the meta-analysis of
diagnostic studies.

DISCUSSION

Increasing evidences have indicated that abnormally expressed
IncRNAs were correlated with clinical outcomes for patients
with bladder cancer in recent years. Multiple IncRNAs were
highlighted as potential diagnostic and prognostic biomarkers for
bladder cancer and shown to be potential new targets for cancer
drugs. Eissa et al. (2015b) found that there was a significant
difference between bilharzial benign and malignant cases
regarding urinary IncRNA-UCAI expression, and suggested
that UCAl-nanoassay was a valid test for direct detection of
urine UCA1 for bladder cancer detection. Fan et al. (2014)
revealed that MALATI1 level was higher in primary tumors
that subsequently metastasized than those in non-metastatic
bladder cancer, and suggested that MALAT1 inhibition may
represent a promising therapeutic option for suppressing bladder
cancer progression. While Li et al. (2017) demonstrated that
high tumor stage, positive lymph nodes, and high MALAT1

expression were independent prognostic indicators for OS of
bladder cancer patients, and suggested that high MALAT1
expression could be considered as a potential therapeutic
target of bladder cancer. However, most studies examining the
clinical values of aberrantly expressed IncRNAs was limited
by relatively small sample size or single IncRNA, which may
result in inconsistent biological conclusions. Therefore, we
performed a comprehensive systematic review and meta-analysis
to systematically evaluate the clinical values of various IncRNAs
in bladder cancer.

In the present systematic review, we investigated the
relationship between multiple IncRNAs and clinicopathological
parameters of bladder cancer. Most of the included studies
suggested that multiple IncRNAs might be used as potential
biomarkers of histological grade, TNM stage, tumor stage T,
and lymph node metastasis. Many IncRNAs were identified
in multiple different studies but only 2 (MALAT1 and XIST)
were found to be studied in more than one study. For the
MALATI, Li et al. (2017) reported that high expression of
MALAT1 was closely associated with higher probability of
lymph node metastasis; but Fan et al. (2014) did not find
statistically significant association between increased MALAT1
expression and lymph node metastasis. Pooled result showed
that high expression of MALAT1 was significantly associated
with lymph node metastasis, suggesting that MALAT1 can serve
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FIGURE 6 | The summary receiver operator characteristic (SROC) curve based
on UCA1. SECS, sensitivity; SPEC, specificity; AUC, area under the curve.

as a valuable biomarker for predicting lymph node metastasis
status. For the XIST, high expression of XIST was related to
larger tumor size and higher TNM stage after we pooled OR,
suggesting that XIST can serve as a valuable biomarker for
predicting tumor size and TNM stage in patients with bladder
cancer. However, we did not provide enough information about
bladder cancer patients. Some studies reported that patients
were treated by surgery only and did not receive radiotherapy,
chemotherapy, or other therapy before surgery; others did not
mention treatment. Clinicopathological data such as gender,
age, histological grade, TNM stage, or lymph nodal status were
obtained at the same time. TNM stage was reported only in
some studies and ranged from 0 to IV. LncRNAs expression was
detected using by quantitative real-time PCR in tissue sample
which were obtained and immediately frozen at the same time.
Then study evaluated the association between IncRNAs and
clinicopathological parameters. So whether the patients can be
cured was not reported in the most studies included.

We explored the prognostic role of multiple IncRNAs in
bladder cancer. For OS, we found that the increased expressions
of 11 IncRNAs were related to poor prognosis in bladder cancer,
while the decreased expressions of 6 IncRNAs were related to
poor prognosis. Among them, SPRY4-IT1 (Zhao X. L. et al,
2015) exhibited the highest HR of 3.72, while NBAT1 (Du et al.,
2017) exhibited the lowest HR of 0.41. Meta-analysis of different
IcRNAs with prognosis was not performed, because we thought
that meta-analysis of random IcRNAs doesn’t make sense on
a scientific level. However, MALAT1 was investigated in two
studies (Fan et al.,, 2014; Li et al., 2017), so we carried out a
meta-analysis on the association between abnormally expressed
MALATI1 and the OS of bladder cancer patients. Our result
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FIGURE 7 | Fagan's nomogram for the calculation of post-test probability.

suggested that high expression of MALAT1 was significantly
correlated with poor prognosis in OS among patients with
bladder cancer. A previous meta-analysis conducted by Tian and
Xu (2015) reported that MALAT1 expression was an independent
prognostic marker for OS in patients with cancer using univariate
and multivariate analyses, those findings in consist with our
results. Therefore, high MALAT1 expression can serve as an
independent prognostic factor for OS of bladder cancer patients
and can be considered as a potential therapeutic target of bladder
cancer.

Diagnostic accuracy of multiple IncRNAs tests was explored
in the present systematic review. Different IncRNAs tests differed
in their sensitivity and specificity. Five studies investigated
diagnostic value of IncRNA UCA1 for bladder cancer, but
diagnostic accuracy differed greatly among these studies. Meta-
analysis is a method of summarizing discrepant data on
the accuracy of diagnostic tests. So a meta-analysis was
performed based on UCAL. As a result, the overall pooled
sensitivity and specificity of UCA1 for bladder cancer were
0.84 and 0.89, respectively, along with an AUC value of 0.92,
suggesting that the diagnostic accuracy of UCA1 was moderate.
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However, there was statistically significant heterogeneity in
pooled sensitivity and pooled specificity. We supposed that
the patient populations, sample size, and the different cut-
off value might be the potential source. But data were not
enough to illustrate main source of heterogeneity. Thus, a meta-
regression analysis is urgently needed to assess how study-specific
attributes caused heterogeneity. The DOR shows the correlation
between diagnostic efficiency and the disease, which has better
discriminatory test performance with an extremely higher value
(Glas et al., 2003). In current study, the DOR value was calculated
to be 39.65, suggesting a moderate diagnostic accuracy of UCA1
for bladder cancer diagnosis. In addition, a lower NLR and a
higher PLR values show a better diagnostic performance. In
this study, the pooled PLR and NLR values were calculated
to be 7.81 and 0.18 for UCAI, respectively, also suggesting a
moderate diagnostic accuracy. These data suggested that UCA1
expression test showed a moderate diagnostic accuracy for
bladder cancer. Therefore, UCA1 can be considered as a potential
biomarker to assist in the diagnosis of bladder cancer. The
diagnostic significance of UCA1 expression in bladder cancer
has been investigated by meta-analysis in recent studies (Wang
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