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ABSTRACT

Ultraconserved regions (UCRs) have been shown to originate non-coding RNA 
transcripts (T-UCRs) that have different expression profiles and play functional roles 
in the pathophysiology of multiple cancers. The relevance of these functions to the 
pathogenesis of bladder cancer (BlCa) is speculative. To elucidate this relevance, 
we first used genome-wide profiling to evaluate the expression of T-UCRs in BlCa 
tissues. Analysis of two datasets comprising normal bladder tissues and BlCa 
specimens with a custom T-UCR microarray identified ultraconserved RNA (uc.) 8+ as 
the most upregulated T-UCR in BlCa tissues, although its expression was lower than 
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in pericancerous bladder tissues. These results were confirmed on BlCa tissues by  
real-time PCR and by in situ hybridization. Although uc.8+ is located within intron 1 
of CASZ1, a zinc-finger transcription factor, the transcribed non-coding RNA encoding 
uc.8+ is expressed independently of CASZ1. In vitro experiments evaluating the effects 
of uc.8+ silencing, showed significantly decreased capacities for cancer cell invasion, 
migration, and proliferation. From this, we proposed and validated a model of interaction 
in which uc.8+ shuttles from the nucleus to the cytoplasm of BlCa cells, interacts 
with microRNA (miR)-596, and cooperates in the promotion and development of BlCa. 
Using computational analysis, we investigated the miR-binding domain accessibility, 
as determined by base-pairing interactions within the uc.8+ predicted secondary 
structure, RNA binding affinity, and RNA species abundance in bladder tissues and 
showed that uc.8+ is a natural decoy for miR-596. Thus uc.8+ upregulation results in 
increased expression of MMP9, increasing the invasive potential of BlCa cells. These 
interactions between evolutionarily conserved regions of DNA suggest that natural 
selection has preserved this potentially regulatory layer that uses RNA to modulate miR 
levels, opening up the possibility for development of useful markers for early diagnosis 
and prognosis as well as for development of new RNA-based cancer therapies.

INTRODUCTION

Ultraconserved regions (UCRs) are sequences of the 
human genome located within intragenic and intergenic 
regions that are absolutely conserved (100% identity 
with no insertions or deletions) among orthologous 
regions of the human, rat, and mouse genomes [1]. 
Transcribed ultraconserved regions (T-UCRs) constitute 
a novel category of long non-coding RNAs. T-UCRs are 
often contained in RNA sequences that extend beyond 
the conserved regions described by Bejerano et al [1], 
and their functional role in the biology of cancer and 
development remains to be determined. Following our 
initial report that profiled T-UCRs for B-cell chronic 
lymphocytic leukemia [2], other groups profiled T-UCRs 
and suggested that these long non-coding RNAs could 
contribute to the development of pediatric tumors, 
neuroblastoma, and prostate cancer [3]. Researchers have 
described a role for ultraconserved RNAs (uc).73+A and 
uc.338+ as oncogenes in colorectal cancer samples [4], 
whereas other groups identified uc.388+ as an oncogene in 
hepatocellular carcinoma tissues [5]. Recently, researchers 
found uc.283+ to be highly specific for pluripotent stem 
cells and highly expressed in cases of glioma, one of the 
most untreatable cancers [6].

While microRNAs (miR) and other types of 
non-coding RNAs, such as metastasis-associated lung 
adenocarcinoma transcript 1 (MALAT1), imprinted 
maternally expressed transcript (H19), and long intergenic 
noncoding RNA Up-regulated in bladder cancer 1 (linc-
UBC1), greatly contribute to the biological function of 
bladder cancer (BlCa) and are being increasingly explored 
to improve the clinical care of patients, the biological 
importance of these UCRs in the pathogenesis of BlCa has 
not yet been investigated, and their function is currently 
unknown. These elements are more highly conserved than 
protein coding regions, suggesting that these segments 
have important, if not vital, biological functions.

We present here a comprehensive genomic 
examination of the transcriptional status of UCRs in a 
large panel of human BlCa samples. T-UCRs exert their 
biological function by sequence complementarity to other 
RNAs species. We proposed and validated a model in 
which uc.8+ acts as an efficient decoy for miR-596 and 
plays an important regulatory role in BlCa tumorigenesis.

RESULTS

Identification of differentially expressed T-UCRs 
in BlCa and normal bladder tissues

To identify the differential expression of T-UCRs 
in BlCa and normal bladder epithelium (NBE) tissues, 
we evaluated expression data on 962 sense and antisense 
transcripts of 481 known UCRs using a custom microarray 
previously used to examine ultraconserved genome 
expression profiles in patients with leukemia, colon 
cancer, or hepatocellular cancer [2, 5, 7].

We first compared the ultraconserved genome 
profiles for 24 BlCa patient samples (1_BlCa) and 17 
NBE samples (1_NBE; clinical characteristics in Table 1 , 
dataset 1). Analysis of microarrays for two-class unpaired 
data comparison [8] identified 293 T-UCRs (~60% of 
all T-UCRs analyzed) that were differentially expressed 
at a statistically significant level (P<0.05, q<0.025) 
in 1_BlCa and 1_NBE (Supplementary Table S1, top-
ranked T-UCRs). Of these, the expression of 75 of them 
increased by 1.1 to 6.7 fold in the BlCa samples; whereas 
the expression of 218 of them decreased by 0.9 to 0.2 fold 
in BlCa tissues. Compared with the NBE samples, uc.8+ 
expression increased the most (6.6 fold; P = 0.001), and 
uc.217+A expression decreased the most (5.0 fold) in 
BlCa samples (Figure 1A).

Because researchers previously showed that 
histological samples of apparently NBE obtained from 
BlCa patients exhibited genetic alterations [9], we 
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compared the ultraconserved genome profiles of BlCa 
samples collected from three patients and matched 
pericancerous BlCa (PBlCa) tissues (urothelium 
surrounding the tumors) obtained from the same patients 
(clinical characteristics are shown in Table 1 , dataset 
2). We identified 141 T-UCRs that were differentially 
expressed (Supplementary Table S2). Compared with the 
PBlCa samples, in BlCa samples, the expression of six of 
these T-UCRs increased by 1.3 to 1.9 fold, whereas the 
expression of 135 decreased by 0.8 to 0.2 fold. uc.195+ 
was the most upregulated and uc.8+ was the most 
downregulated in BlCa compared with PBlCa (Figure 1B). 
We merged the data of differentially expressed T-UCRs 
obtained from these two comparisons (1_BlCa/1_NBE 
and 2_BlCa/2_PBlCa) and identified 50 T-UCRs for which 
the change in expression was concordant (Figure 1C).

For these T-UCRs, we correlated the magnitude of 
the fold change in the two comparisons. We observed good 
overall correspondence in the fold increase of T-UCR 
expression (r=-0.4358, P<0.001). Few outliers drove 
this trend, with the most extreme being uc.8+ (6.6 fold 
increase when comparing BlCa with NBE versus 0.3 fold 
decrease when comparing BlCa with PBlCa).

To understand the regulation of T-UCRs during 
BlCa progression, we compared T-UCR expression in 
BlCa, PBlCa, and NBE tissue samples using data from the 
microarray. We found that some T-UCRs were differently 
expressed in these three tissue types (Supplementary 
Figure S1A and S1B). Particularly, expression of uc.8+, 
uc.78+, uc.249+, uc.282+, and uc.339+ was markedly 
higher in PBlCa than in NBE but was markedly lower 
in BlCa than in PBlCa tissues (Supplementary Figure 
S1A). Nevertheless, the expression of these T-UCRs 
in PBlCa tissues seemed to be higher than in NBE, and 
this difference was statistically significant only for uc.8+ 
and uc.339+ (P<0.001). Nevertheless, a large population 
may achieve statistical significance for the difference in 
expression of the other deregulated T-UCRs shown in 
Supplementary Figure S1A and S1B.

uc.8+ was the most upregulated ultraconserved 
element in PBlCa tissue samples (Figure 1D) when 
compared with corresponding BlCa tissue samples (3_
BlCa and 3_PBlCa) obtained from 18 patients (clinical 
characteristics are shown in Table 1 , dataset 3). These 
findings suggest that BlCa and PBlCa tissues have 
different UCR transcription patterns.

Table 1: Clinical characteristics of patients with bladder cancer (BlCa)*

Features Dataset 1 Dataset 2 Dataset 3 Dataset 4 Dataset 5

1_BlCa 
(N=24)

1_NBE 
(N=17)

2_BlCa 
(N=3)

2_PBlCa 
(N=3)

3_BlCa 
(N=18)

3_PBlCa 
(N=18)

1_BlCa 
(N=40)

1_NBE 
(N=16)

1_BlCa 
(N=18)

Age 
(mean±SD)

64.5
±13.8

61.9
±7.1

60.6
±8.0

60.6
±8.0

63.0
±15.7

63.0
±15.7

68.9
±10.3

65.6
±3.4

72.1
±12.4

Sex
(male/
female)

19/5 17/0 3/0 3/0 16/2 16/2 27/13 16/0 12/6

Clinical 
stage

Ta–T0 12 / / / 5 / 9 / 3

T1 3 / 1 / 4 / 10 / 3

T2 3 / 1 / 4 / 7 / 3

T3–T4 6 / 1 / 5 / 14 / 9

Pathological 
grade

G1 4 / / / 6 / 12 / 6

G2 8 / 2 / 4 / 8 / 6

G3 12 / 1 / 8 / 20 / 6

*The median follow-up duration for these patients was 27.82 months.
All patients were classified according to the 1997 UICC TNM classification for the stage and OMS 2004 for the grade.
Abbreviations: SD, standard deviation; NBE, normal bladder epithelium; PBlCa, pericancerous BlCa; ISH, in situ 
hybridization.
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Validation of differentially expressed T-UCRs

To validate the results obtained by microarray 
analysis, we assayed the expression of four ultraconserved 
RNAs (uc.8+, uc.195+, uc.339+, and uc.217+A), by 
quantitative real-time polymerase chain reaction (qRT-PCR) 
in a subset of 22 patients and 10 normal controls randomly 
selected from dataset 4 (clinical characteristics are shown 
in Table 1). The results showed an increase of 6.5 fold for 
uc.8+, an increase of 2.45 fold for uc.339+, a decrease of 
0.105 fold for uc.195+, and a decrease of 0.25 fold for 
uc.217+A in BlCa tissues compared with NBE (Figure 
1E). These results are consistent with the trend shown by 

microarray analysis results and indicate the primary role 
that uc.8+ may have in BlCa onset and progression.

Genomic features of the investigated T-UCRs

We investigated the genomic properties of the 
293 T-UCRs identified by the microarray analysis and 
determined their transcript localization. Since a gene 
may have multiple slightly different transcripts, the same 
T-UCR can have multiple localizations, i.e., the T-UCR 
might be exonic in one transcript and intronic in another. 
We denoted this possibility as multiple T-UCRs mapping 
to different regions in different transcripts to distinguish it 

Figure 1: Transcribed ultraconserved region (T-UCR) expression in human bladder cancer (BlCa) tissues. A. Bar plot 
of the expression of a subset of the investigated T-UCRs (48 of 293) with expression increases greater than 2 fold and expression decreases 
lower than -2.3 fold in BlCa and normal bladder epithelium (NBE) tissues. B. Bar plot of the expression of a subset of the investigated 
T-UCRs (48 of 141) with expression increases greater than 1 fold and expression decreases lower than -1.66 fold in BlCa and pericancerous 
BlCa (PBlCa) tissues.C. Comparison of the fold change in expression of 50 T-UCRs for which two different controls (NBE and PBlCa 
tissues) were used. The outlying ultraconserved RNA (uc).8+ is shown in red. D. RNA was extracted from 18 BlCa and adjacent PBlCa 
tissues. Evaluation of uc.8+ expression was assessed by quantitative real-time polymerase chain reaction (qRT-PCR). The expression of 
uc.8+ is higher in PBlCa than in BlCa tissues. ***P<0.001. E. Box plot of the fold change in uc.8+, uc.195+, uc.339+, and uc.217+A 
expression in BlCa and NBE samples according to qRT-PCR analysis of at least three biological repeats (subset of 22 BlCa patients and 
10 NBE; Table 1, dataset 4). The bold lines inside the boxes in panels D and E represent the medians. The boxes represent the first (Q1) 
and the third (Q3) quartiles, and the two whiskers represent the minimum and the maximum values, except for outliers. Circles represent 
outliers, i.e., values lower than Q1-1.5 (Q3-Q1) or higher than Q3+1.5 (Q3-Q1). P values were obtained using the Mann-Whitney U test. 
***P<0.001. F. T-UCR classification with respect to the transcripts as single, multiple, or intergenic is depicted for all T-UCRs and for the 
group of T-UCRs that are deregulated in BlCa tissues. Selective enrichment of a specific group of T-UCRs was not observed in BlCa tissues. 
Source data for this figure are available online. Abbreviations: ucRNA, ultraconserved RNA; T-UCR, transcribed ultraconserved region; 
qRT-PCR, quantitative real-time polymerase chain reaction.
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from cases in which the T-UCR maps to a single transcript 
or to the same position in all transcripts (Supplementary 
Figure S2A and S2B and Supplementary Table S3). Of the 
293 T-UCRs considered in this study, we found that most 
were single (62%), some were intergenic (26%), and a few 
had multiple transcripts (12%). uc.285+ is an example of 
T-UCR that maps to multiple transcripts of CCAR1 gene 
(Figure S2B). None of these categories was selectively 
enriched in BlCa tissues, and the proportion was similar 
to those of all T-UCRs (Figure 1F).

Increased uc.8+ expression in BlCa tissues

To gain insight into the in vivo role of uc.8+, we 
studied its expression profile in BlCa tissues by in situ 
hybridization experiments (Figure 2A, 2B, and 2C). We 
used a digoxigenin-labeled RNA antisense uc.8+ probe 
and analyzed 18 BlCa samples (Table 1, dataset 5). 
We detected uc.8+ expression in most of the samples 
(15/18): in seven out of nine high-grade tumors and in 
eight out of nine low-grade tumors. Positive spots were 
observed mainly in the nucleus in both adjacent normal 
tissues and high-grade BlCa, whereas in low-grade BlCa 
spot signals were mainly delocalized in the cytoplasm 
(Figure 2A’, 2B’, and 2C’). Importantly, the shuttling 
of uc.8+ from the nucleus to the cytoplasm could 

suggest the interaction of uc.8+ with other cytoplasmic 
molecules.

Next, we looked at uc.8+ expression in 40 BlCa 
patients (Table 1, dataset 4). We confirmed that the 
expression of uc.8+ is upregulated in BlCa, but uc.8+ 
expression tended to be inversely related to BlCa grade 
(Figure 2D), suggesting an association between loss of 
tumor differentiation and low uc.8+ expression. We found 
the same results when we considered uc.8+ expression and 
BlCa stage (Figure 2E), suggesting an early alteration of 
uc.8+ expression in BlCa development.

Genomic features and transcriptional regulation 
of uc.8+

To evaluate the potential interrelationship between 
CASZ1 and uc.8+ transcription, we first examined the 
expression of CASZ1 by qRT-PCR for a subset of 19 
patients with BlCa at different stages and 11 NBE controls 
randomly selected from dataset 4 (Table 1). CASZ1, 
which maps to 1p36.22, is a recently described zinc-finger 
transcription factor. CASZ1 acts as a tumor suppressor 
gene, and researchers have shown that CASZ1 is 
downregulated in high-risk phenotypes of neuroblastoma 
[10]. The primers used spanned a genomic region in 
CASZ1 exon 6–8, which was distant from the uc.8+ region 

Figure 2: Ultraconserved RNA (uc). 8+ expression in human bladder cancer (BlCa) tissues. Representative images show the 
expression of uc.8+ by in situ hybridization in A. normal bladder epithelium (NBE), B. low-grade BlCa tissues, and C. high-grade BlCa 
tissues. A’, B’, and C’ represent enlargement of specific areas. D. uc.8+ expression evaluated by qRT-PCR was stratified according to grade 
of BlCa (n=40; Table 1, dataset 4). E. uc.8+ expression evaluated by qRT-PCR in BlCa tissues (n=40) was stratified according to stage. The 
bold lines inside the boxes in panels D and E represent the medians. The boxes represent the first (Q1) and the third (Q3) quartiles, and the 
two whiskers represent the minimum and the maximum values, except for outliers. Circles represent outliers, i.e., values lower than Q1-1.5 
(Q3-Q1) or higher than Q3+1.5 (Q3-Q1). P values were obtained using the Mann-Whitney U test. ***P<0.001.
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DISCUSSION

We identified a new long non-coding RNA transcript 
containing uc.8+, the highly ultraconserved sequence 
described by Bejerano et al. [1] uc.8+ is highly conserved 
across several species, including rats, mice, humans, 
chimpanzees (99%), dogs (99%), zebrafish (91%), and 
fugu (86%). This extremely high conservation suggests 
that these T-UCRs may play essential roles in cellular 
biology that are similar across species.

We found that the expression of uc.8+ was highly 
upregulated in BlCa tissues and cell lines and that the 
silencing of uc.8+ expression in BlCa cells, markedly 
reduced cell proliferation, migration, and invasion. 
These findings suggest that, in normal cells, uc.8+ has a 
function unrelated to tumorigenesis but that its increased 

expression after cell transformation, promotes tumor cell 
growth, migration, and invasion.

Recently, researchers demonstrated that uc.283+A 
controls pri-miR processing [17], pointing to another 
layer of regulation of miR activity; to determine whether 
T-UCRs modulate miR activity, we investigated the 
miR-binding domain accessibility, as determined by 
base-pairing interactions within the uc.8+ predicted 
secondary structure, RNA binding affinity, and RNA 
species abundance in bladder tissues. It has been reported 
that RNA conformations within a single transcript were 
a determinant of whether the transcript was targeted by 
specific miRs, as target sites buried in secondary structures 
may sterically hinder the sequence involved in the 
binding with miRs. The accessibility of miR target sites 
can change under different biological states, indicating 
an additional layer of gene regulation [18]. We found 

Figure 8: Cellular localization of ultraconserved RNA (uc). 8+. A. Images acquired using inverted fluorescence microscope 
(magnification, 20×) of J82 control cells (Mock) after transfection with PNA-TO scramble-R8 (PNA-scramble) or with TO-PNA1-R8, the 
PNA complementary to uc.8+ (PNA-uc.8+). Images were recorded with excitation wavelength (lex)=450–490 nm (DAPI) or lex=510–540 
nm (PNA-TO); the superimposition of the images recorded is also reported (Merge). All images were taken with the same confocal 
microscopy settings. Scale bar, 100 mm. Nuclei of J82 cells were stained with DAPI (blue). B. Inverse correlation between the expression 
of microRNA (miR)-596 and MMP9 in BlCa samples from 20 patients measured using qRT-PCR. C. Relative expression of MMP9 in 
siRNA-3 anti-uc.8+ –transfected J82 cells. Endogenous uc.8+ levels in the control cells are shown in grey. Data are expressed as the means 
± standard deviation of triplicate values. P values were obtained using the Student t test for independent samples. **P<0.01.


