Lower Tract Urothelial Cancer

Comparative Genomic
Hybridization Analysis Reveals New Different
Subgroups in Early-stage Bladder Tumors
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To classify bladder tumors according to their genomic imbalances and evaluate their association

Sixty-three superficially and minimally invasive bladder tumors were analyzed by conventional
comparative genomic hybridization. Subtelomeric screening in 15 of these tumors was performed

Losses of 9q and 9p (32% and 25% of all cases, respectively) as well as gains of chromosomes Xq
and Xp (28% and 25%, respectively) were the most frequent chromosome imbalances. Losses of
8p and gains in 1q and 8q were detected in >20% of cases. Tumors were classified into 3 groups
according to their individualized pattern of gains and losses. The largest group was characterized
by few chromosome imbalances, presenting 77% and 49% of the Ta and T1 tumors, respectively.
Another group characterized by chromosomal gains, was composed of equal number of Ta and
T1 tumors, with +1q and +17q gains being the most common imbalances. A minority group was
characterized by chromosomal losses on 11q, 5q, and 6q. The multiplex ligation-dependent probe
amplification study showed good correlation with comparative genomic hybridization results.
With regard to the biological significance of this classification, a remarkable fact is that this
minority group composed mainly of T1 tumors, showed a significant decrease in patient overall
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Our data suggest that supertficial carcinomas of the bladder can be subdivided into a larger number of
subclasses than had previously been expected. Our results also demonstrate a decreased survival

among patients whose tumors show more genomic losses than gains.
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ladder cancer is the fifth most frequent neoplasm
in developed countries. The most common form
corresponds to urothelial cell carcinomas (BUC,
bladder urothelial cell carcinomas), accounting for ap-
proximately 90% of all cases. BUC can be classified into
2 categories based on their histopathology and clinical
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behavior. Approximately 70%-80% of BUC are superfi-
cial, noninvasive papillary carcinomas (stage Ta), or mi-
croinvasive tumors (stage T1) at initial diagnosis and
they are associated with a high risk of recurrence (70%)
after treatment. The remaining 20%-30% of bladder can-
cers showing muscle invasion at the time of diagnosis (=
T2) have no association with superficial papillary tumors
and are thought to arise from carcinomas in situ. Approx-
imately 50% of patients with muscle-infiltrating tumors
already harbor or will develop metastasis.!

Several models of bladder cancer progression have
been suggested. According to Spruck et al,” 2 distinct
molecular pathways seem to exist for the formation of
noninvasive bladder cancers: TP53 inactivation appears
to occur early in carcinomas in situ and dysplasia tumor-
igenesis. Conversely, losses involving chromosome 9 may
be sufficient for superficial papillary growth in tumors.
Van Rhijin et al® proposed a modified molecular pathway
in which FGFR3 mutations are involved in low-grade or
low-stage tumors. By using computer simulations, Ho-
glund et al* indicated the presence of at least 2 cytoge-
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netic pathways in bladder cancer. The first is character-
ized by the loss of chromosome 9, and the second by the
gain of chromosome 7. More recently, Mhawech-Fauceg-
lia et al® proposed 3 different progression pathways inte-
grating well-characterized oncogenes and tumor suppres-
sor genes involved in bladder carcinogenesis.

A comprehensive picture of chromosome imbalances,
including a number of previously unknown genomic al-
terations such as high-level amplifications, has been re-
ported in urothelial carcinomas using metaphase compar-
ative genomic hybridization (CGH).%'° Although some
discrepancies exist, these studies show that losses of 9p
and 9q are frequent in tumors of all grades and stages.
Gains in 1q, 3p, 6p, 8q, 10p, 17q, and 20q and losses in
2q, 5q, 8p, 10q, 1q, 13q, 14q, and 17p are more frequently
observed in T1 and T2 tumors. Several alterations such
as loss of 6q and gains in 7p and Xq are more frequently
seen in T2-T4 tumors.

Chromosome regions previously reported using con-
ventional CGH and loss of heterozygosity'! have also
been confirmed using array-based CGH.'*""® In addition,
high-resolution mapping of copy number changes in dif-
ferent stages of bladder carcinogenesis allowed for the
identification of alterations in many small genomic re-
gions, some of them with high-level amplifications or
homozygous deletions.'” Candidate target genes have
been identified in many of these amplified and deleted
reg_;ions.s"m’17

The molecular discrimination between early-stage and
invasive bladder cancer has already been described in
previous analyses of pools of bladder tumors of different
stages and grades using expression profiling analysis.'®!”

Although both Ta and T1 tumors are considered su-
perficial, they also represent a heterogeneous group of
tumors that may differ in their molecular pathogenesis
and pathways of progression. By array expression analy-
sis,”® these tumors were separated into 2 groups. One
cluster contained only Ta tumors (mainly low grade),
whereas the other contained all the T1 tumors (all high
grade) and a subset of Ta tumors (both high and low
grade).

Significant differences in the fraction of genome al-
tered (FGA) have been identified among tumors of dif-
ferent stages, grades, and patient outcome. Stage Ta
tumors had the lowest levels of alteration, and stage T1
showed a much higher overall FGA.'* A subclassification
of Ta tumors has also been described on the basis of their
gene expression patterns.'’

In the present study, 63 early-stage carcinomas of
the bladder have been analyzed by conventional CGH.
Subtelomeric screening in 15 of these tumors was
performed by multiplex ligation-dependent probe am-
plification (MLPA). Analysis of chromosome imbal-
ances in superficially and minimally invasive bladder
tumors could add more insight to ascertain events asso-
ciated with evolutive patterns in these tumors.
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MATERIAL AND METHODS
Patients and Methods

A total of 39 tumor samples from 37 men and 2 women were
obtained by transurethral resection and were embedded in par-
affin blocks. The CGH findings of additional 24 cases (U-1 to
U-24) have previously been published.'® All patient samples
were obtained consecutively. Clinical and pathologic data of
the patients are presented in Table 1. A total of 26 cases were
classified as Ta (11 G1 and 15 G2) and 37 as T1 (16 G2 and 21
G3). All tumors showed a papillary growth pattern. Specimens
were graded according to the World Health Organization clas-
sification and staged according to the tumor-node-metastasis
classification system.?'?? The median follow-up time of the
patients was 60.82 months.

Comparative Genomic Hybridization

For each tumor sample, DNA was extracted from four to five
10-pm paraffin sections using a Qiagen Kit (QlAamp DNA Mini
Kit, Basel, Switzerland). Before extraction, the proportion of tumor
cells was found to be > 80% as determined by a pathologist. The
first and last sections were stained with hematoxylin/eosin to
ensure the presence of the tumor in the sections series. CGH
analysis was performed according to the method described by Prat
et al.'®

Multiplex Ligation-Dependent Probe Amplification

The MLPA kit P070 (MRC-Holland Amsterdam, The Neth-
erlands) was used according to the manufacturer’s protocol. A
minimum of 4 normal control samples were included for each
MLPA assay. The samples were analyzed using a capillary elec-
trophoresis system (ABI 3100 genetic Analyzer, Applied Bio-
systems) with Rox 500 size standard. GeneMapper Software
v4.0 (Applied Biosystems) was used to quantify the generated
peaks. Data from GeneMapper were exported to an Excel file
and normalization was achieved by dividing the signal value of
each probe by the sum of the signal values of all probes for each
sample. A normal copy number should generate a normalized
signal value of approximately 1. A reduction of >30% in the
relative signal strength was considered a deletion of the locus
and gains of >30% in the signal strength were considered a
duplication of the locus. Reduction or gains of 20%-30% in the
signal strength were only considered if confirmed by CGH
results. Variations of <20% were considered normal. The
probes for acrocentric chromosomes are indeed located only in
the long arms close to the ends, centromere, and telomere.

Statistical Analysis

Opverall survival was estimated with the Kaplan-Meier method.
The survival curves were statistically compared by a log-rank
test. All statistical analyses were performed with SPSS version
15.0, with P <.05 considered as statistically significant.

RESULTS

A total of the 63 tumors were analyzed by CGH. The
number of imbalances per tumor was 0-17. On average,
5.7 alterations were found per tumor: 3.0 gains (range
0-11) and 2.6 losses (range 0-13).

Losses of 9q and 9p (32% and 25% of all cases, respec-
tively) as well as gains of chromosomes Xq and Xp (28%
and 25%, respectively) were the most frequent chromo-
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Table 1. Patient data and tumor characteristics

No. No. Single/
Case Age/Sex Stage/Grade Gains Losses Group Multiple Primary Recurrence Survival
U1 70/%* TaG1 4 0 1 S + NO ?
U2 87/t TaG2 1 1 3 S + NO ?
U-3 61/* TaG2 0 0 3 S + NO >84
u-4 88/* TaG2 0 1 3 S + NO >120
U-5 66/* TaG2 2 1 3 M + NO >60
U-6 93/" TaG2 2 2 3 S — NO >24
uU-7 70/%* TaG2 0 0 3 M + (4) CIS >72
u-8t 76,7 TaG2 0 0 3 S + (8) >42
U-9 81/* TaG2 3 4 2 M + (28) T1G2; (8) ?
T2G3; (17)
T2G3
U-10 72/% T1G2 1 0 3 M + NO >60
U-11 61/* T1G2 1 2 3 S + NO >72
U-12 59/* T1G2 5 5 1 S + NO >72
U-13 76,7 T1G2 0 2 3 M + (7); (30) TaG1; >108
(2) TaG1; (12)
TaG1; (10)
TaG1; (12)
TaG1
U-14 74/%* T1G2 7 5 1 S + (55) TaG2 >84
U-15 71/% T1G2 8 5 1 S + (6) >108
U-16 80/% T1G2 1 0 3 S + (8); (28); (22); >120
(30); (23)
u-17 68/* T1G2 2 3 2 M + (8); (15); (34) >120
TaG1; (43)
TaG1; (3)
TaG1; (17)
TaG1
U-18 70/%* T1G2 3 3 1 ? — (19); (20) >108
U-19* 60/* T1G2 3 4 2 ? — NO 228
U-20 33/7 T1G2 2 1 3 ? — (20) TaG2 >96
U-21 77/%* T1G3 4 3 1 M + NO 248
u-22 74,7 T1G3 8 8 2 M ? NO 168
U-23 62/* T1G3 6 6 2 S + (17); (13) >60
U-24 77/%* T1G3 5 2 1 ? + (12); (1) CIS; >60
(15) TaG3
U-25 46/* TaG1l 1 0 3 S + NO >84
U-26 48 /* TaG1l 0 0 3 S + NO >72
u-27 57 /% TaG1 8 4 1 M + (19) TaG2; (15) >72
U-28 68/* TaG1l 1 1 3 S + (15) TaG2; (10) >84
T1G1; (13); (8)
TaG2; (14)
U-29 63/ TaG1l 5 1 1 S + (19) TaG2 >72
U-30 68/* TaG1l 0 0 3 S + (28) >72
U-31 66/* TaG1l 1 1 3 S + NO >60
U-32 45 /% TaG1l 1 3 1 S + NO >72
U-33 67/* TaG1l 4 6 2 S + (9) TaG3; (11) >72
TaG2
U-34 58/* TaG1l 2 2 3 S + (67)T? G2 >60
U-35 60/* TaG2 1 1 3 S + (8); (10); (52) >84
U-36 66/* TaG2 2 1 1 S + (4) T? G2; (60); >84
(8)
uU-37 52/T TaG2 4 1 1 M + (37) TaG1 >84
U-38 67/* TaG2 0 1 3 S + (12) TxG3; (10) >72
T?G3; (30)
U-39 45/* TaG2 1 2 3 S — (8); (13) TAG3 >36
u-40 55/% TaG2 1 3 3 S + NO ?
U-41 73/* TaG2 4 0 1 S + (7) CIS >60
U-42 73/* T1G2 0 2 3 S + NO >41
u-43 68/* T1G2 6 2 1 S + NO >72
u-44 60/* T1G2 3 0 3 S + (10) TxG2; (17); 548
(9) TXG2; (6);
(7)
Continued
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Table 1. Continued

No. No.
Case Age/Sex Stage/Grade Gains Losses
U-45 55/%* T1G2 5 3
U-46 60/* T1G2 3 12
u-47 49/* T1G3 3 3
U-48 54 /% T1G3 0 0
U-49 71/* T1G3 10 1
U-50 40/* T1G3 4 0
U-51 62/* T1G3 7 4
U-52 62/* T1G3 1 0
U-53% 77/%* T1G3 6 1
U-54 63/* T1G3 0 0
U-55 67/* T1G3 6 9
U-56 72/%* T1G3 3 13
u-s57* 67/* T1G3 2 1
U-58 63/* T1G3 2 0
U-59 51/* T1G3 2 0
U-60 44 /* T1G3 1 2
U-61 73/* T1G3 5 12
U-62 54 /* T1G3 2 13
U-63 71/* T1G3 5 5

Group

Single/ Survival

Multiple Primary Recurrence
1 S + (10) T?G2; (3) >72

TaG1l
2 M + NO >60
1 M + NO >60
3 S + NO >72
1 S + NO 568
1 M + NO ?
1 M + NO >30
3 M + NO >72
1 S + (3) >39
3 M + NO >84
2 M + (9) TxG3; (4); 318
(10) TxG3

2 S + NO >72
3 S + (11) T2 ?
3 M + (31) TaG1 >84
3 M + NO >72
3 S + NO >84
2 S + NO 38
2 S + NO >42
2 M + (8) CIS >60

CIS = carcinomas in situ.
Cases are ordered according to stage and grade.
* Male; T, female.

Recurrence and survival are indicated in month. T indicates cases with cystectomy after the last recurrence.

8 Cancer-related death.

According to the predominance of chromosome gains and losses, tumors were included in groups 1 and 2, respectively.

Group 3 includes tumors with = 4 chromosome imbalances.

some imbalances. Losses of 8p, and gains in 1q and 8q
were detected in > 20% of the cases. Gains on 17q and
19p as well as losses on 5q and 11q appeared in > 15%
of tumors.

Amplifications were detected at 11q13 (4 tumors),
7q32qter, 12ql4ql5, 12q24.2q24.3, 19p13.2pter, and
20p13pter (1 tumor in each).

A significant increase in the number of detectable
aberrations in relation to stage-grade of the tumors was
not observed: TaG1 tumors had, on average, 3.4 gains
and 1.6 losses, resulting in a total of 5.0 aberrations per
tumor. This average was 3.0 (1.9 gains, 1.1 losses) in
TaG2 tumors; 5.9 (2.9 gains and 3.0 losses) in T1G2 and
7.8 (3.8 gains and 3.9 losses) in T1G3 tumors. As previ-
ously described by Prat et al,' losses on 5q and 6q were
significantly more frequent in T1G3 than in T1G2 tu-
mors (P = .01 and P = .004, respectively).

Although gains predominated over losses in Ta tu-
mors, the relationship between gains and losses was sim-
ilar in T1 carcinomas (Fig. 1A). However, when tumors
were classified according to their individualized pattern of
gains and losses (Fig. 1B), it was observed that the dis-
tribution of both types of imbalances was not homoge-
neous showing 2 well-separated groups, one characterized
by gains (group 1) and the other by losses (group 2). An
intermediate third group with few imbalances (=4) was
also observed (group 3). Chromosomal imbalances de-
tected in each group are shown in Table 2.

Group (1) included 20 tumors: 7 Ta/G1G2 (7/20,
35%), 6 TIG2 (6/20, 30%), and 7 T1G3 (7/20, 35%).
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This group seems to be characterized by gains on 1q and
17q (55% and 50% of tumors, respectively); both imbal-
ances were detected in 45% of these tumors. Group 2,
which was characterized by the predominance of losses,
included 12 tumors: 2 Ta/G1G2 (2/12, 16%), 3 T1G2
(3/12, 25%), and 7 T1G3 (7/12, 58%). Losses on 6q
where only detected in this group (5/12, 42%), other
characteristic losses were on 11q and 5q (66% and 58%
of the tumors, respectively). Gains of chromosome X
were detected in 58% of the tumors from this group.
Cases with equal number of gains and losses were in-
cluded in the first or second group according to the
presence of +1q (U-12, U-18, and U-47) or —5q/—11q,
respectively (U-22, U-23, and U-63). Group 3 was char-
acterized by a low number (= 4) of genomic imbalances;
in this group, 55% (17/31) of the tumors were Ta/G1G2,
22.5% (7/31) T1G2, and 22.5% (7/31) were T1G3. Cases
with no imbalances (U-3, U-7, U-8, U-26, U-30, U-48,
and U-54) were included in this group. Cases with 4
gains and no losses (U-1, U-41, and U-50) were included
in group 1. The average number of alterations per tumor
was 8.1, 12, and 1.7 in groups 1, 2, and 3, respectively.

To add more insights, subtelomere screening was car-
ried out in 15 tumors (5 from each group defined by
CGH). Most of the results obtained by MLPA confirmed
those of CGH (Table 2). Deletions of 9p and/or 9q were
detected in 6 of 15 tumors. Gains of 1q and 8q were
detected in 2 of 15 and 3 of 15 tumors, respectively. Few
or no imbalances were detected in tumors of group 3.
Despite the low number of tumors analyzed, the distribu-
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Figure 1. (A) Chromosomal imbalances by tumor stage and grade. (B) Tumor classification according to their individualized
pattern of gains and losses, showing 3 separate groups as explained in the text (Bars in gray indicate gains and those in

black indicate losses).

tion of duplications does not seem to be random: dupli-
cation of 15q was only observed in tumors of group 2,
whereas duplication of 1q and 3p or 3q was only observed
in tumors of group 1. In addition, MLPA study also
showed new dosage imbalances not detected by CGH.
Cancer-related death was found in 7 patients; 4 of them
belonging to group 2. Significant differences were ob-
served when comparing overall survival between groups
(P = .005), confirming that group 2 had the worst out-
come (Fig. 2). The life-table analysis showed a survival
rate after 48 months of 60% for group 2, 94% for group 1,
and 100% for group 3. A decreased overall survival was
also observed in patients in whom tumors have imbal-

ances = 7 (P = .007).

COMMENT

Bladder cancer consists of a heterogeneous group of tu-
mors that differ in grade and stage according to clinical
characteristics. In the present study, the chromosome
imbalances shown in 63 early-stage carcinomas of the
bladder were analyzed. Conventional CGH was used to
dissect the spectrum and frequency of alterations in blad-
der cancer and to classify them in different subsets of

UROLOGY 75 (2), 2010

tumors according to their genomic imbalances (Fig. 1B,
Table 2).

Most of the chromosome imbalances detected in the
present study have already been reported by other au-
thors.®!° Deletions of 9p and 9q are the most frequently
deleted regions in papillary bladder tumors. The loss of
the whole chromosome 9 or specific cytobands is thought
to be one of the initial events in bladder carcinogenesis.*
Recent CGH array data have suggested that clones at
9p21 might be the pinpoint of a candidate gene to act as
tumor suppressor gene in bladder cancer.'*!> Our results
agree with the initiation of bladder cancer by the loss of
chromosome 9, showing imbalances affecting this chro-
mosome Ta and T1 bladder tumors. Whole chromosome
or partial gains affecting chromosome X were found in
approximately 25% of the tumors that were analyzed.
Chromosome bands Xp11p13 and Xq21q22.2 had already
been described as probable locations of oncogenes with
relevance for bladder cancer.®% Unfortunately, recent
studies of bladder cancer using CGH array discard the
sexual chromosomes due to misinterpretations.'?

According to the present study, 3 groups of noninva-
sive bladder urothelial cell carcinomas may be described
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Table 2. Summary of results obtained by CGH and MLPA*

Case Stage/Grade  Group Gains Losses
U-36* TaG2 1 1qg21qter, 5g34qter, 12922qter, 2936937
12qg24.2q924.3, 15q22q24, 16pterql3, MLPA: del 2q, 19p, Xp(PAR1)
16q23qter, 17p12q12, 19p13.3, 20q,
21922, 22912
MLPA: dup 1q, 4q
U-32 TaG1 1 2p25, 2937, 11913, 16, 17, 19, 20q, 21, 3p12, 5014923, 13932
22, Xg21, Xg26qter
U-49 T1G3 1 1943, 2p24pter, 2936qter, 11912913, 5p15.2923
16p13.1pter, 17p13, 19, 19p13.2pter,
22, Y
U-15* T1G2 1 1p32p34, 1q, 8q, 11q13, 13g13qter, 19, 5q, 8p, 11, 15915025, Y
20, 20p13pter MLPA: del 8p, 11p
MLPA: dup 1q9,8q,19q
u-27 TaG1 1 1p34.2pter, 4p16, 4p11qg24, 7911, 5p15, 6p22, 11923, 12p12
17pterql2, 19, Xpterq25, Y
uU-14 T1G2 1 1, 4927qter, 5, 8q, 17g924qter, X, 2q33qter, 8p, 99g22qter, 13gq11q914,
Yqll.2pter 18
U-51* T1G3 1 1943qter, 4p15.2921, 5q11.2q12, 7033935, 9921931, 1024925,
Tp21pter, 7q11.2, 10p11.2p10, 19 16922923
MLPA: dup 11p, 13q MLPA: del 16p
u-43 T1G2 1 2q37, 5027, 9934, 17p, 19p, 4926927, 12915
20013.29013.3
U-53 T1G3 1 1921924, 1931932, 2p14p15, 7plb, 9p13p23
8021.3q923, 17921
U-12* T1G2 1 1qg21qter, 3p22pter, 3q, 8g22qter, 2q32qter, 3p13p14, 9, 17p13, Y
17911921 MLPA: del 9p, 9q, 17p, Xp (PAR1),
MLPA: dup 3p, 3q, 8q Xq (PAR2)
U-45 T1G2 1 5pl4pter, 10p11p12, 19p, 20, Y 5934, 9, 11
U-24 T1G3 1 1q, 3, 8p21913, 17q, Y 8p22pter, 9g31qter
U-29 TaG1 1 1925942, 3p26, 14924qter, 17q, Y
Xp22.1pter
U-21 T1G3 1 1932qter, 8q, 15q, Y 2021924, 8p, 99
U-37 TaG2 1 3p26, 3928, 9p2ipter, Xq21q22 Y
U-50 T1G3 1 1p32pter, 17911.2912, 19, Xp22.2pter
U-41 TaG2 1 1p36.2pter, 16p13.2pter, X, Y
U-1 TaG1 1 4p22pter, 4932qter, 7, 16
u-47* T1G3 1 1931, 49109g31.3, X 1p36.1pter, 16, Y
MLPA: dup 3q MLPA: del 9q
U-18 T1G2 1 1q21qgter, 13g241qter, Y 8p, 9p11p22, 19
U-6 TaG2 3 1g23qter, 8q 4q31qter, 8p
u-44 T1G2 3 3p24p26, 6p25, 11913
U-57 T1G3 3 3p25pter, 4921 5g32qter
U-20 T1G2 3 7932qter, 20 13q22932
U-5* TaG2 3 19,Y 9g21qter
MLPA: no dup MLPA: del 9q
U-59 T1G3 3 1p36.2, 9934
U-58 T1G3 3 3p26, Xq21
U-35 TaG2 3 1942 Xq10q913
U-31 TaG1 3 X 14931
U-28 TaG1 3 8q24.1qter Y
U-25 TaG1l 3 Xp11.3925
U-52 T1G3 3 X
U-16* T1G2 3 19p MLPA: no del
MLPA: no dup
U-10* T1G2 3 19 MLPA: no del
MLPA: no dup
uU-4 TaG2 3 Y
U-38* TaG2 3 Y
MLPA: no dup MLPA: del Xp (PAR1), Xq (PAR2)
uU-2 TaG2 3 19 9
u-42 T1G2 3 9p23p24, Y
U-13 T1G2 3 9021931, 14q923qter
U-11 T1G2 3 8q 8p, Y
U-60 T1G3 3 X 2912922, Y
Continued
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Table 2. Continued

Case Stage/Grade  Group Gains Losses
U-39 TaG2 3 15 9,Y
u-40 TaG2 3 6p21 12q15, 18qg22, 21921
U-34 TaG1 3 3p21, Xq 9, 13022931
U-17* T1G2 2 11913, 15q13qter 9913922, 11p, 11gl4qter
MLPA: dup 15p, 15q MLPA: del 9p, 9q, 11p, 11q
U-9 TaG2 2 8q, 17q, Y 8p, 9, 11p, 17p
U-19 T1G2 2 1q, 8q, 20 9, 11pl4pter, 13931932, 17p
U-63* T1G3 2 4912913, 8g24.3, 19p, X, Y 2p23p24, 2922, 9p, 9931932,
MLPA: no dup 11922923
MLPA: del 9p
U-33* TaG1 2 4p11913, 19p, X, Y 2p21p24, 8p23, 11923, 12p12,
MLPA: dup 15q 13931, 14924931
MLPA: del 9q
U-23 T1G3 2 11913, 12, 14921qter, 15, 19, 20 5912931, 9, 11p, 11ql4qter,
18q12qter, Y
u-22 T1G3 2 6p22p23, 8921922, 10p, 11q, 12p, 17, 4q, 5913023, 6013922, 7921, 9q,
19, 20p11.2qter 11pl4pter, 18g21qter, X
U-55* T1G3 2 7911922, 8q13qter, 11913, 12q14q15, 4p15.3p15.1, 4922qter, 5933934,
17p12pter, Xpterq23 6p12, 6g21qter, 8p21p22, 9p13,
MLPA: dup 8q, 9p 9q31, 13021931
MLPA: del Xp(PAR1)
U-46 T1G2 2 14913, X, Y 4p15.3, 5q31qter, 7934935,
8p22p23, 10p13p14, 10925,
11p15, 11923924, 13931, 14931,
17p12, 18q12.3qter
u-61 T1G3 2 7911, 89109g21.3, 19, X, Y 2pl4p24, 2921, 4p15.1p15.2,
5912913, 6925, 7931935,
8p21p22, 9p12qg23, 10925,
11923, 14924, 15924
U-56* T1G3 2 5p13g11.2, 10p12, Xp21925 2p24p23, 3p13pl4, 3932933,
MLPA: dup 4q, 5p, 10p, 11p, 13q, 21q 5034, 6024.1q24.2, 8p12p22,
9p12p22, 9931933, 10924926,
11923924, 15923924, 17pl2,
18921922
MLPA: del 16p, 17p, 18q, Xp(PAR1)
U-62 T1G3 2 4910921, X 1931941, 29q12q14.3, 5923qter,

6925, 7pl2pl4, 7932935, 9pl12,
10925, 11923, 12p12,
12924.1924.2, 15924925, Y

Cases are ordered according to Figure 1B. Amplifications are in bold.

Cases U-3, U-7, U-8*, U-26, U-30, U-48, and U-54 (not included in the table) showed no imbalances.
* Cases studied by MLPA. Subtelomere duplications and deletions are indicated in italic. Dup = duplication, del = deletion, 15p = 15q
centromere proximal, PAR = pseudoautosomal region. Case U-8* also showed no subtelomere imbalances.

in relation to the quantity and quality of the chromosome
alterations: 1 group of tumors is mainly represented by
chromosomal gains, another group by chromosome losses,
and the third group shows minor changes. The last group
includes 70% of the total Ta low-grade (G1, G2) tumors
that were analyzed in the present study. This result co-
incides with the predominance of low chromosome im-
balances in Ta bladder tumors as it has been previously
described in the recent World Health Organization clas-
sification.”* Interestingly, a relationship between FGFR3
mutations and chromosome stable tumors has also been
suggested.”’ The few subtelomere dosage imbalances de-
tected in tumors of this group also confirms their chro-
mosome stability.

The presence of a high number of gains in a group of
tumors, predominantly T1 but also Ta (group 1), suggest
that the pattern of chromosome gains considered as char-
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acteristic of advanced stages could even appear in early
stages of bladder carcinogenesis.

In fact, thorough statistical analysis of karyotypic patterns
have demonstrated that BUC, as well as most solid tumors,
show at least 2 distinct evolutionary routes, 1 characterized
by genomic losses, and the other by genomic gains.* In
both pathways, the driving forces behind the karyotypic
profiles are likely to be associated with some type of
chromosome instability.”®

It has been demonstrated that early aberrations, to a
large extent, determine the spectrum of subsequent, late
aberrations. This indicates that different modes of chro-
mosomal evolution may be initiated at an early stage of
tumorigenesis, leading to an accumulation of chromo-
somal abnormalities along distinct pathways.**"?® Our
results suggest that gains of chromosome 1q could define
a pathway of gains in which +17q would be frequently
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Figure 2. Kaplan-Meier curves of the 3 different groups of
patients.

associated. The implication of 1q gain in early stages of
urothelial carcinogenesis has been confirmed by CGH
array.’® In contrast, chromosome 11 loss, with -5q and
-6q also being associated, could drive another pathway
with a predominance of losses. These 2 pathways are not
mutually exclusive and they could converge at more
advanced phases of tumor development.

Hogliind et al* identified a subgroup of urothelial car-
cinomas initiated by -9 and followed by -11p and +1q.
Our results support this pathway and also suggest that
tumors with +1q will accumulate gains, whereas tumors
with -11p accumulate losses, defining 2 new subgroups in
the -9 pathway.

Three tumors with few chromosomal changes (group
3), showed chromosome imbalances commonly found in
the group of gains (+1q, U-6 and U-35) or in the group
of losses (-5q, U-57), suggesting that these tumors may
evolve to accumulate more gains or loses during carcino-
genesis.

Results of the present study also indicate the presence
of recurrent aberrations in subtelomere regions, some of
them not detected by conventional CGH analysis. The
non-random distribution of these abnormalities suggests
that they could be relevant in tumorigenesis.

A relationship between chromosomal imbalances and
survival rates was observed in the present study, confirm-
ing that superficial BUC with few chromosome changes
have a good prognosis. Tumors with predominant losses
over gains could represent a minority group with poor
clinical outcome among superficial urothelial tumors.

CONCLUSIONS

In summary, our results suggest that superficial (Ta and
T1) BUC can be subdivided into a larger number of
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subclasses than had previously been expected. Our results
also demonstrate a decreased survival among patients
whose tumors show more genomic losses than gains.

Acknowledgments. The language in this manuscript has
been revised by a native English-speaking instructor of this
University, Chuck Simmons.

References

1. Knowles MA. The genetics of transitional cell carcinoma: progress
and potential clinical application. BJU Int. 1999;84:412-427.

2. Spruck CH III, Ohneseit PF, Gonzalez-Zulueta M, et al. Two
molecular pathways to transitional cell carcinoma of the bladder.
Cancer Res. 1994;54:784-788.

3. van Rhijn BWG, Lurkin [, Radvanyi F, et al. The fibroblast growth
factor. Receptor 3 (FGFR3) mutation is a strong indicator of
superficial bladder cancer with low recurrence rate. Cancer Res.
2001;61:1265-1268.

4. Hoglund M, Sall T, Heim S, et al. Identification of cytogenetic
subgroups and karyotypic pathways in transitional cell carcinoma.
Cancer Res. 2001;61:8241-8246.

5. Mhawech-Fauceglia P, Cheney RT, Schwaller ]J. Genetic alter-
ations in urothelial bladder carcinoma. Cancer. 2006;106:1205-
1216.

6. Kallioniemi A, Kallioniemi OP, Citro G, et al. Identification of
gains and losses of DNA sequences in primary bladder cancer by
comparative genomic hybridization. Genes Chromosomes Cancer.
1995;12:213-219.

7. Simon R, Burger H, Semjonow A, et al. Patterns of chromosomal
imbalances in muscle invasive bladder cancer. Int J] Oncol. 2000;
17:1025-1029.

8. Zhao ], Richter ], Wagner U, et al. Chromosomal imbalances in
noninvasive papillary bladder neoplasms (pTa). Cancer Res. 1999;
59:4658-4661.

9. Richter J, Wagner U, Schraml P, et al. Chromosomal imbalances
are associated with a high risk of progression in early invasive (pT1)
urinary bladder cancer. Cancer Res. 1999;59:5687-5691.

10. Prat E, Bernués M, Caballin MR, et al. Detection of chromosomal
imbalances in papillary bladder tumors by comparative genomic
hybridization. Urology. 2001;57:986-992.

11. Czerniak B, Li L, Chaturvedi V, et al. Genetic modeling of human
urinary bladder carcinogenesis. Genes Chromosomes Cancer. 2000;
27:392-402.

12. Hurst CD, Fiegler H, Carr P, et al. High-resolution analysis of
genomic copy number alterations in bladder cancer by microarray-
based comparative genomic hybridization. Oncogene. 2004;23:
2250-2263.

13. Veltman JA, Fridlyand ], Pejavar S, et al. Array-based comparative
genomic hybridization for genome-wide screening of DNA copy
number in bladder tumors. Cancer Res. 2003;63:2872-2880.

14. Blaveri E, Brewer JL, Roydasgupta R, et al. Bladder cancer stage and
outcome by array-based comparative genomic hybridization. Clin
Cancer Res. 2005;11:7012-7022.

15. Heidenblad M, Lindgren D, Jonson T, et al. Tiling resolution array
CGH and high density expression profiling of urothelial carcino-
mas delineate genomic amplicons and candidate target genes spe-
cific for advanced tumors. BMC Med Genomics. 2008;31:1-3.

16. Kim W], Bae SC. Molecular biomarkers in urothelial bladder
cancer. Cancer Sci. 2008;99:646-652.

17. Sanchez-Carbayo M, Cordon-Cardé C. Molecular alterations
associated with bladder cancer progression. Semin Oncol. 2007;
34:75-84.

18. Sénchez-Carbayo M, Socci ND, Lozano JJ, et al. Gene discovery in
bladder cancer progression using cDNA microarrays. Am J Pathol.
2003;163:505-516.

19. Dyrskjot L, Thykjaer T, Kruhoffer M, et al. Identifying distinct
classes of bladder carcinoma using microarrays. Nat Genet. 2003;
33:90-96.

UROLOGY 75 (2), 2010



20. Blaveri E, Simko JP, Korkola JE, et al. Bladder cancer outcome and
subtype classification by gene expression. Clin Cancer Res. 2005;11:
4044-4055.

21. World Health Organization. Histological typing of urinary bladder
tumors. Geneva; 1973.

22. Union Internacional Contre le Cancer: TNM classification of
malignant tumors. Geneva; 1978.

23. Richter ], Jiang F, Gorog JP, et al. Marked genetic differences
between stage pTa and stage pT1 papillary bladder cancer detected
by comparative genomic hybridization. Cancer Res. 1997;57:2860-
2864.

24. Eble N, Sauter G, Epstein ]I, et al. Tumours of the urinary system
and male genital organs. Lyon, World Health Organization classifi-
cation of tumours. 2004.

25. Junker K, van Oers JM, Zwarthoff EC, et al. Fibroblast growth
factor receptor 3 mutations in bladder tumors correlate with low
frequency of chromosome alterations. Neoplasia. 2008;10:1-7.

26. Camps ], Ponsa I, Ribas M, et al. Comprehensive measurement of
chromosomal instability in cancer cells: combination of fluores-
cence in situ hybridization and cytokinesis-block micronucleus as-
say. FASEB J. 2005;19:828-830.

27. Hoglund M, Gisselsson D, Mandahl N, et al. Multivariate analyses
of genomic imbalances in solid tumors reveal distinct and converg-
ing pathways of karyotypic evolution. Genes Chromosomes Cancer.
2001;31:156-171.

28. Camps ], Morales C, Prat E, et al. Genetic evolution in colon
cancer KM12 cells and metastatic derivates. Int J Cancer.
2004;110:869-874.

EDITORIAL COMMENT

Bladder tumors show widely differing histopathology and clin-
ical behavior. This is reflected in the molecular genetic alter-
ations they contain. Much information has accumulated on
somatic genomic alterations in bladder tumors of all grades and
stages. Heterogeneity and unpredictable behavior of this type of
tumors make necessary the use of combinations of markers that
may provide information predictive of prognosis or response to
specific forms of therapy.

Deletion of chromosome 9 was one of the first alterations
identified cytogenetically in bladder tumors. This suggested that
chromosome 9 genes might participate early in the process of
tumor development, but subsequently a great deal of informa-
tion has come from comparative genomic hybridization (CGH)
and array-CGH studies of large tumor panels, although till date,
functional validation for most of these studies is absent.

The purpose of this study was to evaluate associations be-
tween measures of genomic instability and bladder cancer clin-
ical phenotype by array-based CGH in 63 early-stage carcino-
mas of the bladder (Ta and T1). Subtelomeric screening in 15
of these tumors was performed by multiplex ligation-dependent
probe amplification. This expects to find out the evolution
patterns of superficially and minimally invasive tumors. Al-
though authors’ findings do not differ from previous studies,
they have made a classification that gives us a new tool that
could be useful for clinical classification.

In this study, a significant increase in the number of detect-
able aberrations in relation to stage-grade of the tumors was not
observed. Although gains predominated over losses in Ta tu-
mors, the relation between gains and losses was similar in T1
carcinomas. The relation between gains and losses allowed the
authors to create a tumoral subclassification and identify a
subgroup that was characterized by the predominance of losses.

The authors have observed that the subgroup including 2
Ta/G1G2 (16%), 3 TIG2 (25%), and 7 T1G3 (58%) they had
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the worst outcome. Moreover, losses on 6q were only detected
in this group (42%). Other characteristic losses were on 11q
and 5q (66% and 58% of the tumors, respectively). Gains of
chromosome X were detected in 58% of the tumors from this
group. In addition, multiplex ligation-dependent probe ampli-
fication study showed new dosage imbalances not detected by
CGH.

It could be interesting to conduct a study of multifocal
tumors in a single patient or analyze chromosome imbalances in
samples from the same patient at different times during their
disease course and see whether it is possible to predict a high
risk of progression, although this would extend the study to a
large number of patients and a longer study period. Analysis of
chromosomal alterations of various synchronous lesions in a
single patient could shed light on possible monoclonal origin of
individual lesions, the timing of chromosomal alterations, and
the growth benefits that it could provide. In the same way,
albeit with few cases, analysis of chromosomal alterations in
benign or preneoplasic lesions in bladder is being carried out, as
well as on morphologically normal urothelium from bladder
cancer patients who required cystectomy.

The findings of the authors open a door for possible use in
every day clinical practice because it could allow us to predict
a worse evolution in a group of tumors that, with the current
histopathological grading methods that are used routinely, may
seem homogeneous but which have significant genetic differ-
ences.

Although the number of cases is reduced to make decisions
regarding the management of patients with bladder cancer, later
the sum of findings about the genetic changes detected by other
authors and its correlation with the clinical course of patients
could be a useful tool for its implementation in daily practice
because it would allow us to adopt different therapeutic and
follow-up guidelines, depending on the chromosomal abnor-
malities found.

Violeta Menendez, M.D., Ph.D., Department of Urology,
Hospital Els Camils, Sant Pere de Ribes, Barcelona,
Spain
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REPLY

We are grateful for the positive editorial comment regarding the
clinical potential of classifying bladder tumors according to the
predominance of gains or losses. Understanding the genetic
events leading to bladder cancer progression is important in
decreasing the overall morbidity and mortality associated with
the disease.

The existence of 2 pathways, one with predominance of
losses and the other with predominance of gains, has previously
been proposed in other solid tumors; our results suggest that
these pathways also operate in bladder cancer. These 2 path-
ways are not mutually exclusive and they could converge at
more advanced phases of tumor development. Considering that
losses on 5q and 6q are frequent in muscle-invasive bladder
tumors, we suggest that these chromosome imbalances could be
responsible for the poorer evolution of tumors that show a
predominance of loss.
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