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Somatic mutation of PTEN in bladder carcinoma
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Summary The tumour suppressor gene PTEN/MMACZ, which is mutated or homozygously deleted in glioma, breast and prostate cancer, is
mapped to a region of 10q which shows loss of heterozygosity (LOH) in bladder cancer. We screened 123 bladder tumours for LOH in the
region of PTEN. In 53 informative muscle invasive tumours (= pT2), allele loss was detected in 13 (24.5%) and allelic imbalance in four
tumours (overall frequency 32%). LOH was found in four of 60 (6.6%) informative, non-invasive tumours (pTa/pT1). We screened 63 muscle
invasive tumours for PTEN mutations by single-strand conformation polymorphism (SSCP) analysis and for homozygous deletion by duplex
quantitative polymerase chain reaction (PCR). Two homozygous deletions were identified but no mutations. Of 15 bladder tumour cell lines
analysed, three showed homozygous deletion of all or part of the PTEN gene, but none had mutations detectable by SSCP analysis. Our
results indicate that PTEN is involved in the development of some bladder tumours. The low frequency of mutation of the retained allele in
tumours with 10923 LOH suggests that there may be another predominant mechanism of inactivation of the second allele, for example small
intragenic deletions, that hemizygosity may be sufficient for phenotypic effect, or that there is another target gene at 10923.
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Deletions of the long arm of chromosome 10 have been describguiesentation (~80%) are low grade non-invasive lesions which
in many tumour types, including carcinoma of the prostate, uterusnay recur locally but progress infrequently. In contrast, those
glioblastoma, meningioma and melanoma (Rasheed et al, 199®imours which are muscle invasive at presentation (~20%) often
Isshiki et al, 1993; Rempel et al, 1993; Jones et al, 1994; Grayrogress rapidly and have poor prognosis. Previous molecular
et al, 1995; Cairns et al, 1997). Recently, loss of heterozygositgenetic analyses have identified LOH on several chromosome
(LOH) of 10q has been reported in bladder tumours (Cappellearms including 3p, 4p, 4q, 8p, 9p, 9q, 11p, 13q, 14q, 17p and 18q
et al, 1997; Kagan et al, 1998), confirming previous cytogeneticn TCC (Presti et al, 1991; Brewster et al, 1994; Knowles
reports of monosomy 10 and 10q deletion (Gibas et al, 1984; Atkirt al, 1994; Chang et al, 1995; Polascik et al, 1995). Apart from
and Baker, 1985; Berger et al, 1986; Babu et al, 1987; Smeets et alterations to chromosome 9, all of these changes are more
1987) and comparative genomic hybridization and fluorescence ibommon in muscle-invasive tumours and to date none, assessed
situ hybridization studies (Kallioniemi et al, 1992; Wang et al,individually, are good prognostic markers either for superficial
1994). A critical region of deletion defined in these studies is coinpapillary tumours or for tumours that are locally invasive at diag-
cident with the major region mapped in other tumour typesnosis. LOH on 10g has been reported to be more frequent in
Recently, thePTEN/MMACI gene was identified as a candidate muscle-invasive TCC (Cappellen et al, 1997). The purpose of
tumour suppressor gene within this region at 10g23his study was to assess the frequency of LOH at 10923 and to
(Li et al, 1997; Steck et al, 1997). Mutations”RIfEN have been determine the frequency of mutation BfEN in a series of
described in glioblastomas (Rasheed et al, 1992; Wang et al, 199%on-invasive (Ta/T1) and muscle-invasive TCCs.
Cairns et al, 1997; Steck et al, 1997), carcinomas of the prostate
(Steck et al, 1997) and breast (Rhei et al, 1997), endometrial cargi=
noma (Risinger et al, 1997) and melanoma (Guldberg et al, 199 ,ATERIALS AND METHODS
indicating thatPTEN is the likely target of deletions in these cases.
Recently, a low frequency dfTEN mutation has been reported
in bladder cancer (Cairns et al, 1998). In addition, germline mutafumour samples were obtained from patients undergoing
tions of PTEN are present in the familial cancer predispositiorendoscopic resection of bladder carcinoma. Tissues were frozen
syndromes Cowden disease, Lhermite—Duclos disease amthmediately at —20GC or in liquid nitrogen and stored at <70
Bannayan—Zonana syndrome (Liaw et al, 1997; Marsh et al, 199Adjacent portions of each tumour were fixed for histopathological
Nelen et al, 1997). examination. Tumour grade and stage were assessed according
Transitional cell carcinomas (TCC) of the bladder constituteto the TNM (tumour, node, metastasis) system (UICC, 1978).
two distinct clinical phenotypes. The majority of tumours atTissues were thawed, dissected and DNA was extracted as
described (Proctor et al, 1991). Some of these DNA samples have

Tumours and cell lines
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from each patient as a source of constitutional DNA, and leucocyTable 1 Primers used for SSCP analysis
DNA was extracted (Proctor et al, 1991). The cell lines used wer

, Exon  Primer Sequence Product size
RT112, RT4, T24, HT1376, HT1197, 253J, 5637, SD, JON a (bp)
UM-UC-3, VM-CUB-Il, SCaBER, J82, SW1710 and 609
(Knowles, 1992). 1 PTEN1F AGTCGCTGCAACCATCCA
PTENIR TCTAAGAGAGTGACAGAAAGGTA 319
2 PTEN2F CTGCATATTTCAGATATTTCTTTCC
LOH analysis PTEN2R CTGTGGCTTAGAAATCTTTTC 214
3 PTEN3F CCGTTCGTACGAGAATCGCT
Three highly polymorphic microsatellite marker®,/105541, PTENS3R TCTACCTCACTCTAACAAGC 212
D10S1765 and D10S215, were used to assess LOH at 10g23.4 PTEN4F GGCAATGTTTGTTAGTATTAGTAC
These markers map close RFEN based on physical maps of PTENAR [COOGTTTARST IATACAACAAS i
Se T p cl physice p 5 PTENS/IF  GCAACATTTCTAAAGTTACCTACTTG
the region. Forward primers were labelled Wit using {22P] PTEN5/1R CATATCATTACACCAGTTCG 236
adenosine 'Striphosphate (ATP) and T4 polynucleotide kinase. PTENS/2F GACAATCATGTTGCAGCAAT
Polymerase chain reactions (PCRs) were carried outirPCR gEEZfR %éé;’é’é@;g:fﬁfcf*;%?c% 202
buffer (Perkin-Elmer Corp)_ with 200m deoxyn_ucleotlde triphos- PTENGR GAAGGATGAGATTCAAGCAC 954
phates, 2 pmol of each primer and 0.125 unitgagfDNA poly- 7 PTEN7E TGGTATGTATTTAACCATGC
merase in a total volume of 12u6 Twenty-seven cycles of 96 PTEN7R CCTTATTTTGGATATTTCTCCC 230
for 1 min, 58C for 1 min and 72C for 1.5 min were carried 8 PTEN8/IF  TGCAAATGTTTAACATAGGTGA
out followed by an extension at %2 for 10 min. A total of PTENS/IR  CCTTGTCATTATCTGCACGC 244
7.5u loading buffer (95% formamide, 10MmEDTA, 0.02% PIENDE  CORAGTCIATCTOATEA OA
Syl loading buffer (95% formamide, o 00270 PTEN8/2R ~ CGTAAACACTGCTTCGAAATA 285
bromophenol blue and 0.02% xylene cyanol) was added, samplg PTEN9/1F AGATGAGTCATATTTGTGGG
were denatured at 98 for 5 min and loaded onto 6% denaturing PTENY/1IR CTAACATCTGGTGTTACAGA 128
polyacrylamide gels (National Diagnostics). Following electro- PTEN9/2F ~ CGTCAAATCCAGAGGCTAG
PTEN9/2R ~ TCATGGTGTTTTATCCCTCTTG 186

phoresis, gels were dried and exposed to Fuji RX film for 1-6
LOH was assessed by eye and only cases with clear reduction i
signal from one allele (> 50%) were scored. ‘Partial’ loss of an
allele or ‘allelic imbalance’ was also recorded. Reverse transcriptase PCR analysis

Total RNA was extracted from cultured cells using RNAzol

Single-strand conformation polymorphism analysis (Biogenesis, UK). First-strand cDNA was synthesized using the

] ) ) ) Clontech Advantage RT-for-PCR Kit and oligo-dT as primer. Two
Single-strand conformational polymorphism (SSCP) analysis WaSairs of primers were designed to amplify theusd 3 regions of
carried out as described (Knowles and Williamson, 1993). Gelge cDNA individually. A 5 end fragment of 280-bp was ampli-
consisted of 0.5X mutation detection enhancement solutioReq ysing a forward primer in exon 1 (CATCATCAAAGAGAT-
(MDE) (FMC BioProducts) and were run at 6-8 watts for 16—18 hCGTTAGC) and a reverse primer in exon 5 (TGGGTTA-
at room temperature. Bands with altered mobility were eXCiseq’GGTCTTCAAAAGG). A 3 fragment of 150-bp was amplified
and eluted from the gels and amplified by PCR using the initiahsing a forward primer in exon 8 (GCGTGCAGATAATGA-
PCR primers. PCR _fragments were i_solate_d by agarose gel eleéAAGG) and a reverse primer in exon 9(CCTCTGGATT-
troph0r§3|s gnd purlfled for sequencing using the QIAquk Ge*I'GACGGCTCC). These sequences are conserved iPTHa/
Extraction Kit (Qiagen). Sequencing reactions were carried OUsedogene (Dahia et al, 1998). cDNA preparations were done in
using the ABI PRISM Dye Terminator Cycle Sequencing Kit the presence and absence of reverse transcriptase, the latter actin
(Perkin-Elmer) and the products were analysed on an ABI 3745 4 control for contaminating genomic DNA from which frag-
DNA Sequencer. Sequencing of both strands was carried out usipgents of the pseudogene can be amplified with these primers. No

the initial PCR primers. products were seen in these controls indicating minimal contami-
nation with genomic DNA. Genomic fragmentsR¥EN are too
large to be amplified by PCR under the conditions used which
consisted of 30 cycles as described above for microsatellite
Cell line DNAs were used as templates in duplex PCR reactionanalysis.

with primers for a 300 bp fragment of the enolase géimnéO(
chromosome 12p) as control (forward primer. TGTGATTCC-
CTCTTTGCTTGCC; reverse primer: TGATCATTCTTCCACG-
GAC_C). Primer sequences foTEN_are show_n in Table 1. PCR LOH and homozygous deletion at 10023

reactions were as for microsatellite analysis but for 30 cycles.

Products were run in 1% agarose gels. DNA from primary tumouré total of 123 bladder tumour samples were analysed for LOH in
was amplified in duplex reactions containing primers for athe region of th®TEN gene. These comprised 58 muscle invasive
microsatellite marker at which LOH had been detected andumours and 65 non-invasive tumours classified as stage Ta or T1
primers for eitheiD1052491, a CA repeat polymorphism within (UICC, 1978). Three markerB,/0S541, D10S1765 andD10S215,
PTEN (Cairns et al, 1997), or primers f®TEN exon 8 (8/1F, which closely flankPTEN, were used. All but ten tumours (five
8/1R, Table 1). Reactions were as for microsatellite PCR but witinvasive, five superficial) were informative for at least one
23 cycles. Products were run in 6% denaturing polyacrylamidenarker. Allelic loss was detected in 13 muscle-invasive tumours
gels. (24.5%) and four superficial tumours (6.6%). An additional four

Homozygous deletion analysis

RESULTS
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Figure 1 Examples of LOH at three 1023 loci in six bladder tumours. N,
leucocyte DNA template; T, tumour DNA template

Table 2 Loss of heterozygosity at 10g23 in transitional cell carcinoma

Marker Frequency of LOH

(LOH/informative cases)

Overall frequency

Superficial tumours (Ta/T1)

D10S541 1/33
D10S1765 3/65 4/60 (6.6%)
Invasive tumours (>T2)
D10S215 5/20
D10S541 6/23 13/53 LOH
4/53 allelic imbalance
D10S1765 8/27 Total 17/53 (32%)
Exon
A
1 2 4 5 5i 6 7 8 8i 9 i
ENO
609
PTEN
+ + + + + + - - - -
ENO
UM-UC-3
PTEN
L R A R
B Exon

soo [H H H H T HElHEHEEHN]
see CHOHOHHTHOH H ]

Figure 2 Homozygous deletion of PTEN in bladder tumour cell lines
identified by duplex PCR. (A) Examples of duplex PCR products from the
cell lines UM-UC-3 and 609 with primers for PTEN exons and a 300 bp
fragment of the enolase gene (ENO). Exon 1 is seen as a doublet with ENO
in the 609 sample but is absent from UM-UC-3. (B) Map of homozygous
deletions identified. @ Homozygous deletion, O Retention

We also studied a series of 15 bladder cancer cell lines.
Constitutional DNA was available for one of the patients from
whom a cell line was established (J82). This cell line showed LOH
in the PTEN region (data not shown). Since LOH analysis of the
other cell lines was not possible, we carried out duplex PCR
analysis to screen for possible homozygous deletioR7@N.

PCR was carried out using primers for each exoRT#N and a
fragment of the enolase ger@V) as control. The cell line UM-
UC-3 showed homozygous deletion of all exons of the gene apart
from the 3 fragment of exon 9 (9/2 Table 1). Homozygous dele-
tions were also identified in J82 and 609 (Figure 2). Since the
primers for the 3fragment of exon 9 were located within the
PTEN cDNA sequence, the products obtained from these cell lines
may be derived from thBTEN pseudogene. The Bmit of dele-

tion therefore remains to be determined.

To identify possible homozygous deletionsPEN in tumours
with 10923 LOH, we carried out duplex PCR on all tumours with
LOH using primers for a CA repeat marker within ##EN gene
(D1052491) and primers for a locus at which LOH had been identi-
fied. Using this assay, homozygous deletioRBEN is indicated if
apparent retention of heterozygosity is detected within the gene in
tumours, with LOH of flanking markers. Homozygous deletion was
detected in one tumour and all other informative tumours showed
clear LOH atD70S2491. Since two of the three cell lines with
homozygous deletion had shown deletion of theegion of the
gene, we then carried out duplex PCR on seven tumours with clear
LOH atD10S2491 and primers for part d?TEN exon 8. One more
intragenic homozygous deletion was detected by this method.

SSCP and sequence analysis

Intronic primers were designed to amplify the entire coding region
of PTEN in 11 fragments containing all splice junctions (Table 1)
in 63 muscle-invasive tumour samples, including all cases with
LOH/allelic imbalance. Bands with altered mobility were detected

in 13 cases. Altered bands were excised from SSCP gels, re-ampli-
fied and sequenced. Three of these, which were in exon 1, were
also detected in the constitutional DNA of the individual
concerned and were considered likely to be normal sequence poly-
morphisms. Sequencing analysis showed this to be a single base
change (—9C/G). No tumour-specific mutations were detected.

RT-PCR analysis

Seven bladder cell lines (EJ, J82, RT112, RT4, SD, UM-UC-3 and
609) were examined by RT-PCR for expressio®BEN mRNA.
Primers were designed to amplify fragments from tharfal 3

ends of the RNA. Results were compatible with the extent of
homozygous deletion identified in the gene. Cell lines with
homozygous deletion showed absence of one or both products and
all other cell lines showed products of the expected size from both
ends of the transcript.

DISCUSSION

muscle-invasive tumours showed allelic imbalance, which mayVe have shown that LOH at 10923 is found predominantly in
indicate either underrepresentation or low level amplification ofmuscle invasive bladder tumours. Our finding of LOH or allelic
one allele. The overall frequency of LOH/allelic imbalance atimbalance in 32% of tumouespT2 and in only 6.6% of superfi-

10g23 in the muscle-invasive TCCs was, therefore, 32% (Table 2¢ial (Ta/T1) tumours confirms that of Cappellen et al (1997).

Examples are shown in Figure 1.
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explanation for the low overall frequencies of 10qg deletion foundused for the tumour specimens. Since we were able only to use &
in some previous studies which examined predominantly superfiaon-polymorphic intragenic sequence to examine tumour speci-
cial tumours (Knowles et al, 1994; Kallioniemi et al, 1995). mens in the small region deleted in the cell lines, it is possible that
A recent study by Kagan et al (1998) pinpointed a critical regiorsome homozygous deletions were missed in the tumours. It is
of LOH at 10923 in bladder cancer between the 08S1644 likely, therefore, that our finding of only two tumours with
andD10S541, an interval that contains tiRTEN gene. All of the  homozygous deletion is an underestimate of the true frequency.
tumours studied were grade Il invasive tumours, 9/20 of whichOnly accurate assessment of homozygous deletion using carefully
had discrete deletions focused on this regR¥EN is therefore a  microdissected tumour tissues and multiple intragenic markers
good candidate gene for the target of these deletions in bladdeiill clarify this.
cancer. An alternative explanation for the discrepancy between LOH
We found no tumour-specific mutations by SSCP analysis in th&equency and involvement &fTEN is that loss of function of a
panel of 63 muscle-invasive tumours analysed, which included 13ingle allele may be sufficient to generate an altered phenotype.
with allelic imbalance at 10g23. Although SSCP does not detedtoss of the second allele may contribute at a later step in tumour
all mutations, small deletions and insertions and most point mutgrogression and, in the case of cell lines, may be selected for
tions should be identified. Indeed, we have identified 18 of 2Quring in vitro establishment. Certainly, several studieBTHEN
known small sequence alterations, including seven point mutaiave failed to find mutations at the expected frequency, particu-
tions and 11 single or dinucleotide insertion/deletion mutations itarly those on prostate and thyroid tumours (Cairns et al, 1997;
DNA samples from familial cases of tuberous sclerosis (TS) foDahia et al, 1997; Pesche et al, 1998).
which the inactivation was known (DNA kindly provided by Finally, recent results that confirm a low frequency of homozy-
Professor Sue Povey) using the SSCP conditions described heyeus deletion and mutation in prostate tumour xenografts (Whang
(Hornigold et al, unpublished results). An advantage of SSCPRt al, 1998) suggest thA&TEN may be transcriptionally silenced in
analysis on DNA derived from tumour tissues is that mutansome cases by hypermethylation. Examination of the methylation
alleles can be identified even in the presence of significant normatatus of the retaineBTEN allele in bladder tumours with LOH
tissue contamination. However, stromal contamination was not must now be carried out.
problem in these samples since LOH was easy to score. Only four
cases showed allelic imbalance rather than clear LOH, which ma:
indicate higher levels of stromal contamination in a few cases. ThécKNOWLE“("'EMENTs
recent report by Cairns et al (1998) that identified only two mutaThis work was funded by Marie Curie Cancer Care and The
tions in a panel of 25 tumours with 10q LOH is in accord with this.imperial Cancer Research Fund.
We conclude that small sequence variantBEN are rare in
bladder cancer.
The finding of three homozygous deletions of all or part ofRererReENCES
PTEN in cell lines and of two homozygous deletions in tumours
suggests that this is a more common mechanism of inactivatioﬁ!kin.NB and Baker MC (1985) Cytogenetic study of ten carcinomas of the bladder:
Sim".arly’ .Caims e.t al (1998) found four appa_rent hOmOzygOu%abulT/ISI,VI_ELTZEII:;IlD),flf/lai:lecserB?];,e’grgﬁl(glflr,w\/tvjs:szﬁs)a_r%esflan Dyke DL (1987) Tumor
deletions in a series of 65 bladder tumours with 10q LOH, an behavior in transitional cell carcinoma of the bladder in relation to
Teng et al (1997) have reported homozygous deletion of the entire  chromosomal markers and histopatholagiycer Res 47: 6800-6805
gene in a bladder tumour cell line. The finding of more frequenBerger CS, Sandberg AA, Todd IA, Pennington RD, Haddad FS, Hecht BK and
homozygous deletion than small sequence alterations in the Hecht F (1986) Chromosomes in kidney, ureter, and bladder caneeer
. . L . . Genet Cytogenet 23: 1-24
retained allele is remmlscen_t of the Sltuatlon for _the 9p21_tumouérewster SF, Gingell JC, Browne S and Brown KW (1994) Loss of heterozygosity
suppressor gen€DKN2/p16 in which point mutations are infre- on chromosome 18q is associated with muscle-invasive transitional cell
quent but homozygous deletion is more common in bladder carcinoma of the bladdesr J Cancer 70: 697—700
cancer. The type of mutation found may reflect the nature of th&aims P, Okami K, Halachmi S, Halachmi N, Esteller M, Herman JG, Jen J, Isaacs

. . . . . WB, Bova GS and Sidransky D (1997) Frequent inactivation of
inducing mutagen(s) in a particular tissue or result from other PTEN/MMACL in primary prostate cancefancer Res §7: 4997-5000

ge_netlc Che_mges in the tumo_ur Concemed- For exammEN . Cairns P, Evron E, Okami K, Halachmi N, Esteller M, Herman JG, Bose S, Wang SI,
point mutations are common in endometrial cancers and particu- Parsons R and Sidransky D (1998) Point mutation and homozygous deletion of
larly those tumours which show microsatellite instability and may  PTEN/MMACL in primary bladder cancei@ucogene 16: 3215-3218

generate single base substitutions at high frequency (Kong et Qappellen D, Gil Diez de Medina S, Chopin D, Thiery JP and Radvanyi F (1997)
1997) " Frequent loss of heterozygosity on chromosome 10q in muscle-invasive

. . . . transitional cell carcinomas of the bladd@ncogene 14: 3059-3066

The frequencies of homozygous deletion and mutation found i&hang wy-H, Caims P, Schoenberg MP, Polascik TJ and Sidransky D (1995) Novel
the tumour samples were much lower than the frequency of LOH  suppressor loci on chromosome 14q in primary bladder caiweter Res 55:
in the region. Since we did not map the region of LOH in detail in ~ 3246-3249 , ‘ . .
these tumours, it is possible that LOH spanned a large part of tfg"a PL, Marsh DJ, Zheng Z, Zedenius J, Komminoth P, Frisk T, Wallin G, Parsons

. R, Longy M, Larsson C and Eng C (1997) Somatic deletions and mutations in

chrompsome and the target of this may be another chromosome 10 e cowden disease gene, PTEN, in sporadic thyroid tuifiaaser Res 57:
gene in some cases. The recent results of Kagan et al (1998) 4710-4713
suggest that this is unlikely since most of the deletions they identPahia PL, FitzGerald MG, Zhang X, Marsh DJ, Zheng Z, Pietsch T, von Deimling
fied were clustered arourRFEN. Fine mapping in the region of A, Haluska FG, Haber DA and Eng C (1998) A highly conserved processed

. . - . . - PTEN pseudogene is located on chromosome band Bp2dgene 16:
PTEN may clarify this. Our finding of intragenic deletions of 2403-2406

PTEN in cell lines, however, points to this gene as the likely targetgibas z, Prout GR Jr, Connolly JG, Pontes JE and Sandberg AA (1984) Nonrandom
The two small intragenic homozygous deletions in cell lines would  chromosomal changes in transitional cell carcinoma of the blaGgerer Res

not have been identified using the markgi0S2741, which was 44:1257-1264
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