British Journal of Cancer (2001) 84(3), 321-328
© 2001 Cancer Research Campaign ® )
doi: 10.1054/ bjoc.2000.1595, available online at htip://www.dealibrary.com on | DE L http://www.bjcancer.com

Immunohistochemical analysis of expression and
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Summary Mutation of human homologues of DNA mismatch repair (MMR) genes in tumours has been shown to be associated with the
phenomenon of microsatellite instability (MSI). Several studies have reported the occurrence of MSI in bladder cancer, but evidence of
involvement of MMR genes in the pathogenesis of this cancer is still unclear. We therefore utilized quantitative immunohistochemical (IHC)
image analysis and PCR-based allelotype analysis to determine hMLH1 and hMSHZ2 genes alteration in a cohort of Egyptian bladder cancer
samples. IHC analysis of 24 TCC and 12 SCC revealed marked- intra and intertumour heterogeneity in the levels of expression of the two
MMR proteins. One TCC lost MLH1 expression and one lost MSH2, (1/24, 4%), and one SCC lost MSH2 (1/12, 8%). A large proportion of
analysed tumours revealed a percentage positivity of less than 50% for MLH1 and MSH2 expression (44% and 69%, respectively). Complete
loss of heterozygosity in three dinucleotide repeats lying within, or in close proximity to, h(MLH1 and hMSHZ2 was rare (2/57, (4%) for MLHI;
and 1/55, (2%) for MSHZ2), however allelic imbalance was detected in 11/57 (hMLH1) and 10/55 (hMSH2) at any of the informative
microsatellite loci. These alterations in structure and expression of DNA MMR genes suggest their possible involvement in the tumorigenesis
and/or progression of bladder cancer. © 2001 Cancer Research Campaign http://www.bjcancer.com
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The incidence of bladder cancer varies throughout the worléssociated with colorectal and other cancers in the hereditary
(Boring et al, 1994). The highest incidence rates are generallyonpolyposis colorectal syndrome (HNPCC), as well as a propor-
found in industrially developed countries, particularly North tion of sporadic colorectal cancers (Lairmore and Norton, 1997).
America and Western Europe, and in areas associated wiffiutational inactivation of both copies of DNA MMR genes results
endemic Schistosomiasis infection, including parts of Africa andn a profound repair defect which is presumed to lead to progressive
the Middle East (Parkin et al, 1993). The vast majority (90%) ofaccumulation of secondary mutations throughout the genome,
tumours of the urinary bladder is of urothelial origin, arising fromsome of which affect important growth regulatory genes and hence
the specialized transitional type of epithelium that lines thegive rise to cancer (Peltomaki and de la Chapelle, 1997).
bladder. Because of the multipotential nature of the urothelium, The protein products of MMR genes (MSH2, MLH1, PMS1,
tumours of other types; squamous, glandular, and neuroendocrineMS2, GTBP or MSH6) act in concert as part of complexes to
can also arise (Brodsky, 1992). enable the recognition and excision of mis- or unmatched bases.
It is generally accepted that, as with most other carcinomadViSH2 and MLH1 proteins are vital, which may explain why the
bladder cancer development is dependent on a combination ofajority of HNPCC mutations occur in eithbtfSH2 or MLH1
genetic and environmental factors. Although no genetic progregFrayling, 1999). MMR plays an important role in maintaining
sion model has been defined for bladder cancer, multiple genetieplication fidelity, processing and regulating recombination
alterations have been identified in primary bladder tumours eve(Kolodner, 1995). Mutation in any of the genes required to main-
at their very early stages (Mao, 1996). Genetic alteration in one dain the integrity of the genome will result in a state of genetic
more of three categories of genes has been almost universallystability, a ‘mutator’ phenotype, which could contribute to the
connected to cancer development. These include proto-oncogenascumulation of mutations required for multistage carcinogenesis
tumour suppressor genes, and genes that function in dama@eoeb, 1991, 1994).
recognition and repair (Lairmore and Norton, 1997). Microsatellites are stably inherited short tandem repeat DNA
The existence of mismatch repair (MMR) enzymes in bacterimequences that are unique to each individual (Brentnall, 1995).
has been known for at least two decades and more recently simillsticrosatellite instability (MSI) appears as aberrant-sized alleles
activities have been identified in yeast and higher eukaryotesesulting from a gain or loss of short repeat units in tumour DNA
(Modrich, 1991). Mutations of MMR genes have been shown to b&n comparison to normal DNA. MSI serves as a useful marker of a
mutator phenotype (Peltomaki, 1997) which is a characteristic of
HNPCC (Aaltonen et al, 1993, 1994) and reflects malfunctions in
Received 12 November 1999 the replication or repair of DNA (Aaltonen et al, 1993).
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Chong et al, 1994; Wada et al, 1994; Speicher, 1995). Severahtibody (Dako). Binding sites were visualized using standard
studies have reported the occurrence of MSI in bladder cancewidin—biotin complex method (Hsu et al, 1981). Sections were
(Gonzalez-Zulueta et al, 1993; Mao et al, 1994, 1996; Orlow etounterstained with propidium iodide 2)5g mt! (Sigma).
al, 1994; Uchida et al, 1996; Steiner et al, 1997; Christensen et &ositive controls consisting of sections of human colon and negat-
1998; Mourah et al, 1998). Recently, the tumour spectrum assodie controls, in which TBS was used instead of primary antibody,
ated with germline mutations of MMR genes in HNPCC cases wagere included with every batch. Initially, samples were subject-
found by Aarnio et al (1999) to involve several organs includingvely screened and this was followed by analysis of 5-10 fields
the uro-epithelium. These studies may point to the possibility ofdepending on the section size) using Lucia G image analysis soft-
involvement of mismatch repair genes in sporadic bladder cancemare package which automates data collection. The negative
thus the authors were interested in assessing MMR status @ontrol section for each sample was used to set a threshold above
bladder cancer in the context of quantitative expression and deteahich staining in the immune-stained sections was defined by the
tion of microsatellite instability at the regions of the MMR genes:analysis system as positive. Thus any background staining was
MSH2andMLH1. excluded. The total number of tumour cells was determined in the
analysed fields by applying a series of semi-automated steps
which counts positive-staining cells then adds this number to the
negative-staining tumour cells which are counted by virtue of their
Samples propidium iodide fluorescence due to lack of the quenching effect
Fifty seven bladder tumour samples (44 TCC and 13 SCC) Wer%f the DAB in the unstained cells. The 'mage finalyss thus
obtained from radical cystectomy specimens from the Departmelﬁ)tro.vIdes a measure of the_ _to_tal_and the positive-stained cells from
- . . . which the percentage positivity is calculated.
of Urology, Faculty of Medicine, Alexandria University. The
patients’ mean age was 56.7 + 8.6 years (ranging from: 38-71
years). Forty three patients were male (75%) and 14 were femalicrosatellite analysis at hMSHZ2 and hMLH1 loci
(250/.0)' Sixty elg_h_t percent of patients (39./57) s€ If-repor‘[_ed a_hlstor)& PCR-based method was used to assess allellic loss and/or alter-
of either a positive test (presence of bilharzial eggs in urine) or

. e ) . ations occurring at loci which lie within, or in close proximity to
past treatment for schistosomiasis. Tissues collected |ncludﬁ g ' P y 10,

rossly obvious tumour tissue that was confirmed by subsequen SH2 (2p16) and MLH1 (3p21) genes. Three dinucleotide
9 Y Y d microsatellite repeats on chromosome 2p16 (D2S123, D2S391,

histopathological diagnosis at the Pathology Department, Facul%zsng) and 3p21 (D3S1612, D3S1611, D3S1561) were used.

of Medicine, Alexandrla Unlverosny. Samples were |mmed|atelypnmer sequences were taken from the 1993-94 Genethon human
frozen on dry ice, stored at —70°C and were transferred on dry ice_ " "
. . enetic linkage map (Gyapay et al, 1994).
to the Paterson Institute for Cancer Research in Manchester wheté A . : . . .
PCR amplification was carried out in a [Llreaction mix using

they were analysed. DNA was extracted from paired frozen

bladder samples (grossly obvious tumour and macroscopicaIIStandard microsatellite analysis PCR method (Varley et al, 1999).

: . . Xnnealing temperature for D3S1611 marker was adjusted at 62°C
non-involved mucosa obtained as far from the site of tumour as o L o
. ; - . . rather than 56°C to eliminate non-specific bands. Products were
possible) using proteinase K digestion and standard phenol chloro- . . )
Separated on 6% denaturing polyacrylamide sequencing gels

form extraction method (Sambrook et al, 1989). After taking the National Diagnostics) and dried before exposure overnight to Fuji

tlssue_for DNA extraction, those samples that were large enoughly i at -70°C. Autoradiographs were scored by 2 independent
were fixed in 4% buffered formaldehyde and processed to paraffin . .
. . . ; - examiners. Loss of heterozygosity (LOH) was scored when there
wax. Representative haematoxylin and eosin stained sections were . . . .
. : . ) was complete loss of one allele in an informative sample (i.e. the
examined microscopically to confirm the presence of tumour, and o
normal DNA was heterozygous), and allellic imbalance (Al) was
to assess the percentage of tumour cells. All cases selected showed . - .
. . —__’scored when there was an observed difference in intensity of the
at least 40% neoplastic cells amongst fibrous and muscular tlssue?. . .
alleles between tumoral and normal DNA. Change in allele size or
the appearance of a new band in tumoral DNA was scored as new
allele (NA). Only informative samples at any of the loci analysed
for each gene were included in the calculation of the frequency of
allelic loss.
36 analysable samples (24 TCC and 12 SCC) were selected from
the formalin-fixed, paraffin embedded sections and seriam3
thick sections were cut and subbed on APES (3-aminopropyltiRESULTS
gthoxy3|lane from Sigma) coated slides. Sections were depara\fr_nmunohistochemical analysis of MSH2 and MLH1
finized through xylene and graded alcohol. The sections were thenroteins
treated by microwaving to retrieve antigens in 1 litre of 10 mmP
citrate buffer (pH 6.0) for 30 min at 700 W, and allowed to cool.Immunohistochemical staining of MSH2 and MLH1 showed
Endogenous peroxidase activity was blocked by incubating in 1%xclusively nuclear staining in both normal and tumour cells. IHC
H,0,/100% methanol for 30 min. Non-specific protein binding staining of samples of normal urothelium from non-invovied
was eliminated by incubation for 30 min at room temperaturanucosa obtained from radical cystectomy specimens showed relat-
in 5% normal rabbit serum (Dako). Sections were incubatedve homogeneity of expression of MMR proteins (Figure 1) with
overnight at 4°C with the primary antibody at a dilution of basal, middle and superficial cells all showing positive staining.
5 pug mitand 10ug mk* of mouse monoclonal antihuman MLH1 Metaplastic squamous epithelium of the bladder showed staining
and MSH2 immunoglobulins, respectively (PharMingen).of basal cells, most of the middle cell layer (prickle zone) but with

Sections were then incubated with biotinylated rabbit anti-mouséint or even absent staining of the most superficial flattened cell

MATERIALS AND METHODS

Immunohistochemical analysis of MLH1 and MSH2
proteins
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Figure 1  Immunohistochemical staining of normal urothelium (top row) and
metaplastic squamous epithelium (bottom row) for MSH2 and MLH1, (X20
maghnification). The superficial (S), middle (M), and basal (B) cell layers are
indicated by arrows Colour version available online at http://www.idealibrary.
com and http://www.paterson.man.ac.uk/carcinogenesis

Figure 2 Representative MSH2 and MLH1 immunostained tumour sections
(A, B, D, E are TCCs and C and F are SCCs), (x20 magnification). Note the
heterogeneity in the level of expression between different tumour sections.
Regional (C and D) and intercellular (E and F) heterogeneity observed within
the same tumour marked by arrows in (C, D, E, and F) and explained in
detail in the text. Colour version available online at http://www.idealibrary.
com and http://www.paterson.man.ac.uk/carcinogenesis

layer, distinctly contrasting with the same zone in the norma

urothelium.
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tumours stained relatively homogeneously as shown in Figure 2 (A
and B). Heterogeneity within the tumours was frequently observed
for both MSH2 and MLH1 in which clusters of cells showed low
or relatively absent staining amongst positive-stained cells as
shown in Figure 2 (C and D), or occasional positive cells might be
found randomly in a generally low expressing tumour as shown in
Figure 2 (E and F). Although complete loss of expression of
MSH2 and MLH1 was infrequently encountered (one SCC (1/12,
8%) and one TCC (1/24, 4%) lost MSH2 and one TCC lost MLH1
(1/24, 4%), a large proportion of tumours revealed less than 50%
positive-stained nuclei for both MSH2 and MLH1 (69% and 44%
respectively).

The number of positively stained cells was determined using a
threshold defined by the use of tris-buffered saline in place of the
immune serum. A wide range of expression of MMR proteins was
observed in both pathologic types of bladder cancer (Figure 3).
There was no correlation between expression of MSH2 and MLH1
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Initial subjective screening of tumour sections revealed inter-

Figure 3  Intertumoural heterogeneity and wide range of expression of

anq Intratumoral hEterOgeneny (.Flgure 2)' The staining pattel’MSHZ (A) and MLH1 (B) expression in TCC and SCC, and the relationship
varied considerably amongst different tumour samples. Sonbetween both mismatch repair proteins in all samples analysed (C)
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Table 1 Percentage positivity of MMR proteins expression in TCC and SCC observed that the mean percentage positivity of MSH2 in SCC was
samples lower than that in TCC, however this was not found to be
statistically significant® = 0.2 using the Mann-Whitney 2-tailed
test) (Table 1). The relationship between the bilharzial status and

MMR protein Percentage positivity TCC (24) SCC (12) Total (36)

MSH2 Range 0-100%  0-46%  0-100% the levels of expression of MLH1 and MSH2 was studied using
Mean 44.88 21.58 37.11 the Mann-Whitney test and revealed a statistically significant
Median 28.00 20.50 23.50 . . : :
sp 3878 15 34.40 difference in the level of expression of MLH1 but not MSH2 in the
Coefficient of variation  86% 70% 93% schistosomal positive versus negative sampks=(0.01, 0.9
MLH1 Range 0-100%  10-79%  0-100% respectively). The samples were further stratified into TCC and
Mean 53.46 45.17 50.69 SCC in relation to the bilharzial status and a significant difference
Median 59.00 47.50 52.50 was still observed in SCC but not in the TCC groRp=(0.04,
SD 35.79 19.63 31.28

Coefficient of variation ~ 67% 43% 62% 0.15, respectively).

Results of microsatellite analysis

(Figure 3). Table 1 summarizes the findings in the two pathologi@llelic loss was assessed at the markers flankdi§H2on chromo-
types. The coefficient of variation for both proteins was high,some2p16 andhMLH1 on 3p21 using microsatellite repeats as
confirming the observer-reported intertumoral heterogeneityclose together as possible to detect small regions of deletion
within TCC and SCC samples. The mean percentage positivity ¢fSyapay et al, 1994; Tomlinson et al, 1996). Representative
MSH2 in SCC was observed to be half that of MLH1 in the sameautoradiographs of the gels used for scoring in this study are
pathologic subtype; this proved to be statistically significantshown in Figure 4. Tables 2A and 2B list the allellotypes of
(P =0.02 using Wilcoxon Signed Ranks test) (Table 1). It was alssamples showing any alterations at the microsatellite loci studied

Table 2 The allelotypes of those samples showing alterations at (A) 2p16 and (B) 3p21, and the expression of the
corresponding MMR protein

A
Sample code Microsatellite loci at 2p16 IHC of MSH2
(% positivity)
D2S123 D2S391 D2S119
3cM 5cM

H1 NI Al Al 8
H7 NI Al NI ND
H13 NI Al Al 27
H30 ROH Al Al 13
A4 Al ROH ROH 100
A9 NI Al Al 54
All ROH NI Al 37
A21 LOH NA NA ND
A29 ROH Al NI 34
A32 Al Al NI ND
A35 Al ROH NI 46
B

Sample code Microsatellite loci at 3p21 IHC of MLH1

(% positivity)
D3S1612 D3S1611 D3S1561
0c™M 0cM

H1 NI NI Al 85
H7 Al ROH NI ND
H22 NI ROH Al 42
H27 Al Al NI 4
H30 ROH Al NI 55
A4 LOH LOH LOH 89
Al0 NI NI Al 87
All Al Al NI 70
A21 LOH NA NA ND
A29 ROH Al NI 21
A33 Al Al NI ND
A34 Al Al NI 100
A35 Al Al ROH 31
A9 ROH ROH NA 3

ROH: retention of heterozygosity, NI: non-informative for heterozygosity, Al: allelic imbalance, LOH: loss of heterozygosity, NA:
new allele or shift of size of an existing allele, ND: not done.
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ROH NI Table 3 Summary of the correlation of IHC (percentage positivity) and
microsatellite alteration at 2p16 and 3p21

Allelotype of loci on 2p16 and 3p21 Mean percentage positivity a

MSH2 MLH1
No change (n=21) 38.5 52.5
Changes present on either 2p 36.7 48.9
H6 sample/D3S1561 H3 sample/D2S123 or 3p markers (n = 12)
Changes at 2p (n=8) 40 44
Changes at 3p (n=11) 37.6 53.4

aThe means of the percentage positivity for each group.

detected in the furthest marker studied on chromosome 3p21 in
sample H22, however, the IHC finding supported the possibility of
involvement ofMLH1 in a sub-population of these tumours as the
percentage positivity was 42%. Samples that were found to be
negative for expression of MSH2 (H12, H22) and MLH1 (H13)
did not reveal Al at the flanking microsatellite loci, this could
be due to the fact that those samples were non-informative at the
studied loci or due to another mechanism of mutation of the in-
volved MMR gene. Sample A4 showed LOH at loci flanking
MLH1, and whilst IHC showed a high percentage positivity (89%)
for this protein, the intensity of staining was very faint. This may
suggest a structural alteration in the expressed protein with
reduced affinity for the antibody rather than a technical problem as
this sample stained very strongly for MSH2. There was no
observed difference in the means of the percentage positivity of
expression of MMR proteins in relation to the occurrence of alter-
A9 sample/D3S1561 H21 sample/D2S391 ations at the loci flanking each or both of the genes (Table 3). Thus,
Figure 4 Representative autoradiographs of the scoring used in this study. the two methods of analysis independently detected possible alter-
ROH: retention of h_eteroz.ygos_ity, NI: non-informative of heterozygosity, LOH: ations in structure and/or expressiotM$H2andMLH1 genes.
loss of heterozygosity, Al: allelic imbalance, NA: new allele (appearance of a . L
new allele or change of size of an existing allele). NB: in each case normal The appearance of a new allele or shift of an existing allele
DNA (extracte(_j from non involved mucosa) is in the left lane and tumour (NA) was detected in two samples. One of them (A21) revealed
DNA s in the right lane NA at both 2p16 and 3p21 indicating the presence of a potential
mutator phenotype in this tumour which also showed LOH at one
along with their corresponding immunohistochemical statusof the loci flanking bothhMSH2 and hMLH1 To exclude the
expressed as percentage positivity. possibility of PCR contamination or crossing of samples, DNA
Complete LOH was infrequently encountered. Only one TCGuyas again extracted from the original tissues of this sample
sample (A21; 1/42 i.e. 2%) of the informative samples reveale¢tumour and mucosa) and the results were confirmed.
LOH at one of the markers on chromosome 2p (D2S123). Tw@infortunately, tumour tissue was not available to study the expres-
TCC samples revealed LOH at chromosome 3p markers (2/4dion of MMR proteins in this sample. The samples analysed in this
(5%)), one sample (A4) revealed LOH at the 3 loci analysed whilgtudy were all advanced bladder cancer (at least stage T2 anc
the other sample (A21), revealed LOH at D3S1612 only. Completgrades 2 and 3), so it was not possible to assess MMR status in th

LOH was not detected in any of the SCC samples analysed. Theurly stages of bladder cancer from the cohort studied.
incidence of Al was, however, higher than LOH. This could be due

to heterogeneity within the tumour and allelic loss occurring in
subpopulation of tumour cells and therefore would be in agre:I_JISCUSSION
ment with the observed intratumoral heterogeneity in expressioBarlier studies have suggested that MMR deficiency results in an
of MMR proteins. An alternative explanation is that DNA was increased rate of spontaneous mutation, giving the hallmark of a
extracted from visible tumour tissue allowing contamination bymutator phenotype (Cox, 1973, 1976). MSI serves as a useful
normal cells. The frequency of allelic loss (Al and LOH) at themarker of the mutator phenotype that is characteristic of HNPCC
markers flankindMSH2andMLH1 genes was higher in SCC (38% (Aaltonen et al, 1993, 1994) and has been attributed to mutations
for both genes) than in TCC (14% and 18%, respectively), but thim one of several MMR genes includihyySH2, hMLH1, hPMS1
difference was not statistically significant using Fisher’s Exact tesand hPMSZLeach et al, 1993; Bronner et al, 1994; Fishel et al,
(P = 0.3 and 0.5, respectively). There was no effect of thel994; Nicolaides et al, 1994; Papadopoulos et al, 1994). MSI has
bilharzial status on the incidence of microsatellite alterations at theeen described in a variety of sporadic cancers, such as colon
studied loci (Fisher’s Exact te§t,= 1). (Thibodeau et al, 1993), endometrium (Risinger et al, 1993)
Allelic imbalance and LOH occurred at markers compatiblepancreas and stomach (Han et al, 1993) and prostate (Uchida et a
with the involvement ofhMSH2 and hMLH1 genes. Al was 1996). Previous studies have also reported a high frequency of

—

A4 sample/D3S1612 H13 sample/D2S119
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MSI in bladder cancer (Mao et al, 1996; Steiner et al, 1997the majority of the samples analysed revealed intratumoral hetero-
Mourah et al, 1998). The finding of MSI in a varying proportion of geneity in expression of MMR proteins rather than complete loss
sporadic cancers suggests that the same type of genetic defectsninall cells of the tumour. The present study involved only
MMR genes that underlie HNPCC can occur somatically in somadvanced stages (at least T2) and advanced grades (2 and 3) of
sporadic cancers including bladder cancer. However, the propdadder cancer. In this patient group it was therefore not possible
rtion of sporadic tumours in which MMR genes have been inactivto correlate the MMR involvement with tumour progression. The
ated has not yet been clearly established (Kane et al, 1997). Thobserved intertumoral variation in the expression of these proteins
might be due to the fact that the methods available for detectingiight have prognostic implications regarding outcome or response
mutations in these genes are laborious, and no single methodt@stherapy. Jin et al (1999) suggested that reduction in expression
capable of detecting all the types of mutations that could exisof MSH2 in TCC of the bladder might be useful in predicting
This is particularly problematic when tumour samples arerecurrence.
analysed because of the contamination of tumour cells with Tumour suppressor and MMR genes share the requirement for
normal tissue in such samples and also due to the fact that themozygosity at the cellular level and somatic deletion is a
complete spectrum of mutations and modes of inactivation appliccommon event in both (Hemminki et al, 1994). This second muta-
able to the analysis of these genes is not currently known (Kane gbnal step may be revealed as LOH, which was previously reported
al, 1997). In a clinical setting, the use of IHC appears to offer atthehMLH1locus in HNPCC (Hemminki et al, 1994) as well as at
relatively convenient and rapid method for prescreening tumouresMLH1 andhMSH2loci in sporadic colorectal cancers (Tomlinson
for defects in the expression of mismatch repair genes (Thibodeat al, 1996; Benachenhou et al, 1998b), in non-small cell lung
et al, 1996). cancer (Benachenhou et al, 1998a) and in breast cancer
In the present study alterations WMSH2 and hMLH1 were (Benachenhou et al, 1999). Christensen et al (1998) reported the
determined in TCC and SCC of the bladder using quantitativeccurrence of LOH at microsatellites located closkM®@H2and
immunohistochemistry and PCR-based microsatellite analysiBMLH1 and suggested a possible role of these genes in causing
methods. IHC analysis showed nuclear localization of staining agrofound MSI in bladder cancer. Allelic loss at 3p was previously
reported in previous studies (Lim et al, 1996; Thibodeau et akeported by Rosin et al (1995) and Li et al (1996) which may
1996; Fink et al, 1997). Immunostaining of normal urotheliumsuggest involvement dfiMLH1 in TCC of the bladder. However
revealed a relatively homogeneous staining of almost all cells akese studies analysed only TCC and did not include other methods
shown in Figure 1. This is the first report of the pattern of stainingf analysis to confirmhMLH1 involvement. In the present study,
of the normal urothelium for these MMR proteins. Intratumoralallelic loss was studied at loci (D2S123, D2S391 and D2S119)
heterogeneity was observed in the majority of samples. Intrawhich are known to be linked toMSH2 (Leach et al, 1993).
tumoral heterogeneity iMLH1 and MSH2 gene alterations has D3S1611 is known to lie within an intron ohMLH1
previously been reported by Habano et al (1998) in sporadi(Papadopoulos et al, 1994). Benachenhou et al (1998a) found that
colorectal cancer using a sensitive technique for allelic loss detethe shortest region of overlapping deletions for 3p21 was delimited
tion in different crypts within the same tumour after microdissecby D3S1561 and D3S1612. Allelic loss (LOH or Al) was detected
tion. This is therefore in agreement with our findings usingin TCC (14% on 2p16 and 18% on 3p21) and in SCC (38% on 2p16
immunohistochemistry, which has the benefits of being simpleand 38% on 3p21). However, the frequency of allelic loss in the
and more convenient. Metaplastic squamous epithelium showeatesent study should be considered conservative since DNA was
MSH2 and MLH1 staining of the basal cells and most of thenot extracted by microdissection and hence some allelic losses
prickle cell layer which is comparable to that previously reportectould have been masked by contaminating material from normal
for MSH2 staining of the squamous epithelial lining of the oesopheells. The frequency of allelic loss BiLH1 in TCC (18%) was
agus and MSH2 and MLH1 staining of the oral mucosa (Leach etimilar to that found in sporadic colorectal cancer (17%;
al, 1996 and Lo Muzio et al, 1999, respectively). Benachenhou et al, 1998b and 16%; Tomlinson et al, 1996).
The absence of MLH1 and MSH2 immunostaining was previWhereas in SCC the frequency of allelic lossMitH1 was
ously correlated with the presence of mutation in the corhigher (38%), which was comparable with that detected in breast
responding gene in sporadic colon cancer (Thibodeau et al, 199&gancer (46%; Benachenhou et al, 1999) and non-small cell lung
Such complete absence of expression of MSH2 and MLH1 wasancer (43%; Wieland et al, 1996). The frequendyl8H2allelic
infrequently encountered in the present study. However, a largess in TCC detected in this study (14%) was comparable to that
proportion of tumours revealed a percentage positivity of less thadletected in non-small cell cancer (11.5%; Benachenhou et al,
50% for MSH2 and MLH1 (69% and 44%, respectively). The1998a) and also in sporadic colorectal cancer (15%; Benachenhou
statistically significant lower level of expression of MSH2 in et al, 1998b). A higher frequency of allelic lossM$H2 was
comparison to MLH1 in SCC suggests the possible greatedetected in SCC of the bladder (38%). This together with the
involvement of MSH2 than MLH1 in SCC tumorigenesis and/orfinding of a low mean percentage positivity of expression of MSH2
progression. The statistically significant difference in the expresin this pathologic type points to the possibility of a contributing role
sion of MLHL1 in relation to the bilharzial status might suggest aof MSH2gene in the pathogenesis of SCC of the bladder.
possible role of schistosomiasis in altering the expression of Other alterations such as small deletions, point mutations, gene
MLH1 in SCC, however this should be further investigated. rearrangements or DNA cytosine methylation, if they also cause
In HNPCC, defective MMR is a very early event (Parsons et alinactivation of both copies of these genes, would escape detection
1995), while in sporadic non-small cell lung carcinoma it has beeby this PCR based allelic loss analysis method. Therefore, IHC
suggested that defective MMR is a later event related to lungnalysis was used to detect samples with deficiency in MMR that
tumour progression (Wieland et al, 1996). The present studwas not detected by allelic loss analysis. H12 and H22 lacked
suggests that MMR deficiency in bladder cancer is likely to occuexpression of MSH2 and H13 lacked MLH1 expression, even
during tumour progression rather than as an initiating event sinaddough they had no evidence of LOH/AI of the corresponding gene.
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This may be explained by the fact that MMR genes have no mut&oring CC, Squires TS, Tong T and Montgomery S (1994) Cancer statistics, 1994.
tional hot spots and lack of expression can occur without deteCtabll3erent(r:12II(:'I?Am(:leg)gs?ll\rﬁiizrtz;sgllite instability. Shifting concepts in tumorigenesis
mutations (Liu et al, 1994). DNA methylation has been reported t0° ™, ' b.ihona7 561-563
be a mode ohMLH1 gene inactivation in sporadic colon and prodsky GL (1992) Pathology of bladder carcinotdamatol Oncol Clin North AM
gastric carcinoma (Kane et al, 1997 and Leung et al, 1999, respect- 6: 59-80.
ively). A similar mechanism of inactivation by promotor methyla- Bronner CE, Baker_ SM, Morrison PT, Warren G, Smith LG, Lescoe MK_, Kane M,
tion, or possibly by another mechanism of mutation might be  Earabino . Lipford J, Lindblom A, Tennergard P, Bollag R, Godwin A, Ward
. . . " D, Nordenskjold M, Fishel R, Kolodner R and Liskay R (1994) Mutation in the
responS|bIe for the lack of expression of MMR proteins in the DNA mismatch repair gene homologue hMLH1 is associated with hereditary
present samples. The samples scored as Al did display reduced non-polyposis colon canciature368 258—261.
expression of the corresponding MMR gene in the majority ofchong JM,hFukayan:ja'\'/\I/I, HkaﬁS(f;;&)Tﬁizawa Ti|K0ike Mt; |K0ni8hri M, Kikuchi
cases, however there were exceptions. Sample A34 showed Al at Yanoshita R and Miyaki icrosatellite instability in the progression
microsatellite loci fIankinghMLHpret expres.fed high levels of 0f gastric carcinomzCancer Resa: 45954597
- . - Christensen M, Jensen MA, Wolf H and Omtoft TF (1998) Pronounced

the protein, this however does not exclude the possibility of func-  microsatelite instability in transitional cell carcinomas from young patients
tional disturbance of the expressed protein and another explanation with bladder cancemt J Cancer79: 396-401
may be that the structural alteration may have not involved the antfox sg é179;38 Mutator gene studiesHscherichia colithe mut T geneGenetics
body reCOthlon sites. Also, althou_gh sample A4 revealeq .L.OH ox EC (1976) Bacterial mutator genes and the control of spontaneous mutation.
all loci on chromosome 3p and whilst the percentage positivity for A, Rev Geneato: 135-156
expression of MLH1 was 89%, the intensity of staining was veryrink D, Nebel S, Aebi S, Zheng H, Kim HK, Christen RD and Howell SB (1997)
low, suggesting abnormal expression. As shown in Table 3 there Expression of the DNA mismatch repair proteins hMLH1 and hPMS2 in
was no relationship between the expression (percentage pOSitiVitx?sher:oerfelz:sorzaMnILIS;L;zslill‘ll?nggeegidsﬁl(g?:nkins NA, Garber J, Kane M and
of the MMR proteins and the occurrence of microsatellite alter- =" "~ "o (199’4) The human mutator g’ene homolog; MSH2 and its
ations at the corresponding chromosome location. This suggests association with hereditary nonpolyposis colon car@el.77: 167
that the two methods of analysis were useful in determiningrayling I (1999) Microsatellite Instabilit@ut 45: 1-4.
changes that would not have been detected by either of them alof§@nzalez-Zulueta M, Ruppert JM, Tokino K, Tsai YC, Spruck IIl CH, Miyao N,

In conclusion, this study reveals the occurrence of alterations in ~ Nchols PW, Hermann, GG, Horn T and Steven K et al (1993) Microsatellite

. . . instability in bladder cance€ancer Re$3: 5620-5623

the structure and expression of DNA mismatch repair genes arlg,apay G, Morissette J, Vignal A, Dib C, Fizames C, Millasseau P, Marc S,
suggests the possibility of involvement of these genes in tumorige- Bernardi G, Lathrop, M and Weissenbach J (1994) The 1993-94 Genethon
nesis and/or progression of TCC and SCC of the bladder. IHC human genetic linkage malgat Genef: 246-339
offers a convenient and a rapid method for prescreening tumouftabano W, Sugai T and Nakamura S (1998) Mismatch repair deficiency leads to a

. . . . unique mode of colorectal tumorigenesis characterized by intratumoral
for defects in mismatch repair genes, but might not exclude the heterogeneityOncogend.6: 12591265

structural and functional alterations of these proteins. Furthefjan Hj, Yanagisawa A, Kato Y, Park JG and Nakamura Y (1993) Genetic instability
extensive studies would be required to establish whether or not in in pancreatic cancer and poorly differentiated type of gastric cabeecer
bladder cancer and in other tumour types IHC may indeed be a ResS3 5087-5089 ‘
more reliable diagnostic test for MMR involvement. To the best o]Hemminki A, Peltomaki P, Mecklin JP, Jarvinen H, Salovaara R, Nystrom Lahti M,

.. . . de la Chapelle A and Aaltonen LA (1994) Loss of the wild type MLH1 gene is
our knowledge, this is the first study to demonstrate an involvement feature of hereditary nonpolyposis colorectal cantarGenes: 405410

of hMLH1in TCC and SCC and ®fMSH2in SCC of the bladder.  Hsu, SM, Raine L, Fanger H (1981) Use of avidin-biotin-peroxidase complex (ABC)
in immunoperoxidase techniques: a comparison between ABC and unlabeled
antibody (PAP) procedured Histochem Cytoche@8: 577-80
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