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Summary Defects in DNA mismatch repair have been associated with both hereditary and sporadic forms of human cancer. Most of the
attention has been focused on the incidence and genetics of mismatch repair defects, while little is known about the expression levels of the
mismatch repair proteins and their significance in cancer cell biology. In this study, both the expression levels of hMSH2 and GTBP proteins
were investigated by Western blotting in 20 untreated epithelial ovarian cancers. For these analyses, a commercial anti-hMSH2 monoclonal
antibody and a newly generated mouse monoclonal anti-GTBP antibody were used. hMSH2 and GTBP proteins were detected by Western
blotting in 19 out of 20 (95%) samples analysed and were found to be directly correlated (r = +0.51, P = 0.025). hMSH2 expression was
significantly higher in ovarian cancer cells originating from solid tumours than from ascites (H = 4.5, P = 0.033), whereas GTBP content did
not significantly differ according to the origin of cancer cells. No statistically significant differences were found in the distribution of hMSH2 and
GTBP levels according to the age of the patients, grade of differentiation, histotype and extent of surgical debulking. The amount of hMSH2
protein was demonstrated to be significantly lower in stage IV than in stage Ill patients (H = 7.35, P = 0.007). Moreover, significantly lower
hMSH2 levels were observed in non-responding patients compared to patients who achieved complete or partial response to cisplatin-based
chemotherapy (H = 4.88, P = 0.027). Conversely, GTBP levels were not distributed differently according to stage of disease and
chemotherapy response. Our study suggests a possible involvement of hMSH2 in ovarian cancer cell biology and susceptibility to
chemotherapy. The possible biological and/or clinical role of GTBP expression in ovarian cancer patients remains to be elucidated.
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The DNA mismatch repair (MMR) system consists of a group offive genes:hMLHI, hMSH2, hMSH3, hPMS2 and GTBP (also
highly conserved genes that stabilize the cellular genome bknown ashMSH6) that are strictly related to key components of
correcting unpaired and mispaired bases during normal DNAhe bacterial MutHLS mismatch repair system (for a review see
replication and by blocking recombination events between diverModrich and Lahue, 1996). The available evidence suggests that
gent DNA sequences. Moreover, the human MMR system isnismatch recognition in human cells is mediated by the two
involved in DNA repair of physically/chemically damaged DNA known mismatch recognition complexes: the hMSH2-GTBP
(Modrich and Lahue, 1996) and contributes to the control of théeterodimer which acts on single base mispairs and loops of one or
G2 cell cycle check point by recognizing certain types of DNAtwo bases and the hMSH2—-hMSH3 heterodimer that binds prefer-
damage (Hawn et al, 1995). The relevance of the MMR system iantially loops of three and four bases (Acharya et al, 1996). The
stabilizing the genome is illustrated by the demonstration thabinding of these mispair recognition complexes to DNA is likely
MMR defective human cancer cell lines show a mutator phencto form the substrate for interaction with other MMR protein
type characterized by increased DNA microsatellite instability andomplexes such as the hMLH1-hPMS2 heterodimer. The process
hypermutability of expressed genes (Boyer et al, 1995; Glaab and then completed by the excision and resynthesis of the DNA and
Tindall, 1997). Moreover, the disruption of this DNA repair ligation of the newly synthesized strand. Besides the well-estab-
pathway in germinal cells of individuals affected by hereditarylished activity of the MMR system in correcting unpaired and
non-polyposis colorectal cancer results in a strong predispositiomispaired bases, several in vitro studies have demonstrated tha
toward tumour development. Finally, the phenotype associatethis DNA repair system can play a role in influencing tumour cell
with the loss of MMR function is similar to the phenotype susceptibility to DNA-damaging cytotoxic agents (Branch et al,
resulting from the accumulation of somatic mutations in a great995; Hawn et al, 1995; Fink et al, 1996). It has been demon-
variety of sporadic human tumours (Eshleman and Markowitzstrated that the hMSH2-GTBP complex and hMSH2 protein by
1995). The MMR system in human cells is composed of at leastself are able to recognize and bind cisplatin (CP)-DNA
intrastrand cross-links, which are the major DNA adducts
produced following treatments of cells with CP (Duckett et al,
1996; Mello et al, 1996; Yamada et al, 1997). Moreover, Aebi et al
(1996) reported that loss of the MMR genes results in acquired
resistance to CP in two human ovarian cancer cell lines and that
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some human colorectal cell lines deficient in hMLH1 or hMSH2cytoreductive surgery. Surgical debulking was considered as
are more resistant to CP than the sublines in which the MMRptimal (residual tumous 2 cm) in 13 patients and non-optimal
defect has been complemented by chromosome transfer. Finallfyesidual tumour >2 cm) in seven patients. Chemotherapy was
Brown et al (1997) suggested that loss of hMLH1 expression maistituted 2-3 weeks after surgery. All patients received
be critically involved in the development of CP resistance inchemotherapy containing CP (total CP dose = 500 mg).
ovarian cancer patients. Although CP is widely used as one d@bynaecological examination, abdominopelvic ultrasonography,
the most effective chemotherapeutic agents for treating ovariaGA-125 assay and radiological investigations, if necessary, were
testicular and several other solid tumours, the biochemical mechaerformed monthly for the clinical assessment of response, which
nisms underlying the responsiveness of cancer cells to this drugas recorded according to the World Health Organization criteria
remain unknown. (World Health Organization, 1979). Approximately 1 month after
To date, most of the attention has been focused on the incidenttee last course of chemotherapy, clinically complete responders
and genetics of MMR defects while little is known about theunderwent second-look laparoscopy. In laparoscopy negative
expression levels of the MMR proteins and their significance ircases, second-look laparotomy was performed for the assessment
human cancer cell biology. of pathological response. Of 17 patients evaluable for
The aim of this study was to investigate the expression levels ahemotherapy response, nine showed a pathologically complete
hMSH2 and GTBP proteins by Western blotting in a series ofesponse, two showed partial response and six showed no change
previously untreated ovarian cancer patients. The correlatioof disease or disease progression. In three clinically negative
between hMSH2 and GTBP levels and clinico-pathologicalpatients, pathological assessment of response was not carried out
characteristics and response to CP-based chemotherapy have bbenause of patient refusal of a second surgery.
also investigated.

Generation of anti-GTBP monoclonal antibodies

PATIENTS AND METHODS The mouse anti-GTBP monoclonal antibodies (mAb) 66H6 and

This study was conducted on 20 previously untreated primar21F10, both Ig@l, were raised against the full-length recombi-
ovarian cancer patients admitted to the Department of Gynecologyant GTBP protein. Female balb/c mice were immunized with four
at the Catholic University of Rome. Patient characteristics arétraperitoneal and one intravenal injections. The spleen cells were
listed in Table 1. The median age was 58 years (range 35-74hen fused with the myeloma line Jg&&8 Ag.8.653. Hybrids were
Fourteen patients had stage lll and six had stage IV diseaselected with enzyme-linked immunosorbent assay (ELISA) and
according to the International Federation of Gynecology andVestern blots. They were then cloned by limiting dilution and the
Obstetrics (FIGO) classification. One tumour was graded as welindividual clones were again screened as above. The selected
differentiated (G1), three tumours as moderately differentiatednAb-secreting lines were adapted to grow in roller bottles at a low
(G2) and six as poorly differentiated (G3) (World Health percentage (1%) of fetal calf serum. The antibodies were purified
Organization, 1979). Fifteen tumours were serous, three wergom the culture medium by Gamma-plus Protein G Sepharose
endometrioid, one was mucinous and one was undifferentiate@ierce).

according to the World Health Organization histological typing of

ovarian cancer (Serov and Scully, 1973). All patients underwent

Table 1 Patient characteristics according to origin of the tumour cells and hMSH2 and GTBP levels

Case Origin of Age Histotype Stage Grade Residual Chemotherapy hMSH 2 levels GTBP levels
tumour cells tumour response (a.u.) (a.u.)
1 Ascites 49 Serous 1 3 <2cm CR 3.009 1.623
2 Solid tumour 68 Serous 11 3 <2cm CR 25 1.3
3 Ascites 60 Serous v 3 >2.cm CR 1.244 1.376
4 Solid tumour 35 Serous 11 3 <2cm CR 4.044 2.546
5 Solid tumour 56 Serous 1 3 >2.cm CR 2.255 0.506
6 Solid tumour 50 Serous 11 1 <2cm CR 2.357 0.224
7 Ascites 69 Serous 1 3 <2cm CR 2.15 1.88
8 Ascites 72 Serous 1l 3 <2cm CR 1.406 1.765
9 Ascites 51 Serous v 3 <2cm CR 0.667 0.508
10 Solid tumour 44 Serous 11 3 <2cm PR 2.982 1.413
11 Solid tumour 60 Endometrioid 1l 3 <2cm PR 2.175 0.611
12 Ascites 70 Serous 1l 3 <2cm NC-P 0 0
13 Solid tumour 52 Serous [\ 3 >2.cm NC-P 0.389 0.28
14 Ascites 74 Undifferentiated v 3 >2.cm NC-P 0.852 0.961
15 Solid tumour 46 Serous [\ 3 >2.cm NC-P 1.543 0.427
16 Ascites 42 Serous 1l 2 <2cm NC-P 1.092 1.624
17 Ascites 63 Serous 1 3 >2cm NC-P 1.557 1.6
18 Ascites 69 Endometrioid v 3 >2cm n.d. 1.63 1.112
19 Ascites 54 Endometrioid 1l 2 >2.cm n.d. 0.916 0.576
20 Solid tumour 65 Mucinous 1] 3 >2.cm n.d. 2.28 1.174

CR: complete response; PR: partial response; NC-P: no change of disease or disease progression; N.D.: not determined.
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Preparation of primary tumour cells (at 1:100 dilution), Ab-1 mouse anti-humartubulin (Oncogene

Tumour specimens and ascitic fluid were asepticall obtaine&dence’ Cambridge, MA, USA) (at 1:100 dilution) and amino-
. P P Y . erminal 21F10 and 10E10 mouse anti-human GTBP (generated
during surgery and tumour cells were prepared as previousl

described (Scambia et al, 1992) with minor modifications. Briefly,gs described above) (at 1:500 dilution).

tumour cells were separated from ascitic fluid by centrifugation

and from solid tumour biopsies by mechanical and biochemicdimmunohistochemical analysis of hIMSH2 in tissues
(0.1% collagenase 1V, Sigma, Milano, Italy) dissociation in Ham’sand cell lines

F-12 medium supplemented with antibiotics under aseptic Condil'mmunohistochemical analysis was performed using Ab-1 anti-

tions in a laminar flow hood. Cells were then filtered through . . . . )

. MSH2 antibody on frozen sections from histologically defined
sterile gauze to remove cell clumps and passed trough 25-gauge . A .
needles in order to obtain a monocellular suspension. Cells wereeOpIaStIC ovarian fissues, normal human colonic mucosa and on

P ’ cytospins of logarithmically growing A2780, LoVo and HCT-15

separated on a Ficoll-hypaque gradient. Collected cells wer . . .
uman cancer cell lines. Frozen tissues were obtained from

extensively washed in Hank’s balanced salt solution and resus- . . o .

. \ . surgical resections and stored at *@BOuntil used. Cryostat
pended in Ham’s F-12 medium. Tumour cells, assessed by = : .
; . . - ) . ections and cytospins were placed on SuperFrost slides anc
immunohistochemical staining for cytokeratin on cytospin prepas

! e :
rations, were detected in a percentage ranging from 64 to 92’%< Zd In 4% paraforr_r:jaldehyde fogl 10km(;n at_ rr]oom gem;r)]e:jature.
(median: 73%). ndogenous peroxidase was blocked with 0.5% hydrogen

peroxide in absolute methanol for 30 min. The primary antibody
was applied for 1 h in 1:100 dilution and sequentially followed
Cell lines by biotinylated anti-mouse immunoglobulin and horseradish
peroxidase-conjugated streptavidin (ABC-Vector Laboratories,
Furlingame, CA, USA) and then incubated in the chromogenic
substrate solution 3;8liaminobenzidine (Sigma, Milano, Italy)
for 10 min. Sections were lightly counterstained with Harris’'s
haematoxylin, dehydrated, cleared and mounted. The percentage
%{ positivity of the neoplastic cells was evaluated by counting at

igh magnification (100%) at least five different areas of the
samples. Sample analysis was performed blind.

The MMR-proficient human ovarian carcinoma cell line A2780,
the human cervical cancer cell line HelLa, and the MMR-deficien
human colorectal carcinoma cell lines LoVaV{SH2-deficient)
and HCT-15 GTBP-deficient) (Boyer et al, 1995) were used in
this study. All cultures were kindly provided by Dr P Karran
(Imperial Cancer Research Fund, Herts, UK) and were maintain
in RPMI-1640 medium supplemented with 10% fetal calf serum
100 U mt* antibiotics and 0.8g mi? glutamine in a humidified
5% carbon dioxide incubator.

Statistical analysis

Preparation of cell lysates and Western blotting Pearson’s correlation test was used to analyse the relationship
analysis between hMSH2 and GTBP levels. Kruskal-Wallis non-

) ) ) ) parametric test was used to analyse the distribution of hMSH2
Total cellular proteins were isolated blind from primary tumour 5,4 GTBP protein levels according to the clinico-pathological
cells and from cell lines harvested during exponential growth, by aracteristics of the patients.

lysing the cells in 1% sodium dodecyl sulphate (SDS), 20 m

EDTA, 10mv Tris=HCI pH 8, 1.74ig ml! phenylmethyl-

sulphony! fluoride, 2.51g mt leupeptin, chymostatin, pepstatin RESULTS
and 0.2ug mt?! aprotinin. For hMSH2 and GTBP detection
250ug of each protein sample inX SDS sample buffer were
separated onto a 6% SDS-polyacrylamide gel. After electroblotAmong the anti-GTBP mAbs tested, 21F10 exhibited the best
ting, the polyvinylidene difluoride (Millipore Co., Bedford, MA) specificity and reactivity. Western blot analysis performed with
membranes were incubated with 6% non-fat dry milk ¥n"TBST 21F10 showed a main band of approximately 160 kDa corre-
(0.1m Trizma base, 0.1& sudium chloride, 0.05% Tween-20, sponding to full-length GTBP in lysates from MMR-proficient
pH 7.4) for blocking and then with the primary antibody in 3% A2780 and Hela cell lines and in th&/SH2-defective LoVo cells
non-fat dry milk in 1x TBST. Following incubation with an (Figure 1). The amount of GTBP was considerably lower in LoVo
alkaline phosphatase-conjugated goat anti-mouse antibody (Bidysate than in A2780 and Hela lysates. Full-length GTBP was not
Rad Laboratories, Hercules, CA, USA), visualization of the boundletectable by Western blotting in the HCT-15 cells (Figure 1)
antibody was performed with the BCIP/NBT Phosphatasevhich contain frameshift mutations IG7BP gene resulting in
Substrate System (Kirkegaard & Perry Laboratories, Gaithersburdruncated proteins (Papadopoulos et al, 1995). However, this cell
MD, USA). The samples were also analysed by Western blot fdine showed a marked immunohistochemical nuclear reactivity
a-tubulin. Images of the blots were acquired with a Cohu CCDwith 21F10 anti-GTBP mAb (data not shown). This finding could
camera and quantification of the bands was performed by Phoretirdicate the preserved immunoreactivity of the truncated GTBP
1D (Phoretix International Ltd, Newcastle upon Tyne, UK). proteins since the frameshift mutations which generate a termina-
Band intensity was expressed as relative absorbance and hMSH@n codon in HCT-15 cells (Papadopoulos et al, 1995) did not
and GTBP values were normalized detubulin levels. Two to  affect the amino-terminal region recognized by our mAb. In the
four different Western blot analyses were performed on oumbsence of a characterized negative control for GTBP immuno-
samples. The variability observed was never greater than 20%taining in the literature, we considered the 21F10 anti-GTBP
The following mAbs were used: amino-terminal Ab-1 mousemAb as inadequate for precise immunohistochemical assessmen
anti-human MSH2 (Oncogene Science, Cambridge, MA, USADf this protein.

' Characterization of anti-GTBP antibodies in cell lines
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HelLa A2780 LoVo HCT15

GTBP

Figure 1 Western blot analyses of A2780, HelLa, LoVo and HCT-15 cell
lines performed with 21F10 mouse anti-human GTBP mAb. A main band of
about 160 kDa, corresponding to full-length GTBP, is detected in the MMR
proficient A2780 and HeLa and in the hMSH2-defective LoVo cell lines. The
amount of GTBP was considerably lower in LoVo than that in A2780 and
Hela cells. No detectable levels of GTBP were found in the GTBP-defective
HCT-15 cells

—200 kDa
GTBP
—116 kDa
hMSH2 "
- 80 kDa

a-tubulin

Figure 2 Representative Western blot analysis of hMSH2 and GTBP with
Ab-1 and 21F10 mAbs of lysates of purified ovarian tumour cells (lanes 1-8)
and of A2780 ovarian cancer cell line (lane 9). A band of 105 kDa,
corresponding to hMSH2, and a band of 160 kDa, corresponding to GTBP,
are observable in all samples but one (lane 8). In the lower panel, the
samples were probed for a-tubulin

Western blot analysis of hMSH2 and GTBP in ovarian
cancer cells and relationship with clinico-pathological
parameters

The expression levels of hMSH2 and GTBP in ovarian tumou

2.8

2.4

GTBP (a.u.)

0 05 1 15 2 25 3 35 4 45
hMSH2 (a.u.)

Figure 3 Correlation between hMSH2 and GTBP levels in primary ovarian
cancer cells

cells originating from solid tumours than from ascit&s=< 4.5,
P = 0.033), whereas GTBP content did not significantffediin
solid versus ascitic cancer cellg £ 0.96,P = 0.32).

The clinico-pathological characteristics and chemotherapy
response of the patients were not distributéféintly according
to the origin of the tumour cells. No statistically significarfitedi
ences were discovered in the distribution of hMSH2 and GTBP
levels with respect to the age of the patients, gradeffefelntia-
tion (G1-2 vs G3), histotype (serous vs non-serous) and extent of
sugical debulking (optimal vs non-optimal) (data not shown).
hMSH2 protein levels were significantly lower in stage IV patients
than in stage Il patient#(= 7.35,P = 0.007) while GTBP tended
to be expressed at lower levels in stage IV cagks (3.01,
P =0.08). Significantly lower hMSH2 levels were found in cancer
cells from non-responding patients than in cancer cells from
patients who achieved complete or partial response to CP-based
chemotherapy { = 4.88, P = 0.027). GTBP levels were not
differently distributed according to chemotherapy response (data

hot shown).

cells obtained from ascitea € 10) and solid tumours:(= 10)
were examined byVestern blot analysis with Ab-1 anti-hMSH2
and 21F10 anti-GTBP mAbs. A band of approximatelg KDDa,
corresponding to hMSH2 and a band od kBa, corresponding to

GTBP (Figure.2) were obserygd in 19 out of 20. (95%) Sample?mmunohistochemical analysis of hMSH2 with Ab-1 mAb was
analysed. A single case (ascitic cancer cells) did not show an erformed in the MMR-proficient A2780 ovarian cancer cells

detectable band even \_/vhen a twofold grea ter amount of protej the hMSH2-defective Ld/o colon carcinoma cells and in six
lysate was analysed (Figure 2, lane 8). This case was not consi

ered in all statistical analyses described Wweldn additional

Immunohistochemical analysis of hMSH2 in cancer cell
lines and neoplastic ovarian tissues

varian cancer specimens obtained from primargesy from a
. ) . rr nding number of untr varian cancer patients. Over
fainter band of approximately0O&Da was observed in some COO esponding numbe oru teat_ed ovarian cance pa_te ts. Ove
. . . 0% of A2780 cells exhibited an intense staining localized exclu-
samples analysed with the anti-hMSH2 mAb (Figure 2, lanes g . S ; S
s||vely in the nuclei while L\do cells, which carry a deletion in

and 9). This band has been previously described by Mello et .
(1996) and is believed to be a specific degradation product of tr?)ﬁ?th alleles of the hMSH2 gene (Umar et al, 1994), did not show

. oo . Immunoreactivity (Figure 4 A and B respectively). In all samples
hMSH2 protein. Moreove a slower migrating band of approxi- . ) e : . )
mately 12 kDa was observed in Figure 2, lanes 1, 3, 4, 5 and 7- f primary ovarian canega specific nuclear immunoreaction with

resent, we are unable to explain the nature of this band and cl):)_1 was observed in the vast majority of the neoplastic cells
p . . P . e r(‘over 80% of positive cells) (Figure 4 C, D). In three specimens of
information about possible post-translational modifications Ofnormal human colonic mucosa used as a positive control for Ab-1
hMSH2 is currently availablelable 1 shows hMSH2 and GTBP staining, immunohistochemistry revealed that hMSH2 immuno-

levels according to the origin of tumour cells and the Cl'n'co'reactivity was confined to the glandular epithelium (data not

pathological characteristics of the cases examined. The densitgﬁown) as previously described by several authors usifegeit
metric values of the hMSH2 and GTBP bands were normally. .. S .
distributed and ranged from 0.389 to 4.044 (median 1.63)3“]’[I hMSH2 antibodiesilson et al, 1995; Leach et al, 1996).

absorbance units (a.u.) for hMSH2 and from 0.224 to 2.54

(median 1.174) a.u. for GTB hMSH2 and GTBP levels were ?,ISCUSSION

found to be directly correlated € +0.51,P = 0.025) (Figure 3).  This is the first study analysing the expression levels of hMSH2
hMSH2 expression was significantly higher in ovarian cancemnd GTBP proteins in a series of primary ovarian candes.
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Figure 4 Immunocytodetection (at magnification of 1000 x) of hMSH2 protein with Ab-1 mAb in the MMR-proficient A2780 ovarian cancer cells (A) and in the
hMSH2-defective LoVo colon carcinoma cells (B). Over 90% of A2780 cells exhibited an intense staining exclusively localized in the nuclei while LoVo cells did
not show immunoreactivity. Representative immunohistochemical analysis of hMSH2 protein with Ab-1 mAb in primary ovarian cancer (C at magnification

200 %, D at magnification 1000 x). A specific nuclear immunoreaction for hAMSH2 is present in over 80% of neoplastic cells

demonstrated that hMSH2 protein is exclusively localized in the It has been previously demonstrated by Palombo et al (1995)
nuclear compartment and is expressed in the vast majority @hat the amount of hMSH2 and GTBP in tB@BP-deficient
neoplastic cells from primary ovarian tumours. These results aldCT-15 and in théMSH2-deficient LoVo cells, respectively, was
consistent with those of Brown et al (1997), and with previousonsiderably lower that that in the MMR-proficient HelLa cells,
demonstrations that microsatellite instability occurs with a lowthus leading these authors to hypothesize that the two proteins are
prevalence in advanced stage ovarian cancer (King et al, 1996nstable when not in a complex. Even though we cannot rule out
Arzimanoglou et al, 1996), indicating that the majority of tumourthis possibility, the direct correlation between hMSH2 and GTBP
cells from these patients carry a functiol®SH2 genes. Western expression levels found in primary ovarian cancer cells is likely to
blotting analysis revealed that h(MSH2 and GTBP display a widsuggest that the expression of these two proteins may be regulatec
range of expression levels, suggesting that both these proteiby a common mechanism.

could play a role in the biology of ovarian tumour cells. Only hMSH2 levels were found to significantly differ according

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 80(10), 1665-1671
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to the origin of the tumour cells, suggesting that hMSH2 levelsnalysis and to Dr Massimo Ercoli for the statistical analyses. This
could be related to different biological characteristics of asciteswork was partially supported by Associazione Italiana Ricerca sul
derived with respect to solid tumour-derived cells. Ovarian tumouancro.
cells which exfoliate from the surface of the solid tumour are
likely to develop distinct biological characteristics since they lose
cell-cell and cell-substrate interactions and, on the other hanflgrerences
develop the ability to grow in the intraperitoneal microenviron-
ment, which is particu|ar|y rich in Cytokines and growth factorsAcharya S, Wilson T, Gradia S, Kane MF, Guerrette S, Marsischky GT, Kolodner R
[ and Fishel R (1996) hMSH2 forms specific mispairs-binding complexes with
(Ku_t teh aln d K;Jtteh, &992)’ anc_i to fgrm me_tastan_c |mplarr1]ts hon hMSH3 and hMSH6Proc Natl Acad Sci USA 93: 1362913634
pe_rltonea surrace. owgver, in order to 'nYeStl_gate W_ e_t eﬁebi S, Kurdi-Haidar B, Gordon R, Cenni B, Zheng H, Fink D, Christen RD,
primary tumour and ascites represent two biologically distinct  Boland CR, Koi M, Fishel R and Howell SB (1996) Loss of DNA mismatch in
entities, a multivariate analysis including other biologically rele-  acquired resistance to cisplatifuncer Res 56: 3087-3090
vant parameters is needed and thus a larger series of CaseSAr@manog!c_)ull,_ Lallas T, Osborne M, B’_grberHand Gl_Ibert F_(1996) Microsatellite
. . instability differences between familial and sporadic ovarian cancers.
required to adequately address this issue. Carcinogenesis 17: 1799—1804
_NO statistically significant differences were found in the d|5_t”b' Branch P, Hampson R and Karran P (1995) DNA mismatch binding defects, DNA
ution of hMSH2 and GTBP levels according to age of the patients, damage tolerance, and mutator phenotypes in human colorectal carcinoma cell
grade of differentiation, histotype and surgical debulking.  lines.Cancer Res 55: 2304-2309 )
Conversely, we found that low hMSH2 protein levels were associ2%er JC. Umar A, Risinger JI, Lipford JR, Kane M, Yin S, Barrett JC, Kolodner
d with h f CP-b d R o RD and Kunkel TA (1995) Microsatellite instability, mismatch repair
a_lte_ with poor chance of response to -based regimens. Our deficiency, and genetic defects in human cancer cell leg:cr Res 55:
findings cannot be seen merely as a consequence of the reduced 6063-6070
hMSH2 levels in stage IV patients since no difference in the typ&rown R, Hirst GL, Gallagher WM, Mcliwarth AJ, Margison GP, van der Zee AGJ
of response according to stage of disease was found in our series. f‘”d Amhol?ei’ '?A (%9971 h’,‘;';Hl expression and Ce”g fesponses of ovarian
Two different hypotheses could be considered: first, it has been 272, 7 Feaiment eytotoxic anticancer agehtsogene 15:
demonstrated that increased hMSH2 protein expression is assogjsscn J, Christmann M and Kaina B (1998) Mismatch G-T binding activity and
ated with the entrance of resting cells into the cell cycle (Marra  MSH2 expression is quantitatively related to sensitivity of cells to methylating
et al, 1996). It is therefore conceivable that cancers expressing agentsCarcinogenesis 19: 567-573 _
low hMSH2 levels have a low proliferative fraction, which Duc"&ggih'ﬂ‘zg@g;ijxaﬂ“ﬁggg*:fze:sr‘z‘;” mJaT jfgﬁ;ﬁ;ﬁ!'eﬁfsw and
is commonly ConSider_ed to_ impIy a low susceptibility to containing G-methylguanine, Ometh%llthymine, orgthe cisplatin-d F()GpG)
chemotherapy. Alternatively, it has been demonstrated that the adductBiochemisiry 93: 6443-6447
amount of hMSH2 protein directly correlated with mismatch G-TEshleman JR and Markowitz SD (1995) Microsatellite instability in inherited and
binding activity and that both parameters inversely correlated with ~ sporadic neoplasmeurr Opin Oncol 7: 83-89 _
. . . . flnk D, Nebel S, Aebi S, Zheng H, Cenni B, Nehmé A, Christen RD and Howell SB
the level of drug resistance in various Chinese hamster ovary cells ; L . .
. . . . (1996) The role of DNA mismatch repair in platinum drug resistafiee:er
showing different degrees of resistance to methylating agents g, se: 4881-4886
(Dosch et al, 1998). In this context, Mello et al (1996) previouslyGlaab W and Tindall KR (1997) Mutation rate at the hprt locus in human cancer cell
hypothesized that, similarly to the biochemical pathway proposed lines with specific mismatch repair-gene defe€tsinogenesis 18: 1-8
for methylating agents, a mechanism that involves a futile cycle dFe CC T o Eemee e o repairsystem s the
excision and resynthesis of damage_d DNA and ultlmat_ely results & cell cycle checkpoinCancer Res 55: 3721-3725
in cell death, could also be operative in the processing of CRing BL, Carcangiu ML, Carter D, Kiechle M, Pfisterer J, Pfleiderer A and Kacinski
adducts. According to this model, the binding of hMSH2 to BM (1995) Microsatellite instability in ovarian neoplasiis.J Cancer 72:
CP-modified DNA would trigger the recruitment of other MMR ?;175\7:82d Kutteh CC (1660 oo of . o
prOtein(s) Causmg misdirected repair attempts at sites of Cﬁunﬁnterleuﬁn—llg:a, and(interlzaL?I(lijr{:‘—nﬁt Iit:ttlﬁz fofjusri];?]rsnoefcc:\?zsilr?a: (:;irt-haelljia?‘
damage. This abortive repair activity and/_or the ;ubsequen_t ACCU-  neoplasmsam J Obstet Gynecol 167: 1864-1869
mulation of DNA strand breaks could provide a signal resulting inLeach FS, Polyak K, Burrell M, Johnson KA, Hill D, Dunlop G M, Wyllie A H,
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