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Abstract. Mutations in genes of the DNA mismatch repair
system (MMR) are strongly linked to the development of
hereditary non-polyposis colorectal cancer and play a sig-
nificant role in sporadic cancer too. Besides the repair of
chromosomal mismatches produced during replication, the
MMR is the linkage of DNA mismatches to cell cycle control.
Proteins of the MMR are necessary for the induction of
apoptosis in response to non-tolerable amounts of DNA
damage. We correlated the immunoreactivity of the MMR
proteins hMSH2, hMLH1 and PMS?2 to the immunoreaction
of p53, the proliferation marker Ki67 and clinical prognosis
factors such as tumor grading and staging, steroid receptor
expression and hemangiosis carcinomatosa or lymphangiosis
carcinomatosa in 200 samples from patients with diagnosed
breast cancer. No correlation could be detected among the
expression of the three MMR-proteins hMSH2, hMLH1 and
PMS2. The expression of hMSH?2 correlated positively with
the expression of p53, with the appearance of distant meta-
stases, low differentiation and the appearance of hemangiosis
carcinomatosa and lymphangiosis carcinomatosa, while it
negatively correlated with the expression of the estrogen
receptor. No correlation was detected between hMLHI or
PMS2 and any of the investigated factors. The expression of
hMSH2 seems to be related with predictors of an unfavorable
course of disease in breast cancer.

Introduction
Breast cancer is one of the most common malignancies in

females of the western countries. The prognosis for patients
with diagnosed breast cancer depends on a series of prognostic
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factors. Among these, tumor size and grade, lymph nodes and
metastases have a great prognostic value while the expression
of hormone receptors and ERBB2/neu status have more a
predictive value on therapeutic options. Proliferation index,
S-phase index and expression of the tumor suppressor protein
pS3 are further useful factors. Alternatively, the proteins for
DNA mismatch repair (MMR) have also gained interest in
breast cancer. The MMR genes are known as the mutator in
hereditary nonpolyposis colon carcinoma (HNPCC) where
mutations in human Mut-S-Homologon-2 (hMSH2), human
Mut-L-Homologon-1 (hMLH1) and postmeiotic segregation-2
(PMS2) occur most frequently. While MMR mutations in
HNPCC are strongly linked to microsatellite instability
(MSI), deregulations of MMR proteins do not necessarily
correlate with MSI in sporadic cancer (1-4). Alterations of
MMR protein expression have been detected in various
gynecological tumors, i.e. in endometrial cancer (5,6), ovarian
cancer (7,8), malignancies of the uterine corpus (9) and breast
cancer (10-12).

The main function of the MMR is the repair of DNA
mismatches during replication and homologous recombination.
Further, it is involved in the signaling of DNA damage to
proteins of cell cycle control such as p53 and the induction
of apoptosis. This is demonstrated in MMR-deficient cells
tolerating DNA damage produced by UV radiation or cyto-
statics without the induction of apoptosis. Scherer et al (13)
identified a response element for p53 in the promoter region
of the hMSH2 gene and Warnick et al showed that p53 actively
regulates the hMSH2 expression in ovarian cancer cells (14).
Point mutations in hMSH2 have shown that the mismatch
repair function of hMSH2 appears to be independent from its
ability to induce cell death after cisplatin exposure (15,16).
The relationsip between hMSH2 and p53 was investigated
in various studies with diverse outcome in different cancer
populations. Rass et al (17) found increased immunoreactive
scores in malignant melanoma for both, hMSH2 and p53
whereas Spagnoletti et al found that hMSH2-positive tumor
cells tended to be negative for the expression of p53 in breast
cancer (4).

In this study we describe the relationship between the
expression of the MMR proteins hMSH2, hMLH1, PMS2 to
p53 and the proliferation marker Ki67 in 200 samples of
mammarian cancer. Further, we correlate these results with
prognostic factors in breast cancer such as steroid receptor



1224

KOSTER et al: MISMATCH-REPAIR IN BREAST CANCER

Table I. Description of the patient population and key clinicopathological data.

Age of patients

Tumour stage

Lymph nodes (<N1) 49%
Distant metastasis (<M 1) 23.2%

Differentiation
Histological classification

Hemangiosis carcinomatosa 10.2%
Lymphangiosis carcinomatosa 27.8%
Estrogen receptor expression 66.1%
Progesterone receptor expression 47.8%
P53 positive 67.6%
Ki67 positive 61.1%

mean, 60.3 years; range, 30-89 years
pT1, 32%; pT2,40%; pT3,9.6%; pT4,16.3%

low, 55.1%; medium, 44.9; high, 0
ductal, 68%; lobular, 15.8%; others, 15.2%

status, TNM-stage, cell differentiation and the appearance of
hemangiosis carcinomatosa and lymphangiosis carcinomatosa.

Materials and methods

The investigations on human material were approved by the
ethics committee of the University of Homburg/Saar. Each
patient was informed and asked for her consent to participate
in this study. Residues of tumor samples have been collected
after histological examinations by pathologists. Grading and
staging of the tumors, the status of steroid receptors and the
appearance of cacinomatosa hemangiosis and carcinomatosa
lymphangiosis were taken from the pathologists' reports.

Tissue specimens. Two hundred tumor tissues from 186 patients
with mammarian cancer were collected and shock frozen in
liquid nitrogen. Serial sections of 5-xm thickness were cut with
a cryostat microtome and mounted on microscopic slides. The
glass slides were previously coated with 3-(triethoxysilyl)-
propylamine (Merck, Frankfurt, Germany). After mounting, the
tissue sections were kept at -80°C until use for immunohisto-
chemistry. Fixation was performed for 10 min in Zamboni-
fixation solution containing 15% saturated picric acid solution
and 2% paraformaldehyde in phosphate-buffered saline (PBS).
Slides were washed in PBS.

Immunohistochemistry. Unspecific protein binding was blocked
with normal sera from rabbit (Dako, Hamburg, Germany
Code-No. M0722, 1:50 in Tris-buffer) for 15 min. Against
hMSH2 we used the monoclonal mouse antibody clone
FE-11 in a 1:100 dilution (Calbiochem, Merck Biosciences,
Schwalbach, Germany), against MLH1 the monoclonal
antibody clone G168-728 (Pharmingen, BD Biosciences,
Heidelberg, Germany), against p53 the monoclonal mouse
antibody clone DO-7 in a 1:150 dilution and for Ki67 the
polyclonal rabbit antibody A-047 in 1:50 dilution (both Dako).
The tumor sections were incubated with primary antibodies
at 4°C overnight together with fish gelatin (1:100) for blocking
unspecific binding.

The immunodetection was performed using the ABC
method (Dako). The secondary biotinylated antibody was

incubated at a 1:200 dilution for 25 min at 37°C followed
by the streptavidin-biotin complex for 25 min at 37°C and
an amplification reaction with streptavidin-peroxidase and
biotinyl-tyramine for another 15 min at 37°C. Three wash
steps were performed after each incubation. The peroxidase
activity was visualized with 3,3'-diaminobenzidine (DAB)
(Dako).

Interpretation of the immunoreactivity. The interpretation of
the immunoreactivity in tumor sections was performed using
the immunoreactive score (IRS) described by Remmele and
Stegner (18). The IRS results from the multiplication of a
staining intensity score (negative, 0; weak, 1; moderate, 2;
strong, 3) and the percentage score of immunopositive
cells (SI- negative, 0; weak, 1; moderate, 2; strong, 3). The
immunoreactivity for Ki67 was evaluated and compared with
other immunoreactivities with a scoring after Friedrich et al
(9) that creates a ranking of the percentages of immunopositive
cells (PP) (rank 0,0%; 1, 1-10%; 2, 11-25%; 3,>25%).

Microscopy and photography. The immunoassayed specimens
were viewed under a Leica DM4000 microscope and photo-
graphed using an SIS Colorview 12 digital camera.

Statistical analysis of correlation. The statistical correlations
among hMSH2, p53 and Ki67 immunoreactivity were analyzed
by Spearman's rank correlation coefficient in SPSS version
10.0. The statistical significance was set to p<0.05. To correlate
the mismatch repair protein expression with prognostic factors
of the patients we used the y>-test.

Results

We investigated the expression of the MMR proteins hMSH2,
hMLH1 and PMS2 by immunohistochemistry. An overview
of the patient population with an excerpt of clinicopathologic
data is given in Table I. Of 200 tumor sections, 195 (97.5%)
showed positive immunoreactions for hMSH2, 173 (86.5%)
were positive for h(MLH1, and 53 of 56 sections (94.6%)
stained positive with the antibody against PMS2. Examples
of immunoassayed slides are shown in Fig. 1.
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Figure 1. Immunohistochemistry of samples from mammarian carcinoma.
Magnification, x400. (a) hMSH2 detection: left, sample with 84% immuno-
reactive tumor cells (PP) and an immunoreactive score (IRS) of 12; and
right, sample with PP=70% and IRS=6. (b) hMLHI detection: left, sample
with PP=80%, IRS=9; and right, sample with PP=48%, IRS=6. (c) Detection
of PMS2: left, sample with PP=97%, IRS=12; and right, sample with PP=82%
and IRS=4.

Correlation between MMR proteins. There were no correlations
between the immunoreactive scores (IRS) of the MMR proteins
hMSH2, hMLH1 and hPMS2 analyzed by the Spearman's
rank correlation coefficient. The data are summarized in
Table II.

Correlation of MMR proteins with the proliferation marker
Ki67. To determine if the MMR protein upregulation results
from the elevated proliferating activity in tumor tissue, we
correlated it with the expression of the proliferation marker
Ki67. No correlation between the immunoreactivity of the
proliferation marker Ki67 and any of the immunoreactions
for MMR proteins was found (Table III).

Correlation of MMR proteins with the tumor suppressor
protein p53. Of 179 tumor tissues, 121 (67.6%) tested for
p53 immunoreactivity were stained positive. The IRS for
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Table II. Spearman's rank correlation coefficients between
the immunoreactive scores of the mismatch repair proteins
hMSH2, hMLHI and PMS2.

Spearman's rank hMLHI-IRS PMS2-IRS

correlation coefficient

hMSH2-IRS (n=200)
hMLHI-IRS (n=200)

0.118 (p=0.095) -0.130 (p=0.34)

0.098 (p=0.473)

hMSH?2 correlated with the IRS for p53 significantly with a
low Spearman's rank correlation coefficient of 0.211 (p=0.005)
while hMLH1 and hPMS2 did not correlate with the p53
expression (Table III).

Correlation of the MMR protein expression with the immuno-
reactivity for steroid receptors. According to Table III, the
Spearman's rank correlation coefficient for the relationship
between hMSH2-IRS and the IRS of the estrogen receptor
(ER) showed a weak negative correlation (rs=-0.184, p=0.014).
Of 173 samples, 121 (66.1%) were ER-positive. No further
correlation was found between any of the MMR proteins and
ER or progesterone receptor (PR) expression. Of the 184
examined tissue sections, 47.8% were PR-positive.

Correlation of the MMR protein expression with known
prognostic tumor factors. The IRS for hMSH2 correlated
significantly with the presence of distant metastases (p=0.009,
y2-test), while the IRS for hMLH1 and PMS2 did not. Of 186
patients, 23.2% had distant metastases, as shown in Table IV.
We could not detect any correlation between the expression
of proteins of the MMR and histological tumor stage or the
appearance of lymph nodes. Tissues with a low grade of
differentiation had a significantly higher IRS for hMSH2
(p=0.001, >-test), while the IRS for hAMLH1 and PMS2 did
not correlate with the grade of differentiation. One hundred
and seven (55.1%) of the tumor sections were described as
low-differentiated and 83 (44.9%) were medium-differentiated,
while no strong-differentiated tumors were identified.

Correlation of the hMSH2-IRS with hemangiosis carcinoma-
tosa and lymphangiosis carcinomatosa. Of the patients, 10.2%
were diagnosed positive for hemangiosis carcinomatosa and
27.8% for lymphangiosis carcinomatosa. The IRS for hMSH2

Table III. Correlation of the immunoreactive scores of mismatch repair proteins with the immunoreactivities of Ki67, p53 and

the steroid receptors for estrogen (ER) and progesterone (PR).

Spearman's rank correlation coefficient Ki67 (n=173)

p53 (n=179) ER (n=173) PR (n=184)

hMSH2 (n=200)
hMLHI (n=200)
hPMS?2 (n=56)

-0.008 (p=0.914)
0.023 (p=0.968)
0.037 (p=0.807)

0.211¢ (p=0.005)
0.094 (p=0.212)
0.215 (p=0.112)

-0.182% (p=0.014)
0.003 (p=0.97)
0.014 (p=0.916)

0.1 (p=0.178)
0.143 (p=0.053)
0.04 (p=0.771)

Statistically significant.
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Table IV. Correlations of the immunoreactive scores for mismatch repair proteins with prognostic factors in breast cancer

using the y>-test.

hMSH2-IRS (n=200) hPMS2-IRS (n=56)

x>-test hMSH2-IRS (n=200)
Tumor grading p=0.890
Lymph nodes p=0.245
Distant metastases p=0.009*
Differentiation p=0.0012
Hemangiosis carcinomatosa (n=189) p=0.0172
Lymphangiosis carcinomatosa (n=189) p=0.048*

p=0.391 p=0.894
p=0.534 p=0.174
p=0.531 p=0.345
p=0.153 p=0.745
p=0.924 p=0.782
p=0.988 p=0.343

AStatistically significant.

correlated significantly with the appearance of hemangiosis
(p=0.017, y>-test) and lymphangiosis (p=0.048, y>-test).
The IRS for hMLH1 and PMS2 did not correlate with the
appearance of hemangiosis or lymphangiosis (Table IV).

Discussion

The role of MMR proteins in cancer is widely discussed. In
HNPCC related cancer with mutations in MMR genes there
is a close association between the loss of MMR function and
tumor development. In sporadic cancer without a primary
MMR gene mutation the function of the MMR system could
be important for the tumorigenesis too. Our previous studies
revealed elevated hMSH2 levels in tumors of the breast
compared to normal tissue (12). Other studies report an
upregulation of MMR expression with a peak in noninvasive
carcinoma or low-grade tumors (19,20). Here, we correlated
the immunoreactivity of the MMR proteins hMSH2, hMLH1
and PMS2 with each other and also with the tumor suppressor
protein p53, the proliferation marker Ki67 and known prog-
nostic factors for breast cancer.

In almost every sample (97.5%) we were able to detect an
immunoreaction against hMSH?2. The abundance of hMLH1
with 86.5% was lower compared to hMSH2. Murata et al
reported that promoter hypermethylation is in most cases the
reason for hMLH1 downregulation in breast cancer (21).
Similar proportions for the lack of MMR protein immuno-
reactivity of hMSH2 (6.5%) and hMLH1 (22.3%) were found
by Hardisson et al (22).

We found no correlation between the expression levels of
the investigated MMR proteins, while Murata et al detected a
correlation between the expression of hMSH2 and hMLHI in
breast cancer tissue (23). They were comparing ‘attenuated’
and ‘normal’ expression in 83 breast cancer patients whereas
we used the IRS scores with a more sensitive scale of 12
different IRS levels in nearly 200 cases, which could be a
possible reason for the different result. Son et al did not find
a relationship between the expression levels of hMSH2 and
hMLHI1 in breast cancer (24).

The MMR-system is preferably required during the S-
phase in proliferation. We correlated the MMR protein
expression with the expression of the proliferation marker
Ki67 to evaluate if the immunoreactivity of the MMR proteins

is simply dependent on the elevated proliferative activity in
cancer cells. As we could not detect any correlation between
the immunoreactivity for Ki67 and any of the MMR proteins
we propose that the cause for the deregulation of MMR
proteins in cancer is not related to the increased proliferation
activity.

We were further interested in the correlation of MMR
protein expression with prognostic factors for mammarian
carcinoma. The immunoreactivities of p53 and hMSH2
exhibited a low Spearman's rank correlation coefficient of
0.211. No other correlations between MMR proteins and
p53 were detected. Positive p53 immunoreactivity normally
predicts a mutated p53 because wild-type p53 is supposed to
be hardly detectable resulting from the fast turnover of the
pS3 protein. In this study, we found p53 immunoreaction in
67% of all tissues, which does not reflect the general mutation
rates of approximately 20-25%. Therefore, we conclude that
we probably revealed also the wild-type p53 expression. Also
other studies report high percentages of immunodetectable
p53, for example that of Spagnoletti et al with 48% p53 in
breast cancer (4) and Cheah et al with over 70% in cervical
carcinoma (25). Assuming that we detected wild-type p53, its
correlation with hMSH2 seems to be reliable because p53 is
able to regulate the hMSH2 expression by a response element
in the hMSH2 promoter (14,26). Spagnoletti et al showed a
correlation between the subgroup of p53 immunonegative
tumors and a lower percentage of hMSH2-positive samples,
but they concluded that pS3 immunoreactivity represents its
mutation.

The expression of hMSH2 further correlated with the
appearance of distant metastases, a low differentiation of
tumor cells and the appearance of hemangiosis carcinomatosa
and lymphangiosis carcinomatosa. Interestingly, only the
hMSH?2 expression correlated with factors predicting a more
severe progress of the disease. This partially contradicts
the results from other groups that found the highest hMSH2
expression in early tumour stages and a minor enhancement
in severe tumors. Additionally, we found a weak negative
correlation between hMSH2 and the expression of estrogen
receptors. By contrast, Murata er al detected decreased
hMSH?2 levels in patients with higher tumor stages and the
appearance of metastases (23). Spagnoletti et al found no
correlation between the hMSH2 expression and any of the
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clinicopathological data except the hormone receptor status. In
accordance with our results they found a negative relationship
between hMSH2 expression and the hormone receptor status

.

The best candidate for a prognostic factor under MMR-

proteins from our results is hMSH2, but as long as the data
from the literature are so diverse, this is not of strong value.
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