
Abstract Alterations of DNA mismatch repair (MMR)
genes are involved in carcinogenesis of sporadic and in-
herited human cancers characterised by instability of
DNA microsatellite sequences (MSI). MSI tumours are
usually identified using molecular analysis. In the pres-
ent investigation, hMLH1 and hMSH2 immunohisto-
chemistry was tested in order to evaluate the utility of
this method in predicting MMR deficiency. Colorectal
(72), gastric (68), endometrial (44) and ovarian (17) car-
cinomas were independently evaluated for familial histo-
ry, histological type of tumour, MSI status and immuno-
histochemical results. Loss of expression of either
hMLH1 or hMSH2 was observed in 51 of 55 (92.8%)
MSI tumours, while 145 of 146 microsatellite stable
(MSS) tumours expressed both the hMLH1 and hMSH2
gene products. Independently of tumour site, an overall
agreement between immunohistochemical and molecular
results was observed in 15 hereditary non-polyposis co-
lorectal cancer-related tumours. Among sporadic tu-
mours, only 2 of 60 colorectal and 2 of 66 gastric carci-
nomas, displaying MSI, expressed both hMLH1 and
hMSH2 gene products. All 39 endometrial and 16 ovari-
an tumours presented a concordant molecular and immu-
nohistochemical profile. These data show that immuno-
histochemistry is an accurate and rapid method to predict
the presence of defective DNA MMR genes and to iden-
tify both sporadic and familial MSI tumours.

Keywords Immunohistochemistry · Microsatellite
instability · hMLH1 and hMSH2 genes ·
Gastric and colorectal carcinomas · Endometrial and
ovarian carcinomas

Introduction

Defects in the DNA mismatch repair (MMR) system are
involved in carcinogenesis and tumour progression of
sporadic and inherited human cancers [10, 26]. MMR
deficiency leads to the accumulation of base–base mis-
matches and short insertion/deletion mispairs, generated
as a consequence of DNA replication errors and homolo-
gous recombinations. Most cells deficient in MMR often
display a high level of genomic instability (MSI-H),
characterised by changes in repeat numbers of simple re-
petitive sequences (microsatellite instability; MSI). In
humans, MMR is mediated by at least five genes, includ-
ing hMLH1, hMSH2, hMSH3, hMSH6 and hPMS2 [23].
Inherited mutations of hMLH1 and hMSH2 genes have
been demonstrated as the cause of 70–100% of heredi-
tary non-polyposis colorectal cancers (HNPCC), show-
ing MSI-H [1, 3, 12, 28, 32]. On the contrary, germline
hMSH3, hMSH6 and hPMS2 mutations have been rarely
identified in HNPCC patients [2, 38].

MMR genes are also involved in the development of a
subset of sporadic colorectal, gastric and endometrial tu-
mours. In fact, MSI-H has been observed in 13–44% of
gastric [17], 10–15% of colorectal [20, 31] and 17–23% of
endometrial [4, 39] sporadic carcinomas. The MSI pheno-
type, in these cases, is consistent with a somatic MMR de-
fect. Recent studies pointed out that about 90% of sporad-
ic MSI cancers have hMLH1 transcriptional silencing,
while a minority of cases show inactivation of hMSH2 or
hMLH1 due to somatic mutations [18, 45]. The evidence
that epigenetic mechanisms cause inactivation of MMR
genes [8] and, in addition, the identification of a high per-
centage of missense variants of uncertain pathogenetic
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significance [16, 38, 54], outline the importance of func-
tional assays in the MMR defect identification.

Immunoistochemical analysis using specific antibod-
ies directed against MMR proteins has proven to be a
useful approach to investigate MMR defects, predicting
the presence of a defective DNA MMR component both
in sporadic and familial MSI tumours [49]. In order to
evaluate the utility, sensitivity and specificity of im-
munoistochemical methods in predicting MMR deficien-
cy, we analysed a large series of familial and sporadic
colorectal, gastric, endometrial and ovarian carcinomas
comparing MSI status and protein expression pattern.

Materials and methods

Patients and tumour samples

A total of 201 non-consecutive tumours (72 colorectal, 68 gastric,
44 endometrial and 17 ovarian carcinomas; Table 1) from 198 pa-
tients were tested for microsatellite (MS) status at mononucleotide
loci and for immunohistochemical expression of hMLH1 and
hMSH2 gene products. Each case was evaluated independently for
familial history, MS status, immunohistochemical reactions and
histological type of the neoplasm.

Family histories were carried out during a psychologically as-
sisted genetic counselling with at least a three-generation pedigree
reconstruction. Verification of the reported malignancies has been
performed using cancer registry, clinical reports, pathological re-
ports, doctor notes and death certificates, as previously described
[15]. Pedigree classification was performed as follows: HNPCC
type I families were defined according to the Amsterdam criteria
[51] and HNPCC type II families were defined according to the
recently revised Amsterdam criteria [52]. Endometrial, gastric and
ovarian cancers were classified as familial when at least two cases
of the same malignant neoplasm were observed in first degree rel-
atives. All remaining cases not fulfilling these criteria were classi-
fied as sporadic.

In summary, 1 ovarian, 2 endometrial and 12 colorectal carci-
nomas arose in 7 HNPCC families. Two gastric carcinomas oc-
curred in the same family, and three endometrial cancers belonged
to three families with site-specific endometrial cancers. Tissue
samples were fixed in 10% formalin and embedded in paraffin.
Sections (5-µm thick) were stained with haematoxylin and eosin
(H&E) and periodic acid-Shiff (PAS)-alcian blue stains. Colorec-
tal adenocarcinomas were histologically classified according to
the criteria used in a previous study [15], endometrial and ovarian
cancers were classified according to the World Health Organiza-
tion (WHO) criteria [41, 42] and gastric tumours were classified
according to Lauren's criteria [27], modified by Solcia et al. [46].

Immunohistochemistry

Immunoperoxidase studies were performed on formalin-fixed par-
affin sections that were dewaxed and rehydrated using Bio-clear
(Bio-Optica, Milan, Italy) and alcohol. Endogenous peroxidase
was blocked by dipping sections in 3% aqueous H2O2 for 10 min,
and antigen retrieval was performed with a 10-min microwave
treatment in 10 mM citrate buffer, pH 6.00. The immunostaining
was performed with the avidin–biotin–peroxidase complex tech-
nique [19], using diaminobenzidine as a chromogen. Sections
were incubated overnight at 4°C with mouse monoclonal antibod-
ies against full-length hMLH1 protein (G168–15, PharMingen,
San Diego, Calif.) and the carboxy-terminal fragment of hMSH2
protein (FE11, Oncogene Research Products, Cambridge, Mass.)
at 1:100 dilutions. Sections were lightly counterstained with hae-
matoxylin. The normal staining pattern for both hMLH1 and
hMSH2 was nuclear, and a case was considered positive only in
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the presence of nuclear staining of neoplastic cells. A case was
considered negative for expression of hMLH1 or hMSH2 only
when there was a complete absence of nuclear staining of neoplas-
tic cells in the presence of an unquestionable internal positive con-
trol represented by normal epithelial cells, stromal cells, muscle
cells or lymphocytes.

DNA extraction and MSI testing

In 98 cases (33 endometrial, 51 colonic and 14 ovarian carcino-
mas), DNA was extracted from fresh tumour tissue using QIAamp
tissue Kits (Qiagen, Hilden, Germany), and the corresponding nor-
mal DNA was obtained from peripheral blood samples using
QIAamp blood kits (Qiagen, Hilden, Germany). In 103 cases
(11 endometrial, 21 colonic, 68 gastric and 3 ovarian carcinomas),
tumour and normal tissue DNAs were obtained from archival paraf-
fin-embedded specimens after microdissection. For these cases, four
sequential 5-µm sections were cut from the paraffin-embedded tu-
mour blocks, mounted onto poly-L-lysine coated slides and de-
waxed in xylene and ethanol washes. One section was then stained
with H&E using standard techniques to confirm the histological
identification of the tumour components. Using this slide as a guide,
all tumour areas from each block were carefully scraped with a fine
scalpel blade from the unstained adjacent sections.

MSI status of each neoplasm was determined through analysis
of three mononucleotide repeat markers, including BAT-26,
BAT-25 and BAT40. Primers were prepared with the forward
primer end labelled with 6-FAM phosphoramidites and were also
purified using standard high-performance liquid chromatography
(HPLC). Genomic DNA was amplified in a reaction mixture
(15 µl) containing 1.5 mM magnesium chloride, 50 mM potassium
chloride, 20 mM tris-HCl (pH 8.4), 200 µM of each deoxynucleo-
tide triphosphate, 1 µM of each primer and 2 U Taq polymerase
(Perkin-Elmer/Cetus, Milan, Italy).

PCR was carried out after a 3-min initial denaturation at 95°C,
with 30 cycles of 30 s each of denaturation at 95°C, 30 s of an-
nealing at 55°C and 30 s of elongation at 72°C in a Perkin-Elmer
Gene Amp Thermal 2400 (Perkin-Elmer/Cetus, Milan, Italy). A
portion of the PCR product was aliquotted and combined with
formamide and a GeneScan 2500 internal size marker to permit
precise sizing of alleles. Samples were denatured at 94°C and
loaded on an Applied Biosystems 310 automated DNA sequencer
(Applied Biosystems, Milan, Italy). Fragment sizing analysis was
performed using GeneScan 672 (version 1.2) software (Applied
Biosystems).

The MSI status of every neoplasm was established according
to criteria reported by Zhou et al. [56]. As suggested by these au-
thors, DNA obtained from solid tumours of various organs can be
classified as MSI when aberrant alleles with (A)21 or less are seen
at the BAT-26 locus. The mononucleotide markers BAT-25 and
BAT-40 were used to confirm MSI status assayed with BAT-26
marker and to avoid misclassification due to rare BAT-26 normal
alleles with (A)25 or (A)24 tracts. Cases were considered MSI
when BAT-25 or BAT-40 were unstable.

Colorectal (50) [15], endometrial (38) [50], gastric (51) and
ovarian (16) carcinomas (Furlan, Chiaravalli, Capella, 2000, un-
published data) included in this work were also investigated using
the dinucleotide microsatellite markers reported in the previous
MSI studies [15, 50]. In these previous analyses, a tumour was
considered MSI when instability was observed in at least 20% of
the tested loci.

Statistical analysis

The sensitivity, specificity, predictive values for a positive and a
negative and overall accuracy of hMLH1 or hMSH2 immunostain-
ing in identifying MSI tumours were calculated.

Results

MSI was observed in 55 (27%) of 201 tumours exam-
ined. There were 22 colonic, 16 gastric, 13 endometrial
and 4 ovarian carcinomas. Of 55 MSI tumour DNAs,
52 were BAT-26 unstable, exhibiting aberrant alleles
with losses ranging from 5 to 15 nucleotides. The re-
maining three tumour DNAs (from one gastric and two
endometrial cancers) exhibited losses ranging from one
to four nucleotides. Since these cases showed instability
of the BAT-25 or BAT-40 markers, they were considered
as MSI [9].

At the Bat-26 locus, all 146 MSS tumour DNAs ex-
hibited the normal allele (A)26 and no microsatellite al-
terations at BAT-25 or BAT-40 loci. Of the 55 MSI cases
previously investigated [15, 50] and included in this
work, 51 showed instability in more than 20% of tested
loci and, therefore, were classified as MSI. The remain-
ing four cases (two colorectal and two gastric cancers)
showing MSI in less than 20% of tested loci were previ-
ously considered MSS.

The immunohistochemical evaluation of tumour sam-
ples needed a careful examination because of the pres-
ence of positive stromal fibroblast and lymphoid ele-
ments within the tumour and the variable intensity of
nuclear stain of tumour cells. In some cases, usually his-
tologically processed before 1985, we observed areas
with different intensity of immunohistochemical reac-
tion of both tumour and stromal elements, probably due
to prolonged formalin fixation. Therefore, a case was
considered negative for the expression of one of the two
gene products only when all neoplastic cells were
negative in presence of normal intermingled positive
cells. In cancers retaining nuclear expression of both
hMLH1 and hMSH2 gene products, the nuclear staining
of tumour cells was generally more intense than that
of infiltrating lymphocytes, stromal cells and normal
epithelial cells adjacent to the tumour (Fig. 1). In
addition, we also observed an intense immunohisto-
chemical reaction for both gene products in the germi-
nal centre cells of lymphoid follicles or in epithelial
cells located in the proliferative zones of normal gastric
and intestinal glands. Both of these findings suggest
that the nuclear accumulation of hMLH1 and hMSH2
gene products is increased in cells more rapidly prolifer-
ating (neoplastic versus normal intermingled cells and
cells of proliferative zones of normal tissues versus qui-
escent cells). In all cases showing loss of nuclear ex-
pression of hMLH1 or hMSH2 gene products in tumour
cells, there were positive non-neoplastic elements ad-
mixed with neoplastic cells and/or adjacent to the tu-
mour (Fig. 2).

The overall immunohistochemical and molecular re-
sults are summarised in Table 2. Considering all 201 tu-
mours independently of tumour site and familial history,
52 (25.9%) cases showed no expression of one of two
gene products studied. All of the other 149 (74.1%)
cases showed nuclear staining of tumour cells for both
proteins. Loss of expression for either hMLH1 or
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hMSH2 was observed in 51 of 55 (92.8%) MSI tumours,
while 4 of 55 (7.2%) MSI tumours (two gastric and two
colorectal carcinomas) showed mononucleotide instabili-
ty but intense immunoreactivity for both proteins. These
four cases were tested for hMSH6 immunoreactivity us-
ing the MSH6/GTBP monoclonal antibody (Clone 44,
Transdaction Lab., San Diego, Calif.). Three cases were
hMSH6 positive, while the fourth case was not valuable
(Chiaravalli A.M., unpublished results). 

Of 146 MSS tumours, 145 (99.3%) showed immuno-
reactivity for both hMLH1 and hMSH2 gene products,
while one case was negative for hMSH2. This MSS tu-
mour, with negative immunohistochemical reaction for
hMSH2, was a small intramucosal early gastric cancer
composed of signet ring cells interspersed with numer-
ous residual normal glandular cells. In summary, the ab-
sence of nuclear staining for the hMLH1 or hMSH2 gene
product had a sensitivity of 92.7% for MSI status, a
specificity of 99.3%, a predictive value of 98.1% for a
positive, a predictive value of 97.3% for a negative and
an overall accuracy of 97.5%.

The immunohistochemical and molecular results cor-
related with family history and tumour site are summari-
sed in Table 3. Considering carcinomas in HNPCC-
patients, 11 of 15 (73%) tumours (one ovarian, two en-
dometrial and eight colorectal cancers) showed both MSI
and absence of immunohistochemical expression of ei-
ther hMLH1 or hMSH2 gene products. In particular,
hMLH1 was not expressed in four of eight colorectal
carcinomas, one of two endometrial carcinomas and in
the only one ovarian cancer, while hMSH2 was absent in
the remaining one endometrial and four colorectal carci-
nomas. Among these HNPCC patients (four families),
hMLH1 germline mutations were confirmed using sin-
gle-strand conformation polymorphism (SSCP) analysis
in two families with tumours showing absence for
hMLH1 expression (Dr. G Guanti, Medical Genetic
Dept., University of Bari, personal communications).
The other two families are ongoing. The remaining four
HNPCC tumours were all MSS colorectal carcinomas
and displayed an intense nuclear staining for both
hMLH1 and hMSH2. With regard to HNPCC associated

42

Fig. 1 Microsatellite-stable gastric carcinoma with intense nuclear
staining of tumour cells for hMSH2. The immunoreactivity of tu-
mour cells is more intense than that of adjacent residual normal
glandular structures and admixed lymphocytes (×400)

Fig. 2 Microsatellite gastric carcinoma negative for hMLH1. Im-
munoreactivity is present in glandular and stromal cells admixed
with tumour cells (×400)

Table 2 Correlation between immunohistochemical results and
molecular profile of 201 carcinomas examined. MSI microsatellite
instable; MSS microsatellite stable

Number Expression of Expression of 
of cases hMLH1 and hMLH1 or 

hMSH2 present hMSH2 absent

MSI 55 4 (7.2%) 51(92.8%)
MSS 146 145 (99.3%) 1 (0.7%)
Total 201 149 (74.1) 52 (25.9)
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tumours, hMLH1 and hMSH2 immunohistochemical
technique showed 100% sensitivity and 100% specificity
in detecting alterations in the MMR system.

Regarding histological type of the 11 MSI tumours,
the colorectal carcinomas were represented by four well-
or moderately differentiated adenocarcinomas, two mu-
cinous and two poorly differentiated/undifferentiated
adenocarcinomas, the endometrial tumours were repre-

sented by two endometrioid adenocarcinomas and the
ovarian tumours were represented by one endometrioid
adenocarcinoma. The four MSS tumours were all colo-
rectal well- or moderately differentiated adenocarcino-
mas (Table 4).

The immunohistochemical analysis of the 14 MSI co-
lorectal carcinomas representing 23.3% of all 60 sporad-
ic colorectal cases examined revealed the absence of nu-

Table 3 Summary of immunohistochemical and molecular results correlated with familial setting and site of the tumours. MS microsat-
ellite; MSI microsatellite instable; MSS microsatellite stable; HNPCC hereditary non-polyposis colorectal cancers

MS status Expression of Expression of Expression of Expression of 
hMLH1 and hMLH1 or hMLH1 absent hMSH2 absent
hMSH2 present hMSH2 absent

Colorectal carcinomas
12 HNPCC 8 MSI 0 8 (100%) 4 (50%) 4 (50%)

4 MSS 4 (100%) 0
60 sporadic 14 MSI 2 (14.3%) 12 (85.7%) 12 (100%) 0

46 MSS 46 (100%) 0

Gastric carcinomas
2 familial 2 MSS 2 (100%) 0
66 sporadic 16 MSI 2 (12.5%) 14 (87.5%) 13 (92.9%) 1 (7.1%)

50 MSS 49 (98%) 1 (2%) 0 1

Endometrial carcinomas
2 HNPCC 2 MSI 0 2 (100%) 1(50%) 1(50%)
3 familial 3 MSS 3 (100%) 0
39 sporadic 11 MSI 0 11 (100%) 9 (81.8%) 2 (18.2%)

28 MSS 28 (100%)

Ovarian carcinomas
1 HNPCC 1 MSI 0 1 (100%) 1 (100%) 0
16 sporadic 3 MSI 0 3 (100%) 3 (100%) 0

13 MSS 13 (100%) 0

Table 4 Correlation between microsatellite (MS) status and histo-
logical types of tumours. AC Adenocarcinoma; MUC mucinous
adenocarcinoma; PDC/UND poorly differentiated/undifferentiated
carcinoma; INT intestinal type carcinoma; DIF diffuse type carci-

noma; IND indeterminate or mixed carcinoma; END endometrioid
adenocarcinoma; SER serous adenocarcinoma or cystoadenocarci-
noma; MM malignant mixed mullerian tumour; MSI microsatellite
instable; MSS microsatellite stable

MS status Number of cases Histotype

Colorectal carcinomas AC MUC PDC/UND
HNPCC MSI 8 4 (50%) 2 (25%) 2 (25%)

MSS 4 4 (100%)
Sporadic MSI 14 6 (43%) 8 (57%)

MSS 46 34 (74%) 12 (26%)

Gastric carcinomas INT DIF IND
Familial MSS 2 1 1
Sporadic MSI 16 14 (88%) 1 (6%) 1 (6%)

MSS 50 34 (68%) 12 (24%) 4 (8%)

Endometrial carcinomas END MUC SER PDC/UND MM
HNPCC MSI 2 2 (100%)
Familial MSS 3 2 (67%) 1 (33%)
Sporadic MSI 11 9 (82%) 1 (9%) 1 (9%)

MSS 28 19 (68%) 6 (21%) 2 (7%) 1 (4%)

Ovarian carcinomas END MUC SER PDC/UND MM
HNPCC MSI 1 1 1
Sporadic MSI 3 1 (33%) 2 (67%)

MSS 13 1 (8%) 2 (15%) 8 (62%) 2 (15%)
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clear staining in 12 cases (11 for hMLH1 and 1 for
hMSH2) and expression of both gene products in two
cases. The 46 MSS tumours representing 76.7% of all
sporadic cases examined showed immunoreactivity for
both hMLH1 and hMSH2 gene products. Histologically,
MSI sporadic colorectal cancers were represented preva-
lently by mucinous adenocarcinomas (8 of 14; 57%),
while the majority of MSS tumours were well- or moder-
ately differentiated adenocarcinomas (34 of 46; 74%;
Table 4). Of the 11 hMLH1 negative cases, four (37%)
were well- or moderately differentiated adenocarcino-
mas, and the remaining seven (63%) cases were mucino-
us adenocarcinomas. The hMSH2 negative tumour was a
mucinous adenocacarcinoma (Table 5).

Among the 16 MSI (24.2% of all sporadic cases ex-
amined) gastric carcinomas, 13 carcinomas revealed an
absence of nuclear staining for hMLH1 and one for
hMSH2. The remaining two MSI cases were immunore-
active with both hMLH1 and hMSH2 antibodies. The
52 MSS (75.8% of all sporadic cases and the two familial
cases) gastric cancers were positive for both hMLH1
and hMSH2, except for one case, represented by the
early gastric cancer described above. Regarding the his-
tological type, 14 of 16 (88%) MSI tumours were intes-
tinal type carcinomas, while the remaining two cases
were represented by a diffuse-type carcinoma and an in-
determinate type carcinoma, respectively (Table 4). The
absence of nuclear expression of the hMLH1 gene prod-
uct was observed prevalently in intestinal type carcino-
mas (11 of 13 cases; 84%), while hMSH2 was not ex-
pressed in one diffuse type and in one intestinal type
carcinoma (Table 5). Among sporadic MSS cases, the
diffuse histotype was observed in 12 of 50 (24%) carci-
nomas, while the intestinal type was observed in 34 of
50 (68%) carcinomas.

Among endometrial carcinomas, apart from those of
the HNPCC patients described above, MSI was ob-
served in 11 cases (28.2% of all sporadic cases). Histo-
logically, MSI endometrial cancers were represented by
one mucinous and nine endometrioid adenocarcinomas
and one undifferentiated carcinoma (Table 4). Among
these MSI tumours, the expression of hMSH2 or
hMLH1 gene products was absent in two and nine
cases, respectively (Table 5). All of the 31 (71.8% of all
sporadic cases and the three familial cases) MSS tu-
mours revealed intense nuclear staining of tumour cells
for both hMLH1 and hMSH2 gene products (Table 3).
Regarding histological type, the sporadic MSS tumours
included 19 endometrioid, 6 serous adenocarcinomas,
2 undifferentiated carcinomas and one malignant mixed
mullerian tumour.

Of 16 sporadic ovarian cancers, three (18.7%) showed
MSI and no nuclear staining for hMLH1 antibody, while
expression of both proteins was observed in the other
13 MSS tumours. The MSI carcinomas included two mu-
cinous cystoadenocarcinomas and one endometrioid
adenocarcinoma, while the prevalent histotype of MSS
tumours was the serous cystoadenocarcinoma (8 of 13
cases; 62%).

Discussion

The assessment of MMR defects has become an impor-
tant tool in tumour molecular pathology and clinical
practice. MSI and MSS phenotypes appear to characte-
rise two different pathways of carcinogenesis. Patients
who present with colorectal [33, 48] or gastric [37] MSI
carcinomas have a better prognosis than those with MSS
tumours. The status of MMR may be important in pre-

Table 5 Correlation between absence of expression of
hMLH1/hMSH2 and histological types. AC Adenocarcinoma;
MUC mucinous adenocarcinoma; PDC/UND poorly differentiat-
ed /undifferentiated carcinoma; INT intestinal type carcinoma;

DIF diffuse type carcinoma; IND indeterminate or mixed carcino-
ma; END endometrioid adenocarcinoma; SER serous adenocarci-
noma or cystoadenocarcinoma; MM malignant mixed mullerian
tumour

Negative for Number of cases Histotype

Colorectal carcinomas AC MUC PDC/UND
HNPCC hMLH1 4 2 (50%) 1 (25%) 1 (25%)

hMSH2 4 2 (50%) 1 (25%) 1 (25%)
Sporadic hMLH1 11 4 (37%) 7 (63%)

hMSH2 1 1

Gastric carcinomas INT DIF IND
Sporadic hMLH1 13 11 (84%) 1 (8%) 1 (8%)

hMSH2 2 1 (50%) 1 (50%)

Endometrial carcinomas END MUC SER PDC/UND MM
HNPCC hMLH1 1 1

hMSH2 1 1
Sporadic hMLH1 9 7(78%) 1(11%) 1(11%)

hMSH2 2 2

Ovarian carcinomas END MUC SER PDC/UND MM
HNPCC hMLH1 1 1
Sporadic hMLH1 3 1 (33%) 2 (67%)



dicting tumour response to clinical therapy [40]. Finally,
it is now widely accepted that the assessment of MMR
defects should be added as a distinct criterion to define
the diagnosis of HNPCC.

Germline mutations in hMSH2 and hMLH1 account
for about 90% of all reported MMR gene mutations;
hPMS2 and hMSH6 account for the remainder [30].
With regard to sporadic colorectal, endometrial and gas-
tric tumours, 90% of MSI-H cases have transcriptional
silencing of hMLH1, and the remainder are consistent
with inactivation of hMSH2 or hMLH1 by somatic mu-
tations [18, 45].

The identification of pathogenetic alterations in
hMLH1 or hMSH2 often becomes complicated by the
absence of hot-spot mutations for these genes, missense
variants of uncertain pathogenic significance and by epi-
genetic mechanisms, such as methylation that cause gene
silencing. Recently, in a series of HNPCC patients, it
was demonstrated that the absence of hMLH1 and
hMSH2 immunohistochemical expression may identify
tumours with MMR deficiency [36, 49]. Molecular anal-
ysis is normally used to identify sporadic and familial
MSI tumours, but it is difficult, expensive and often con-
ditioned by the availability of tumour samples, which
have been correctly collected and conserved. In addition,
the molecular analysis for MSI does not allow the identi-
fication of the gene involved, which requires further
molecular examinations.

To verify reliability of interpretation, sensitivity and
specificity of hMLH1 or hMSH2 immunostaining in pre-
dicting MSI, we studied a large series of familial and
sporadic colonic, gastric, endometrial and ovarian carci-
nomas using both immunohistochemical and molecular
analyses. Our data confirm a strong correlation of MSI
with loss of expression of either hMSH2 or hMLH1 as
reported in previous studies [5, 36]. The immunohisto-
chemical analysis showed high sensitivity (92.8%), spec-
ificity (99.3%), predictive value for a positive (98.1%)
and predictive value for a negative (97.3%) in demon-
strating deficiency of the MMR system. The higher cor-
relation between immunohistochemical and molecular
results observed in our study relative to others [6, 47]
might be due to the use of different hMLH1 monoclonal
antibodies. In our experience, the clone G168-15 has
been shown to be more sensitive and reproducible than
the clone G168-728 used by other authors (Chiaravalli
A. M., unpublished observations).

With regard to specificity in all but one cases analy-
sed, the lack of expression of one of the two gene prod-
ucts corresponded with the presence of MSI. The only
case that resulted MSS but hMLH1 negative was a small
early gastric cancer in which it was difficult to outline
tumour areas for DNA extraction because neoplastic
cells were admixed with normal mucosal elements and
the percentage of tumour resulted lower than 50%. If we
would shut out this case from the study, because of a
technical problem, we could obtain a 100% specificity. It
is noteworthy in cases like this that, in identifying MSI,
the immunohistochemical technique is a more efficient

method than a molecular approach, which needs a laser
microdissection in order to avoid the presence of a high
percentage of non-tumour cells.

With regard to sensitivity, 51 of 55 (92.8%) MSI tu-
mours lacked one of the gene products. In tumours from
HNPCC patients, independent of tumour site, MSI was
directly associated with the lack of expression of one of
the two proteins tested. These data are in agreement with
a previous study suggesting, in these tumours, the pres-
ence of underlying germline mutations of either hMLH1
or hMSH2 [36]. On the contrary, among sporadic can-
cers retaining nuclear expression of hMLH1 and hMSH2
gene products, four cases were MSI. These data are con-
sistent with previous findings in which MSI was ob-
served in cases without detectable mutations in hMLH1
and hMSH2 and with normal immunohistochemical
staining for these proteins [49], suggesting that other
genes affecting MMR function may play a pathogenic
role. In addition, Yamamoto et al. [55] recently demon-
strated hMSH3 or hMSH6 mutations in gastric MSI tu-
mours without alterations of hMLH1 or hMSH2 genes.
In particular, these above-mentioned four cases were the
two colorectal and two gastric cancers with only mono-
nucleotide instability (see Results). In these cases, other
MMR genes could be involved. In fact, in a recent study,
germinal hMSH6 mutations were found in families with
less penetrant aggregations of colon cancer that did not
meet Amsterdam criteria and displayed an attenuated
form of MSI involving only selected mononucleotide re-
peats [14, 53].

In contrast to HNPCC tumours, the majority of our
sporadic tumours are characterised by the absence of
hMLH1 gene product expression (91.7% colorectal,
92.9% gastric, 81.8% endometrial and 100% ovarian car-
cinomas), suggesting that alterations of hMLH1 protein
are more frequently involved in MSI of sporadic tu-
mours. In fact, Simpkins et al. [45] and Esteller et al.
[11] proposed hMLH1 promoter methylation and gene
silencing as a primary cause of MSI in sporadic endome-
trial cancer, providing that the hMSH2 gene may con-
tribute substantially to inherited forms. Hypermethyla-
tion of the hMLH1 gene promoter and associated re-
duced expression of hMLH1 protein was also demon-
strated in gastric [13, 29] and colorectal [18] sporadic
cancers.

With regard to HNPCC tumours, the immunohisto-
chemical screening is an efficient and sensitive method,
showing the absence of MSH2/MLH1 protein in all
MSI cancers (1 ovarian, 2 endometrial and 8 colorectal
cancers), and defects of the two MMR proteins were
equally involved in our MSI-positive families. Interest-
ingly, in each HNPCC family, the pattern of MSI and of
MSH2 and MLH1 gene expression was homogeneous
in carcinomas of all sites. On this ground, this approach
represents a suitable method to identify HNPCC fami-
lies through characterisation of tumours from different
sites involved in the HNPCC spectrum. In addition,
the combined immunohistochemical and molecular as-
says may be helpful to avoid phenocopies and genetic
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heterogeneity, to address the screening of germline
mutations and to identify familiar cancers carrying
germline mutations of unknown genes, such as modifier
genes [8].

Correlating histological types with MS status and im-
munohistochemical expression of hMSH2 and hMLH1,
we can note that, with regard to sporadic tumours, MSI
and the absence of expression of hMLH1 or hMSH2 pro-
teins were observed more frequently in mucinous adeno-
carcinomas of the colorectum and of the ovary, intestinal
type carcinomas of the stomach and endometrioid adeno-
carcinomas of the endometrium and of the ovary. In ad-
dition, poorly differentiated/undifferentiated carcinomas
of both the large bowel and the endometrium, but not un-
differentiated ovarian carcinomas, were found to be MSI
tumours.

Among HNPCC colorectal cancers, the prevalent
histotype of both MSI and MSS tumours was adenocar-
cinoma. On the contrary, among sporadic cases, MSI
tumours were prevalently represented by mucinous
adenocarcinomas (57%), while MSS tumours consisted
prevalently of adenocarcinomas (74%). These data, in
agreement with previous studies [22, 25, 35], seem to
confirm that alterations of the MMR system are more
frequently involved in the pathogenesis of sporadic colo-
rectal mucinous adenocarcinomas [15], intestinal carci-
nomas of the stomach [34, 43] and endometrioid adeno-
carcinomas of the endometrium [50]. Controversial data
about the frequency and the histological type of MSI
ovarian cancers are reported in the literature [21, 44]. In
our study, MSI ovarian carcinomas were only of endo-
metrioid or mucinous type.

Considering gene expression, we can note that, while
hMSH2 protein is about equally absent in the different
types of colorectal and gastric carcinomas, the absence
of immunostaining for hMLH1 is observed more fre-
quently in mucinous colorectal adenocarcinomas and in-
testinal-type gastric carcinomas than in colorectal
adenocarcinomas and diffuse-type carcinomas of the
stomach. Probably, in sporadic mucinous colorectal
adenocarcinomas and in gastric intestinal-type carcino-
mas, MSI is more frequently related to methylation of
the hMLH1 gene promoter than to mutations of the
genes [7, 13, 18, 24].

In conclusion, an immunohistochemical technique,
predicting with accuracy the presence of a defective
DNA MMR components, is a good, rapid and cheap
strategy to screen for MSI tumours. In addition, it has an
immediate application in the clinical practice of identify-
ing MSI sporadic tumours and of detecting possible
cases of HNPCC cancers.

Acknowledgement The study was supported by a grant from the
University of Insubria, Varese, Italy.

References

1. Aaltonen LA, Salovaara R, Kristo P, Canzian F, Hemminki A,
Peltomaki P, Chadwick RB, Kaariainen H, Eskelinen M,
Jarvinen H, Mecklin JP, De La Chapelle A (1998) Incidence of
hereditary nonpolyposis colorectal cancer and the feasibility
of molecular screening for the disease. N Engl J Med 338:
1481–1487

2. Akiyama Y, Sato H, Yamada T, Nagasaki H, Tsuchiya A, Abe
R, Yuasa Y (1997) Germ-line mutation of the hMSH6/GTBP
gene in an atypical hereditary nonpolyposis colorectal cancer
kindred. Cancer Res 57:3920–3923

3. Bronner CE, Baker SM, Morrison PT, Warren G, Smith LG,
Lescoe MK, Kane M, Earabino C, Lipford J, Lindblom A
(1994) Mutation in the DNA mismatch repair gene homologue
hMLH1 is associated with hereditary non-polyposis colon
cancer. Nature 368:258–261

4. Burks RT, Kessis TD, Cho KR, Hedrick L (1994) Micro-
satellite instability in endometrial carcinoma. Oncogene 9:
1163–1166

5. Cawkwell L, Gray S, Murgatroyd H, Sutherland F, Haine L,
Longfellow M, O'Loughlin S, Cross D, Kronborg O, Fenger C,
Mapstone N, Dixon M, Quirke P (1999) Choice of manage-
ment strategy for colorectal cancer based on a diagnostic im-
munohistochemical test for defective mismatch repair. Gut 45:
409–415

6. Chaves P, Cruz C, Lage P, Claro I, Cravo M, Leitão CN,
Soares J (2000) Immunohistochemical detection of mismatch
repair gene proteins as a useful tool for the identification of
colorectal carcinoma with the mutator phenotype. J Pathol
191:355–360

7. Cunningham JM, Christensen ER, Tester DJ, Kim C-Y, Roche
PC, Burgart LJ, Thibodeau SN (1998) Hypermethylation of
the hMLH1 promoter in colon cancer with microsatellite insta-
bility. Cancer Res 58:3455–3460

8. Curia MC, Palmirotta R, Aceto G, Messerini L, Verì MC,
Crognale S, Valanzano R, Ficari F, Fracasso P, Stigliano V,
Tonelli F, Casale V, Guadagni F, Battista P, Mariani-Costantini
R, and Cama A (1999) Unbalanced germ-line expression of
hMLH1 and hMSH2 alleles in hereditary nonpolyposis colo-
rectal cancer. Cancer Res 59:3570–3575

9. de la Chapelle A (1999) Testing tumors for microsatellite in-
stability. Eur J Hum Gen 7:407–408

10. Eshleman JR, Markowitz SD (1996) Mismatch repair defects
in human carcinogenesis. Hum Mol Genet 5:1489–1494

11. Esteller M, Catasus L, Matias-Guiu X, Mutter GL, Prat J,
Baylin SB, Herman JG (1999) hMLH1 promoter hypermethyl-
ation is an early event in human endometrial tumorigenesis.
Am J Pathol 155:1767–1772

12. Fishel R, Lescoe MK, Rao MR, Copeland MRS, Jenkins NA,
Garber J, Kane M, Kolodner R (1993) The human mutator
gene homolog MSH2 and its association with hereditary non-
polyposis colon cancer. Cell 75:1027–1038

13. Fleisher AS, Esteller M, Wang S, Tamura G, Suzuki H, Yin J,
Zou TT, Abraham JM, Kong D, Smolinski KN, Shi YQ, Rhyu
MG, Powell SM, James SP, Wilson KT, Herman JG, Meltzer
SJ (1999) Hypermethylation of the hMLH1 gene promoter in
human gastric cancers with microsatellite instability. Cancer
Res 59:1090–1095

14. Funkhouser WK, Sciarrotta SB, Hatch SB, and Farber RA
(2000) Immunohistochemical detection of the MSH6 mis-
match repair protein in paraffin sections (abstract). Lab Invest
80:80

15. Furlan D, Tibiletti MG, Taborelli M, Albarello L, Cornaggia
M, Capella C (1998) The value of microsatellite instability in
the detection of HNPCC families and of sporadic colorectal
cancer with special biological features: an investigation on a
series of 100 consecutive cases. Ann Oncol 9:901–906

16. Genuardi M, Carrara S, Anti M, Ponz de Leòn M, Viel A
(1999) Assessment of pathogenicity criteria for constitutional
missense mutations of the hereditary nonpolyposis colorectal
cancer genes MLH1 and MSH2. Eur J Hum Genet 7:778–782



47

17. Halling KC, Harper J, Moskaluk CA, Thibodeau SN, Petroni
GR, Yustein AS, Tosi P, Minacci C, Roviello F, Piva P,
Hamilton SR, Jackson CE, Powell SM (1999) Origin of micro-
satellite instability in gastric cancer. Am J Pathol 155:205–211

18. Herman JG, Umar A, Polyak K, Graft JR, Ahuja N, Issa JPJ,
Markowitz S, Willson JKV, Hamilton SR, Kinzler KW, Kane
MF, Kolodner RD, Vogelstein B, Kunkel TA, Baylin SB
(1998) Incidence and functional consequences of hMLH1 pro-
moter hypermethylation in colorectal carcinoma. Proc Natl
Acad Sci U S A 95:6870–6875

19. Hsu SM, Raine L, Fanger H (1981) Use of avidin-biotin per-
oxidase complex (ABC) in immunoperoxidase techniques. J
Histochem Cytochem 29:577–580

20. Ionov Y, Peinado MA, Malkhosyan S, Shibata D, Perucho M
(1993) Ubiquitous somatic mutations in simple repeated se-
quences reveal a new mechanism for colonic carcinogenesis.
Nature 363:558–561

21. Iwabuchi H, Sakamoto M, Sakunaga H, Ma Y, Carcangiu ML,
Pinkel D, Yang-Feng TL, Gray JW (1995) Genetic analysis of
benign, low-grade, and high-grade ovarian tumors. Cancer Res
55:6172–6180

22. Jass JR, Do KA, Simms LA, et al. (1998) Morphology of spo-
radic colorectal cancer with DNA replication errors. Gut 42:
673–679

23. Jiricny J (1998) Replication errors: challenging the genome.
EMBO J 17:6427–6436

24. Kane MF, Loda M, Gaida GM, Lipman J, Mishra R, Goldman
H, Jessup JM, Kolodner R (1997) Methylation of the hMLH1
promoter correlates with lack of expression of hMLH1 in spo-
radic colon tumors and mismatch repair-defective human tu-
mor cell lines. Cancer Res 57:808–811

25. Kim H, Jen J, Vogelstein B, Hamilton SR (1994) Clinical and
pathological characteristic of sporadic colorectal carcinomas
with DNA replication errors in microsatellite sequences. Am J
Pathol 145:148–156

26. Kinzler KW, Vogelstein B (1996) Lessons from hereditary co-
lorectal cancer. Cell 87:159–170

27. Lauren P (1965) The two histological main types of gastric
carcinoma: diffuse and so-called intestinal-type carcinoma.
Acta Pathol Microbiol Scand 64:31–49

28. Leach FS, Nicolaides NC, Papadopoulos N, Liu B, Jen J,
Parsons R, Peltomaki P, Sistonen P, Aaltonen LA, Nystrom-
Lahti M, Guan XY, Zhang J, Meltzer PS, Yu JW, Kao FT,
Chen DJ, Cerosaletti KM, Fournier REK, Todd S, Lewis T,
Leach T, Naylor SL, Weissenbach J, Mecklin JP, Jarvinen H,
Petersen GM, Hamilton SR, Green J, Jass J, Watson P, Lynch
H, Trent JM, De La Chapelle A, Kinzler KW, Vogelstein B
(1993) Mutation of a mutS homolog in hereditary nonpolypo-
sis colorectal cancer. Cell 75:1215–1225

29. Leung SY, Yuen ST, Chung LP, Chu KM, Chan ASY, Ho JCI
(1999) hMLH1 promoter methylation and lack of hMLH1 ex-
pression in sporadic gastric carcinomas with high-frequency
microsatellite instability. Cancer Res 59:159–164

30. Lindor NM, Greene MH (1998) The concise handbook of fam-
ily cancer syndromes. Mayo Familial Cancer Program. J Natl
Cancer Inst 90:1039–1071

31. Liu B, Nicolaides NC, Markowitz S, Willson JKV, Parsons
RE, Jen J, Papadopoulos N, Peltomaki P, Lynch HT, Watson P,
Jass JR, Dunlop M, Wyllie A, Peltomaki P, de la Chapelle A,
Hamilton SR, Kinzler KW, Vogelstein B (1995) Mismatch re-
pair gene defects in sporadic colorectal cancers with microsat-
ellite instability. Nat Genet 9:48–55

32. Liu B, Parsons R, Papadopoulos N, Nicolaides NC, Lynch HT,
Watson P, Jass JR, Dunlop M, Wyllie A, Peltomaki P, de la
Chapelle A, Hamilton SR, Vogelstein B, Kinzler KW (1996)
Analysis of mismatch repair genes in hereditary non-polyposis
colorectal cancer patients. Nat Med 2:169–174

33. Lothe RA, Peltomaki P, Meling GI, Aaltonen LA, Nystrom-
Lahti M, Pylkkanen L, Heimdal K, Andersen TI, Moller P,
Rognum TO, Fossa SD, Haldorsen T, Langmark F, Brogger A,
de la Chapelle A, Borresen AL (1993) Genomic instability in
colorectal cancer: relationship to clinicopathological variables
and family history. Cancer Res 53:5849–5852

34. Luinetti O, Fiocca R, Villani L, Alberizzi P, Ranzani GN, Solcia
E (1998) Genetic pattern, histological structure, and cellular phe-
notype in early and advanced gastric cancers: evidence for struc-
ture-related genetic subsets and for loss of glandular structure
during progression of some tumors. Hum Pathol 29:702–709

35. Lynch HT, Smyrt T (1996) Hereditary nonpolyposis colorectal
cancer (Lynch syndrome). An updated review. Cancer 78:
1149–1167

36. Marcus VA, Madlensky L, Gryfe R, Kim H, So K, Millar A,
Temple LKF, Hsieh E, Hiruki T, Narod S, Bapat BV, Gallinger
S, Redston M (1999) Immunohistochemistry for hMLH1 and
hMSH2: a practical test for DNA mismatch repair-deficient tu-
mors. American J Surg Pathol 23:1248–1255

37. Oliveira C, Seruca R, Seixas M, Sobrinho-Simoes M (1998)
The clinicopathological feature of gastric carcinoma with mi-
crosatellite instability may be mediated by mutations of differ-
ent “target genes”. Am J Pathol 153:1211–1219

38. Peltomaki P, Vasen HF (1997) Mutations predisposing to he-
reditary nonpolyposis colorectal cancer: database and results
of a collaborative study. The intestinal collaborative group on
hereditary nonpolyposis colorectal cancer. Gastroenterology
113:1146–1158

39. Risinger JI, Berchuck A, Koholer MF, Watson P, Lynch HT,
Boyd J (1993) Genetic instability of microsatellites in endo-
metrial carcinoma. Cancer Res 53:5100–5103

40. Rodriguez-Bigas MA, Boland R, Hamilton SR, Henson D,
Jass J, Merra-Kan P, Lynch HAT, Perucho M, Smyrk T, Sobin
L, Srivastava S (1997) A National Cancer Institute workshop
on hereditary nonpolyposis colorectal cancer syndrome: meet-
ing highlights and Bethesda guidelines. J Natl Cancer Inst
89:1758–1762

41. Scully RE (1999) Histological typing of ovarian tumours.
Springer, Berlin Heidelberg New York

42. Scully RE, Bonfiglio TA, Kurman RJ, Silverberg SG, Wilkinson
EJ (1994) Histological typing of female genital tract tumors.
Springer, Berlin Heidelberg New York

43. Seruca R, Santos NR, David L, Constancia M, Barroca H,
Carneiro F, Seixas M, Peltomaki P, Lothe R, Sobrinho-Simoes
M (1995) Sporadic gastric carcinomas with microsatellite in-
stability display a particular clinicopathologic profile. Int J
Cancer 64:32–36

44. Shenson DL, Gallion MD, Powell DE, Pieretti M (1995) Loss
of heterozygosity and genomic instability in synchronous en-
dometrioid tumors of the ovary and endometrium. Cancer 76:
650–667

45. Simpkins SB, Bocker T, Swisher EM, Mutch DG, Gersell DJ,
Kovatich AJ, Palazzo JP, Fishel R, Goodfellow PJ (1999)
MLH1 promoter methylation and gene silencing is the primary
cause of microsatellite instability in sporadic endometrial can-
cer. Hum Mol Genet 8:661–666

46. Solcia E, Fiocca R, Luinetti O, Villani L, Padovan L, Calistri
D, Ranzani GN, Chiaravalli AM, Capella C (1996) Intestinal
and diffuse gastric cancers arise in a different background of
Helicobacter pylori gastritis through different gene involve-
ment. Am J Surg Pathol 20[Suppl]:8–22

47. Staebler A, Lax SF, Hedrick Ellenson L (2000) Altered ex-
pression of hMLH1 and hMSH2 protein in endometrial carci-
nomas with microsatellite instability. Hum Pathol 31:354–358

48. Thibodeau SN, Bren G, Schaid D (1993) Microsatellite insta-
bility in cancer of the proximal colon. Science 260:816–819

49. Thibodeau SN, French AJ, Roche PC, Cunningham JM, Tester
DJ, Lindor NM, Moslein G, Baker SM, Liskay RM, Burgart
LJ, Honchel R, Halling KC (1996) Altered expression of
hMSH2 and hMLH1 in tumors with microsatellite instability
and genetic alterations in mismatch repair gene. Cancer Res
56:4836–4840

50. Tibiletti MG, Furlan D, Taborelli M, Facco C, Riva C, Franchi
M, Cossu A, Trubia M, Taramelli R, Capella C (1999) Micro-
satellite instability in endometrial cancer: relation to histologi-
cal subtypes. Gynecol Oncol 73:247–252

51. Vasen HF, Mecklin JP, Khan PM, Lynch HT (1991) The inter-
national collaborative group on hereditary non-polyposis colo-
rectal cancer (ICG-HNPCC). Dis Colon Rectum 34:424–425



55. Yamamoto H, Perez-Piteira J, Yoshida T, Tereda M, Ito F, Imai
K, Perucho M (1999) Gastric cancers of the microsatellite mu-
tator phenotype display characteristic genetic and clinical fea-
tures. Gastroenterology 116:1348–1357

56. ZhouX-P, Hoang J-M, Li Y-J, Seruca R, Carneiro F, Sobrinho-
Simones M, Lothe RA, Gleeson CM, Russel SEH, Muzeau F,
Fléjou J-F, Hoang-Xuan K, Lidereau R, Thomas G, Hamelin R
(1998) Determination of the replication error phenotype in hu-
man tumors without the requirement for matching normal
DNA by analysis of mononucleotide repeat microsatellites.
Genes Chromosomes Cancer 21:101–107

48

52. Vasen HF, Watson P, Mecklin JP, Lynch HT and the
ICG-HNPCC (1999) New clinical criteria for hereditary
nonpolyposis colorectal cancer (HNPCC, Lynch syndrome)
proposed by the international collaborative group on HNPCC.
Gastroenterology 116:1453–1456

53. Verna L, Kane MF, Brassett C, Schmeits J, Evans DG, 
Kolodner RD, Maher ER (1999) Mononucleotide microsatellite
instability and germline MSH6 mutation analysis in early on-
set colorectal cancer. J Med Genet 36:678–682

54. Wijnen JT, Vasen HF, Khan PM, AN AH, van der Klift H,
Mulder A, Tops C, Möller P, Fodde R (1998) Clinical findings
with implications for genetic testing in families with clustering
of colorectal cancer. N Engl J Med 339:511–518


