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ABSTRACT

Purpose: Although many articles have been published
regarding chromosemal instability (CI) and microsatellite
instability (MI) in endometrial adenocarcinoma, the rela-
ttonship between prognostic factors and the biological mech-
anisms accounting for genetic instability in these tumors has
not yet been precisely defined. To do that, it will be neces-
sary to clarify the molecular mechanisms involved in endo-
metrial carcinogenesis.

Experimental Design: Tissue samples from 43 hu-
man primary endometrioid endometrial adenocarcinomas
(EACs) were analyzed for CI and MI status using compar-
ative genomic hybridization and 11 microsatellite loci, re-
spectively. Methylation status of the promoter of MLH I was
also determined. We analyzed all three of these parameters
in relation to each other and to clinicopathological factors.

Resuits: Sixty-five percent of the EACs we examined
had detectable Cl. Frequent copy number gains were seen at
1q25-41 (23%), 8ql1.1-q21.1 (23%), 8q2Ll.3-qter (21%);
28% of these tumors exhibited high-frequency MI (MSI-I1);
Methylation of the MLIII promoter was observed in 92% of
EACs with MSI-H. Southern blotting showed amplification
of MYCN in one tumor, which has been documented for the
first time in a primary human EAC.
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Conclusions: MSI-H was correlated with histological
grade, International Federation of Gynecologists and Obste-
tricians (FIGO) stage, myometrial invasion, and lympho-
node metastasis, Our comparative genomic hybridization
results demonstrated that the number of chromosomes in-
volved in genomic alterations in EACs was distinctively
fewer than those in other types of tumor. The carcinogenetic
process leading to EAC appears to be highly complex; for
example, MI and CI may act synergistically, whereas CI
and/or MI are likely to be linked with tumor heterogeneity,

INTRODUCTION

EC? is the most common gynecologic neoplasm in Western,
countries and has been increasing over the past several decades
in Japan (1). Proposed progoostic factors for survival include
age of the patient, histological type and grade of differentiation
of the twmor, the degree of nuclear atypia, myornetrial invasion,
invasion of vascular space, tumor size, peritoneal cytology,
hormone receptor status, DNA ploidy, and type of therapy
(surgery versus radiation), as well as the surgical staging sys-
tems of the FIGO (2). Potential relationships between these
factors and the biological mechanisms that account for genetic
instability in endometrial tumors have never been precisely
defined. EAC, the most common subtype in EC, accounts for
over three-fourths of all cases of uterine corpus carcinoma, but
the pattern of progression varies from one patient 1o another,
Therefore, it is important to better understand the molecular
mechanisms involved in EC, especially in EAC.

Two apparently independent mechanisms of genomic in-
stability, CI and MI, have been identified in several kinds of
carcinoma, especially in CRC (3). Certain CRC cell lines ex-
hibiting a CI phenotype are defective in a kinetocore-checkpoint
function, which may facilitate chromosome nondisjunction;
some of those ¢ell lines also harbor mutations in ABUB/, a gene
encoding one component of the mitotic checkpoint (3). On the
other hand, MI is characteristic of the vast majority of HNPCCs
(3, 4). In general, an inverse correlation tends to exist between
CI and MI phenotypes of CRC cells in vitro, and there are
significant differences in clinicopathological features between
CRCs with CI as opposed to colorectal tumors with MI pheno-
types.

EC is the most common extracclonic neoplasm among

5 The abbreviations used are: EC, endometrial adenocarcinoma; FIGO,
International Federation of Gynecology and Obstetrics; EAC, endo-
metrioid endometnal adenocarcinoma; CRC, colorectal cancer; EMH,
endometrial hyperplasia; CGIl, comparative genomic hybridization; CI,
chromosomal instability; HLG, high-level gain; MI, microsatellite in-
stability; MSI-H, high-frequency MSI; MSS, MSI-negative; HINPCC,
hereditary nonpolyposis colorectal cancer.
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patients with HNPCC, and some sporadic ECs also display the
MI phenotype (5). These data have suggested that the genetic
background for EC might be similar to that of CRC. Toward a
comprehensive understanding of associations between genetic
alterations and clinicopathological features in EC, here we ex-
amined genetic and epigenetic alterations associated with C{ and
MI in 43 primary EACs. CI status was examined using CGII,
whereas the MI status of each tumor was assessed using 11
microsatellite repeat loci. Furthermore, we examined methyla-
tion status of the promoter of MLITI, a gene that is frequently
involved in MI of sporadic EC (6). Taken together, we analyzed
relationships among CI, MI, and methylation of the MLHI

promoter, as well as clinicopathological factors for EAC, in-
cluding the presence of EMHs, lesions that are generally re-
garded as precursors of EAC (7).

MATERIALS AND METHODS

Tumor Specimens and LExtraction of DNA. Tissue
specimens were obtained from 43 EAC patients and {rozen at
the time of surgery at the Keio University Hospital afler in-
formed consent was obtained for the study. Clinical data for all
cases are summarized in Table 1. The mean age of the patienis
was 59 years (range, 39 —83 years). None had received cytotoxic

Table | Summary of clinicopathological dala and genetic aberrations in 43 primary endometrial adenocarcinomas

vice Genetic
classification Invasion alternation Gain
MLH1

Case Age FIGO Vascular Peritoneal Endometrtal methylation
no. (yrs) Grade stage pT pN pM Myometrium®  space cytology  hyperplasia  CI MI status lg 8q
16 54 1 Ia la 0 0 0 - - + 3 MSS -
17 63 1 IHIE] 3a 0 0 3 + - - I MSS N.T. +
23 71 1 It I 0 0 1 - - + 5 MSS - +
30 60 1 Ib I 0 0 3 - - - 1 MSS - +
40 72 1 Ib I 0 0 2 - - + 7 MSS - + +
43 74 1 Ie lc 0 0 2 + - - 3 MSS - +
49 55 1 It b 0 0 2 + - + 0 MSS -
51 58 1 Ila 2a 0 0 1 + - + 0 MSS +
55 53 1 Ib It 0 0 1 - - - 0 MSS -
56 47 1 Ia Ia 0 0 0 - - + 1 MSS - +
57 65 1 Ib b 0 0 1 + - + 0 MSI-H +
60 49 1 Ia la 0 0 0 - - - 0 MSI-H +
64 63 1 It I 0 0 ] - - + 1 MSS -
67 55 1 Ia la 0 0 0 - - - 1 MSS - +
69 6l 1 Ie le 0 0 2 - - + 2 MSS + + +
71 49 1 HIE] 3a 0 0 1 - + + 2 MSS +
73 47 1 Ia la 0 0 0 - - + 0 MSS -
74 55 1 b 1t 0 0 1 - - + 0 MSS +
78 80 1 Ic lc 0 0 3 - - - 2 MSS N.T. +
79 53 1 Ie le 0 0 2 - - - 1 MSI-H +
80 57 1 Vb 3a 1 1 3 + + + 0 MSI-H +
82 39 1 Ib It 0 0 2 - - + 6 MsSS N.T. +
83 47 1 Ib It 0 0 1 - - + 0 MSS -
5 63 2 IIb 2b 0 0 2 + - - 10 MSS - + o+
13 60 2 Ib 1t 0 0 1 - - + 1 MSI-H + +
37 50 2 Ib 1t 0 0 1 - - + 1 MSS N.T.
38 64 2 lla 3a 0 0 3 - - + 4 MSsS + +
48 60 2 Ib 1t 0 0 2 + - - 0 MSS N.T.
63 56 2 Vb 4 0 1 1 + + - 1 MSS +
66 83 2 Ib b 0 0 1 - - - 2 MSS - +
68 46 2 Ila 2a 0 0 1 - - + 0 MSS +
75 38 2 Mla 3a 0 0 3 + - + ¢ MSIH +
24 77 3 Ila 2a 0 0 2 + - + 1 MSS +
28 60 3 It b 0 0 1 + - - 12 MSS + +
31 50 3 It Ib 0 0 1 + - - 0 MSI-H +
33 67 3 Ille 2a 1 0 3 + - - 1 MSI-H +
44 59 3 Illa 3a 0 0 3 + - - 1 MSS -
46 58 3 Illa 3a 0 0 3 + - + 0 MSIH +
50 58 3 It 1t 0 0 1 - - - 7 MSS - +
58 57 3 IIfa 3a 0 0 3 - + - 1 MSIH -
61 62 3 e le I 0 3 + - + 2 MSIH + +
62 66 3 Ille 3a 1 0 3 + - - 5 MSS + +
77 51 3 Ile Ic 1 0 3 + + - 0 MSI-H +

2 UICC, International Union against Cancer; Cl, total number of chromosomal aberrations detected by CGH; MI, Microsatellite instability; N.T.,

not tested.

59, endometrium only; 1, inner third; 2, middle third; 3, outer thied.
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or radiation therapy before tumor resection or had reported a
family history of other types of cancers, including HINPCC. All
tumors were stained with H&E. All tumors were histologically
classified before any additional analysis by two experienced
gynecological pathologists in Keic University Hospital inde-
pendently using the standard WHO criteria (8), and only cases
with histological subtype agreement of two pathologists were
used for the present study. All tumors examined were EAC, and
all specimens contained >60% tumor cells. We evaluated each
case for the presence of EMH lesions because according to
Sherman et al. (7) most hyperplasias without atypia probably
represent early, highly reversible lesions in the pathogenesis of
EAC, whereas atypical EMH is considered the immediate pre-
cursor of EAC. Stage and grade were determined using the
surgical staging systems of FIGO (9). The 43 EAC samples
consisted of 23 grade 1 tumors, 9 grade 2 tumors, and 11 grade
3 tumors; 26 were stage I, 4 were stage I1, 11 were stage 111, and
2 were stage V. Among them, 23 cases (53.5%) included EMH
lesions. Genomic DNAs were extracted from frozen specimens
according to the standard procedure.

CGH Anslysis. CGH experiments were performed using
DNAs labeled directly with fluorochrome as described previ-
ously (10, 11). Hybridized chromosomes were analyzed with a
digital imaging system (Quip CGH software; Vysis, Chicago,
IL). Target regions were determined according to the green-to-
red profiles of fluorescence intensity and by visual inspection of
the images. Chromosomal regions where the mean ratio fell
below 0.8 were considered to reflect Iosses of DNA (underrep-
resented), whereas regions where the mean ratio exceeded 1.2
were considered gained (overrepresented) in the tumor genome.
Overrepresentations were considered to be HLGs indicative of
gene amplification when the flucrescence ratio exceeded 1.5
(10, 11). Heterochromatic regions near the centromeres and Y
chromosome were excluded from the analysis. In our study,
Cl-positive cases were defined as tumors exhibiting chromeo-
somal aberration in one or more loci on CGH analysis.

MI. Genomic DNAs extracted from the samples were
PCR amplified at microsatellite repeat loci D25123, D55346,
DI175250, BAT26, BAT25, MSH3, MSHG6, TGFRRII, BAX,
MBD4A410, and MBD4A6. Among them, 3 microsatellite mark-
ers were dinucleotide (CA) repeats, and 8 markers were mono-
nucleotide repeats. PCR reactions were performed in a total
volume of 25 pl containing 10X buffer, 0.125 mm deoxynucleo-
side tiphosphate, 0.2 pM of each primer, and 025 units of
TagDNA polymerase, The PCR conditions were as follows:
94°C for 10 min; 30 ¢ycles of 94°C for 45 5; 58°C for 45 5; 72°C
for 40 s; followed by a final extension at 72°C for 10 min. After
PCR, 1 ulof the product was mixed with 12 ul of loading buffer
containing formamide and Rox size standards. This mixture was
denatured at 95°C for 2 min and cooled on ice before loading
onto an ABI 310 Prism sequencer (Applied Biosystemns, Foster
City, CA). Results were analyzed by using Genescan software
{Applied Biosystems). Tumors were classified as MSI-H, when
==30% of these markers showed MSI, in accordance with the
recent recommendation of the National Cancer Institute Work-
shop (12). Low-frequency MSI {<30% of 11 markers) is in-
cluded in the category of MSS,

Methylation in the MLH! Promoter Region. The
methylation pattern in the CpG island upstream of MLIIT was

determined by methylation-specific PCR experiments, accord-
ing to methods described elsewhere (13). Genomic DNA from
each tumor was treated with sodium bisulfite; this procedure
converts all unmethylated cytosine residues to uracif, which is
then converted to thymidine in a subsequent PCR. Primers for
either methylated or unmethylated versions of MLHI were
designed for the CpG island in the 5'-untranslated region of this
gene; primer sequences for the unmethylated reaction were
S -TTTTGATGTAGATGTTTTATTAGGGTTGT-3" (sense)
and 5'-ACCACCTCATCATAACTACCCACA-3' (antisense)
and, for the methylated reaction, 5'-ACGTAGACGTTTTATT-
AGGGTCGC-3" (sense} and 5'-CCTCATCGTAACTAC-
CCGCG-3' (antisense) {13). )

The SW480 CRC cell line served as a positive control for
the methylated primer sets for MLA! because these cells lack
hMLH] expression and the relevant CpG island is bypermethy-
lated (14). DNA from normal peripheral blood cells was used as
negative control. Amplified products were separated on 3.0%
agarose gels and visualized by ethidium bromide staining and
UV illumination.

Scuthern Blotting. In tumor no. 28, CGH revealed HLG
indicative of gene amplification at 2p23-24, the region harbor-
ing MYCN as the most likely target gene. We performed a
Southern apalysis to ascertain whether MYCN itself was ampli-
fied, as described previously (10). The prehybridized membrane
was hybridized overnight with pNB-1, which contains parts of
intron 1 and exon 2 of MYCN (15).

Statistical Analysis. x or Fisher’s exact test was used to
determine the relationships between each clinicopathological
risk factor of EAC and CI or M1 status, CI and MI status, and M1
status and methylation status of the MLH] promoter. Differ-
ences were considered significant when P < 0.05.

RESULTS

CI. Twenty-eight of the samples examined (65%) had
detectable chromosomal imbalances (Fig. 1, Table 1). Of those
28 tumors, 14 were among the 23 diagnosed as grade 1 (61%);
6 were among the 9 tumors of grade 2 (67%); and 8 were among
the 11 of grade 3 (73%). On average, 1.3 {range, 0-5) gains and
0.4 (range, 0—6) losses were observed/case; overall, we detected
1.3 (range, 0-5) gains and 0.1 (range, 0-1) losses in tumors of
grade 1, 1.1 (range, 0-3) gains and 0.6 (range, 0-2) losses in
tumors of grade 2, and 1.6 (range, 0-5) gains and 0.9 (range,
0-6) losses in tumors of grade 3. The meost frequent copy
number gains were at 1q25-41 (23%), 8q11.1-q21.1 (23%), and
8q21.3-gter (21%); HLGs were detected at 1q21-q35, 2p23-p24
(Fig. 24), 8q11.2-q13, 8q, 11q13-q21, and 18q21. The most
frequent losses were at 16q11.2-q22 (9.3%). In accord with
previous studies {16-18), our CGH results demonstrated that
the number of chromosomes involved in genomic alterations in
EAC was distinctively fewer than those in other types of tumor
(19).

ML MSI-H was detected in 27.9% (12 of 43) of EACs,
and MSS was in 72.1% (31 of 43). None of the cases showed
MSI-L. MI status, together with CI status and clinicopatholog-
ical features in each case, are summarized in Table 1,
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Relationship between Clinicopathological Factors and
CI or MI. The results of correlative analysis are shown in
Table 2. The frequency of the Cl-positive phenotype was sig-
nificantly higher in women > 60 years of age (P = 0.0038).
MSI-H was correlated with histological grade, FIGO stage,
myometrial invasion, and lymphonode metastasis. Using the

i}

8L/
B N

2

Case 28 Kb

MYCN 2.0

Fig. 2 A, a CGH image of chromosome 2 and the corresponding
green-to-red ratio profile, illustrating HLGs (arrow) at 2p24 in case no.
28. B, amplification of MYCN in tumor no. 28 detected by Southern
blotting. N, normal (control) DNA.

grading criteria of FIGO, 6 of 11 (55%) grade 3 tumors were
MSI-H in contrast to 6 of 32 tumors (19%) of grades 1 or 2. In
terms of surgical stages, 7 of 13 stage IIl or IV tumors (54%)
were MSI-H in contrast to 5 of 30 tumors (17%) of stages [ or
IL. Seven of the 13 cases (54%) where the outer third of the
myometrium had been invaded were MSI-H, in contrast to only
5 of the 30 cases (17%) where invasion affected only the inner
two-thirds. Four of 5 cases showing lymphonode metastasis
(80%) were MSI-H, in contrast to 8 of 38 negative cases (21%).

Relationship between CI and MI in EACs. Wefounda
significant correlation was observed between chromosomal ab-
erration and MI when the 12 cases with MSI-H were divided
into two groups, i.e., chromosomal aberrations fewer than one or
more than two (P = 0.0403, Table 3). MSI-H was never
observed in tumors having CI at >3 loci.

No statistically significant relationship was observed over-
all between CI and MI if cases were divided into two groups,
i.e., chromosomal aberrations existed or not existed.

Methylation of the MLH1 Promoter. We were able to
evaluate 38 of the 43 EACs for methylation of the MLHI
promoter by methylation-specific PCRs. Of these 38 tumors, 21
(55%) showed hypermethylation of the MLHIpromoter region
(Table 1). Furthermore, 11 of those 21 (53%) also showed
MSI-H. Methylation of the MLH! promoter was observed in
92% of EACs with MSI-H. The correlation of the MLHI pro-
moter methylation with the presence of MI in the corresponding
tumor reached significance (P = 0.0039, Table 4).

Amplification of M¥YCN. Tumor no. 28 showed the most
remarkable changes in chromosomal copy numbers, including a
HLG at 2p23-24 in CGH analysis (Fig. 24). MYCN is known as
the most likely target gene within this amplified region, and its
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Table 2 Relation between clinicopathological features and CI or MI status in 43 primary endometrial adenocarcinomas

CI” (1) CI(2) MI
Cl=0 C(Cl=z1 Cl=2 Clz3 MSS + MSI-L. MSI-H
n (n=15) {(n=18) P =133 (n=10) P (n =31 n=12) Pt
Age
60 yrs > 24 13 11 0.0038 21 3 0.0793 16 8 0.4995
60 yrs = 19 2 17 12 7 15 4 -
Grade
Gl + G2 32 12 20 0.1790 25 10 >(0.9999 26 6 0.0468
G3 11 3 8 8 3 5 6
FIGO stage
I+1I 30 11 19 >0.9999 22 8 0.6963 25 5 0.0241
1 + 1V 13 4 9 11 2 6 7
Vascular space invasion
Negative 24 6 18 0.1262 18 [ =>(1,9999 20 4 0.0915
Positive 19 9 10 15 4 11 8
Depth of myometrial invasion
Endometrium — middle third 30 11 19 =>0.9999 22 8 0.6963 25 5 0.0241
Quter third 13 4 9 11 2 6 7
Peritoneal cytology
Negative 38 13 25 =>0.9999 28 4 >0.9999 29 9 0.1230
Positive 5 2 3 5 1 2 3
Endometrial hyperplasia
Negative - 20 s 15 0.3363 15 5 >0.9999 14 [ >0.9900
Positive 23 10 13 18 5 17 6
Lymphonode metastasis
Negative 38 13 25 >(.999% 29 9 >0.9999 30 B 0.0168
Positive 5 2 3 4 1 1 4
Extrauterine invasion
Negative 31 11 20 >0.9999 23 8 0.6983 25 6 0.0634
Positive 12 4 8 10 2 6 6
Cervical involvement
Negative 32 11 21 >(.999% 25 7 0.6983 23 9 >0.5999
Positive 11 4 7 8 3 3 3

21, total number of chromosomal aberrations detected by CGH.

® Ps were calculated by ¥ or Fisher’s exact test and statistically significant when <0.05. Statistically significant values are in boldface type.

Table 3 Relation between CI and MI in 43 primary endometrial

adenocarcinomas
MI
MS8 + MSI-L MSI-H P
cr
0 8 7 0.0739
=1 23 5
Cl
=2 21 12 0.0403
=3 10 . 0

@ Ps were caleulated by x* or Fisher's exact test and statistically
significant when <0.05, Statistically significant vajues are in boldface
type.
 CI, total number of chromosomal aberrations detected by CGH.

amplification has been reported mainly from turmors of neuronal
origin. In addition, amplification of MYCN gene was recently
reported in rat uterine endometrial carcinoma model (20).
Therefore, we next examined the amplification status of this
gene by Southern blot to determine whether MYCN was an
actual target of amplification and may involve in the tumori-
genesis of EAC, Consequently as shown in Fig. 2B, MYCN was
clearly amplified in tumor no. 28.

DISCUSSION

Bockman (21) first deseribed two main clinicopathological
types, type 1 and type II, of EC. Type 1 ECs are low-grade and
estrogen-related TAC, which usually develop in pre- and peri-
menopausal women and coexist with or are preceded by EMH.
On the other hand, type 1l ECs are aggressive and estrogen-
unrelated nonendometrioid carcinomas, which largely oceur in
older women and occasionally arise in endometrial polyps or
from precancerous lesions that develop in atrophic endome-
trium. Because molecular alternations involved in the develop-
ment of type ] EC/EAC have been shown to differ from those of
type II EC/nonendometrioid carcinomas, a dualistic model of

Table 4 Relation between MI and MLHI! methylation status

MI
MSS + MSI-L MSI-H P
MLHI methylation®
- 16 1 0.0039
+ 10 11

@ Ps were calculated by Fisher’s exact test and statistically signif-
icant when <0.05,

¥ MLH! methylation status were determined by methylation-spe-
cific PCR.
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endometrial carcinogenesis was proposed (22, 23). Normal en-
dometrial cells would transform into EAC through four molec-
ular alternations, i.e., MI and mutations of the PTEN, KRAS, and
CINNBI genes in type 1 EC, whereas type 1l EC, especially de
novo type, would develop through p53 alteration and loss of
heterozygosity on several chromosomes (23, 24). However,
there are many cases having overlapping clinicopathological
and molecular features of these two types of EC. Here, we have
focused on analyzing genetic alterations and comparing them
with clinicopathological features in EAC for better understand-
ing the molecular pathogenesis of this type of cancer.

In accord with previous studies (1618, 25), we found
frequent gains on chromosome arms 1q and 8q in our EACs.
When Kiechle ef al. (26) performed CGH on EMHs and inva-
sive BC, using a microdissection technique, they found that
overrepresentations of 1q and 8q were rare or absent in EMI]
lesions and suggested that gains of 1q and 8q might define the
transition from complex atypical hyperplasia to invasive adeno-
carcinoma of the endometrium. In our own CGH study, 8 of 23
(35%) EACs with coexisting EMH lesions showed gains of 1q
or 8q, and either or both of those alterations occurred in 10 of 20
(50%) EACs without EMIIL. Table 5 indicates a correlation
between 1q or 8q status and coexistence of EMH. Qur findings
suggest that copy number gains of 1q and/or 8q are frequently
involved in EAC regardless of whether EMH lesions are present
and that gains in these regions are of paramount importance if
normal endometrium or EMII lesions are to become EC. Fur-
thermore, Kiechle’s group defined regions of overlap for losses
at chromosomes 1p36-pter, 20q13.1-q13.2, and 16p13.1 in
EMH and supgested that loss of putative tumor-suppressor
genes located within those regions might be involved in the
initiation and progression of complex hyperplasia (26). If so,
CGH analysis of EACs coexistent with EMH would be likely to
show frequent losses in the same chromosome regions. How-
ever, in our experiments, we never detecied losses at 1p36-pter,
20gq13.1-q13.2, and 16p13.1 in EACs, with or without EMII.
Clearly additional studies are needed to resolve any significant
relationship between losses of those chromosomal regions and
the pathogenesis of EAC.

Table 5 Correlation between 1q, 8q status and coexistence of
endometrial hyperplasia

Endometrial hyperplasia

Negative Positive P
1q gains
- 14 18 0.7279
+ 6 5
8q gains
- 15 18 >(.9999
+ 5 5
Iq or 8q gains
- 10 15 0.3652
+ 10 8
1q and 8q gains
- 19 21 0.9999
+ 1 2

? Ps were calculated by Fisher’s exact test and statistically signif-
icant when <0.05.

Pere et al. (17) and Suehiro et al. {18) reported that gains
of Bq, especially 8q23-qter, were associated with aggressive
phenotypes of EC such as lymph node metastasis, adnexal tissue
involvement, positive peritoneal cytology, and cervical involve-
ment. In our study, however, the frequency of 8q gain was not
obviously different among tumor grades: 10 of 23 (43.5%) in
grade 1; 4 of 9 (44.4%) in grade 2; and 4 of 11 (36.4%) in grade
3, regardless of whether the tumors exhibited aggressive phe-
notypes andfor coexisting EMH. Thus, an important goal must
be to identify the actual target genes at 1q or 8q in EAC. To our
knowledge, no gene except ¢-MYC has been identified or pro-
posed as a potential target for Iq or 8q amplification in EAC
(16-18). In other types of tumors, however, several possible
target genes for 1q or 8q amplification were reported. In esoph-
ageal squamous cell carcinoma, we identified ATF3 and
CEMPF as target genes within 1q32 amplicon (27). As possible
target genes for 8q amplification except c-MYC, several penes
such as £2F'5, TPD352, EIF383, and FAK have been identified in
various tumors, including breast cancer (28-30). Additional
examination will be necessary to identify target genes for 1q and
8q amplification involved in the pathogenesis of EAC.

Amplification of specific genes is frequently detected in
advanced stages of various types of cancer. MYCN amplification
has been reported mainly in tumors of neural origin, for example
in ~30% of advanced neuroblastomas (31), this pene is ampli-
fied also in a significant number of other cancers, including
gastric cancers and breast cancers (32). In neuroblastomas, the
degree of MYCN amplification is significantly correlated with
poor prognosis (31}). In our study, one BEAC (case no. 28)
showed HLG indicative of gene amplification at 2p23-24, and
Southern blotting clearly showed amplification of MYCN. Inter-
estingly, amplification and consequent overexpression of Mycn
was reported recently in ECs of BDII rats, (20), a laboratory
model that is genetically predisposed to estrogen-dependent EC.
Although amplification of ¢-MYC, which encodes similar pro-
tein of MYCN, was observed in EC even infrequent, our case
no. 8 is the first human EC shown to bear MYCN amplification
thus far as we know. Therefore, it is important to survey this
gene in ECs, including EAC, and to verify the possible involve-
ment of MYCN in the progression of this disease in a subset of
human cases.

MI, a hallmark of the DNA replication error phenotype,
reflects inactivation of mismatch repair genes. To evaluate M1
status in our panel of EACs, we chose 11 microsatellite loci for
greater precision. Among our EAC samples, we found a signif-
icant association between the MI phenotype and histological
grade (P = 0.0468). The frequency of MSI-H cases was re-
markably higher in grade 3 EACs than in turnors of grades 1 or
2. An asscciation of M1 status with high grade had already been
reported in both ECs (33, 34) and CRCs (35). In CRCs, how-
ever, the MI phenotype has been linked also with favorable
prognosis and the absence of metastases at diagnosis (35, 36)
because of postulated to result from peritumoral inflammatory
infiltrates representing a host response (35). On the other hand,
the prognosis of grade 3 EACs was poorer than that of grade 1
or 2 EACs, although many grade 3 EACs were also accompa-
nied by the periturnoral inflammatory reactions. The reason of
this difference between CRCs and EACs remains unclear. How-
ever, in our study, MSI-II and MSS patients showed equivalent
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prognoses; there was no significant difference in overall sur-
vival (data not shown). Because insufficient evidence is avail-
able in the current literatures to reach a conclusion regarding
the impact of MI as a prognostic factor in EAC (33, 34, 37,
38), additional examination using larger set of cases will be
necessary.

In the present study, hypermethylation of the MLH! pro-
moter was observed in 92% of MSI-H EACs and showed a
significantly positive correlation with MSI status (P = 0.0039),
suggesting that methylation of the MLHI promoter region and
subsequent inactivation of genes, especially tumor suppressor
genes, may play a crucial role in the development of MSI-H
EACs.

The finding that MI was never observed in tummors having
Cl at >3 loci (Table 3) was very interesting. Taking all available
evidence together, we conclude that the molecular determinants
of EAC may be highly complex regardless of prognostic fea-
tures and that MI and CI may play important roles in the
multistep carcinogenesis of endometrial tissue, independently or
synergistically. Furthermore, CI and/or MI are likely to be
linked with tumor heterogeneity, and this heterogeneity will
necessarily hamper development of therapeutic strategies. In
addition, because instabilities reflect defects in cellular pro-
cesses that maintain the integrity of the genome, they can be
expected to generate sensitivity to ionizing radiation or partic-
ular chemical agents. Therefore, we expect that defining the
molecular and physiological bases of both types of instability
will eventually yield entircly new approaches to treating any
genetic types of EAC.
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Abstract

Endometrial cancer is the second most common malignancy in patients with hereditary nonpolyposis
colorectal cancer (HINPCC). This cancer is caused by germline mutations in one of the DNA
mismatch repair (MMR) genes. The present study was undertaken to analyze the relation between
microsatellite instability (MSI) and germline mutations of MMR genes. We analyzed MSI in 38
cases of endometrial cancer. MSI was present in one or more (out of 5 examined) regions in 11
(29%) cases. Furthermore, alterations in MLHI and MSH2, two culprit genes representative of
HNPCC, were examined in the 11 MSI-positive patients using polymerase chain reaction-single-strand
conformation pelymorphism and sequencing. Germline mutations, namely, 1) a missense mutation
at codon 688 (ATG—ATA, Met—Ile) and 2) a missense mutation at codon 390 (CTT-»TTT,
Leu—Phe) of the MSH2 gene, were found in 2 of the 11 patients (18%). Although these two cases
do not fulfill the new Amsterdam criteria, they had strong family histories of colorectal and
endometrial carcinoma. Qur results show that genetic tésting is important in cases of endometrial
cancer with a history suggestive of HNPCC even if the new Amsterdam criteria are not fulfilled. @

2003 Elsevier Inc. All rights reserved.

1. Introduction

The concept of hereditary nonpolyposis colorectal cancer
(HNPCC), one of the most significant hereditary cancer
syndromes, was proposed by H.T. Lynch in 1971 1], and
understanding of the disease advanced rapidly during the last
10 years of the 20th century 2]. In 1991, the International
Collaborative Group on HNPCC (ICG-HNPCC) established
the diagnostic criteria defining HNPCC, known as the Am-
sterdam criteria 3], which require that 1} histologically veri-
fied colorectal cancer is diagnosed in three or more family
members, at least two of whom must be first-degree relatives;
2) the disease affects family members from at least two
successive generations; and 3) one of the colorectal cancers
must occur prior to age 50.

* Corresponding author. Department of Obstetrics and Gynecology,
Keio University School of Medicine, Shinanomachi 35, Shinjyuku-ku,
Tokyo 160-8582, Japan. Tel.: +81-3-3353-1211; fax: +81-3-3226-1667.

E-mail address: kbanno@sc.itc.keio.ac.jp (K. Banno}).

0165-4608/03/F — see front matter © 2003 Elsevier Inc. All rights reserved.

doi: 10.1016/80165-4608(03)00157-2

Hereditary nonpolyposis colorectal cancer is an auteso-
mally dominantly inherited disorder with a significantly in-
creased incidence of colon, uterine, ovarian, stomach, and
other cancers among affected families 4). Earlier research
performed worldwide on HNPCC and its frequency in pa-
tients with colorectal carcinoma indicated that it accounts
for 5%-10% of all colon cancers 5-11].

The diagnosis of HNPCC is based on the classical Am-
sterdam criteria; however, a recognized disadvantage of
these criteria is that HNPCC-associated extracolonic tumors
such as cancer of the endometriurn, stomach, small bowel,
renal pelvis, and ureter are not included. This may Iead to
a delay in the diagnosis of these tumors in HNPCC families.
To resolve this problem with the criteria, new HNPCC crite-
ria that include extracolonic cancers were recently proposed
by the International Collaborative Group on HNPCC (ICG-
HNPCC) in 1999 12]. The new clinical HNPCC criteria,
known as the Amsterdam II criteria, are as foliows. There
should be at least three relatives with an HNPCC-associated
cancer (colorectal cancer, cancer of the endometrium, small
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bowel, ureter, or renal pelvis), and all the following criteria
should be present: 1) one should be a first-degree relative
of the other two; 2) at least two successive generations
should be affected; 3} at least one should be diagnosed
before age 50; 4) familial adenomatous polyposis should be
excludedin colorectal cases, if any; and 5) the tumor diagnosis
should be verified by pathologic examination,

Our study was undertaken to analyze the relation between
microsatellite instability (MSI) and germline mutations of
DNA mismatch repair (MMR) genes. We conducted a de-
tailed examination of the family and past historics of 102
Japanese women treated for endometrial cancer from 1994
to 1997 at Keio University Hospital. Paired peripheral blood
and tumor tissue samples were collected from 38 of the
102 patients after obtaining their consent to perform genetic
testing including MSI analysis, which is reported to be
positive in 92% of HNPCC cases 13]. Additionally, in MSI-
positive (MSI+) cases analysis was performed for germline
mutations in MLHI and MSH2, the two main genes responsi-
ble for HNPCC.

2. Materials and methods
2.1. Analysis of family and past histories

Detailed family and past histories were collected after
obtaining informed consent from 102 endometrial cancer pa-
tients treated at the Department of Obstetrics and Gynccol-
ogy, Keio University Hospital, from 1994 to 1997. The
patients were asked about their closest rclatives within
the third degree of consanguinity; the recorded data included
sex, age at diagnosis, and tumor site, together with current
age or age at death of such relatives. Unreliable data were
excluded from the study. A search for HINPCC-affected fami-
lies fulfilling the new Amsterdam criteria was performed
using valid family records.

2.2. Genomic DNA extraction from endometrial carcinoma
and normal tissue

To obtain uterine cancer tissue samples, part of the tumor
was surgically excised from 38 endometrial cancer patients
at the Department of Obstetrics and Gynecology of Keio
University Hospital and was aseptically transferred into
liquid nitrogen. Normal tissue samples and peripheral blood
were collected from each patient, after obtaining informed

consent. White blood cells were separated using LeukoPrep
centrifugation tubes and the samples were kept at —20°C.
Similarly, genetic tests including MSI analysis were per-
formed after obtaining the patient’s consent.

DNA extraction was performed with SS phenol-chloro-
form after digesting the samples with protein kinase K.
Following phenol extraction, DNA was precipitated by
adding 3 mol/L. sodium acetale and cthanol. Afler drying,
the pellet was resuspended in Tris and EDTA buffer and
kept at 4°C.

2.3. MSI analysis

DNA of five loci (D28123, 12351284, D55404, D9S162,
and MSH?2 intron 12) was amplified by polymerase chain
reaction (PCR) of DNA extracted from both neormal and
tumor tissue samples of endometrial cancer patients (Table
1). The D28123, 13351284, D55404, and D9S162 regions are
microsatellite loci containing CA repeats. The PCR primers
for these regions were purchased from Research Genetics
(Huntsville, AL); the antisense primers contained a fluo-
rescent marker, Cy5 amidite (indodicarbocyanine), at their
5" ends. Specific primers for MSH2 intron 12, a polyA-
sequence-containing micresatellite focus originally used in
our laboratory, were synthesized on a DNA synthesizer; both
sense and anlisense primers contained the fluorescent
marker, Cy5 amidite, at their 5' ends, AmpliTaq polymerase
and AmpliTaq buffer (Perkin Elmer, Boston, MA) were used
in the PCR reaction, which was run according to the follow-
ing protocol: 1 uL of sample DNA (template, 0.1 pg/pl)
was added to 24 ul. of premixture (distilled water, 16.125
pL; 1.25 mmol/L dNTD, 4 pl; 10x BPCR buffer, 2.5 pL;
optical density (OD) 2.2 forward primer, 0.625 uL; OD 2.2
reverse primer, 0.625 pL; and Taq polymerase, 0.125 pL);
the total reaction volume was 25 pl. Forward and reverse
PCR primers specific for the D258123, D351284, D5S404,
D9S162, and MSHZ intron 12 repions were used. DNA
denaturation at 95°C for 5 minutes was followed by 40
cycles of 30 seconds at 95°C, 40 scconds at 55°C, and
40 seconds at 72°C. The reaction mixture was then warmed to
72°C for 7 tninutes, then cooled and stored at 4°C.

To detect MSI in the D25123, D3§1284, D55404, and
D9S5162 loci, the amplified DNAs were separated on 8%
acrylamide gel containing 7 mol/L. urea following denatur-
ation with formamide; electrophoresis was run on an ALFred
DNA sequencer (Amersham Pharmacia Biotech, Tokyo,
Japan). After denaturation in formamide, the amplified

Table 1

Primer sequences for amplification of each microsatellite marker

Locus Forward primer sequence Reverse primer sequence Size (bp)
D2S123 5" AAACAGGATGCCTGCCTTTA 37 5" GGACTTTCCACCTATGGGAC 3 197-227
D351284 5" GGAATTACAGGCCACTGCTC 3 5 GGAATTACAGGCCACTGCTC ¥ 155-177
D358404 5" GATCACCACATTCCACCTAAT ¥ 5" GATCACCACATTCCACCTAAT 3’ 180-198
D9s162 5" GCAATGACTTAAGGTTC 3’ 5" GCAATGACCAGTTAAGGTTC 3° 172-196
M5H2 intron 12 5" GATGTTCCACATCATTACTG ¥ 5" GTGGTTCCACATCATTACTG 37 182
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Primer sequences for AMSH2

Sense primer sequence Antisense primer sequence Sizo of PCR products (bp)
Exonl la 5 TCGCGCATTTICTICAACC 3 1b 5° GTCCCTCCCCAGCACCG ¥ 285
Exon2 2a 5 TTGAACATGTAATATCTCAAATCTGT 3" 2b 3° AAAGGAAGATAATTACCTTATATGC ¥ 220
Exon3 3a 5 TCAAGAGTTTGTTAAATITITAAAA 3 3b 5° CTAGGCCTGGAATCTCCICT 3° 363
Exond 4a 5 TTCCTITICTCATAGTAGTITAAAC 3° 4b 5" TTGTAATICACATITATAATCCATG ¥ 216
Exon5 Sa 5" CCAGATGGTATAGAAATCTICG 3 5b 5" CCATTCAACATTITTAACCCIT ¥ 240
Exoné 6a 5 GCTIGCCATICTTICTATTITATT 3 6b 5" GCAGGTITACATAAAACTAACGAAAG 3° 214
Exon? Ta § CATTAATTCAAGTTAATITATTICA 3" 7b 5* CATTAATTCAAGTTAATITATTICA 37 246
Exong ga 5" TGAGATCTITITATTIGILIIGIIIT 3 8b 5 TITGCTTTTTAAAAATAACTACTGC 37 200
Exon% 9a 5' GGATITIGTCACTITIGTICTGIT 3° 9b 5 TCCAACCTCCAATGACCCAT ¥ 178
Exonl0 10a 5' TGGAATACTTTTTCTITICTICTT 3 10b 5" GCATITAGGGAATTAATAAAGGG ¥ 235
Exenll 1la 5 ATAAAACTGTIATITCGATTIGCA 3’ 11b 5' CCAGGTGACATICAGAACATT 3’ 164
Exonl2 12a 5° TTATTATTCAGTATICCTGTGTACA 3 12b 5" CCCACAAAGCCCAAAAACC 37 325
Exenl3 13a 5° ATAATTTGTITTGTAGGCCCC 3° 13b  5* TTTCTATCTTCAAGGGACTAGGAG 3° 255
Exonld 14a 5° CCACATTTTATGTGATGGGAA 3° 14b  5° CCAATAGTACATACCTTTCTTCACC ¥ 307
Exonl5 153 5 GTCCCCTCACGCTICCC 3° 150 5" AAACTATGAAAACAAACTGACAAAC 37 232
Exoni6 16 5° AATGGGACATICACATGTIGIT 3’ 166 5 CCATGGGCACTGACAGTTAA 3' 306

Primer sequences for AAMLH

Sense primer sequence Anlisense primer sequence Size of l’f-;R)vmducls
(bp
Exonl la 5" ACATCTAGACGTITCCITGG 3° 16 5 AAGTCGTAGCCCTTAAGTGA 3° 195
Exon? 22 5 TTTTCTGTITGATTIGCCAG 3° b 3 GACTCTTCCATGAAGCGC 3° 162
Exon3  3a 5 TGGGAATTCAAAGAGATTIG 3° 3b 5 CAACAGGAGGATATTTTACAC ¥ 21
Exond  4a 5 GAAGCAGCAGTTCAGCTAAG 37 4b 3 ATGAGTAAAAGAAGTICAGAC ¥ 203
Exon3 S5n 5" GGOATTAGTATCTATCTCTCTACTIG 3’ 5b 5" CAACAATITACICTCCATGTAC 3 158
Exoné  8a 5" GTCAGTGCTTAGAACTGTIGCTG 3° 6b 5° TCTCAGAGACCCACTCCCAG 3’ 262
Exon7 7a 5 CTAGTGIGTIGTITITIGGCAAC 3° Tb 5 CCTTATCTCCACCAGCAAAC 3’ 179
Exon8 Ba 5 AATCCTTGTGTCTTCTGCTIG 3’ 8b 5 TAGGTTATCGACATACCGAC 3’ 137
Exon9 9a 3 TITIGTAATGTTTGAGTITIGAGTA 3° 9b 5° GTTTCCTGTGAGTGGATTIC 3’ 214
Exonl0 10a 5 TCCTGAGGTGATITCATGAC 3 10b 5 CTGTTCCTTGTGAGTCTIGG 3° 232
Exonll 1la 5 TCCCACTATCTAAGGTAATIG 3° 1lb 53° AGAAGTAGCTGGATGAGAAG ¥ 231
Exonl2 |2a 5 CTTATICTGAGTCTCTCC 3° 12¢ 5 GGTTTGCTCAGAGGCTGCAG 3° LU L N 2
12b 5" CCAGATGGTTCGTACAGATICC 3* 12d 5 GAGGTAGGCTGTACTITICC 37 somircn 240,300
Exonl3 13a 3" CACAGAGAAGTTGCTTGCTCC 3° 13b 5 TTGAGCCCTATCATCCCATG 37 289
Exonl4 14a 5' GGGTTGGTAGGATICTATTAC 3° 146 5 GGACCATTGTTGTAGTAGCIC 37 214
Exonl3 132 5 CAACTGGTIGTATCTCAAGC 3° 15b 5 GAAACGATCAGTTGAAATITC 3’ 175
Exenlé 16a 5° GCTTGCTCCTICATGTICTIG 3° 16b 5° GATTACAGCCATGAGCCACC 3* 278
Exonl7 172 5° GACAGCATTATITCTIGTTCCC 3° 176 5° CGAAATGCTTITTAGTATCTGCTIG 3° 168
Exonl8 18a 3 AATTCGGGGTACCTATITIGAGG 3° 18b 5 ATTGTATAGGCCTGTCCTAG 3’ 202
Exonl9 198 5 ACCAGTGTAGGTTGGGATGC 3 196 5 AAGAACACATCCCACAGTGC- ¥’ 259

First PCR:12a+12d , SecondPCR:12a+12¢ or 12b+12d

Fig. 1. DNA structures and primer setting for MSH2 and MLHI
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MSH?2 intron 12 DNAs were electrophoretically separated in
12% acrylamide gel matrix on the ALFred DNA sequencer,
‘The lengths of amplificd DNA fragments for each microsa-
tellite locus in normal and tumor-tissue-derived DNA sam-
ples were compared. Electrophoretic results were analyzed
with Frapment Manager software (Pharmacia).

Hence, to screen for replication error, each patient had
five microsatellite loci assayed for replication errors, and al-
teration of even one microsatellite region led to definition
of the patient as MSI+.

2.4, Mutation analysis of MLHI and MSH2

In MSI+ cases, the presence or absence of germline
mutations in MLII and MSH2Z, the main genes responsible for
HNPCC, was studied using the PCR-single-strand con-
formational polymorphism (SSCP) method. Primers were
designed for each exon of the MLHI or MSH2 genes, and
PCR was run on DNA derived from normal tissue (Fig. 1).

First, 1 uL of sample DNA (template, 0.1 pug/ul) was
added to 24 pL of premixture (distilled water, 16.125 uL;

1.25 mmol/L dNTP, 4 puL; 10x BPCR buffer, 2.5 pL; OD _

2.2 forward primer, 0.625 pL; OD 2.2 reverse primer, 0.625
UL and Taq polymerase, 0.125 pLL), the total reaction volume
was 25 IL. Five minutes of denaturation of DNA at 95°C was
followed by 35 cycles of 30 seconds at 95°C, 30 seconds at
55°C and 30 seconds at 72°C. The reaction mixture was then
warmed to 72°C for 7 minutes, then cooled and stored at 4°C.

Amplicons of each of the MLHI exons were separated by
electrophoresis in 7.5% acrylamide gel (AA:BIS = 30:1, 10x
Tris—glycine), run for 2 hours at 200 V and 15°C. Amplicons
of each of the MSH2 exons were separated by electrophore-
sis in 10% acrylamide gel. Following electrophoresis, the gels
were stained with silver staining and examined for the
presence of altered bands. The temperature and time of
electirophoresis varied among the MSH2 exons; the condi-
tions are summarized in Table 2.

Table 2
Electrophoretic conditions for PCR-SSCP analysis of MSH2
Exon Time (h) Water temperature (°C)
1 4 18
2 4 18
3 6 18
4 4 18
5 3 18
6 4 18
7 4 18
8 3 18
9 4 18
10 6 10
i1 3 18
12 4 18
13 6 10
14 4 16
15 4 16
16 4 16

2.5. DNA sequencing

The DNA sequences that produced altered bands were
obtained by sequencing on an aute sequencer. They were
compared with known normal DNA sequences.

3. Results

As shown in Fig. 2, repions of microsatellite DNA ex-
tracted from normal (N) and tumor (T) tissues were amplified
by PCR and separated by electrophoresis. An abnormal pat-
tern on electrophoresis was considered to indicate MSI (Fig.
2). MSI was detected in 11 (29%) of the 38 cases examined,
in which alteration of at least one of five microsatellite
loct was identified, and such patients were considered to be
MSI+ (Table 3).

According to the family history of MSI+ cases, none of
the 11 families complied with the new Amsterdam criteria.

All exons of MLHI and MSH2 were amplified by PCR
on normal tissue DNAs obtained from the 11 MSI+ cases.
The PCR reaction was followed by SSCP separation and
silver staining. No patient had a MLHI gene germline muta-
tion; however, germline mutations of MSH2 were detected
in 2 (18%) of the 11 MSI+ cases (Fig. 3).

b55404

150bp J\ 250bp
Normal -~ ——
_W\
Tunmor _A\_ K
t

Das162

150bp j\ 250bp
Normal L \J\
)«/\
Tumor _/\ . ‘J\
[ M

7

hMSHZ Int12
Poly A JL
Normal — —— —— - D
At
Tumor ___ -

Fig. 2. Analysis of MSI in case 1. Abnormal bands in tumor DNA are
indicated by arrowheads. )
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Table 3
Microsatellite alterations in all examined cases
Case Age at Histologic Double
no. operation (y) type Grade Stage cancer D2 b3 D5 b9 IN
1 58 E G2 Itla - + + + + +
2 56 E Gl Ia - + + - + +
3 55 AS Gz IHe - + + + - +
4 55 AS G3 Ie oC + + + + -
5 60 E Gl Ib - + - + - +
6 62 E G2 Ilic - + + - + -
7 55 E G3 Ille - + - + + -
8 54 E Gl Ia CC + + + - -
9 50 E Gl lic oC + - + -
10 56 E G2 Ic - - - - - +
11 66 E Gl ITa - - ND ND +
12 59 E Gl IIa BC,0C - - - - -
13 48 E G2 Ib - - — - - -
14 58 E G2 Ilic - - - - - -
15 65 E G3 e - - - - - -
16 T2 E G2 IVb - - - - - -
17 55 E Gl Ib - - - - - -
13 65 E Gl Ic - - - - - -
19 56 E Gl Ib - - - - - -
20 69 E Gl Ia - - - - - -
21 68 E Gl Ie - - - - - -
22 34 E Gl Ib - - - - - -
23 50 E Gl ib - - - - - -
24 6l E GI le - - - - - -
25 57 E Gl Ie - - - - - -
26 55 E Gl Ia BC - - - - -
27 4 E G3 Illa - - - - - -
28 56 E Gi Ie - - - - - -
29 44 E Gl Ib - - - - - -
30 45 E Gl Ib ocC - - - - -
31 53 E G1 Ib - - - - - -
32 69 E Gl Ia CcC - - - - -
33 81 E Gl Iila - - - - - -
34 58 E Gl Ib - - - - - -
35 60 E G3 Ic - - - - - -
36 64 E Gl Ille - - - - - -
37 66 s G2 JHED - - - - - -
38 62 8 G2 Il - - - - - -

Abbreviations: AS, adenosquamous carcinoma; BC, breast cancer; CC, colorectal cancer; D2, D28123; D3, D3S1284; D5, D55404; D9, DSS162;
E, endometricid adenocarcinoma; IN, MSH2 intron 12; ND, not done; OC, ovarian cancer; S, serous adenocarcinoema.

A
s 2ol T
* 'I I i g
Normal Casel

B

Normal Case 11

Fig. 3. Results of PCR-SSCP analysis of MSH2 exon 13 in case 1 (A) and
exon 7 in case 11 (B). Mutant bands (arrowheads) were seen in only

two cases.

Exons of the MSH2 gene showing abnormal SSCP pat-
terns (2 cases) were sequenced on an automatic sequencer.
Two missense mutations were identified: at codon G688
(ATG—ATA, Met-»Ile) and codon 390 (CTT-TIT,
Leu—Phe) (Table 4). These germline mutations of MSH2
have already been reported in HNPCC patients 14,15]
and have been registered in the Human Gene Mutation
Database (HGMD) (http://archive.uwcm.ac.uk/uwem/mg/
hgmd0.him).

Table 4
MSH2 germline mutations in endometrial cancer patients
Genomic DNA Predicted effects
Case no. Exon affected alteration {codon)
1 Exon 13 ATG—ATA Met (688) Ile
11 Exon 7 CTT-TTT Leu (390) Phe
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+

Gastric ca.

oW

80 Breast ca. Colon ca.

. @ O 00

Colon ca.

58 Endometrial ca.

Fig. 4. Pedigree of case 1 with germline mutation in MSH2. @ and M, affected subjects; O and [J, asymptomatic individuals; cross-line, deceased;

arrow, proband.

Although these two cases do not fulfill the Amsterdam
1T criteria, the patien(s had strong family histories of colo-
rectal and endometrial carcinoma (Figs. 4 and 5). Both sisters
of one patient had uterine carcinoma and were found to
carry the identical MSH2 mutation, which is considered to be
of germline origin (data not shown).

4. Discussion

To date, analysis of HNPCC has focused mainly on pa-
tients with colon cancer; however, considering the high inci-
dence of uterine carcinoma among patients with HNPCC

12], and the higher rate of MSI+ patients in IINPCC 16)
and higher survival rate of such patients, uterine carcinoma
would appear to be a disease deserving of more studies
than colorectal cancer, especially when examined from the
perspective of better ireatment policies towards secondary
cancers and care for relatives affected by familial cancer
syndromes.

There were 11 (29%) MSI+ patients among the 38 uterine
cancer patients in our study; this finding was almost identical
to those previously reported for other cancers, such as colon
(19%}), hepatoma (14%), and breast cancer (4%) 17]. The
high MSI+ rate among uterine cancer patients, compared
with those for other cancers, suggests a high correlation
with mulations of MMR genes; however, the significance
of positive MSI in endometrial cancers is not completely
understood,

Although a report exists stating that MSI+ tumors and
the occurrence of double cancers are correlated 16], we
did not detect any significant relationship between the two;
MSI+ cases did not show a stronger tendency to develop
double cancers. In fact, there would appear to be a need to
focus more attention on this aspect of clinical pathology in
the future, since the follow-up period after uterine cancer
treatment is sti}l relatively short. Recenily, the relationship
of MSI and susceptibility to chemotherapeutic drugs such
as cisplatin has received considerable atiention, Adducts of
platinum drugs, such as cisplatin, form bridges with cellular

60 Colon ca.

40 Endometrial ca. 55 Endometrial ca.

66 Endometrial ca. 60 Colon ca.

Fig. 5. Pedigree of case 11 with germline nmwtation in MSH2. @ and M, affected subjects; O and O, asymptomatic individuals; cross-line, deceased;

arrow, proband,
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DNA and induce significant distortion of DNA. In the pres-
ence of an abnormal MMR system, the DNA adducts cannot
be recognized, rescuing the cell from G2/M blockage and
death 18].

In this study, none of the 11 MSI+ patients met the new
Amsterdam II diagnostic criteria for HNPCC. This result
suggests that the frequency of developing HNPCC in patients
with endometrial cancers is very low compared with that in
patients with colorectal cancers.

Analysis of MMR genes, and of MLHI and MSH2 in
particular, performed in the 11 MSI+ patients revealed two
germline mutations (18%) of the MSH2 gene. Family trees
of the two patients carrying mutations at coden 688
(ATG-ATA, Met—slle; case 1) or 390 (CTT-TIT,
Leu—Phe; case 11) are shown in Fig, 3. Germline mutations
in these two MSH2 genes have been reported in other
HNPCC patients, suggesting them to be functional missense
mutations - 14,15]. Neither of the two families met the new
Amsterdam criteria for HNPCC, but cancer morbidity in
both families was considerably high. Two sisters of one of
the probands (case 11} consented to cooperate in the genetic
analyses, which revealed that all three sisters carried the
identical missense mutation at codon 390 (CTT—-TTIT,
Leu—Phe), which is considered to be of germline origin
(Fig. 5). With their prior consent, all three sisters were
informed of their missense mutation and of the increased
risk of developing colorectal cancer. One year later, one of
the proband’s sisters was diagnosed with early-stage colon
carcinoma and was treated appropriately. In this case, the
possibility of gene polymorphism could not be completely
excluded; however, such a characteristic family history sug-
gested strong involvement of genetic factors as well.

Germline mutations of the MSH2 gene were observed
in 18% of MSI+ endometrial cancer patients, suggesting
an important role of the MSH2 gene in the development of
endometrial tumors, On the other hand, there was no germ-
line mutation of the MLHI gene in this study. Nonetheless,
it cannot be concluded from this study that the MLHI
gene is not involved in the development of endometrial
tumors. Since it was reported that hypermethylation of the
MLH! gene occurred in a large number of endometrial
tumors 19), MLHI gene mutations other than germline
mutations could be involved. In addition, other MMR genes
besides the MSH2 and MLH1 genes could be involved. Since
germline mutations of the MSHO gene were reported in
endometrial cancer patients 201, further study is required
to understand the role of MMR genes in the development
of endometrial tumors.

This study identified germline mutations of the MSH2
gene associated with HNPCC in endometrial cancer patients
who did not meet the Amsterdam IT criteria for HNPCC.
This result suggests, similarly to colorectal cancers, the im-
portance of genetic testing in patients suspected of having
hereditary endometrial cancers, even if they do not meet the
new Amsterdam criteria 21].

Research on HNPCC is continuously developing, but
many areas remain obscure. Nevertheless, given that one
individual among hundreds carries the responsible genes

22], and that the disease is autosomally dominantly inherited
and develops at a young age 5], the advantage of elucidating
the relationship between HNPCC and colon or uterine cancer
for the many affected patients appears to be unquestionable.
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