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Abstract

AIM:  To study the clinicopathological and mole cular

genetic characteristics of typical Chinese hereditary
nonpolyposis cotorectal cancer (HNPCC) families.

METHODS:  Four typical Chinese HNPCC families were

analyzed using microdissection, microsatellite instability

analysis, immunostaining of hMSH2 and hMLH1

proteins and direct DN A sequencing of hMSH2 and
hMLH1 genes.

RESULTS:  All five tumor tissues of 4 prob ands from

the 4 typical Chinese HNPCC families showed

microsatellite instability at more than two loci (MSI-H

or RER+phenotype). Three out of the 4 cases losthMSH2

protein expression and the other case showed no

hMLH1 protein expression. Three pathological germline
mutations (2 in hMSH2 and 1 in hMLH1), which had

not been reported previously, were identified. The same

mutations were also found in other affected members

of two HNPCC families,respectively.

CONCLUSION:  Typical Chinese HNPCC families showed

relatively frequent germline mutation of mismatch

repair genes. High-level microsatellite instability and
loss of expression of mismatch repair genes correlated

closely with germline mutation of mismatch repair

genes. Microsatell ite instabil ity analysis and

immunostaining of mismatch repair gene might serve

as effective screening methods before direct DNA

sequencing. It is necessary to establish clinical criteria
and molecular diagnostic strategies more suitable for

Chinese HNPCC families.

Subject headings  colorectal neoplasm; hereditary
nonpolyposis/ genetic; colorectal neoplasms, hereditary
nonpolyposis/ pathology; immunohistochemistry; sequence
analysis, DNA
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INTRODUCTION
Hereditary nonpolyposis colorectal cancer (HNPCC), also called Lynch
syndrome, is the most common human hereditary cancer
predisposition and accounts for 5%-10% of total colorectal carcinomas
(CRCs). Tumors in HNPCC families are characterized by an early age
(before the age of 50) of onset, an excess of syn-and meta-chronous
colore ctal cancers, nigh occurrence in the proximal colon and an
increased risk of neoplasms of other organs including endometrium,
ovary, stomach, small intestine , pancreas, biliary tract, bladder and
ureter[1-5]. The lack of characteristic diagnostic features has prompted
the establishment of the so-called Amsterdam criteria for diagnosis:
the histologically verified colorectal cancer must occur in at least three
relatives (one of whom is a first-degree relative of the other two); the
cancer must occur in at least two successive generations; and at least
one case must occur at an onset age of less than 50. In addition,
familial adenoma touspolyposis (FAP) must be ruled out[6].
      Germline mutations of six genes in volved in DNA mismatch
repair (MMR), i.e. hMSH2, hMLH1, PMS1, PMS2, MSH6 (also
known as GTBP) and MLH3, have been identified in patients with
the disease, and t he former two genes account for the large majority of
mutations found in families with HNPCC. hMSH2 is localized to
chromosome 2p21-22, contains 16 exons, and is predicted to encode
a 935 amino acid protein, whereas hMLH1 is localized to chromosome
3p21 and contains 19 exons encoding a 756 amino acid protein[3,7-12].
These genes are required for the correction of DNA mismatches that
occur during replication. Defective DNA mismatch repair genes result
in microsatellite instability (or called replication errors, RER+). It has
been suggested that the presence of replication errors can be a
useful marker for HNPCC[13-25]. More recent studies indicate that
immunohistochemistry may be a useful alternative strategy for
identifying tumors with mismatch repair deficiency. Additionally,
immunohisto chemistry provides information on the specific defective
gene involved and may, therefore, be cost-effective by limiting the
numbers of genes to be sequenced[26-30]. MSI and immunohistochemical
analysis may be useful screening methods before MMR gene mutation
analysis[22-23,31-34]. Until now there have only be en some case reports
of HNPCC in China and no systemic study of molecular genetic
aspects of HNPCC had been presented. We have collected 61 Chinese
HNPCC famil ies  ( reported e lsewhere)  and conducted
clinicopathological and molecular genetic analyses of 4 HNPCC families
fulfilling the Amsterdam criteria (referred to as typical H NPCC
families).

MATERIAL AND METHODS
Patients
Four typical Chinese HNPCC families were taken into the study after
informed consent (Figure 1) was made. One proband was female and
the other three were male. The onset age was 38, 29, 58 and 67 years
respectively, with a mean age of 48. Metachronous and synchronous
tumors and their locations are listed in Table 1. Tumor tissues and
peripheral white blood cells were collected for the study.
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Microdissection and minimal amount of DNA extraction
One 5 µm and four 7 µm paraffin-embedded sections were deparaf
finized. The 5 µm slide stained with HE served as control. The 7 µm
ones were lightly stained with hematoxylin for microdissection. The
microdissection was performed under the dissection microscope with
a scalpel. Tumor cells should account for at least 80% of the total cells
isolated. The microdissected tissues were transferred directly into a
centrifugation tube with 150 µL cell lysis buffer (0.5 mol·L-1 Tris,
20 mmol·L-1 EDTA, 10 mmol·L-1 NaCl, 10 g·L-1 SDS, 0.5 g·L-1

Proteinase K). The subsequent DNA extraction was performed
according to the protocol of the DNA extraction kit (Daxia Biotech
Ltd, Shanghai). Genomic DNA from per ipheral white blood cells was
also extracted with a large volume.

Microsatellite instability analysis
Matched normal and tumor DNA were investigated with a panel of 5
microsatellite markers (mononucleotide repeats BAT26 and BAT25,
dinucleotide repeats D5S346, D2S123 and mfd15)[31]. The primer
sequences have been published elsewhere[35]. The primer pairs were
synthesized by Shenyou Biot ech Ltd. Each forward primer was
labeled with a fluorescent dye at 5’ end (Fam, Tamara or Joe) to enable
the PCR products detectable by an ABI automated DNA sequencer.
After successful amplification, the 2 µL PCR product was mixed with
12.5 µL dei one d formamide and 2 µL 350 Rox Sizer. The mixture was
denatured, snap cooled and electropheresed on ABI 310 automated
DNA sequencer according to the manufacturer’ s recommendation. The
electrophoresis results were analyzed by GeneScan Software (Applied
Biosystems, Incorporated, Foster City, CA). MSI was determined
according to Gebert et al [36]. Additional peaks ( bands ) at a
microsatellite locus in the tumor compared with the normal tissue from
the same patient were interpreted as microsatellite instability (MSI).

Cases with MSI in more than 2 of the 5 loci were interpreted as
exhibiting high microsatellite instability (MSI-H).

Immunostaining for hMSH2 and hMLH1
Sections of 4 µm were prepared from 100 mL·L-1 neutral buffered
formalin-fixed and paraffin-embedded tumor tissue. After deparaff
inization and rehydration, the sections were pretreated with microwave
(4  min×4 at 900 W) in 0.1 mol·L-1 citrate buffer and were then
incubated overnight at 4  with a monoclonal antibody against the
hMSH2 prepared with the carboxy-terminal fragment (FE11,
Oncogene Research Products, Cambridge, MA) and a monoclonal
antibody against the hMLH1 prepared with full-length protein (G168-
728, PharMingen, S an Diego, CA) at 1:40 dilutions. The antibodies
were detected by the Envison two-step method (Dako, Denmark)
using diaminobenzidine as the chromagen. The slides were
counterstained with hematoxylin. Diminished expression of hMSH2
or hMLH1 in cancer tissues were demonstrated when there was
complete absence of detectable nuclear staining of neoplastic cells.
Infiltrating lymphocytes as well as normal colonic crypt epithelium
next to the tumor area served as internal positive controls. Two
pathologists assessed all cases without any knowledge of microsatellite
instability or germline mutation status.

Sequencing analysis
All 19 exons of hMLH1 gene and all 16 exons of hMSH2 gene (including
all intron - exon borders) from proband’s genomic DNA were
individually amplified in a thermocycler (Perkin-Elmer 9700,
Applied Biosystems.). All the primers were kindly provided by Prof.
von Knebel in the Division of Molecular Diagnostics and Therapy,
Department of Surg ery, University of Heidelberg. Either sense or
antisense was anchored with a M13 primer that benefits the subsequent

Table 1  Clinicopathological charcateristics, MSI status, immun ostaining and the affected MMR genes

  Immunostaining
Family          Onsetage   Number of CRC Tumor site             MSI status Gene

          hMSH2         hMLH1

H2 29 4   RightColonX2; rectum X2 4/5 — + hMSH2

H9 67 2   Hepatic flexure; transverse colon 4/5; 5/5 + — hMLH1

H11 58 2   Rectum X2 4/5 — + hMSH2?

H27 38 2   Cecum; transversecolon 3/5 — + hMSH2

Figure 1 Four typical Chinese HNPCC pedigrees.
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sequencing. PCR reaction was set in 25 µL volume containing 100 ng
genomic DNA. The PCR products were purified using the Q IAquick-
spin PCR purification kits (Qiagen Inc., Chatsworth, CA) and were
subjected to direct sequencing with M13 forward primers using the
ABI PRISM dye terminator cycle sequencing kit (Applied
Biosystems) according to the manufacturer’s instructions. The
electrophoresis was performed on an ABI 310 automated sequencer.
Search of the same mutation in additional family members was
performed in the family with a detected mutation.

RESULTS
Clinicopathological characteristics are shown in Table 2.

Microsatellite instability
All 5 tumors of the 4 HN PCC probands showed microsatellite
instability at more than two loci (MSI-H, or called RER+ phenotype)
(Table 1, Figure 2). One tumor displayed MSI in 5/5 loci, three tumors
showed MSI in 4/5 loci and the others had MSI in 3/5 loci.

Figure 2   MSI status of H2 proband. Microsatellite analysis of H2 proband
with five microsatellite markers, MSI in 4/5 loci

Loss of expression of hMSH2 and hMLH1 protein
Lack of hMLH1 immunostaining was observe d in tumors from H9
proband. Tumors from probands of H2, H11 and H27 were negative
for hMSH2 immunostaining (Table 1, Figures 3 and 4).

Figure 3   Immunohistochemical staining. No hMSH2 protein expression in
adenoma and carcinoma areas of H11 proband tumor section, infiltrating
lymphocytes as well as normal colonic crypt epithelium next to the tumor
showed nuclear staining of the hMSH2 protein. ×100

Figure 4   Immunohistochemical staining. A: No hMLH1 protein expres-
sion in carcinoma area of H9 proband tumor section. ×400
B: Infiltrating lymphocytes as well as normal colonic crypt epithelium next
to the tumor showed nuclear staining of the hMLH1 protein.×200

Germline mutation of hMSH2 and hMLH1 gene
Germline mutations were found in all four probands. Three of four
were definitely pathological mutations that had not been reported
previously (family H2, H9, H27). The first pathological mutation
was a transition of C to T in exon 13 (codon 680) of hMSH2, which
leads to a stop codon (CGA-TGA) (family H2)(Figure 5). The second
mutation was a 24 bp deletion in exon 11 (codon 305) of hMLH1
(family H9) (Figure 6). The third mutation was one “A” insertion at
codon 206 of exon 3 of hMSH2 leading to a stop codon 73 bp
downstream (family H27) (Figure 7). All 3 mutations give rise to
protein truncation or protein structure alteration. In addition, the
affected sister of H2 proband also carried t he same mutation in exon
13 of hMSH2. One sister and one brother of H27 porband also suffered
from colorectal cancer at young age (her sister at 36 in transvers al
colon and at 47 in cecum; her brother at 38 in rectum), both carrying
the sam e germline mutation as their proband does. In H11 proband, a
missense mutation in exon 1 of hMSH2 was identified. In order to
determine whether this alteration represents a neutral polymorphism
or a disease causing mutation, we assessed all possible family members
and found no definite relationship between the base change and the
disease. So it could not be demonstrated to be pathological and might
be a single nucleotide polymorphism (SNP).

Table 2   Pathological germ-line mutations in the hMLH1and hMSH 2 genes

Family Gene Exon Codon Mutation Nucleotide Change

H2 hMSH2 13 680 Nonsense CGA-TGA(stop codon)
H9 hMLH1 11 305 In-frame deletion 24 bp deletion
H27 hMSH2                3 206 Frame shift 1 bp(A) insertion; stop at 73 bp downstream of the mutation
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Figure 5   C-T transition (CGA-TGA) at codon 680 in exon 13 of hMSH2
gene in H2 proband, resulting in a stop codon.
Figure 6   A 24 bp deletion at codon 305 in exon 11 of hMLH1 gene in H9
proband.
Figure 7   A 1 bp insertion at codon 206 in exon 3 of hMSH2 gene in H27
proband, resulting in a stop codon 73 bp downstream of the mutation.

DISCUSSION
In China, the first clinical report of HNPCC cases was published by
Mo et al[37] in 1996. Attention has been paid to this kind of hereditary
tumor syndrome thereafter by Chinese sc holars[38-39]. Our study is a
postlude of Mo’s report. Three male prob ands and one female proband
out of the 4 typical Chinese families had a mean onset age of 48 years.
Three displayed proximal CRCs and one had a rectum cancer, all
showed synch ronous and/or metachronous tumors, with one having
metachronous endometrial cancer. These families fulfilled the strict
HNPCC criteria. The four probands mentioned above had altogether
10 tumors. The current study is the first report with comprehensive
microsatellite analysis, immunohistochemistry and direct mutation a
nalysis of mismatch repair genes in Chinese HNPCC study.
      Microsatellite is highly polymorphical, thus it has been widely
considered as an ideal genetic marker. Microsatellite instability reveals
loss of the function of mismatch repair gene s. It can serve as a reliable
preliminary screening strategy of HNPCC family as several studies
have shown that microsatellite instability occurs in about 80%-90%
of HNPCC tumors[13-25]. Microsatellite instability was also found in
15%-20% of sporadic colorectal carcinomas[36,40]. In the current
study, we adopted a panel of five sensitive microsatellite markers
accepted by the International Collaborative Group for HNPCC and
the National Cancer Institute to detect the MSI status[35]. One hundred
percent (5/5) of the five tumors displayed high-level microsatellite
instability, which suggests that Typical Chinese HNPCC families show

high level defection of mismatch repair function in the affected
patients.
      The majority of HNPCC cases are associated with the mutation
of hMSH2 and hMLH1 genes. Recent studies showed that the
immunostaining of proteins produced by these two genes could serve
as a convenient, rapid and cheap approach in screening HNPCC
families[26-30]. In our study, the tumors from H2, H11 and H27 probands
lost the expression of hMSH2 protein, while germline mutation of
hMSH2 gene was only detect ed in H2 and H27 probands. The tumor
of H9 proband showed no hMLH1 protein expression and a germline
mutation of hMLH1 gene was identified. Although H11 proband had
a tumor displaying no expression of hMSH2 protein, no pathological
germline mutation had been detected. In general, microsatellite
instability status and immunohistochemical alteration of hMSH2
and hMLH1 proteins correlated closely with each other.
Immunohistochemistry is also very useful in screening HNPCC
families.
      Direct gene sequencing remains the most reliable method for
HNPCC diagnosis. Mutations of hMSH2 and hMLH1 accounted for
25%-86% of the total cases[41-46]. Two main reasons were suggested
for the discrepancies of mutation detection rate: firstly, different clinical
criteria for selecting HNPCC families were adopted in various studies;
secondly, the methods used by individual investigators varied. Till
now more than three hundred different predisposing mutations have
been reported, mainly affecting the MMR genes hMLH1 (about half),
hMSH2 (about 40%) and MSH6 (about 10%)[7]. There appeared no
hot spot mutations among those found in these mutations. The three
pathological mutations (two in hMSH2 and one in hMLH1) found in
our collectives are all novel mutations that had not been reported
before (http:/ www.nfdht.nl/database/mdbchoice). The rate of mutation
is 75% (3/4). The one A-insertion frame shift mutation in H27 proband
gave rise to stop codon 73 bp downstream. H9 proband showed 24
bp deletion mutation in exon 11 of hMLH1 gene. The third mutation
was a base substitution resulting in a stop codon. All of the detected
mutations resulted in the truncation or structure alteration of the
proteins. The mutations existed also in genomic DNA from other
affected family members. That all mutations in our study appear new
demonstrates the wide spectrum of the mutation responsible for
HNPCC. The mutation may be different in a variety of races and
geographical regions. It is therefore very important to develop HNPCC
screening and genetic analysis strategies in China. The remaining family
proband (H11) possessed a missense mutation (CCG-CAG, Pro-
Glu). Its pathological meaning could not be demonstrated, because the
presence and absence of cancer in this family showed no relation with
the base change, suggesting that this may be only a polymorphism,
i.e., SNP. This result could not explain the phenomenon of the lost of
hMSH2 protein in the tumor of H11 proband. Curia et al con sidered
that the possible germline mutation of such cases was located outside
the coding region and intron-exon borders. Such mutations have the
potential to affect the transcription, processing, and/or stability of
mRNA encoded by the corresponding allele, resulting in germ-line
transcript imbalance that should be detectable in normal tissues or
PBLs. Such imbalance could be investigated by primer extension
assays[47]. This kind of screening is necessary for the family like this,
so as to discover the abnormality not detectable by sequencing.
      Since HNPCC has many characteristics different from those of
sporadic colorectal cancer, it is necessary to distinguish between them.
HNPCC has better prognosis and shows more resistance to the
chemotherapeutic drugs (for example, 5-FU, cisplatinum, etc).
MMR gene mutation analysis will give both HNPCC proband and his
family members better management and surveillance, and it will also
support genetic counseling as well as gene therapy in the future. To
the proband himself, it is helpful for us to conduct positive and



effective therapy to reduce the occurrence of possible me tachronous
multiple colorectal cancer. To the mutation carriers in his family who
have not yet suffered from colorectal cancer, close follow-up and
early diagnosis are more likely to be performed. Colonoscopy every 1
to 3 years starting at age of 25 is recommended. To the non-mutation
carriers, we should free them from unnecessary psychological and
economical burden[48-50].
      The current report is only a first description of our study at the
initial stage. We hope that it could provide a guidance to the surgeons
and pathologists in China who are closest to the patients. A wider
survey with more kindreds in detail and a deeper analys is of the
tumor spectrum of Chinese HNPCC kindreds remain a heavy
assignment for us.
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