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Abstract

AIM: To present novel frameshift mutation c¢.31delC
[p.L11X] in the MLH1 gene identified in an extended
Bulgarian hereditary non-polyposis colorectal cancer
(HNPCC) family and to analyze the molecular and clinical
findings within the pedigree concerning the proposal of
adequate individual prophylactic strategy for all mutation
carriers.

METHODS: The pedigree of the family consists of 42
members in four generations. Search for mutations in
the MLHI and AMSHZ genes was performed in the pro-
band. After PCR amplification of all exons including flank-
ing intronic regions, amplicons were directly sequenced.

RESULTS: The mutation was found in nine from the
thirteen pedigree members who signed informed consent
to participate in the study. In three adenocarcinomas,
microsatellite instability and lack of the MLH1 protein
expression were detected. The only one tubulovillous ad-
enoma analyzed was microsatellite stable and the MLH1
protein showed an intact staining.

CONCLUSION: The newly described mutation c.31delC
is HNPCC causative. Besides the typical clinical fea-
tures of the syndrome, we found a specific pathologic
manifestation such as moderate to high differentiated
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adenocarcinomas of the colon. One of the mutation car-
riers developed a benign giant cell soft tissue tumor. The
primary tumor localizations were frequently extracolonic
and detailed yearly gastrointestinal and gynecological ex-
aminations have been proposed to the mutation carriers.
We emphasize the importance of including the HNPCC
genetic counseling and testing as well in the following
surveillance of all patients at risk in the services covered
by the health insurance in Bulgaria.
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INTRODUCTION

Hereditary non-polyposis colorectal cancer (HNPCC) or
Lynch syndrome is the most common type of hereditary
colorectal cancer (CRC), which accounts for about 1% to
3% of all cases with CRC" and may be caused by germline
mutations in DNA mismatch repair (MMR) genes. Muta-
tions in the MLLH7*” and AMSH2™ genes are responsible
for the disease in the majority of HNPCC families. Some
mutations have been found to be common in many popu-
lation studies, whereas others are rare or uniquel(’] (http://
www.insight-group.org/). When a predisposing mutation is
found in the proband, the carrier status of the first degree
relatives might be clarified after genetic counseling and
signing of informed consent!”. This process is hard and
delicate. One of the most frequently observed problems is
the anxiety from the result. For all mutation carriers, a pro-
phylactic program is proposed[gl. In Bulgaria, the genetic
counseling and testing in hereditary cancer syndromes and
the following surveillance for the individuals at risk are
not defined or covered by the health insurance. In the pe-
riod of 1998-2006 the genetic counseling and testing have
been financially supported by the National Science Fund
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research grants. Our team analyzes individually the pedi-
grees with heterogenic localizations and particular clinical
features, together with the official result from the DNA
analysis. Mutation carriers receive information about the
exact prophylactic exams to take and the recommended
frequency.

In this paper we report a novel frameshift (c.31delC
[p-1.11X]) mutation in the MI.H7 gene due to a deletion of
a cytosine at nucleotide position ¢.31 in the first exon of
the gene in a proband of an extended Bulgarian HNPCC
family, fulfilling the Amsterdam criteria. The aim of this
study was to analyze the molecular and clinical findings
within the pedigree concerning the proposal of adequate
individual prophylactic strategy for all mutation carriers.

MATERIALS AND METHODS

The pedigree of the family consists of 42 members in
four generations (Figure 1). The proband, a 39 year old
man ([l[-7) was operated because of cancer of the cecum.
In the family, 15 members were operated on 21 malignant
tumors (15 colorectal and 6 extracolonic). The mean age
of the first malignant localization was 55 years for the first
generation, 63 years for the second generation, 38 years for
the third generation and 25 years for the last generation.

A set of five polymorphic markers-BAT26, D25123,
D58346, D18835 and FGA, previously found as the most
informative in our group of HNPCC patients, have been
selected for analysis of microsatellite instability (MSI).
Both normal and tumor tissue DNA samples were am-
plified for the five markers and electrophoresis was pet-
formed on an automated fluorescence sequencer (ALF
Express, Pharmacia). MSI analysis was possible in four
patients (Table 1).

Search for mutations in the MILH7 and AMSH?2
genes was performed in the proband II-7. After PCR
amplification of all exons including flanking intronic
regions, amplicons were sequenced in both directions using
the ABI PRISM Dye terminator cycle sequencing reaction
kit (Applied Biosystems Foster City, CA) and ABI-310
Genetic Analyzer. The additional pedigree members were
tested only for the presence of the identified mutation in
the MILHT gene.

In order to investigate the effect of this mutation
on the MLH1 protein expression, we chose the
immunohistochemistry (IHC) assay. This analysis was
performed in four patients with available paraffin-
embedded specimens (Table 1). The rabbit polyclonal
antibody against the C-terminus of the MLH1 protein
(Santa Cruz Biotechnology, Santa Cruz, CA) at 1:100
dilutions was used, following the manufacturet’s protocol,
with minor modifications. Two investigators assessed the
slides for MLLH1 staining independently. Informed consent
for DNA analysis was obtained from individuals included
in the study.

RESULTS

We identified a novel frameshift mutation in the MILLH7
gene, due to a deletion of a cytosine (c.31delC [p.L11X])
leading to a stop codon 16 (TGA), 18 bases downstream

Table 1 Diagnosis, microsatellite instability, c.31delC
mutation and immunohistochemical analysis of ten affected

and six healthy at risk relatives in the hereditary non-polyposis
colorectal cancer (HNPCC) family

Family Diagnosis Histological MSI c.31delC MLH1

member data Analysis mutation expression
-1 Colon carcinoma NT NT No NT
-3 Colon carcinoma + NT NT NT
-6 Colon carcinoma + NT NT NT
-7 Colon carcinoma + MSI Yes NS
-8 Endometrial + NT Yes NT
carcinoma
Im-12 Healthy, at risk NT NT Yes NT
V-13 Healthy, at risk NT NT Yes NT
V-14 Colon carcinoma + MSI Yes NS
IV-15  Tubulovillous aF MSS Yes PS
Adenoma
V-16 Healthy, at risk NT NT No NT
vV-17 Healthy, at risk NT NT Yes NT
V-18 Colon carcinoma + NT Yes NT
IV-19  Healthy, atrisk ~ NT NT No NT
IV-20  Healthy, atrisk ~ NT NT No NT
IV-21  Mixed germ + NT NT NT
cell tumor
vV-22 Colon carcinoma + MSI Yes NS

NT: not tested; +: available; MSI: microsatellite instability of the tumor; MSS:
microsatellite stability of the tumor; Yes: mutation was present; No: mutation
was absent; PS: positive staining; NS: negative staining.

(Figure 2). The mutation was found in nine out of the
thirteen pedigree members who signed informed consent
to participate in the study (Table 1). Individual II-1
developed a colorectal cancer at the age of 80 years. Now
he is 96 years old and none of his descendents developed
cancer. The MI.LH7 mutation c.31delC was excluded in this
family member.

All three adenocarcinomas available from CRC
patients for MSI analysis showed high instability. The IHC
assay showed lack of expression of the MLLH1 protein
in these tumors. In contrast, microsatellite stability was
characteristic of the tubulovillous adenoma and ICH of
the tumor showed an intact nuclear staining;

From the remaining 23 members of this branch
of the family, fourteen were operated on 20 different
malignant tumors, four adenomas and one benign giant
cell tumor of soft tissues. Synchronous tumors were
found in three individuals, and metachronous in five.
Eight colorectal cancers were right sided, three were left
sided and no information on the exact tumor localization
of the remaining three was available. Only one of the
left sided colorectal tumors was the primary localization.
The histomorphological study showed that all malignant
colorectal tumors were adenocarcinomas, two lowly
and nine moderately to highly differentiated. Mucinous
production (predominantly extracellular type) was detected
in all cases.

DISCUSSION

In the present study we describe a novel MILH7 mutation
c.31delC in relation to the HNPCC phenotype and
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Figure 1 Pedigree tree of the investigated family.
Spouses, some of the unaffected and clinically
undefined individuals are not presented in the figure.
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Co: colorectal cancer; VP: vater’s Papilla cancer;
SB: small bowel cancer; En: endometrial cancer;
St: stomach cancer; Br: breast cancer; Te: testicular
GCT; Ad: adenoma; GCTST: germ cell tumor of the
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MLH1 protein expression in colon tumors. Frameshift
mutations are frequently found in both MLH7 and
bMSH?2 genes. Bisgaard ez al” identified a mutation in the
MIHT gene, c.9delC, resulting in a premature stop at the
same location (codon 106) as in our study. In the family
a skipped generation was present. However the authors
conclude that stop codon and exon deletion mutations
can be implemented for predictive testing without further
analysis. In our study ICH and MSI analyses were used
additionally to evaluate the role of this mutation in three
adenocarcinomas and one adenoma.

Our genetic analysis showed that the CRC in II-1 was
not due to the mutation c.31delC. The late age of cancer
development (80 years) in this patient, lack of metachro-
nous carcinomas 15 years later and the lack of affected
descendents support the sporadic origin of the malignant
tumor in this case. Thanks to our study, this branch of
the family was relieved of the excessive feat of inherited
cancer. Patient [V-18 developed mixed germ cell tumor
(GCT). He provided detailed clinical and genealogical in-
formation before his death but refused DNA analysis. The
relation between c.31delC/MI.H7 and the risk of breast
cancer could not be confirmed, since both daughters of
I[-10 were not carriers of the mutation.

We found the typical features for HNPCC as early age
of cancer development, dominant inheritance, high MSI
and lack of detectable protein expression in the adenocar-
cinomas. The colorectal cancers were the most frequent
lesions in the family, predominantly right sided, with ex-
tracellular mucinous production, presence of synchronous
and metachronous tumors. All these observations sup-
port the data published by others"""?. Interesting findings
were the anticipation in the last three generations and the
moderate to high colorectal tumor differentiation. High
differentiation has been described as specific for Chinese
HNPCC families only'"”.

The MLHT1 protein exptession in patient [V-15 was re-
tained and the tumor showed microsatellite stability (MSS).
Protein expression in a mutation carrier with adenoma was
described by Stormorken e# a/'". The authors speculated
that this event might be due to the sporadic origin of the
adenoma or that the tumor did not reach the stage of
protein loss. The early stage of the tumor diagnosis in our
case might explain the presence of intact MLLH1 protein,
due to the proper functioning of the second, unaffected
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Figure 2 Direct sequencing of the MLH1 exon 1, demonstrating the mutation
¢.31delC. The arrow indicates the position of the C deletion.

MI_HT copy.

The observed extracolonic malignant tumor
localizations related to this mutation were in endometrium,
stomach, Vatet’s papilla and small bowel. The last two are
relatively rarely associated with HNPCC"” and may be
missed by the routine endoscopy.

Besides the tumors involved in the HNPCC spectrum,
one of the family members ([V-23) developed a benign
giant cell soft tissue tumor of the third finger, fourteen
years after the primary colon localization. We have no data
about the finding of such a metachronous tumor in other
HNPCC families.

We conclude that the newly desctribed mutation ¢.31delC
is HNPCC causative. Besides the typical clinical features
of the syndrome, we have found a specific pathologic
manifestation as moderately to highly differentiated
adenocarcinomas of the colon. The primary tumor
localizations are frequently extracolonic and detailed yearly
gastrointestinal and gynecological examinations have been
proposed to the mutation carriers. We emphasize the
importance of including the HNPCC genetic counseling
and testing as well in the following surveillance of all
patients at risk in the services covered by the health
insurance in Bulgaria.
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