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Abstract
AIM: To present novel �rameshi�t mutation c���delCpresent novel �rameshi�t mutation c���delC�rameshi�t mutation c���delCmutation c���delC c���delC���delCdelC 
[p�L����� in thep�L����� in the�L����� in theL����� in the����� in the��� in the in the MLH� gene identi�ied in an extended 
Bulgarian hereditary non�polyposis colorectal cancerhereditary non�polyposis colorectal cancerereditary non�polyposis colorectal cancer 
(HNPCC)� �amily and to analy�e the molecular and clinical �amily and to analy�e the molecular and clinical and to analy�e the molecular and clinicalo analy�e the molecular and clinical 
findings within the pedigree concerning the proposal o� 
adequate individual prophylactic strategy �or all mutation 
carriers� 

METHODS: The pedigree o� the �amily consists o� 42 
members in �our generations� Search �or mutations in 
the MLH�  and hMSH2 genes was per�ormed in the pro�
band� A�ter PCR amplification o� all exons including flank�
ing intronic regions, amplicons were directly sequenced�

RESULTS: The mutation was �ound in nine �rom the 
thirteen pedigree members who signed in�ormed consent 
to participate in the study� In three adenocarcinomas,� In three adenocarcinomas,In three adenocarcinomas, 
microsatellite instability and lack o� the MLH� proteinicrosatellite instability and lack o� the MLH� protein and lack o� the MLH� protein 
expression were detected� The only one tubulovillous ad�
enoma analy�ed was microsatellite stable and the MLH� 
protein showed an intact staining�

CONCLUSION: The newly described mutation c���delChe newly described mutation c���delC 
is HNPCC causative� Besides the typical clinical �ea�
tures o� the syndrome, we �ound a specific pathologic 
mani�estation such as moderate to high di��erentiated 

adenocarcinomas o� the colon� One o� the mutation car�
riers developed a benign giant cell so�t tissue tumor� The 
primary tumor locali�ations were �requently extracolonic 
and detailed yearly gastrointestinal and gynecological ex�
aminations have been proposed to the mutation carriers� 
We emphasi�e the importance o� including the HNPCC 
genetic counseling and testing as well in the �ollowing 
surveillance o� 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 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% of  all cases with CRC[1] and may be caused by germline 
mutations in �N�� mismatch repair (��R)� genes�� �uta-�N�� mismatch repair (��R)� genes�� �uta- repair (��R)� genes�� �uta-repair (��R)� genes�� �uta-genes�� �uta-
tions in the MLH1[2,3],3]] and hMSH2[�,�]�,�]] 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 unique[6] (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[7]�� 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[8]�� 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 �ational �cience �und by the National Science Fundby 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 D�A 
analysis�� �utation carriers receive information about the 
exact prophylactic exams to take and the recommended 
frequency�� 

In this paper we report a novel frameshift (c��31delC novel frameshift (c��31delCnovel frameshift (c��31delC frameshift (c��31delCframeshift (c��31delC (c��31delCc��31delC��31delCdelC 
[p��L11�])� mutation in thep��L11�])� mutation in the��L11�])� mutation in theL11�])� mutation in the11�])� mutation in the�])� mutation in the])� mutation in themutation in the in thein the thethe MLH11 gene due to a deletion ofgene due to a deletion of due to a deletion ofdue to a deletion of to a deletion ofto a deletion of a deletion ofa deletion of deletion ofdeletion of ofof  
a cytosine at nucleotide position c.��� in the first e�on of cytosine at nucleotide position c.��� in the first e�on ofcytosine at nucleotide position c.��� in the first e�on of at nucleotide position c.��� in the first e�on ofat nucleotide position c.��� in the first e�on of nucleotide position c.��� in the first e�on ofnucleotide position c.��� in the first e�on of position c.��� in the first e�on ofposition c.��� in the first e�on of c.��� in the first e�on ofc.��� in the first e�on of.��� in the first e�on ofin the first e�on of the first e�on ofthe first e�on of first e�on offirst e�on of exon ofexon of ofof  
the gene in a proband of an extended Bulgarian HNPCC gene in a proband of an extended Bulgarian HNPCCgene in a proband of an extended Bulgarian HNPCC in a proband of an extended Bulgarian HNPCCin a proband of an extended Bulgarian HNPCC a proband of an extended Bulgarian HNPCCa proband of an extended Bulgarian HNPCC proband of an extended Bulgarian HNPCCproband of an extended Bulgarian HNPCC of an extended Bulgarian HNPCCof an extended Bulgarian HNPCC an extended Bulgarian HNPCCan extended Bulgarian HNPCC extended Bulgarian HNPCCextended Bulgarian HNPCC Bulgarian HNPCCBulgarian HNPCC HNPCCHNPCC 
family, fulfilling the Amsterdam criteria. �he aim of this, fulfilling the Amsterdam criteria. �he aim of thisfulfilling the Amsterdam criteria. �he aim of this the ��msterdam criteria�� The aim of thisthe ��msterdam criteria�� The aim of this ��msterdam criteria�� The aim of this��msterdam criteria�� The aim of this criteria�� The aim of thiscriteria�� The aim of this�� The aim of thisThe 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  �2 members in 
four generations (Figure 1)��� The proband, a 39 year old 
man (Ⅲ-7)� was operated because of  cancer of  the cecum�� 
In the family, 1� members were operated on 21 malignant 
tumors (1� 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 2� years for the last generation��

�� set of  five polymorphic markers-B��T26, �2S123, 
��S3�6, �18S3� and FG��, previously found as the most 
informative in our group of  HNPCC patients, have been 
selected for analysis of  microsatellite instability (�SI)���microsatellite instability (�SI)��� (�SI)��� 
Both normal and tumor tissue �N�� samples were am-
plified for the five markers and electrophoresis was per-
formed on an automated fluorescence sequencer (��LF 
Express, Pharmacia)��� �SI analysis was possible in four 
patients (Table 1)���

Search for mutations in the MLH1 and hMS H2 
genes was performed in the proband Ⅲ-7�� ��fter PCR 
amplification of  all exons including flanking intronic 
regions, amplicons were sequenced in both directions using 
the ��BI PRIS� �ye terminator cycle sequencing reaction 
kit (��pplied Biosystems Foster City, C��)� and ��BI-310 
Genetic ��nalyzer�� The additional pedigree members were 
tested only for the presence of  the identified mutation in 
the MLH1 gene��

In order to investigate the effect of  this mutation 
on the �LH1 prote in express ion , 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 �LH1 protein 
(Santa Cruz Biotechnology, Santa Cruz, C��)� at 1:100 
dilutions was used, following the manufacturer’s protocol, 
with minor modifications. �wo investigators assessed the 
slides for �LH1 staining independently�� Informed consent 
for �N�� analysis was obtained from individuals included 
in the study��

RESULTS
We identified a novel frameshift mutation in the MLH1 
gene, due to a deletion of  a cytosine (c��31delC [p��L11�])� 
leading to a stop codon 16 (TG��)�, 18 bases downstream 

(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 MLH1 mutation c��31delC was excluded in this 
family member�� 

��ll three adenocarcinomas available from CRC 
patients for �SI analysis showed high instability�� The IHC 
assay showed lack of  expression of  the �LH1 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�� �ucinous 
production (predominantly extracellular type)� was detected 
in all cases�� 

DISCUSSION
In the present study we describe a novel MLH1 mutation 
c��31delC in relation to the HNPCC phenotype and 

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.

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 
member

Diagnosis Histological 
data

MSI 
Analysis

c.31delC 
mutation

MLH1 
expression

Ⅱ-1 Colon carcinoma NT NT No NT
Ⅱ-3 Colon carcinoma + NT NT NT
Ⅲ-6 Colon carcinoma + NT NT NT
Ⅲ-7 Colon carcinoma + MSI Yes NS
Ⅲ-8 Endometrial 

carcinoma
+ NT Yes NT

Ⅲ-12 Healthy, at risk NT NT Yes NT
Ⅳ-13 Healthy, at risk NT NT Yes NT
Ⅳ-14 Colon carcinoma + MSI Yes NS
Ⅳ-15 Tubulovillous 

Adenoma
+ MSS Yes PS

Ⅳ-16 Healthy, at risk NT NT No NT
Ⅳ-17 Healthy, at risk NT NT Yes NT
Ⅳ-18 Colon carcinoma + NT Yes NT
Ⅳ-19 Healthy, at risk NT NT No NT
Ⅳ-20 Healthy, at risk NT NT No NT
Ⅳ-21 Mixed germ 

cell tumor
+ NT NT NT

Ⅳ-22 Colon carcinoma + MSI Yes NS



�LH1 protein expression in colon tumors�� Frameshift 
mutations are frequently found in both MLH1 and 
hMSH2 genes�� Bisgaard et al[9] identified a mutation in the 
MLH1 gene, c��9delC, resulting in a premature stop at the 
same location (codon 16)� 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 �SI 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 1� 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 fear of inheritedrelieved of  the excessive fear of inheritedthe excessive fear of inherited excessive fear of  inheritedinherited 
cancer�� Patient Patient Ⅳ-18 developed mixed germ cell tumor 
(GCT)��� He provided detailed clinical and genealogical in-
formation before his death but refused �N�� analysis�� The 
relation between c��31delC/MLH1 and the risk of  breast 
cancer could not be confirmed, since both daughters of  
Ⅲ-10 were not carriers of  the mutation�� 

We found the typical features for HNPCC as early age 
of  cancer development, dominant inheritance, high �SI 
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�� ��ll these observations sup-
port the data published by others[10-12]. 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[13]��

The �LH1 protein expression in patient Ⅳ-1� was re-
tained and the tumor showed microsatellite stability (�SS)��� 
Protein expression in a mutation carrier with adenoma was 
described by Stormorken et al[1�]�� 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 �LH1 protein, 
due to the proper functioning of  the second, unaffected 

MLH1 copy��
T he obser ved ex t raco lon ic ma l i gnant tumor 

localizations related to this mutation were in endometrium, 
stomach, Vater’s papilla and small bowel�� The last two are 
relatively rarely associated with HNPCC[1�] and may be 
missed by the routine endoscopy��

Besides the tumors involved in the HNPCC spectrum, 
one of  the family members (Ⅳ-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 described mutation c��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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Figure 1  Pedigree tree of the investigated family. 
Spouses, some of the unaffected and clinically 
undefined individuals are not presented in the figure. 
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 
soft tissue; *healthy mutation carriers. 
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Figure 2  Direct sequencing of the MLH1 exon 1, demonstrating the mutation 
c.31delC. The arrow indicates the position of the C deletion.
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