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Mismatch repair genes MSH2 and MLH1 are the two major genes implicated in hereditary 
nonpolyposis colorectal cancer.  For the past years, we have successfully searched for 
mutations in both genes in affected Portuguese families, by SSCP and DNA sequencing 
analysis but because of the advantages that DHPLC offers, we have established conditions in 
our laboratory to use this new method.  While screening for mutations by both methods, in 
35 individuals belonging to HNPCC Portuguese families, 4 novel MLH1 mutations  
(c.307-1G>C; c.1023delG [p.R341fsX366]; c.2154_2155delCA [p.H718fsX721], 
c.2154_2155dupCA [p.I719fsX782]), an unclassified variant (c.-28A>T) and one silent  
MSH2 polymorphism (c.2766T>C) have been identified. © 2003 Wiley-Liss, Inc. 
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INTRODUCTION 

Hereditary nonpolyposis colorectal cancer (HNPCC), also called Lynch syndrome, accounts for approximately 
5-8% of all colorectal cancers (CRC) (Lynch et al., 1999). The genetic basis of HNPCC is related to germline 
mutations in MSH2 (MIM# 120435; GenBank accessions: U03911 and AH003235; GDB: 203983), MLH1 (MIM# 
120436; GenBank accessions: U07343 and U17857; GDB: 249617), MSH6 (MIM# 600678; GenBank accession: 
AH005068; GDB: 632803), PMS1 (MIM# 600258; GenBank accession AC008122; GDB: 581629) and PMS2 
(MIM# 600259; GenBank accession U13696; GDB386406) known as mismatch repair genes (MMR) or mutator 
genes. Together the MSH2 and MLH1 account for 50-60% of all mutations in families in which diagnosis is based 
on the Amsterdam Criteria (AC): three relatives with CRC, one of whom must be a first-degree relative of the 
other two; CRC present in at least two generations; CRC diagnosed in one relative at age <50 years; and familial 
adenomatous polyposis (FAP) excluded (Scott et al., 2001).  Up to the discovery of these genes, the diagnosis of 
HNPCC had to be made exclusively on the presence of clinical findings together with a thoroughly documented 
and often extended pedigree. Nowadays, the identification of germline mutations makes it possible to offer, after 
appropriate genetic counseling and informed consent, the pre-symptomatic test to those HNPCC family members 
who wish to be tested.  In the present study, we report in the MLH1 gene 5 mutations and in the MSH2 gene a 
polymorphism identified in families meeting strict Amsterdam criteria and in a 29-year-old individual with CRC 
(Table 1), which, to our knowledge were not previously reported (http://www.nfdht.nl and 
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http://uwcmml1s.uwcm.ac.uk/uwcm/mg /search/249617.html). In addition, we compare the efficiency of mutation 
analysis by Single Strand Conformation Polymorphism (SSCP) and Denaturing High Performance Liquid 
Chromatography (DHPLC) in a series of Portuguese HNPCC families. 

MATERIALS AND METHODS 

Peripheral blood was drawn from 48 affected individuals belonging to HNPCC families after informed consent.  
Thirteen of these individuals had a mutation in the MSH2 gene previously identified by SSCP, reported either by 
Isidro et al. (2000), or in The Human Gene Mutation Database Cardiff (HGMD), whereas the other 35 had not yet 
been analyzed. DNA and RNA were extracted using the Wizard DNA Extraction Kit (Promega) and Rneasy Mini 
Kit (Qiagen), respectively.  The MSH2 and MLH1 genes were screened for mutations by SSCP and DHPLC.  
Exons 1-16 of MSH2 (GenBank accessions: U03911, version U03911.1, CDS 4..2808 and AH003235, version 
U41206.1 to U41220.1) and exons 1-19 of MLH1 (GenBank accessions: U07343, version U07343.1, CDS 
22..2292 and U17857, version U40960.1 to U40977.1) were PCR amplified using specific exon primers described 
by Kolodner et al. (1994) and by Holinski-Feder et al. (2001).  For the SSCP analysis, PCR products were 
separated on 6% polyacrylamide gels (acrylamide 59: bisacrylamide 1) at 4 ºC following denaturation.  Bands 
were visualized by DNA silver staining.  The same PCR products were also analyzed by DHPLC.  This analysis 
was carried out on an automated HPLC device equipped with a DNA separation sequence column (DNASep) 
(WAVE:  Transgenomic, San Jose, CA, USA). Temperature and gradient parameters were determined using the 
WAVETM Software (conditions for each mutation are described in Table 2). Exons showing abnormal SSCP and/or 
DHPLC patterns were sequenced on a repeated PCR product using the automatic sequencer ABI Prism, 3100 
Genetic analyzer (Applied Biosystems).   

To further characterize novel sequence variants/polymorphisms 200 chromosomes from unrelated individuals  of 
the Portuguese population were analyzed (100 healthy and 100 affected with CRC, not pooled).  

In addition, for the silent mutation c.2766T>C identified in the MSH2 gene, mRNA analysis was carried out 
following the methods described by Marshall et al. (1996), using primer sets 3 and 4. 

Table 1. Clinical and Family History 
Family # Type of  Cancer 

Proband            
(age of onset) 

Proband’s Clinical History 
(† age of death)   

Type of cancer of family members                                                
(age of onset /  † age of death) 

 

1 

 

CRC (42y) 

 

 

First tumor: atypical mucinous carcinoma of the colon 
with regional metastases ?  left colectomy. 

Second tumor: well differentiated intramucinous 
carcinoma of the ascendant colon ?  total colectomy 
with ileal-rectal anastomose (†42y). 

 

Father, CRC (†61y); Brother, CRC (39y)  

2 CRC (29y) Adenocarcinoma of the sigmoid ?  left colectomy and 
chemotherapy.  

Uncle mother’s side, lung cancer (†55y); Aunt 
mother’s side, gastric cancer (†51y); Uncle 
mother’s side, gastric cancer (†38y); Aunt 
mother’s side, skin cancer (60y). 

3 CRC (51y) Moderately differentiated adenocarcinoma of the 
ascendant colon ?  right colectomy. 

Father, CRC (†59y); Mother, CRC (†62y); 
Brother, CRC (39y); Aunt mother’s side , 
esophagus cancer; Uncle mother’s side, 
unknown type of cancer; Uncle mother’s side, 
bone cancer. 

4 CRC (33y) Rectal cancer, one year later relapsed abdominoperineal 
cancer.  

 

Father, CRC (†60y); Brother, CRC (36y); 
Sister, CRC (37y); Brother, CRC (56 Y); Sister, 
CRC (†40y); Nephew, CRC (31y) 

5 CRC (33y) Squamous adenocarcinoma of the transverse colon → 
total colectomy. 

Brother, CRC (46y); Father, CRC (†47y); 
Grandmother, CRC (†60y) 

6 CRC (40y) Ascendant adenocarcinoma. Father CRC (<50y)); Uncle CRC (<50y); 
Grandfather CRC (<50y) 
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Table 2. DHPLC Gradient Conditions for MLH1/MSH2 Fragments 
Gene Exon Temperature  (ºC) Acetonitrile 

gradient   (%B) 
Time     
(minutes) 

     

MLH1 1 
 

62 ºC 
63 ºC 
65 ºC 

50% - 58% 
49% - 57% 
48% - 56% 

4 
4 
4 

 
MLH1 

 
4 

 
58 ºC 
59 ºC 
 

 
51% - 59% 
51% - 59% 

 
4 
4 

MLH1 11 62 ºC 
63 ºC 
 

51% - 59% 
51% - 59% 

4 
4 

MLH1 19 60 ºC 53% - 61% 4 
 

MSH2 16 54 ºC 
56 ºC 

55% - 63% 
52% - 60% 

4 
4 

 

RESULTS AND DISCUSSION 

The comparison of SSCP and DHPLC mutation analysis indicated that DHPLC is faster and at least equally 
sensitive as SSCP, since all the 13 different mutations tested by DHPLC were detected in a shorter period of time. 
We here report four novel MLH1 germline mutations, an unclassified variant and a novel MSH2 polymorphism 
(Table 3) found among 35 individuals belonging to HNPCC Portuguese families meeting complete Amsterdam 
criteria, which were detected by both methods. In addition, the following MLH1 polymorphism frequencies were 
observed: c.655A>G (p.I219V) – 64% (A) and 36% (G); c.511+14A>G – 4% (A) and 96% (G); c.540-19 A>G – 
40% (G) and 60% (A), these being similar or equal to the ones reported in http://www.nfdht.nl .   

 

Table 3. Novel Mutations Identified in the MLH1/MSH2 Genes in Index Cases Belonging to Portuguese 
HNPCC Families Meeting Complete Amsterdam Criteria 

Family Gene Exon/ 
Intron Codon Mutation/ 

Polymorphism1,2 Consequence  

1 MLH1 IVS3 - 
 
c.307-1G>C 
 

Substitution of invariant G, splicing ?3, 4, 5  

2 MLH1 5’UTR - c.-28A>T Substitution at the 5’ UTR region. 3, 4 

3 MLH1 11 341 
c.1023delG 
 

Deletion of G, frameshift, TGA Stop 73 bases 
downstream; p.R341fsX366. 

4 MLH1 19 718-719 
c.2154_2155delCA 
 

Deletion of CA, frameshift, TAA Stop 9 bases 
downstream; pH718fsX721. 

5 MLH1 19 719 
 
c.2154_2155dupCA 
 

Duplication of CA, frameshift, TGA Stop 73 
bases downstream from the original Stop; 
p.I719fsX782. 

6 MSH2 16 922 c.2766T>C Silent p.F9223, 4 

1- GenBank reference sequences: MLH1 - U07343, version U07343.1, CDS 22..2292 and MSH2 - U03911, version 
U03911.1, CDS4..2808. 

2- Nomenclature according to Antonarakis et al (1998) and den Dunnen J and Antonarakis (2000). 
3- Not found in 50 unrelated individuals with CRC. 
4- Not found in 50 unrelated healthy individuals. 
5- No mRNA studies were performed. 
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In family 1, a single nucleotide substitution at the invariant G of the acceptor splice site of intron 3  
(c.307-1G>C), was found. The patient passed away before mRNA studies could be performed and no other family 
members have been available for study.  

In family 2, the only sequence alteration found, in the 29 year old proband diagnosed with CRC, was the 
substitution of an adenine by a timine at position –28 in the 5’UTR region (c.-28A>T) of the MLH1 gene. No other 
germline mutation was found in either the MSH2 or MLH1 genes. This nucleotide is part of a hexamer which is a 
potential transcription factor binding site located in the promotor region of the MLH1 gene (Ito et al., 1999). 
However, since no functional studies were performed, this sequence alteration cannot be considered pathogenic, 
although it was not found in any of the 200 chromosomes analyzed.  

Families 3, 4, and 5 presented novel frameshift mutations due to deletion or insertion of one or two base pairs.  
In family 3 the deletion of a guanine (c.1023delG [p.R341fsX366]) resulted in a TGA stop 73 bases downstream, 
in family 4 the deletion of a cytosine and an adenine (c.2154_2155delCA [p.H718fsX721]) also led to a TAA stop 
9 bases downstream.  Premature stop codons resulted from these two frameshifts, whereas the frameshift in family 
5, due to the insertion of two nucleotides, cytosine and adenine, (c.2154_2155dupCA [p.I719fsX782]) led to a new 
stop TGA 73 nucleotides downstream from the original stop probably leading to the formation of a peptide with 25 
additional amino acids. The extreme COOH-terminus is a perfectly conserved region between yeast MLH1 and 
MLH1, where Liu et al. (1996) and Papadopoulos et al. (1994) described a pathogenic mutation causing an 
extension of 34 amino acids at the COOH–terminus. Since c. 2154_2155dupCA, in addition to disrupting the last 
37 amino acids present in the coding region, also causes an extension of COOH-terminus it most probably can be 
considered a pathogenic mutation. 

In family 6, besides the silent mutation c.2766T>C, no other alteration was found in the MSH2 and MLH1 
genes analysis. On the other hand, this polymorphism was neither observed in the 100 chromosomes of healthy 
Portuguese individuals nor in the 100 with CRC history, which were analyzed both by SSCP and DHPLC. Since it 
has been recognized that DNA sequence variants including silent mutations might cause phenotypic variability by 
influencing splicing accuracy or efficiency (Cartegni et al., 2002), RNA studies were introduced in the lab to help 
elucidating their role in mRNA processing.  The results of this analysis indicate that no alternative transcripts were 
observed in the peripheral blood of the proband of this family, leading to the conclusion that this alteration is a 
silent polymorphism. The allele frequency in the population analyzed is estimated to be <0.005. This silent 
mutation is most likely a “family” polymorphism for it was only found in other family members (the proband’s 
father affected with CRC, uncle, father’s side, affected with CRC, two younger brothers not affected).  

In spite of the large number of mutations previously described (The Human Gene Mutation Database, Cardiff  
http://archive.uwcm.ac.uk/uwcm/mg/hgmd/search.html) the present study reveals additional ones in Portuguese 
HNPCC families which, together with other published studies (Isidro et al., 2000; Fidalgo et al., 2000) indicate a 
relatively high number of novel mutations in the Portuguese population. 
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