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Abstract
AIM: To investigate the germline mutations of MSH6 
gene in probands of Chinese hereditary non-polyposis 
colorectal cancer (HNPCC) families fulfilling different 
clinical criteria.

METHODS: Germline mutations of MSH6 gene were 
detected by PCR-based DNA sequencing in 39 unrelated 
HNPCC probands fulfilling different clinical criteria in 
which MSH2 and MLH1 mutations were excluded. To 
further investigate the pathological effects of detected 
missense mutations, we analyzed the above related 
MSH6 exons using PCR-based sequencing in 137 healthy 
persons with no family history. The clinicopathological 
features were collected from the Archive Library of 
Cancer Hospital, Fudan University and analyzed.

RESULTS: Four germline missense mutations distributed 
in the 4th, 6th and 9th exons were observed. Of them, 
three were not found in international HNPCC databases 
and did not occur in 137 healthy controls, indicating that 
they were novel missense mutations. The remaining 
mutation which is consistent with the case H14 at 
c.3488A>T of exon 6 of MSH6 gene was also found 
in the controls, the rate was approximately 3.65% 
(5/137) and the type of mutation was not found in the 
international HNPCC mutational and SNP databases, 
suggesting that this missense mutation was a new SNP 
unreported up to date.

CONCLUSION: Three novel missense mutations and a 
new SNP observed in the probands of Chinese HNPCC 

families, may play an important role in the development 
of HNPCC.
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INTRODUCTION
Hereditary non-polyposis colorectal cancer (HNPCC), 
also known as Lynch syndrome, is an autosomal dominant 
inherited disease characterized by susceptibility to a 
wide spectrum of  cancers, including cancer of  the 
colon, rectum, endometrium, small bowel, and urinary 
tract[1]. HNPCC syndrome accounts for 5%-10% of  all 
colon-rectum cancer cases[2]. Germline mutations in the 
hMLH1 (MIM#120436; GDB: 249617) and hMSH2 
(MIM#120435; GDB: 203983) genes are detected in 
30%-70% of  HNPCC families[3-5]. Recently, mutations 
in another MMR gene (MSH6), accounting for 10% 
of  HNPCC kindreds, have also been shown to result 
in HNPCC[6]. The number of  mutations in the MSH6 
gene keeps increasing[7] (http://www.nfdht.nl). Germline 
mutations of  MSH6 gene are mainly associated with 
patients with no MSH2 and MLH1 mutations. This study 
was to investigate the MSH6 gene germline mutations 
by DNA sequencing in 39 Chinese HNPCC kindreds 
fulfilling the criteria in which MSH2 and MLH1 mutations 
are excluded, in order to identify HNPCC families and 
provide experimental information for HNPCC database.

MATERIALS AND METHODS
Materials
From January 1998 to October 2005, 39 Chinese HNPCC 
families fulfilling the HNPCC clinical criteria were 
registered at the Department of  Abdominal Surgery 
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in Shanghai Cancer Hospital/Institute. Eleven families 
fulfilled Amsterdam criteria (AC Ⅰ) and Ⅱ (AC Ⅱ)[8,9], 11 
additional families Japanese criteria[10] and the remaining 17 
kindreds Bethesda guidelines (BG)[11]. Germline mutations 
of  MS H2 and MLH1 were excluded by based-PCR 
sequencing in the probands of  all the Chinese HNPCC 
families. Each proband was asked to give 10 mL peripheral 
blood samples and consent for access to archival tumor 
tissue. A total of  137 control blood samples were taken 
from healthy persons after obtaining informed consent, 
none of  the individuals in the control group had a family 
history suggesting HNPCC or development of  colon 
cancer in earlier age. This study was proved by the Medical 
Ethical Committee of  Cancer Hospital, Fudan University, 
and the procedures of  the study were in accordance with 
the international rules and regulations.

DNA extraction
Genomic DNA was extracted with the QIAGEN (Hilden, 
Germany) DNA extraction kit following the manufacturer’
s instructions. Concentrations of  the genomic DNA were 
determined by an ultraviolet spectrophotometer (Beckman, 
DU640 type).

PCR amplification and DNA sequencing
According to the exon/intron boundary sequences of  
MSH6 (GenBank assession number: NM_000179.1), 
18 sets of  primers were designed to amplify the entire 
coding region, including 10 exons and each splicing site 
of  MSH6 (Table 1). The primer pairs used to amplify 
the 18 fragments of  MSH6 have either M13 forward 5’ 
primers or M13 reverse 3’ primers to facilitate sequencing 
after amplification. PCR was carried out with Taq DNA 
polymerase (Promega, USA) as described elsewhere[12]. The 
PCR conditions were as follows: preheating at 94℃ for 
7 min, followed by 30-38 cycles of  denaturation at 94℃ 
for 45 s, annealing at 56℃-68℃ for 45 s and extension at 
72℃ for 45 s, and a final elongation at 72℃ for 10 min 
(Table 1). PCR products were subjected to 2% agarose gel 
electrophoresis. After observation of  clear and expected 
size bands, the products were purified and used as a 
template for sequencing reactions with BigDye terminator 
cycle sequencing kit (Applied Biosystems, Foster City, 
CA, USA). The sequencing primers were M13F or M13R. 
Automated fluorescence analysis was performed on a 3700 
DNA sequence system (ABI, USA). 

Bioinformatic analysis
Each result of  seqencing was analyzed by DNAStar5.08 
bioanalysis software. The type of  mutations and potential 
significance were determined by comparing the corresponding 
amino acids and proteins in the following databases (http://
www.ncbi.nlm.nih.gov/, http://www.ensembl.org/homo-
sapies and http://www.insight-group.org.).

RESULTS
Four missense mutations were found in 39 probands 
of  different Chinese HNPCC families, at codons 468 
(CGT>CAT, Arg>His), 1163 (GAA>GTA, Glu>Val)  
(Figure 1), 666 (TCT>CCT, Ser>Pro) (Figure 2) and 1284 

(ACG>ATG, Thr>Met), respectively (Table 2). To further 
investigate the pathological effects of  these four missense 
mutations, we analyzed the four related MSH6 exons 
using PCR-based sequencing in 137 healthy persons with 
no family history, showing that the mutation of  codon 
1163 which is consistent with the case H14 at c.3488A>T 
of  exon 6 of  MSH6 gene was also found in the control 
persons, the rate was approximately 3.65% (5/137).The 
remaining three missense mutations did not occur in 
the 137 healthy controls. None of  these four muations 
was found in the MSH6-SNP database (www.ensembl.
org/homo-sapies). Thus, except that the mutation at 
c.3488A>T of  MSH6 gene in the H14 HNPCC case was 
an unreported new single nucleotide polymorphism (SNP), 
the remaining ones were novel missense mutations. 

DISCUSSION
Hereditary non-polyposis colorectal cancer is an autosomal 
dominant inherited syndrome[13]. Although its clinical 
diagnostic criteria were established in 1990, known as 

Table 1  Primer sequences and PCR condition of different 
exons of MSH6 gene

EN Primer sequence (5’-3’) Size
(bp)

AT
(℃)

CN
(C)

Exon1 M13F-AGCTCCGTCCGACAGAAC 381 68 38
M13R-CTGTGCGAGCCTCCCCT

Exon2 M13F-TGCCAGAAGACTTGGAATTG 325 63 32
M13R-CAAACACACACACATGGCAG

Exon3 M13F-GATGGGGTTTGCTATGTTGC 341 67 36
M13R-TACACCCTCCCCCTTTCTTC

Exon4.1 M13F-GGCTGCACGGGTACCATTAT 390 60 34
M13R-CATTCTCTTCCGCTTTCGAG

Exon4.2 M13F-GCCAGACACTAAGGAGGAAGG 386 59 35
M13R-TAGATGCATCAAAATCGGGG

Exon4.3 M13F-TGGCTTAAGGAGGAAAAGAGA 378 60 34
M13R-TCTACATCGTGCCTCCATCA

Exon4.4 M13F-TTCTGGCTTTCCTGAAATTG 374 60 34
M13R-TAAATCTCGAACAATGGCGA

Exon4.5 M13F-TCTGGCCATACTCGTGCATA 329 60 34
M13R-AGCACCTGGGGTAACATCAC

Exon4.6 M13F-TCAGGAAGGTCTGATACCCG 353 62 33
M13R-GCACCATTCGTTGATAGGCT

Exon4.7 M13F-AAGTGAATTGGCCCTCTCTG 483 62 30
M13R-TGGTTCTGACTCTTCAGGGG

Exon4.8 M13F-TTTTGGTAAGCGGCTCCTAA 465 62 35
M13R-TTTCGAGCCTTTTCATGGTC

Exon4.9 M13F-TTTCTGCTCTGGAAGGATTC 440 62 30
M13R-TCGTTTACAGCCCTTCTTGG

Exon4.10 M13F-TGAACAGAGCCTCCTGGAAT 390 62 32
M13R-CAGCTGGCAAACAGCACTAC

Exon5 M13F-CTGATAAAACCCCCAAACGA 403 62 30
M13R-CTGTGTTTGGAAAATGATCACC

Exon6 M13F-CCAGTCATAAAAGACCTTTTCC 192 56 34
M13R-GACTGAATGAGAACTTAAGTGGG

Exon7 M13F-AAGGTGAAAGTACATTT 119 61 33
M13R-TTCAAATGAGAAGTTTAATG

Exon8/9 M13F-CCTTTGAGTTACTTCCTT 573 61 32
M13R-TCATAGTGCATCATCCCTTCC

Exon10 M13F-GGAAGGGATGATGCACTATG 254 61 35
M13R-AAGAAAATGGAAAAATGGTCA

Abbreviation: EN, Exon name. AT, Anneal temperature. CN, Cycle number.
The sequence of M13F was 5’-GTAAAACGACGGCCAGT-3’. The sequence 
of M13R was 5’-AACAGCTATGACCATG-3’.
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Amsterdam criteria, Japanese Criteria and Bethesda 
guidelines, a certain number of  HNPCC families may be 
neglected for lacking characteristic clinical manifestations 
and family history. Molecular genetic screening is 
been regarded as a standard method for its diagnosis. 
Mutations of  MMR genes are considered golden criteria 
for molecular diagnosis and monitoring family members. 
These mutations can be used to select persons who would 
benefit from genetic counseling and clinical surveillance 
programs for their relatives to reduce morbidity and 
mortality due to HNPCC-related tumors[14]. Germline 
mutations in the coding regions of  MSH2 and MLH1 
are known to be responsible for up to 45%-64% of  all 
HNPCC families[15]. We have previously detected germline 
mutations of  the entire coding regions of  MSH2 and 
MLH1 genes in 24 AC probands, 15 JC probands and 19 
BG patients using PCR-gene-sequencing with 17 germline 
mutations detected including two mutations occurred in 
a same patient[16]. Three new mutations have been found 
by mRNA-based PCR sequencing[17]. The remaining 39 
probands without MSH2 and MLH1 might be associated 
with the other abnormal MMR genes such as MSH6.

MSH6 mutations are involved in the development 
of  colorectal cancer[18]. Germline mutations of  MSH6 
have been reported in two atypical HNPCC Japanese 
families lacking mutations in MSH2 and MLH1 [19,20]. 
Some researchers believe that MSH6 gene might be the 
first candidate gene for detecting germline mutations in 
HNPCC families in which MSH2 and MLH1 mutations 
are excluded[21]. It was reported that MSH6 mutations 
account for 10% of  kindreds in which MSH2 and MLH1 
mutations are excluded[6]. Our study has demonstrated 
four missense mutations of  MSH6 gene in the probands 

of  39 Chinese HNPCC families, which have not been 
reported (http://www.nfdht.nl). However, missense 
mutations in MMR genes are common and often pose 
a formidable problem of  interpretation, because these 
changes do not necessarily affect the function of  the 
protein. Further functional studies are required in order 
to determine whether the missense mutations are neutral 
polymorphisms or clinically relevant mutations. We 
detected the exons of  these four missense mutations 
by direct squencing of  the MSH6 gene using genomic 
DNA from blood samples of  137 healthy persons, the 
mutational rate was approximately 3.65% (5/137). Since 
“polymorphism” is a term that is usually used for genetic 
variants with a minor allele frequency ≥ 1% in a given 
population[22], single basyl transversion at c.3488A>T of  
exon 6 might represent a new SNP, although the changes 
are not found in SNP (http://www.ensembl.org). The 
remaining three missense mutations were not detected in 
genomic DNA from 137 healthy persons, suggesting that 
they are three novel missense muations of  MSH6 gene 
in Chinese HNPCC families. The clinical features of  the 
probands of  these three novel missense mutations and 
one new SNP are shown in Table 3. In brief, the above 
mutation carriers occur more frequently in the left colon 
than in MLH1 or MSH2 mutation carriers. However, 
the relationship between the above typical features and 
germline mutations of  MSH6 gene in the probands of  
Chinese HNPCC families still remains unclear. To date, 
the International Collaborative Group on HNPCC (ICG-
HNPCC) has found over 30 potentially pathogenic MSH6 
mutations. A significant proportion (35%) of  them results 
in a single amino acid substitution, which is difficult to 
interpret. Since the pathogenicity of  HNPCC mutations is 
linked to malfunction of  MMR, whether the above three 
novel missense mutations are involved in human MMR 
needs to be further investigated.

Figure 1  Missense germline mutation of exon 6 of MSH6 gene in the proband 
of H14 HNPCC kindreds. Arrow indicates the mutation site, The single basyl 
substitution was transversed from A to T (A>T) at the codon 1163, the codon 
from GAA to GTA, causing the amiod acid changes from glutamine to valine, the 
change was identified as a new SNP. A and B represent the forward sequence 
and reverse, respectively.

C  C  C  T   G  C  T  G  A A G T  G T  G    C A C A C  T  T C A  G  C  A  G  G G 
BA

Figure 2  Missense germline mutation of exon 4.6 of MSH6 gene in the proband 
of H40 HNPCC kindreds. Arrow indicates the mutation site, The single basyl 
substitution was transvered from T to C (T>C) at the codon 666, the codon from 
TCT to CCT, causing the amiod acid changes from serine to proline. A and B 
represent the forward and reverse sequence, respectively.

C  T  T  C A  G  A  G C  C  T  G  A  T  T    A  A T  C A  G  A C  T  C  T G  A  A G
BA

Table 2  Germline mutations of MSH6 gene in 4 probands of 
HNPCC families

Family
No

Exon Position of
mutation

Base change Result Mutation type

H3 4.3 Codon 468 c.1403G>A Arg>His Missense mutation
H14 6 Codon 1163 c.3488A>T Glu>Val New SNPs
H40 4.6 Codon 666 c.1996T>C  Ser>Pro Missense mutation
H61 9 Codon 1284 c.3851C>T Thr>Met Missense mutation

Table 3  Clinical characteristics of 4 mutational probands of 
HNPCC families

No Sex Age
(yr)

Criteria Site of cancer Age at diagnosis 
of first CRC (yr)

Metachronous 
tumor

H3 M 50 AC Sigmoid 46 VA
H14 F 26 BG Rectum 26 NMT
H40 F 39 BG Rectum 39 NMT
H61 F 51 BG Descending 33 EC

Abbreviation: AC, Amsterdam criteria. JC, Japanese criteria. BG, Bethesda 
guidelines. CRC, Colorectal cancer. VA, Villiform adenoma. NMT: No 
Metachronous tumor. EC, Endometrial cancer.
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 COMMENTS
Background
Germline mutations in mismatched repair genes, such as MLH1, MSH2 and MSH6, 
lead to hereditary nonpolyposis colorectal cancer (HNPCC) syndrome. Germline 
mutations of MLH1 and MSH2 gene have been reported in Chinese HNPCC 
families. However, the germline mutation of MSH6 has not yet been reported.

Research frontiers
Now many researchers are engaged in studies of HNPCC, especially in germline 
mutations of MMR genes such as MSH2, MLH1 and MSH6. These studies can 
contribute to the early diagnosis of HNPCC and screening of HNPCC families. 
Few studies on germline mutations of MSH6 gene are available.

Innovations and breakthroughs
Three novel germline mutations of MSH6 gene have been found in 39 probands 
of Chinese HNPCC families by PCR-based sequencing, and a new SNP has been 
found by screening the missense mutations of genomic DNA in 137 healthy persons.

Applications 
Germline mutations in genes can be used to diagnose early HNPCC and enrich 
international HNPCC mutation and SNP databases.

Terminology
HNPCC is an abbreviation of hereditary nonpolyposis colorectal cancer. Germline 
mutations are the mutations in genomic DNA.

Peer review
This paper is an interesting manuscript, the authors detected new HNPCC-related 
mutations and discovered three novel mutations and an additional SNP in 39 
unrelated HNPCC probands. Data on patient characteristics, such as gender and 
age at diagnosis of colorectal cancer in the patient (or in the family) should be 
provided in detail. 
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