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Abstract

AIM: To shed light on the possible role of mismatch
repair gene MIh3 in familial esophageal cancer (FEC).

METHODS: A total of 66 members from 10 families
suggestive of a genetic predisposition to hereditary
esophageal cancer were screened for germline muta-
tions in MIh3 with denaturing high performance liquid
chromatography (DHPLC), a newly developed method of
comparative sequencing based on heteroduplex detec-
tion. For all samples exhibiting abnormal DHPLC profiles,
sequence changes were evaluated by cycle sequencing.
For any mutation in family members, we conducted a
segregation study to compare its prevalence in sporadic
esophageal cancer patients and normal controls.

RESULTS: Exons of MIh3 in all samples were successful-
ly examined. Overall, 4 missense mutations and 3 poly-
morphisms were identified in 4 families. MIh3 missense
mutations in families 9 and 10 might be pathogenic, but
had a reduced penetrance. While in families 1 and 7,
there was no sufficient evidence supporting the mono-
genic explanations of esophageal cancers in families.
The mutations were found in 33% of high-risk families
and 50% of low-risk families.

CONCLUSION: MIh3 is a high risk gene with a reduced
penetrance in some families. However, it acts as a low
risk gene for esophageal cancer in most families. Muta-

tions of MIh3 may work together with other genes in an
accumulated manner and result in an increased risk of
esophageal tumor. DHPLC is a robust and sensitive tech-
nique for screening gene mutations.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Esophageal carcinoma (EC) is one of the most common
malignant tumors in China'?, Although various
therapeutic strategies have been improved in recent years,
the 5-year survival remains poor, therefore, early diagnosis
and treatment of EC are still urgently needed™”,

Current studies showed that multiple factors and
steps contribute to its tumorigenesis, however the definite
mechanisms remain to be determined yet™. While in
cancer families, genetic predisposition may play a more
important role in carcinogenesis than other factors'.
Genetic susceptibility can be identified by detecting germ-
line mutation of certain genes from peripheral blood.

Denaturing high performance liquid chromatography
(DHPLC) is a newly developed technique suitable for the
detection of heteroduplex mutations. DHPLC has the
advantages of being highly automated, sensitive, and could
be used for screening of gene mutations on a large scale'™.

Great attention has been paid to mismatch repair
(MMR) genes due to their association with hereditary non-
polyposis colorectal cancer (HNPCC)"”. Mlh3 gene was
first identified in 2000, which is a putative MMR gene
normally expressed in multiple epithelia. It is located on
14q24.3 with a coding length of 4.3 kb, and is composed
of 12 exons, of which exon 1 is 3.3 kb, accounting for
75%". Some investigations showed that it might play a
certain role in the tumorigenesis of colorectal cancer ",
However, some studies indicate that there is no strong
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association between currently known Mlh3 variants and
colorectal cancer predisposition risk!™'”, A recent study on
familial gastric cancer showed that Mlh3 can act as a low
risk gene!'”.

Therefore, in an attempt to further evaluate its possible
role in the cancer family, we petformed mutation screening
of MIh3 in familial esophageal cancer (FEC) with DHPLC.

MATERIALS AND METHODS

Subjects

A total of 10 families with a hereditary background of
esophageal carcinoma were collected (Table 1). The criteria
were set as: at least 2 generations with esophageal cancers,
at least two affected members, first-degree relatives, and
carcinogenesis at eatlier ages (< 50 years old). In addition
to 66 members from these 10 esophageal families, 96 cases
of sporadic esophageal cancer and 96 normal controls
were recruited from the Department of Thoracic Surgery,
First Hospital, China Medical University. Blood samples
were collected from the members of each family after
giving their informed consent.

DNA Extraction
DNA was extracted using the standard phenol/chloroform
extraction protocols.

PCR

Seventeen primers were used for a total of twelve exons
in MIh3. Exon 1 was divided into seven overlapping
fragments, and exons 8 and 9 were amplified together
because of their small size and the small intron between
them. The length of PCR fragments, primer sequences and
corresponding annealing temperature for each fragment
are shown in Table 2. All products were examined for
specificity and quantity by 2% agarose gel electrophoresis.

DHPLC

PCR products were denatured at 95°C, and gradually
cooled down to room temperature to enable efficient
formation of heteroduplexes. DHPLC was carried out
in a transgenomic wave DNA fragment analysis system,
an automated DHPLC instrumentation equipped with
a DNASep column. Abnormal elution profiles were
identified by visual inspection of the chromatogram on the
basis of the appearance of one or more additional earlier
cluting peaks. Temperatures used in DHPLC analysis have

been described elsewhere!".

Direct sequencing

Genomic DNA was re-amplified with DHPLC primers.
After purification, DNA sequence changes wete evaluated
by direct sequencing in both directions. After treatment
with ethanol, cycle sequencing products were analyzed on
an ABI PRISM" 377 DNA sequencer.

Segregation study

For any specific variant of Mlh3 gene, we also detected its
percentage in 96 cases of sporadic esophageal cancer and
96 normal controls in addition to the segregation study in
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Type Family
TCR 1,5,8,10
MCR’ 2,3,4,6,7,9

TCR': Two first-degree relatives with esophageal
cancer; MCR” Three or more relatives with
esophageal cancer.

Primer sequence Length  Annealing

temperature

(bp) ()
MLH3 F1-1: TCC AGT CAG AGA AGG AAACCA 524

Touch down
58-51
MLH3 R1-1: ACA GGA AGC TGG TAA AAT AG
MLHS3 F1-2: CTG ATG TGA CTA GAG CAA GCG 552 Touch down
58-51
MLH3 R1-2: CAT CAT ACT CAC AGA ATT GGC AC
MLH3 F1-3: ATT CAA GTC TTC GGC ACC 512 Touch down
58-51
MLH3 R1-3: TTT GTT TTG TAA AGA TGG CTC TG
MLH3 F1-4: GGG ATT CAG AAG CTA CCA 602 Touch down
58-51
MLH3 R1-4: TGA ATG TTC TGT TTC AGT TGA TTT
MLH3 F1-5: GGG CGA GTT AAATTA TGT TCC A 562 Touch down
58-51
MLH3 R1-5: CTT GAA GAC TGA GAT TGG TAG TGA
MLH3 F1-6: TGG GAA GGT TGA AAA TCC TC 557 Touch down
58-51
MLH3 R1-6:AGG AAT TAT CCT GTG TGG CAG

MLHS3 F1-7: CAG AGA ATG GTGTCA TCCCAA 551 Touch down

58-51
MLH3 R1-7: CCT TGT CCA GCA TTC CCA T

MLH3 F2: TGT CTT GAC TCA GTTTGTGCA G~ 247 62
MLH3 R2: ACG ATG TGT ACT GTG TGC CC

MLH3 F3: TGG TTC TGG ATG CCA ACT TT 229 59
MLH3 R3: ATT TCA GTC TGG GCA ACA GG

MLHS3 F4: CAA TTA TAT TTT GCT GAG TC 158 52
MLH3 R4: ATG AGA TTT TGA AGT TAA TC

MLH3 F5: CCC AGT CTC AAA GAA AGG AGT 239 57
MLH3 R5: AGC TGG TTA GTC ATT CAG GC

MLH3 F6: CAT GAT GGT TGT CGT CTT GC 185 60
MLH3 R6: GGT GTA CTG ATT CTG CTG GGA

MLH3 F7: TTC CCT TCCTACTCTTAACCCA 265 59
MLH3 R7: TGT AAC CTC TCT TGG TCT CAT CTG

MLH3 F8: TTT GGA ACC AGT AGT GAAGTGC 267 57
MLH3 R8: CAG CAA TTT CCT TAA CAT CTG C

MLH3 F9/10: CGT AGA TTA AAG CCG ATTTTC 329 59
MLH3 R9/10:TGT ACC CTC TGC CTC TTT CG

MLH3 F11: GTC AGC ATT GGT TTC CCA CT 251 59
MLH3 R11: AAA CTT TGC TCC CTC CTG CT

MLH3 F12: GCC CAG CCT GTA TGC TAC CT 226 59

MLH3 R12: CAG TGA CACTCC CTT TGT TCC

families. If there was no such mutation in sporadic cancer
ot in normal controls, then this mutation might be patho-
genic in this family. On the other hand, it might be a poly-
morphism not associated with the disease.
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Exon  Nucleotide Amino Family Family Cosegregation Frequency in  Frequency in sporadic Frequency in normal
change' change type FEC nn (%) EC n (%) control n (%)
1 A2173C Asn725His 9 MCR Yes 4/66 (6.1) 0/94 (0) 0/96 (0)
1 C2825T Thr94211le 10 TCR Yes 3/66 (4.5) 1/95 (1.0) 0/96 (0)
7 T3826C Trpl276Arg TCR No 3/66 (4.5) 0/96 (0) 0/96 (0)
12 G4335A GIn1445Glu 7 MCR No 6/66 (9.1) 0/95 (0) 0/96 (0)

! Numbering is according to the cDNA starting at the A in the start codon, Genbank AF195657.
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Figure 1 PCR results of hMLH3 fragments on 2% agarose gel electrophoresis. M:
Molecular marker.
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Figure 2 Normal and abnormal DHPLC chromatogram. The normal control
appears as a clear elution peak, while one or more additional earlier eluting peaks
result from heteroduplex for mutated DNA.

RESULTS

All the exons were successfully amplified (Figure 1), ana-
lyzed with DHPLC (Figure 2) and sequenced (Figure 3).
Four missense mutations and 3 polymorphisms were iden-
tified in 4 families (Tables 3 and 4). One variant C2531T
(Pro8441Leu) had almost the same prevalence in familial
cancer, sporadic cancer and controls. One silent variant
C2838A (Ser947Ser) and an intronic variant (between

Normal

TCTGCCANACAGGATAATTCCTTTAAT AAAAY/
130 140 150

2825C —T 2838C —> A

Figure 3 Sequencing results revealing two heterozygous variants in fragment 7
of exon 1, C2825T and C2838A. On the basis of amino acid variation, C2825T
(Thr9421lle) is considered a missense mutation, while C2838A (Ser947Ser) a
polymorphism.

Exon Nucleotide change' Amino change Family
1 C2531T Pro8441Leu Many
1 C2838A Ser947Ser Many
9/10 IVS9 + 66 A—>G Unknown Many

"Numbering is according to the cDNA starting at the A in the start codon
Genbank AF195657.

exons 9 and 10) A—G, were considered polymorphisms
(Table 4). All variants were not in the conserved homolo-
gus regions of the MutL protein at the NH2 and COOH
terminals, and none of the variants was evolutionarily con-
served in yeast or E. coli'™".

The families with identified mutations were of two
types, high risk families consisting of more than three af-
fected first degree relatives (MCR), and low risk families
consisting of two affected first degree relatives (TCR)
(Table 1). There were 6 high risk families and 4 low risk
families. Two missense mutations (I13826C and C2825T)
were found in two low risk families (families 1 and 10), the
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Figure 4 Pedigree of families with hMLH3 variants. Symbols and abbreviations
used are denoted as black symbols for esophageal cancer, gray symbols for other
cancers; EC: Esophageal cancer; CRC: Colorectal cancer; Ga: Gastric cancer; Ov:
Ovarian cancer; Numbers next to the diagnosis denote age at onset; genotypes
are on the top right of family member symbols; +: Variant carrier; -: Nonvariant
carrier.

other two variants (G4335A and A2173C) were observed
in high risk families (families 7 and 9). Mutations were
found in 33% (2/6) of the high risk families and 50% (2/4)
of the low risk families.

To elucidate the pathogenic nature of these 4 variants,
we also detected their prevalence in sporadic cases and
normal controls (Table 3). The data demonstrated that the
frequency in families was far higher than that in sporadic
cases and normal controls, suggesting that they might con-
tribute to the disease in these families.

Missense mutation A2173C was found in 3 patients
with esophageal cancer, one gastric caner patient and one
76-year old unaffected relative in family 9 (Figure 4A),
suggesting that the mutation could be inherited from the
grandfather. Furthermore, no such variant was detected in
controls and sporadic cases, suggesting that the mutation
could be associated with the occurrence of esophageal
cancer, but might have a reduced penetrance.

Missense mutation C2825T was found in family 10
(Figure 4B). The mutation was shared by the father and
daughter with esophageal cancer, unaffected brother
(66 years old) and sister with colon cancer, which was
consistent with the mutation associated with the disease
but having a reduced penetrance. Moreover, the mutation
was found in 4.5% of family members and 1.0% of
sporadic cases, but not in controls.

Vatiant T3826C (Ttp1276Arg) in exon 7 was found
in family 1 (Figure 4C). However, the mutation did not
segregate well with the disease. Two affected members
with esophageal cancer had no such mutation. While one
female with colon cancer and two males with no colon
cancer had this mutation. T3826C was not detected in con-
trols and sporadic cases.

Variant G4335A was found in a male patient with
esophageal cancer and his affected son in family 7, but not
in his brother with esophageal cancer, whereas his unaf-
fected sisters and three healthy children shared this muta-
tion (Figure 4D). G4335A was not detected in sporadic
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cases and normal controls.

Among the esophageal cancer families, Mlh3 mutation
A2173C in family 9 and C2825T in family 10 could be
causative, but had a reduced penetrance. These mutations
were segregated with the disease, and neither of them was
found in sporadic cases and normal controls. In variant
T3826C in family 1 and G4335A in family 7, there was a
lack of evidence of the monogenic high risk predispo-
sition to esophageal cancer associated with these identified
variants, because there was no clear association between
mutation and the disease. However, these variants were
more prevalent in families but not in sporadic cases and
the controls, indicating a possible pathogenic nature in
these families. Surprisingly, mutations were found in 50%
(2/4) of low risk families and in 33% of high risk families
(2/06).

DISCUSSION

The mismatch repair system is composed of a highly
diverse group of proteins that interact with numerous
DNA structures during DNA repair and replication,

The Mutl. homologue, MIh3 gene was first identified
as a new member of the DNA MMR gene in yeast, and
has been mapped to the region of the mouse complex
trait locus, colon cancer susceptibility 1", Tt is highly
conserved in evolution. The protein encoded by its
carboxyl-terminal may interact with the currently known
mismatch repair gene MLH1, and is very similar to Mlh3p
in yeast, indicating that it may play a role in the DNA
mismatch repair system!"”, It is essential not only for DNA
repair and microsatellite stability, but also for meiosis. In
S. cerevisiae, Mlh1-Mlh3 complex acts competitively in a
distinct way to promote crossing over dutring meiosis along
with the Msh4-Msh5 and Mus81-Mms4 complexes',
The significant heterogeneity in localization of the MutL
homologues, Mlh1 and Mlh3, directly results in defective
crossing over during meiotic recombination in prophase I,
and consequently 30% of human oocytes ate predisposed
to aneuploidy™.

Furthermore, Wu ¢# a/”” used knockout mlh3 (-/-)
mice to address the role of Mlh3 in class switch DNA
recombination (CSR) and somatic hypermutation (SHM),
and found that Mlh3 deficiency alters both CSR and SHM,
suggesting that the MMR MIh3 protein plays a role in both
CSR and SHM.

A recent study reported that Mlh3 contributes to tumor
suppression in mice. Mlh3 deficiency causes microsatellite
instability, impaired DNA-damage response, and increased
gastrointestinal tumor susceptibility™, There is evidence
that mismatch repair gene mutations is significantly
associated with an increased risk of developing colorectal
cancer™ and that the mismatch repair gene Mlh3 plays an
important role in DNA repair.

There is evidence that mismatch repair gene MIh3
plays an increasingly important role in DNA repair after
replication, microsatellite stability, meiosis and tumor
suppression.

In this study, among the 66 members in 10 esophageal
cancer families, 4 missense mutations and 3 possible
polymorphisms were idenbtified. Even though all the
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identified mutations were not in the conserved region
and none of them changed a codon conserved in yeast
and E. coli, their possible role in tumorigenesis cannot
be ruled out. In fact, many reported missense mutations
are not within the conserved region of hMLH1, another
important mismatch repair gene'™”

Current investigations have been mainly focused
on its susceptibility to colorectal cancer (CRC)" . By
using DHPLC to screen MIh3 mutations in 70 families
with likely genetic predisposition to colon cancer,
Liu ez a/'" found that the frequency of its germ-line
variants , including one frameshift mutation, 10 missense
mutations and 5 polymorphisms was high (23%). By
analyzing 30 CRC cases for germline mutations by
sequencing, Hienonen ¢ /' have found 5 missense
variants, 4 of which were also found in cancer-free
controls. The only remaining vatiant does not appear to be
an attractive candidate for a disease-associated mutation
because the amino acid change is located outside the
conserved residues. Furthermore, they have not found the
reported frameshift mutation in the 30 CRC cases or in 700
cancer-free controls. While it is a difficult task to exclude
the role of Mlh3 in HNPCC, their study could not confirm
the role of MIh3 in CRC predisposition. Similarly, De Jong
et al'” have found two variants (S845G and P844L) in
Dutch patients with suspected HNPCC, but further
investigation has failed to demonstrate an association
between the two variants and colorectal cancer risk.
Zhao et al'” performed an investigation on Mlh3 in 16
suggestive hereditary gastric cancer families with DHPLC
and indentified 5 missence mutations. However, no strong
association has been verified between these 5 variants and
gastric cancer risk, indicating that Mlh3 probably acts as a
low risk gene in familial gastric cancer.

To establish whether the mutations segregate with
disease in a family, we tried to collect DNA samples from
members of each family. Two variants (A2173C and
C2825T) showed a segregation pattern consistent with a
monogenetic risk factor in families 9 and 10. Additionally,
neither of them was detected among sporadic esophageal
cancer cases and normal controls. However, because
the sizes of these families were small, and the affected
individuals were all first-degree relatives, Mlh3 could not
be defined as a high penetrant predisposing FEC gene.
The other variants (T3826C and G4335A) had no clear
segregation pattern consistent with the disease, even the
frequencies in families were higher than those in sporadic
cases and controls.

Although the mutations of MIh3 identified in our
study did not provide sufficient evidence supporting a
monogenetic explanation for the familial aggregation of
EC, we would still like to propose that some or all of these
mutations might work as low risk genes, perhaps in an
accumulated manner, resulting in increased risk for EC. We
believe that the majority of EC are caused by some low
risk genes, which act on their own or interact in an additive
manner. Therefore, the monogenetic susceptibility is still
suggested for the disease in high risk families (family 7
and 9), while multiple genetic inheritance of susceptibility
could be the reason in low risk families (family 1 and
10). Chen ez a/* found mismatch repair Mlh3 and Pms?2

double-deficient mice have tumor susceptibility, shorter life
span, microsatellite instability, and DNA-damage response
phenotypes. Al-Tassan””” found that in MYH, another
DNA repair gene, several missense mutations act in a
recessive manner and cause colorectal cancers in three sibs,
with compound heterozygous missense mutations in this
gene. Some mutations were also found as heterozygous
missense mutations in healthy members of the same
family and normal controls. Although, the predisposition
seems to be inherited in a recessive manner, it is possible
that heterozygous mutations in this gene also act in an
additive manner as a low risk gene. And in our previous
study on colorectal cancer families, we found a hMLH3
mutation segregated with disease together with a missense
mutation in hMSH2!"! "The missense mutations of both
MIlh3 and Msh2 contributes to the failure of mismatch
repair-mediated tumor suppression, resulting in the family
aggregation of colorectal cancer.

Additionally, DHPLC analysis is very sensitive,
robust and reproducible. Nevertheless, the relatively high
expensive apparatus and related reagents have limited its
wide use.

Based on previous reports and our results, the Mlh3
gene might occasionally appear as a high risk gene
predisposing to EC, while in most cases it works as a low
risk mismatch repair gene, contributing to the increased
risk of developing EC. Despite our findings, much is yet
to be learned about the molecular basis of correlations
between genetic changes and clinical features of the
disease. DHPLC is a sensitive and robust technique for
screening gene mutations.
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