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Objective: To examine the mechanism of pathogenity of Thr767Ile variant on MSH6 protein.

Study design: We describe a family diagnosed with endometrial cancer in two generations associated
with variant in the MSH6 gene (p. Thr767Ile | c. 2300C>T) (rs587781462). MSH6 c. 2300C>T was
associated with autosomal-dominant pattern of inheritance. MSH6 c. 2300C>T has pathogenic status in
ClinVar and LOVD3 databases but it has never been described in context of hereditary endometrial cancer.
We utilized a number of in-silico bioinformatic approaches using MSH6 protein sequence and structural
information to assess influence of Thr767Ile on MSH6 properties.

Results: MSH6 Thr767 is highly conservative amino acid among various kingdoms of organisms. Thr7671le
was predicted deleterious and likely decreases affinity of MSH2-MSH6 complex to DNA but not affect
interaction between MSH2 and MSH6.

Conclusions: To the best of our knowledge, this is the first description of MSH6 T7671 pathogenic variant
that could be associated with a hereditary endometrial cancer. Bioinformatic analyses showed that T7671
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substitution most likely affects the MSH6 most important role, which is a DNA binding.

© 2019 Elsevier B.V. All rights reserved.

Introduction

Uterine carcinoma is one of the six most prevalent malignancies
in women worldwide [1]. Most endometrial cancers are sporadic
adenocarcinomas [2]. One of the factors increasing risk for
endometrial cancer is positive family history [3]. Endometrial
cancer is notably a component malignancy of two cancer
predispositions syndromes: Lynch syndrome (hereditary non-
polyposis colorectal cancer syndrome, HNPCC) and Cowden
syndrome (CS). Lynch syndrome demostrates an autosomal
dominant pattern of inheritance with varying degree of pene-
trance. Cancer spectrum of Lynch syndrome includes colorectal
cancer and numerous extracolonic cancers such as: endometrial,
ovarian, gastric, pancreatic, hepatobiliary tract, urothelial and
small intestine. CS is a multiple hamartoma syndrome character-
ized by an increased risk of breast, thyroid and endometrial cancer.
The cause of Lynch syndrome includes germline pathogenic
variants in mismatch repair genes, such as MSH6, MSH2, MLH1
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and PMS2 (in descending frequency) or pathogenic variants in
EPCAM gene (1% of cases), whereas CS is caused by germline
pathogenic variants in PTEN gene [4-6].

Herein, we describe familial endometrial cancer presenting in
two generations, that was caused by a variant (p. Thr767Ile; p.
T7671; c.2300C>T; rs587781462) in the MSH6 gene. Influence of
Thr767Ile variant on MSH6 properties has been assessed by the
number of bioinformatic approaches.

Materials and methods
Case report

A Caucasian 52-year-old woman (V:1, Fig. 1) presented with a
history of endometrial cancer (papillary adenocarcinoma G1) at
the age of 45. The woman was not known to have any other medical
problems, except for Gilbert syndrome. Her 58-year-old sister, 76-
year-old mother and 2 sisters of the mother: aged 74 and 71 had
been diagnosed with endometrial cancer (adenocarcinoma) at the
ages of 58, 52, 70 and 67, accordingly (V:3, IV:4, 1V:6, IV:8, Fig. 1).
The proband has two children: a son and a daughter (VI:1, VI:2,
Fig. 1). Extended family history revealed other cancer cases. The
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Fig. 1. Pedigree of the family with MSH6 pathogenic variant c. 2300C > T (MSH6+). END - endometrial cancer, BR - breast cancer, ST - stomach cancer, MM - malignant
melanoma, "MSH6+" - presence of MSH6 pathogenic variant, "MSH6-" wild-type MSH6, d - death.

maternal grandfather of the proband (III: 10, Fig. 1) was diagnosed
at the age of 70 with a stomach cancer (he died in his seventies),
and a living daughter of grandmother half sister (IV:1, Fig. 1) with
breast cancer in her fifties. The family pedigree is presented in
Fig. 1.

Subjects

After immunohistochemistry staining performed on a paraffin-
embeded endometrial cancer section (MLH1+, MSH2+, MSH6-),
MSH6 sequence analysis was done initially in the proband, then
followed by testing in all women with endometrial cancer (V:1,
V:3,1V:4,1V:6,1V:8, Fig. 1) and in three healthy relatives (VI:1, VI:2,
VI:4, Fig. 1). Microsatellite analysis has not been assessed in the
tumors.

Whole blood was collected in EDTA tubes and DNA was isolated
using a standard extraction protocol with phenol and chloroform
followed by precipitation with ethanol. DNA fragments encom-
passing entire coding sequence of MSH6 gene were amplified using
primers and PCR conditions described previously [7]. The PCR
products were purified by precipitation and sequenced on both
strands using the Big Dye Terminator Cycle Sequencing Kit v3.1
(Applied Biosystems). The sequence products were purified and
separated on an automated sequencer (ABI 3130xl Genetic
Analyzer, Applied Biosystems).

Bioinformatic analysis

Evolutionary conservation of MSH6 T767 residue was assessed
using MSH6 sequences from organisms belonging to the various
kingdoms. The alignments were calculated using ClustalW [8].

Sequence-based predictions were determined using MSH6
protein sequence (accession number P52701.2) as a template for a
number of algorithms including Pol-Phen-2, Provean, and specifi-
cally dedicated to MSH6 protein substitutions — CoDP [9-12].

For structure-based predictions we used as an input crystal
structure of MSH2-MSH6 complex bound to ADP and AGT mispair
(pdb code: 208b) [13]. Analyses were performed in mCSM and
mCSM-NA tools [14,15].

Finally, molecular modelling of MSH6 wild-type and MSH6
T7671 substitution were performed on Chimera software [16]. In
silico mutagenesis was carried out using Durbrack rotamer library
[17]. 1le rotamer with highest probability and lowest clashes score
were selected. We used default Chimera clashes/contacts param-
eters.

Results and discussion
Endometrial cancers are relatively rarely explained by genetic

factors but in about 10% of familial cases an inherited predisposi-
tion is suggested [18]. In at least 1,8% of newly diagnosed
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Fig. 2. A - Localization of T767 residue in domain 3 of MSH6 protein. Red - T767 residue; blue - conserved loop that comprise amino acids 757-782.
B - The structural analysis of the MSH6 pathogenic variant T7671. Green - T767 residue; magenta - F769 residue; red - 1767 residue; black lines - pseudo bonds

endometrial carcinomas, Lynch syndrome is diagnosed [19]. In the
described family the Amsterdam criteria Il for Lynch syndrome
were fulfilled [20]. Because of the hereditary nature of cancer
predisposition syndromes, genetic counselling was offered to all of
the family members.

Pathogenic variants in MSH6 acount for about 10-20% of Lynch
syndrome [21]. Most of the female carriers of MSH6 pathogenic
variant will be affected by endometrial carcinoma during their
lifetime [22]. The risk of developing endometrial cancer increases
with age. In these women the frequency of uterine cancer
outweights the frequency of colon cancer occurrence as well as
the frequency of uterine cancer in MSH2 or MLH1 pathogenic
variant carriers [21-23]. A lifetime risk of endometrial cancer may
be up to 60%, with the highest incidence between ages 40 and 60
[5].

Sequencing the MSH6 gene on genomic DNA revealed a
heterozygous substitution (c. 2300C > T;) in exon 4 (Supplemen-
tary Fig. 1) in the proband (V:1, Fig. 1). The same MSH6 gene variant
was found in all affected members of the described family and in
one healthy relative (Fig. 1). Given that, c. 2300C>T variant
appeared in two generations in five women with endometrial
cancer we assume autosomal-dominant pattern of its inheritance.
The MSH6 c. 2300C > T results in Thr767lle (p.T7671) (threonine to
isoleucine) missense substitution and has been recorded in dbSNP
under rs587781462 (allele ID: 150772). According to ClinVar and
LOVD3 databases MSH6 T767I is classified as "pathogenic" and
conditions under which c. 2300C>T variant was found were
described as "colorectal cancer”, "hereditary nonpolyposis colon
cancer” and "Lynch syndrome I" [24,25]. Taken above to account,
we conclude that MSH6 c. 2300C>T has not previously been
reported in the context of hereditary endometrial cancer.

T7671is located in MutSIIl domain (PF05192) of MSH6 within a
conserved loop that comprises of amino acids 757-782 (Fig. 2A)
[13]. It has been suggested that due to its location this loop may be

Table 1

Results of sequence-based and structural based analysis of MSH6 p. T7671 substitution.

involved in signal transduction between ATPase and DNA binding
domains of MSH6 [13].

To examine the mechanism of pathogenity of MSH6 p. T7671
substitution we utilized a number of computational approaches.
Initially, we assessed evolutionary conservation of MSH6 p.T767.
This analysis revealed that T767 residue is evolutionarily
conserved throughout species from prokaryota (Escherichia coli)
to human (Supplementary Fig. 2). Sequence-based predictions of p.
T7671 substitution based on a number of algorithms recognized p.
T7671 as non-neutral/damaging substitution (Table 1).

Structural-based predictions revealed that T767I substitution
likely decreases affinity of MSH2-MSH6 complex to DNA but does not
affect interaction between MSH2 and MSH6 (Table 1). Finally,
molecular modelling of MSH6 wild-type and MSH6 T7671 substitu-
tion on Chimera software revealed atomic clashes between 1767 and
F769 residues (Fig. 2B). It would be plausible to expect that the
defective interaction of these two residues would unfavourably
affect the function of conserved loop that comprises of amino acids
757-782[13]. Structural changes observed in MSH6 T7671 could also
contribute to negative IHC staining by affecting the MSH6 epitope.
This phenomenon has been previously reported for a number of
MSH6 missense variants. In summary, our bioinformatic analysis of
MSH6 T7671 substitution revealed that T767 residue is highly
conserved and islocated in MSH6 loop that plays animportantrole in
MSH6 activity. Both structural-based and modelling analyses
showed that T7671 substitution most likely affects the MSH6 most
important role, which is DNA binding. On the other hand, possibility
of aberrant splicing due to c. 2300C > T variant could not be ruled out
due to inaccuracy of current prediction methods. Therefore,
additional experiments are required to investigate the possible
involvement of c¢. 2300C>T variant in aberrant splicing. While
computational approaches might help in pathogenic variant
interpretation functional assays for MSH6 c. 2300C>T (T7671)
variant are necessary to verify our in-silico analysis [26].

Software Input Prediction Specific output
Pol-Phen-2 Protein aa sequence probably damaging score=1
Provean Protein aa sequence detelerious score=0.001
CoDP Protein aa sequence Impair molecular function score=0.956

MutaBind Protein structure Does not affect MSH2-MSH6 interaction AAGBind (kcal/mol)=0.47

mCSM-NA Protein structure Reduced DNA binding Affinity change AAG = -2.31 Kcal/mol
affinity

Chimera Protein structure Atomic clashes between 1767 and F769 residues none
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Concluding, we characterized a pathogenic variant in MSH6
gene which has not previously been reported in the context of
hereditary endometrial cancer. MSH6 T7671 was found in two
generations of a family, in all of the five women with endometrial
cancer and in one unaffected individual. As shown by computa-
tional approaches, this variant is non-neutral and is predicted to
decrease binding affinity of MSH6 to DNA, thus, it likely affects
DNA repair which in turn increases the risk of developing
endometrial cancer.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.ejogrb.2019.04.035.
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