The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT

Inheritance of a Cancer-Associated MLH1
Germ-Line Epimutation

Megan P. Hitchins, Ph.D., Justin J.L. Wong, B.Sc., Graeme Suthers, M.B., B.S.,
Catherine M. Suter, Ph.D., David I.K. Martin, M.D., Nicholas J. Hawkins, Ph.D.,
and Robyn L. Ward, Ph.D.

SUMMARY

Persons who have hypermethylation of one allele of MLHI in somatic cells through-
out the body (a germ-line epimutation) have a predisposition for the development
of cancer in a pattern typical of hereditary nonpolyposis colorectal cancer. By study-
ing the families of two such persons, we found evidence that the epimutation was
transmitted from a mother to her son but was erased in his spermatozoa. The af-
fected maternal allele was inherited by three other siblings from these two families,
but in those offspring the allele had reverted to the normal active state. These find-
ings demonstrate a novel pattern of inheritance of cancer susceptibility and are
consistent with transgenerational epigenetic inheritance.

EREDITARY NONPOLYPOSIS COLORECTAL CANCER RESULTS FROM GERM-

line sequence mutations in mismatch-repair genes, particularly MLH1 and

MSH2. Somatic inactivation of the remaining normal allele by genetic or
epigenetic events leads to the development of microsatellite instability in tumors of
the colorectum or endometrium at a young age.* Methylation of cytosines that pre-
cede a guanosine in the DNA sequence (the CpG dinucleotide) is a key epigenetic
modification, and hypermethylation of gene promoters is associated with transcrip-
tional silencing.? In sporadic colorectal cancer, methylation of both alleles of the
promoter of MLHI occurs as a somatic event early in tumorigenesis and is seen in
approximately 15% of patients.?

Studies have shown that hypermethylation of MLH1 is not limited to neoplastic
cells. Rather, in some persons, hypermethylation of a single allele of MLHI origi-
nates in the germ line and is thus widespread in normal somatic cells.#” This phe-
nomenon of germ-line epimutation silences the affected allele in the absence of
intragenic sequence mutations. Persons with a germ-line epimutation, like those
with hereditary nonpolyposis colorectal cancer, have only one functional allele of
the MLHI gene from conception, and cancers typical of the hereditary nonpolypo-
sis colorectal cancer syndrome have developed in all such cases described to date.*”
Colorectal and other tumors in persons with MLHI germ-line epimutations do not
express the MLH1 protein and have microsatellite instability (the hallmark of failed
mismatch-repair function), accompanied in some cases by somatic loss of the
wild-type allele.*”

Although germ-line sequence mutations are faithfully transmitted from one gen-
eration to the next in a mendelian pattern, epimutations do not involve changes in the
DNA sequence and are relatively unstable, perhaps as a result of epigenetic reprogram-
ming, in primordial germ cells and gametes,® in the male genome in the zygote,»1°
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