
ONLINE MUTATION REPORT

Familial T-cell non-Hodgkin lymphoma caused by biallelic
MSH2 mutations
Richard H Scott, Tessa Homfray, Nicola L Huxter, Sally G Mitton, Ruth Nash, Mike N Potter, Donna
Lancaster, Nazneen Rahman
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

J Med Genet 2007;44:e83 (http://www.jmedgenet.com/cgi/content/full/44/7/e83). doi: 10.1136/jmg.2007.048942

Familial non-Hodgkin lymphoma (NHL) is rare and in most
cases, no underlying cause is identifiable. We report homo-
zygous truncating mutations in the mismatch repair gene MSH2
(226CRT; Q76X) in three siblings who each developed T-cell
NHL in early childhood. All three children had hyperpigmented
and hypopigmented skin lesions.
Constitutional biallelic MSH2 mutations have previously been
reported in five individuals, all of whom developed malignancy
in childhood. Familial lymphoma has not been reported in this
context or in association with biallelic mutations in the other
mismatch repair genes MLH1, MSH6 or PMS2. In addition,
hypopigmented skin lesions have not previously been reported
in biallelic MSH2 carriers. Our findings therefore expand the
spectrum of phenotypes associated with biallelic MSH2
mutations and identify a new cause of familial lymphoma.
Moreover, the diagnosis has important management implica-
tions as it allows the avoidance of chemotherapeutic agents
likely to be ineffective and mutagenic in the proband, and the
provision of cascade genetic testing and tumour screening for
relatives.

F
amilial non-Hodgkin lymphoma (NHL) is rare, particularly
with onset in childhood. Families with multiple cases of
NHL due to genetic conditions such as ataxia telangiectasia

and primary immunodeficiency disorders have rarely been
reported.1 However, in most familial clusters of lymphoma, no
cause is identifiable. Constitutional biallelic (recessive) muta-
tions in the mismatch repair (MMR) gene MSH2 have
previously been reported in only five individuals from three
families who presented with a range of malignancies, including
one with NHL (table 1).2–4 Familial lymphoma has not
previously been described in this context or in association with
biallelic mutations in the related MMR genes MLH1, MSH6 and
PMS2. The phenotypes associated with mutations in these four
genes overlap considerably and can usefully be considered
under the collective term mismatch repair deficiency (MMR-D)
syndrome. Heterozygous (monoallelic) mutations in these
genes have been recognised for .10 years as causing hereditary
non-polyposis colorectal cancer (HNPCC), an autosomal domi-
nant cancer syndrome associated with an increased risk of
colorectal tumours in adulthood.5 Individuals with HNPCC are
also at increased risk of several other malignancies including
endometrial carcinoma, gastric carcinoma and transitional cell
carcinoma of the urinary tract. The association of biallelic
mutations in MMR genes with childhood cancer has only been
appreciated relatively recently, and the diagnosis is frequently
delayed or mistaken for other conditions such as neurofibro-
matosis type 1 (NF1). Early diagnosis of children with
constitutional MMR deficiency is necessary for optimum
management of the child and the wider family, and it is

therefore important that there is improved recognition of the
phenotypes associated with biallelic MMR gene mutations.

PATIENTS AND METHODS
Family FACT24
The proband, a 2.5-year-old boy, from a family referred to as
FACT24, presented to his paediatrician in Kuwait with multiple
chest infections and increasing shortness of breath. A CT scan
showed an anterior mediastinal mass, and a histological
diagnosis of T-cell lymphoblastic NHL was made. The child
was noted to have widespread hyperpigmented and hypopig-
mented skin lesions. Examination was otherwise normal.

The child was the second born to consanguineous parents
(first cousins) of Middle-Eastern ancestry. His older brother,
who had similar skin lesions, had developed T-NHL aged
5 months and died of the disease aged 15 months. Family
history was otherwise unremarkable, identifying only that the
paternal grandmother had developed colorectal carcinoma at
the age of 65 years. Given the presence of hyperpigmented skin
lesions, NF1 was considered to be the most likely underlying
diagnosis, despite the lack of other features of NF1 in the
children or other family members. The proband was treated
according to the BFM NHL 95 protocol.6 Following the patient’s
transfer to our institution for further care, his treatment was
continued according to Regimen B of the MRC ALL 97/99
protocol and he continued to show a good radiological
response.7 However, a CT scan performed 2 weeks after
completion of maintenance treatment revealed recurrence of a
mediastinal mass. Reinduction was undertaken according to
the MRC ALL R3 protocol, omitting cyclophosphomide.8 The
patient received a matched allogeneic peripheral blood stem cell
transplant from his mother following conditioning with etopo-
side and total body irradiation. Engraftment was successful.

On reviewing the family, we considered that the occurrence
of disease in siblings born to consanguineous and unaffected
parents favoured an autosomal recessive condition. Pigmentary
skin abnormalities and predisposition to lymphoma have been
reported in individuals with (recessively inherited) chromo-
some breakage disorders, including Nijmegen breakage syn-
drome.9 These disorders are typically associated with growth
retardation/microcephaly and variable additional dysmorphic
features. The proband’s height and head circumference were
.50th centile for his age, and no dysmorphic features were
identified, arguing against a chromosome breakage disorder.
Skin hyperpigmentation and predisposition to lymphoma has
also been described in association with biallelic mutations in
MMR genes.3 The phenotype observed with such mutations
does not include growth retardation or dysmorphism. However,
cancers typical of HNPCC would be expected in relatives,

Abbreviations: HNPCC, hereditary non-polyposis colorectal cancer;
MMR, mismatch repair; MMR-D, mismatch repair deficiency; NF1,
neurofibromatosis type 1; NHL, non-Hodgkin lymphoma
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particularly in individuals with MMR-D caused by MSH2 or
MLH1 deficiency, both of which are associated with high risks
of cancer in heterozygote mutation carriers. We therefore
undertook a more detailed family history, which revealed that
three of the proband’s paternal uncles had recently developed
colorectal carcinoma and that there were further adults with
colorectal and other tumours (fig 1), consistent with hetero-
zygosity for an MMR gene mutation in relatives.

At the age of 6 years, after the underlying mutations had
been identified, the proband developed rectal bleeding.
Colonoscopy identified more than 20 colonic adenomas, which
were predominantly left-sided but present from sigmoid colon
to caecum. The polyps were removed endoscopically, revealing
mild to moderate dysplasia but no evidence of carcinoma.

During the course the proband’s treatment, a younger sister
was born. Antenatal ultrasound scans had identified a cystic
pulmonary mass. At birth, she was noted to have widespread
hyperpigmented and hypopigmented skin lesions similar to
those found in her brothers (fig 2). Recently, at the age of

2.5 years, she was diagnosed with T-cell lymphoblastic lym-
phoma. She is currently undergoing induction therapy consist-
ing of systemic vincristine, daunorubicin, cytarabine,
cyclophosphamide and mercaptopurine and intrathecal metho-
trexate.

Molecular analyses
We undertook direct sequencing of the complete coding
sequences and intron–exon boundaries of MSH2 and MLH1 on
genomic DNA from the proband. Mutational analyses of these
genes were prioritised above analyses of PMS2 and MSH6
because of the presence of a relatively strong family history of
colorectal cancer. Sequencing of exon 2 of MSH2 was performed
on genomic DNA from the proband’s sister and parents.

RESULTS AND DISCUSSION
A homozygous truncating mutation in exon 2 of MSH2
(226CRT; Q76X) was identified in the proband and his sister.
Both parents are heterozygous for this mutation. Constitutional

Table 1 Details of cases reported with biallelic MSH2 mutations

Family

Paternal mutation Maternal mutation

Case Malignancy

Age at
diagnosis of
malignancy
(years)

Hyper-
pigmented
skin lesions Other features Reference

Nucleotide
change Effect

Nucleotide
change Effect

1 1662-1GRA Splice defect 1662-1GRA Splice
defect

T-ALL 2 Yes IgA deficiency 2

2 Exon 1-6 del Deletion of
exons 1-6

454delA M152fs IV.1 Mediastinal
T-NHL

1.25 Not stated 3

IV.2 Glioblastoma 3 Not stated
3 2006-5TRA Probable

splice defect
2006-5TRA Probable

splice
defect

1 CRC 12 Yes Colonic and
duodenal polyps

4

2 CRC 11 Yes Colonic and
duodenal polyps

4 226CRT Q76X 226CRT Q76X IV.1 Mediastinal
T-NHL

0.4 Yes Hypopigmented
skin lesions

This study

IV.2 Mediastinal
T-NHL

2.5 Yes Hypopigmented
skin lesions,
colonic adenomas

IV.3 Mediastinal
T-NHL

2.5 Yes Hypopigmented
skin lesions, cystic
pulmonary mass

CRC, colorectal carcinoma; T-ALL, T-cell acute lymphocytic leukaemia; T-NHL, T-cell non-Hodgkin lymphoma.

Figure 1 Pedigree of family FACT24. Filled
symbols indicate individuals with a history of
malignancy in childhood; half-filled symbols
indicate individuals with a history of
malignancy in adulthood. Details of the
malignancy and age of diagnosis in years
are given beneath. Where known, details of
MSH2 mutations are also given. CRC,
colonic carcinoma; OC, ovarian carcinoma;
T-NHL, T-cell non-Hodgkin lymphoma.
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biallelic mutations in MSH2 have previously been reported in
five individuals from three families, all of whom developed
malignancy at a young age (table 1).2–4 Mediastinal T-cell
lymphoma was diagnosed in one individual3 and acute T-cell
leukaemia in another.2 Colonic carcinoma and glioblastoma
have also been reported. Constitutional biallelic mutations in
the related MMR genes MLH1, MSH6 and PMS2 are associated
with similar phenotypes and can be collectively considered
under the title of MMR-D syndrome. There is a greatly
increased risk of a variety of malignancies in MMR-D
syndrome. Most of the almost 50 cases now reported have
developed malignancy in childhood.10–14 Haematological malig-
nancies are often described (21 individuals including family
FACT24), with lymphomas being the most common malig-
nancy (12 individuals). Eight of the 12 lymphomas described
were NHL. Malignant brain tumours, usually gliomas, and
colorectal carcinomas are also common. Although the nature of
the cystic pulmonary lesion in the sister of the proband remains
unclear, no similar pathology has been described in MMR-D
syndrome.

FACT24 is the first MMR-D syndrome pedigree to be reported
with familial lymphoma. The reasons for the particular
propensity of the siblings reported here to develop lymphoma,
and in particular mediastinal T-NHL, remain unclear. It is
notable that five of the eight published individuals with
biallelic MSH2 mutations have developed T-cell malignancy
(table 1). In addition, familial lymphoma has been reported in
pedigrees with features suggestive of MMR-D syndrome but
without a molecular diagnosis.15 Mice nullizygous for MSH2 and
other MMR genes are predisposed to haematological malig-
nancy.16

Hyperpigmented skin lesions or café-au-lait patches were
described in three of the five individuals previously reported
with biallelic MSH2 mutations and are common in those with
biallelic mutations in the other MMR genes.10 11 14 As a result,
an initial diagnosis of NF1 is often made, even in the absence of
other features of NF1, delaying the identification of the
underlying MMR deficiency. However, the hyperpigmented

skin lesions in MMR-D syndrome are not typical of the café-au-
lait patches seen in NF1, varying in their degree of pigmenta-
tion and often having irregular borders.17 Hypopigmented skin
lesions have not been described previously in biallelic MSH2
carriers (fig 2). This report and our recent description of similar
lesions in a patient harbouring biallelic MSH6 mutations
indicate that hypopigmentation may not be an infrequent
finding in MMR-D syndrome.14 Careful examination and the
use of Wood’s light may be required in order to ensure that
such lesions are not overlooked. Hypopigmentation is not a
feature of NF1 and, when present, is a useful means of
differentiating MMR-D syndrome from NF1.

Constitutional monoallelic (heterozygous) mutations in
MSH2 and the other MMR genes, MLH1, MSH6 and PMS2,
cause HNPCC. Given the young age at which children with
MMR-D syndrome develop tumours, they will often present
before their parents, aunts and uncles who carry single
mutations. Hence, as in the family described, there may not
be a family history suggestive of HNPCC when the child first
presents. A high index of suspicion and extensive documenta-
tion of family history will often therefore be required to make
the diagnosis. The identification of MMR gene mutations in a
child allows cascade genetic testing and tumour screening for
relatives carrying a single mutation.18

The MMR system plays an important role in the cytotoxicity
of several chemotherapeutic agents, including O6 methylators
such as temozolomide.19 20 MMR-deficient cells are profoundly
resistant to the cytotoxicity of O6 methylators, and demonstrate
a point-mutator phenotype following exposure to these
agents.19 21 This suggests that O6 methylators are likely to be
highly mutagenic as well as ineffective in individuals with
MMR-D syndrome, and their use may increase the risk of
tumour relapse and/or the development of second primary
tumours.21 Early diagnosis of the underlying genetic syndrome
is therefore important, as it offers the opportunity to carefully
consider the optimum chemotherapeutic regimen.

In summary, this report identifies a new cause of familial
lymphoma and expands the range of phenotypes associated
with constitutional biallelic MSH2 mutations to include familial
lymphoma and hypopigmented skin lesions. MMR-D syndrome
should be considered in any individual presenting with
pigmentary skin abnormalities and childhood malignancy,
even in the absence of a strong family history of tumours.
Early diagnosis of MMR-D syndrome is important as it allows
the selection of an appropriate chemotherapeutic regimen for
the proband, as well as cascade genetic testing and screening of
relatives who harbour a single MMR gene mutation.
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