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Inactivating MUTYH germline
mutations in pediatric patients
with high-grade midline gliomas
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Two familial gastrointestinal neoplasia syndromes are linked
with increased incidence of brain tumors. Hereditary nonpoly-
posis colorectal carcinoma (HNPCC), or Lynch syndrome, is an
autosomal dominant disorder caused by inactivating germline
mutations in mismatch repair genes MLH1, MSH2, MSH6, or
PMS2 (OMIM 609310, 120435, 614350, and 614337). Patients
with Lynch syndrome have markedly increased incidence of
carcinoma of the colon, stomach, endometrium, and biliary
system. A subset of Lynch syndrome patients also develop ma-
lignant gliomas and are said to have Turcot syndrome type
1. Familial adenomatous polyposis type 1 (FAP1) is an autoso-
mal dominant syndrome caused by inactivating germline mu-
tation in the APC gene (OMIM 175100). Patients with FAP1
invariably develop numerous gastrointestinal adenomas and
carcinoma. A subset of patients with FAP1 also develop medul-
loblastomas and are said to have Turcot syndrome type 2.1

Here we report two pediatric patients with high-grade mid-
line gliomas found to have inactivating germline mutations in
the MUTYH gene on chromosome 1p34, which encodes a
DNA repair enzyme involved in base excision repair.2 Biallelic in-
activating MUTYH germline mutations, either homozygous or
compound heterozygous, cause markedly increased incidence
of gastrointestinal adenomas and carcinomas termed familial
adenomatous polyposis type 2 (FAP2, OMIM 608456), but this
syndrome has not been previously linked with brain tumors.3 – 6

Our two patients, however, strongly suggest that monoallelic
germline MUTYH mutations may increase risk of malignant
brain tumors.

Patient #1 was a 6-year old boy who presented with lower
extremity weakness. MR imaging revealed a heterogeneously
enhancing intramedullary mass in the thoracic spinal cord
(Fig. 1). Pathology from a subtotal resection demonstrated
glioblastoma, WHO grade IV, with histone H3-K27M mutant
protein expression. He received adjuvant radiation with concur-
rent temozolomide. However, 8 months after diagnosis he was
found to have disseminated recurrence within the posterior
fossa. Repeat irradiation was administered, followed with trials
of temozolomide, lomustine, erlotinib, bevacizumab, and a

PARP inhibitor. Unfortunately, he had progressive disease and
died 18 months after diagnosis. Targeted next-generation se-
quencing of 510 cancer-associated genes was performed
that identified a germline nonsense mutation in the MUTYH
gene at codon 466, causing early truncation of the encoded
protein. The tumor demonstrated retention of the remaining
wild-type allele, but the possibility of epigenetic inactivation
could not be excluded. Additionally, the tumor harbored
somatic missense mutations in H3F3A, ACVR1, and PIK3CA, all
known to be recurrently mutated in pediatric high-grade glio-
mas.7 Interestingly, activating ACVR1 mutations have been re-
currently found in diffuse intrinsic pontine gliomas with histone
H3 p.K27M mutations,7,8 but this is the first report of ACVR1 mu-
tation in a pediatric glioma outside of the pons.

Patient #2 initially presented at 5 years of age with emesis,
headaches, and seizure. He was found to have an enhancing
mass in the inferior vermis of the cerebellum. Pathology from
gross total resection demonstrated medulloblastoma, WHO
grade IV. He underwent irradiation followed by chemotherapy
with vincristine, cisplatin, and lomustine. The patient was stable
for 10 years until he presented with worsening ataxia, dysarth-
ria, and diplopia. He was found to have an expansile nonen-
hancing lesion in the pons. Biopsy demonstrated high-grade
infiltrative astrocytoma, at least WHO grade III. Targeted next-
generation sequencing was performed that identified a germ-
line mutation in MUTYH at the canonical splice acceptor of exon
11, predicted to disrupt appropriate splicing of the encoded
mRNA. The tumor demonstrated loss of heterozygosity due to
deletion of chromosome 1p eliminating the remaining wild-
type MUTYH allele. The tumor also contained homozygous dele-
tion of CDKN2A and 3 missense mutations in PDGFRA likely to be
activating. Sanger sequencing over the MUTYH mutation in the
patient’s prior medulloblastoma also revealed loss of heterozy-
gosity in this tumor. The patient was treated with focal irradia-
tion and nivolumab. Follow-up imaging 3 months later revealed
improvement of the brainstem lesion but new onset of meta-
static disease. Targeted therapy with dasatinib was attempted
based on the genomic profiling but was discontinued due to
anaphylactic shock. He is currently receiving lomustine and
bevacizumab.

These patients both exhibited inactivating MUTYH germline
mutations known to cause a gastrointestinal polyposis syn-
drome (FAP2) that has not been previously reported in brain
tumor patients. Neither patient had family history of gastroin-
testinal neoplasia, as expected given the lack of biallelic muta-
tion. Inactivating germline mutations in 2 unrelated patients
with high-grade gliomas and one with prior medulloblastoma
strongly suggest that germline MUTYH mutations increase risk
of malignant brain tumors. Of note, a recent study identified
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germline MUTYH variants in 9 pediatric cancer patients with tu-
mors including Ewing sarcoma, B-lineage acute lymphoblastic
leukemia, medulloblastoma, and osteosarcoma, suggesting

that MUTYH may function as a broad spectrum tumor
suppressor.9
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Fig. 1. (A) T1 postcontrast MR imaging and hematoxylin and eosin
(H&E) stained section from the resection of a glioblastoma in the
thoracic spinal cord from patient #1 at 6 years of age. (B) T1
postcontrast MR imaging and H&E stained section from the resection
of a medulloblastoma from patient #2 at 5 years of age (top).
Fluid-attenuated inversion recovery MR imaging and H&E stained
section from the biopsy of a high-grade pontine glioma from patient
#2 at 15 years of age (bottom). (C) List of pathogenic germline and
somatic mutations that were identified upon targeted next-
generation sequencing of 510 cancer-associated genes on genomic
DNA isolated from peripheral blood and tumor tissue. MAF, mutant
allele frequency. Scale bar, 20 mm.
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