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Abstract

Background: The type II form of neurofibromatosis (NF2) is an autosomal dominant multiple neoplasia syndrome characterized
by tumors of the eighth cranial nerve (usually bilateral), meningiomas of the brain, and schwannomas of the dorsal roots of the
spinal cord. The incidence of neurofibromatosistype II is 1 in 25,000 live births.
Methods: To further understand the genetic spectrum of NF2, we analyzed an individual affected with multifocal schwanomatosis
by whole exome sequencing. Potential candidate mutations were checked in additional family members to determine if the putative
mutation segregated with disease status.
Results: No pathogenic variant was identified in NF1 and NF2 genes however, a novel nonsense homozygous mutation p.Q675X in
PMS1 gene was identified. Direct sequencing confirmed that the patient is homozygous and her parents are heterozygous for the
identified variant.
Conclusions: To the best of our knowledge it is the first report of involvement of PMS1 mutations in NF2. However, genetic testing of
NF1 and NF2 genes in affected tissues to rule out somatic mutations as well as functional study for the identified variant are required
to clarify under what circumstances mutations of this gene cause tumorigenesis.
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1. Background

Neurofibromatosis type 2 is a rare multiple neoplasia
syndrome caused by mutations in the NF2 tumour sup-
pressor gene on chromosome 22q. Around one in 25000
livebirths are born with a mutation in this gene with ap-
proximately 100% penetrance by 60 years of age. Half of
patients have hereditary form of the disease while the re-
mainder have a de novo somatic mutation in NF2 gene. Pa-
tients are characterized by schwannomas, multiple menin-
giomas, spinal tumours, peripheral neuropathy, eye and
skin lesions (1).

Mismatch repair (MMR) is a conserved pathway to pre-
serve genome stability. The main role of the MMR system
is the rectification of single nucleotide substitutions and
insertion/deletion loops (IDLs) which occur during DNA
replication (2).

The human MMR proteins homologues of the bacterial
MutS consist of hMSH2, hMSH3 and hMSH6. Additionally,

four human homologues of the bacterial MutL gene com-
prise hMLH1, hPMS1, hPMS2 and hMLH3 (3).

Several heterodimers of MLH1 have been recognized;
which include complex of MLH1 and PMS2, complex of
MLH1 and PMS1 and complex of MLH1 and MLH3 (4).

Mismatch repair cancer syndrome (MMRCS
OMIM#276300) is an autosomal recessive rare child-
hood predisposition cancer syndrome which results from
germ line mutations in one of the four MMR genes; MLH1,
MSH2, MSH6 or PMS2 (5).

The tumour spectrum in patients carrying MMR gene
mutation is very broad, including (6): hematological ma-
lignancies (7); brain tumors (8); multiple intestinal tract
tumors (9, 10); and other malignancies. Moreover, some
MMRCS patients present phenotypic features similar to
neurofibromatosis type 1 (NF1) (2).

Here we report a novel homozygous nonsense
mutation in PMS1 gene associated with multifocal
schwanomatosis.

Copyright © 2018, Journal of Human Genetics and Genomics. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in
noncommercial usages, provided the original work is properly cited

http://jhumgg.com
http://dx.doi.org/10.5812/jhgg.81239
https://crossmark.crossref.org/dialog/?doi=10.5812/jhgg.81239&domain=pdf


Taghi Akbari M and Ataei Kachui M

2. Methods

2.1. Subject Description

Index patient was a 30 years old female affected with
unilateral acoustic schwanomatosis which had led to uni-
lateral deafness. Signs of hearing impairment began from
the age of 23 and gradually progressed to deafness. More-
over, schwannoma tumors in cervical and mandibular re-
gions were removed by surgery at the age of 26. The patient
and her two apparently healthy siblings are from consan-
guineous parents. The pedigree, including all family mem-
bers is depicted in Figure 1.

Figure 1. Family pedigree

2.2. Sample Preparation

Informed consent was taken from all participants in-
volved in this study. Peripheral blood sampling was per-
formed from affected individual and her parents. DNA
was extracted using the conventional salting-out method.
High purity DNA (OD260/OD280 > 1.8) was used for whole
exome sequencing.

2.3. Whole Exome Sequencing

Whole exome sequencing of the patient was per-
formed at BGI China. Complete genomics sequencing,
known as combinatorial probe-anchor ligation (cPALTM)
was employed to identify the bases of DNA Nano-Ball (DNB)
populated in high-density DNA nanoarray.

2.4. Bioinformatics Analysis

Whole exome sequencing data was analyzed using
Complete Genomics Analysis tools (CGA tools version 1.3.0
build 9; http://www.completegenomics.com/sequence-
data/cgatools/). All high-quality trimmed reads were
aligned to hg19 reference genome using the teramap. To
remove common variants and alignment artifacts, vari-
ants with an allele frequency > 1% in the 1000 genomes
database (http://www.1000genomes.org), higher than 1%
in exome aggregation consortium (ExAC) were filtered
out. We used a recessive genetic model which required the
variant to be present in tested individual in homozygous
form. To predict the potential impact of sequence variants
on protein function, PolyPhen-2, SIFT and MutationTaster
scores were assigned to each variant. We also obtained
conservation scores using GERP and PhastCons to pre-
dict mutation impact based on evolutionary constraint
analyses.

2.5. Validation of Mutations and Segregation Analysis

To validate the causal mutation(s) and mutation-
disease segregation analysis in the pedigree, Sanger se-
quencing was carried out in affected and unaffected fam-
ily members from whom DNA was available. Primers were
designed using GENERUNR v3.4.0.0 and amplicons were se-
quenced by standard Sanger’s sequencing technique us-
ing BigDye® terminator (Invitrogen, ABI, Foster City, CA).
Primer sequences are available upon request.

3. Results

No pathogenic variant was identified in NF1 and NF2
genes however, however, filtering of variants identified a
novel nonsense homozygous mutation p.Q675X in PMS1
gene in accordance with mode of inheritance in the pedi-
gree. Direct sequencing confirmed that the patient is ho-
mozygous and her parents are heterozygous for the iden-
tified variant (Figure 2).

4. Discussion

Sequence integrity of the human genome is guaran-
teed by DNA repair systems such as MMR pathway. This
system ensures the repairing of mismatched nucleotides
and insertion-deletion loops that arise during DNA replica-
tion and recombination. DNA MMR proteins are encoded
by evolutionary highly conserved genes (11).

Post meiotic segregation increased 1 (PMS1) gene is lo-
cated on chr 2q31.1 contains 12 coding exons and encodes a
932 amino acid protein.
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Figure 2. A, Sanger sequencing of healthy heterozygous parents for PMS1 mutation; B, Sanger sequencing of homozygous affected proband for PMS1 mutation.

In humans, hMLH1 and hPMS2 work as a heterodimer
(12) also hPMS1 with hMLH1 forms another heterodimer
and function together (13). A tract of 36 amino acid
residues in hPMS1 and hPMS2 interact strongly with hMLH1
(14).

Although hPMS1 knockout mice showed mutation fre-
quency higher than normal level (15) mutations in this
gene are not frequent (16).

Nevertheless, Leung et al. (11), have shown the expres-
sion of hPMS1 gene in different cancer cells such as colorec-
tal, gastric and cervical cancers and that this protein as-
sociates with hMLH1. They explained that the redundancy
of hPMS1 and hPMS2 may describe the cause of low muta-
tion frequency of these genes in cancers. Moreover, hPMS1
germline mutation was found in one HNPCC family (16).

Kondo et al. (14), showed that MutL homologous act
competitively for the interacting domain in hMLH1. Late
onset disease in our patient may indicate reparative role of
other counterparts in MMR process in the absence of PMS1.

To the best of our knowledge it is the first report of
involvement of PMS1 mutations in NF2. However, genetic
testing of NF1 and NF2 genes in affected tissues to rule out
somatic mutations as well as functional study for the iden-
tified variant are required to clarify under what circum-
stances mutations of this gene cause tumorigenesis.
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