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Abstract

TREMZ2 mutations were first identified in Nasu-Hakola disease, a rare autosomal recessive disease
characterized by recurrent fractures because of bone cysts and presenile dementia. Recently,
homozygous and compound heterozygous 7TREMZ mutations were identified in rare families with
frontotemporal lobar degeneration (FTLD) but without bone involvement. We identified a
p.Thré6Met heterozygous mutation in a new consanguineous Italian family. Two sibs had early
onset autosomal recessive FTLD without severe bone disorders. Atypical signs were present in
this family: early parietal and hippocampus involvement, parkinsonism, epilepsy, and corpus
callosum thickness on brain magnetic resonance imaging. This study further demonstrates the
implication of TREMZ2mutations in FTLD phenotypes. It illustrates the variability of bone
phenotype and underlines the frequency of atypical signs in TREMZ carriers. This and previous
studies evidence that 7REMZ2 mutation screening should be limited to autosomal recessive FTLD
with atypical phenotypes characterized by: (1) a very young age at onset (20-50 years); (2) early
parietal and hippocampal deficits; (3) the presence of seizures and parkinsonism; (4) suggestive
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extensive white matter lesions and corpus callosum thickness on brain magnetic resonance

imaging.
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1. Introduction

TREM?Z (triggering receptor expressed on myeloid cells 2 protein) mutations have been first
identified in polycystic lipomembranous osteodysplasia with sclerosing
leukoencephalopathy (PLOSL, MIM 605086), a rare autosomal recessive disease also
known as Nasu—Hakola disease (Bianchin et al., 2004). Main symptoms are recurrent
fractures because of bone cysts and a progressive presenile dementia. Recently, homozygous
and compound heterozygous 7REMZ2 mutations have been identified in rare families of
Turkish and Colombian origin with autosomal recessive behavioral variant of
frontotemporal lobar degeneration (FTLD) but without any clinical or radiological evidence
of bone involvement (Giraldo et al., 2013; Guerreiro et al., 2013a, 2013b). Moreover, the
presence of a rare 7REMZ2 polymorphism, p.R47H, has been strongly associated to an
increased risk of developing Alzheimer’s disease (Guerreiro et al., 2013c; Pottier et al.,
2013). In this study, we report a new consanguineous Italian family presenting atypical
autosomal recessive FTLD caused by homozygous TREMZ mutation.

2. Methods

Two sibs (001, 025) from a consanguineous Italian family (Fig. 1A) affected by autosomal
recessive FTLD have been sampled. This study was approved by the Ethics Committee of
“AP-HP, Paris”; both patients have signed an informed consent. The whole exome has been
sequenced on DNA samples of both sibs, after exclusion of mutations in the main FTLD
genes (CIORF72, PGRN, MAPT, VVCP, SQSTM1, TARDBP, CHMP2B). Briefly, genomic
DNA of patients was prepared according to lllumina’s TruSeq Sample Preparation v3
(Mumina, CA, USA) and sequence capture, enrichment, and elution was performed
according to manufacturer’s protocols (Illumina’s TruSeq Exome Enrichment). Sequencing
was performed on Illumina’s HiSeq2000 using 100 bp paired-end reads. Sequence
alignment and variant calling were performed against the reference human genome (UCSC
hg19) using BWA and the Genome Analysis Toolkit. We assumed an autosomal recessive
mode of inheritance. Homozygous and compound heterozygous variants shared by the 2
patients were selected. Polymorphisms found in the 1000Genomes project (www.
1000genomes.org/), in the exome variant server database (evs.gs.washington.edu/), in 50 in-
house exomes of controls and in dbSNP (http://www.ncbi.nlm.nih.gov/projects/SNP/, Build
132) were excluded.
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3. Results

3.1. Genetic analyses

A homozygous missense mutation, ¢.197C>T, p.Thr66Met in exon 2 of TREMZgene
(NM_018965.3) has been identified in patients 001 and 025. It was validated by the Sanger
method in both patients. This mutation has been previously identified in a family with FTLD
(Guerreiro et al., 2013a). Furthermore, homozygous p.Thr66Met mutation was absent from
control databases and was predicted to be deleterious by Polyphen (score: 1.0) and MuTaster
(p-value: 0.947) softwares, thus strongly supporting its causative role in the disease.

3.2. Phenotype of the patients

The patient 001 had no bone disorders. He developed disinhibition, excessive spendings,
environmental adherence, stereotypies, and alien limb phenomena at the age of 35 years.
Neuropsychological tests revealed predominant frontal syndrome (Table 1). Temporal and
spatial disorientation, visuoconstructive deficit with closing-in, reflexive and ideomotor
apraxia were also present. Akinetic-rigid parkinsonism, upper limb myoclonus, and
tetrapyramidal syndrome were present at the age of 42 years. At that time, brain magnetic
resonance imaging (MRI) and ECD-SPECT showed predominant frontal involvement also
affecting parietal lobes and hippocampus to a lesser degree. Severe corpus callosum
thickness and white matter hypersignals were present (Fig. 1B). Two years later, a severe
diffuse cortical atrophy and hypoperfusion were present (Fig. 1C). Epileptic seizures
occurred at the age of 44 years. Blood phosphorus and calcium levels were normal. He died
at the age of 47 years.

His sib 025 had a left ankle and a right foot fractures secondary to a trauma, but no other
history of bone disorders. At the age of 34 years, he developed behavioral disorders, apathy,
joviality, familiarity, and coarseness. Neuropsychological tests revealed frontal cognitive
syndrome associated with visuoconstructive deficit. Orientation and praxies were normal.
Brain MRI revealed frontal and parietal atrophy, associated with remarkable corpus
callosum thickness. He died at the age of 49 years. Their parents were neurologically
healthy at the age of 74 years.

4. Discussion

We describe two sibs with early onset behavioral variant of FTLD associated with
parkinsonism and epilepsy caused by an homozygous 7TREMZ mutation. The patients had no
severe bone disorders, thus illustrating the variability of bone phenotype that can be
moderate or absent in 7TREMZ families.

TREM2 protein is mainly expressed in osteoclasts, myeloid cells, and in microglia. It is a
transmembrane receptor of the immunoglobulin (Ig) family, consisting of an extracellular
Ig-like domain and a cytoplasmic tail, which associates with DAP12 for its signaling
function. TREM2 plays a role in osteoclast differentiation, in the activation of the immune
response, and controls phagocytosis by microglia (Turnbull et al., 2006). The functional
effect of TREMZloss of function mutations in Nasu—-Hakola disease and in FTLD is not
completely elucidated so far. The p.Thr66Met mutation is located in the Ig domain of the
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protein and could abrogate the function of the receptor at the homozygous state, but this
hypothesis remains to be confirmed by functional studies.

This study presents 3 main interests. First, it further demonstrates the implication of 7TREMZ2
mutations in FTLD phenotypes with no bone phenotype. Second, the early parietal deficit in
both patients and marked parietal and hippocampus involvement on neuroimaging in patient
001 must be underlined, given the role of TREMZ2 heterozygous variants as strong genetic
risk factor of Alzheimer’s disease (Guerreiro et al., 2013c; Pottier et al., 2013). Third, this
study and other reports (Giraldo et al., 2013; Guerreiro et al., 2013a, 2013b) highlight the
frequency of atypical signs in TREMZ mutation carriers: epilepsy (75%), parkinsonism
(63%), white matter hypersignals (89%), and corpus callosum thickness (89%). Previously,
we did not find any mutations in a French cohort of patients with typical FTLD (Lattante et
al., 2013). This study demonstrates that 7TREMZ mutation screening should be focused on
autosomal recessive form of FTLD with atypical phenotype characterized by: (1) a very
young age at onset (20-50 years); (2) possible association with early parietal and
hippocampal deficits; (3) the presence of seizures and parkinsonism; (4) and suggestive
white matter lesions and corpus callosum thickness on brain MRI.
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Fig. 1.

(A) Pedigree of the family. Genders are masked for confidentiality. Affected individuals are
represented by a black diamond; unaffected individual are represented by a white diamond.
(B) Brain MRI (T1 sagittal) and ECD-SPECT (right) of patient 001 at the age of 42 years.
Brain MRI showed marked frontal and parietal atrophy and corpus callosum thickness.
ECD-SPECT revealed severe hypoperfusion of frontal and parietal lobes. (C) Brain MRI
(T1 sagittal) and ECD SPECT (right) of patient 001 at the age of 44 years. Brain imaging
follow-up revealed increased frontal and parietal atrophy (MRI) and hypoperfusion
(SPECT). Abbreviations: ECD-SPECT, 99MTc-ethyl cysteinate dimer-single photon
emission computed tomography; MRI, magnetic resonance imaging.
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Neuropsychological results of patient 001 at the age of 39 and 42 years

Age (y)
Disease duration (y)

Mini mental status exami

39
4
nation (/30) 12

Frontal assessment battery (/18) ND

Mattis dementia rating scale

Total (/144) 73
Attention (/37) 29
Initiation (/37) 13
Construction (/6) 3
Concepts (/39) 17
Memory (/25) 11
Wisconsin card sorting test
Number of criteria (/6) 1
Visuocontructive abilities (/5) 2
Attention (/15) 6

42

20
11

A O P b

The maximal score of each test is indicated in brackets.

Key: ND, not done.
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