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Abstract

BACKGROUND—Hereditary diffuse leukoencephalopathy with spheroids (HDLS) is a
devastating, hereditary white matter (WM) disorder with heterogenous neuropsychiatric features.
We looked for CSF1R mutations in primary progressive multiple sclerosis (PPMS) patients and
report the clinical features of a family with a novel CSF1R mutation.

METHODS—We sequenced CSF1R exons 12-22 in a cohort of 220 PPMS patients from the
Swedish and Norwegian national MS registries.
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Detailed descriptions of family members are provided in appendix e-1 (online only).
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RESULTS—One patient had a novel mutation, ¢.2562T>A; p.Asn854Lys, in the CSF1R gene.
Her symptoms started at the age of 29 years with insidious onset of pyramidal weakness in the left
leg. The cerebrospinal fluid (CSF) examination showed four IgG bands. An MRI performed 4
years after symptom onset demonstrated patchy deep WM lesions. She was diagnosed as having
PPMS and treated with intramuscular interferon beta 1a. Due to slow disease progression, the
development of memory decline, and cerebellar signs, she was given subcutaneous interferon beta
1a without any benefit. The updated pedigree indicated that 5 siblings also had the CSF1R gene
mutation; one was diagnosed with PPMS. Six more distant relatives also had a neurological
disorder; four were clinically diagnosed with PPMS.

CONCLUSIONS—Our study indicates that a chronic course of HDLS may mimic PPMS.
Genetic testing for CS-1R mutations in PPMS cases with a positive family history of neurological
disorders may establish the diagnosis of HDLS.

Keywords
hereditary diffuse leukoencephalopathy with spheroids; white matter lesions

Introduction

A mutation in the colony stimulating factor 1 receptor (CSF1R) gene has recently been
discovered to cause the progressive brain white matter (WM) disorder - hereditary diffuse
leukoencephalopathy with spheroids (HDLS) [1]. HDLS has a symptom onset that typically
occurs at approximately 40 years of age; however, it can range from 18-72 years [1-3]. The
phenotype and clinical course are divergent, leading to disease durations from 2-30 years
from symptom onset to death [2-4]. HDLS is an autosomal dominant disorder, but de novo
mutations are reported [1, 5]. Over 30 different mutations in the CSF1R gene have been
discovered. All of the mutations are located in the intracellular tyrosine-kinase domain of
the receptor, which is encoded by CSF1R exons 12 to 22 [1, 5-13]. Carriers of CSF1R
mutations were clinically diagnosed as having primary progressive multiple sclerosis
(PPMS), frontotemporal dementia, cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy (CADASIL), or atypical Parkinsonism [1, 14].
Since HDLS was initially described in Sweden [2] and because of our earlier research, we
learned that CSF1R mutation carriers could be clinically diagnosed as having PPMS [1, 14].
We aimed to study Scandinavian PPMS cases from Swedish and Norwegian MS repositories
to find out if additional CSF1R mutation carriers could be identified and if so, what was
their clinical presentation.

Methods
PPMS Patients

A total of 220 PPMS patients were included in our study, and none of them had previously
been evaluated for HDLS.

Ninety-five of these PPMS patients were included from the Genes and Environment in
Multiple Sclerosis (GEMS) collections, which is a case-controlled study based on a
questionnaire and a blood-sampling kit sent to patients identified by the Swedish MS
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register. The GEMS repository is located at the Karolinska University Hospital, which
contains about 1000 PPMS patient samples. For this study we selected patients with a record
of familial MS cases. There were 84 patients with a family history of MS. Additionally, we
included 11 patients with insufficient (n=5) or no (n=6) information regarding familial
occurrence in order to fill up the sequencing plate.

One hundred twenty-five of the total 220 PPMS patients were recruited from the Norwegian
MS registry and Biobank, which contains clinical data but no family history. All patients
were diagnosed by the neurologist practicing in the local MS unit that entered the patient
into the registries.

The study was approved as a multicenter study by the Ethical Committees of the Karolinska
Institute, Sweden, by the Research Ethical Committee of Gothenburg, Sweden, The
Regional Committee for Medical and Health Research Ethics in Western Norway, and the
Mayo Clinic Institutional Review Board. Informed consent was obtained from all patients.

Genetic analysis

Anonymized DNA samples were sent to the Mayo Clinic in Florida for screening of the
CSF1R gene. We sequenced exons 12-22 in the CSF1R as previously described by
Rademakers et al [1].

Family investigation

Results

A pedigree was established, Figure 1a. The index patient and her six living siblings were
prospectively investigated with clinical history, neurological examination, and an
assessment of the HDLS symptoms using the Regional Functional Scoring System (RFSS),
which is based on the Kurtzke Functional Systems [3] . The degree of neurologic
impairment in multiple sclerosis (MS) was assessed by the expanded disability status scale
(EDSS). A Mini-Mental State Examination (MMSE) was performed on all patients.
Available medical records were reviewed. These examinations were conducted by two of the
authors (CS and VK). Magnetic resonance imaging (MRI) was performed on a 1.5-Tesla
scanner. Previous MRIs that were done on 1.5-Tesla MRI scanners were also reviewed.
Cerebrospinal fluid (CSF) and blood samples were obtained. CSF specimens were analyzed
for 1gG and IgM anti-herpes simplex and anti-varicella virus antibodies, 1gG and IgM anti-
borrelia antibodies, total 1gG, albumin, Link index of intrathecal 1gG production, isoelectric
focusing with immunoblot, CSF cell counts, cytology, 2-microglobulin, total-tau (T-tau),
phosphorylated tau (P-tau), neurofilament light protein (NFL), glial fibrillary acidic protein
(GFAP), and amyloid protein 1-42 (AB1-42), as described [3]. Blood and urine were
analyzed with routine tests, including amino acids, VDRL, HIV and Borrelia serology.
Assays of antinuclear antibody (ANA), anti-neutrophil cytoplasmic antibodies (ANCA), and
rheumatoid arthritis (RA) were also performed.

The clinical data of the 220 PPMS patients is shown in Table e-1 (online only). We
identified a novel mutation, ¢.2562T>A,; p.Asn854Lys, in the CSF1R gene. The index
patient, subject I11:7, was from the Swedish MS registry. Confirmative genetic testing was
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conducted at Centogene (Centogene GmbH, Rostock, Germany). The proband was informed
of her CSF1R mutation carrier status through clinical and genetic counselling. She had eight
siblings; six of them were alive. After initial contact by the proband, the siblings consented
to clinical and genetic investigations (CS and VK). Of these, one had received a MS
diagnosis, one had severe neuropsychiatric symptoms, three had undiagnosed neurological
symptoms including one further with a suspected MS diagnosis, and one was healthy.
Detailed clinical information for these individuals is presented in Table e-2 (online only)
and appendix e-1 (online only). The proband and the five symptomatic siblings carried the
same CSF1R mutation. The healthy sibling did not carry the mutation. Pedigree structure
indicates an autosomal dominant inheritance (Figure 1a). MRI was performed on three of
the mutation carriers, while three did not consent to the MRI examination (Figure 1b). CSF
findings in two patients harbouring the mutation are displayed in Table e-3 (online-only).
Two siblings had died from complications of drug abuse. Her distant family (uncles, aunts
and cousins) were not willing to participate in our study; their carrier status is unknown.
However, we have anecdotal information indicating that six had neurological symptoms, and
four carry an MS diagnosis. There was no history of consanguinity.

Discussion

Recently, mutations in the CSF1R gene were found to cause HDLS [1]. We previously
reported HDLS patients who were misdiagnosed as having PPMS [14]. In another series of
95 MS patients none had CSF1R mutations [15]. No study has been performed in a series
with PPMS and a family history of MS [15]. We conducted a screening investigation in
PPMS patients from the Norwegian and Swedish MS registries to search for CSF1R gene
mutation carriers. Among 220 Scandinavian PPMS patients, we identified one individual
with a novel CSF1R mutation. This patient's symptoms were compatible with a PPMS
diagnosis. The disease course started with a pyramidal syndrome followed by brain stem and
cerebellar symptoms. Her MRI and the oligoclonal banding in her CSF indicated MS. A
prospective investigation of the proband's family showed that five siblings harbored the
same CSF1R mutation. These mutation carriers exhibited fatigue, cognitive decline, gait and
balance difficulties. Their phenotype is consistent with that seen in other CSF1R mutation
carriers. Interestingly, the twins (111:3 and I11:4) had different phenotypes. Case I11:3 had
more psychiatric problems and a later onset of neurological deficits. Case I11:4 had frontal
lobe syndrome, which included depression, apathy, and a lack of initiative. He also
neglected his personal hygiene .

Two patients with CSF1R mutations who received a PPMS diagnosis had a subtle disease
progression. The mean age of onset for all six carriers was 41 years, compatible with both
HDLS and PPMS. The course of the disease was insidious from onset with moderate
accumulated disability during the observation time ranging from 3 to15 years. The most
severely affected, patient 111:8, was able to walk with support five years after symptom
onset. No mutation carriers had the sub-acute course described in the original Swedish
HDLS family, albeit the genetic status of this original HDLS family is currently unknown

3].
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The proband fulfilled the revised McDonald criteria for MS [16]. MRI in the symptomatic
sister showed asymmetric WMLs without contrast enhancements, more compatible with
MS, Figure 1b and appendix e-1 online only. On the other hand, WMLs were more
confluent in the severely-affected sibling, and thus more consistent with HDLS. The corpus
callosum is usually affected in HDLS; however, in the early stages of the disease, the
diagnostic specificity is low, and some genetic mutations might not be associated with this
feature. In addition to subcortical lesions, the proband had one callosomarginal lesion, but
her sister had three. We did not observe lesions with this specific localization in our
previous studies. The MRI findings are known to vary in patients with different CSF1R
mutations, but they are generally similar among patients carrying the same mutation [17].

The proband and her sister had obvious similarities with PPMS with regard to clinical
symptoms, MRI results, and CSF findings. HDLS has been reported to masquerade as
PPMS [1, 9, 13]. A sporadic HDLS patient with pyramidal symptoms had MRI results
compatible with HDLS, but the CSF was normal [13]. Cognitive problems are seen in PPMS
patients [18], but appear later in the disease course. In HDLS, cognitive dysfunction occurs
earlier and is dominated by personality and behavioral changes. In both PPMS and HDLS
there is subsequent multifocal neurological progression, although intention tremor is more
disabling in PPMS [18]. In our case, the presence of left-sided facial hypoesthesia is typical
for MS, but quadrant anopsia is not [3, 14, 18].

MS is a multifactorial disease with a clear genetic component [19], but the disease course is
influenced by multifactorial factors. Could CSF1R gene mutations modify MS-associated
neurodegeneration? Can CSF1R mutations predispose individuals to MS? Several GWAS
studies performed in MS showed no association with the CSF1R gene mutations [20]. Even
though potentially important to MS, the mutation frequency of the CSF1R mutation in MS is
too low to make it detectable by GWAS. However, a similarity between HDLS and PPMS is
evident in the neuropathology, characterized by extensive demyelination and numerous
axonal spheroids [14, 21]. It is unknown whether the neuronal loss is a primary event or a
secondary process of damage to the axons in both diseases. Axonal neurodegeneration,
histologically resulting in spheroid formations, is increasingly accepted as the cause of
primary and secondary progression with accumulated disability in MS and seems to be a
likely explanation for HDLS [14, 22]. While the cause of HDLS, the CSF1R mutation, has
now been identified, the etiology of MS remains unknown, but a complex combination of
HLA polymorphisms, rare genetic variants, and environmental factors are thought to lead to
disease development [19, 21].

Selective oligoclonal bands in the CSF may indicate that HDLS, at least with the
p.Asn854Lys genetic mutation, is driven by an inflammatory process, leading to
neurological deficits. The CSF1R gene encodes a tyrosine kinase transmembrane receptor
that is expressed on the microglia. This receptor is essential for microglial development and
has a broad range of functions, including inflammatory responses [1, 23]. Increased CSF-
B2-microglobulin in two of our patients provides some support for an inflammatory process.
Our HDLS cases had normal CSF cell counts, which is in opposition to typical MS.
Elevation in the NFL suggests the destruction of large-calibre myelinated axons and the
minimal elevation of T-tau protein levels suggests damage to the cortical neurons [24].
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GFAP was also increased in our patients, suggesting astroglial cell damage. Both phospho-
tau and AB1-42 levels were normal, indicating the absence of Alzheimer-like pathology
[25]. These CSF findings confirm a neurodegenerative disorder with signs of inflammation.
To our knowledge, this is the first time oligoclonal bands have been demonstrated in HDLS,
but whether this is a specific finding in p.Asn854Lys CSF1R mutation carriers remains to be
confirmed. Myelin is known to be extremely sensitive to inflammation, so the demyelinating
component in our family may be more important in the pathogenesis of cases with the
p.Asn854Lys CSF1R mutation. This is hypothetical, but with the increasing interest in
microgliopathies, our findings are worthy of further investigation. Microglia are known to
have a key role in the initiation of demyelination [23].

The clinical spectrum of HDLS is wide [1, 6, 14]. Therefore, clarification of the definition of
HDLS with a CSF1R mutation is a necessity. The diagnostic tools listed in Table 1 are
helpful for distinguishing between HDLS due to CSF1R mutations and PPMS. Our study
indicates that a chronic course of HDLS might mimic PPMS clinically, radiologically, and

in laboratory findings. This underscores the importance of excluding HDLS when
diagnosing MS in patients with a family history that indicates a neurological disorder.

Recently, considerable progress has been made in terms of understanding WM disorders
[26, 27]. However, further genetic and functional studies are required to expose the
molecular mechanisms underlying neurodegeneration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure la. Pedigree of the CSF1R mutation family
Abbreviations: Fully darkened symbols: Individuals with HDLS phenotype; *: Confirmed

CSF1R mutation; : Previously diagnosed with MS; # Sibling (I11:1) diagnosed with PPMS;
Half-filled symbols: Individuals with neurological symptoms; A diagonal line through a
symbol: Deceased persons not screened for the CSF1R mutation; Arrow: Index/Proband;
Squares: Males; Circles: Females
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Figure 1b. MRIsof mutation carriers
(A) Index patient, (sagittal T2-fluid attenuate inversion recovery (FLAIR) -weighted), one

callosomarginal lesion (arrow) 4 years after symptom onset. (B) Patient 111:1, (sagittal
FLAIR-weighted), demonstrating three callosomarginal lesion 1 year after symptom onset
and one white matter lesion (WML) deep in the occipital hemisphere. (C) Patient I11: 8,
(Axial T2-weighted), localized confluent biparietal WMLs (lower arrows) with more patchy
deep WMLs in the bifrontal regions (upper arrows), 5 years after symptom onset. (D) Index
patient, (Axial T2-FLAIR-weighted), prominent signal changes periventricular which extend
into the deep white matter (lower arrows), but sparing the U-fibers, 11 years after symptom
onset. (E) Patient I11:1, (Axial FLAIR-weighted), asymmetric, localized, patchy deep WML
(arrows) 1 year after symptom onset. (F) Patient I11:8, (Axial T2-weighted), localized
confluent biparietalt WML (lower arrow) with more patchy deep WMLs in the bifrontal
regions (upper arrows) 5 years after symptom onset.
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