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Abstract

Background—Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are 

complex neurodegenerative disorders that can be either sporadic or familial and can overlap 

clinically and pathologically. We present the first Central-Eastern European family with ALS-

FTD syndrome due to a C9ORF72 repeat expansion.

Methods—We studied a family consisting of 37 family members, and six of these family 

members were genetically evaluated for C9ORF72 expansions. Family members were evaluated 

clinically, by history, and by chart review.

Results—Five generations of the family were studied, and six affected family members were 

identified. All affected members were females and had a different clinical presentation, which was 

either ALS, FTD, or both. Among genetically evaluated subjects, five carried a C9ORF72 

expansion; four of these individuals remain clinically unaffected.

Conclusion—Our report reveals that the hexanucleotide repeat expansion of C9ORF72, which is 

the most common genetic cause of ALS-FTD complex disorder, is also present in Central-Eastern 

Europe. Further studies are needed to assess the frequency of this expansion in the Polish 

population with familial as well as sporadic ALS, FTD, and the ALS-FTD complex disorder.
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Introduction

Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are complex 

neurodegenerative disorders that usually begin in the fifth or six decade of life. ALS and 

FTD are known to be fatal and have no effective treatments.

Classically, ALS is recognized as pure motor system degeneration and is not associated with 

cognitive or behavioral dysfunction [1]. In 1990, Neary et al. first reported motor neuron 

disease with frontal lobe dementia [2]. It was later confirmed that almost one-half of ALS 

patients actually have cognitive problems, and about 15% meet the criteria for the 

behavioral variant of FTD (bvFTD) [3, 4]. Currently, ALS is increasingly recognized as a 

multisystem disorder. The disease occurs sporadically in the majority of cases, but about 

5-10% of patients have a positive family history [4].

FTD is the second most common cause of early-onset dementia in patients younger than 65 

years and is characterized by behavioral and personality changes that are accompanied by 

Parkinsonism and/or language abnormalities [5, 6]. About 50% of FTD patients will also 

develop symptoms of motor neuron disease during the course of the disease. Unlike ALS, 

approximately 20-50% of FTD patients have a positive family history [7].

Clinical studies have suggested that ALS and FTD may represent two extremes on a 

spectrum of the same neurodegenerative disease and that they co-occur in 15% of patients 

[8]. The link between motor neuron disease and dementia with behavioral and personality 

changes was first described in two families diagnosed with pallidopontal nigral degeneration 

and in disinhibition-dementia parkinsonism-amyotrophy complex linked to chromosome 17 

[9] and was confirmed by the identification of the tau gene (MAPT) as the pathogenic gene 

for FTD with parkinsonism linked to chromosome 17 (FTDP-17) [10]. This was followed by 

the identification of mutations in the progranulin gene (PGRN) [11]. Furthermore, the 

understanding of the link between ALS and FTD was accelerated by the identification of 

transactive response DNA-binding protein 43 (TDP-43) inclusions in ALS and FTD 

patients, which were followed by the identification of TAR DNA binding protein (TARDBP) 

gene mutations, which encodes TDP-43 [3]. There are also other genetic factors in 

hereditary ALS and FTD, e.g. superoxide dismutase-1 (SOD1), fused in sarcoma (FUS), 

optineurin (OPTN), valosin containing protein (VCP), charged multivesicular body protein 

2b (CHMP2B), and angiogenin (ANG) [12,13,14]. These genes do not fully explain familial 

cases, especially those with a heterogeneous clinical presentation. The recent discovery of a 

hexanucleotide repeat expansion in chromosome 9 open reading frame 72 gene (C9ORF72), 

as the most common genetic cause of ALS and FTD, confirmed the overlapping clinical and 

pathological nature of these syndromes, which are known as ALS-FTD complex disorder 

[15, 16, 17,18]. Here, we report a Polish family with a C9ORF72 expansion and clinical 

diagnoses that bridge motor neuron disease, Parkinsonism, and the dementia spectrum.

Material and Methods

All members of the family with a history of motor neuron disease, dementia, and 

Parkinsonism were included in this study. The six family members enrolled in the study 
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provided written informed consent for clinical and molecular genetic studies, which was 

approved by the Institutional Review Boards of the Silesian Medical University and the 

Mayo Clinic.

Clinical evaluation was performed on all family members participating in the study. The 

clinical evaluation consisted of a neurological examination and a neuropsychological test 

battery. The clinicians who assessed subjects were blinded to the genetic test results.

A genealogical study was performed by reviewing available medical records and by 

conducting a semi-structured interview that included questions on age at disease onset, age 

at death, disease duration, and disease symptoms, which included possible cognitive 

impairment, upper and lower motor neuron dysfunction, and features of Parkinsonism. This 

was followed by questions on the presence of other possible co-existing non-neurological 

diseases. Information was provided by all family members participating in the study 

independently and was then compared to obtain the most accurate genealogical data.

Neuroimaging studies performed in affected subjects included structural examination with 

1.5 Tesla (SE, T1, T2, FLAIR) Magnetic Resonance Imaging (MRI) and functional 

examination with Tc-99m-ECD Single-Photon Emission Computed Tomography (SPECT).

DNA was extracted from frozen peripheral blood samples using standard procedures [15]. 

Genomic DNA was genotyped with a standard fluorescently labeled polymerase chain 

reaction (PCR) primer, and the assay was visualized on an automated ABi3730 DNA 

analyzer (Applied Biosystems). If the genotype was homozygous, then the samples were 

further analyzed using repeat-primed PCR to determine if the sample was a true homozygote 

(wildtype), or if a stutter pattern was present, which identifies expansion carriers. These 

methods have been previously described by DeJesus-Hernandez et al. [15].

The size of the GGGGCC repeat was estimated by Southern blotting, as described elsewhere 

[19]. In brief, seven to ten micrograms of genomic DNA were digested with a restriction 

enzyme (XbaI; Promega Corporation, Madison, WI, USA), and electrophoresed for 6 hours 

at 100 V in a 0.8% agarose gel. The DNA was then transferred to a positively charged nylon 

membrane (Roche, Penzberg, Germany) and cross-linked by ultraviolet irradiation. After 

prehybridization in digoxygenin EasyHyb solution (Roche), hybridization with a 

digoxygeninlabelled probe was performed. Anti-digoxygenin antibody (1:10 000, Roche) 

was used to detect the probe, which was subsequently visualized with CDP-star substrate 

(Roche) on autoradiography film. Multiple exposures between 15 minutes and 1 hour were 

obtained, and the most abundant repeat sizes were estimated using densitometry.

Results

The resulting pedigree consists of 37 individuals spanning 5 generations of one family that 

originated from Southern Poland. (Fig.1.). Based on the detailed histories, chart reviews, and 

interviews with family members, we identified six clinically affected subjects with a diverse 

clinical phenotype (Tab.1.). For the present study, we were able to examine the patients 

directly and were able to obtain the genetic status of the C9ORF72 expansion in the last 
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living affected subject and five individuals without clinical symptoms from generations IV 

and V.

All affected subjects were females, and the mean age at disease onset was 53 years (±2.5 

years). The proband, a 60-year old woman (IV.2), first presented with symptoms of right 

side predominant Parkinsonism at age 54 years. She was initially diagnosed with Parkinson's 

disease and demonstrated a typical disease course with a fairly good response to L-dopa. She 

did not have any cognitive deficits in her neuropsychological evaluation (MMSE 28/30, 

CDT 10/10). After two years of prospective observation, bulbar signs (flaccid dysarthria and 

dysphagia), followed by progressive balance difficulties, gait disturbances, mild cognitive 

impairment, and pseudobulbar affect developed. Other than bulbar signs, no upper or lower 

motor neuron disease features were identified. By the fifth year of follow-up, which was 

also when she was genetically tested, her symptoms had progressed rapidly. At that time, the 

patient had dementia, was unable to walk, and had severe dysarthria and dysphagia, which 

caused malnutrition. Her parkinsonian syndrome was no longer L-dopa responsive. Head 

MRI showed bilateral fronto-temporal cortical atrophy (Fig 2). SPECT demonstrated 

hypoperfusion in both fronto-temporal regions, but this was more prominent on the left side. 

This patient carried a hexanucleotide repeat expansion of C9ORF72 with an expansion size 

of ∼900 repeat units [∼7.7 kb] (Fig.3).

The proband's sister (IV.1) was diagnosed with ALS at the age of 56 years, and presented 

with bulbar signs, which included dysarthria, dysphagia, tongue muscle atrophy and 

fasciculations of the tongue, which were validated by an electromyography study. 

Additionally, she had cervical spinal cord involvement with shoulder girdle muscle atrophy; 

the first dorsal interosseous muscle was also atrophied on the right side. No cognitive 

changes were reported, but she did not have a neuropsychological assessment. After three 

years, she developed mild parkinsonian signs, which included bradykinesia, rigidity, and 

impaired balance, which caused a gait disorder. Her upper motor neuron signs progressed 

and because of severe dysphagia, she developed malnutrition. She was given a percutaneous 

endoscopic gastrostomy (PEG) to assist with her nutrition. She died two years after PEG 

implantation from respiratory failure; she was 61-years-old. An autopsy was not performed. 

Neuroimaging studies revealed general cortical atrophy with no pathology in the cervical 

spine. Electromyography conducted when she was alive showed that she had chronic 

neurogenic changes in the muscles of her upper and lower extremities. No abnormalities 

were seen on her nerve conduction studies. The SOD1 mutation was previously excluded as 

a genetic cause of ALS in this subject. DNA samples for the present study were not 

available.

The proband's mother (III.3) first developed symptoms of ALS at the age of 53 years; she 

presented with dominant bulbar signs followed by general muscle atrophy. She died at the 

age of 58 years from respiratory failure. The proband's maternal aunt (III.4) developed early 

onset dementia at the age of 49 years with non-fluent aphasia and behavioral changes. No 

motor symptoms were reported throughout the disease course. She died at the age of 59 

years of unknown cause. The proband's maternal grandmother (II.4) was diagnosed with 

early-onset dementia of an unknown etiology and died at the age of 59 years. Her mother, 

the proband's maternal great grandmother (I.2), had a movement disorder with severe gait 
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disturbances and died aged approximately 60 years based on anecdotal information from the 

family. Information about those subjects was provided by family members. No medical 

history or charts were available for review. DNA samples from individuals from generations 

I, II and III were unavailable. No other relatives within the pedigree were known to have 

dementia, Parkinsonism, or a motor neuron disease.

Other family members who donated blood samples for this study and who agreed to undergo 

clinical evaluation presented at our institution without any subjective complaints. They did 

not have any clinically significant medical history. Four of them were carriers of the 

hexanucleotide repeat expansion in C9ORF72, and the estimated expansion size was 

approximately 1800 repeat units [∼13 kb] (Fig.3). The participants had a normal 

neurological examination, normal MMSE (28-30/30) and CDT (10/10) results, but the 

detailed neuropsychological evaluation revealed several disturbances. Attention deficit 

disorder was found in one of the mutation carriers. Mild frontal lobe dysfunction with mild 

language deficits presenting as verbal fluency were found in the remaining three mutation 

carriers. None of them had clinically significant memory deficits.

The only non-carrier of the hexanucleotide repeat expansion in C9ORF72 that was assessed 

was normal on the neurological examination and neuropsychological evaluation. The other 

family members were deceased or refused to undergo genetic testing.

Discussion

This is the first description of a familial ALS-FTD complex disorder associated with a 

C9ORF72 repeat expansion in the Polish population. We present a multigenerational 

pedigree with six affected subjects who originated from the Silesia region of Poland. Before 

genetic test results were available, several members of this family were clinically described 

as having a “neurodegenerative overlap syndrome” that consisted of Parkinsonism, 

dementia, and motor neuron disease; “neurodegenerative overlap syndrome” is a term that 

was first described by Uitti et al. [16]. They were considered to have an alternative 

manifestation of the same underlying neurodegenerative disease of an unknown etiology.

Indeed, it is now known due to the identification of a series of pathogenic gene mutations 

that FTD and ALS can be alternative manifestations of the same disease process [3, 18, 20]. 

The ALS-FTD complex disorder linked to chromosome 9 was first described by Morita et 

al. in 2006 [21], but in September 2011 a causative expansion in C9ORF72 was reported in 

two independent publications by DeJesus-Hernandez et al. and Renton et al. [15,17]. This 

causative mutation is a non-coding hexanucleotide repeat expansion within the promoter 

region or the first intron of alternatively spliced transcripts of C9ORF72. Healthy 

individuals generally carry up to 30 GGGGCC repeats; whereas affected individuals can 

carry hundreds to thousands repeats [15, 17, 19]. Affected individuals may express different 

phenotypes, including motor neuron disease, bvFTD, Parkinsonism, Alzheimer's-type 

dementia, and even psychosis [6, 22, 23].

In a recent Southern blot study, Van Blitterswijk et al. revealed that C9ORF72 repeat size is 

associated with age in the frontal cortex (both age at onset and age at collection) and with 
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survival after disease onset in the cerebellum; however, no association was present in blood 

(e.g. with age, survival after onset, or disease phenotype) [19]. These findings are well in 

line with our present study because the C9ORF72 expansion size in the blood did not appear 

to be associated with the presence or absence of disease symptoms; the most abundant 

expansion size was clearly smaller in the proband with clinical symptoms (∼900 repeat 

units) than in unaffected family members carrying the expansion (∼1800 repeat units). 

These findings, therefore, further substantiate that repeat lengths assessed in blood might not 

be the most reliable predictors of disease phenotype or severity.

The age at onset and disease duration of C9ORF72 expansion carriers are highly variable. 

According to the literature, the average age at onset is 55 years, and the disease duration is 

4.5 years [22, 23]. It is speculated that there is a tendency toward a younger age at onset and 

shorter disease duration in C9ORF72 expansion carriers [24, 25, 26]. In our family, each 

generation had an age at disease onset between 49-56 years without anticipation. Disease 

duration was 5-10 years depending on initial symptoms. Subjects who were initially 

diagnosed with ALS tended to die younger, and those with initial symptoms of dementia 

tended to have longer disease duration. In our family, all affected cases were women. In 

contrast, male predominance was reported in ALS-FTD caused by C9ORF72 expansions 

[12, 21, 22, 23].

Most families include patients with mixed phenotypes of ALS, FTD, or both. Initially, the 

clinical presentation could be “pure,” indicating one phenotype; however, during follow-up 

most cases have overlapping symptoms [22]. The diverse phenotype includes initial 

symptoms of Parkinsonism, motor neuron disease with bulbar onset, and dementia, which 

was also present in affected members of our family throughout all five generations.

L-dopa resistant Parkinsonism was previously described in about 50% of FTD and ALS-

FTD patients [25, 26]. Parkinsonian features in cases with ALS-FTD that were caused by a 

mutation in C9ORF72 usually developed within the first years of the disease course [26]. 

Parkinsonism was predominantly associated with bvFTD, but was not described in patients 

with ALS [25, 26, 28]. In contrast, our proband primarily presented with Parkinsonism that 

initially responded to L-dopa, which was suggestive of Parkinson's disease. She had no 

typical bvFTD symptoms. However, during the disease course she manifested the signs and 

symptoms of motor neuron disease with predominant bulbar features. Behavioral changes 

characterized by pseudobulbar affect were also present. The proband's sister was initially 

diagnosed as having ALS with a primarily bulbar manifestation. She later developed 

Parkinsonism, which was unresponsive to L-dopa. No cognitive impairment was reported. In 

agreement with the previous research, our cases have also shown that Parkinsonism is often 

present in the clinical spectrum of ALS-FTD linked to chromosome 9. This should be taken 

into consideration, especially in parkinsonian patients with additional neurological features 

and a positive family history [29]. All other affected subjects in the family presented either 

with dementia or motor neuron disease without concomitant symptoms that were suggestive 

of a complex disorder. Their blood samples were not available for genetic testing, and they 

were not examined directly. The medical data were based on interviews with family 

members, and no medical records or charts were available for review.
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Structural neuroimaging studies performed in clinically affected subjects have shown 

cortical atrophy that was predominantly localized in the fronto-temporal regions. Functional 

Tc-99m-SPECT studies performed in the proband revealed hypoperfusion in both fronto-

temporal regions, but this was more profound on the left side. Our findings are consistent 

with those of large patient cohorts [6, 22, 25].

Other family members who turned out to be carriers of the expansion in C9ORF72 were 

over 50-years-old and had no subjective complaints when they presented to our institution 

for genetic testing. They had mild frontal lobe dysfunction without memory deficits; any 

deficits that they did have neither interfered with their daily activities, nor fulfilled the 

frontotemporal dementia diagnosis criteria. We know from previous C9ORF72 expansion 

carrier studies that behavioral changes and features of frontal lobe dysfunction may be subtle 

and uncharacteristic of fully developed frontotemporal dementia [23, 24, 26]. Genetic test 

results and neuropsychological evaluation results may identify affected family members; 

however, these individuals may be functioning normally. We did not receive enough 

subjective or objective complaints for a clinical diagnosis. It is still unknown, what 

determines whether someone who carries a C9ORF72 expansion develops ALS, FTD, or 

both. We plan neurological and neuropsychological follow-up of those subjects, which 

would allow confirmation of a clinical diagnosis in the early stages of the disease.

Finally, taking into consideration a positive family history, clinical symptoms, and genetic 

tests results, this family was diagnosed with an ALS-FTD complex disorder linked to 

chromosome 9. Our report highlights the need for genetic testing of all patients with a 

positive family history to avoid a misclassification of patients, even if the clinical symptoms 

are not recognized as part of a spectrum of the same disease. This approach will lead to 

appropriate genetic counseling for patients and their families.

International studies have already confirmed that a hexanucleotide repeat expansion in 

C9ORF72 is the most commonly known genetic cause of ALS, FTD, and the ALS-FTD 

complex disorder in people of European decent [17, 22, 26]. However these expansion 

carriers were also found to be present in other populations [28, 30, 31], which supports a 

global presence of the C9ORF72 hexanucleotide repeat expansion.

Our report confirms that this C9ORF72 mutation has a diverse clinical presentation among 

members of the same family and shows that it is also present in Central-Eastern Europe. 

Further studies are needed to assess the frequency of this C9ORF72 expansion in the Polish 

population with familial, as well as sporadic ALS, FTD, and the ALS-FTD complex 

disorder.
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Figure 1. 
Pedigree. Square: male; circle: female; diagonal line: deceased; arrow: proband. Lower right 

quarter filled with black, motor neuron disease. Lower left quarter, Parkinsonism. Upper left 

quarter, dementia.
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Figure 2. 
Head MRI of the proband demonstrates cortical atrophy with fronto-temporal predominance.
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Figure 3. 
The C9ORF72 expansion sizes assessed in blood of the proband (6039-12: ∼900 repeat 

units [∼7.7 kb]), two unaffected mutation carriers (6039-14 and 6039-20: ∼1800 repeat 

units [∼13 kb]) and one non-carrier (6039-16: expansion not detected) displayed on a 

Southern blot. POS CON, positive control; WT, wild-type C9ORF72 allele.
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