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eTable 1. Characteristics of FTLD-TDP Patients in This Study 
A. Characteristics of FTLD-TDP Patients With (GRN+) and Without (GRN−) GRN Mutations 
 GRN+ FTLD-TDP GRN− FTLD-TDP P Value 
Male 48 259 

Female 49 192 

.176

FH (+) 59 122 

FH (−) 19 208 

<.0001

MND (+) 5 99 

MND (−) 88 278 

<.0001

PD/CBS/PSP (+) 5 5 

PD/CBS/PSP (−) 89 381 

.029

Aphasia (+) 14 43 

Aphasia (−) 80 343 

.373

B. Characteristics of GRN Mutants With (R493X) and Without (GRN+ Without R493X) R493X 
Mutations 
 R493X GRN+ Without R493X P Value 
Male 13 35 

Female 5 44 
.039

FH (+) 9 50 

FH (−) 6 13 
.178

MND (+) 0 9 

MND (−) 17 67 
.203

PD/CBS/PSP (+) 0 5 

PD/CBS/PSP (−) 18 72 
.580

C. Characteristics of GRN Mutants With (A9D) and Without (GRN+ Without A9D) A9D Mutations   
 A9D GRN+ Without A9D P Value 
Male 4 44 

Female 2 47 
.436

FH (+) 1 58 

FH (−) 3 16 
.043

MND (+) 1 8 

MND (−) 4 80 
.406

PD/CBS/PSP (+) 2 3 

PD/CBS/PSP (−) 3 86 
.021

Numbers represent the number of patients of each gender, with (+) or without (−) family history 
(FH), with (+) or without (−) motor neuron disease (MND), with (+) or without (−) diagnoses of 
Parkinson’s Disease/Corticobasal Syndrome/Progressive Supranuclear Palsy (PD/CBS/PSP), and 
with (+) or without (−) aphasia.  Nominal P values from two-tailed Fisher’s exact test are shown.   
Because data were unavailable for a small number of patients in each category, total numbers are 
not the same for each category.
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eFigure 1.  Comparison of FTLD-TDP with and without GRN mutations. 

Age of symptom onset was significantly earlier in FTLD-TDP with GRN mutations (GRN+), 

compared to FTLD-TDP without GRN mutations (GRN−).  P value determined by log-rank test. 
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SUPPLEMENTARY METHODS 
 

Detailed Description of Cases 

An International FTLD Collaboration consisting of investigators from 45 clinical centers and brain 

banks representing 11 countries (United States, Canada, United Kingdom, The Netherlands, 

Belgium, Spain, Germany, Australia, Finland, France, Sweden) was formed to collect FTLD-TDP 

cases with clinical and demographic information under IRB approval.  Because data from the 

collected FTLD-TDP cases accumulated on a rolling basis, and different quality control measures 

were needed for our prior genome-wide association analysis,31 the cases used in this study were not 

exactly the same as the cases used in our prior genome-wide association study.  Overlap between 

the two studies, however, was greater than 95%.  Autopsy cases with a pathological diagnosis of 

FTLD-TDP were included if dementia was present clinically with or without MND (i.e. FTLD or 

FTD-MND).  Living patients were included if they were confirmed to have pathogenic GRN 

mutations.  All included cases were indicated to be Caucasian.  The presence or absence of GRN 

mutations was either demonstrated by the contributing site (n=271) or determined by bidirectional 

sequencing at the University of Pennsylvania (UPenn) as previously described (n=294) (51).  GRN 

mutations were considered pathogenic if they were previously demonstrated to be pathogenic in the 

literature, or if they were nonsense mutations or frameshift mutations predicted to result in 

premature termination.  A small number of cases collected in this manner were found to have GRN 

variations of unknown significance (n=11), and they were excluded from the analysis here.  No 

cases were known to be related by the contributing sites.  Additionally, cases were screened for 

relatedness using IBS estimations in the software package plink 

(http://pngu.mgh.harvard.edu/~purcell/plink/index.shtml) 
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on 100,000 randomly distributed markers throughout the genome.  Pairwise Pi-hat values in excess 

of 0.01 were considered indicators of relatedness.  A subset of samples (n=42) did not have 

adequate genomewide data for the IBS analysis; however, only three of these samples had GRN 

mutations, making it unlikely that undetected relatedness among our GRN mutation carriers could 

skew our estimations of relative frequencies of mutations.  Four cases were found to be related by 

IBS to four other cases in our cohort, so we excluded them from this analysis.  Demographic and 

clinical details were determined by the contributing site, including age of disease onset (symptom 

onset as reported by family), age at death (in autopsy cases), presence/absence of concomitant 

MND, presence/absence of family history of a similar condition, gender, and clinical diagnosis.  

Due to variations in clinical nomenclature, clinical diagnoses were extracted with the highest 

specificity possible but re-classified as one of four main diagnostic categories: behavior or language 

variant of FTD (bv/lv-FTD), Alzheimer’s disease (AD), dementia not otherwise specified (dementia 

NOS), or Parkinson’s disease/corticobasal syndrome/progressive supranuclear palsy (PD/CBS/PSP) 

for comparative purposes as detailed below.  

 

Clinical Harmonization 

The neuropathological entity FTLD-TDP underlies a spectrum of clinical diagnoses.  To harmonize 

clinical terminology among clinical sites, the following terms and definitions were used: 

1.  Frontotemporal lobar degeneration spectrum.  This includes the subgroups Behavioral 

variant FTD (Bv FTD), Language variant FTD (Lv FTD), as well as FTD-not otherwise specified 

(FTD NOS).  Language variant FTD includes primary progressive aphasia (PPA), semantic 

dementia (SD), progressive nonfluent aphasia (PNFA), and FTLD with other designations of 

aphasia.  It was not possible to deduce which of the FTD-NOS group presented with behavioral 

symptoms based on available clinical information.  
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2.  AD spectrum.  This includes the subgroups AD, probable AD, and possible AD.  Only cases 

specifically designated AD, probable AD, or possible AD by each clinical site were classified this 

way.  If the diagnosis was “AD vs. FTLD” or “AD vs. CJD,” etc., or the presentation was very 

atypical (e.g. with MND) the case was classified as Dementia not otherwise specified (Dementia 

NOS). 

3.  Parkinsonian presentation.  This includes those cases with primary clinical diagnoses of 

corticobasal syndrome (CBS), corticobasal degeneration (CBD), Parkinson’s disease (PD), or 

progressive supranuclear palsy (PSP) 

4.  Dementia NOS.  This term covers the cases designated Dementia NOS; or cases with dementia 

but not carrying diagnoses within the FTLD spectrum, the AD spectrum, or the CBS spectrum (e.g. 

CJD); or cases with dementia where the diagnosis was in doubt (e.g. AD vs. FTLD). 

5.  Other.   This term covers cases not meeting any of the above criteria.   

6.  n/a.  This indicates cases where clinical information was not available. 

7.  Motor neuron disease (MND).  Each site was additionally asked to comment on the 

presence/absence of motor neuron disease as a feature concomitant with dementia, and this 

information was collated along with primary clinical diagnosis.   
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SUPPLEMENTARY MATERIALS: CASE SYNOPSES 

 

Case 2 with GRN mutation c.675_676delCA (p.S226WfsX28) presented with a change in 

personality and poor performance at work including neglect of duties and inappropriate behavior.  

On examination, he was alert and oriented except to date.  A psychological profile found him to 

have a verbal IQ of 83 while performance IQ was 92.  The MMSE score was 26/30.  A magnetic 

resonance image of the brain was interpreted as normal, as was an electroencephalogram.  

Examination of the CSF was also non-contributory.  Upon reexamination 10 months later, the 

patient was noted to have prominent fasciculations involving his upper and lower extremities, and 

within 2 months he also had limb weakness.  A muscle biopsy was consistent with denervation, 

and an electromyogram was suggestive of anterior horn cell disease.  A PET scan showed decreased 

glucose utilization in the frontal lobes.  He was treated with tacrine and indomethacin but continued 

to deteriorate, losing the use of his arms due to weakness.  He also developed dysarthria and 

dysphagia.  He had no insight into his own condition and little concern.  He died at age 53 after a 2-

year disease course, and neuropathological examination confirmed FTLD-TDP.  In addition, in the 

cervical spinal cord, an ovoid, eosinophilic, cytoplasmic inclusion was noted in an anterior horn 

cell.  Corticospinal tract degeneration was not seen on Luxol Fast Blue-stained sections.  He had no 

family history of neurological illness.    

   

 
 


