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INTRODUCTION

Frontotemporal dementia (FTD) is the second most com-
mon cause of dementia in those under 65, and is clinically 
characterized by progressive behavior change, executive dys-
function and language difficulties. Approximately 40% of 
subjects have a family history and an autosomal dominant 

pattern of inheritance.1,2 The three most common mutations 
are the microtubule-associated protein tau gene,3 the progran-
ulin (PGRN) gene,4-6 and the C9ORF72. A number of studies 
have characterized the imaging features of these mutation-car-
riers. Whitwell et al.7 assessed gray matter (GM) atrophy in 
FTD patients with PGRN mutations and compared them to 
FTD without PGRN mutations using voxel based morphom-
etry (VBM) technique. They found that the PGRN carriers 
showed significantly more frontal and parietal GM loss than 
the PGRN non-carriers. 

Other studies also implicated the parietal lobe as being more 
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severely affected in PGRN mutation carriers.8,9 Clinical stud-
ies have also found deficits that result from the parietal lobe, 
such as limb apraxia, dyscalculia, visuospatial dysfunction 
and constructional disorders, are commonly seen FTD asso-
ciated with PGRN mutations.10,11

Since the patterns of atrophy in symptomatic PGRN carri-
ers have now been relatively well characterized, an important 
next question is whether these patterns can be identified in 
subjects before they develop any symptoms of the disease. The 
evidence regarding GM loss in the asymptomatic PGRN mu-
tation carriers is mixed. Borroni et al.12 investigated structural 
brain changes using VBM and diffusion tensor imaging (DTI) 
but found no differences in GM volume changes between the 
asymptomatic PGRN carrier and non-carrier group, although 
they found white matter (WM) changes in the left uncinate 
and inferior occipito-frontal fasciculus using DTI, suggesting 
that WM changes precede symptom onset. In contrast, Cru-
chaga et al.13 has found GM changes before onset of symptoms 
in PGRN carriers using VBM. GM volume loss was identified 
in the left frontal, temporal and parietal lobes and precuneus 
in the asymptomatic carriers. 

The majority of VBM studies in FTD associated with PGRN 
mutation have been based on cross-sectional data, where 
consistent results have not been acquired especially in early or 
pre-symptomatic FTD subjects. The aim of this study is to 
assess the early effect of the PGRN mutation through the lon-
gitudinal VBM evaluation of pre-symptomatic PGRN carriers 
compared to non-carrier family members as controls. 

METHODS 

Subjects 
We recruited 17 subjects, 7 of them were positive for muta-

tions in PGRN and 10 of them were negative. All cases were 
family members of FTD patients diagnosed clinically and have 
at least one affected relative confirmed pathologically with 
frontotemporal lobar degeneration associated with TDP-43 
inclusions. All study participants provided informed consent, 
and the study was approved by our institution ethics review 
board. There is no significant age difference between PGRN 
carriers and non-carriers (51.0±11.6, 55.2±6.0 yr, p=0.404). 
They had been prospectively studied in our University of Brit-
ish Columbia Hospital Clinic for Alzheimer and Related Dis-
orders. They underwent annual standardized assessments in-
cluding history collection, physical and neurological exams, 
blood tests, neuropsychological battery test, and a brain MRI.

At baseline, we did not identify any behavioral features, 
Parkinsonism, or significant language impairment. Neuro-
psychological battery tests were also normal (ref Brad’s paper 

if in press). They also could do follow-up studies including 
neurological exams, neuropsychological battery test and a 
brain MRI. Each PGRN carrier and non-carrier’s follow-up 
interval was 788.6±103.8 and 922.0±225.1 days (p=0.124).

Image acquisition and VBM analysis 
MR studies were performed with a 1.5T machine (Philips, 

Amsterdam, the Netherlands) with a standardized imaging 
protocol that including a sagittal T1-weighted 3-dimensional 
volumetric spoiled gradient echo sequence with 166 contigu-
ous partitions (inversion time: 800 ms; repetition time: 2000 
ms; echo time: 20 ms; slice resolution: 0.5×0.5 mm; slice thick-
ness: 0.5 mm).

VBM was used to assess group differences between the 7 
PGRN carriers and 10 non-carriers implemented using VBM8 
toolbox (http://dbm.neuro.uni-jena.de/vbm/) and statistical 
parametric mapping (SPM8, Wellcome Department of Imag-
ing Neuroscience, London, UK, http://www.fil.ion.ucl.ac.uk/
spm). All preprocessing procedures were performed accord-
ing to the VBM8 manual. 

We obtained the normalized global GM and WM volumes 
of baseline and follow-up images. The normalization of tis-
sue volume was expressed by dividing the individual GM or 
WM volume by the total intracranial volume (TIV) and mul-
tiplying by 1000, a procedure that controls for variation in 
brain sizes across subjects. The TIV of each subject was ob-
tained from the sum of GM, WM and CSF volume using the 
VBM8 toolbox. 

To detect the GM or WM volume difference of PGRN carri-
ers versus non-carriers, t-tests was conducted on the processed 
images, and age was treated as a covariate. This was performed 
in baseline and follow-up images by the SPM module of 
“Specify 2nd Level” at a statistical threshold of p<0.001 un-
corrected for multiple comparisons.

To evaluate the longitudinal change of GM or WM volume 
over time of PGRN carrier, we apply the baseline and follow-
up images of each subject onto the VBM8 toolbox that has a 
batch for longitudinal study design including intra-subject re-
alignment, bias correction, segmentation and normalization. 
Each subject longitudinal data was registered to the baseline 
image of each subject. 

We specified 2nd level using “Flexible Factorial” design 
with 17 subjects of the 2 groups, and 2 times. The interactions 
were defined between groups and times.

Age and follow-up interval were treated as covariates be-
tween study groups. The absolute threshold masking was 0.1. 
To detect the changes of tissue volume over time in PGRN car-
riers when comparing the changes in non-carriers, t-tests 
were conducted on the processed images. 
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Results were considered statistically significant at p<0.001 

uncorrected for multiple comparisons. 

RESULTS 

There were no significant normalized global GM (p=0.311) 
and WM volume (p=0.313) differences between PGRN carri-
ers and non-carriers in the baseline and follow-up images 
(Table 1). GM volume reduction rate was higher in the carri-
ers than non-carriers, but was not statistically significant.

Statistical parametric maps of baseline and follow-up im-
ages also did not show the GM volume atrophy in PGRN car-
riers compared to non-carriers. However, there was signifi-
cant regional WM volume reductions in the left frontal lobes 

in PGRN carriers (Fig. 1, uncorrected p<0.001).
The differential atrophic changes of regional GM volume 

associated with time were found in the right superior frontal 
lobules, bilateral parietal lobules (Fig. 2, uncorrected p<0.001). 
However, statistical parametric map did not show a signifi-
cant longitudinal volume change of the WM between the car-
riers and non-carriers even in uncorrected p<0.01. 

DISCUSSION 

In this study, we analyzed GM volume changes over time in 
PGRN carriers at-risk for developing FTD compared to non-
carriers. This is important to our understanding of the early 
changes in FTD progression. The major findings were, first, 

Table 1. Normalized global volumes of GM (nGM vol), WM (nWM vol), and cerebrospinal fluid (nCSF vol) of the PGRN carriers and non-
carriers and their volume change rate

Age nGM vol nWM vol nCSF vol
Carrier Baseline 51.0±11.6 474.52±22.94 355.95±21.76 169.53±23.68

Follow-up 469.75±22.18 351.51±25.56 178.74±26.52
Volume change rate (%/year) -0.47 -0.58 2.51

Non-carrier Baseline 55.2±6.0 461.79±26.71 366.09±15.29 172.12±20.00
Follow-up 460.52±29.23 359.96±13.32 179.52±26.14
Volume change rate (%/year) -0.11 -0.66 1.70

p-value
  (carrier vs. non-carrier)

Baseline 0.404 0.311 0.313 0.872
Follow-up 0.471 0.445 0.953
Volume change rate 0.279 0.580 0.589

Each progranulin (PGRN) carrier and non-carrier’s follow-up interval was 788.6±103.8 and 922.0±225.1 days (p=0.124). 
The normalization of tissue volume was expressed by dividing the individual GM, WM, or CSF volume by the TIV and multiplying by 1000. 
nCSF vol: normalized cerebrospinal fluid volume, nGM vol: normalized gray matter volume, nWM vol: normalized gray matter volume, TIV: total 
intracranial volume.

Fig. 1. Baseline of statistical parametric map of GM (A) and WM (B) regional volume reductions of frontotemporal dementia unaffected pro-
granulin mutation carriers versus unaffected non-carrier. There is no significant GM atrophic area seen (controlled by age, uncorrected 
p<0.001) but WM reductions in left frontal area. GM: gray matter, SPM: statistical parametric mapping, WM: white matter.
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that baseline GM volume difference was not statistically shown 
between the PGRN carrier and non-carrier groups; second, 
that global GM volume of the carriers has a greater rate of at-
rophy than that of non-carriers, but not statistically signifi-
cant; and third, that the carrier showed steeper regional tis-
sue volume decrease particularly in the left frontal and bilateral 
parietal lobes.

As in previous studies,12 we found that asymptomatic PGRN 
mutation carriers did not show any significant GM atrophy at 
baseline, but we found that there is evidence of WM change 
in the left middle frontal lobes. It is suggest that WM change 
precede the GM and onset of clinical symptoms in FTD. 

To identify PGRN related early neurodegeneration chang-
es, we performed longitudinal analyze with repeated MRIs in 
PGRN carriers and non-carriers. Even though PGRN carriers 
and non-carriers showed very similar pattern of atrophic change 
with time, presumably as part of global aging, when we com-
pared atrophic changes between the two groups, there is dif-
ferential GM atrophic changes located in mainly the bilateral 
parietal lobes. These findings are similar to the GM changes 
reported in a previous study of symptomatic PGRN carriers.7 

Although we did not obtain statistical significances, we 
found a tendency of higher volume reduction rate in the PGRN 
carrier group than non-carrier group.

It is readily assumable that even in asymptomatic subjects 
PGRN mutation related to reduction of cortical GM. PGRN 
mutations reduce progranulin levels and result in loss of func-

tion. Progranulin is a growth factor role in biological processes 
such as inflammation, wound healing, and cancer, and for its 
neurotrophic properties.14 

In conclusion, this study suggests that WM changes could 
precede both of GM changes and symptom onset. Longitudi-
nally, PGRN mutation has differential atrophic change on pa-
rietal areas even in at-risk FTD.
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