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Background: Frontotemporal dementia (FTD) is a heterogeneous neurodegenerative disorder with a strong
genetic component. The cerebellum has not traditionally been felt to be involved in FTD but recent research
has suggested a potential role.

Methods: We investigated the volumetry of the cerebellum and its subregions in a cohort of 44 patients with ge-
netic FTD (20 MAPT, 7 GRN, and 17 C9orf72 mutation carriers) compared with 18 cognitively normal controls. All
groups were matched for age and gender. On volumetric T1-weighted magnetic resonance brain images we used

K ds: . N Lo .

C?r/:;oerlljm an atlas propagation and label fusion strategy of the Diedrichsen cerebellar atlas to automatically extract subre-
Genetic frontotemporal dementia gions including the cerebellar lobules, the vermis and the deep nuclei.

C901f72 Results: The global cerebellar volume was significantly smaller in C9orf72 carriers (mean (SD): 99989 (8939)

mm?) compared with controls (108136 (7407) mm?). However, no significant differences were seen in the
MAPT and GRN carriers compared with controls (104191 (6491) mm?® and 107883 (6205) mm® respectively). In-
vestigating the individual subregions, C9orf72 carriers had a significantly lower volume than controls in lobule
Vlla-Crus I (15% smaller, p < 0.0005), whilst MAPT mutation carriers had a significantly lower vermal volume
(10% smaller, p = 0.001) than controls. All cerebellar subregion volumes were preserved in GRN carriers com-
pared with controls.
Conclusion: There appears to be a differential pattern of cerebellar atrophy in the major genetic forms of FID,
being relatively spared in GRN, localized to the lobule VIla-Crus I in the superior-posterior region of the cerebel-
lum in C90rf72, the area connected via the thalamus to the prefrontal cortex and involved in cognitive function,
and localized to the vermis in MAPT, the ‘limbic cerebellum’ involved in emotional processing.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Frontotemporal dementia (FTD) is a clinically, pathologically and
genetically heterogeneous neurodegenerative disorder, commonly pre-
senting with progressive impairment in behaviour (behavioural variant
FTD, bvFTD) or language (primary progressive aphasia, PPA). Around a
third of patients with FTD have an autosomal dominant mutation in
one of three genes: microtubule-associated protein tau (MAPT),
progranulin (GRN) and chromosome 9 open reading frame 72 (C901f72)
(Rohrer and Warren, 2011). Neuroimaging and pathological studies of
FTD have emphasized the key roles of the frontal, temporal, insular and
cingulate cortices as well as subcortical structures such as the striatum
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and thalamus, but minimal attention has been paid to the potential role
of the cerebellum.

Although its function has traditionally been felt to be related solely
to the co-ordination of movement, research over the past twenty
years has highlighted a role for the cerebellum in cognitive and emo-
tional processing (Schmahmann, 1991; D'Angelo and Casali, 2013;
Middleton and Strick, 2000; Strick et al., 2009; Makris et al., 2003). It
is extensively connected with different brain regions, including key
areas involved in FTD, e.g. via the thalamus to the prefrontal cortex
(Behrens et al., 2003; Palesi et al., 2015), and to the limbic system via
a direct cerebello-limbic pathway (Arrigo et al., 2014).

Interest in the cerebellum in FTD has arisen from the association of
(C9orf72 mutations with cerebellar pathology at post-mortem and a num-
ber of voxel-based morphometry MRI studies have now found involve-
ment of the cerebellum in this group (Whitwell et al., 2012; Irwin et al.,
2013; Mahoney et al., 2012; Rohrer et al., 2015). However detailed re-
gion of interest studies have not been performed, nor direct comparison
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C9orf72 mutation carriers showed the lowest global cerebellar vol- ;g S] = LoIrarron
ume (mean (SD): 99989 (8939) mm?), significantly smaller than con- % s
trols (108136 (7407) mm?>, p = 0.006 on Mann-Whitney U test), and 25 SRR - = ]
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For the 14 individual subregions of the cerebellum, a Bonferroni cor- T g —=
rection for multiple comparisons was made so that only a threshold of % é 55 e
p < 0.003 was considered significant. The C90rf72 group showed a sig- = " = o s 35 ‘§° =
nificantly lower volume compared with controls of the lobule Vlla- - %g g Ty % E Trvey
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group showed a significantly lower volume of the vermis only (p = ES
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