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Abstract

Background/Aims: CHMP2B mutations are a rare cause of
familial frontotemporal dementia (FTD). The clinical syn-
drome is dominated by personality change and behavioural
symptoms, but language, memory, calculation and praxis
impairments are also seen early in the course of the disease.
There are no detailed studies of brain imaging in CHMP2B
mutation-associated FTD. This study aimed to investigate
whether there were early or presymptomatic changes in this
group of patients. Methods: Subjects comprised 16 mem-
bers of a Danish family with CHMP2B mutation-associated
FTD. Nine subjects were presymptomatic mutation carriers
with a control group of 7 mutation-negative family mem-
bers. Volumetric MRl brain scans were performed on all sub-
jects at two time points, and rates of volume change were
compared between the two groups. Results: We demon-
strate that generalized atrophy occurs presymptomatically
in CHMP2B gene mutation carriers. Conclusions: This finding

suggests that mutations in CHMP2B have widespread effects
throughout the brain, leading to a neuro-anatomical signa-
ture distinct from other diseases in the frontotemporal lobar

degeneration spectrum. Copyright © 2009 S. Karger AG, Basel

Introduction

Mutations in the CHMP2B gene are a rare cause of fa-
milial dementia [1]. The original descriptions of the dis-
ease linked to chromosome 3 in a large Danish family
emphasized the clinical and pathological overlap with
both sporadic and genetic forms of frontotemporal de-
mentia (FTD) [2-4]. Patients generally present with
changes in personality or behaviour, commonly apathy,
restlessness, aggression, poor self-care and altered appe-
tite. Behavioural change without insight remains the
most prominent feature as the disease progresses. Lan-
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guage impairment is also common, typically in the form
of a dynamic aphasia (reduced spontaneous speech in the
presence of preserved reading and repetition) rather than
one of the canonical language syndromes within the
frontotemporal lobar degeneration (FTLD) spectrum
(progressive non-fluent aphasia, semantic dementia or
logopenic/phonological aphasia). Neuropsychologically
assessed patients may have episodic memory impair-
ment, but this is relatively mild compared to the behav-
ioural syndrome. Whilst these problems are attributable
to frontal and/or temporal lobe dysfunction, unlike most
patients with FTLD, early parietal lobe deficits, such as
dyscalculia and limb apraxia, have also been described.
Pathologically, CHMP2B mutation cases fall within the
large group of FTLD cases with ubiquitin-positive inclu-
sions; however, unlike the majority of this group, these
inclusions are negative for the protein TDP-43 [5].

There are limited descriptions of brain imaging in
CHMP2B mutation-associated FTD [4]. In these cases,
atrophy appears to be generalized rather than the focal
frontal and temporal lobe atrophy typically seen in FTD.
This would be consistent with the additional posterior
cerebral dysfunction seen clinically. However, brain im-
aging in previous studies was acquired a number of years
into the disease, and little is known about early imaging
changes in CHMP2B mutation-associated FTD. While
presymptomatic atrophy has been demonstrated a num-
ber of years prior to symptom onset in other forms of
familial FTLD [6], there are currently no studies of pre-
symptomatic CHMP2B mutation carriers. Here, we de-
scribe brain imaging changes in a group of presymp-
tomatic CHMP2B mutation carriers in comparison to an
age-matched cohort of mutation-negative members of
the same family.

Subjects and Methods

Subjects comprised 16 members from the third and fourth
generation of a Danish family with CHMP2B mutation-associat-
ed FTD. Nine of these were presymptomatic mutation carriers (7
males, 2 females) and a control group of 7 were known to be with-
out the mutation (4 males, 3 females). The mean age at the time of
the first scan was 54.2 years for the control group, and 55.8 years
for the presymptomatic group, each predating the average age of
symptomatic onset for CHMP2B mutation-associated FTD (57
years) by at least 1 year. There was no significant difference be-
tween the two groups in terms of age at the time of the first scan
or gender. Ethical approval for the study was obtained from the
County Ethics Committee in the Counties of Aarhus, Viborg-
Nordjylland and Copenhagen, Denmark.

Presymptomatic Generalized Atrophy in
FTD3

The subjects all underwent a standard clinical evaluation by an
experienced neurologist used to seeing patients with CHMP2B mu-
tation-associated FTD. None of the subjects had clinical symptoms
or signs indicating the emergence of FTD. Furthermore, none of
the subjects complained of any subjective behavioural or cognitive
symptoms, and on discussion with a close family member, the par-
ticipating subjects had not changed and did not show any behav-
ioural or cognitive symptoms indicating disease onset.

Each subject underwent two volumetric brain MRI scans with
a mean interval of 16 months for both groups on a GE-Excite 3T
scanner at the Centre for Functionally Integrated Neuroscience,
Aarhus University Hospital, Denmark. Three-dimensional T,
structural images were acquired with a three-dimensional inver-
sion recovery fast-spoiled gradient-recalled sequence with TR/
TE/TI=6.3/2.9/750 ms, flip angle = 14°, in-plane resolution = 0.94

X 0.94 mm? (256 X 256 pixels) and slice thickness = 1.2 mm. Full
head images were acquired with 126-148 axial slices using a stan-
dard head coil. Digitized images were transferred to the Dementia
Research Centre, Department of Neurodegenerative Disease, In-
stitute of Neurology, London, UK, where analysis was performed
blinded to the genetic or clinical status of the subjects. The MR
images were corrected for any intensity nonuniformity [7], and
then delineation of the whole brain was performed. Scans were
outlined using the MIDAS software package [8], a rapid semi-au-
tomated technique that involves interactive selection of thresh-
olds, followed by a series of erosions and dilations. This yields a
brain region which is separated from surrounding cerebrospinal
fluid, skull and dura. The ventricles were also manually segment-
ed, including the lateral ventricles and temporal horn of the lat-
eral ventricles within this volume, but not the third or fourth ven-
tricles. Additional analyses were performed by subdividing the
brain into hemispheres and quadrants (anterior and posterior
segments of both cerebral hemispheres). This was performed by
initially transforming the scans and their associated brain regions
into standard space by a 6 degrees-of-freedom registration to the
Montreal Neurological Institute (MNI) template [9]. Subsequent-
ly, an intersection of the brain region and a hemispheric or qua-
drantic subregion defined on the MNI template was generated.
This provided a measure of the brain volume in the following re-
gions: left hemisphere, right hemisphere, anterior hemi-brain,
posterior hemi-brain and all four quadrants of the brain (left an-
terior, right anterior, left posterior and right posterior quadrants).
Rates of volume change for the whole brain, ventricles, hemi-
spheres and hemi-brain were calculated by subtracting the repeat
scan measurement from the baseline measurement then express-
ing as a percentage of the baseline volume (except for the ventri-
cles which are expressed as millilitres per year) and finally adjust-
ing to an annualized rate according to the interscan interval. An-
teroposterior profiles were generated for both the control group
and the mutation carriers by plotting the mean area of each coro-
nal brain slice (in standard MNI space) generated from the whole
brain segmentation from anterior to posterior.

Quadrant volumes and anteroposterior profiles were also cal-
culated in a group of 19 patients (12 males, 7 females) with patho-
logically confirmed FTLD (all with tau-positive pathology). This
group had an average age of 54.6 years at scanning and had had
symptom onset on average 6 years previously. There were no sta-
tistically significant differences between the tau-positive FTLD
cases and either the CHMP2B carriers or healthy controls with
respect to age at scan acquisition.
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STATA 8 (StataCorp, College Station, Tex., USA) was used for
statistical analysis. All segmentations were performed twice and
the results averaged to reduce measurement error. Two-sample t
tests assuming unequal variance were used to compare the rates
of brain atrophy and ventricular enlargement between the groups
[10].

Results

A significantly greater mean annualized whole brain
atrophy rate was found in the presymptomatic mutation
carrier group relative to the healthy control group: 2.53%
(standard deviation, SD 1.17) in the presymptomatic
group versus 0.92% (SD 1.06) in controls (p <0.05) (fig. 1).
Mutation carriers also had significantly greater mean
rates of ventricular enlargement [1.40 ml/year (SD 1.13)
in mutation carriers, 0.58 ml/year (SD 0.54) in controls,
p < 0.05] and cerebral hemisphere atrophy [right hemi-
sphere: 2.16% (SD 1.01) in mutation carriers, 0.93% (SD
1.09) in controls, p < 0.05; left hemisphere: 2.30% (SD
0.99) in mutation carriers, 0.72% (SD 1.42) in controls,
p < 0.05]. Rates of anterior and posterior hemi-brain at-
rophy were also significantly greater in the mutation car-
riers than in controls [anterior hemi-brain: 2.47% (SD
1.26) in mutation carriers, 0.66% (SD 1.80) in controls,
p < 0.05; posterior hemi-brain 2.73% (SD 1.73) in muta-
tion carriers, 1.20% (SD 1.34) in controls, p < 0.05]. For
the mutation carriers, there was no significant difference
between the rates of atrophy in the left and right hemi-
spheres nor between the rates of atrophy in the anterior
and posterior hemi-brains.

In order to assess cerebral asymmetry directly, the ra-
tio of right to left hemisphere volume was measured in
each subject and the mean ratios compared between the
mutation and healthy control groups. The mean ratio for
the repeat scan was 1.00 in both groups with a range
of 0.99-1.02 for the carriers and of 0.99-1.01 for the
controls, indicating no asymmetry of atrophy in the
CHMP2B mutation cases (no significant difference be-
tween groups, p = 0.75). In order to assess whether an
anteroposterior gradient of atrophy was present, a ratio
of the anterior hemi-brain volume to the posterior hemi-
brain volume was calculated. The mean anteroposterior
ratio was 0.76 (range 0.73-0.81, not significantly differ-
ent) in both mutation carriers and controls. The mean
anteroposterior ratio in the tau-positive FTLD group was
0.68 (range 0.63-0.71), significantly different from both
the healthy control group (p < 0.05) and the CHMP2B
mutation carriers (p < 0.05). This difference is shown
graphically in the anteroposterior profiles in figure 2
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Fig. 1. Annualized percentage rates of whole brain atrophy in mu-
tation-negative controls and CHMP2B mutation carriers (dotted
line represents the mean).

which represent the mean areas at each coronal brain
slice as a percentage of the control group value. Whereas
a clear anteroposterior gradient is seen in the tau-positive
FTLD group with greater atrophy in the frontal and tem-
poral lobes compared to more posterior regions, there is
no such gradient in the CHMP2B mutation carriers.

Discussion

We have shown that brain atrophy in CHMP2B muta-
tion-associated FTD predates symptom onset and is gen-
eralized even at this presymptomatic stage. Firstly, in
comparison with the control group there was evidence of
cerebral atrophy in the presymptomatic mutation carri-
ers and, secondly, there was no anteroposterior gradient
of atrophy unlike the pathologically confirmed FTLD
group (fig. 2), with similar rates of atrophy in both the
anterior and posterior hemi-brain. This presymptomatic
generalized atrophy contrasts with other diseases in the
FTLD spectrum that have been shown to exhibit pre-
symptomatic focal frontal and/or temporal lobe atrophy
[6]. Posterior cerebral involvement is uncommon clini-
cally, radiologically and pathologically in FTLD [11].
Even after symptom onset, posterior atrophy is rarely de-
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Fig. 2. Anteroposterior profiles in CHMP2B mutation carriers
and tau-positive FTLD patients (i.e. mean area at each brain slice
as a percentage of mutation-negative control group from anterior
to posterior). Representative T coronal brain images are shown
in all three groups at 5 slices (170, 145, 120, 95 and 70) from ante-

scribed in either sporadic FTLD or familial FTLD associ-
ated with mutations in the MAPT or VCP genes. Parietal
lobe atrophy has recently been described as an early fea-
ture in patients with mutations in the progranulin gene
[12, 13]. However, atrophy associated with progranulin
mutations is often asymmetrical, in contrast to the cases
described here in which atrophy was generalized without
hemispheric predominance. This early generalized atro-
phy combined with the recent finding that the ubiquitin-
positive, tau-negative inclusions in CHMP2B do not con-

Presymptomatic Generalized Atrophy in
FTD3

rior to posterior. This diagram shows the anteroposterior gradi-
ent characteristically seen in patients with FTLD in the tau-posi-
tive group. By comparison, the presymptomatic CHMP2B group
does not have an anteroposterior gradient.

tain the protein TDP-43 [5] suggests a pathogenetic dis-
tinction between CHMP2B mutation-associated FTD
and the other genetic and sporadic forms of FTLD. One
weakness of this study is the comparison of the presymp-
tomatic group with a group of FTLD patients who already
have symptomatic disease. However, comparison with
presymptomatic mutation carriers of other FTLD groups
is difficult because routine mutation screening and/or
imaging of presymptomatic patients is uncommon. It is
conceivable that the anteroposterior gradient increases as
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the disease progresses, but nonetheless our results show
that despite the presence of cerebral atrophy in the pre-
symptomatic mutation carriers, the anterior to posterior
volume ratio is not different to controls, and furthermore
the rate of posterior hemi-brain atrophy is similar to the
rate of anterior hemi-brain atrophy. These results suggest
that a more generalized atrophic process is occurring.
The generalized atrophy mirrors CHMP2B gene ex-
pression, which occurs throughout the brain [1]. Thus,
atrophymayreflectageneral response toaltered CHMP2B
function in the brain, which is likely to affect important
cellular processes [14-16]. However, further work is need-
ed to elucidate why, despite this generalized cortical in-
volvement, a behavioural syndrome redolent of other ge-
netic and sporadic FTLD syndromes is the most com-
mon clinical correlate of CHMP2B-associated disease.
We speculate that this reflects the highly distributed
brain mechanisms that support executive and complex
behavioural functions: a process such as CHMP2B-asso-
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