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Huntington's disease (HD) displays progressive striatal atrophy that occurs long before the onset of clinical
motor symptoms. As there is no treatment for the disease once overt symptoms appear, it has been suggested
that neuroprotective therapy given during this presymptomatic period might slow progression of the disease.
This requires biomarkers that can reliably detect early changes and are sensitive to treatment response. In
mouse models of HD, structural MRI measures have been shown to detect disease onset. To determine
whether such measures could also be suitable biomarkers for following responses to treatment, we used T2-
weighted MR imaging combined with automated morphological analyses and characterized changes in
regional brain volumes longitudinally in the N171-82Q HD mouse model in a preclinical trial. We report here
that N171-82Q HD mice exhibit adult-onset and progressive brain atrophy in the striatum and neocortex as
well as in whole brain; the progressive atrophy in striatum and neocortex is positively correlated with motor
deficits. Most notably, MRI also detected neuroprotective effects of sertraline treatment, a neuroprotective
agent confirmed in our previous studies. Our present studies provide the first evidence that longitudinal
structural MRI measures can detect the therapeutic effect in HD mice, suggesting that such measures in brain
could be valuable biomarkers in HD clinical trials.
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Introduction

Huntington's disease (HD) is a dominantly inherited neurodegen-
erative disorder in which an expanded CAG triplet on the gene
huntingtin has shown full penetrance; it is characterized by
progressive impairment of motor function, psychiatric disturbance
and dementia. The earliest and most striking neuropathological
changes are atrophy occurring in the striatum (Halliday et al.,
1998). More widespread neurodegeneration is also detected in
other brain regions comprising both gray matter and white matter
(Hobbs et al., 2010a,b; Rosas et al., 2010, 2006; Reading et al., 2005;
Ciarmiello et al., 2006). Changes in brain volumes can precede overt
symptoms bymany years in HD (Hobbs et al., 2010a,b; Nopoulos et al.,
2010; Wild et al., 2010; Aylward et al., 2000; Paulsen et al., 2008).
Therefore, in HD treatment trials, it is important to determine not only
the efficacy of the treatment but also when the treatment should
begin, because neuroprotective therapy might provide stronger
benefits if given before overt clinical symptoms. The challenge is to
evaluate putative neuroprotection before the onset of clinical
symptoms; thus, development of biomarkers with which the changes
could be detected in the presymptomatic stage could be extremely
valuable for the assessment of neuroprotective therapies in HD.

MRI-based measurement is a potential candidate for assessing
regional volumetric change and it has been associated with known
pathology of HD. Studies suggest that clinical trial of a putative
neuroprotective agent could begin as early as 15 years prior to estimated
motor diagnosis in a cohort of persons at risk for, but notmeeting clinical
motor diagnostic criteria for HD, and that neuroimagingmight be among
thebest predictors of earlydiagnosis (Nopoulos et al., 2010; Paulsenet al.,
2010; Rosas et al., 2010; Tabrizi et al., 2009). Validation of MRI-based
volumetric measures as biomarkers should be done longitudinally to
determinewhen the specific brain region first shows detectable atrophy,
whether the degree of atrophy correlates with disease progression, how
progression of brain atrophy correlates with other detectable
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phenotypes, and most importantly, how the brain atrophy responds to
treatment.

StructuralMRImeasures of striatal volume changesmay be sensitive
and reliable for early disease detection and serve as a biomarker for HD.
Indeed, there is a wealth of evidence that striatal atrophy can be
detected by MRI up to 23 years prior to predicted motor onset, that
striatal volume is negatively correlated with motor function and CAG
repeat length, and that striatum continues to shrink with disease
progression (Harris et al., 1992, 1996, 1999; Aylward et al., 1997, 2004;
Rosas et al., 2001; Kassubek et al., 2004; Paulsen et al., 2006). More
recent studies indicated that structural MRI can detect early brain
volume changes (Nopoulos et al., 2010; Paulsen et al., 2010, 2008;
Kloppel et al., 2009; Tabrizi et al., 2009), but whether it has adequate
sensitivity to assess the outcome of neuroprotective trials remains
unknown. Use of MRI measures as biomarkers for clinical therapeutic
trials requires validation.

HD mouse models provide a unique model system with which to
validate the imaging measures as biomarkers. Among available HD
mouse models, fragment HD models, R6/2 and N171-82Q models, are
most widely used in preclinical trials, as these mice display multiple
phenotypic changes and brain pathology resembling those in HD
patients; whereas full-length HD moue models often have subtle
phenotypic changes, making it less feasible to use them in short
preclinical trials. It was reported that structural MRI combined with
voxel-based morphometry showed brain atrophy in cross-sectional
studies of R6/2mice (Sawiak et al., 2009a,b). We further characterized
brain volumetric changes longitudinally in R6/2 mice (Zhang et al.,
2010). Our results indicate that R6/2model displayed detectable brain
atrophy at 3 weeks of age, and it was difficult to track disease onset for
use in presymptomatic trials. Therefore, we turned to the N171-82Q
mouse model, that showed adult-onset behavioral deficits and other
phenotypic changes that are less aggressive than those in R6/2
mice, suggesting that N171-82Q model might be suitable for both
presymptomatic and symptomatic preclinical trials. We chose sertra-
line, a selective serotonin reuptake inhibitor (SSRI), as our positive
drug todetermine the sensitivity of structuralMRImeasures, aswehave
demonstrated that sertraline has neuroprotective effects in HDmice by
increasing brain-derived neurotrophic factor and neurogenesis and that
it attenuated brain atrophy in HD mice as indicated by histological
analysis (Duan et al., 2008; Peng et al., 2008).

We used T2-weighted structural MRI combined with automated
deformation-based morphometry analysis to characterize regional
brain volume changes, correlate with other HD-like phenotypes, and
evaluate the therapeutic response to a neuroprotective agent in the
N171-82Q HD model. We found that N171-82Q HD mice exhibited
adult-onset brain regional atrophy, that the atrophy is progressive,
and most importantly, that MRI could detect the therapeutic response
in these mice. Our current findings provide to our knowledge the first
evidence that structural MRI could detect treatment response, and
provide proof-of-principle for use of MRI-based biomarkers in future
preclinical trials as well as in human HD clinical trials.

Materials and methods

Animals and drug treatment

Transgenic N171-82Q HD mice were maintained by breeding
heterozygous N171-82Q males with C3B6F1 females (Taconic). DNA
was obtained from tails of the offspring for determination of the
genotype and CAG repeat size by PCR assay which was performed by
Laragen Inc (Los Angeles, CA, USA) genotyping service. The mice were
housed in groups of 3–5with access to food andwater ad libitum and a
12-h light/dark cycle. Malemice with CAG repeat 82 used in this study
were housed in cages that included an orangemouse igloo and a green
nylabone. Sertraline (10 mg/kg, Toronto research Chemicals, Canada)
was dissolved in 0.2% Tween-80 (vehicle) and administered at
6 weeks of age by i.p. injection daily. Age and gender-matched
littermate wild type mice were used as controls. There were 15 mice
in each group. All animal experiments were performed according to
procedures approved by the Institutional Animal Care and Use
Committee at the Johns Hopkins University.

In vivo MRI acquisition

In vivo studies were performed on a horizontal 9.4 Tesla MR scanner
(Bruker Biospin, Billerica, MA, USA) with a triple-axis gradient and an
animal imaging probe. The scanner was also equipped with a
physiological monitoring system (EKG, respiration, and body tempera-
ture). Tenmice in each groupwere used in theMRI study, and 15mice in
eachgroupwereused for behavioral tests andsurvival curves.Micewere
first scanned byMRI at 6 weeks of age, and scanningwas repeated every
4 weeks after the first scan until 18 weeks. Micewere anesthetizedwith
isoflurane (1%) together with oxygen and air at 1:3 ratios via a vaporizer
and a facial mask. We used a 40-mm diameter birdcage coil for the
radiofrequency transmitter and receiver. Temperature was maintained
by a heating block built into the gradient system. Respiration was
monitored throughout the entire scan. Images were acquired using a
three-dimensional (3D) T2-weighted fast spin echo sequence, with the
followingparameters: echo time(TE)/repetition time(TR)=40/700 ms,
resolution=0.1 mm×0.1 mm×0.25 mm, echo train length=4, num-
ber of average=2, and flip angle=40°. The total imaging time was
about 50 min per mouse. Mice recovered quickly once the anesthesia
was turned off, and all 10 mice survived the repeated 50-min imaging
sessions. Imaging resolution and contrast were sufficient for automatic
volumetric characterization of mouse brain and substructures.

Image analysis

Initial processing
Images were first rigidly aligned to a template image by using

automated image registration software (http://bishopw.loni.ucla.edu/
AIR5/, AIR). The template image was selected from one of the images
acquired from age-matched littermate control mice, which had been
manually adjusted to the orientation defined by the Paxino's atlas
with an isotropic resolution of 0.1 mm×0.1 mm×0.1 mm per pixel.
After rigid alignment, images had the same position and orientation as
the template image, and image resolution was also adjusted to an
isotropic resolution of 0.1 mm×0.1 mm×0.1 mm per pixel. Signals
from nonbrain tissue were removed manually (skull-stripping).

Computational analysis
Skull-stripped, rigidly aligned images were analyzed using the

Diffeomap software (www.mristudio.org). Intensity values of the gray
matter, white matter, and cerebral spinal fluid were normalized to the
values in our MRI-based mouse brain atlas (Aggarwal et al., 2009) by
using a piece-wise linear function. This procedure ensured that subject
image and atlas image have similar intensity histograms. The intensity-
normalized imageswere submitted by theDiffeomap software to a linux
cluster, which runs Large Deformation Diffeomorphic Metric Mapping
(LDDMM). Theatlas consists of in vivopopulation averaged T2-weighted
mouse brain image and segmentations of major gray and white matter
structures (Aggarwal et al., 2009). Given images from different mouse
brains, LDDMM automatically constructs nonlinear transformations
between matching anatomical features on the basis of image intensity
throughout the entire brain (Miller et al., 2002). The transformations
deformed the structural segmentations in the atlas to the subject images
to achieve automated segmentation of the subject images. The results of
the automated segmentation were inspected and modified when
necessary, and the volumes of each segmented structure were obtained.
The transformations were also used for quantitative measurement of
changes in local tissue volume among different mouse brains, by
computing the Jacobian values of the transformations generated by
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Fig. 1. Progressive brain atrophy detected by structural MRI in N171-82Q mouse model of Huntington's disease. (a) Regions of atrophy in the N171-82Q mouse brains detected by
deformation-based morphometry (DBM)with respect to age- and gender-matched wild type (WT) littermate controls at 6, 10, and 14 weeks of age. Regions with significant atrophy
(false discovery rate=0.05) are highlighted in the reference mouse brain images and overlaid with the computed Jacobian values, which indicate the degree of local volume change.
In the pseudo-color scheme dark green is used to indicate mild atrophy and blue or black indicates severe atrophy in the HD brains compared to age-matched controls. One
horizontal and two coronal sections are shown (locations in the bottom scout image). (b–e) Progressive regional brain atrophy detected in striatum (b), neocortex (c), hippocampus
(d) as well as whole brain (e). Mean±SD; n=15. *pb0.05 compared to the values ofWT control mice. Two-way (genotype and age) repeated measurement analysis of variance was
first performed to evaluate overall significance of changes in volumes. Post-hoc tests were performed using Student's t-tests with Bonferroni correction for multiple comparisons.
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LDDMM.Theadvantageof LDDMMis that it generates accurate topology,
preserving transformations between images. The transformations
encodemorphological differences between subject and template images
and can be analyzed with deformation-based morphometry (DBM)
(Ashburner and Friston, 2000) to detect regional changes in brain
volumes. By combiningMRI, LDDMM, andDBM,we can now investigate
volumetric changes in theentire brain longitudinallywithout theneed to
explicitly define regions of interest.

Behavioral test and survival study

Mice were randomly divided into groups, each containing 15 mice.
We used the same set of animals for survival analyses and motor
performance tests. Survival was monitored daily by two experienced
operators (Q. Peng and Y. Cheng). Themicewere euthanizedwhenHD
mice were unable to right themselves after being placed on their
backs and initiate movement after being gently prodded for 30 s.
Motor behavioral performance was assessed with a rotarod apparatus
(Columbus Instruments, OH) in which the time the mouse remains on
the rod at accelerating speed from 4 to 40 rpm is measured. Each
mouse was trained for 5 min and the training sessionwas followed by a
1 h rest period in the home cage. Mice were then placed back on the
rotarod for three trials of maximal 5 min at accelerating speeds (4–
40 rpm) separated by a 30 min rest period. Mice were tested on 3
consecutive days, by which time a steady baseline level of performance
was attained.

Statistics

Priori G*Power (version 3.1, Heinrich-Heine-University) analysis
was used to calculate the necessary samples size and predict the
feasibility by using changes in regional brain volumes as readout to
evaluate the therapeutic effect in preclinical trials. The calculationwas
based on two sample independent t-tests (α=0.05, β=0.95).



Table 1
Regional brain volumes in N171-82Q mice compared to littermate controls.

Brain regions WT
(mm3)

N171-82Q
(mm3)

Hypothalamus
6 weeks 10.24±0.53 9.97±0.57
10 weeks 11.07±0.40 9.69±0.49⁎

14 weeks 11.14±0.60 9.45±0.46⁎

18 weeks 10.95±0.68 9.05±0.08⁎

Thalamus
6 weeks 21.64±0.79 20.15±0.90
10 weeks 21.51±0.45 18.55±0.70⁎

14 weeks 21.50±0.52 18.47±0.38⁎

18 weeks 21.25±0.63 18.12±0.11⁎

Amygdala
6 weeks 6.38±0.25 6.03±0.33
10 weeks 6.70±0.37 5.59±0.25⁎

14 weeks 6.85±0.30 5.31±0.21⁎

18 weeks 6.74±0.37 5.14±0.10⁎

Cerebellum
6 weeks 61.00±1.70 59.30±3.30
10 weeks 60.50±1.20 58.00±2.60
14 weeks 61.60±1.40 57.90±2.40
18 weeks 60.50±1.10 58.40±2.50

Corpus callosum
6 weeks 12.34±0.60 10.76±0.73⁎

10 weeks 12.79±0.53 10.46±0.67⁎

14 weeks 12.80±0.57 10.28±0.71⁎

18 weeks 12.71±0.62 10.73±0.61⁎

⁎ pb0.05 compared to the values of age-matched wild type (WT) control mice.
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Two-way (genotype and age) repeated measurement analysis of
variance was performed to evaluate the overall significance of the
changes in the volumes of the different brain regions as well as whole
brain. Post-hoc tests were performed using Student's t-tests with
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Fig. 2. Power analysis reveals that use of structural MRI is feasible for tracking disease pro
(version 3.1, Heinrich-Heine-University) analysis was used to calculate the necessary sample
(d) measured by structural MRI as outcome measures in preclinical trials. α=0.05, β=0.9
volumes between N171-82Q HDmice and their wild type littermate controls at 10 weeks of
and control mice at 100%, and used % improvement of brain atrophy as predicted treatmen
Bonferroni correction formultiple comparisons. Statistical calculations
weremade using Sigmastat. Group comparison on the logarithmof the
Jacobian values between N171-82Q HD mice and control mice or HD
mice treated with sertraline and HD mice treated with vehicle at each
age was performed at each pixel inside the brain by using one-way
ANOVAwith posthoc testwith false discovery rate set at 0.05 to control
for possible false positives (Genovese et al., 2002). Because the
template image has orientation and position similar to that defined in
Paxino's atlas, regions with significant atrophywere labeled according
to the atlas. Survival data were analyzed by Kaplan–Meier analysis.
Correlations between brain regional atrophy and motor behavioral
performance were modeled using Pearsonian correlation analysis.
Pearson coefficients were calculated from the slope.
Results

Adult-onset progressive brain atrophy is detected by longitudinal
analysis of regional brain volumes in N171-82Q mice

We performed longitudinal in vivo structural MRI scans in 6-, 10-,
14-, and 18-week-old N171-82Q mice and their littermate controls to
monitor the onset and progression of brain atrophy. N171-82Q HD
mice exhibit adult-onset, progressive, and significant atrophy in the
neocortex, striatum, hippocampus, hypothalamus, thalamus, and
amygdala as well as in whole brain (Figs. 1a–e, Table 1). The
cerebellum showed no significant volume change at all ages that we
examined (Table 1). Interestingly, we also detected loss of white
matter volume in the corpus callosum (Table 1) as early as 6 weeks of
age. These findings are intriguing given recent reports in HD patients
(Hobbs et al., 2010a,b; Nopoulos et al., 2010; Paulsen et al., 2010;
Rosas et al., 2010), suggesting that white matter loss may be an early
pathogenetic event and contribute to cortical–striatal disconnection
and dysfunction. The results in the current study provided important
information that enabled us to select appropriate age and brain
Neocortex

Whole brain

0

2

4

6

8

10

12

14

16

P
re

d
ic

te
d

 s
am

p
le

 s
iz

e 

Predicted treatment response

Predicted treatment response

b

d

0
2
4
6
8

10
12
14
16
18
20

P
re

d
ic

te
d

 s
am

p
le

 s
iz

e 

0% 20% 40% 60% 80% 100% 120%

0% 20% 40% 60% 80% 100% 120%

gression and evaluating therapeutic response in N171-82Q HD model. Priori G*Power
size by using volumes of striatum (a), neocortex (b), hippocampus (c), and whole brain
5. The calculation is based on the mean and variability of differences in brain regional
age. We set the volumetric differences in each brain region between untreated-HDmice
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Fig. 3. Structural MRI detects therapeutic effect of neuroprotective treatment in N171-82Q HD mice. (a) Representative pictures indicate regions with significant local volumetric
differences between sertraline- and vehicle-treated N171-82Q mice at 10 and 14 weeks of age. Regions with significant difference in the degree of atrophy between the treated and
sham groups (false discovery rate=0.05) are highlighted in the reference mouse brain images and overlaid with the computed Jacobian values, which indicate the degree of local
volume difference. In the pseudo-color scheme orange and brown are used to indicate less severe atrophy and blue indicates more severe atrophy in the sertraline-treated HD brains
compared to age-matched vehicle-treated controls. Horizontal and coronal sections are the same as those in Fig. 1. (b–e) Quantification of brain volume changes in striatum
(b), neocortex (c), hippocampus (d), and whole brain (e) in sertraline-treated N171-82Q HD mice compared to vehicle-treated mice. Mean±SD; n=15 in each group. *pb0.05 vs
the values in vehicle treated HD mice. Two-way (genotype and age) repeated measurement analysis of variance was first performed to evaluate overall significance of changes in
volumes. Post-hoc tests were performed using Student's t-tests with Bonferroni correction for multiple comparisons.

1031Y. Cheng et al. / NeuroImage 56 (2011) 1027–1034
regional volume measures in N171-82Q HD mice for preclinical
treatment evaluation. The findings also suggest that N171-82Q mice
could be used for both presymptomatic and symptomatic preclinical
trials.
Power analysis results of using structural MRI measures as outcome
measures in preclinical trials

In order to determine the feasibility of using MRI measures as
biomarkers for preclinical trials, we used Priori G*Power analysis
(Version 3.1,) to predict the sample size for designing preclinical trials
by using structural MRI measures as outcome readout. The calculation
is based on the mean and variability of differences in brain regional
volumes between N171-82Q HD mice and their wild type littermate
controls at 10 weeks of age. We set the volumetric differences in each
brain region between untreated HD mice and control mice at 100%,
and used % improvement of brain atrophy as predicted treatment
response to calculate the sample size for preclinical trials.

Our results indicate that 10–14 mice per group could provide 95%
power to detect 40% improvement of brain atrophy by using volume
changes of striatum, neocortex, and hippocampus, as well as whole
brain as outcome measures (Figs. 2a–d); thus the power to detect
therapeutic effects by MRI is feasible to be applied in preclinical trials.
MRI detects therapeutic response in N171-82Q mice

In order to determine whether structural MRI can detect treatment
response, we administered sertraline, which was shown to be
neuroprotective in N171-82Q mice in our previous study (Duan et al.,
2008). Sertraline (10 mg/kg) was administered daily to mice starting at
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6 weeks of age, andMRI scans were obtained at 6, 10, 14, and 18 weeks.
MRI measures indicated that sertraline significantly slowed the rates of
progression in regional brain atrophy in N171-82Q mice (Figs. 3a–e).
Notably, striatal volume changes showed themost dramatic response to
the sertraline treatment (Fig. 3b).

Correlation between atrophy in different brain regions and motor
phenotype

The average survival time in the cohort of N171-82Q mice was
119±2.4 days (mean±SE, n=19); sertraline treatment significantly
increased average survival in treated mice to 139±2.0 days (mean±
SE, n=17, Fig. 4a). N171-82Q mice also demonstrated progressive
motor deficits, which were slowed by sertraline treatment (Fig. 4b). In
order to determinewhether there is a correlation betweenbrain volume
loss andmotor deficits inN171-82QHDmice,we calculated correlations
of volumes of different brain regions with measures of motor
performance to validate the association between brain imaging and
motor phenotype measures in these mice. The Pearson correlation
coefficients for striatal volume and neocortex volume were significant
for motor deficits (Figs. 4c–d). These results indicated that significant
motor deficits, as evidenced by reduction of the time spent on the
rotarod, were positively correlated with brain regional atrophy in
striatum (Fig. 4c) and neocortex (Fig. 4d), but not with other brain
regions such as cerebellum (data not shown).

Discussion

AlthoughMRI has been used to evaluate brain atrophy and effects of
treatment in HD mouse models, most studies were cross-sectional or
only reported brain atrophy at one time point (Ferrante et al., 2000,
2002; Sawiak et al., 2009a,b). Compared to histology-based stereology,
MRI is noninvasive, and it provides digitized data with full brain
coverage, free from distortions due to embedding and sectioning.
Longitudinal in vivo imaging of HDmicewould allowa complete natural
history of brain pathological changes to be developed during preclinical
trials, and considerably increase the power to detect therapeutic efficacy
compared to a single measurement of neuropathology. The current
study of brain volumetric changes in a widely-used HD mouse model
provides evidence that longitudinal structural MRI has the power to
detect the response to neuroprotective treatment, suggesting that the
N171-82Q mouse model is suitable for presymptomatic as well as
symptomatic preclinical trials.

We also investigated correlations between the regional brain
atrophy and motor dysfunction in N171-82Q HD mice. Progressive
brain atrophy in striatum and cortex was positively correlated with
deficits in motor function, suggesting that imaging measures could
predict neuron functional changes. These results indicate that the
functional change in N171-82Qmice may have originated from loss of
brain volume. Interestingly, these HD mice exhibit dramatic motor
deficits and short life-span, but subtle neurodegeneration. Our results
suggest that motor phenotype in this mouse model may result from
neuronal atrophy and dysfunction rather than neuronal loss; thus,
neuroimaging measures might be ideal biomarkers for evaluation of
neuroprotective treatment in preclinical trials.

Besides gray matter volume loss, we also detected loss of white
matter volume at the early stage in N171-82Q mice. Clinical studies
from HD patients' brains suggest two possible theories for decrease in
white matter volume. For example, mutant huntingtin might have a
direct effect on myelination such that, once myelinated, neuronal
circuits become functional, myelin breakdown begins, which causes
an excitotoxic process with failure of afferent transmissions causing
the underlying neuron to be overstimulated by its efferent feedback
(Gomez-Tortosa et al., 2001; Bartzokis et al., 2007). Alternatively, the
deficit in white matter volume might be a manifestation of abnormal
development instead of decreased volume from a degenerative

image of Fig.�4
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process. Our data indicated earlier decreased white matter volume in
the N171-82Q HD mice, but in contrast the volume loss is less
progressive than loss of gray matter in these mice, suggesting that
developmental defects might be involved in the white matter
pathology in HD. Further detailed study of white matter at the earlier
stage is needed.

In addition to conventional segmentation-based volume analysis,
we have performed deformation-based morphometry (DBM) analysis
based on the transformations generated by LDDMM to investigate
potential brain atrophy in regions not easily definable, for example,
the hypothalamus, and thalamus among others. DBM analysis has
several advantages. It is free from intra-rater and inter-rater variations.
It can be implemented in a fully automated fashion to increase
throughput, which is often the bottleneck for therapeutic screening. It
can locate and visualize localized atrophy, which is difficult to achieve
with a segmentation-based approach (Maheswaran et al., 2009). The
accuracy of the DBM approach, however, depends on the quality of the
transformation and how concentrated the potential atrophy or
hypertrophy is among animals (Davatzikos, 2004). For example, the
complex geometry and relatively large morphological variations of the
lateral ventricles in themouse brainmakes it challenging for LDDMM to
generate accurate image transformations for the ventricles and
neighboring regions (Zhang et al., 2010). The particular portion of the
lateral ventricles that is enlargedmight also be different among animals.
As a result, DBM may not be able to detect volume changes near the
lateral ventricles. The sensitivity of the DBM approach to detect atrophy
or hypertrophy could also be lower than that of the segmentation-based
volume analysis. The segmentation-based approacheffectively averages
the volume changes of a relatively large group of voxels and therefore
has a much higher signal-to-noise ratio, whereas the DBM approach
examines volume change at each voxel independently, with corrections
for multiple comparisons.

In summary, longitudinal in vivoMRI allows us to investigate disease
onset and progression over the life-span of each mouse, which will
greatly facilitate preclinical therapeutic trials in HDmice. This approach
will provide significant benefits for trials that use regional brain atrophy
as an endpoint in treatment trials. These findings provide the first
evidence of progressive brain volume loss in different brain regions of
theN171-82QHDmousemodel in response toneuroprotective therapy.
The findings also guarantee further characterization of other available
HDmouse models and evaluation of therapeutics in preclinical trials by
MRI.
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