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TARGET AUDIENCE: For those interested in diffusion MRI and animal models of neurodegeneration.

PURPOSE: Down syndrome (DS) is the most common genetic cause for cognitive impairment in humans. Mouse models of DS have been used to
study the morphological abnormalities and the mechanisms underlying DS-associated cognitive disabilities. The Ts65Dn mouse model is widely studied’,
developing neuropathology and cognitive impairment with age similar to that seen in the brain of DS subjectsz'a. These mice exhibit abnormal
development and maturation of the brain, with progressive alterations in the frontal cortex, associated with reduced brain derived neurotrophic factor
(BDNF) levels and changes in dendritic structure and abnormal synaptic plasticity®*°. Despite the fact that these mouse models have been well
characterized cognitively and morphologically, little has been published using in vivo neuroimaging®. Diffusional kurtosis imaging (DKI) is a diffusion MRI
technique that extends diffusion tensor imaging (DTI) by quantifying the non-Gaussian behavior of water diffusion, contributing additional information
beyond that provided by DTI”. Recently, a cerebral microenvironment modeling (CMM) method has been proposed for relating DKI data to specific
tissue characteristics of the entire brain parenchyma. The model, which generalizes a previously proposed method®, idealizes neural tissue as consisting
of two non-exchanging compartments, a non-Gaussian confined- (CC) and Gaussian open- (OC) compartment. The CC represents water confined in
neurites (i.e. axons and dendrites) that are idealized as infinitely long, narrow cylinders. The OC represents all other water that yields a detectable signal.
The non-Gaussianity of the CC stems from a distribution of neurite orientations. CMM yields several quantitative measure of brain tissue for the
characterization of neurite cytoarchitecture. In this study we investigate the morphological abnormalities in the prefrontal cortex of 10 weeks old Ts65Dn
mice using CMM.

METHODS: Ten week old male mice, Ts65Dn (TS, n = 8) and normosomic mice (NS, littermates, n = 8) were studied. All in vivo MRI experiments were
performed on a 7T Bruker MR system. A 2-shot SE-EPI sequence was used for DKI acquisition. Sequence parameters were: TR/TE=3750/32.6 ms,
8/A=5/18 ms, slice thickness=0.6 mm, 15 slices with no gap, data matrix=128x128, image resolution=156x156 ym2, 2 averages, 64 gradient directions
and 4 b-values for each gradient direction (0.5, 1, 1.5 and 2 ms/um?). Total acquisition time was approximately 65 minutes. Mean kurtosis (MK), axial
(Ky) and radial (K,) kurtosis, mean (MD), axial (D,) and radial (D,) diffusivity, fractional anisotropy (FA), as well as CMM metrics (density (f), diffusivity
(Dcc), diffusional kurtosis (Kcc) and fractional anisotropy (FAcc) of the CC were derived from the DKI data set using an in-house post-processing
software®. A region of interest (ROI) at the level of the prefrontal cortex was manually drawn in the b=0 image, using ImageJ (http:/rsb.info.nih.gov/).
Two-tailed t-test was performed to assess differences in the ROl measurements between the two groups; p < 0.05 was considered as statistically
significant.

RESULTS: Table 1 shows the group means, standard deviations and p-values for all the diffusion metrics. Among the diffusion metrics, only diffusional
kurtosis (Kcc) and fractional anisotropy (FAcc) of the confined compartment (CC) showed statistical differences, with increased K¢c and decreased FAcc
in the prefrontal cortex of the TS mice compared to NS (Figure. 1).

Table 1: Group mean, standard deviation and p-values for the DKI CMM measurements in the prefrontal cortex

Groups MK Ky Ke MD Dy D1 FA f Dec Kee FAcc

NS 0.58+0.06 0.60+0.04 060+0.08 0.75+0.02 0.87+0.02 0.69+0.02 0.18%+0.01 0.25+0.02 0.60+£0.04 1.82+0.20 0.55+0.09

TS 0.62+0.05 0.63+0.05 064+0.05 076+0.02 0.88+0.03 0.70+0.02 0.18%0.01 0.26+0.02 0.62+0.04 2.031+0.07 0.460.04
t-test (p value) 0.20 0.19 0.15 0.43 0.45 0.45 0.49 0.21 0.36 0.02 0.02

Diffusivities units: p.mzfms; f, Kec and FA..: dimensionless

DISCUSSION & CONCLUSION: The Kcc and FAcc changes in the prefrontal cortex of TS mice may
represent less coherence in neurite orientations for this region, probably related to morphological changes | 20
such as abnormal cortical lamination and dendritic and synaptic abnormalities previously reported in this
model'®. For example, TS mice have significant alterations in both brain shape and volume'', with an
overall smaller brain, thinner cerebral cortex with smaller, less branched and less spinous dendrites as
compared to controls'®. However, the interpretation of the changes in Kcc and FAcc can only be inferred | e
here and future morphological correlation studies are necessary. This study is the first application of the | .,
new CMM method in an animal model of neurodegeneration, demonstrating that CMM parameters are
sensitive indicators of changes in the complexity of the neurite architecture of grey matter, and maybe an

early biomarker for abnormal brain development and maturation. We stress that this is a pilot project, and Ficc
these results should be confirmed in a future study with a larger sample size and using a longitudinal | **° 5002
design.
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