X-RAY PHASE CONTRAST TOMOGRAPHY
REVEALS EARLY VASCULAR ALTERATIONS AND NEURONAL LOSS

IN A MULTIPLE SCLEROSIS MODEL
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PHASE RETRIEVAL ALGORITHM

X-ray Phase Contrast Tomography

The phase retrieval algorithm of the images acquired with X-ray Phase Contrast
Tomography has been applied to the projections of the tomographic scans using a
modified version of the ANKAphase code, well described in the Reference 1 and 2.
Figure 1S shows the difference between an untreated image and an image treated

with the algorithm.

X-ray Phase Contrast nano-Tomography

The images recorded at different distances have different magnification. The value
of the magnification at the different distances is well known and calibrated: M =
(z1+22)/z1, where z1 is the focus-to-sample distance and z2 is the sample-to-detector
distance. Therefore, the effective pixel size at a given distance is given by:

pixel sizedetector
M

To register the images, they are first resampled (bi-cubic interpolation) to bring
them to the same magnification as the first distance with the smallest effective
pixel size. Subsequently each distance is aligned with respect to the previous one
using cross-correlation techniques. The required translations are calculated
every hundred projections and the values for the intermediate projections are
determined by polynomial interpolation.

In the measured images both absorption and phase contribute to the contrast,
but phase contrast still dominates due to the relatively large propagation

distances in the projection geometry. The phase retrieval algorithm handles the



two different contributions and the final reconstructions are proportional to the
refractive index decrement, hence the changes in electron density. To a good
approximation the final grey level scales linearly with the mass density inside

the sample.

Figure 1S: Axial slice of naive mouse spinal cord. The image in a) is the result

obtained just after tomographic reconstruction from the measured projections.
The image in b) is the result obtained after application of the phase retrieval
process. The differences between the two images are evident. The different
details with different density (different grey levels), both in the white and in the

grey matter, appear well visible in b) but are not appreciable in a).
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Figure 2S: Segmentation for the quantification of vascular alteration at the
initial phase of EAE. Axial projections of XPCT images of the spinal cord in naive
mouse (a), in EAE-affected mice at 1 dpo (b) and 5 dpo (c), and in MSC-treated EAE-
affected mice at the corresponding time points (d, e). The bottom part of each figure
shows the segmentation of the vessels necessary for the calculations of the number of

branches.



Figure 3S: Increased staining for CD31 in EAE. Immunohistochemical analysis of
naive (a) and EAE (b; sample obtained at 5 dpo) spinal cord samples. Spinal cord
slices were stained with a monoclonal rat anti-mouse CD31 antibody (clone SZ31,
Dianova, Germany) developed with biotinylated goat anti-polyvalent antibody itself
revealed with streptavidin peroxidase (Ultravision Plus Large volume detection

system, Thermo Fisher Scientific, USA), as per manufacturer’s instructions.



Figure 4S: Histological analysis of spinal cord samples from naive and untreated and

MSC-treated EAE-affected mice suggests that MSC treatment decreases the incidence
of pyknotic neurons in EAE. Yellow arrows indicate pyknotic cells; red arrows

indicate ‘normal’ cells. Scale bar: 100 um.
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