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Ex vivo T2*-w MRI and Quantitative Susceptibility Mapping reflect histological iron accumulation in

Frontotemporal Dementia
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Impact

This study shows increased iron accumulation in FTLD vs controls. Ex vivo T2*-w MRI and QSM have complementary value to visualize the histological
changes. Our next step will be to investigate iron accumulation in vivo in FTLD using 7T MRI.

Synopsis

Motivation: Histological analysis of ex vivo tissue is the standard approach for investigating iron deposition in frontotemporal lobar degeneration (FTLD),
yet in vivo evaluation is vital for elucidating disease-related processes.

Goals: This study aimed to compare ex vivo T2*-w MRI and quantitative susceptibility mapping (QSM) to histology of FTLD cases and controls.

Approach: We analyzed line profiles of gray intensity values drawn over the cortical depth on registered T2*-w MRI, QSM, and histological iron staining
data for patients and controls.

Results: We found increased iron accumulation in FTLD compared to controls, which can be visualized with ex vivo 7T MRI.

Background

Frontotemporal lobar degeneration (FTLD) is the second most common cause of early onset dementia, characterized by frontotemporal atrophy and
accumulation of aggregated proteins TDP-43 (FTLD-TDP) or tau (FTLD-tau)'. Besides these protein aggregates, several small histological or MRI studies
showed accumulation of iron in the brain based on qualitative visual assessment of cortical patterns®-*. In this study, we used histology, T2*-w MRI, and
quantitative susceptibility mapping (QSM) to evaluate iron accumulation patterns in a quantitative manner.

Methods

Postmortem data: Tissue blocks obtained via the Netherlands Brain Bank from the frontal and temporal cortex of 14 FTLD cases (6 FTLD-tau; 8 FTLD-
TDP) and 11 healthy controls (HC) were included (figure 1).

MRI: We used a 7T PharmaScan Bruker MRI system with ParaVision (Bruker BioSpin, Ettlingen, Germany), equipped with a 38 mm transmit-receive
volume coil. MGE scans (scan time: 10h) were acquired (FTLD: TE;: ATE:TE;4x=3.5:5:43.5ms, TR =150ms, resolution: 100um?, 9 echoes; HC: TE;:
ATE:TE o = 12.5:10.7:44.6ms, TR=75.0ms, 100um3 resolution, 4 echoes). QSM maps were reconstructed using the SEPIA toolbox: FSL BET, Optimum
weights Laplacian (MEDI)®, VSHARP’, and MEDI®'?.

Histology: After MR, all tissue blocks were cut into 20um sections. Cortical iron accumulation was detected using an in-house developed DAB enhanced
Prussion Blue histology protocol!!.

Registration and line profiles: Slices of the seventh (FTLD) or third echo (HC) of the 3D T2*-w and QSM most similar to the histology (downsampled to
match MRI resolution) were selected. Histological slides were converted to grayscale. QSM slices are depicted between [-0.065, 0.065]. Images were
registered using rigid and affine registration with ITK-elastix'>!3. Based on three selected reference points (GM/air surface, GM/WM border and half the
WM depth) a 40-point line with a width of five pixels was drawn using FIJT'*. Gray intensity values (GIV) were obtained per point (averaged over the line
width) for each modality. The obtained GIV per modality were scaled between 0 and 1, based on the highest and lowest value. Lower GIV (i.e. dark
appearance) on the histological and T2*-w image reflected more iron. Higher GIV (light appearance) on the QSM reflected iron, while lower GIV (dark on
image) reflected myelin.

Statistical Analysis: We compared the line profiles of FTLD versus HC by calculating the area between curves (ABC). To compare this area, we randomly
reassigned the labels (FTLD, HC) and permutated this test 10,000 times to generate a normal distribution. Then we tested our real area to the obtained normal
distribution using a student’s t-test. To compare the correspondence between the three modalities, we calculated the Pearson’s correlation per case and
averaged these correlations per modality. The level of significance was set at p < 0.05.

Results

FTLD vs HC: Examples of the modalities and line profiles of a HC and FTLD case are shown in figure 2 and figure 3. In HC, cortical layers are clearly
distinguishable with GIV drops around point 10 and 20 reflecting lines of Ballinger. The GM/WM border is visible as a steep drop in GIV at point 30.
Average line profiles showed significantly lower GIV in FTLD compared to HC in the temporal lobe on histology (p<0.001) and T2*-w MRI (p=0.032),
whereas there was no difference in the frontal lobe. Line profiles of QSM showed lower GIV in FTLD versus HC (p=0.013) in the frontal lobe, but no
difference for the temporal lobe. At the GM/WM border, the FTLD group showed an increase in GIV, corresponding with the location of U-fibers (figure 4).




Across modalities: There was a good mean correlation between histology and T2*-w MRI frontal: =0.91 R2=0.83, p<0.001; temporal: r=0.88, R?=0.8,
p<0.001)). There was a weak correlation between histology and QSM for both frontal (r=0.39, R2=0.23, p<0.001) and temporal (r=0.43, R2=0.24, p<0.001)
and for T2*-w MRI and QSM for both frontal (r=0.38, R?=0.22, p<0.001) and temporal (1=0.43, R?=0.25, p<0.001).

Discussion and Conclusion

This study showed increased iron accumulation in FTLD compared to HC visualized by line profiles on ex vivo T2*-w MRI, QSM, and histology. This result
is in line with studies using visual scoring systems®*, but with the advantage that the applied method is more robust therefore decreasing scoring bias.
Furthermore, we demonstrated that histological iron accumulation can be visualized using 7T T2*-w MRI and QSM. T2*-w has a good overall correlation
with histology, but certain specific details, such as U-fibers, can be better observed with QSM. Our next step will be to explore these iron accumulation
patterns and line profiles in a large in vivo FTLD cohort.
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Figure 1: Patient characteristics of the cohort. FTLD: frontotemporal lobar degeneration. Tau: tubulin associated unit. TDP: TAR
DNA binding protein. BvFTD: behavioral variant frontotemporal dementia. PPA: primary progressive aphasia. PSP: progressive
supranuclear palsy. MAPT: microtubule associated protein tau. C9orf72: chromosome 9 open reading frame 72. GRN: progranulin.

TUBA4A: tubulin alpha 4a
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Figure 2: Line profile examples of a control for histology (A), T2*-w magnitude (B), OSM (C). Red line depicts the selected region
for the line profile. (D) Plot of the scaled mean gray intensity values over the cortical depth. Point 1 is the gray matter/air border.
Point 10 and 20 reflect the lines of Ballinger. Point 30 reflects the gray/white matter border. Point 40 is at 1/2 of the depth of the white

matter. OSM scale: [-0.065 0.065]. OSM: quantitative susceptibility mapping.
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Figure 3: Line profile examples of a FTLD case for histology (4), T2*-w magnitude (B), OSM (C). Red line depicts the selected
region for the line profile. (D) Plot of the scaled mean gray intensity values over the cortical depth. Point 1 is the gray matter/air
border. Point 30 reflects the gray/white matter border, clearly showing an increase for QSM, reflecting the U-fibers. Point 40 is at 1/2

of the depth of the white matter. OSM scale: [-0.065 0.065]. OSM: quantitative susceptibility mapping.
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Figure 4: Average mean scaled gray intensity value over the cortical depth per modality (rows) and region (columns) for the FTLD
cases (red) and controls (green). The FTLD cases have lower mean gray intensity values for the temporal cortex on both the histology
and the T2*-w MRI, reflecting iron accumulation. For the frontal QSM, there is a lower gray intensity value for the FTLD cases
compared to HC, mostly due to the U-fibers found in the WM (point 30). Mean is plotted with the standard deviation.



