Quantifying Myelin Degeneration In Alzheimer's Disease
In Human Hippocampus Subfields And Tracts
Using MRI
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Progressive myelin loss occurs in hippocampal tracts as AD worsens

 Advanced diffusion MRI can quantify these tract-specific myelin changes

INTRODUCTION RESULTS REFERENCES

. Mvelin i Iti-| d lipid-rich Axonal water fraction (AWF) values reflected myelin levels in hippocampal subfields * Radial Kurtosis (RK) and Radial Diffusivity (RD) are also potential indicators of axonal myelination 1. Ades-Aron, B. et al. Neuroimage 183, 532-543
yelin is a mu '_' ayered lipid-ric (top) and tracts (bottom) for Control, Low-, High-AD specimens. * RD measures the diffusion of water molecules perpendicular to axonal fibers (2018).
sheath surrounding axons ] . . « RK measures the non-Gaussianity (complexity/restriction) of water diffusion perpendicular to axonal fibers . .
_ _ Subfields: Most subfields showed a V-shaped trend: control values were higher than 2. Dong, J. W. et al Neurobiol. Aging 89, 118-128
It enables fast signal transaction low AD, while high AD showed higher AWF intensity than both groups. Subfield T (2020).
_ _ ubfields racts : :
. It provides trophic support for neurons Conditon _ — - — 3. ;;%r;’m;qsz Ezbft?’a" AJNR Am. J. Neuroradiol. 34,
. . . . . 0.35] = fgnir\o[l) ;?._ 0.9 I Control 0.7+ I Control B ( )
° !ncr?aS|ng |m39|ng .and ’_0m.|C evidence > |mm i E s = owad sl ) = owad 4. Georgiadis, M. et al. Nat. Commun. 12, (2021).
implicate it in Alzheimer’s Disease 9% g 07 o5 5. Georgiadis, M. et al. Nat. Commun. 16, 9572
[ L] [ 8 N
« However, its role in AD remains unknown €025 z o 0.l o . (2025).
, i L L ol = 05 6. Insausti, R. & Amaral, D. G. Chapter 24 (eds Mai,
« Hippocampus is the central memory and cognition hub, % - 2 o °3 o J. K. & Paxinos, G.) 896-942 (Academic Press,
severely affected by AD 018 a 0.2 . San Diego, 2012). doi:10.1016/B978-0-12-
Diffusion MR i Hive to t , fruct R o 01 374236-0.10024-0.
L] © 0.2
usion IS sensitive 10 lissue microstructure 0.19 ‘ ‘ & pve ™" — - — — — SRLM(CA1)  PHGtop PHG bottom Schaffer ~ SRLM (subiculum) pre/parasubic.  alveus/fornix  endfolial 7. Mancini, M. et al eLife 9, e61523-e61523 (2020).
. . . . . . . . G CA3 b l subicutum pro-supbiculum pre-subiculum para-subiculum collaterals myelin athwa
o BaSIC dlfoSIOn r-net”.CS, SUCh. aS radlal dlfoSIVIty (RD), subrerm Sub?;z[um Sub?cri[um Sug:;;?[um p— ’ :ond’t'oyn 8 van Staa|dUInen, E K & Ze'neh, M
and gdvanced dlffu3|on. metrics, .such as axonal water Tracts: Most tracts showed decreased myelin levels with AD stage. Stars indicate 14 . conto vo. = o 218e£l;r02I(;n2a29mg Anat. Part 1 Brain Skull 32, 475—
fraction (AWF) and radial kurtosis (RK), significance in the JT test, suggesting decreasing levels with disease stage. 14| mmm ot T vl & HohAD ( )-
can model the effect of myelin in the axons, g . N 9. }’ggqg’)q et al Neurolmage Clin. 22, 101767
and can be used to detect myelin changes in AD 06 * * 0 conamon * * * 2 '
> p=0.0305 p=0.014 p=0.0165 __ .o P=0.0119 p=0.0141 p=0.0406 2 ° 151 10. West, M. J., Coleman, P. D., Flood, D. G. &
% 0.5 mm High-AD ‘g 0.8 . Lo Troncoso, J. C Lancet Lond. Engl. 344, 769-772
GOAL 3 % os ’ | (1994).
: = ° © R 5]
Quantif in levels in hi | subfield d tract =0 T e | o °e . o ° . 11.Yushkevich, P. A. et al. Brain J. Neurol. 144,
uanti y mye In levels In Ippocampa su ] e S an racts 50_47 N o oA A2 DG cAa subleulum oAl pro-subjeulum  pre-subjculum para-subiculum SRLM (CA1) PHG{op PHGl;ottom Sci‘laffer SRLM(éubiculum) pre/p'aras-ubic. alvelilslfornix end%olial 2784_2797 (2021)
for AD specimens vs controls using diffusion MRI. collaterats mvetin pahway 12.Zeineh, M. M. et al.. Cereb Cortex 27, 1779-1794
0.2y
° Radial diffusivity (RD) — top: no significant results for either subfields (left) or tracts (right) (2017).
o — —— - - P PT—— Radial kurtosis (RK) — bottom: Similar to AWF, RK had a V-shaped trend in subfields and decreased with AD stage in most tracts detected by AWF. 13.Zeineh, M. M., Engel, S. A., Thompson, P. M. &
(o] ottom chaitrer re/parasupic. alveus/tornix enarolia . ., . . . . . . . . . . i i —
(CA1) P collatorals (subioulum)  myelin pathway Significance in the JT test, suggesting decreasing myelin levels with AD stage, is indicated by a star, with the (uncorrected) p-value under it. Bookheimer, S. Y Science 299, 577-580 (2003).
« 21 fixed hippocampi (8 control/6 Low- /7 High-AD) scanned at Bruker 7T + Segmented Subfields: dentate gyrus, CA1-4, prosubiculum, subiculum, o
- Diffusion-MRI (100 directions at b=[1,2,5,10]ms/um, 200um iso) presubiculum, parasubiculum « We studied myelin levels in hippocampal subfields and tracts in Control, Low- and High-AD specimens using advanced Vivian Zhu -
« Multi-gradient echo (MGE) (10 echoes, TE=4-40ms, 100um iso) . gtgme&iﬁd g[a;“t/ls:S,jtl)\i/g;i/;og;éﬁgzzo;;arlnpPaaItré\A;er\l)J/,s?gflw_laéf)eg_oiollsﬁeéals, diffusion-MRI metrics vivianzh@stanford.edu
« Diffusion metrics reflecting myelin levels (radial diffusivity-RD, radial bottom, Pre/Para-Subicular Niye”n ’ « Advanced metrics (AWF, RK) were more sensitive in detecting changes than basic ones (RD) Mari G iadis -
kurtosis-RK, axonal water fraction-AWF) were generated using DESIGNER . g . . . . . . arios eorgiadis
« Hippocampi were manually segmented using ITKSnap  Tracts: AWF levels significantly decreased with AD status in most tracts, showing a linear drop or a drop in high AD, except mariosq@stanford.edu
alveus/fornix. This might be reflecting the myelin degeneration increasingly implicated in AD i

Control Alzheimer's

I Dontsts Oy « Subfields: Most subfields exhibited a V-shape trend, with AWF levels decreasing in Low-AD and increasing in High-AD (either Michael Zeineh —

T ons bouncing back or overshooting

B ca: mzeineh@stanford.edu
& cas  This could reflect a compensatory mechanism following hippocampal neurodegeneration

[ Pro-subiculum
[ subicutum

I Pre-subicutum * Overall, we showed that diffusion MRI metrics can be used to assess myelin levels,
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o » « Combine with microscopic tract delineation and degeneration using micron-resolution methods
« Aligned MGE and diffusion MRIs to improve segmentation accuracy + Calculated average myelin intensities (from AWF data) and volumes

. . _ for each subfield/tract using MATLAB
* Followed a rule-based system of anatomic and myelin-based images,
atlases, and landmarks + Compared values in each subfield/tract across AD conditions
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