Imaging-guided transcriptomic vulnerability distinguishes Alzheimer’s, vascular, and Lewy body dementia
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Fig 5. Leading edge genes on chromosome 19
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There was a significant spatial clustering of leading
genes across chromosomes, suggesting coordinated
regulation or shared regulatory mechanisms.

Spearman p

Spearman p 04 00 04 -logso(p-value)e 7.8 @ 11.5 @ 15.3 Frequency ;35 39 42 45 -l0Gio(p-value)e 1.9@ 4.1 @ 6.3

We integrated deep learning—derived, pathology-specific
neuroimaging signatures (DeepSPARE) with brain-wide
transcriptomic data to 1dentify molecular pathways

assoclated with spatial patterns of disease vulnerability 1n
AD, VD, and LBD.

Leading edge genes showed significant proximity to

Fig 3. (A) Top 5 positively correlated and negatively correlated genes. (B) Top 10 hub genes.
g3.(A)TopSp Y 5 Y . (B) Top 5 known GWAS loci, validating their disease relevance.

Hub genes leading multiple enriched pathways reveal that regions vulnerable to AD normally maintain high
oxidative phosphorylation activity while VD/LBD wvulnerable regions are characterized by high protein
synthesis demands.

All three pathologies show significant enrichment on
chr19, but the specific cytobands differ:

19q13.32 (containing APOE, APOCI, APOC2,
APOC4, TOMMA40) expression increased with AD but
decreased with VD/LBD. VD specific 19pl3.11
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19p13.11 1.57 (0.563) 3.29 (0.005)** | 2.45(0.026)*
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Fig 1. Generation of deep-learning based explainable S@DO N
heatmaps for AD, VD, LBD
» The DeepSPARE model quantifies biomarkers for AD, (C) (Do (D)
VD, and LBD using pathology confirmed diagnoses oG E@GETS e
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Table 1. Fold enrichment = observed / expected
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Imaging-guided transcriptomic vulnerability mapping
reveals convergent and divergent molecular pathways
across AD, VD, and LBD. Vulnerable brain regions
exhibit distinct baseline transcriptomic signatures with
organized chromosomal architecture. Shared features
across dementias 1ndicate  common  biological
vulnerability mechanisms, while pathology specific
patterns highlight distinct molecular determinants.

These findings suggest that deep learning—based
neuropathologic imaging signatures

can provide noninvasive insight into disease-specific
molecular mechanisms, with potential implications for
carly detection, biological stratification, and
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Explainable heatmaps are extracted to visualize
regional vulnerability.

MCLACHLAN
DENTAL CARIES

ZHANG FH DEFICIEN
RCC C1 VS OTHERS

AGING/MICROGLIA
AO TEMPORAL RESPONSE TO
ROGESTERONE CLUSTER 13

LU EZH2 TS UP
) . */ l
list NEURAL/CORTICAL @
RHE
. v 3 STARK PREFRANTAL WP TYROBP-CAUSAL
2 A # Parcellation GLUCOCORTICOIBTHERAPY DN CORTEX 22Q LETION DN NETWORK IN MICROGLIA
' - i s S e T SWEET LUCER KRAS UP
RYNGEAL

Gene Set
Enrichment

am Parcellation by Analysis

D-K region

AO TEMPORAL RESPONSE TO
ROGESTERONE CLUSTER 13

ranked NEURAL/CORTICAL SIGNATURES

GOCC SM LIKE
N PROTEIN FAMILY éOMPLEQ )
| Spearman correlation | » gene

Explainable Al

i Y i =" " TV ow
‘ R sl 1 | T KIM ALL DIERS SENGUPTA NA
QT £\ DURATION CORR DN CARCINOMA DN
*
e g
. T

heatmaps:
DeepSPARE-

2R, MD, 50 Post-GSEA downstream analysis

Fig 2. Pipeline for imaging-guided transcriptomic
vulnerability mapping.

Fig 4. Enrichment maps of top 40 enriched pathways for (A) AD positive, (B) AD negative, (C) VD
negative, and (D) LBD negative patterns.

AD regions had distinct positive and negative enrichments related to neuroinflammation, oligodendrocyte
function, and mitochondrial function, whereas VD and LBD patterns both exhibited heavily downregulated
ribosomal translational machineries.

individualized therapeutic targeting in dementia.
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