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V. TISSUE SAMPLES FROM LIVING PARTICIPANTS RECAPITULATE BIOLOGY OF MARKERS OF PD

Il. EXPLORATORY DATA ANALYSIS

ABSTRACT

Molecular characterization and therapeutic target discovery in neurodegenerative diseases often rely Proteomics RNA-seq

on postmortem tissue samples, which may not recapitulate the in vivo molecular phenotype due to A B

confounding factors such as time of collection, tissue preservation, and postmortem molecular 9?&% 9?&%

changes. Alternatively, prefrontal cortex tissue samples collected during routine deep brain stimulation _

(DBS) procedures from implantation of devices offer a unique opportunity for molecular discovery in ) "':.1"‘; -,_ R . S

living human brain tissue from snap frozen samples. Over the past decade, a repository of tissue 2 _-'- f W, L - _".J:&..s . o 250 O

samples with detailed clinical phenotyping, electrophysiological data, neuroelectrochemical profiles, z I ! : .-“i‘ 't‘g,.. . 0 g 2 F':m' - 1 / o

and cognitive assessment has been generated to form the basis of the Living Brain Project (LBP). v 21 143 'p}‘{f}?:’}.ff‘f —*3 e : oo ;4'-;5*..‘&.‘.:5"_ - 100 S -, o . . .
Diagnoses among the LBP cohort included Parkinson’s Disease (PD), Alzheimer’s Disease, obsessive- " 0T Sk < 0 S Ve "' F7 % ";:t-' » >0 o o I . I I
compulsive disorder, and other neurological conditions. These samples were subjected to integrative ; | o 3 ol o el w0 = .: o - o O ° .
molecular profiling, including genomics, transcriptomics, and proteomics. % - - = = P : P —= 0% e sny H— . S
To identify novel therapeutic targets, we employed a Bayesian artificial intelligence system (NAi = e T
platform) to integrate transcriptomics and clinical data. A causal network map was generated from Figure 2. Omics Profiling Reveals Differences in Living vs Post-mortem Samples. Principal components analysis revealed differences | T

living subjects with PD (n = 220), and without PD (n = 55) from the LBP. A total of 21,647 data features between the living samples and post-mortem samples. These differences were observed in the RNA-seq data (A) as well as proteomics

including transcriptomics and clinical features were utilized for generation of the model network. data (B). However, the consequences of the observed differences remained unknown.

To derive actionable insights from this complex network and identify potential therapeutic targets, we I1l. DATA-DRIVEN CAUSAL INFERENCE OF LIVING AND POSTMORTEM TISSUE

applied topological analysis, which uses the principles of graph theory to highlight network pressure

points or hubs whose expression may exert system-side influence throughout the network. As an initial Figure 3. Bayesian Network

positive control validation, Glucocerebrosidase (GBA), a known risk factor for PD was investigated in our Learning.  Our  purpose-built |

network and found to be connected to established biology associated with lysosomal and Bayes'?” causal Al p'?tfor:m 3 A? :;%:;Teds E;‘:I‘ZEZ’EVG;”‘?;Z;Z I?]p'i:::g tlc\’let':;sr"l‘(’”(A';Da fj”:é
. . . . . . . : central component of the | : ,

mitochondrial genes along with novel biology. Similarly, examination of the network neighborhood nterrogative  Biology® platform, significant GO terms in postmortem network (B; g-value > 0.05).

around known PD driver genes PRKN, SCNA, and PINK1 showed expected biology as revealed by
pathway enrichment analysis. While GBA was found to be in the top 1% from the centrality analysis, our

allowed us to investigate the
observed molecular differences

results highlighted additional highly ranked targets involved in protein aggregation and between post-mortem and living
neurodegenerative diseases. Notably, one well-established PD target emerged as one of the most tissue samples. (A) Tissue samples Target #1
central nodes in the entire network, further supporting the model’s validity. These candidate targets are from  living individuals ~ were - - -
. . : PP . 8 . .y : . & profiled by RNA-seq and a Bayesian Linked to protein aggregation
currently undergoing bioanalytical and molecular validation to assess their therapeutic potential for the
£PD network was constructed. (B)
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Living Network 1% Degree Neighbors of GBA  The Living Brain Project is an ongoing effort to characterize functioning human PFC at the molecular level
Figure 1. (A). The primary objective is to characterize the multiomic foundations of functioning human PFC tissue. (B) * Bayesian Al was applied to create causal network maps from living subjects as well as post-mortem subjects
Schematic illustrating data collection procedures. 1. lllustration of PFC post-biopsy; 2. Electrical recordings from deep Figure 4. The immediate neighborhood around GBA validates the Bayesian Al approach by revealing known biology of lysosomal and  Analysis of the Living network revealed the presence of GBA as well as its connectivity to established biological functions
brain structures by probe. (C) Study cohort with numbers corresponding to sample size. This figure was adapted from mitochondrial function in the direct connections to glucocerebrosidase (GBA). Genes associated with lysosomal and mitochondrial « Pathway analysis of the neighborhood around key PD genes showed enrichment of expected biological processes
(Kopell et al.,, Multiomic foundations of human prefrontal cortex tissue function. medRxiv [Preprint]. 2024 May function are indicated in green Folor in the 1st degree neighbors of GBA (rlght). Additionally, network topology analysis reveals GBA to be «  The highest ranked therapeutic targets represented genes that clearly link disease pathology with neurodegenerative
17:2024.05.17.24307537.) among the most central transcripts (top 1%) based on betweenness centrality (219t out of 20, 967).
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