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Alzheimer’s Disease

Alzheimer

+ Impaired thinking, and behavior

Neurofibrillary + Confusion
Tgngles

+ Restlessness
+ Personality and behavior changes
+ Impaired judgment
+ Impaired communication

7 + Inability to follow directions
Amyloid Plaques

+ Language deterioration

Normal Brain Alzheimer’s
Section Brain Section
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Alzheimer’s Disease Cases are Increasing

Projected Number of People Age 65 and Older (Total and by Age) in the U.S. Population Distribution of Aggregate Costs of Care by Payment
with Alzheimer's Dementia, 2020 to 2060 A N . N
Source for Americans Age 65 and Older with Alzheimer’s
Millions of people [l Ages65-72 [l Ages75-84 [l Agesss+ or Other Dementias, 2024*
,

Total cost:
$360 Billion (B)

° Medicare
$164 B, 45%
Medicaid
$68 B, 19%

Out of pocket
$91B, 25%

Other
$38 B, 11%

T T
Year 2020 2030 2040 2050 2060
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NIH Funding for Alzheimer’s Disease Research

AIM Alzheimer’s and Related Dementia
wawesicomos  Research Funding at the NIH

o $3,779M $3,800M
$3,553M
$2,869M
$2,398M
$1,911M
$1.423M
$986M
r ) . ' | | |

r T

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Source: ) with the 2024 figure reflecting NIH's
ed 2023 ct the. S100M the FY2024 funding bill
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Risk Prediction and Drug Discovery for Alzheimer’s Disease

ADSP Omics Data ADSP Imaging Data AD Knowledge Base

Jason Moore, Marylyn Ritchie, LiShen
CS%nar &berelman

DT

AutoML
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The Alzheimer’s Disease Knowledgebase (AlzKB.ai)

4] OWL

>20 Knowledge
Sources Blomeldlcal AIZKB
Ontology
Cedars
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DrugClass

4
Molecul...
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AlzKB.Al in Memgra

)i A Lab @ memgraph connected 234037 16/M L 0 0 33296 MiB 7191 MiB / 24 GiB ol

== «  Overview -

S .

<

Query execution 3 Basic Cypher clauses

L

GraphChat A You've got the data, now it's time to make use of it. Below are five basic Cypher

clauses every grapher needs to know.
£ Run history

CREATE
Collections

B Query modules v
»  Streams
& Graph schema

I\ Datasets

& Import
MERGE

& Export

mbination of MATCH ai

e Inokina f sintk

iE Logs
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Querying AlzKB using the Cypher language

MATCH p=shortestPath(

/—\ (a:Item {itemId:'Q332'})-[*]->(b:Item {itemId:'Q35120'})
“ MEM )

GRAPH WHERE NONE(x IN RELATIONSHIPS(p)
WHERE (x.propId <> 'P279') AND
(x.propId <> 'P31') AND

LY ]
.'... .. »* (x.propId <> 'P361')
o o Q% ° )
° o RETURN p
—1 ° oo
o/ 9 /o
° oo

MATCH (a:Item), (b:Item)
WHERE a.itemId IN ['Q2', 'Q405', 'Q525']
AND b.itemId IN ['Q2', 'Q405', 'Q525']
AlzKB e
OPTIONAL MATCH (a)-[rel]-(b)
RETURN a, b, collect(rel)

©@ Cseitri:; Ii'S https://AlzKB.ai 9

Can we use an LLM to query AlzKB?

et OpenAl Chat GPT-4

AlzKB No! Accuracy = 0.5 to 0.55

©@Csei(ri‘<;|i's https:/AlzKB.ai 10
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KRAGEN

Bisinformatics, 2024, 40(6), btae353
https://doi.org/10.1093/bioinformatics/btae353

Advance Access Publication Date: 3 June 2024 B i O i n fo r m a't i CS
Applications Note OXFORD

Databases and ontologies

KRAGEN: a knowledge graph-enhanced RAG framework
for biomedical problem solving using large
language models

Nicholas Matsumoto’, Jay Moran', Hyunjun Choi', Miguel E. Hernandez', Mythreye Venkatesan’,
Paul Wang", Jason H. Moore ©"*

"Department of Computational Biomedicine, Center for Artificial Intelligence Research and Education, Cedars Sinai Medical Center, West
Hollywood, CA 90069, United States
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Querying AlzKB using LLMs with In Context Learning (ICL)

- A0
.Uluq— LLM Endpoint
L -

Vector DB AlzKB

° Query Relevant
Information

l o Prompt
+
Enhanced Context

q< Generated Text Response
o Prompt

Cedars
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Deconstructing queries with Graph of Thoughts (GoT)
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Interactive
GoT

() Description
Prompt:

<Instruction> You are an Al knowledge
simplifier with access to a knowledge graph
Your task is to filter out irrelevant information
from a given set of knowledge and provide a
concise summary. You will receive a
statement describing a refationship and a list
of knawledge. Only include knowledge
directly related to the statement,
disregarding any extraneous details. Present
the condensed summarized knowledge
within the <Output> tags. </instruction>
<Statement> BodyPart-BODYPART

Knowledge:

+ The gene METTLS is associated with the
blood, midbrain, urethra, heart, adrenal
gland, adipose ue, SMoGth muscle tissue,
and saliva-ser g gland because these
body parts over-express tha gene. Tha gene
METTLS is associated with the lung and
nipple because these body parts under-
express the gene. The gene METTLS is
associated with the drug Everolimus,
Digitoxin, Ouabain, and Bisacody! because
these drugs decrease the gene expression
The gene METTLS is involved in the

Response:

The gene STYXLZ is involved in the
molecular function phosphatase activity. The
gene STYXL2 is involved in the biclogical

GoT LLM Prompt

Knowledge From
RAG

GoT LLM Response

Gy e

13
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Querying AlzKB using LLMs with ICL, RAG, and GoT

Comparison of GPT-4 and GPT-4-(ICL) Accuracies in Answering True/False Questions

Comparison of GPT-4 and GPT-4-(ICL) Accuracies in Answering Multiple Choice Questions

0.80 0.9 4 °
n=1140 TFQs n=538 MCQs
0.754
0.8
0.704
0.7 4
> 0.65 >
I &
o El
£ 0501 g
0.6 4 o
0.55 4
054
0.50
0.454 0.4 4
GP‘TA GPTl‘l IcL GP‘T4 GPTA‘! IcL
@ Cedars
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Querying AlzKB using KRAGEN

©
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Chat Tap

©

Please ask me questions about Alzheimer’s disease.

Show me a list of genes that are connected to Alzheimer's disease and ibuprofen

Query
MATCH (g:Gene)-:GENEASSOCIATESWITHDISEASE]-(d:Disease), (g)-
[:CHEMICALBINDSGENE|CHEMICALINCREASESEXPRESSION|CHEMICALDECREASESEXPRESSION]-(dr:Drug)

WHERE toLower(d.commonName) = toLower("Alzheimer's Disease”) AND toLower(dr.commonName) = toLower("ibuprofen”)
RETURN g.geneSymbol

Answer
[{'g.geneSymbol": 'PPARG'}, {'8.geneSymbol’: 'BCL2'}

what pathways are PPARG and BCL2 part of?

Query
MATCH (g1:Gene {geneSymbol: 'PPARG))-:GENEINPATHWAY]-(p:Pathway)
MATCH (g2:Gene {geneSymbol: '‘BCL2)-:GENEINPATHWAY]-(p)

RETURN p.pathwayName

Answer
[{'p.pathwayName': 'Pathways in cancer’}, {/p.pathwayName': 'RXR and RAR heterodimerization with other nuclear receptor'}]

https://alzkb.ai

Querying AlzKB using KRAGEN

©
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Launch AlzKB HOME  ABOUT

The Alzheimer's KnowledgeBase (AlzKB)

Knowledge engineering is an important component of any Al project. This is especially true for the development
and application of Al algorithms and software for the study of Alzheimer’s disease where prior biological
knowledge can assist with feature selection, model selection, and model interpretation. The Alzheimer's

KnowledgeBase (AlzKB) integrates more than 20 different sources of knowledge about genes, pathways, drugs,

and diseases to inform Al analyses. It is our hope that this integrated knowledgebase ¢an be used to identify
new biomarkers of Alzheimer’s leading to new drug targets

AlzKB was funded by grant R01 AG066833 from the National Institute on Aging (NIA), National Institutes of
Health (NIH)

L
Natural Language
Search
{OpenAl key required)

Cypher Query Search

(Free)
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ESCARGOT: Dynamic Graph of Thoughts

Graph of Thoughts (GoT)
Thought Node / Thought Node
J \ " )
/ \ Code /
S O
‘Thought Node ,‘w:”' mmm ’
/" Code / \ Code {
& S ~ y TN
@ Thought Node '-W \ >  Output
£ )
Failed to execute. Failed to execute.
Debug and recode Debug and recode
Cedars
@@ Sinai Matsumoto et al., under review 17
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ESCARGOT (in revision)

23 5 Dataset GPT-40 Mini | RAG [ ESCARGOT
ESCARGOT: An AI Agent Leveraging Large 5
= = penended
Language Models, Dynamic Graph of Thoughts, and 1-hop 1.2% 55.5% 88.4%
Biomedical Knowledge Graphs for Enhanced (508 questions)
Reasoniug Openended
. . . : 2-hop 4.9% 23.1% 85.8%
Nicholas Matsumoto.! Hyunjun Choi.' Jay Moran.! Miguel E. Hernandez.! (450 questions)
Mythreye Venkatesan,! Xi Li.! Jui-Hsuan Chang.! Paul Wang! and Jason H. Moore* que
True/False
A artment of Computational Biomedicine, Center for Artificial Intelligence Research and Education, Ce % Sinai lic: Jenter, T
N Som Viconte Bk Pacife Desig Comter, St G841, Wes Hollymond, 0080, Ay USA oo ket Gomr 0 1-hop 60.5% 85.2% 90.9%

(560 questions)
True/False

2-hop 59.4% 75.6% T4.1%
(540 questions)
Multiple Choice

1-hop 58.2% 88.8% 93.4%
(498 questions)
Multiple Choice

2-hop 61.3% 86.4% 89.5%
(419 questions)

Cedars
@@ Sinai https://github.com/EpistasisLab/ESCARGOT 18
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Automated Feature Selection and Machine Learning

Combine

- - ~ "’

S - v, ¥

" - imitivi

° H - " O primitives
v, features S *.
' .-
. - max Y 7 .
seemT I 1 tenminals
A ’

.
.
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Data Preparation (n=30Kk)

Training dataset: GWAS

»

v v

effect sizes p-values
(B or In(OR))

Test dataset: PGS

z Z(allele count),, x (effect size)
p-val SNPs

training

Cpsiar g
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Defining Distance from Alzheimer’s Using a Variational Graph Auto Encoder

Visualization of Gene Embeddings

Visualization of Drug Embeddings

Component 2

1

PO T « AlzGenes « FDA AD Drugs At -
15 w.'" AR S -
: W o Gt
. !f : Xl
o 5 L" A o .
0 ’ o, M
. 8 o ¢
> 1] . ~
G g » .
3 -4 g7 .
% § »
3 G 6 e
5
4
-2.5 0.0 25 5.0 7.5 10.0 125 15.0 0 2 4 6
Component 1 Component 1
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Knowledge-Guided Automated Machine Learning Using Map-Elites

23

: é < . — Map-Elites-FS
Distance 1
1 2

TPOT Plpellnes

Feature Sets

2

——

o]

ﬁ

[y

Distance 2

24
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Knowledge-Guided Automated Machine Learning Using Map-Elites

Grid visualization of pipelines (Dim=16)

=

Canberra

14 532 519 538 88

04 476 204 1S

1] 1 2 3
Euclidean

r 0.60648

r0.59791

o
w
2]
w
w
o
line

- 0.58077

- 0.57220

ROC_AUC of the

- 0.56363

- 0.55506

[

- 0.54649

pipel

Feature set 359

GABRB1 GABRR1 GABRAS GABRE GABRR3 GABRAS3
GABRQ GABRG2 GABRB3 GABRA1l GABRD GABRG3
GABRA2 GABRP GABRR2 CYP2C8 GABRG1 CYP2B6
GABRA4 CYP2C19 GABRB2 TSPO CYP2C9 GABRAG6
CYP3A4 UGT1A3 ALB ABCC4 THBD ABCC1 SLCO2B1
UGT2B7 PTGS1 CYP2C9 CFTR CXCL8 PPARG
SLC22A11 ABCB1 PLAT UGT1Al SLCO1A2 SLC22A8
CYP2C19 UGT2B4 BCL2 UGT1A9 SLC22A6 PTGS2
CYP2C8

Drugs

Temazepam (a benzodiazepine)
Ibuprofen

Co

25

Gene Interpretation Using HumanBase

o0
M1

CYP2C3 O

25

M1: Drug Metabolism

®e M2 M2: Drug Metabolism
e® ® ® ® M3: Chloride Transport
“e o @ .. ol ® ucT1A1
ABCC1 THBD O © M4: Chloride Transport
® .. a M5: Receptor Metabolism
sLcoiA2 @ O
o ® © @ creras
M3 (@) ®
B humanbase
©@c§:lgll-s https://hb.flatironinstitute.org/ 26
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Drug Interpretation
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Temazepam, a
benzodiazepine,
targets the GABA
neurotransmitter

PublfQed”

2004 2024

(] Abstract
] Free full text
] Full text

[] Associated data

Temazepam AND alzheimer'd X Sea
Advanced  Create alert Create RSS
Email | Sendto Sortby: Most recent 41z Display options 4%
Page 1 of 1

2 results

[}

Cite

share

Cite

Share

The Incidence of Benzodiazepine and Related Drug Use in Persons with and

without Alzheimer’s Disease.

Saarelainen L, Taipale H, Koponen M, Tanskanen A, Tolppanen AM, Tiihonen J, Hartikainen S.
Alzheimers Dis. 2016:49(3/809-18. doi 10.3233/J4D-150530.

PMID: 26484330

BACKGROUND: (BZDR) are oce: to treat certain

symptoms of Alzhwimer's diseass (AD). However, the isks related to ZDR use are high in older

persans. . Incidence of BZOR, including benzodiazepines (lorazepam, oxa

From prescriptions to drug use periods - things to notice,

Tanskanen A Taipale H, Kapanen M. Tolppanen AM. Hartikainen 5, Ahanen R, Tihonen 1

BMC Res Notes. 2014 Now 14,7796, doi: 10.1186/1756-0500-7-796

PMID: 25398553 Free PMC article

METHODS: Wie used 3,826,292 dispensed prescriptions clsimed between 1 Janusry 2002 and 31
December 2009 for 28,093 persons with Examples of drug are
presented to discuss different aspects that should be noticed when using reg

User Guide

Co
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The Digital Data Science Assistant

27

CoNry

28
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