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MOLECULAR DIAGNOSTICS at AIT

Minimal or non-invasive molecular diagnostic / Liquid biopsy
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AGENDA

1) Pitfalls in Biomarker Discovery
2) Minimally invasive Biomarker Discovery
1) Antibodies as Biomarkers

2) Circulating RNAs as Biomarkers



BIOMARKER DEVELOPMENT . | | .

Typicaln: | 10"-102 102 - 10° 103 — 104 103 — 104
Typical p: | 10%- 108 101 - 102 100 - 101 100 - 10°

Only ~10% of biomarkers advance from discovery to validation, with ~90% failing due to

technical or design flaws.
BEST (Biomarkers, EndpointS, and other Tools)

Resource, FDA-NIH Biomarker Working Group
Critical Steps:
 Discovery
* Tech transfer. NGS -> qPCR, MS -> ELISA
» Matrix transfer: tissue -> minimally invasive matrices
* Replication in Independent Validation Cohorts



PITFALL #1: INADEQUATE SAMPLE SIZE y. 1™

-> Leads to false positives / false negatives -> failure in independent validation

» Pilot data often missing / scarce

* True effect sizes often overestimated

+ Disease heterogeneity often underestimated r

* Budget constraints
« Samples availability

« Particularly relevant when feature space is

large (e.g. DNA methylation)

_l/

/Use open data as pilot data (with cautioh

» Two-stage design (pilot -> discovery cohort)
« Large consortia often necessary

+ Use suitable, platform-specific sample size
calculation tools:
« OCplus

* RnaSeqSampleSize
+  RNASegPower

\ « OLINK Insight sample size calculay




PITFALL #2: INADEQUATE DEFINITION OF USE /M T sz
CASE / TARGET POPULATION

™ lptnimuine Many studies fail to clearly define their target population, leading to

>1-15cm

Hx and Physical
Serum TSH

Normal/High

misinterpretation, poor reproducibility, and limited clinical utility.

Not >50% cystic >50% cyst Other nodule ‘ No Nodule Beth eSd a
Bl N°'P1mﬁ°' MPTM >1~°'i-5°"‘ Class Diagnostic Category ROM [%] Management
or hyper . . .
oy L e Blevated| [Normal Nondiagnostic or Repeat FNA with
gu::,;d;gil ' A FIVA o o) | Unsatisfactory 1-4  ultrasound guidance
I Benign 0-3  Clinical follow-up
Romuis 1] AUS/FLUS 5-15 __ Repeat FNA
\Y Follicular Neoplasm 15-30 Surgical lobectomy
[(nadequate | [Mali Suspicious for Near-total thyroidectomy or
\Y, Malignancy 60-75 surgical lobectomy
Repeat U/S urges .
Vi Malignant 97-99 Near-total thyroidectomy

Cibas et.al. 2009

Consider

Close
Follow Up or
Surgery (see text),




PITFALL #2: INADEQUATE DEFINITION OF USE /M T sz
CASE / TARGET POPULATION

Considerations for designing a discovery cohort

Be specific: E.g., patients with stage XX disease, which are eligible for treatment YY

according to guidelines ZZ instead of "patients with cancer”

Prevalence of positive cases in target population?

Are the results actionable?

Which sample matrices are available in a routine clinical setting?

Define clinical context: consider comorbidities, prior treatments, disease progression.
Define suitable control group

Consider demographic factors: Age, sex, ethnicity, and genetic background are often

overlooked.



PITFALL #3: MATRIX TRANSFER BIAS WY

Problem: Tissue biomarkers don’t translate well into circulation

* Low Abundance in Circulation: Tissue

biomarkers are diluted in blood (1:10°-1:10°

ratio). . .
) (. Avoid matrix transfer )
+ Lack of Specificity Circulating biomarkers may . Select highly specific signals
originate from multiple tissues, not just the (e.g. tumor mutation)
target disease. « Use highly sensitive detection
- Biological Barriers Tissue barriers (e.g., blood- \_ methods (e.g. ddPCR, PEA))

brain barrier, extracellular matrix) prevent

biomarker release.



PITFALL #3: TECHNOLOGY TRANSFER . | | P

Failure rate in Translation from Discovery technology to Biomarker assay

Preanalytical factors
Antibody availability (Proteomics)
gPCR assay design (e.g. in GC-rich regions like CpG islands, short RNA fragments)

Selection of suitable control / standardisation assays



SUMMARY: RECOMMENDATIONS FOR
BIOMARKER DISCOVERY

Allow for adequate sample size - Be realistic in your expectations
Choose your discovery matrix and omics layer wisely
* Dimensionality
* Need for matrix transfer
« Affordability
» Biological plausibility
Select redundant features from discovery
Involve industry early

Consider regulatory aspects early (e.g. risk classification)
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CORONARY ARTERY DISEASE AIT

» Coronary artery disease (CAD) is a complex chronic inflammatory
disease caused by lipid build up in arteries = atherosclerosis
» Gold standard diagnostic test = Coronary Angiography (CA)

Coronary Angiography

Catheter inserted in leg Catheter tip stops at Contrast agent injected into arteries. X-ray
and guided up the aorta left coronary artery imaging shows stenosis in left coronary artery

* 40% of patients undergoing CA due to indicative symptoms show
normal-appearing coronary arteries (no stenosis)

Need for non-invasive, radiation-exposure free diagnostic test




STENOSIS COHORT

Pseudoprospective (sampling

before angiography)

09/2020 — 09/2021

Rich data
* Personal
* Clinical
* Pharmacological
* Phenotypical

Coronary artery blockage

0%\— —sto%
~-
@ ® @
Healthy Sclerosis Stenosis
nonStenosis
disCtrl ||sclerosis || stenosis
art_occlusion

stenosis
disCtrl (N=37) sclerosis (N=32) (N=TT) Total (N=146)  p value
age 0.299
N-Miss 1] 1] 2 2
Mean (SD) 62.757 (15.304)  67.031 (10.751)  65.160 (9.320)  64.058 (11.485)
Range 0.000 - 82.000  41.000 - 81.000 41000 - 83.000  0.000 - 83.000
sex <
0o
m 13 (35.1%) 21 (65.6%) 58 (75.3%) 92 (63.0%)
w 24 (64.9%) 11 (34.4%) 19 (24.7%) 54 (37.0%)
family_ history 0063
N-Miss 5 1 G 12
Mean (SD) 0.250 (0.440) 0.194 (0.402) 0.408 (0.495) 0.321 (0.469)
Range 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000
BMI 0.266
N-Miss 9 7 20 36
Mean (SD) 30.847 (6.498)  20.834 (6.607) 28783 (4.306)  20.547 (5.570)
Range 21,338 - 44,022 23147 - 53,146 20.797 - 38.874  20.797 - 53.146
smoking 0.040 Gr—
active 5 (13.5%) 7 (21.9%) 19 (24.7%) 31 (21.2%)
former 5 (13.5%) 7 (21.9%) 25 (32.5%) 37 (25.3%)
no 27 (7T3.0%) 18 (56.2%) 33 (42.9%) 78 (53.4%)
typical _symptoms 0.035 <
Mean (SD) 0.270 (0.450) 0.250 (0.440) 0.468 (0.502) 0.370 (0.484)
Range 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000
atypical symptoms 0.275
Mean (SD) 0.243 (0.435) 0.281 (0.457) 0.156 (0.365) 0.205 (0.405)
Range 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000
diabetes 0.320
Mean (SD) 0.216 (0.417) 0.188 (0.307) 0.312 (0.466) 0.260 (0.440)
Range 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000
hyperlipidemia 0.762
Mean (SD) 0.541 (0.505) 0.625 (0.492) 0.597 (0.494) 0.589 (0.494)
Range 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000
hypertension 0.560
Mean (SD) 0.730 (0.450) 0.781 (0.420) 0.818 (0.388) 0.788 (0.410}
Range 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000
obesity 0.233
Mean (SD) 0.351 (0.484) 0.219 (0.420) 0.208 (0.408) 0.247 (0.433)
Range 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000
vorhofflimmern 0.617
Mean (SD) 0.108 (0.315) 0.004 (0.206) 0.156 (0.365) 0.130 (0.338)
Range 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000 0.000 - 1.000
copd 0076 e

Mean (SD)
Range

0.081 (0.277)
0.000 - 1.000

0188 (0.307)
0.000 - 1.000

0.052 (0.223)
0.000 - 1.000

0.080 (0.286)
0.000 - 1.000




OMICS LAYERS IN STENOSIS COHORT

2. Sample Collection
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1. Patient Recruitment

Patients with
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4. Multi-Omics Profiling
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(AUTO)ANTIBODIES IN CARDIOVASCULAR DISEASE AIT

Autoantibodies: Immune system proteins that mistakenly target the body’s own tissues.

Biomarker potential: Autoantibodies can serve as early, non-invasive indicators of cardiovascular
disease (CVD).

Why they matter:

» Detectable years before clinical symptoms.

» Reflect underlying pathological processes (e.g.,cancer, inflammation, tissue damage).
« Stable in circulation, making them ideal for blood-based tests.

Examples in CVD:

» Anti-Phospholipid (aPL): Atherosclerosis — early detection

« Cardiac troponin | (cTnl): Myocardial Infarction (MI) risk stratification



(AUTO)ANTIBODIES: PHIPSEQ AIT

A. Create library i  B.Screen serum i C.Analyze data

Phage Immuno Precipitation Sequencing

@ ‘% Y )? )é E ..ATCG..
« Minimally invasive: serum, plasma, saliva, ... PO YO SRS —
uriPrCse ‘P’&{% Lo : . R

« Small sample input: only a few ul needed @ (1_3)& ﬁ :‘f . @ (56:57)
_r:‘f WSAw:iLsf

» Cost-effective for large cohorts

PEPTIDES

« Good translatability

« Limitation: only linear epitopes

PROBABILITY

REA COT L
G

*

PATIENT 1

PATIENT 2

Mohan, D., et al. Nat Protoc 13, 1958-1978 (2018).



PHIPSEQ LIBRARY DESIGN

a DEFINE CAD CONTEXT (KEYWORDS)

List of keywords related to coronary artery disease (CAD)
e.g., coronary artery disease, atherosclerosis, plaque,
inflammation, thrombosis, lipid metabolism, etc.

4

e EXTRACT CAD-ASSOCIATED PROTEINS

Query databases and literature to identify proteins
associated with CAD.

Output: Set of CAD-associated human proteins

- i

e ADD BACTERIAL EXTRACELLULAR PROTEINS

Extract extracellular (surface/extracellular domain)
proteins.

Output: Set of bacterial extracellular proteins

Select bacteria relevant to CAD (e.g., oral/gut microbiota).

2

| o COMBINE PROTEIN SETS

Merge CAD-associated human proteins with
bacterial extracellular proteins.

| Output: Combined protein set

Y

9 EXTRACT PROTEIN SEQUENCES

Retrieve amino acid sequences for all proteins
in the combined set (e.g., from UniProt).

Output: FASTA file of all protein sequences

2

e INPUT TO DESIGN PIPELINE

Provide protein sequences to the PHIP-Seq
design pipeline to generate peptide/oligonucleotide
components.

. o 1

input_orfs.fasta

Generate

_ s | pepsyn tile | | pepsyn ctermpep |
peptide tiles
Step 1 J I
Complexity | cd-hit | | cd-hit
reduction
Step 2 J I
Length | epsyn pad | | epsyn pad
normalization | PP P PePYR
Step 3
Step 4
oligos.fasta
| pepsyn findsite | | bowtie-build
QC Build index
Step 5 Step 6

Mohan, D., et al. Nat Protoc 13, 1958-1978 (2018).

e ™
Library of 15k chemically

synthesised 180mer
oligonucleotides

-

4 '

Phage library preparation

Biopanning (96 plasma
\ samples) )
NGS

-

Count tables




FEATURE SELECTION . | | .

By p value in Row-wise wilcoxon test (alternative="greater")
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PREDICTION MODEL

Method:gimnet
Nested crossvalidation:
« train loop: 3rep 10xCV
» testloop: 3rep 10xCV
Selection metric: Accuracy

Feature preselection:
wilcoxon test (p<0.01)

true_positive_fraction

prob_stenosis

ROC Curve (AUC = 0.976)

= o2 o e
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OMICS LAYERS IN STENOSIS COHORT

2. Sample Collection

Blood Collection

1. Patient Recruitment

Patients with
Coronary Artery Disease

Saliva Collection

J

3. Biofluid Isolation

Plasma Isolation

Plasma

Centrifugation to
isolate plasma

Saliva Processing

Clarification/filtration
to obtain cell-free saliva

|
Plasma

_ (cell-free fraction)

|
| Saliva

| {cell-free fraction)
=

{

{

4. Multi-Omics Profiling

Cell-free DNA Methylation

\

Genome-wide DNA
- methylation analysis
of cell-free DNA

—

Extracellular Vesicle
Bound RNA

e ——

RNA sequencing of
extracellular vesicle
(exosome) cargo

)

T /T

Autoantibodies

| i Y o

Metabolomics

o Ll

Metagenomics

2L ®

Proteomics

Autoantibody profiling
-5 against disease-relevant
antigens

Mass spectrometry-
= based profiling of
metabolites

Sequencing of microbial
—> DNA to characterize

oral and plasma

microbiome

Mass spectrometry-
based profiling of
proteins

S

5. Integrated
Multi-Omics

Analysis
[ lak
== o = ®
] :ln ..'...
Ha cm i

Integrative analysis to
identify biomarkers
and mechanisms
of coronary artery
disease




DIAGNOSTIC POTENTIAL OF EV-BOUND MIRNA

Letter = Published: 07 May 2007

Exosome-mediated transfer of mRNAs and microRNAs is anovel
mechanism of genetic exchange between cells

Hadi Valadi, Karin Ekstrom, Apostolos Bossios, Margareta Sjostrand, James J Lee & Jan O Lotvall &8

Nature Cell Biology 9, 654-659 (2007)
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EV / cfRNA provide a link between solid tissue and circulation

Exosomes contain RNA
and small RNA.
Exosomes isolated from mast

cells contained mRNAs and
miRNAs.

EV RNA can be transferred
between cells.
Exosome-derived RNAwas

delivered to recipient cells and
detected in their cytoplasm.

Transferred RNA can
remain functional.

Delivered mRNAs were
translated into protein and
miRNAs could regulate gene
expression in recipient cells.
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DIAGNOSTIC POTENTIAL OF EV-BOUND / CF RNA

e e e e
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CFRNA VS EV-BOUND MIRNA AT

WHOLE / UNFRACTIONATED BIOFLUID EV-ASSOCIATED SIGNAL

ENRICHMENT concentrate a disease-associated

soluble proteins molecular fraction

cell-free nucleic acids
metabolites
lipoproteins / protein complexes PROTECTION cargo may be protected from degradation
cells + debris (fluid-dependent)

MULTIPLEX CONTEXT combine surface phenotype with internal
cargo
Usually simpler ¢ potentially higher abundance

¢ easier to standardize CELLULAR CONTEXT? potentially enrich EVs associated with
particular cell types

Potential advantages which need to be demonstrated
rather than automatic properties of every EV assay.

The real question: Does EV enrichment improve sensitivity, specificity, robustness or biological interpretability?




DIAGNOSTIC POTENTIAL OF EV-BOUND MIRNA
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SUMMARY . | | .

« Both methods (PhIPseq & EV/cfRNA) offer hypothesis-free biomarker discovery
« Small amounts of serum / plasma required (50 - 500 ul)

« Both methods have potential to identify stenosis in a relevant clinical setting.

* Multi-omics analysis ongoing

» Methods are ready to be applied in other disease settings (e.g. endocinology)
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