A
povane  WQd Queen Mary

University of London

Proteomic prediction of
common and rare diseases

Julia Carrasco Zanini Sanchez, PhD
GSK, Genomic Sciences | GSK Research and Development | Stevenage, UK
MRC Epidemiology Unit | University of Cambridge

PDRA in Computational Genomics and Multi-omics | Precision Health University Research
Institute | QMUL

j.carrasco-zanini-sanchez@qmul.ac.uk



Studying the plasma proteome at scale

Genome Epigenome Transcriptome Proteome Metabolome Phenome
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Techniques to measure the plasma proteome

A) Mass Spectrometry B) Proxlmltv Extensnon Assasy C) Aptamer Microarray
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Can we leverage broad-capture plasma proteomics
to identify people at high-risk of developing
diseases in the future?
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Study design

UKB-PPP random subset
(N ~41931)
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* Best performing feature set (5, 10 or 20 features)

discrimination

Exclusion of prevalent cases and
incident cases within the first 6 months.

Clinical model included age, sex, BMI,
ethnicity, smoking status, alcohol
consumption, family history.

2942 proteins (Olink Explore 1536 +
Expansion panels).

37 clinical biomarkers (standard
laboratory assays and blood cell traits)

Polygenic risk scores from Genomics
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clinical models for 67 disease
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Improvement in detection rates and likelihood ratios

e Performance metrics
relevant for screening.

e Detection rate at a 10%
False positive rate (FPR).

* LR: Likelihood of seeing a
high “proteomic risk” in
an individual that will
develop the disease
within 10 years compared
to an individual who
won't.

Detection rate (patient information + proteins)
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Detection rate (patient information)

Model

patient information
patient information + proteins
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An example of the theoretical benefit of proteomic screening in coeliac

disease
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Head-to-head comparison: protein signatures vs clinical

biomarkers

Clinical biomarkers
improved prediction for 28
diseases.
e Of these proteins
improved prediction for
24,

Of the 67 diseases improved
by proteins, 52 of those had
greater improvements from
proteomics compared to
clinical biomarkers.

Detection rate
{patient information + proteins)
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Predictive proteins across more than one disease and clinical
specialty

Benign neoplasm or Carcinoma in situ Haematological or immunological
Cancers Infections
. . Cardiovascular Musculoskeletal
* 501 proteins among signatures for 67 Digestive Neurological
diseases. Ear Perinatal
Endocrine Psychiatric
B Eye * | Respiratory
. Genitourinary B Skin

e 147 proteins are predictive for more
than 1 disease.
« 89% of those predictive across
more than 1 clinical specialty.
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Disease-specific predictor proteins

Platform @ 1536 & Expansion

., BCMA

Agranulocylosis = @ RRM2
Vitamin B12 deliciency anaemia = D
Liver fibrosis, sclerosis and cirrhosis = ° CEACAM1
End stage renal disease = ® NT!
Fatty Liver = ® ‘
Monoclonal gammopathy of undetermined significance = @ TNFRSF13B
Osteoarthritis @ COL9A1
Peripheral neuropathies = > J PIGR
| Multiple myeloma and malignant plasma cell neoplasms = 9 I
Hyperparathyroidism = B)
Hepatic failure = & ‘
Sjogren disease = o TRIM21
Secondary or other Thrombocylopaenia = ® SDC4
Chronic sinusitis = @ CNTN4
Leukaemia = . ] FCRL2
Thrombophilia - @ [
Menorrhagia and polymenorrhoea = 2 (I
Chronie Kidney Disease = @ CDNF
Diabetic neurological complications = o CD276
Psoriasis = L] DEFB4A DEFB4B
Portal hypertension = o ,
Rheumatic fever = @
Diabetes Type | < ® PLA2G1B
Gout = ® IGFBP4
Carpal tunnel syndrome = . J Y
Nonrheumatic mitral valve disorders = ® UMOD
Primary or Idiopathic Thrombocylopaenia = o HLA
Diabetic ophthalmic complications @ HSD11B1
Non-Hodgkin Lymphoma = @ SCG3
Respiratory lailure = 9 REG3A
T T T T T T
0.0 0.2 04 0.6 08 1.0
Normalised Weight

Carrasco-Zanini J., Pietzner M., Davitte J. et al. MedRxiv. 2023



Summary

Sparse plasma protein signatures
can improve identification of people
at high-risk of future disease onset,
over and above clinical benchmarks.

* Achieving screening metrics
comparable or higher than
current diagnostic markers.

Systematic comparison across
diseases highlights disease-specific
biomarkers, as well as predictive
markers across many different
diseases.

Limitations and future work

 Benchmarking against disease specific
biomarkers (i.e. M-protein for multiple
myeloma).

e External validation
* Alternative proteomic technology
e Ethnically diverse populations
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