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A pan-cancer characterisation of the hypoxic
ECM identifies a gene sighature predictive of
radiotherapy benefit
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Hypothesis and aims

Hypothesis

* Hypoxia alters the ECM composition in cancer, influencing
radioresistance

Aims
* To characterise the hypoxic ECM composition in cancer
* To identify a signature associated with radiotherapy benefit



Characterising hypoxia signalling:
meta-analysis

] _ _ Bladder 1,257 8
* Hypoxia-scores: Retrospectively validated
cancer-specific hypoxia signatures Breast 3,766 12
Colorectal 1,937 14
« Differential gene expression (DEGs): Glioblastoma 3,064 18
limma analysis for each cohort Liver 1,698 13
independently Head & neck 1,492 15
Lung 1,446 7
. R'andom?effects model (BEM): Integrate Pancreas 1,430 13
differential gene expression data
Prostate 4,587 21
Cervix 568 8

* Significance: FDR<0.05, fold change >1 or
<-1, frequency > 30% All 21, 129
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Characterising hypoxia
signalling: meta-analysis

Cancer type

- Pan cancer
Head & neck
Glioblastoma

- Bladder

- Breast

. Liver

B Pancreas
Lung
Cervix
Colorectal

- Prostate

Expression
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Hypoxia induces pan-cancer
gene expression changes

>17% of hypoxia-regulated genes
are extracellular matrix (ECM)
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c)
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Characterising hypoxia
signalling: meta-analysis

Hypoxia regulates ECM pathways
at pan-cancer level

Hypoxia changes in ECM gene
expression are prevalent




|ldentifying suitable models

Cell culture:
» Hypoxia (0.2% O,)
« Normoxia (20.9% O,)

»

Four bladder cancer cell lines:
« T24, UMUC3, J82, RT4

FFPE (n = 32) from
bladder cancer patients

In situ hybridisation
and staining

CA9 to stain
hypoxic areas

v

»

Proteomics

» Secretome

« ECM
Transcriptomics
ChIP-Seq

Probe NGS barcode
photcleavage

MS




ldentifying models (in vitro)

Reactome pathway enrichment ECM category
. . .adjust -
Non-integrin | P-4 100+ Affiliated
interactions . ® ® proteins
- Non-structural
ECM organisation . . . 1e-06 ~ 80 - fSaecct:(r)er:;ed g::ez ructura
X
Syndecan interactions - @ ® e 2606 > 601 B Regulators
S
MET/PTK2 signalling - @) 6) €] 3e-06 g 40 . o
ycoproteins
ion - Gene ratio O Structural
Collagen formation ructura
9 ® ® @ O o 20+ Proteoglycans | genes
ECM degradation - . ‘ ‘ O 0.2 0 Collagens
Collagen assembly - @) @) @) O o3 L. & L. & L ¢ &
Q 04 N \'bb 2 NP N \'?>6 2
. AR DRI AR
Collagen degradation - o (@) o QP Q? Q°
& ,bbbé Qc?} Overall HIF1/2 no HIF1/2
&
X & @Qc?’
4

In vitro models recapitulate ECM hypoxia
alterations found in the meta-analysis




|dentifying models

MET/PTK2 signalling
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I Tissue type ECM genes
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Signature validation: meta-analysis

ﬂ’rognostic (medium or high scores do worse)ﬁ

Using available clinical and transcriptomic
data from the meta-analysis cohorts

Patients were tertile-stratified based on
signature expression levels

Signature evaluated with Cox multivariate
analysis

o

Glioblastoma (n=1,011; p=0.0000054),
Bladder (n=1,102; p=0.0027)
Lung (n=764; p=0.0029)
Pancreatic (n=271; p=0.00035)
Prostate: (n=689; p=0.035)

/

Multivariate Cox predictive analysis: MIBC

Endpoint  Subgroup n : HR CI p

oS Age 1102 : ¢ 1.03 (1.02-1.04) <0.001
Male vs Female ‘I 0.99 (0.83-1.19) 0.922
T1/T2 vs T3/T4 : ¢ 142 (1.19-1.70) <0.001
G1/G2 vs G3/G4 f L 2 112 (0.89-1.41) 0.313
No neoadjuvant vs neoadjuvant chemotherapy L 2 : 097 (0.76-1.24) 0.785
No CON vs CON treatment L 4 : 0.73 (0.53-1.01) 0.057
No concurrent vs concurrent chemotherapy . 4 l 0.83 (0.66-1.05) 0.117
SUR: High ECM vs RT: Medium ECM L 4 : 0.79 (0.58-1.09) 0.150

____SUR: Low ECMvs RT: Medium ECM & | 071 _(052-098) 0039
SUR: Medium ECM vs RT: Medium ECM : 0.65 (0.47-0.90) 0.010
RT: High ECM vs RT: Medium ECM : 0.63 (0.50-0.80) <0.001
RT: Low ECM vs RT: Medium ECM : 0.61 (0.48-0.77) <0.001
0.50 0.75 1 !oo 150




Mechanistic evaluation

Immunofluorescence

ECM fibres: FN, COL5, COL1

Culture cells 7 days: Co-localisatiqn: E/N—c_adherin;
- Hypoxia (0.2% O,) Vinculin/Paxillin
* Normoxia (20.9% O,)

Irradiation (0-8Gy) and seeding

Plate with ECM coating of new cells (20.9% O,)

decellularized

Four bladder cancer cell lines:
« T24, UMUC3, J82
* n= 3 biological repeats with n =

l 30mininc.
20 technical repeats / cell line
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Hypoxic ECMs promote
adhesion and impair
migration, effect
enhanced by irradiation




Mechanistic validation: ECM fibres colocalisation

FN

b o o
) Irradiation
. "‘n.‘l il l:;l(NN FN PX/VN colocalisation area generally impai rs
- cell/ECM

a) .
Normoxia

Hypoxia

150 ﬁ ;‘ interactions
i & L _ . soj’— ’_‘ ! :
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Conclusions

« Hypoxia induces prevalent pan-cancer alterations in the ECM

* Those alterations linked to MET-mediated cell migration and immune
signalling

A hypoxic-ECM signature is both prognostic and predictive of
radiotherapy benefit

 High-score patients benefit from radiotherapy and had reduced
metastatic events

 Highly hypoxic ECMs (0.2% O2) have fewer collagen fibres and reduce
cell migration (effect enhanced by radiotherapy)

 Radiation impairs cell/ECM interactions, providing context for the
signature’s predictive capacity
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