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Accurate and non invasive in vivo molecular
imaging system of the breast
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Molecular Imaging and Spatial Multi-Omics for personalized Breast
Cancer diagnosis and treatment

IMAGEOMICS : /dentifying Molecular, Cellular and Imaging Signatures of Breast Cancer
Heterogeneity to Improve Personalized Therapeutic Strategies

1. Identify new molecular or cellular biomarker of treatment response
R
Integration of Spatial Multi-Omics technologies for Breast Cancer imaging phys
¢ before and after radiotherapy B

2. Accurate and non invasive in vivo molecular imaging system of the breast

Using an X-ray fluorescence Computed Tomography system with 0TTO VON GUERICKE
: : : : y UNIVERSITAT
functionalized metallic nanoparticles (NPs) g MAGDEBURG
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X-ray fluorescence Computed Tomography for
Breast Cancer imaging and treatment

» X-ray fluorescence Computed Tomography combines the high functional sensitivity of imaging
system as PET, SPECT to the high resolution of Computed Tomography
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X-ray fluorescence Computed Tomography for
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» X-ray fluorescence Computed Tomography combines the high functional sensitivity of imaging
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X-ray fluorescence Computed Tomography for
Breast Cancer imaging and treatment

» X-ray fluorescence Computed Tomography combines the high functional sensitivity of imaging
system as PET, SPECT to the high resolution of Computed Tomography
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X-ray fluorescence Computed Tomography for
Breast Cancer imaging and treatment
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X-ray fluorescence Computed Tomography for
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Signal detection from UpConversion Nanoparticles
embedded in hydrogel

UpConversion (UC) Nanoparticles Yttrium
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Signal detection from UpConversion Nanoparticles
embedded in hydrogel

UC NPs concentrations tested:
[50,2000] pg/mL

Beam direction LV
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Signal detection from UpConversion Nanoparticles
embedded in hydrogel

UC NPs concentrations tested: Y(ka1) E=14.958 keV 2000 pg/mL
[50,2000] pug/mL
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Signal detection from UpConversion Nanoparticles
embedded in hydrogel

UC NPs concentrations tested:
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Localising UpConversion-Nanoparticles in 3D Breast
Cancer Model by X-ray fluorescence imaging
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Localising UpConversion-Nanoparticles in 3D Breast
Cancer Model by X-ray fluorescence imaging

» MDA-MB-231 Triple Negative Breast Cancer (TNBC) cell line B s
» UpConversion NPs are spiked at 500 pg/mL in TNBC cells embedded in hydrogel -
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Localising UpConversion-Nanoparticles in 3D Breast
Cancer Model by X-ray fluorescence imaging

» MDA-MB-231 Triple Negative Breast Cancer (TNBC) cell line
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Localising UpConversion-Nanoparticles in 3D Breast
Cancer Model by X-ray fluorescence imaging

» MDA-MB-231 Triple Negative Breast Cancer (TNBC) cell line
» UpConversion NPs are spiked at 500 pg/mL in TNBC cells embedded in hydrogel
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Localising UpConversion-Nanoparticles in human size
Breast by X-ray fluorescence imaging
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Localising UpConversion-Nanoparticles in human size
Breast by X-ray fluorescence imaging

» We want to recreate the radiological properties of the different mammary tissues
components;

» We can mainly describe mammary tissue as adipose and glandular tissue;

» We tested 4 filaments: PLA, PVA, ABS, PET-G and three infill densities (80-90-100%)
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Localising UpConversion-Nanoparticles in human
size Breast by X-ray fluorescence imaging
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Localising UpConversion-Nanoparticles in human
size Breast by X-ray fluorescence imaging
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Localising UpConversion-Nanoparticles in human
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Localising UpConversion-Nanoparticles in human
size Breast by X-ray fluorescence imaging
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Localising UpConversion-Nanoparticles in human
size Breast by X-ray fluorescence imaging

Reconstructed XRF image CNR 7.9

3D printed Breast Phantom
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Conclusions and outlook

IMAGEOMICS : /dentifying Molecular, Cellular and Imaging Signatures of Breast Cancer
Heterogeneity to Improve Personalized Therapeutic Strategies

We have results for UpConversion NPs but its low Ka reduces the sensitivity [ ﬁ SIS Yo SUERIce
power of our system since human size dimensions attenuate XRF signal. ¥ MAGDEBURG

%

A phys
[ )

RRRRRRRRRRRRRRRRRRRRRR
ADIAT

\ /
PIAN‘/ FORTE IMAGEOMICS 41



Conclusions and outlook

IMAGEOMICS : /dentifying Molecular, Cellular and Imaging Signatures of Breast Cancer
Heterogeneity to Improve Personalized Therapeutic Strategies

We have results for UpConversion NPs but its low Ka reduces the sensitivity [ ﬁ SIS Yo SUERIce
power of our system since human size dimensions attenuate XRF signal. "“ MAGDEBURG

» Development of Breast Phantom for Gold, Hafnium and Gadolinium NPs imaging

R phys
[ )

RRRRRRRRRRRRRRRRRRRRRR
RRRRRRRRRRRRRRRRRRRRRRRRRRR

/
PIAN:/ FORTE .



Conclusions and outlook

IMAGEOMICS : /dentifying Molecular, Cellular and Imaging Signatures of Breast Cancer
Heterogeneity to Improve Personalized Therapeutic Strategies

We have results for UpConversion NPs but its low Ka reduces the sensitivity [ ﬁ SIS Yo SUERIce
power of our system since human size dimensions attenuate XRF signal. "“ MAGDEBURG

» Development of Breast Phantom for Gold, Hafnium and Gadolinium NPs imaging

» XFCT imaging of Breast Phantom with TNBC insert and different NPs
R phys
[ )

RRRRRRRRRRRRRRRRRRRRRR
RRRRRRRRRRRRRRRRRRRRRRRRRRR

/
PIAN:/ FORTE .



Conclusions and outlook
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Heterogeneity to Improve Personalized Therapeutic Strategies

We have results for UpConversion NPs but its low Ka reduces the sensitivity [ ﬁ ET;IOIVESEEI%KTE
power of our system since human size dimensions attenuate XRF signal. "A‘ MAGDEBURG
» Development of Breast Phantom for Gold, Hafnium and Gadolinium NPs imaging
» XFCT imaging of Breast Phantom with TNBC insert and different NPs
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» XFCT Imaging of ex vivo human breast tissue from Pavia spiked with NPs
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Ex-vivo Breast Cancer tissues for Spatial Multi-Omics

Ex-vivo tissue
Breast Cancer
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Ex-vivo Breast Cancer tissues for Spatial Multi-Omics
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Spatial Multi-Omics technologies

Targeted Spatial
Proteomics
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Spatial Multi-Omics technologies

27 biomarkers

Antibody Barcode

Targeted Spatial

Proteomics /J[\
/ Akoya phenocycler Q} b

AN

Untargeted Spatial
Transcriptomics
VISIUM HD

IMAGEOMICS

51



Spatial Multi-Omics technologies
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Spatial Proteomics markers

Category

Marker

Biological function

T CD8* cytotoxic cells

CDS8, CD45, CD107a,
Granzyme B, ICOS, PD-1

Cytotoxicity, immune memory, exhaustion

T regulator cells

FOXP3, ICOS, CD45R0O, PD-1

Immunosuppression

Natural Killer cells

CD57, CD107a, Granzyme B

Cytotoxicity, immune surveillance

Macrophages (TAMs) cells

CD68, CD11c, iNOS, Galectin-3 (Mac2)

Pro- or anti-tumor, immunoregulation

Dendritic cells

CD11c

Antigen presentation

T helper cells

CD45, ICOS, PD-1

Support forthe immune response

Tumor cells

E-cadherin, CK5, CK8, CK14, Catenin beta-1

Tumor identity, invasiveness

Cancer stem cells

CD44, SOX2

Self-renewal, resistance

Proliferation

Ki-67, PCNA

Active division

Immune evasion

PD-L1, PD-1

Suppression of the T-cell response

Ipoxia / Metabolism

HIF1A, iINOS

Metabolic adaptation, inflammation

Matrix / Strom

Collagen IV, Podoplanin

Structure, invasion, drainage

IMAGEOMICS
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SHAM

Dapi, CD68, PCNA,
Keratin8/18, CDS8,
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Subcellular resolution
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Spatial Proteomics

» Cell segmentation and phenotyping: identification and characterisation of tumour and immune cell
populations

» Spatial organisation and niche identification: detection of spatially distinct tumour-immune niches

» Cell-cell interaction analysis: characterisation of tumour-immune cellular interactions

» Spatial heterogeneity analysis: assessment of molecular and cellular differences across tissue regions

» Differential expression and pathway analysis: identification of altered proteins and biological pathways

62



Spatial Proteomics

» Cell segmentation and phenotyping: identification and characterisation of tumour and immune cell
populations

» Spatial organisation and niche identification: detection of spatially distinct tumour-immune niches

» Cell-cell interaction analysis: characterisation of tumour-immune cellular interactions

» Spatial heterogeneity analysis: assessment of molecular and cellular differences across tissue regions

» Differential expression and pathway analysis: identification of altered proteins and biological pathways

Cell Segmentation and signal extraction
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Spatial Proteomics

» Cell segmentation and phenotyping: identification and characterisation of tumour and immune cell
populations

» Spatial organisation and niche identification: detection of spatially distinct tumour-immune niches

» Cell-cell interaction analysis: characterisation of tumour-immune cellular interactions

» Spatial heterogeneity analysis: assessment of molecular and cellular differences across tissue regions

» Differential expression and pathway analysis: identification of altered proteins and biological pathways

Sample_measurements

Dimensionality reduction .Spatlal coortillnates
Cell Segmentation and signal extraction  —p  and clustering from = integreted with cluster

marker expression 2l T 65
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Conclusions and outlook

IMAGEOMICS : /dentifying Molecular, Cellular and Imaging Signatures of Breast Cancer
Heterogeneity to Improve Personalized Therapeutic Strategies

We have results for UpConversion NPs but its low Ka reduces the sensitivity [ ﬁ ET;IOIVESEEI%KTE
power of our system since human size dimensions attenuate XRF signal. "“ MAGDEBURG
» Development of Breast Phantom for Gold, Hafnium and Gadolinium NPs imaging
» XFCT imaging of Breast Phantom with TNBC insert and different NPs
R phys
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» XFCT Imaging of ex vivo human breast tissue from Pavia spiked with NPs
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Conclusions and outlook

IMAGEOMICS : /dentifying Molecular, Cellular and Imaging Signatures of Breast Cancer
Heterogeneity to Improve Personalized Therapeutic Strategies

We have results for UpConversion NPs but its low Ka reduces the sensitivity [
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power of our system since human size dimensions attenuate XRF signal. MAGDEBURG

0,
» Development of Breast Phantom for Gold, Hafnium and Gadolinium NPs imaging
» XFCT imaging of Breast Phantom with TNBC insert and different NPs

» XFCT Imaging of ex vivo human breast tissue from Pavia spiked with NPs

We have collected four spatial proteomics slides from four patients. R
» Data collection still ongoing ‘Z’ phys
» Analysis of Spatial Proteomics dataset for the identification of new =

® marker of treatment response
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Conclusions and outlook

IMAGEOMICS : /dentifying Molecular, Cellular and Imaging Signatures of Breast Cancer
Heterogeneity to Improve Personalized Therapeutic Strategies

We have results for UpConversion NPs but its low Ka reduces the sensitivity [
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power of our system since human size dimensions attenuate XRF signal. MAGDEBURG

0,
» Development of Breast Phantom for Gold, Hafnium and Gadolinium NPs imaging
» XFCT imaging of Breast Phantom with TNBC insert and different NPs

» XFCT Imaging of ex vivo human breast tissue from Pavia spiked with NPs

We have collected four spatial proteomics slides from four patients. R

> Data collection still ongoing ‘Z’ phys
» Analysis of Spatial Proteomics dataset for the identification of new =

® marker of treatment response
» Data integration with Spatial Transcriptomics dataset
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