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What's Biomedical Imaging?
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DETECTOR COMPUTER IN-VIVO IMAGING OF
TECHNOLOGY SCIENCE ANATOMY AND FUNCTION

Biomedical imaging is a key tool for understanding physiological and
pathological processes, supporting both preclinical research and
personalized medicine.
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Translational Role of Small Animal Imaging

Animals are used in scientific research to model what happens in the human body.

v

« Animal models are now chosen for their genetic and pathophysiological similarities to human conditions

« Small animal imaging enables real-time, in-vivo investigation of disease mechanisms.

 Supports precision medicine by validating molecular and functional biomarkers that predict human
responses.

« Combining omics data, Al-driven image analysis, and computational modeling allows for personali
therapeutic predictions.
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Spatial resolution challenges

Relative heart size Required spatial

resolution
(PET)
Human body: ~70 kg
Heart mass: ~300g
Aorthic cannula @: ~30 mm
Brain cortex apex — temporal lobe: ~105 mm
5 mm FWHM
(<150 mm?)
Rat body: ~200 g
Heart mass: ~1g J
Aorthic cannula @: 1.5 - 2.2 mm
Brain cortex apex — temporal lobe: ~10 mm 1.5-2 mm FWHM
(<8 mm’)
Mouse body: ~20g a ’
Heart mass: ~0.1g >
Aorthic cannula @: 0.9 - 1.3 mm ' <! mm FWHM
(<! mm?)

Brain cortex apex — temporal lobe: ~-6 mm
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Molecular imaging on small animals

A. PET Imaging on rats using "®F-FDG showing

glucose metabolism oy &
£ 0O
B. CT Imaging of a mouse abdomen after the g -_%5
injection of a contrast agent 2 ®
C. SPECT Imaging of a mouse abdomen after the ’. TR g

injection of P¥MT¢ “methylene diphosphonate”
showing the accumulation of the tracer in bones.

'}

Light and EM waves

D. Optical Imaging of a mouse showing the
fluorescence of GFP from liver, abdomen, spinal
cord, and brain due to the presence of cancer cells.

E. MRl image T2-weighted of a mouse brain.

Non-ionizing
radiations

F. Bioluminescence optical imaging of a mouse
superimposed to the picture of the animal.

Molecular imaging in living subjects: seeing fundamental biological processes in a new light. ﬁ
Massoud and S.S.Gambhir GENES & DEVELOPMENT 17:545-580, 2003
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International context

EURO *g BIOIMAGING

The European Research Infrastructure for Biological and Biomedical Imaging

We are proud to be part of a Euro-Biolmaging Node,
providing open access to imaging technologies & expertise

v Euro-Biolmaging is a distributed research infrastructure with Nodes ' .
across Europe
V' Publicly funded, not-for-profit organisation
19 a1 247 120+
ERIC MEMBERS NODES SITES TECHNOLOGIES
m www eurobicimaging.eu @ info@eurobioimaging.eu 0 Euro-Biolmaging

- B 0
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The Euro-Biolmaging Technology Portfolio

IMAGING ACROSS SCALES

ATOMIC FORCE MICROSCOPY.
RSN At et e e PRECLINICAL IMAGING

LIGHT MICROSCOPY

ELECTRON MICROSCOPY

y
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How to get access?
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INITIAL CONSULTATION

ACCESS REQUEST

SCIENTIFIC ADVICE

TECHNICAL ADVICE

SERVICE PROVISION

Visit www.eurobioimaging.eu

v Apply for access to biological and
biomedical imaging technologies

v’ Apply for access to image data services
for analysis, FAIRification and data

sharing

v Find imaging training courses at Euro-
Biolmaging Nodes

v Find out about funding opportunities and
Euro-Biolmaging event

v/ Contact us for consultation and advic



http://www.eurobioimaging.eu/

The See-Life laboratory
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Multi-Modal Molecular Imaging Italian Node

Multi-Modal Molecular Imaging Italian Node (MNMMI)

Access, service and training to up-to-date biomedical magmgbeghnologlee
From pre-clinical taiglinical level

SYNLABY/

1404 \ e —— “aat Blo
UNIVERSITA CHECK

DI TORINO nnovative Diagnostic Imaging

5
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The early days of y(S)PET imaging - the YAP-(S)PET

The YAP-(S)PET with 4 First imaging procedure at
rotating detectors IFC-CNR
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The early days of y(S)PET imaging - the YAP-(S)PET
AN\

Commercial version by
|.S.E. s.r.l. installed at the
HSR Milan

Nicola Belcari — IMAGING BIOMEDICO

First imaging procedure at
IFC-CNR




The early days of y(S)PET imaging - the YAP-(S)PET

Eye ball QOlfactory bulbs

- & > »

Harderian glands

® »

Cerebral cortex

® @

Thalamus

Cerebellum
. Svalivafy gland' ® -
. ’ . :
The YAP-(S)PET with 4 18F- imaging in mouse 8F-FDG imaging in rat brain

rotating detectors

o
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Case study — drug development

« Normal rats were compared with rats with receptor blocking by monitoring the activity in the
striatum, using a high-affinity dopamine D2 receptor ligand '8F-Fallypride

Normal Rat Rat treated with receptor blocking
(amisulpride)
Transaxial Horizontal Transaxial Horizontal
section section section section

 Blocking dopamine receptors can help reduce overactive dopamine signaling, which is
thought to contribute to psychotic symptoms.
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The early days of y(S)PET imaging - the YAP-(S)PET

The YAP-(S)PET with 4 PmTc-Myoview in rat heart
rotating detectors

Nicola Belcari — IMAGING BIOMEDICO



Case study — Ischemia and reperfusion

SPECT image of a rat
model of heart ischemia
and following reperfusion to
evaluate the damage.

Myoview trace the heart
perfusion

Annexin trace the cellular
apoptosis

Nicola Belcari — IMAGING BIOMEDICO

Short axis Vertical long axis Horizontal long axis

o® =

Injection: 300 MBq (8 mCi) of ®™Tc-Myoview
uptake time180 min, acquisition 48 min, reconstruction EM algorithm

° - 6

Injection: 300 MBq (8 mCi) of
uptake time 90 min, acquisition 1 hour and half, reconstruction EM algorithm

AR - . Fusion



CT imaging to add morphology to function

 PET and SPECT imaging lack morphological information
« CT imaging provides direct 3D estimation of attenuation coefficients
* The typical micro-CT geometry is the “cone-beam”

Shad-o0-Box 2048
X-ray source Flat pane| . T
* Fixed tungsten anode
r‘ )
* Maximum voltage: 60 kV detecto 1
* Maximum power: 10 W

» Measured focus size: 7 um FWHM
» Beam aperture: 32° —
b

//
O
\\@ | Axis of //,/ X-ray detector

.

* 1024 x 2048 pixels (48 um each)

ject ¢

. ——— rotation «5¢cm x 10 cm active area
Micro Focus « GADOX scintillator
X-ray source « Maximum frame rate 2.7 fps

Nicola Belcari — IMAGING BIOMEDICO



Micro X-ray imaging - The XaltHR
2

.xﬂtnn D

@.

Dec 17, 2009 — Installation @ CNR-IFC
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Micro X-ray imaging - The XaltHR

In-vivo mouse head

Image courtesy:
Daniele Panetta
IFC-CNR, Pisa, Italy

Nicola Belcari — IMAGING BIOMEDICO 21



First PET/CT images

o ©

PET('8F-FDG)/CT images of a rat head

’\.

14

Xalt HR
microCT

\
i

4

o
1 g
; ' & oo

¢ Example of \’\)hole body PET 18 /CT on a mowee.
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First PET/CT images

400
+/+
-
~ 300 +
=) A+
& ~+
> 200 + 4T
2 4+
g 100 W
Xalt HR ;
; 0
microCT > 0 1000 2000 3000 4000
Time (s)

Dynamic study of FDG uptake in the/rat heart

=
Nicola Belcari — IMAGING BIOMEDICO e

Linsversimh ol Pasa



Micro X-ray imaging - The XaltHR

Storia Nuovi indizi sulla fine dei

Neanderthal

Due denti da latte rinvenuti in Liguria e in Veneto
apparterrebbero al primi Sapiens giunti in Europa 42
mila anni fa. Una civilta che, con le sue innovazioni

tecnologiche, avrebbe contribuito alla scomparsa
dei Neanderthal.

- Regenerative Small fossils
Atherosclerosis/ L : : :
Vascular imaging medicine/Osteoporosis Non—des’g\LlJBtTl\)/e testing
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A fully integrated PET/CT - The Inviscan IRIS

| 5t | (8 Ed )
B B 1
s 111 ¥ RS
| 1
|
|
J |

| j . Pisa, March 13, 2014gJ%

25
LirdsversiTA o Posa
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A fully integrated PET/CT - The Inviscan IRIS

inviscan
Imaging systems

ULTIMATE PRECLINICAL PET/CT IMAGING

PET/CT for mouse and rat PET/CT with large bore size

Nicola Belcari — IMAGING BIOMEDICO https://inviscan.fr/index.html



A fully integrated PET/CT - The Inviscan IRIS

3.7 MBq of "8F-FDG Dynamic scan

Image taken with the Inviscan IRIS PET/CT
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A fully integrated PET/CT - The Inviscan IRIS

]
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3.7 MBq of "8F-FDG Dynamic scan
(15 s minimum reconstructed time frame)
Image taken with the Inviscan IRIS PET/CT
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A fully integrated PET/CT - The Inwscan RIS

Image courtesy:
Daniele Panetta
IFC-CNR, Pisa, Italy
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Long-lasting effects of human microbiota in vivo in the surrogate host

®
donors

[] Low BMI
B HIGH BMI
SHAM

recipients

Blood glucose levels

(mmol/l)

12

[] Transplanted

60 1
50 1

40 7

Germ-free

Heart

Glucose uptake rate
umol/(min*100 ml)
&

Brain

H %

Ay —

NH

(%ID*glucose)

2

0

*p<0.05

Liver

—

MM

] LOwW BMI
B HIGH BMI

304

Heart glucose uptake

o

Liver glucose uptake

2-

0

Data courtesy:
Patricia lozzo

IFC-CNR, Pisa, Italy
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CNR IFC RADIO @) ro oo

Consiglio Nazionale delle Ricerche

« Key Expertise for Radiochemical Development for PET and Theranostic
Radiopharmaceuticals in Metabolic and Oncological Applications

Synthesis and characterisation of new Radiotracers
- Radionuclide Production with Biomedical Cyclotron

- Labeling Chemistry

- Selection of chelators or prosthetic groups for molecular labeling |
- Development of radiopharmaceuticals targeting metabolic aluminium-{*F fluoride
Covalent Fluorine method Rg:::'a“n%tzl
pathways or tumor-specific biomarkers S
B—18F

si—1eF

16 MeV biomedical (\3
cyclotron at CNR IFC A




Development of non-standard PET tracers

* Development of non-standard PET tracers targeting emerging biological
pathways—such as:

A
© ISP
+ TAAR? o

GLLA;TQ::S:L:. §
e GLP-1R RS AT NS 2
C TRA -
g
« SGLT transporters
TRADITIONAL PET TRACERS g
« PD-1/PD-L1 0
. . . TRADITIONAL PET TRACERS
* selective kinase mutations e.8. DG, Fluorocholine




Development of non-standard PET tracers

* Development of non-standard PET tracers targeting emerging biological
pathways—such as:

« TSPO (Neuroinflammation) Q

« TAAR1T (Neurotrasmission) \N\

* GLP-1R (Neuroprotection) F,f {10 -

« SGLT transporters e

e PD-1/PD-L1 [18F]2-(5-fluoro-2-fenil-1H-indol-3-il)-2-

0sso-N,N-dietilacetamide

e selective kinase mutations

* Ligands for such novel targets facilitate real-time, non-invasive assessments of
pharmacodynamics and target engagement, which are critical for both drug
development and clinical decision-making.



Development of non-standard PET tracers
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- | . il . -Of-view luk-mng - i. -
-xpanding the possibilities e ©
Y T
_opta magng. T PETIPET, PETISPECT and Theranostics
+ MiLabs SPECT/CT/O
wE p— | .
« Stationary multi-pinhole SPECT dl - e :
» Variable magnification microCT . | o=
* Optical imaging
« 2D fluorescence/bioluminescence/ lougscreeh baced mage

acquishion

cherenkov

« 3D FLT/BLT

physological monionng
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Installation at Laboratorio di Imaging Biomedico

2D optical imaging system on the docking station SPECT/CT and 3D optical imaging system

Nicola Belcari — IMAGING BIOMEDICO



High resolution carotid plaque imaging in murine models of atherosclerosis

Chow diet

or

HFr/HsFA diet: 25% of total energy from fructose and

42% of total energy derived from lipids (high saturated fatty acids)

WT
eNOS *-

» @ ApoE "

3 weeks

) f p :
& ™

Baseline ) $A A scon ‘ﬂ E 7 ;
gz "W | % ¥ B

-~ e 7
<> 14 D i ‘ ipITT HF-US PET/CT
‘ -~ WW%Ss
ipGTT HF-US
pInT Blood .I' Blood and %
pressurs. I} Q feces  mam
monitoring sampling
Blood Cast implantation
pressure .I '@
monitoring lU —
Gut
Biomarkers *.P

Blood and
» feces

\ sampling
e -

Courtesy, Dott.ssa Claudia Kusmic CNR-IFC. PRIN 2022WBSR95 -Authorization number 527/2024-PR
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Clinical protocol

» Specific murine model characterized by a controlled
development of carotid atherosclerotic plaques

(genotype + diet + flow modifier) low & oscillatory
shear stress

=14 N/m? (range 80 N/m?)

increasing laminar
shear stress

from =10 N/m* (upstream)
to =25 N/m? (downstream)

low & laminar
shear stress
=10 N/m?

+ <

>

with cuff

i

STABLE
LESION

VULNERABLE
PLAQUE
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Longitudinal section of right common carotid
artery B-mode ultrasound mode
(morphological)

1) Constrictor

2) Plague

3) Bulb

4) Common carotid artery
5) Internal carotid artery

6) External carotid artery

The presence of plaque on the far wall' in the
area proximal (and adjacent) to the
hemodynamic constrictor can be
appreciated. According to the theory
underlying the hemodynamic model, jplaque
should be vulnerable in nature.



—cography Images

Vevo 3100 .7 Frricityel
Frommmrs 12 ¥

 Longitudinal section of right common
carotid artery

 Color-mode ultrasound mode (flows)

* |t can be appreciated how the
presence of plague on the far wall in
the area proximal (and adjacent) to
the hemodynamic constrictor
induces alterations in laminar blood
flow, with a deviation of direction with
respect to the axis of the vessel and
partial inversion, as documented /by
the presence of a blue signal
superimposed on the red one at/the
plaque (particularly in the systolic
phase).
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CT images

« Carotids are extracted and embedded in paraffin

« Samples are scanned with the maximum resolution
and minimum kVp for approx. 2 h per sample

* |s calcium present in the plaque?

Nicola Belcari — IMAGING BIOMEDICO



CT images

« Constrictors are identified in the CT images re-aligned

Nicola Belcari — IMAGING BIOMEDICO gt
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CT images

* The presence of calcium
plagues and wall and lumen
size are studied in the
proximal (1) and distal (2)
regions.

* No calcium is identified at this
stage of the disease
progression

.
o
BoaEn
R
4 SR
=
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Multi-pinhole collimator approach

Example of in-vivo
multi-pinhole SPECT

Imaging in mouse

Papillary muscle 7
—

—e

U-SPECT

Left ventricular wall

Right ventricular wall —

80 mm

Atnal wall -

collimator 1

Fom tube " ' . ‘ “

Transaxial Longitudinal N. Befera, et al. Mol Imaoging Biol, 2013

Nicola Belcari — IMAGING BIOMEDICO
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Biodistribution and Trafficking of Exosomes explored in vivo with SPECT

How do exosomes mediate interactions among cells, tissues, and organs?

Exosomes Exosomes are labelled In vivo biodistributon
with 2°MTc4* Study by SPECT
human body “letter carriers” /

PmMTCA+ + —_—

Courtesy — Fabio Recchia, Luca Menichetti CNR IFC

B
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Biodistribution and Trafficking of Exosomes explored in vivo with SPECT

How do exosomes mediate interactions among cells, tissues, and organs?

In vivo biodistributon
Study by SPECT

Exosomes

human body “letter carriers”

4 ¥

| % LI :
R T
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Theranostic applications

* beta- or alpha emitters (for therapy) + gamma emission (for imaging)
e.g.: Lutetium-177: B-emitter (E, ., = 498.3 keV) and gamma emitter (Ey o« = 208 keV), half-life 6.6 days

Cancer target Linker/spacer

Better if overexpressed to bind the targeting
by cancer cells agent and the chelator

R Lo Radioisotope
A A 3,/ May be a diagnostic

isotope for imaging
and/or a therapeutic
isotope for treatment

Targeting agent /
A small molecule or a
biologic agent (antibody) Chelator

Molecule carrying the

radioisotope

Nicola Belcari — IMAGING BIOMEDICO a7




Theranostic applications

* beta- or alpha emitters (for therapy) + gamma emission (for imaging)
Ag-111: B- (360 (92%) / 223 (7%) / 180 (1%) keV) and gamma (342 (6.7%) / 245 (1.1%), T12=7.45 d

MAg

———  7.45 days

Isobaric
lon Beam

7%

-
Mass
Separation
3/2%, 342 keV, 59 ps
0.10%
5/2°, 245 keV, 85 Preclimcal Radiopharmaceutical Jf MRk
e ns ; adiopharmaceutical /7 esZei
. : Trials - Design & Synthesis / i
. . | g W , Chemical
. . - Y Separation
1.1% \ i V 4 Radiolabeling Mg o
In vivo @ 3D Scaffolds
—_—m—————r—— 1/2*

1M11Cd IN FN

Istituto Nazioeale di Fisica Nucleare
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lmaging In theranostic

* Cellularimaging

 Verification of the cellular uptake of the radioisotope
« Demonstration of the tumour cells damage
* |n-vivo imaging

 Verification of the tissue uptake of the radioisotope

IN-VIVO

 Demonstration of the effectiveness of the

theranostic drug

Nicola Belcari — IMAGING BIOMEDICO



lmaging In theranostic

* Cellular imaging
 Verification of the cellular uptake of the radioisotope

« Demonstration of the tumour cells damage

Sensor IMX219
N. of pixels 3280 x 2464

Sensor size | 4.6 mm diagonal

Featured in Pl Camera v2

Nicola Belcari — IMAGING BIOMEDICO



Cell uptake imaging

The CMOS camera Brightfield image Positron image

Nicola Belcari — IMAGING BIOMEDICO

Linsversimh ol Pasa



lmaging In theranostic

« Cellular imaging
 Verification of the cellular uptake of the radioisotope

« Demonstration of the tumour cells damage

Nicola Belcari — IMAGING BIOMEDICO



Optical imaging setup

Excellent performance for all in vivo Optical
Imaging applications including NIR Tomography

§

1000

g

g

(1a3ep) JuapOYE0D UOROURXT

Extinction Coefficient (Hb/HbO,)
g

: [ L
‘ 400 50 0 00 a0 S00 000
1\\ : Wavelength (nm)
| /
J » Bioluminescence and Fluorescence
* NIR-fluorescence
f' f * | « Cherenkov and Secondary Cherenkov-Induced
Fluorescence Imaging (SCIFI)
—@ L ————— Hybrid FLT-CT uses NIR-fluorescenc

\ A
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2D Fluorescence / Bioluminescence

Nicola Belcari — IMAGING BIOMEDICO =,
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Example of 3D optical imaging (FLT)

Nicola Belcari — IMAGING BIOMEDICO

Fluorescence

Biolum.

-

3D opticoi/CT visualization of glioblastoma
using systemically injected Cy/ALB
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Backup slides




Cell uptake imaging

Light rays for
transmission
imaging

(Brightfield)

Brightfield image Positron image
(morphology (tracer uptake)
) Positron tracks
detected by the

sensor

75
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Nuclear imaging at the cellular scale

The CMOS camera Brightfield image Positron image

p
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Nuclear imaging at the cellular scale

The CMOS camera Brightfield image Positron image |
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Cell uptake imaging

Glioblastoma cells imaging

The CMOS camera Brightfield image Positron image

Nicola Belcari — IMAGING BIOMEDICO
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The principles of the 3Rs

Replacement
Accelerating the development and use of predictive and

robust models and tools, based on the latest science
3RS IN PRECLIN'CAL RESEARCH and technologies, to replace the use of animals in

addressing important research questions where they

REPLACEMENT REDUCTION REFINEMENT would have otherwise been used.

Reduction

Appropriately designed and analysed animal
experiments that are robust and reproducible, and add
to the knowledge base.

Avoid or replace Minimize the Minimize Refinement
the use number of animal

. : 2 Advancing laboratory animal welfare by exploitin e
of animals animals used suffering 9 y y expioiting

latest in vivo technologies to minimise pain, suffering
and distress and improve understanding of the impact

of welfare on scientific outcomes.

'..ﬁ'

e

Nicola Belcari — IMAGING BIOMEDICO https://nc3rs.org.uk/who-we-are/3rs
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