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Overview

What do we call molecular imaging and why?

What can we exploit to obtain molecular imaging data?
Research-oriented molecular imaging methodologies (in general)
Clinical application possibilities of molecular imaging

(screening, diagnostics, personalized therapy, monitoring/follow-up)
Most actually important methods in M.I., outlook for tomorrow

PET, SPECT, MRI, Planar Fluorescence, Optical Tomographies)

Onkolégia, idegtudomany, kardiovaszkularis medicina, reumatoldgia, endokrinoldgia, sebészet

Correlation of functional and morphological information
PACS and clinical relevance of image segmentation/registration
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* Molecular Biology + In-Vivo Non-Invasive Imaging?

“Imaging is the extraction of information in time
and space at all levels of biological organization"

(Dr. Elias Zerhouni, XIVth NIH Director)

“Molecular imaging is the visualization,
characterization, and of
biological processes at the molecular and
cellular levels in humans and other living

systems.”
(definition by the U.S. Society of Nuclear Medicine and Molecular Imaging)
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Molecular Imaging Ideals:

Biologlcal

Visualization <=

Characterization

I\/Ieasu|remen

Robustness
Repeatability

Spatial Resolution
(yes or no?)

Signal to Noise Ratio Time Resolution
(when?)
(how?)
Accuracy of
Information
(where?) Magnitude and Density

of Information
(how?)
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Quantitation
Accuracy
(how much?)
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Microscopy: Immunohistochemistry, immunofluorescence

IHC: Targeted ntibody reacts with S

somatostatin 2a receptors over-expressed ,

in insulinoma (300x, H&E counterstain,
reaction is RED)

A431 epithelial cc. tumor cells, nuclei gttty
stained with Hoechst-blue, _,1
PHOSPHORILATED EGF receptors in cell _-
membrane are GREEN using an antibody
coupled to 488 nm emission DyLight ¥
fluorescent stain
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High definition methods in live animals: in vivo dual photon microscopy
better S/N ratio

800nm

W

800nm
VVW:\ 550nm
v

two-photon
fluorescence

8
.
N
s
[ S

[

water immersion
objective

glass
coverslip  dental
acrylic

skull

dura

'Y

4 pial
- Za~e Ay
}&‘ Lo veins
&\ "5.5‘5‘.'\‘
o ‘&-‘I ~)v
VQ" OS5
47, Vu\\v,_; ,’gn-‘hﬁk -
NGRS diving
,‘é:;-_‘.:.,\)_.!—ﬁ\“ venules and
G i arterioles

pial

increased resolution

NIVIC Nanobiotechnology

P Pattern of RBC flow in
Bbrain vessels

Vessels and neurons
(dextran :
Texas Red and GFP-TG

mouse)

Amiloid plaques (Blue)
Vessels (red)
neurons(green)
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General Structure of a Molecular Probe

Therapeutic part

Signalling/Contrasting Element

Chemical Nature:

Small Molecules PET/SPECT: isotopes (radioactivity)
Peptides Optical/Acoustic: Fluorescent Dyes
Proteins/Subunits MRI: Gd, Fe

Antibodies/Subunits CT: iodine, Barium sulphate

Nano/microparticles:

Optical: quantum dot, carbon nanotubes
Au particles

MRI: iron and Mn-oxide particles

CT: golden particles
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Modalitas

El6nyei

LEWENET

Fontos
kontrasztanyag/jel

Klinikai alkalmazas példai

CT

PET

SPECT

MRI

MRS

UH

Optikai médszerek

Any image depths
Good time resolution
Perces kép-idék
Kozepesen draga
Anatémiai modszer

Barmilyen mélységi kép
Egésztest-képalkotas
Kvantitativ mérések
Kombinalhatd CT/MRI-vel

Barmilyen mélységi kép
Egésztest-képalkotas
Kvantitativ mérések
Multiplex

Teragnosztika
Kombindlhaté CT-vel

Barmilyen mélységi kép
Egésztest-képalkotas

Nincs ionizald sugarzas
Kitling lagyszoveti kontraszt

Nincs ionizald sugarzasa
Egésztest-képalkotas

Nincs ionizald sugarzas
Rovid/valosideji képalkotas
Nagy térbeli felbontas
Olcsésag

Nagy érzékenység

Nincs ionizald sugarzas
Rovid/valdsidejli képalkotds
Nagy térbeli felbontas
Olcsosag

Nagy érzékenység, kvantitativ
Multiplex

Sugarterhelés

Rossz lagyszoveti kontraszt
Jelenleg csak anatémiai és
funkcionalis képalk.

Sugarterhelés

Draga

Milliméteres felbontas
Hosszabb képid& (perc-6ra)

Sugdrterhelés
Szubmilliméteres-milliméteres
felbontas

Hosszabb képidék

Draga
Hosszu képidék
Korlatozott érzékenység

Draga
Hosszu képid6k
Kis érzékenység

Egésztest-képalkotas nincs
Kontrasztanyagok csak az
érrendszerre
Operator-fliggé

Korlatozott athatoloképesség (1
cm)
Nincs egésztest-képalkotas

Ba, I, Kr, Xe

C-11, F-18, Ga-68, Cu-64,
Zr-89

Tc-99m, 1-123, In-111, Lu-
177

Gd3*, vas-oxid részecskék
(SPIO, USPIO)

Kolin, laktat, kreatin,
lipidek, N-acetil-aszpartat

Mikro-buborékok

Fluoreszcens molekulak
és festékek, fény-elnyeld
nanorészecskék

Tumor perfizio,

FDG-PET tumor staging,
kiilonbo6z6 betegségek
diagnosztikaja

Molekularis diagnosztika
Radioterdpia (NHL, NET, pm. cc.)

Prosztata daganat nycs. met.
Fokalis majléziok
Sziv perfuzié

Agytumorok anyagcseréje
Alzheimer-kdr kovetése

Fokalis majléziok,
echokardiografia,
Tumor perfuzié

OCT-érelmeszesedés,
retinopathidk, kolonoszképia



Nanobiotechnoldgiai és In Vivo Képalkoté Kézpont

3D Attenuation Map of X-Rays

Any Imaging Depth
Good Resolution
Advantages Simple
Medium-Priced
Sub-minute scan times

Radiation Dose

Soft Tissue C.
Just anatomical and functional
images
Any imaging depth

Disadvantages Good Resolution

WB Imaging
Minute Scanning Time
Semi-Expensive
Anatomy

Heght Brpngt

Contrast
. Ba, |, Kr, Xe, Au
Materials

.. Tumor perfusion, Ca-score
Clinical Use P ! !

Ventillation
Voxel Sizes, Ix1x1 mm
Cells Per Voxel 1 million

NIVIC 4
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3D differences in echo

and spreading of sound
waves

No ionizing radiation
Fast/RT imaging
Advantages High Sensitivity
High Resolution
Cheap

No WB img.
Only vascular contrast
materials
Operator dependency

Disadvantages

Contrast .
Materials Micro-Bubbles
Focal liver lesions,
Echocardiography, Blood H
Clinical Use perfusion...Rare, Prostate o
Cancer VEFG Expression E
(Phase Il BR55) =
Voxel Sizes, Ix1x1 mm 'E
Cells Per Voxel 1 million e

v, Semmelweis
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3D / 2D Image of

Proton Spins

_— o
E___- -

Any Imaging Depth
and Plane

WB Imaging
Advantages No ionizing radiation
High Soft Tissue \
Contrast _

Expensive
Disadvantages Low Sensitivity
Long imaging time

Gd3+, iron-oxide 1 _ k
Contrast Materials  particles i
(SPIO, USPIO) Rt s ) |

Liver, Brain Lesions,

il |

- ] [ ]} |
Clinical Use Cardio-MRI .
Voxel Sizes, Cells Per Ix1x1 mm =
Voxel 1013 o

. Semmelweis
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Recorded

Electromagnetic
Resonance Spectrum

No ionizing radiation

Advantages :
g WB Imaging _
[=_ 1] | |
Expensive |¥ “i* | } ' | | | ||
Very low sensitivity ™ lne . - W || -
Disadvantages N Wil it el i, A e P
g External Calibration / e ety B TP
3 1 ! 3 I I 1 | 1 & I
Special Knowledge e
T
e | | |
Cholin, Lactate, i ] T - bitds 4 Whie o
Contrast Materials Creatin, Lipids, N-Ac- . 1, IR L |17 NP, SN L | 9| 0, PR e W W1
Aspartate H a4 ar r u L] 3 1] Fi 10 ] [ = 111} 0 D
Brain Tumor £ wi t| T ’

Clinical Use s
Stratification, Stroke

Voxel Sizes, Cells Per

Voxel AT
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Optical Methods

Advantages

Disadvantages

Contrast Materials

Clinical Use

Voxel Sizes, Cells Per
Voxel
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Visible/NIR Light
Transmission/Reflectance/Emissio
n/ Scatter in 2D, 3D

No ionizing radiation
Short/RT Imaging
High Spatial Resolution
Very Sensitive, Semi-Quantitative
Multiplex

Limited Transparency
No WB imaging

Fluorescent molecules, Light-
emitting reactions, Dyes, QD-s, NP-s

Experimental, Sentinel Ln., Image-
Guided Surgery, Retinopathies
(OCT), Mammary screnning
(LumaGem)

2D: 0.01 mm?2
3D: 0.8x0.8x0.8 cm
103 (2D), 10*3 (3D): cca.10%> per cell

Semmelweis
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SPECT 3D Gamm.a-ra.y Source
Array in Tissue

Any imaging depth
WB Imaging
Quantitative
Advantages Good resolution
Multiplexing
Theragnostics
Combination w/CT

Radiation Dose

Disadvantages Sub-mm Resol.
Long imaging times

. Tc-99m, 1-123, In-111, Lu-
Contrast Materials 177, Ho-166, TI-201

I-123 iomazenil agy Tc-BOm-MIBI sziv perfizio

5 i enezis SPECT
Nuclear Cardiology, Brain atEnt tﬂ% |ig_,f',dda|
Clinical Use Perfusion, Oncology (AB,
Peptides), Receptor T. |.
Clinical: 0.8 x 0.8 x0.8 mm _ EB
Voxel Sizes, Cells Per  Small A: 0.3 x 0.3 x 0.3 mm g s
Voxel 2 pM / voxel

1/10 atom per cell
Semmelweis
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Advantages

Disadvantages

Contrast
Materials

Clinical Use

Voxel Sizes, Cells
Per Voxel
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3D 511 keV Gamma-ray Source
Array in Tissue

Any imaging depth
WB Imaging
Quantitative
Anatomical Co-registration CT,
MRI

Radiation Dose
PRICE
Resolution
Longer imaging times

C-11, F-18, Ga-68, Cu-64, Aley WQ
I ol Pl

Zr-89 ‘ B — -

Glul-i Transporter ~ ATP  Hoxokinase  ADP

K

FDG Patient Staging+Follow-

5x5x5mm
0.6 x0.6x0.6 mm
0.02 pM/voxel
1/100 atom per cell
FDG in plasma
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Screening-Confocal Endomicroscopy

Oesophagus, stomach, bile ducts,
ileal/colonic mucosa examined on cell level
using fiber optic confocal microscope at
autofluorescence emission/excitation wl-s

m490047 [RM] © www.visualphotos.com

In vivo real time image of a patient’s
colonic crypts

Semmelwels
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BIOLUMINESCENE-The power of nature helping to collect IF-s
Firefly, Jellyfish — TG animals

Cooled (-90C) camera with large
CCD chip area for high

sensitivity Resolves multiple bicluminescent
reporters
Even detects single cells in viveo
i"l".";‘ e | :*—FI L ] |
Low f-number and Y o o
o ; large diameter lens @ v
recision filters . ol
g s
*&‘- - iy
Gives high sensitivity and | “' '
uniform light collection
Al

Rabinovich et af (2008)
PMAS 105(38): 14342-5

In vivo imaging of s.c. implanted T cells transduced with
optimized firefly luciferase (left) and a 'single’ 4T1 breast cance
cell {right)

. Semmelweis
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FLUORESCENCE IMAGING

Cooled (-90C) camera with large CCD chip area for high sensitivity and a
choice of imaging modes for maximal flexibility, e.g., transmission for
deep tissues.

Reflectance Epi-Illumination Transillumination

CCox

Excitation '=EPOF :
(=] =g
'i. i

L_Emiszion radiznoe

| o
-

Transmission

CCho

A : _‘1 i
Pillow implanted medial to left kidney, 1x1015 molecules
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QD capping ligand QD capping ligand: TOPO O=P%
TOPO

\ PEG PEG: poly (ethylene glycol)
+CH,-CH-0O% MW = 5,000

Polymer coating

\fﬁnity ligands Affinity ligands: antibody, peptide,

small-molecule drug,
inhibitors

Passive tumor targeting

’fOJ“

Active tumor targeting £
ol

TP
I ' 4

D € — —— - - - . T o - T et Ca=—

e Normal blood vessell‘_ @ Tumor angiogenic vessel Normal blood vessel Tumor angiogenic vessel
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» o » £ Bl 2 - »
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Ty rumorcens *“}* ’3 B e %ﬁ‘;@ 9

%13 Endothelial cells A & - Endothelial cells “a ﬁ
“'ﬁ QD-PEG long- ‘ # QDbtargetlng probe !&
= “circulating probe ioconjugate

w (§ PEG) ’ (§ PEG, jf Antibody) ,‘
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3D Optical Tomography

TC_IP_Ovarian_Tumaor
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Image guided surger

gt = 1

John Frangioni FLARE Harvard
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Planar Fluorescence In the Clinic

Melanoma, ICG-
Albumine
particle

Semmelweis
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Personalized Targeted Therapy: SPECT/MRI/RNT

Semmelweis
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Monitoring with FDG-PET
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PET/MRI

PET/CT PET/CT

J _
_ A et PET/MR PET/MR Meningioma

PET/MR " manifestation

MR
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'Iﬁ"" L'AG NIRRT - h 1 i'-[ " e
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PET/MRI

T+ CA CSI Cho/NAA ["'CIMET-PET
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SPECT for neuro-endocrine tumor
treatment/assessment

* InterView & Fusion 0.00.000.0000 BETA

[

File Load Tools

| wWindowing

Layout

Export Dt;iect Manag_er

| Measurement

| Molume

| Filmer

120 4459 448% 10

Help

Workspace 21
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SPECT-CT look-up table (color scale)
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Segmentation

Triple fusion
(Segmented SPECT-

SLN SPECT-CT Segmented SPECT-CT SPECT-CT)

[# InterView @ Fusion 1.04.015.0000 BETA
File Load Tools Help
Name SLN SPECT/CT Patient 02 | ID 61690dcip0Baccp | SexO | Birth4/17/2010 | Mod CT+NM | Serg2 | kv130 | Exp20 | mA39 | Tilto | Cdate12/9/2008 | Ctime 3:25:04 PM | Acg 12/9/2008 3:25:04 PM | Rows512 | Cols512 | 5p0.97/0.97 | Ths |

o |Windowing I

= |2
all
g ks

ent | Export | ObjectManager | Layout | Windowin

| Registration | Arithmetic | Seamentation | Measurem:

A% 8% G0 G5

| __{ Warkspace & ‘ | Workspace 7 [ i - ﬁ-‘_

HActuaI mmmmmmm de: 30 cursor ( Left butten: Positioning )

v, Semmelweis
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Co-registration

[* InterView & Fusion 1.06.001.0000 BETA

File Load Tools Help

| Registration -
[Automatic
|| Show process
Iterations: 1
Dof: [Rigd =

|

A% A% 0%

|ﬁ | Workspace 1 Registration workspace

IOpthizalion running: Amoeba ( Iteration: 200, Tolerance: 0.00086, Similarity: -1.11532 )...

@ Semmelwels
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Imaging in Clinical PACS (MGH)

3D navigation (MSCT)

3D acquisition (MSCT)

Common
computing
platform

Therapy assessment
and local treatment

Improved detection
{near-infrared
fluorescence)

In vivo pathology
{microendoscopy)

. Semmelwe._
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Thanks!

e domokos.mathe@cromedresearch.com
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