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In vivo optical and radionuclide
Imaging for biological application
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Molecular Imaging

) Molecular imaging provides a visualization of a
b variety of biological phenomenon at a cellular
| or molecular level in living subjects.

1. Optical image

in vitro cells, small animal

(Luciferase, Fluorescence Protein)
2. Nuclear image

in vitro cells, animal, human

(Sodium lodide Symporter HSV1-TK, D2R)
3. Magnetic Resonance image

large animal, human .




of molecular imaging

Optical and radiotracer methods

Immunostaining method Noni L .
" Noninvasive imaging

» [nvasive manner carrying out tissue biopsy - Repetitive imaging in individual animal

= Lack of repetitive experimentation
= Quantitative information

= Complicated technique methods

= Tomographic imaging

= Long-term validation

Noninvasive molecular imaging
Invasive immunostaining method

Bioluminescence  eGFP Fluorescence [®F]JFEAU PET
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Steps of Molecular Imaging Development

Molecular In vitro

Clinic

In vivo



1. Optical image 2. Radionuclide image 3. MR image
Luciferase,

i 1-125, Tc-99m Iron oxide, Gd-DTPA
Fluorescence protein
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microSPECT

microPET microCT

Fluorescence
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Biological application

P therapeutic response to drug

- physiologic activity
Optical, MR, |

or radionuclide RiE

. - proliferation
imaging apoptosis

\ angiogenesis
multidrug resistance
cancer migration

developmental process
protein-protein interaction



ased application

1. XI& &=2| 24t &#E (drug response)




therapeutic effect regarding cancer therapy

Visualization of therapeutic effect
pcDNA3.1 pcDNA3-hMUC1

11ldays

18days

Days after tumor challenge

Jeon et al. Moleculac imagingi(2007)



Priority Report - T

MicroRNA-21 Knockdown Disrupts Glioma Growth /n vivo and
Displays Synergistic Cytotoxicity with Neural Precursor
Cell-Delivered S-TRAIL in Human Gliomas

Maarten F. Corsten,’ Rafael Miranda,” Randa Kasmieh,' Anna M. Krichevsky,
Ralph Weissleder,' and Khalid Shah'
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Control LNA- Control  LNA-miR-21
miR-21 S-TRAIL S-TRAIL

1.2 U8 caspase activity

=

Control miR-21 Control LNA-miR-21
S-TRAIL S-TRAIL

Caspase-3/caspase-7 {luminescence, fold) O

Corsten, Cancer Res. (20



Evaluation of therapeutic effect using radiolabeled probe

hNIS expressing cancer

FDG-PET tumor scans

Kim et al, Cancer Biol Ther. (2007)
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Molecular imaging of cell transplantation in living animals

cardiomyoblasts or MSC expressing HSV1-sr39tk reporter gene

=> the locations, magnitude, and survival duration

PET image of MSCs

in porcine heart PET/optical dual imaging
in heart

0.01 %ID/g

0 deg
FIGURE 2. PET/CT images of 65-y-old man with history of A

anterior wall infarction. After percutaneous intervention, '8F-
FDG-labeled stem cells were injected via intracoronary cathe-
ter. PET/CT images were obtained 2 h after injection. Stem cell
accumulation at myocardium is well visualized (arrow). Total
amount of stem cells at myocardium was 2.1% of injected dose
(case 1 of Table 1).




. _ _ o Stem cell migration into tumor region
Bioluminescence image of stem cell migration NPC-FLTRAIL injection  GI36-RL injection

NPC migration
D7 DIS D21

e 3\

Couillard-Despres,et al. moleular imagnig (2008)

Shah et al. Ann neurol (2005)




maging in vivo

Noninvasive Visualization of Retinoblastoma Growth and Metastasis via
Bioluminescence Imaging
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Neuronal
differentiation

—

Stem cell Nerve cell

| NSE promoter | Reportergenes | mm)  Neuron-specific reporter expression

l Transfection

EB Specific factor
-
EE E Neuronal

differentiation F
Stem cells Neurons _




Neuronal . entiation imaging using reporter gene

Bioluminescence image
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Hwang et al, EJNM (2008)
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| Coding gene | | miRNA gene |
1 1
Transcription, Transcription,
splicing., splicing,
polyadenylation polyadenylation
pri-miRNA
TRBP/PACT l@
AR, -
cleavage to miRNA Mucleus pre-miRNA
V o
Cytoplasm
e e e e mRNA v re-miRNA
e 0 CAF B2

loading of mature l
miRNA % miRISC

Y

delivery of miENA-RISC
complex to FUTR of MRNA
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n miRNA

- mSignal-off T T T
A A A

3 copies of Target Sequence

A HT-orid NPA TPC-1 HT-ori3 NPA TPC-1 HT-eri3 NPA TPC-1
miRNA
miR-146b miR-221 miR-222
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fold intensit

miR-146h miR-221 miR-222 HT-ari} NPA TPC-1

3d

Kim et al, MIB, 2008




miR-124a M

Smirnova et al. (2005)

Signal-off n miRMNA

4 L 4 4
Thrae copies of target sequence

CMV | ,/

promater

CMV/GIUE3XTS 5, 7g B /
5.8 kb

o (- mir-23

‘ : ‘ - mir-124

EB NP 41 4.2 44 5.1 3.3 346

mif—124a (2007)

Glue Glue

&
CMV/Glue/a = TS_glSREEER (el lelic/3 « TS_miR124a
+ ChV/Flu + CMV/Flue

Flue Flue

ﬂ
ﬂ

Ko et al, Nat Protoc, 2009

Krichevsky et al.
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MicroRNA1 influences cardiac differentiation
in Drosophila and regulates Notch signaling

Chulan Kwon**, Zhe Han*5, Eric M. Olscnb, and Deepak Srivastava=™

MicroRNAs as a therapeutic target for cardiovascular diseases

Paras Kumar Mishra, Neetu Tyagi, Munish Kumar, Suresh C. Tyagi”

Dysregulation of miRNAS
and dicer expression

miR in Stem cens]

mif-1 Healthy heart I |Gardlwasc:ular disease

Up-regulation of miR-1.
miR-133, miR-29, miR-30,

2 . miR-150 using mir-mimics
. . miR-133 and dicer

Knockdown of miR-
21, miR-23a, miR-1235.
miR-185. miR-18¢
using antagomirs

[ Healthy heart
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Conditional Promoter

NIS-transgenic Mice Under cardiomyocyte-Specific Gene Promoters

Confirmation of specific promoter
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Small-animal PET image

Transverse Coronal Sagittal

the MHC promoter was confirmed to be

Transgenic mouse showed higher uptake of M
in heart (H) than in thyroid (T) or stomach (S).

active only in cardiomyocytes

B B e = e r e

4 Nuc! Med, 200546.479-483.
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7. In vivo monitoring of endogenous gene expression
using reporter system

P33 Medicled Apoplesis
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Generation of Cis-p53RE-hNIS/EGFP
p53RE = enhancer

iy,

pS3RE-hNIS/EGFP

7kb
IRE?

EGFP
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p53RE-hNIS/EGFP NIS
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125)

adriamycin

0.0125

0.05 0.5 Adriamycin dose (uM)

P53

o—tubulin

lodine uptake

0.0125 uM 0.05 uM

Adriamycin dose




Scintigraphic Image (Tc-99m)

No treatment 24 hrs after treatment
of Adriamycin (2mg/kg i.p.)
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Neural stem cell

Is potential cell source for recovery of lost nerve tissue
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F-18-L-thymidine (FLT)

F-18 FLT PET
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Stroke-induced expansion of the NSC niches can be distinguished
with PET
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Noninvasive real-time imaging of apoptosis
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Noninvasive imaging of protein—protein interactions from live cells and
living subjects using bioluminescence resonance energy transfer
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Enhanced stem cell viability using PLLA scaffold in myocardial

infarction rat

Biomaterials
+ Cells

Fibrin gel + CSC

PLLA + CSC

Image
Min = -1.5229+06
Max = 3.2064e+06
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Color Bar
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Applications of molecular imaging

« Disease characterization and localization
« Selection & monitoring therapeutic efficacy

v Gene therapy with targeted gene expression

v" Monitoring endogeneous gene expression

v" Visualizing biological phenomenon (differentiation,
development, infection and anti-viral/microbial effect, etc)

v" Monitoring disease progression

v" Cell trafficking

v Cell therapy

v Drug development

v Transgenic animals evaluation |



Molecular Imaging is... to

. ) visualize and quantify
T R L Bl Ccharacterization

Researnch

g 3 e { g of biological mechanisms
p ""‘“:-‘ﬂ TP e Ty at the cellular and molecular level

with non-invasive method

It is a very powerful technology
that allows to study
bioclogical phenomenon

Molecular Imaging is...

Non invasive,
Repeatable,
Quantitative




