Molecular Optical Imaging
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Preclinical and Clinical Application
of Optical Imaging

Preclinical Drug Evaluation
Monitor Tumor growth and metastasis
Determine Drug Targeting
Monitor Enzyme Activity
Host-tumor interactions
Clinical Application
Intraoperative Cancer detection

Endoscopy, Colposcopy, Cystoscopy, Bronchoscopy
Early detection and Pathologic evaluation of Lesions



Optical Imaging for Cervical Cancer Detection
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Thekketk N, Richards-Kortum R. Nat Rev Cancer 2008:8:725-731



Fluorescence Imaging In Operation
- Folate Receptor Imaging (FITC) -

Gooitzen M van Dam et al. Nat Med 2011:17:1315
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Molecular Imaging (Ml)

MI: Visualization, and
measurement of biological
process at the molecular and
cellular levels in humans and
other living systems.

2D, or 3D, Quantification
Nuclear medicine, MR,
Optical Imaging, US

Science

2006;312:1168-1171



Comparison of different Molecular Probe Classes

Type Peptide Antibody Activatible probe Nanoparticle
Advantages + Easy delivery to target + High specificity * Specific activation * Loading with multiple
structure proteins for multivalent
+ Defined target * Optimized signal-to- targeting
* Low immunogenicity noise ratio
+ Defined and approved « Strong fluorescence
* Low cost therapeutic ab may be
labeled
Disadvantages | - Variable affinity - Potential * Internalization * Potential toxicity of
immunogenicity frequently required non-biocompatible
for activation core
» Undefined safety profile | * Renal clearance

Goetz M, Wang TD. Gastroenterology 2010;138:828-33




In vivo Confocal Fluorescence Images
of Colon Tumors
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Hsiung PL, Wang TD, et al. Nat Med 2008;14:454-8
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Lectin Probe for
Barrett's Esophagus

O Squamous esophagus
O Barrett's esophagus
LGD

BWHGD

Bird-Lieberman EL, Fitzgerald RC
Nat Med 2012;18:315




Fluorescence endoscopic detection of murine
colitis-associated colon cancer by topically applied

enzymatically rapid-activatable probe
Makoto Mitsunaga,' Nobuyuki Kosaka,' Peter L Choyke,' Matthew R Young,?

Christopher R Dextras,” Shakir M Saud,*> Nancy H Colburn,” Masayo Sakabe,
Tetsuo Nagano,” Daisuke Asanuma,’ Yasuteru Urano,” Hisataka Kobayashi'

Time after DSS treatment (days)
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Gut 2013



RESEARCH ARTICLE

CANCER IMAGING

Targeted Imaging of Esophageal Neoplasia with a

Fluorescently Labeled Peptide: First-in-Human Results

Matthew B. Sturm,’* Bishnu P. Joshi,'* Shaoying Lu,** Cyrus Piraka,’
Supang Khondee,' Badih Joseph Elmunzer,’ Richard S. Kwon,' David G. Beer,?

Henry D. Appelman,* Danielle Kim Turgeon,' Thomas D. Wang
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application

Post-procedure
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Science Transl Med 2013:;5:1
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Polymeric—Nanoparticle based
MMP Probe

.

¢ Quenched Near-Infrared Dye

Amphiphilic NP /—0 . )
Dye-specific Quencher 9 — Peptide substrates

MULTI-QUENCHED ACTIVATED

Lee S, Myung SJ, Kim K et al. Nano Letter 2009; 9: 4412-6



Polymeric Naoparticle-Based Activatable Near-
nfrared Nanosensor for Protease Determination
n Vivo

Lee S, Myung SJ, Kim K et al. Nano Letter 2009; 9: 4412-6



Histology and NIRF Findings in AOM/DSS Treated Mice

Inflammation Adenoma Adenocarcinoma p-value

Histology™
(H&E stain)

IHC*

. . I 4
Signal intensity R 181.3+58.0 451.0+80.1 1,039.2+408.0 3,585.0+1,251.6 <0.001
(total photon count/mm)

TBR 2.5+0.4 9:.7+2.3 19.8+£6.9 <0.001

Yoon SM, Myung SJ, et al. Gut and Liver 2010; 4:488-97
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Fluorescence Enoscopy System In vivo experiment

Detection part Excitation part

Halo

gen Iamp

EFW: Emission filter wheel
CL : Coupling lens
IL : lNllumination fiber

-----

In vivo Colon Cancer Animal Model

White light MMP14 Ab-QD MMP9 Ab-QD Histology (H&E)

Oh KS, Chung EH, Kim SJ,

Kim KH, Myung SJ et al,,
Biomedical Optics express,
Vol. 5, Issue 5, pp. 1677-1689
(2014)



Spraying Quantum Dot Conjugates in
the Colon of Live Animals Enabled
Rapid and Multiplex Cancer Diagnosis
Using Endoscopy

Park Y, Ryu YM, Kim KH, Kim S, Myung SJ. ACS Nano 2014; 8: 8896



Experimental Procedure

Ab conjugated Quantum-dot
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Experimental Procedure
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Fluorescence miroscope image on sectioned AOM/DSS colon tissues
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Park Y, Ryu YM, Kim KH, Kim S, Myung SJ. ACS Nano 2014; 8: 8896
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Imaging: AB-QD probe ex vivo staining
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Park Y, Ryu YM, Kim KH, Kim S, Myung SJ. ACS Nano 2014; 8: 8896



Multi-QD probe ex vivo staining

— x107
8
&
i f‘ 4.0
| R 4
1 #
]
1 3.5
LA
|
B
I -
i 3.0
1
R
|
|
I 25
x108 x108
1.2 3.0
1.0 25
0.8 2.0
0.6 1.5

IgG-QD MMP14-QD IgG-QD MMP9-QD  AcS Nano 2014 8: 8896



Ab-QD probe in vivo staining
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Park Y, Ryu YM, Kim KH, Kim S, Myung SJ. ACS Nano 2014; 8: 8896



Ao 780 Nnm

Ao 980 Nm

CEA

MMP14

MMP9

Two-photon microscopic imaging

Park Y, Ryu YM, Kim KH, Kim S, Myung SJ. ACS Nano 2014; 8: 8896



Human colon tissue imaging
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Channel implantable multispectral micro-endoscope
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» Injection with CET,HER(2 days before) Unmixed t
» HMRG treatment (on Oday) nmixed specirum
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Channel implantable multispectral micro-endoscope
- Colonoscopy Simulator -

Fla-553

49609820
F 68

10 02 2015
Please adjust
wB

Cr:N Em:A7
G:0

CDH11111

Image fiber 0,0pixels with
GRIN objective Dia0.6 x WD10mm




Channel implantable multispectral micro-endoscope
- Large Animal Experiment: Pig -
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Bio-Imaging Center
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Two -P : oton |
- Novel Endogcop

Two-photon Microscopy and Optical Choherence
Tomography Endoscopy
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Wang TJ, Chung EH, Kim SJ, Myung SJ, Kim
KH et al., Optics Express
Vol. 22, issue 9 (2014)




* Nanotechnology has high potential for the
application in Gastrointestinal Medicine.

* Molecular Imaging using Nanoparticle based
probes will be effective for early detection of Gl
cancers.

e Fast reacting.... Specific....and Safe Nano-Probes
are urgently needed !
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