NIR Fluorescence Applications:
From Basic to Translational Resea
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A History in NIR Detection




Od LI-COR Detection System

ODYSSEY

e 680 & 780 nm solid state laser diodes (A)
— No spectral overlap
— Low power consumption
— Long life lasers (>40,000 hours)

e Silicon avalanche
photodiode detectors (C)
e Resolution 21-337 microns

* |Internal hard drive
e Secure network

connectivity
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Fluorescence Detection is Different
Enabling technology

e Quantitative data

 Signal is directly proportional to amount of target




Chemiluminescence Detection

Tf protein:

Dilutions of transferrin blotted on nitrocellulose, detected with rabbit anti-Tf
primary and IRDye® secondary antibody
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Tf protein: VQ WQO’
AL
4
Dilutions of transferrin blotted on nitrocellulose, detected with rabbit anti-Tf
primary and IRDye® secondary antibody

1. Signal is linear with amount of bound secondary antibody
2. No enzyme kinetics

3. No signal diffusion

4. Sensitivity equivalent or better than chemiluminescence
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CHEMILUMINESCENCE ODYSSEY
<Amplification of signal over time - dynamic « No amplification of signal - static
eNot proportional to target concentration = Signal proportional to target

Saturation e-- /\ .............
O ! O

INTENSITY @ Y @ ] ‘

Background e—

0,0 0,0
TIME TIME
‘ High concentration / @ Medium concentration / — Low concentration /
signal signal signal
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Skl  Multiplexed Quantitative Assay

ODYSSEY

700 nm

» Simultaneously collects digital images
of the signals from each fluorophore

Overla

* Images can be viewed and
quantified individually or
overlay format
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Why Use Infrared Fluorescence?

e Many natural and synthetic compounds autofluoresce in the visible region
- Nitrocellulose, PVDF, nylon, cellular content
e Low background fluorescence in IR range translates to excellent sensitivity

Cy3 Cy5 LI-COR LI-COR
(550 nm) (649 nm) IRDye® 680 | IRDye® 800CW
(680 nm) (780 nm)

Visible Fluorophc& Infrared Fluorophores

400 600 800

Wavelength (nm)
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od Achieving High Sensitivity

- with NIR Fluorescence
100000 = Comparison of visible and NIR dyes
Pa— Igﬁ on nitrocellulose-coated slides.
= ROy R Dilutions of streptavidin were
% 1000 spotted in 5 replicates on each of 3
22 100 ‘// /'/./.,. slides, and imaged at the appropriate
5 / / wavelengths.
? N v SNR = (fluorescence intensity — mean
1 . ‘ ‘ ‘ . . . ‘ . ‘ ‘

background) / std. dev. of
Q

W 7 AP G NP g P B background; SNR cutoff=3.

Fluor-labeled Streptavidin
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- Reproducibility Uncovers Small
Od .
Differences
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K. Yashiro et al. (2005)Neuroscience25(50): 11684
University of North Carolina
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Applications
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Two-color Simultaneous Detection

Lane_1 0.25 2.03
Lane_2 2.42 5.1
Lane_3 7.31 7.99
Lane_4 17.23 10.82
Lane_5 27.32 15.23
Lane_6 46.39 18.42
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Od Absolute Quantification

ODYSSEY
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W uniomiis laindauia Bromage et al. Marine Ecology Progress Series 376:123 (2009) ‘/cﬂﬁ
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Absolute Quantification

06 1.2 25 5 10 20 ng
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Wang et al. , Salk Institute

PNAS 104: 12365-12370 (2007)
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od Relative Quantification
oovsse Time Course Analysis

Proliferating Differentiated

CHX(min): 0 10 20 30 60 90 120 180 CHX(min): o 10 20 30 60 90 120 180
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2\ The Nobel Prize in Physiology or
&Y Medicine 2009

"for the discovery of how
chromosomes are protected by
telomeres and the enzyme
telomerase”

Photo: U. Montan

Photo: U. Montan

Elizabeth H. Jack W. Szostak

Blackburn

Carol W. Greider
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Comparing effects of mMTR and mTERT deletion
on gene expression and DNA damage response:
a critical examination of telomere length
maintenance-independent roles of telomerase

Sofia L. Vidal-Cardenas'? and Carol W. Greider™*

TDepartment of Molecular Biology and Genetics and 2Graduate Program in Biochemistry, Cellular and
Molecular Biology, The Johns Hopkins University School of Medicine, Baltimore, MD, USA
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Nucleic Acids Research 38: 60—71 (2010) January
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od Phosphoprotein Analysis
== Signal Transduction

JNK Phosphorylation
in response to LPS treatment

Time (min) =
LPS O 5 10 15 30 45 60 120 =

(A) p-JNK

(B) INK
Activation of MAPK by
(C) Merge ) . .
Corticotropin Releasing Hormone
(D) 8
7 Time 0 2’ 5’ 10’
G
%5
& p-ERK1/2
% 20 4 6 8 100 t-ERK1/2

Time PGN (min)

Biol. Proced. Online 2008; 10(1):20-28

overlay
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Treat cells
with EGF

Array lysates

0 mln and ladder to gel

Jones’ laboratory

Ben May Institute
for Cancer Res.

Perform . f h
Scan membrane semidry electrophoresis Univ. of C ICago
XX .“1' : " Transter to nitrocellulose
SeE=ECSCis E ——
Probe with 96 antibodies
L
w BETTEERGBHERAR
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MicroWestern Array

p-S6 (Ser240,244)

L 01 5 15 30 60min

——

0.9 cm
p-EGFR (Tyr1068)

Ciaccio et al. Nature Methods 7:148 - 155 (2010) ‘I."””




Od MicroWestern Array

ODYSSEY

LI-COR

Ciaccio et al. Nature Methods 7:148 - 155 (2010)



Od Reverse Phase Protein Arrays

ODYSSEY
Jurkat

Breast Cancer Biopsies Cejlls

— N/

Selected cells are laser
captured and removed

T from the tissue

T T |

oo e
o000
ae» |

Extraction buffer is applied
to laser-captured cells

(-
E =

Protein lysates are arrayed
into nitrocellulose slides

Slides are probed with antibody of choice

and subsequently developed by
chemiluminescence, fluorescence or

colormetric means

RETEERGERAR - :
W S NTMET HEAT THCARE INC. Calvert et al. (2004) Clin.Prot. 1:81
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In-Cell Western™ Assay

Antibody Staining
2°Antibody Detection

Plating —
j 1 Antibody Bj‘f' {}\
="

@m Add Inhibitor

4'/" i@:’ A | ‘
dd Ligand

Fix / Permeabilize

Target Protein

Odyssey
Imager
w mﬂﬁﬁiﬁk Graphic courtesy of Paul Jasper, MIT éI .Cﬂﬂ |
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Od Dose-Response Analysis

ODYSSEY
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W RETERREGRRAR Selkirk et al. J. Biomol. Screen. 11:351-8 (2006) LI-COR
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Od Sygnaling Dynamics

ODYSSEY
w _

25°C

Time 1 2 3 4 5 7 10 15 20 30 45 60
(min)

PERK

Time (min)

W WETERBRHRRAR Wong, S. Anal Biochem, 333: 265-72 (2004) LI-COR
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SIRNA Screen

Average £

700 Channel: Alexa-680

800 Channel: phospho-S6
(cell # Normalization)

dROneEssOa
4] @

ANS
\

PDK1

&

300 400 500 600 700
Rank

S6K2

Human kinome screen in asynchronously growing Hela Cells

S — Courtesy of Greg Hoffman .
BETEERGERAR _ ‘ /."m
wwm UNIMED HEALTHCARE INC. Harvard Medical School :



On-Cell Western™ Assay

Analysis of Cell Surface Proteins

BEBEEEE
“w

8

[JiRDpe BOOCW BGF] fnbi)

Bkg 0 1.0 2.0 39 7.8 156 31 63 125 250 500 ngmL IRDye® 8300CW EGF

Optical Agent Binding Assay:
* A dose response was noted when A431 cells were incubated with increasing concentrations of IRDye
800CW EGF (green). Cells were normalized to TO-PRO-3 staining (red).

&

.m—“%
i S
i‘“ '\‘N

[Untaberbe s BHF] [usd )

Bkg 0 003 005 01 02 05 09 19 38 75 15 pgmL Unlabeled EGF
Bkg 0 100 100 100 100 100 100 100 100 100 100 ngmL IRDye® 800CW EGF

Optical Agent Competitive Challenge:
* Increasing concentrations of unlabeled EGF successfully competed for binding sites with IRDye
800CW EGF (green). Cells were normalized to TO-PRO-3 staining (red).
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ad Immunohistochemistry Imaging

ODYSSEY

CB1 and Dopamine D2 receptors

CB1

RabbitaD2

UNIMED HEALTHCARE INC. Data Courtesy of Dr. Chris Kearn ‘/’;ﬂﬁ
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Mice were imaged post injection of 1X PBS, IRDye 800CW carboxylate, or IRDye 800CW EGF. Animals were
sacrificed and organs excised for imaging on Odyssey. 800 nm channel is presented in green; 700 nm
presented in red.

W kb, LI-LOR
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Od Additional Applications

ODYSSEY

Protein Detection

— 1-D/ 2-D Coomassie”®

— In-Gel Westerns .
* Nucleic Acid Detection SEEERCHEI LAY 1™ GUruio s
— EMSA / Gel Shift Assays ol | | “::i % ﬂ% ' % 0

_. DNA Staining '"“ e ““
 Microwell Assays e

ccccccccccccc

— ELISA/FLISA
— Cell Proliferation

— Protease Assays :
— Cell Mobility and Other Cell-based
Assays

* Protein arrays S==
— RPPA, Direct Phase arrays

WEGEERHERAR !/_'G'ﬂ/? '
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Od

ODYSSEY

W

UNIMED|
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o

relative intensity

relative intensity

Gel Shift / Quantitative EMSA

1. Biol. Chem., Vol. 281, Issue 6, 3190-3197, February 10, 2006
Characterization of Distinct StatSb Binding Sites That Mediate Growth
Hormone-stimulated /GF-I Gene Transcription

Dennis J. Chiai, Mitsuru 01101, Joachim \Voelﬂet, Mylynda Schlesinger—Massartt, Honglin Jiang§, and Peter Rotwein:(1

From the iDepartment of Biochemistry and Molecular Biology, Oregon Health & Science University, Portland, Oregon

97239 and the §Df:];:ar‘['frlf:nt of Animal and Poultry Sciences, Virginia Polytechnic Institute and State University, Blacksburg,
Virginia 24061
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http://www.jbc.org/content/vol281/issue6/cover.shtml�

@kl Invivo Imaging with Odyssey"

ODYSSEY

Intracranial anti-g-amyloid
antibody injection.

Skoch & Backskai, Mass. Gen.
Hosp.

Orthotopic prostate
tumor detected with EGF
- IRDye® 800CW

* Imagen tomada 4 dias post-inyeccion

LI-COR




Od Odyssey® MousePQD™

ODYSSEY

eMouse imaging accessory

eCan be connected to gas anesthesia (3 animals)
eControlled temperature

eDoesn’t require any modifications to the instrument

W BETTERHERAE

UNIMED HEALTHCARE INC.
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Imaging Timeframe

5 minutes 24 hours 48 hours 72 hours
Pre-injection Post-injection Post-injection Post-injection Post-injection

* IRDye” 800CW EGF localization and clearance in subcutaneous tumor

W i LI/ LCON

UNIMED HEALTHCARE INC.
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The NIR Advantage

Molar Extinction Coefficient Characteristics of Water, Hemoglobin and
Oxygenated Hemoglobin ( 400 nm to 1,000 nm )

1000000

e NIR: Lower absorbance and
fluorescence from tissues
and cells

100000
10000

1000

e Lower scattering at higher
wavelengths
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800
Wavelength (nm)

HbO2 Water

Lower background

Fixed NIH3T3cells
Exposure Times:
430 nm: 5592 msec
488 nm: 4977 msec
532 nm: 6007 msec

784 nm: 17,578 msec
Courtesy Dr. itney,

N 7 R AR A ' LI-COR
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Higher signal : noise




The NIR Advantage

white light green/red

blue/green NIR
LICor

UNIMED HEALTHCARE INC. J.V. Frangioni, Curr. Opin. Chem. Biol. 2003
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IRDye Contrast Agents

NIR Hich Sienal/Noi *|RDye800 CW — NHS ester
spectrum -> High Signal/Noise *|RDye800 CW - maleimide
*High Extinction coeff. -> Bright *|RDye800CW Carboxylate
*High solubility -> Good clearance «IRDye680 — NHS ester
eLow Toxicity *BrightSite™ Optical probes

*QC-1 Quencher

IRDye™ BOOCW in PBS

SONa s B
2 § 5] ' .
503 s " 0 E
NaOs$ i g
Q o @ IRDye® 800CW NHS Ester & 1 &
X xS N ]| i
S U L
§ CsoHs4NaNa30475,
SO4Na Exact Mass: 116520291 s
0, Mol. We.: 1166.20297 s
0 N’ Water 2
Uo 1XPBS
2To.o
w RETEERBERAR
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IRDye® 800CW Toxicity Study Published

m?ﬂlél(lllj(ilm P Cnin EAIHO ettt
AND BIOLOGY

RESEARCH ARTICLE

Single-Dose Intravenous Toxicity Study of IRDye
800CW in Sprague-Dawley Rats

Milton V. Marshall,"* Daniel Draney® Eva M. Sevick-Muraca,™* D. Michael Olive®

' Baylor College of Medicine, Housson, TX, USA

LECOR Biosdave, . 4847 Superiar &2, Lincoln, NE, 88504, US4
*Present addrexs: Gemser for Moledar Inaging UTHSC-Housson, 1825 Prevler S, Housiow, TX, 77030, LISA

**In 2009, LI-COR reported on a Toxicity Study of IRDye®
800CW Carboxlyate.

Mol Imaging Biol (2010) 12:583-594

Absteact
Cojective: Fuomghos-abeled oot a5t Emaging agents are moving oward cical use for

a
mumber of apgicaions. The nearinfmred dye IADye BOOCW is Wrequenty used i Is

+* LI-COR is preparing to submit a Drug Master File on
IRDye 800CW to the U.S. Food and Drug
administration

+* LI-COR is currently producing IRDye800CW using a
cGMP process available for clinical studies

QUESTIONS? Contact LI-COR Business Development at busdev@licor.com

) IRDye 800CW has not been reviewed or approved :
\ABETERREAERAR |y the FDA and is for investigational use only LI-COR
A UNIMED HEALTHCARE INC.
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BrightSite™ Optical Agents

Developed systematically for in vivo research

IRDye 800CW EGF Optical Probe

IRDye 800CW 2-DG

Optimized specificity IRDye 800CW RGD
Optimized binding capacity IRDye 800CW HA
Optimized clearance IRDye 800CW PEG

IRDye 800CW or 680 BoneTag™

W e . CellVue® NIR 815 / Burgundy £ /~£04
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Pearl Imager: The NIR Fluorescence in vivo Imager

w- 1.32E0

- 1.00EQ

- 7.00E-1

- 5.00E-1

- 2.00E-1

7.00E-2
3.93E4

W BEGTERHERAR
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Custom probe_ PEG IRDye800CW
EGF-IRDye 800CW probe

.' : .

2dGlucose IRDye 800CW probe

RGD-IRDye 800CW

PEG-IRDye 800CW probe

L *—-— - S - "

BoneTag-IRDye 800CW CellVue NIR815 cell stain



Correlation of Tumor size to Signal
Subcutaneous Implantation
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200 300
Weight, mg

300
Weight, mg

The data show that 99% and 97% of the variance in weight can be explained by the
variation in Total fluorescence and Signal (P = 0.05)
W BT RERHERAR

P UNIMED HEALTHCARE INC. (The correlation in this data set is not due to random sampling.)
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Correlation of Tumor size to Signal
Orthotopic Implantation

() =)
X x
s z
w w
= =
s I
° o
2 2

1000 1000
Weight, mg _ Volume, mm®

For this orthotopic tumor model and optical agent combination,
>91% of the variability in Total intensity can be explained by tumor weight.
W BETEEREERAR LI LOR
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2-DG Longitudinal Study

» Subcutaneous prostate
tumor

* Imaged weekly 24 hrs.

60+

B

40

20

0 T

0 2 4 6 8
Week
Kovar et al. LI-COR Biosciences
Anal. Biochem. (2008) in press
W BRETEERHERAR LI LOR
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Imaging of Leukemia Cells with
CellVue® NIR815

*5x10° Nalm 6 cells were labeled with CellVue® NIR815 and injected i.v. into
two animals
* Images were taken post injection at the indicated times

Data Courtesy of Dr. Linda J. Bendall and Dr. Carole Ford Westmead Millennium Institute University of Sydney, Australia
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Data Courtesy of Dr. Kazuki Sugahara, University of California, Santa Barbara
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Imaging Lung Engrafment

PEARL

Dorsal view of a nude mouse injected with MDA-231 Luc breast cancer cells
(IC injection 3 weeks prior to imaging) which demonstrated engrafment to
the lungs (dorsal view). IRDye® 680 BoneTag was injected 7 days prior to
imaging (Red). IRDye® 800CW EGF was injected 4h prior to imaging (Green).

s A Na 1 |
w @7 e RRAR Data courtesy of Ivo Que, Leiden University Néél GM
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.'Q Fluorescence Imaging in Brain

PEARL PSVue Control Dye

Pre-injection

e Damageto
dopaminergic neurons
was induced with
MPTP

PSVue™

Immediate
post

S S e
. . . . 2 = = s
e Mice were injected i.v. = = 3
with PSVue® or a . E -
o
control dye = -
< .
e Whole brain was R—
. u [ Control
imaged at 48 hrs post i
injection L
w BT R R AR Q‘e@zi&geﬁ o @.@Q q?.éQ @.@Q ‘ /. c a ”

UNIMED HEALTHCARE INC. & Bi
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Real-Time Imaging

IO

PEARL

* Intradermal injection (0.1
nmole) of IRDye® 800CW
PEG

e Agentseenasit
distributes through the
lymphatic system and
pools in the lymph node

N 7 R AR A LI COR
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NIR Fluorescence Advantages
Summary

* Fluorescence allows for quantification in Westerns

* Long wavelengths ensure good signal:noise ratio and
sensitivity

e Better image quality

e Wide dynamic range

e Easy transition from other methods
e Versatility of applications
 Translatable to clinical applications

* Low cost of operation .
N 7 R AR A ~ LICOR
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Questions?

THANK YOU!!!

LV 4
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