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Our Platforms for Translational Research

Strategic Goal Instruments

Maestro, Vectra Systems

\ - Human & Services
V7 Calper
I \ FMT & IVIS systems . >

Reagents

Clinical

PerkinElmer
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PerkinEimer’ Tissue Fluorescent agents
ey > SeeGene

Operetta (HCS) systems UltraView Vox Y7 Caliper I
EnSpire multimode detection PerkinEimor
Automation, cell plate Y7 Caliper [ abels & Markers,
LabChip technolo 1> 1 . TSA reagents,
ZephyF; & ANUgy Perkingiper Small Animal B Tissue Services
Automation Y Caliper PerkinSimes’
EnVision plate readers Y7 Caliper
' > Labels & Markers,
PerkinEimer Cell Fluorescence, Bioluminescence
Y Caliper 1>
Perkinsjmﬁz' GPCR’s
Labeled Cells & Markers
Rads, Alpha, LANCE, DELFIA Assays
DNA, RNA,

Protein I

PerkmEImer

\/cd.per AlphaLISA, Rads, LANCE, DELFIA reagents

In vivo




) 23
SFEHUS A Ao




History of PerkinElmer In Vivo Imaging System

FMT 1000, 2000 & 4000

FMT 1500 & 2500

IVIS Spectrum CT

Quantum FX
s | ‘

IVIS Lumina XF IVIS Spectrum Series llI
IVIS Lumina Series Il

IVIS 200 IVIS Lumina XR Series IlI

e e
‘ IVIS Lumina VIS Lumina I IVIS Lumina K Series IlI )

IVIS 100 IVIS lumina kinetic IVIS Lumina XRMS Series III

IVIS 50 IVIS Spectrum IVIS Spectrum BL

Xenogen Caliper  perkinlmer
CRI Caper  perkinelmer
Visen  perkinglmer




Lumina LT

Entry level bioluminescent/
fluorescent imaging

Lumina lll
Lumina with X-ray overlay

Lumina XRMS Series |
Fast, Real-time molecular imaging

Lumina S5
Fast, Real-time molecular imaging

Lumina X5

Fast, Real-time molecular imaging
d

Spectrum BL

Quantitative 2D & 3D
bioluminescence
imaging

Spectrum

Seamlessly
integrates optical and
micro CT imaging
(multi-modal)

Spectrum CT

Seamlessly
integrates optical and
micro CT imaging
(multi-modal)
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FMT 4000

Quantitative
Fluorescence 3D
Tomography System
with 4 excitation laser
channels (639, 680,
750, and 790 nm)

FMT 2000

Quantitative
Fluorescence 3D
Tomography System
with 2 excitation laser
channels (680 and
750 nm)

FMT 1000

Quantitative
Fluorescence 3D
Tomography System
with 1 excitation laser
channels (680 or 750
nm)



Introducing the Quantum GX2

Upgraded

Specs « 2.3 micron voxel resolution

2 additional imaging FOVs
> 18mm for high resolution sample scanning
- 86mm for wide field of view imaging

X-ray filter changer with 6 x-ray filters
* Fast 3.9 second scan

* Improved cardiac and respiratory gating
algorithms

* X-ray dose display (prior to initiating a scan)
- Disk storage level indicator

Improved
Functionality .

Increased
Flexibility

Perkin=imer



The Biggest Advantage of In Vivo Optical Imaging Technology

Current Methodology = 24 animals over four treatment points

8 Hours

In Vivo Imaging= the same 6 animals over four treatment points

@(é'{é Q@(/Q @Q’QQ Q@@

0 Hours ‘ 2 Hours ‘ 4 Hours ‘ 8 Hours

Example: 4 groups, 5 mice each group, 8 time
points

Traditional methodology: 160 mice

In vivo imaging: 20 mice




In Vivo Optical Imaging Technology

BIOLOGY INSTRUMENTATION

Labeled
Eukaryotic
Cells

\ﬁ(/
Genetic Reporters

Smart Labeled
Probes Proteins

Labeled
Prokaryotic
Cells




+ ATP and O, — Live cells

Key Technology— Reporter Molecules Labelling

Luciferase
Fluorescent dyes

IVIS | XenoLight DiR

N Quantum dots and
Fluorescent Proteins Nanoparticles

+ D-luciferin substrate

924N0s 1YS8I| UOI1LIIIXD +

Genetic Marker Label Proteins

Label Cells Label Bacteria



Bioluminescence Imaing VS Fluorescence Imaging
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Fluorescent signal is limited by tissue autofluorescence

The BLI signal level is ~100x lower, yet the signal to background is
~1000x higher

Fluorescence

Bioluminescence ,
Autoluminescent flux ~ 9.5 X103 p/s

Signal flux ~ 7.1 X107 p/s
Signal/background ~ 7500
Min. detectable cells ~ 400

Autofluorescent flux ~ 1.0 X 16%p/s
Signal flux ~ 7.8 X 10° o/s.
Signal/background ~ 7.8

Min. detectable cells ~ 380,000

3X10% PC3M-luc/DsRed cells injected s.c.

T.L. Troy, et al. (2004). Molecular Imaging 3:9-23.



Absorption Coefficient (cm 1)

Wavelength- the Key Factor of Autofluorescence and Transmission

Dl

Dyes

Renilla, Aequorea luciferase
-

GFP
-

Fire: luciferase
dﬂy—h

DsRed

0 450 500

*http://ase.tufts.edu/biomedical/research/Fantini

WYWavelength (nm)

650

SNR=Signal/Autofluorescence

Tissue Autofluorescence

http://www.drbio.cornell.edu
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Bioluminescence Imaging Sensitivity

Back-thinned, back-illuminated, Grade 1
Cooled (-90C) camera with large CCD
chip area for high sensitivity light detection

Low f-number and
large diameter lens

Precision filters

Gives high sensitivity
and uniform light
collection
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Super Sensitivity of BLI Pe!ﬂ

“This approach has several advantages over Most sensitive system available
Resolves multiple bioluminescent
reporters

Detects down to even a single cell in vivo

conventional tumor models: the sensitive of cell
detection in vivo is surprisingly high and
exceeds even the sensitivity of detection by flow
cytometry ex vivo. As few as 7< 103 cells are
detectable in the lungs early after injection, 2-
2.5 X10% cells within liver or spleen... In other
experiments using cells with even higher
luciferase expression, as few as 100 cells can
be reliably detected in the peritoneal cavity of
living animals. ” Since cells are detectable even
from deep within tissues, tumor cell trafficking,
engraftment in different organs, and metastasis
could be visualized without perturbing intact
organ systems. ----- Blood 2003, 15(101):640-
648 In vivo imaging of s.c. implanted T cells
transduced with optimized firefly luciferase
(left) and a ‘single’ 4T1 breast cancer cell

(right)
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IMAGING

Single-cell bioluminescence
imaging of deep tissue in freely
moving animals

Satoshi Iwano,! Mayu Sugivama,! Hiroshi Hama,! Akiva Watakabe,? Naomi Hasegawa,”
Takahiro Knchimarn,” Kaznmasa 7. Tanaka,” Megumu Takahashi,” Yoko Ishida,®
Junichi Hata,® Satoshi Shimozono,! Kana Namili,! Takashi Fukano,! Masahiro Kiyama,’
Hideyuki Okano,® Shinae Kizaka-Kondoh,” Thomas J. McHugh,* Tetsuo Yamameori,*
Hiroyuki Hioki,” Shojiro Maki,” Atsushi Mivawali™®*

Bioluminescence is a natural light source based on luciferase catalysis of its substrate
luciferin. We performed directed evolution on firefly luciferase using a red-shifted
and highly deliverable luciferin analog to establish AkaBLI, an all-engineered
biocluminescence in vive imaging system. AkaBLI produced emissions in vivo that
were brighter by a factor of 100 to 1000 than conventional systems, allowing
noninvasive visualization of single cells deep inside freely moving animals. Single
tumorigenic cells trapped in the mouse lung vasculature could be visualized. In
the mouse brain, genetic labeling with neural activity sensors allowed tracking of
small clusters of hippocampal neurons activated by novel environments. In a
marmoset, we recorded video-rate bioluminescence from neurons in the striatum,
a deep brain area, for more than 1 year. AkaBLI is therefore a bicengineered light
source to spur unprecedented scientific, medical, and industrial applications.

Iwano et al., Science 359, 935-939 (2018) 23 February 2018



The Optimized Solution for
Fluorescent Imaging
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Spectral Unmixing Concept

Measurements

Measured Spectrum
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Unmixing
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Journal of Biomedical Optics 14(6), 064011 (Movember/December 2009)

Nat Methods. 2013 August ; 10(8): 751-754. do1:10.1038/nmeth 2521.

Stafford et al. Nutrition & Metabolism 2010, 7:74 ’_E‘
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.7 NIH Public Access
e

12 United States Patent

Cronin et al.

USDO6Y30773B2

(10) Patent No.:
(45) Date of Patent: Aug, 16, 2005

US 6,930,773 B2

(54) SPECTRAL IMAGING

(75) loventors: Paul J. Cronin, Charlestown, MA
(US); Peter J. Miller, Newburyport,
MA (US)

(73) Assignee: Cambridge Research and

Instrumentation, Inc., Woburn, MA
110
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Block et al.

Stark

Thomas et al. ............. aln310
Cabib et al.

Pinkus

Pinkus et al.

Cabib et al.

Fischer et al. ......... 25(4339.13
Fhou et al.



The most powerful spectral unmixing method >
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Spectral Unmixing Using FITC

0.05 ug/ml FITC

EE ERSE

BBy

5ng FITC

Exckation filker : 430
Emission filker ; 520

Mir= 8,2327
Maxw |,56e9

Excitation filter : 430
Emission fiker : 540

Mine= 5.7587
2 Maxw 1,129

Excitation filker : 430
Emission filter : 560

Min= 4.29e7
3 Maxw= 8.34e8

Excitation filter : 465
Emission Fiker ; 520

Min= 3.90e7
Max= 7,55¢8

-
Excitation filter : 465
Ermission Flter : 540

Min= 3.5027

6 Max=6.51e6
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Excitation fiker : 430
Emission filker : 530

Mine= 3,26e7

4 Max= 6.31e8

Excitation filter ; 465
Emission filker : 560

Min= 2.94e7

Min= 1,82e7
Max=3.51e8

Raw data (O
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- Lo
Excitation fileer : S00
Emission fiker : 560

Min=1.75e7
Max= 3,38e8

= HI) , 5 ng FITC
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Excltation Filter : 500
Emission fiker : 580

Min= 1.63e7
Max= 3.08e8
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Excitation fiter : 465
Emisslon filter : S80
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Golden Standard Bioluminescence Quantification Method Perkint e

ferurrisl o Beomadical Optics 804, 432440 Clciobaer 200

In vivo imaging of light-emitting probes

- W Keoe Absract. Lt viver imaging of cells tageed with ligha-cmining probes,
M. [, Cahls such s firefly lecliorase of fluoiescent proteing, 1s a poscemu
ML B, Makson gy that enal i
Tt s e
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Total Flux: Photons/second/cmZ2/sr

surface
radiance
flux /
\ @ tissue
N 2 sec exposure, fistop 1, Small binning 10 sec exposure, fistop 1, Small binning
n ~5000 counts peak sl ~25000 counts peak
2 { ----------------------- 2.82x 10° photons/sec B 2.82x 10° photons/sec
00 N N NO
lissue
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Calibrated Fluorescent Units: Radiant Efficiency Perkin©mer

Units of ‘Radiant Efficiency’ compensates for
non-uniform excitation light pattern

Excitation Light
Pattern
Emission Light (photons/sec/cm?/str)
Radiant Efficiency =
Excitation Light (mW/cm?)
GFP Well Plate Uncorrected GFP Well Plate Corrected

71 1]
0000000OOCONODS
000000OKOD 0000000O0OKOKOGYS
00000000000 0000000000O0O
AIIITIXXXERELE VS. 00000000000

RO 1

S 8 6 6 & 8

Counts

' 00000000000
00000000000
100000006

' 000089

Radiant Efficiency
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Calibrated Physical Units vs. Raw Signal PerkinEimer

Exp time: 30 sec 30 sec 60 sec 60 sec 60 sec 60 sec
Binning: small small small small medium medium
Day: 1 2 3 4 5 6

_ -~
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Tailored To Therapeutic Applications PerkinEimer

Inflammation Oncology ~ Cardiovascular Diseas

Infectious Diseases

Immunology &

Transplantation Metabolic

Diseases

Stem Cells

Day 7 Week 15 Week 30
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Low dose
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Xiongwei Hu et al,, Nanoscale, 2015, 00, 1-13,1
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NIRF-HA based gold nanoprobes detect reactive oxygen species (ROS) and hyaluronidase
degradation of local HA in the extracellular

|
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ROS/HAdase $ g C.D
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- i -
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eFlu 20 " y ' ]
M \ H NH 3 -—
X HO =
/ i * o
i WO Hln 4 ‘
ARY " Color Bar
2 ' Min = 1e+08
 ow, “ Max = 5e+09

RA and highly metastatic tumor are known
to express high levels of ROS and HAdase,
respectively, inducing the progressive

Tumor

Lee et al,.Biomaterials,2008
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Orthotopic xenograft model of brain tumor

Day 8

CALZ015061 7092614 00fR -

Day
15

CAL20150624142600 00 A~

Day
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CAL2015070£150502 001§

=108

. 04

Radiance
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Coler Scale
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Orthotopic xenograft models of liver tumor
(BLI data before randomized grouping)
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Orthotopic xenograft models of liver tumor
(Randomized grouping before treatment)
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Orthotopic xenograft models of liver tumor
(BLI data after treatment)
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& In vivo
monitoring
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Perspective

Saimir Luli, et al, Journal of Hepatology,2016
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Whole mouse epifluorescence imaging was used to detect accumulation of

AV750 following APAP treatment.

A. Epifluorescence images of mice receiving different doses of APAP 24 h
prior to imaging shows an increase in signal with APAP dose.

B. Epifluorescence imaging of excised livers from APAP treated mice.

C. Quantification of liver signal from non-invasive imaging and ex vivo
imaging was determined by ROI placement to capture the entire liver, and
results were represented as the percent of the 500 mg/kg group.

Liver AV750 (pmol M* cm?)
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LSD1 Is a Subunit of the NuRD Complex
and Targets the Metastasis Programs
in Breast Cancer
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