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Rudin and Weissleder, Nature Reviews in Drug Discovery, 2003

Why optical imaging?

v Low cost of tracers and instrumentation



Why optical imaging?

v Low-energy, non-ionizing radiation
v Tracers are stable (no radioactive decay), can be stored indefinitely
v Imaging of genetically encoded markers (fluorescent proteins, luciferases)
v Simultaneous detection of multiple tracers (filters)



Frangioni-JV, Curr Op Chem Biol, 2003

Autofluorescence: wavelength-dependent



Absorption in tissue: wavelength-dependent

Georges de la Tour: Saint Joseph charpentier, 1643, Louvre

Weissleder et al., Nat Biotechnol, 2001



Advantages	of near-infrared fluorescent (NIRF)	detection

v high	tissue penetration (mm-cm)
v low tissue autofluorescence
v many assay platforms &	imagers
v translational:	microscopy to human

Weissleder,	Nat	Biotech	19:316	(2001)



Fluorescence

Linker



Optical Imaging: near-infrared fluorescence

Fluorescence Reflectance
Imaging (FRI)

➨ 2D detection of NIRF probes
in subcutaneous tumor models

➨ fast, parallel detection of probes in 
two NIR channels (685, 785 nm)

Fluorescence Molecular
Tomography (FMT)

➨ 3D imaging of NIRF probes
in orthotopic tumor models

➨ quantitation of NIRF  probes
in the animal



Fiber bundle

Light source
Laser diode

Optical fiber

CCD camera

Optical Imaging: near-infrared fluorescence



Optical Tomography: phantoms

Laser
Absorption Emission
635nm 660nm
670nm 700nm
746nm 775nm
790nm 805nm

Channel 680nm

0 20 40 60 80 100 120
0

25

50

75

100

IDCC [pmol]

re
ko

ns
tr

ui
er

te
r 

W
er

t
 [p

m
ol

]
 Channel 635 nm

0 20 40 60 80 100 120
0

25

50

75

100

IDCC [pmol]

re
ko

ns
tr

ui
er

te
r 

W
er

t
 [p

m
ol

]



Preclinical near-infrared fluorescent tumor imaging

Becker, et al, Grötzinger; Nat Biotechn., 2001
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Bioluminescence – a chemical reaction -
Production and emission of light in living organisms as 

a result of chemical reaction
560
nm

480
nm

RLuc 8.6
486nm

RLuc 8.6-535
535nm

pGL4

RLuc



Bioluminescence as a tool for molecular imaging of tumor 
models

ü Non–invasive 
ü Non radiation
ü High throughput
ü Functional analysis 
ü High sensitivity
ü no tissue auto luminescence

ü monitor tumor cells in 
preclinical studies
üdetection of few cells and earlier
üDetection of micrometastases
üMonitor behavior right from the 
beginning of implantation 
üMonitor  growth of orthotopic 
tumors non-invasively



Applications

Functional genomics
Expression profiles and         

regulation studies, 
protein-protein interactions, 

apoptosis…

Oncology
Tumor growth and metastasis
Tumor related gene study

Infectious disease
Infectious pathway
Molecular study

Pharmaceutical applications
Drug discovery (HTS)
Pharmacokinetics
absorption, distribution, metabolism

Stem cell research

Gene delivery and therapy
Expression kinetics and localization

Toxicology research applications
Pharmaceutical kinetics and localization



Bioluminescence
In vitro kinetics of luciferase expressing cell lines
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In vitro Bioluminescence
Bioluminescence	kinetics
Black	96-well	plate

• Seed	cells	according		to	scheme	and	incubate	over	night
• Add	D-luciferin	(150µg/ml)	and	measure	photon	emission	every	10’,	during	1	

hour.
ü Calculate	photon/sec/cell
ü Build	kinetics	curve

controls
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Bioluminescence
Subcutaneous implantation of pancreatic carcinoma cells in 
nude mice - BxPc3-Luc2 -
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Advantages of orthotopic tumor models: pancreas

1x106

cells

Inoculation

Icterus

Metastasis

Primary tumor

Ascites

PT

liver

stomach

P. Schulz, A. Scholz

BON cells and other models



Bioluminescence
Orthotopic implantation of pancreatic carcinoma cells in 
nude mice - BxPc3-Luc2 -

1000 cells

100 cells

2.9x105 photons/sec

1.7 x105 photons/sec

* Cell number and viability (necrosis!)
* Depth of localization (absorption, scatter)
* Type of luciferase, type of substrate
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Integrin Imaging
Anti-angiogenesis targets for imaging: integrin antagonists

• Inhibits neo-angiogenesis and lymphangiogenesis in various tissues (Umeda et al., 
2006; Dietrich et al., 2007; Okazaki et al., 2009; …)

• Inhibits proliferation in a glioblastoma mouse model (Färber et al., 2008) 

a5ß1 antagonist

- binds to receptor
- blocks  cell 
binding 
of fibronectin

Inhibiting angiogenesis

Modifiziert nach (Quelle: Ophthotec.com)



Photophysical & phtotochemical properties

J07 conjugate
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In	vivo near-infrared fluorescent (NIRF)	imaging	of	tumor-
bearing	mice	using	α5β1	integrin probes,	A549	xenografts

dosage per 
animal 0,6 nmol

)
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Ф EC [L mol-1 
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DY751 731 775 ≥ 19,9 % 116800

JSM07 736 771  ≥ 21,5 % 85430

JSM14 737 770 ≥ 20,9 % 98270



Integrin Imaging
Competition in A549 Tumors

Dy7
51

Dy7
51

+ c
omp I07

I07
 + 

co
mp I14

I14
 + 

co
mp
Dy7

51

Dy7
51

+ c
omp I07

I07
 + 

co
mp I14

I14
+ c

omp
Dy7

51

Dy7
51

+ c
omp I07

I07
+ c

omp I14

I14
+ c

omp
1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

24h 48h 120h

*

**

K
on

tr
as

t [
Tu

m
or

/N
or

m
al

]

♀

Ø Competition by injection of unlabelled integrin antagonist (1000 fold) 15 min before 
injection of fluorescent conjugates

ü Competition with unlabelled antagonist leads to inhibition of contrast enrichment
of I07 and I14
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Dual	monitoring of	a	new orthotopic	colorectal cancer
mouse model
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24h	post injection,	2	nmol

NIRF	imaging of	αvβ3	integrin in	vivo/ex	vivo
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Endomicroscopic ex-vivo	analysis of	αvβ3	integrin targeting
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prä Tumor Tumor post Tumor
0

250

500

750

1000

HT29 -Luc (n=5)

*p<0,01(ANOVA) *p<0,01(ANOVA)

Fl
uo

re
sc

en
ce

 In
te

ns
ity

prä Tumor Tumor post Tumor
0

250

500

750

1000

HCT116  (n=3)

** p<0,001(ANOVA) ** p<0,001(ANOVA)

prä Tumor Tumor post Tumor
0

250

500

750

1000

Colo 205 Luc (n=5)

**p<0,001(ANOVA) **p<0,001(ANOVA)

Schulz et al Mol Imaging Biol 2015        Broggini et al Eur Spine J 2015

Confocal fluorescence
endomicroscopic fiber probe	
Exc 660	nm,	Em >675	nm
(MaunaKea) Healthy	mucosa



Contrast	agent:	ICG	

Bernd	Ebert	(Physikalisch-Technische	Bundesanstalt)
Kai	Licha,	Michael	Schirner	(mivenion)

control rheumatoid	arthritis

Desai	et	al,	J	Am	Coll	Cardiol	2005

ophtalmology													cardiology

Poellinger		et	al,	Radiology,	2011
Troyan	et	al,	Ann	Surg	Oncol	2009

mammography							sentinel	LN	detection



Comparison	of	nanoICG	with ICG,	24	h	post	injection,	
800nm	channel,	A459	lung	tumor	xenografts

24h	p.i.	nanoICG (0,2	mg/kg)

#414 #417 #419 #420

24h	p.i.	ICG (0,2	mg/kg)

#415 #416 #418 #421



Ex vivo imaging nanoICG, 800 nm, A459	tumors	

24h	p.i.	ICG (0,2	mg/kg)

24h	p.i.	nanoICG (0,2	mg/kg)



Semi-quantitative analysis from dorsal view, 24 h post 
injection, 800 nm channel
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Clinical	application of	NIRF	probes

Burggraf et al, Nat Med 2015
Poellinger  et al, Radiology, 2011
Troyan et al, Ann Surg Oncol 2009

Mammography Sentinel LN	surveillance

Intraoperative	imagingEndoscopy

Van Dam et al, Nat Med 2011




