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Changing the Diagnostic Paradigm: 
Imaging with Molecular Specificity 

and Cellular Resolution 

Christopher H. Contag, Ph.D. 
Departments of Pediatrics, Radiology and  

Microbiology & Immunology 
Molecular Imaging Program at Stanford (MIPS) 

Stanford University 
 

Imaging Refines Animal Models 
Enabling discovery beyond what has previously been possible 

•Increased data per animal 
   -Whole body scans 
   -Temporal changes  
   - Ease of use permits fine 
   temporal resolution 

•Improve statistics--”Built-in” 
   internal controls 

•Access to new information  
  because the contextual  
  influences of the host  
  are intact 

Dynamic in vivo measures  
of gene expression  

• Image-guidance for tissue 
   sampling--the correct tissue 
   at the right time 
• Track labeled therapeutic or target 
• Image-guided “Omics” 
• Cell culture to in vivo links 

Molecular Imaging in Animal Models of 
Early, and Minimal Residual, Disease 

7 d 9 d 16 d 

0 7 14 Time (d) 

Edinger et al. Blood 15:640-8 

HSCs 
Memory T cells 
Tumorcidal T cells  
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Imaging in Cancer Biology 

The nearly two decades Molecular Imaging research 
has led to advances in reporters, probes and 
instrumentation that have served to refine and 
accelerate the study of in vivo biology and drug 
development—however, it is time to use molecular 
imaging approaches to dramatically change 
paradigms. 
 
Preclinical imaging over the entire disease course 
will enable us to target early and minimal residual 
disease, understand the origins of disease, develop 
novel targets, and refine our selection of drug 
candidates 
 

Cancer: Early Diagnosis and Prognosis 

Stanford University 
    School of Medicine 

Defining Minimally Detectable Tumors 

Imaging , blood test and optical imaging 

3 years 

6 years 

9 years 
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Minimally detectable tumor 
size by detecting secretion of 
biomarkers in blood: PSA, 
CA125,…  

MRI and CT 
   D = 1 cm   

Fluorescence microscopy 

Mammography 
 (D = 2 mm) 

20 cell doublings 

10 cell doublings 

White light endoscopy 

Note: After 30 cell doublings first 
symptoms may begin to appear 

30 cell doublings 

Note: After 20 cell doublings tumor may begin 
to generate metastatic cells 

1 billion cells 
tumor D = 1 cm 
tumor V = 1 cm3 

tumor M = 1 gm 

1 million cells 

tumor D = 1 mm 
tumor V = 1 mm3 

tumor M = 1 mg 

1,000 cells 
tumor D = 100 mm 
tumor V = 0.001 mm3 

tumor M = 1 mg 



7/21/2014 

3 

Trade Offs in Resolution and Depth 
Optical and  non-optical imaging modalities 

(non-optical) 

Optical 
imaging 
in vivo 

Endoscopy: Imaging and Therapy 

http://www.laparoscopyhospital.com/picture/colonoscopy.jpg 
http://www.hopkinscoloncancercenter.org/Upload/200811241402_49735_000.jpg 

Soetikno, Roy M., et al. "Prevalence of nonpolypoid (flat and depressed) colorectal neoplasms 
in asymptomatic and symptomatic adults." JAMA 299.9 (2008): 1027-1035. 

• Relies on structural information only. 

• Difficult to visualize adenomas (polyps) < 2mm.1  
• Difficult to detect flat lesions regardless of size.2,3  
• Tumor boundaries are difficult to identify during resection.4 

• Random biopsies often taken in suspect areas.5 

• Difficult to differentiate types of adenomas and carcinomas 
from inflammation.6 

• Skill/Experience dependent 

Endoscopy Limitations 

1Mamula, Petar, et al. "Devices to improve colon polyp detection."Gastrointestinal endoscopy 73.6 (2011): 1092-1097.  
2Coppola, Francesca, et al. "Flat lesions missed at conventional colonoscopy (CC) and visualized by CT colonography (CTC): a pictorial essay." Abdominal imaging (2013): 1-8.  
3Soetikno, Roy M., et al. "Prevalence of nonpolypoid (flat and depressed) colorectal neoplasms in asymptomatic and symptomatic adults." JAMA 299.9 (2008): 1027-1035. 
4Quirke, P., et al. "Local recurrence of rectal adenocarcinoma due to inadequate surgical resection: histopathological study of lateral tumor spread and surgical excision." The Lancet 328.8514 (1986): 996-999. 
5Panaccione, Remo. "The approach to dysplasia surveillance in inflammatory bowel disease." Canadian Journal of Gastroenterology 20.4 (2006): 251. 
6Zisman, Timothy L., and David T. Rubin. "Colorectal cancer and dysplasia in inflammatory bowel disease." World journal of gastroenterology: WJG 14.17 (2008): 2662.  

http://www.laparoscopyhospital.com/picture/colonoscopy.jpg
http://www.laparoscopyhospital.com/picture/colonoscopy.jpg
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Miniaturization of the Confocal Microscope 
For Point-of-care Pathology 

Tabletop Microscope 

Miniaturization 

Dual Axis Confocal Microscope 

4 mm 

micro-mirror 4 mm 

Fixed Movable 

MEMS Core for Miniaturization 

1) Specifications 
– 3.2 mm x 10 mm (endoscope compatible) 

– Multispectral 500-800 nm 

– Dual modality (wide field and vertical scanning microscopy  

2) Confocal optics + fluorescence provides 
– Dynamic range 

– Large field-of-view (0.3-0.5 mm) 

– Deep working distance (0.3-0.5 mm) 

– High contrast images (molecular probes) 

3) MEMS scanner provides: 
– Small size (endoscope-compatible) 

– Fast scanning (video rate imaging) 

– Manufacturability (silicon processing) 

4) Dual-axis confocal (DAC) optics allows:  
– Simple, inexpensive optics (low-NA) 

– Three-dimensional imaging  

      (efficient optical sectioning) 

– Scalable 

5) Differences 
- In vivo, 3D, contextual influences intact,  

- Real-time—point-of-care microscopy—need 

      pathologist to be real time 

Clinical Objectives for Miniaturization 

Standard Histopathology image 

Optical sectioning with histopathologic resolution and molecular contrast 

Mild adenocarcinoma—table top  DAC  

5 mm DAC  
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Performance of Dual-Axis Microscopes 
Anatomic imaging of Barrett’s to Squamous Junction—excised tissue 

Vertical 
Horizontal 

Spechler, S. J. N Engl J Med 2002;346:836-842 

Contast Agents 

Topical ICG 
Colorimetric and fluorescent 
contrast for macro- and 
microscopic imaging 

Colon 

Esophagus 

Integrated Macro- and Microscopic Imaging 

Topical ICG 
Colorimetric and fluorescent 
contrast for macro- and 
microscopic imaging 
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Towards Larger Fields of View:  
Mosaics of Clinical DAC Data 

Local and global optimization of  mosaicing--
preserves data quality and enables visualization 
of larger fields of view. 

2D (X-Y Tilt) MEMS scanner 1D (Z Piston-motion) MEMS scanner 

3-axis scanning using two MEMS scanners 

Axis 1 Axis 2 

Axis 3 



7/21/2014 

7 

Achromatic Optical System Allows                     
Operation over Range of 500 nm – 800 nm  

32 microns 115 microns 

500 nm 
800 nm 

Positive Chromatic Aberration Negative Chromatic Aberration Corrected 

Multispectral 

Machined parts for Clinical Multi-Modality DAC Systems 
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Multiplexing with Fluorophores 

When multiplexing, the fluorescent signal from one 
reporter can bleed into adjacent channels. 

https://www.biosearchtech.com/display.aspx?catid=226,234&pageid=53 22 
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Wavelength (nm) 

Tumor Targeting Agent A 
(Carcinomas) 

S440 

Tumor Targeting Agent B 
(Flat Lesions) 

S421 

Non-specific  
(Internal Control) 

S661 

Multiplexing with Nanoparticles: Surface Enhanced 
Raman Scattering (SERS) 

Miniaturization 

Zavaleta, C. L., et al. "Multiplexed imaging of surface enhanced 
Raman scattering nanotags in living mice using noninvasive 
Raman spectroscopy." PNAS 106.32 (2009) 

Tools to Enable the Transition from Mouse to Man 
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instrument 
channel 

Endoscope 

5 mm 

5.3mm Fiber Bundle 

4.7 mm 13 mm 

Brushless  
DC Motor mirror 

variable working  
distance 

1-mm Diameter 
Collimated 

Illumination Beam 

(1.7 mm Diameter) 

1 single mode Illumination Fiber                      
(5 µm core and 120 µm cladding) 

36 multimode fibers                                      
(200 µm core and 40 µm cladding) 

25 

Assembly and Use of Scanning Raman 
Endoscope 

Circumferential Scanning Raman Endoscope 
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Shutter 

Laser 

Notch 
Filter 

Single Mode 
Fiber 

Illumination 

Multi-mode 
Fibers 

Collection 

Focusing 
Lens 

CCD 
Z-Stage  

Fiber Coupler 

Shutter 
Control Box 

Spectrometer 

Filter 

Voltage Supply 

Function 
Generator 

Distal End 

Fiber Bundle 
Inserted into the working channel 

of a clinical endoscope  

Motor 
Control 
Board 

28 

Wavelength 

Full Vertical Binning  

29 

Spectrometer 

Measured Signal 
m 

1x1024 

 

Diffraction  
Grating 

1024x256 pixels 
26um2 

16bits 

Long Pass  
Filter 

CCD 

Raman Spectra Acquisition 

Circumferential Scan 
of 5 cm Phantom 
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Least-

Squares 
Algorithm  

 
PCA 

 
Hybrid 

Algorithm 
 

Free Fitting Polynomial Background (s) 

m: Measures Signal  

R: REFERENCE MATRIX 

Known Reference Spectra 

FVB Acquisition of CDD Array 

Background:    x 0.05 

S421:            x 0.15 

S481:            x 0.1 

S420:            x 0.32 

Unmixing the Raman Spectra 

31 

Multiplexing Molecular Endoscopy: 

Scanning Raman Endoscope and SERS 

Circumferntial  
Raman Scope 

Human colon 

Spectral Phantom 
S493 S440 S482 S420 S481 S421 All 6 Flavors 
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34 

S440 

S493 

S482 

S420 

S481 

S421 

Pixel # Pixel # 

35 

Data Reconstruction & User Display 

Internal Control & Ratiometric Value 

Tumor 

Normal 

Time = 0 Spray  Wash 

Signal > 0 

Signal = 0 

Ratiometric Value  =    

            0                    w
targeted

<w
non-targeted

w
targeted

w
non-targeted

-1,       w
targeted

³w
non-targeted

S440      “Targeted” S493      “ Non-Targeted” 
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Mimic Specific Targeting 

Mimic Random Pooling, 
Imperfect Washing  

Real-time Ratiometric Imaging 

5mm 
Tissue  Sample #1 

MES  
(control) 

Tissue  Sample #2 
1:1 Ratio of  

S440 (5pM) to S493 (5pM) 

Tissue  Sample #3 
2:1 Ratio of 

S440 (10pM) to S493 (5pM) 

Garai, Ellis, et al. "High-sensitivity, real-time, ratiometric imaging of surface-enhanced Raman scattering nanoparticles with a clinically 
translatable Raman endoscope device." Journal of Biomedical Optics 2013 

S440      “Targeted” S493      “ Non-Targeted” 

Detection Limit: 56 nanoparticles/cell 

Real-time Ratiometric Imaging 

 Account for non-specific accumulation of nanoparticles  
 Account for variable working distance  

 
 
 
 

Ratiometric Image 
S493 Channel 

(“Non-specific”) 
S440 Channel 
(“Targeted”) 

5mm 
Tissue  Sample #1 

MES  
(control) 

Tissue  Sample #2 
1:1 Ratio of  

S440 (5pM) to S493 (5pM) 

Tissue  Sample #3 
2:1 Ratio of 

S440 (10pM) to S493 (5pM) 

Garai, Ellis, et al. "High-sensitivity, real-time, ratiometric imaging of surface-enhanced Raman scattering nanoparticles with a clinically 
translatable Raman endoscope device." Journal of Biomedical Optics 2013 

2x 

Mapping Signals in The Colon 

FUNCTION 

 

Ratiometric Image:  

[(S420/S493)-1] 

 

Porcine 

STRUCTURE 

 

Surface Topology 

From Intrinsic Raman 

 

Human 
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Advances in Instrumentation for In Vivo 
Systems Biology 

• Multispectral dual 
axis confocal 

• Wide-field 
fluorescence 

• Pulsed electron 
avalanche knife 
(PEAK) 

• In line microfluidics 
for rapid 
multiplexed 
molecular assays 

• Accessible organs 
– Skin, oropharynx 

• Hollow organs 
– Esophagus, stomach, colon, rectum, intestine, 

ampulla of vater, uterine cervix, bladder, lungs 

• Surgically-accessed organs 
– Prostate, ovaries, muscle, bone, breast, brain 

Optical Imaging of Three Areas 

 
Lab Members and Collaborators 

 Contag Lab Collaborators 
Mini-microscopes 
Gordon Kino, Stanford 
Olav Solgaard, Stanford 
Pierre Khuri-Yakub, Stanford 
 

Pathology 
Jim Crawford, Long Island Jewish  
    Health System 
David Rimm, Yale University 
 

Clinical 
Jacques Van Dam, USC 
Shai Friedland, Palo Alto VA 
Jean Tang, Stanford 
 

siRNA and skin delivery 
Roger Kaspar 
 

Probe Chemistry 
Paul Wender, Stanford 
Matt Bogyo, Stanford 
Larry Marnett, Vanderbilt 
Dave Ostrov, Univ. of Florida 
Sam Gambhir, Stanford 
 

Hyejun Ra  Sophie Kusy 
Jonathan Hardy  Mike Mandella  
Masamitsu Kanada Steve Sensarn 
Michael Bachmann Tobi Schmidt 
Ellis Garai           Nathan Loewke 
Mark Sellmyer   Ryan Spitler  
Laura Bronsart   Bonnie King    
Stephan Rogalla Markus Deutchmann 
Susie Suh   Ji-Yeon Park 
Stephan Rogalla  
 
Recent Lab Members 
Jonathan Liu (SUNY—Stony Brook) 
Mike Helms (Cenix BioScience GmbH) 
Wibool Piyawattanametha (National Electronics 
      and Computer Technology Center, Thailand) 
Jen Prescher (UC Irvine) 
Steve Thorne (Univ. of Pittsburgh) 
Tom Wang (Univ. Michigan) 
Henry Haeberle (Univ. New South Wales) 
Mark Sellmyer (U Penn) 
Pat Eimerman (Perkin-Elmer) 
Winston Wey (Cornell University) 
Yu-An Cao (Origen Pharmaceuticals)  
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Ratiometric Imaging 

Garai, Ellis, et al. "High-sensitivity, real-time, ratiometric imaging of surface-enhanced Raman scattering nanoparticles with a clinically 
translatable Raman endoscope device." Journal of Biomedical Optics 2013 

Model of Minimal Residual Disease and Targeted Therapy  
Ectopic Regulation of the Myc Oncogene 

     Myc on Myc off (3 mo)   Myc on (2 mo) 

     Myc on          Myc off (3 mo)    Myc off (5 mo) 

Shachaf et al Nature, 431:1112-1117 

Hepatocellular carcinoma derived from 

triple transgenic mouse: 

Tet-O-Myc x LAP-tTA x L2G85 
(LAP--Liver activator protein) 

Stanford University 
    School of Medicine 

Reversion to a “Normal” Phenotype 

Shachaf et al Nature, 

431:1112-1117 

H&E 

Ki67 

CEA 

CK-8 

AFP 

Normal liver 

• Normal liver  
 morphology 

• Decreased cancer  
 markers 

• Restoration of  
 liver markers 

• Genomic stabilization 
 
 
• Appear metabolically  
 silent 

Regressed “Tumor” Tumor myc off 4 d myc off 5 mo. 
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Circumferential Raman Endoscope for GI Endoscopy 

47 

Vision: Scanning Raman Microendoscope 
for Multiplexed Cancer Screening  
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Fiber Bundle 

Lens  
Housing 

Concave Lens 

Convex Lens Bushing 

Flexible Extrusion 

Window 

Precision Shim 

50deg Curved Mirror 

Motor Motor  
Housing 

Raman Microendoscope 

49 

• Cancer initiating and cancer sustaining cells 
• Root of the disease—Characterized, in part, an absence of 

markers or shared stem cell markers, metabolically less active, 
and may be more “like” normal cells 

Rationale: Cancer Initiating Cells—Stem Cells—
as an Emerging Paradigm 

Cancer Therapies 
• Targeted bulk of disease 
• Therapies developed with animal models of late stage disease 
• May leave minimal residual disease—clearance by immune response 
• Need to visualize cancer stem cells in order to devise effective therapies 



7/21/2014 

18 

Near infra-red (NIR) Window 

NIR Window 
700-1300 nm 

Shrestha, Tej B., et al. "Stem cell-based photodynamic therapy." Photochemical & Photobiological Sciences 11.7 (2012): 1251-1258. 52 

Imaging over a Range of Scales With Optics 

Scanning Raman Endoscope 

54 

3.9 mm  

5.3 mm 

3.2 mm 

4.0 mm 
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Flexible 
Extrusion 

Fiber 
Bundle 

Lens 
 Housing 

Convex  
Lens Shim 

Concave  
Lens 

Window 

Mirror 

Motor 

Motor  
Housing 

Motor Housing Bushing 

Components 

55 

Functional Scanning Raman Endoscope 

56 

Fiber Bundle 

Flexible Extrusion 

Adhesive Seal 

Fiber Bundle  
Jacket 

Motor  
Wire 

25 mm 

Dichroic  

Filter 

Slit 

Collimator 

Mirror 

CCD 

Grating 

785 nm 

Laser 

http://www.renishaw.com/en/invia-raman-microscope--6260 

Renishaw inVia Raman Microscope 

57 
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Laser 

Detector 

Illumination 
Beam 

Collection 
Beam 

Illumination 
Beam 

Collection 
Beam 

 Sectioning: Two types of Confocal Microscopy 

Illumination Beam: Excitation  
Collection Beam: Signal (Ballistic Photons)  + Noise (Multiply-Scattered Photons) 

Tissue 

High-NA Confocal 

Top View of DAC 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 

Configuration 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 

Tissue Tissue 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 

Configuration 

High-NA Confocal 

Top View of DAC 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 
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Tissue 

High-NA Confocal 

Top View of DAC 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 
Configuration 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 

Tissue Tissue 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 

Configuration 

High-NA Confocal 

Top View of DAC 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 

Tissue 

High-NA Confocal 

Top View of DAC 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 

Configuration 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 
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Tissue Tissue 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 
Configuration 

High-NA Confocal 

Top View of DAC 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 

Tissue 

High-NA Confocal 

Top View of DAC 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 

Configuration 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 

Tissue Tissue 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 

Configuration 

High-NA Confocal 

Top View of DAC 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 
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Tissue 

High-NA Confocal 

Top View of DAC 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 
Configuration 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 

Tissue Tissue 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 

Configuration 

High-NA Confocal 

Top View of DAC 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 

Tissue 

High-NA Confocal 

Top View of DAC 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 

Configuration 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 
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Tissue Tissue 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 
Configuration 

High-NA Confocal 

Top View of DAC 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 

Tissue 

High-NA Confocal 

Top View of DAC 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 

Configuration 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 

Tissue Tissue 

Requires Large, Complex 
Scan-Lens 

WD 

Allows Compact, 
Folded Beam 

Configuration 

High-NA Confocal 

Top View of DAC 

Large Scan Mirror 

Small Scan Mirror 

Side View of DAC 

Scanning: Pre- vs. Post-objective 
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1.8mm 

1.8m
m

 

A grain of rice 

substrate 

Micromirror 

substrate 1mm 1mm 

MEMS Scanners for Smaller and 
more Versatile DAC Microscopes 

X-Y Tilt Scanner 
Z Piston-Motion Scanner 

3-Axis MEMS Scanner Assembly 

3.5 mm 
diameter 
mirrors 

3-Axis MEMS scanner 
assembly 

3-D MEMS Scanning Module 
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New Clinical and Implantable  
DAC Designs 

Wide-Field + DAC Combination 

Photoacoustic 
DAC Microscope 

Implantable Microscope 

New Clinical and Implantable  
DAC Designs 

Wide-Field + DAC Combination 

Photoacoustic 
DAC Microscope 

Implantable Microscope 

Tabletop DAC 

Handheld DAC 

Evolution of DAC Microscopes Endoscopic DAC 

Handheld Micro-
Endoscopic DAC  
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Gastrointestinal Cancers 
• Cancer of the stomach, colon and rectum account for 35% of cancer in 

Korean men and 28% of cancer in Korean women (health care costs: 659 
billion won) 

• These three cancers are on the rise in Korea in men and women 

• Account for 23% of all cancer deaths in Korea. 

• Affects men and women nearly equally and in the next three years there 
is a projected 9% increase in cancer deaths in Korea 

• Cancer screening in increasing in Korea—good for prevention but puts 
stress on the health care system ( colon screening went from 25% to 70% 
over last 10 years) 

 

Cancer Facts and Figures 2014 in the Republic of Korea—National Cancer Center 

Microenvironment: Immune Cells  

Resolution of Side-Looking Optics:  

Dz = 4.2 mm @ 560nm 

Dy = 1.5 mm @ 560nm 

Dx = 1.6 mm @ 560nm 

Side-Looking Design 

FOVz (DZtotal= 55 mm) = 286 microns scan along Z-axis (4.69 kHz) 
FOVz (DZtotal= 10 mm) = 52 microns scan along Z-axis (DC) 

FOVq (Dqmech=+/- 2.75 deg) = 226 microns (DC) 
FOVq (Dqmech=+/- 5.9 deg) = 486 microns (1.18 kHz) 

FOVf (Dfmech=+/- 1.9 deg) = 156 microns (DC) 
FOVf (Dfmech=+/- 4.4 deg) = 360 microns (2.76 kHz) 

Implantable Confocal 
Microscope for Examining  

the Tumor Microenvironment 

Time 
Points 

16 h 
22 h 
44 h 
64 h 
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MRI-Compatible 
Implantable DAC 

Microscope to Examine 
the Tumor 

Microenvironment 

Anterior 
 
 
 
 
 
 
 
 
Posterior 

1T Small Animal MRI--Aspect  

Performance of the DAC Microscope 
Visualizing the Vasculature 

Normal Tumor 

Mouse Ear Tumor Model 

Jon Liu 

Viewing and 
Counting Circulating 

Tumor Cells—in 
vivo Flow 

Cytometry  
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Molecular Probes for Specific Contrast 

Rebecca Richards-Kortum 

100 ms exposure 500 ms exposure 

Fluorocoxib for In Vivo Imaging 
Colon Cancer Cells in Liver of Nude Mouse 

• Fluorocoxib (LM-4777) preferentially binds COX-2 

• Detection of cancer and inflammation 

Fluorocoxib (LM-4777) 

Indomethacin 5-ROX 
Abs/Em = 567/591 nm 

Uddin, Marnett et al., 2010 (Vanderbilt University) 

Cox-2 + Cox-2 - 

A.  B.  

Molecular Probe for Cox-2 Enzyme 
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Basal Cell Carcinoma (BCC) 

• Basal Cell Nevus Syndrome 
• Mouse Model 

– Ptch1+/- K14Cre-ER2 p53fl/fl 
– Treated with tamoxifen at age 6 weeks and IR (ionizing 

radiation) treated at age 8 weeks 
– Macroscopic BCCs develop at age 5 months 
 

 
 
 

Basal Cell Nevus Syndrome 
(many BCCs) 

Detection of Microscopic Skin Cancers 

Area 3 suspected, 4x Area 3 suspected, 10x 

Microscopic BCC 

Microscopic BCC 

Injected 

PF 5690 
A 

B C 

D 

E 
F 

Dorsal Skin 
Set Threshold—id small lesions 

Imaging enables the in vivo study of cell biology, and 

when integrated with thorough studies in culture and ex 

vivo, can reveal the nuances of disease mechanisms and 

of subtlety of therapeutic responses. 

 

 Visible animal models of human biology and disease 

comprise one of the most important contributions of 

molecular imaging to human health since they have 

accelerated and refined the analyses of mammalian 

biology by offering a rapid readout for the development of 

new therapies. 

 

The challenge now is to use imaging for early detection, 

to target the molecular basis of early disease and to 

improve prevention. 
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Interpretation of In Vivo Data 

Intravascular imaging of atherosclerosis—ex vivo 

Widefield Guidance: SpyGlass System 

231 cm 

GRIN Lens 
CCD 

70° 
FOV 

Filter 

PENTAX EB-1170K bronchoscope Boston Scientific SpyGlass 

Spyglass with LED and Laser Excitation 

Laser Fiber 

LED 

SpyGlass 

A high-power white LED was 
placed beside the laser beam 
path and coupled off-axis 
through the lens.  The laser and 
LED can be independently 
switched on and off. 
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Mouse Study 

• Inject ApcMin mice with fluorocoxib 
molecular imaging agent 

• Fluorescence signal accumulates in 
polyps in the intestine and colon 

Marnett lab images 
showing 50:1 contrast 
with fluorocoxib in 
small intestinal polyps 

Maestro images of intestinal polyps taken by Hyejun Ra 

Video clips from Apc02 
mouse showing uptake 
of fluorocoxib in a 
colon polyp 

Rationale for Point-of-care Pathology 

 Early lesions are small and require microscopic 
detection 

 Currently diagnosis is made with microscopic 
analyses of a limited number of biopsies; 
sampling error 

 Microscopic detection of molecular markers 
aids in early diagnosis, guides biopsy, enables 
staging and guides therapy 

 The time and distance between the patient and 
the diagnostic event are too great, and the 
amount of tissue sampled too small 

 Biopsies are taken with limited image guidance 
in the absence of molecular markers 

 Reimbursement for pathology is restrictive 
Colon 

H&E                CK120                  CK7               CEA                    Muc2              MIB-1                 p53 
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Next Generation DAC Designs 

Developments in Imaging 

The nearly two decades Molecular Imaging 
research has led to advances in reporters, probes 
and instrumentation that have served to refine 
and accelerate studies of mammalian biology—
however, it is time to use imaging approaches to 
dramatically change paradigms in medicine and 
biomedical research. 

 


