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Research ApproachResearch Approach
1. 1. Technical developments of imaging modalitiesTechnical developments of imaging modalities

-- nonnon--linear optical microscopy (fluorescence/harmonic  linear optical microscopy (fluorescence/harmonic  
))generation)generation)

-- labellabel--free, free, in vivo in vivo imaging imaging 
-- quantify physiological changes in tissuesquantify physiological changes in tissues

2. 2. ExEx--vivo vivo spectral characterization of tissuespectral characterization of tissue
3. 3. IntravitalIntravital investigations of biologically and medicallyinvestigations of biologically and medically

relevant issuesrelevant issuesrelevant issuesrelevant issues
-- intravitalintravital imaging chambers (dorsal skin fold, imaging chambers (dorsal skin fold, 
hepatic)hepatic)

-- characterization of synthesized tissues (tissue characterization of synthesized tissues (tissue 
engineering)engineering)
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Theoretical prediction Theoretical prediction –– GöppertGöppert--Mayer (1931)Mayer (1931)
Experimental verification Experimental verification –– Kaiser and Garrett (1961)Kaiser and Garrett (1961)
Harmonic generation  microscopy Harmonic generation  microscopy –– Sheppard (1978)Sheppard (1978)
MultiphotonMultiphoton microscopy microscopy –– Webb (1990)Webb (1990)

Multiphoton MicroscopyMultiphoton Microscopy

TwoTwo-- (Multi(Multi--) Photon Microscopy: ) Photon Microscopy: 
observational and manipulation technologyobservational and manipulation technology

pointpoint--like, nonlike, non--linear fluorescence excitationlinear fluorescence excitation
deeper penetration (3deeper penetration (3--D, tissue imaging)D, tissue imaging)
easy accessibility to emission spectrumeasy accessibility to emission spectrum
33--D control of photochemical reactions D control of photochemical reactions 
((uncaginguncaging, , femtosecondfemtosecond laser surgery)laser surgery)

Harmonic Generation MicroscopyHarmonic Generation Microscopy
D=D=εεoE+PoE+P
PPii==χχijij(1)(1)EEjj++χχijkijk(2)(2)EEjjEEkk++χχijklijkl(3)(3)EEjjEEkkEEll+…+…
Biological harmonic generators: collagen, muscle fibers, Biological harmonic generators: collagen, muscle fibers, ……
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Biological ApplicationsBiological Applications
1. Dermatology1. Dermatology

-- skin skin photoagingphotoaging, skin cancer (BCC), , skin cancer (BCC), transdermaltransdermal drug deliverydrug delivery
2. Ophthalmology 2. Ophthalmology 

-- minimallyminimally--invasive characterization of eye structuresinvasive characterization of eye structures
l h ll h l-- corneal pathologycorneal pathology

-- corneal infection and wound healing (CK, etc.)corneal infection and wound healing (CK, etc.)
3. Infectious Pathogens3. Infectious Pathogens

-- fungi, bacteriafungi, bacteria
4. Tumor Physiology4. Tumor Physiology

-- multiphotonmultiphoton tissue characterizationtissue characterization
-- development of development of intravitalintravital imaging technologiesimaging technologies

5. 5. HepatologyHepatology
-- in vivoin vivo liver imaging (metabolic activities)liver imaging (metabolic activities)in vivo in vivo liver imaging (metabolic activities)liver imaging (metabolic activities)
-- infectioninfection

6. Tissue Engineering6. Tissue Engineering
-- chondrogenesischondrogenesis

7. Neurobiology/Neuropathology 7. Neurobiology/Neuropathology 
-- cranial windowcranial window

8. Developmental Biology 8. Developmental Biology 
-- Drosophila, Drosophila, zebra fishzebra fish

10. Dentistry10. Dentistry
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Skin Structure (similar to eye)Skin Structure (similar to eye)
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Skin Photoaging: Skin Photoaging: 
AutofluorescenceAutofluorescence (AF) (AF) and and Second Second 

Harmonic Generation (SHG)Harmonic Generation (SHG) ImagingImaging

20 years of age20 years of age

Collagen Collagen 

40 years of age40 years of age 70 years of age70 years of age

Elastin Elastin 

Lin et al., Lin et al., Optics LettersOptics Letters, , 
30(17): 227530(17): 2275--2277, (2005).2277, (2005).

SHG: blueSHG: blue
AF: greenAF: green 9

Quantitative Determination Using Quantitative Determination Using 
SHGSHG to to AFAF Aging IndexAging Index
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Epithelium

Basal Cell Carcinoma (BCC) ImagingBasal Cell Carcinoma (BCC) Imaging
Epithelium
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Quantitative Analysis of  BCCQuantitative Analysis of  BCC
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Nile red detection of alterations of Nile red detection of alterations of 
intercellular lipid organizationintercellular lipid organization

ControlA

Lipid: yellow-orange

Green: AF
B

Depilatory

Scale bar : 30μm 13

Porcine Cornea StructurePorcine Cornea Structure
Corneal epitheliumCorneal epithelium

Corneal collagenCorneal collagen

EndotheliumEndothelium
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DescemetDescemet membranemembrane

Large Area Multiphoton Scan of Large Area Multiphoton Scan of 
Porcine CorneaPorcine Cornea

Corneal epitheliumCorneal epithelium
Depth: 862Depth: 862μμmmDepth: SurfaceDepth: Surface

Corneal collagenCorneal collagen DescemetDescemet
MembraneMembrane

Corneal collagenCorneal collagen

TengTeng et al., et al., IOVSIOVS,  47: 1216,  47: 1216--1224 (2006). 1224 (2006). 
SHG: blueSHG: blue
AF: greenAF: green 15

Porcine Limbus Structure

Sclera

CorneaLimbus
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Multiphoton Scan of Porcine LimbusMultiphoton Scan of Porcine Limbus

ScleraSclera

Depth: 50 Depth: 50 μμmmSurfaceSurface

ScleraSclera

Corneal Corneal 
LimbusLimbus

ScleraSclera

LimbusLimbus

100 μm

collagencollagen

SHG: blueSHG: blue
AF: greenAF: green 17

Corneal Corneal 
collagencollagen

MultiphotonMultiphoton Imaging Across an Imaging Across an 
Entire GFP Mouse CorneaEntire GFP Mouse Cornea

SHG: blueSHG: blue
F: greenF: green

Lo et al., Lo et al., 
Microscopy Research and Microscopy Research and 
TechniqueTechnique, (2007)., (2007). 18

Multiphoton Imaging of Multiphoton Imaging of 
Normal Human CorneaNormal Human Cornea

Corneal epithelium Corneal epithelium Corneal  Corneal  
epithelium epithelium 

CollagenCollagen

pp

SHG: blueSHG: blue
AF: greenAF: green

Collagen Collagen 

Collagen Collagen 
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Ophthalmology (cornea pathology)Ophthalmology (cornea pathology)
Human Human keratoconuskeratoconus Rabbit corneal wound healing Rabbit corneal wound healing 

(conductive (conductive keratoplastykeratoplasty))
Keratoconical Keratoconical 

apexapex

Altered collagenAltered collagen

Human corneal scar

Teng et al., Teng et al., Archives of OphthalmologyArchives of Ophthalmology, Accepted., Accepted.Tan et al., Tan et al., IOVSIOVS, 2006., 2006.

Human corneal keratitis
Fungus(Fungus(FusariumFusarium solanisolani))Pseudomonas 

aeruginosa

Collagen remnantsCollagen remnants

Autofluorescence Autofluorescence 

SHG: blue; SHG: blue; Fluorescence, Fluorescence, AutofluorescenceAutofluorescence : green: green

AcanthamoebaAcanthamoeba
castellaniicastellanii

Tan et al., Tan et al., Journal of Biomedical Journal of Biomedical 
OpticsOptics, 2006., 2006.
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6Al/4V ELI titanium alloy

Dorsal Skin Fold Chamber for In Dorsal Skin Fold Chamber for In 
Vivo OncologyVivo Oncology

Viewing window

1. Angiogenesis 2. Metastasis 3. Tumor treatment etc.1. Angiogenesis 2. Metastasis 3. Tumor treatment etc.
Li et al., Li et al., Optical and Quantum Optical and Quantum 
ElectronicsElectronics, 37:1439, 37:1439--1445 (2005). 1445 (2005). 

21

In Vivo Hepatic Imaging ChamberIn Vivo Hepatic Imaging Chamber

6Al/4V ELI titanium

alloy

Liu et al., Journal of Biomedical 
Optics, (2007).
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Commonly Encountered Liver PathologiesCommonly Encountered Liver Pathologies
HepatocellularHepatocellular carcinoma (HCC)carcinoma (HCC)

No. 1 or 2 leading causes of death in Taiwanese cancer patientsNo. 1 or 2 leading causes of death in Taiwanese cancer patients

Liver fibrosis (response to liver injury)Liver fibrosis (response to liver injury)
Chronic hepatitis B infectionChronic hepatitis B infection
Toxin (CClToxin (CCl44, alcohol, …), alcohol, …)

Fatty liver (excessive lipid or sugar uptake)Fatty liver (excessive lipid or sugar uptake)
Infection (virus, amoeba, …)Infection (virus, amoeba, …)
Traditional diagnostic methodsTraditional diagnostic methodsTraditional diagnostic methodsTraditional diagnostic methods

Biochemical Biochemical 
Albumin secretion, Albumin secretion, indocyanineindocyanine green , …green , …

StructuralStructural
Ultrasound, CTUltrasound, CT
EM, optical histological examination (H&E)EM, optical histological examination (H&E) 23

In Vivo In Vivo Hepatic MetabolismHepatic Metabolism
Temporal snapshots Temporal snapshots 

Metabolic MovieMetabolic Movie Stellate cellStellate cell Sinusoid Sinusoid Hepatic cordHepatic cord

6 min2 min0 min

Metabolic Movie Metabolic Movie Hepatic cordHepatic cord

Bile canaliculi

50μm

8 min 24 min 50 min

Red: Rhodamine B isothiocyanate-dextran 
Green: 6-CFDA (green)

Bile canaliculi
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Depth Resolved, In Vivo Imaging of Depth Resolved, In Vivo Imaging of 
Mouse Liver Mouse Liver 

10 20

Stellate cellStellate cell

Sinusoid Sinusoid 
Bile canaliculi

10μm 20μm 50μm

Image size: 220 Image size: 220 μμm by 220 m by 220 μμmm

Red: Rhodamine B isothiocyanate-dextran 
Green: 6-CFDA (green)
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Histoacryl 4011 406

Temporal Dependence of Temporal Dependence of 
Carboxyfluorescein Intensity ProfilesCarboxyfluorescein Intensity Profiles

0

0.2

0.4

0.6

0.8

1

1.2

N
or

m
al

iz
ed

 
uo

re
sc

en
ce

 In
te

ns
ity

0

-40 -20 0 20 40 60 80

Minutes Relative to Maximum Fluorescence

Fl
u

Histoacryl: tissue adhesive

4011 (Henkel Loctite): for medical device

406 (Henkel Loctite): typical instant adhesive 26

High Resolution High Resolution In Vivo In Vivo Hepatic Hepatic 
Imaging (axial)Imaging (axial)

Rh d iRh d i dd /CFDA/CFDA 66LabelLabel--freefree RhodamineRhodamine dextrandextran/CFDA/CFDA--66
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Bile Duct LigationBile Duct Ligation
Normal liverNormal liver 1 day post bile duct ligation1 day post bile duct ligation
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Bile Duct Ligation Induced 6Bile Duct Ligation Induced 6--CFDA CFDA 
Fluorescence ChangeFluorescence Change
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Mouse Liver Response to Mouse Liver Response to 
LipopolysaccharideLipopolysaccharide (LPS) Injection (LPS) Injection 

Normal mouseNormal mouse Mouse with LPSMouse with LPS

30

0 min 15 min 23 min
1st aggregation site

30 min 45 min 53 min
31

2nd aggregation site

ConclusionConclusion
MultiphotonMultiphoton microscopy is effective for microscopy is effective for label-free imaging of
many tissue typesmany tissue types

Clinical extension Clinical extension 
disease diagnosis
dermatology and and ophthalmology may be promising for realmay be promising for real--time time gy p gy y p gy p g
diagnosisdiagnosis

Structure/function relation of tissues (3Structure/function relation of tissues (3--D)D)
Investigation of Investigation of intravital physiological processesphysiological processes
Quantifying physiological parameters in vivoQuantifying physiological parameters in vivo

Theoretical description/modelingTheoretical description/modeling
CellCell matrix interaction (migration differentiation assembly)matrix interaction (migration differentiation assembly)CellCell--matrix interaction (migration, differentiation, assembly)matrix interaction (migration, differentiation, assembly)
Cell/tissue metabolismCell/tissue metabolism
Tissue reorganization/genesis (interaction of biomechanical and Tissue reorganization/genesis (interaction of biomechanical and 
biochemical pathways)biochemical pathways)
InfectionInfection

High High scientificscientific and and applicationapplication valuesvalues 32


