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Research ApproachResearch Approach

1. 1. Technical developments of imaging modalitiesTechnical developments of imaging modalities
-- nonnon--linear optical microscopylinear optical microscopy

2. Ex2. Ex--vivo spectral characterization of tissue morphologyvivo spectral characterization of tissue morphology
3. 3. IntravitalIntravital investigations of biologically and medicallyinvestigations of biologically and medically

relevant issuesrelevant issues
-- intravitalintravital imaging chambersimaging chambers





Ground state

Excited state

Intermediate 
state

Two-Photon Fluorescence Excitation

Near IR 
photon

Near IR 
photonfluorescent   

photonUV or 
visible 
excitation

fluorescent   
photon



Single photon excitation probability is 
proportional to the excitation intensity.

Two photon excitation probability is 
proportional to the square of the excitation 

intensity!



MultiphotonMultiphoton MicroscopyMicroscopy
TwoTwo--Photon Microscopy: observational and Photon Microscopy: observational and 
manipulation technologymanipulation 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 reactionsD control of photochemical reactions

Harmonic Generation MicroscopyHarmonic Generation Microscopy
D=D=εεooE+PE+P
PPii==χχijij(1)E(1)Ej+j+χχijkijk(2)E(2)EjjEEkk++χχijklijkl(3)E(3)EjjEEkkEEl+l+……

Biological harmonic generators: collagen, muscle Biological harmonic generators: collagen, muscle 
fibers, fibers, ……



fs ti-sa laserX-Y 
scanner

Beam controlling optics

Computer

Beam 
expander

Objective 
Nikon 60X WI

N.A. 1.2

Sample 

Dichroic

PMT

PMT
Dichroic

Excitation 
wavelength: 

780 nm

Pulsed laser

MultiphotonMultiphoton MicroscopeMicroscope



MultiphotonMultiphoton Microscopy Microscopy 
ApplicationsApplications

1. Dermatology1. Dermatology
-- skin skin photoagingphotoaging

2. Ophthalmology 2. Ophthalmology 
-- minimallyminimally--invasive characterization of eye structuresinvasive characterization of eye structures
-- corneal pathology (infection, corneal pathology (infection, keratoconuskeratoconus, scar), scar)
-- collagen thermal collagen thermal denaturationdenaturation

3. Tumor Physiology3. Tumor Physiology
-- multiphotonmultiphoton tissue characterization (BCC)tissue characterization (BCC)
-- development of development of intravitalintravital imaging technologiesimaging technologies

4. 4. HepatologyHepatology
-- observation of hepatic metabolism observation of hepatic metabolism 
-- bile duct bile duct ligationligation

5. Tissue Engineering5. Tissue Engineering
-- scaffold imagingscaffold imaging
-- chondrogenesischondrogenesis

6. Infectious Pathogens6. Infectious Pathogens
-- fungifungi
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33--D D MultiphotonMultiphoton Skin MoviesSkin Movies

EpidermalEpidermal--dermal junctiondermal junction Dermal collagen and elastic Dermal collagen and elastic 
fiber orientationfiber orientation

Elastic fiber projectionElastic fiber projection



Skin Skin PhotoagingPhotoaging: : 
AutofluorescenceAutofluorescence (AF) and Second (AF) and Second 

Harmonic Generation (SHG)  ImagingHarmonic Generation (SHG)  Imaging

20 years of age20 years of age

Collagen Collagen 

ElastinElastin

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

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

SHG: blueSHG: blue
AF: greenAF: green
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Quantitative Determination Using Quantitative Determination Using 
SHG to AF Aging IndexSHG to AF Aging Index

Skin Skin photoagingphotoaging index=index=
((SHGSHG--AFAF)/         )/         
((SHG+AFSHG+AF))



Porcine Cornea StructurePorcine Cornea Structure
Corneal epitheliumCorneal epithelium

EndotheliumEndothelium

Corneal collagenCorneal collagen

TengTeng et al., et al., IOVSIOVS, , 
47: 121647: 1216--1224 (2006). 1224 (2006). 

Corneal collagenCorneal collagen

Corneal epitheliumCorneal epithelium



Porcine Cornea (Depth: 862Porcine Cornea (Depth: 862μμm)m)

Inner side of corneaInner side of cornea

Corneal collagenCorneal collagen

SHG: blueSHG: blue
AF: greenAF: green



Porcine Limbus Structure

Sclera

CorneaLimbus



MultiphotonMultiphoton Scan of Porcine Scan of Porcine LimbusLimbus

100 μm

ScleraSclera

Corneal Corneal 
collagencollagen

LimbusLimbus

SHG: blueSHG: blue
AF: greenAF: green

Depth: 50 Depth: 50 μμmmDepth: surfaceDepth: surface



Porcine Sclera StructurePorcine Sclera Structure

Sclera collagen

Conjunctiva



MultiphotonMultiphoton Porcine Sclera Porcine Sclera 
Imaging (Imaging (Depth: 50Depth: 50μμm)m)

Sclera Sclera 
collagencollagen

Conjunctiva Conjunctiva 

SHG: blueSHG: blue
AF: greenAF: green



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

SHG: blueSHG: blue
F: greenF: green

Lo et al., 
Microscopy Research and 
Technique, 69: 973-975 (2006).
Issue Cover



MultiphotonMultiphoton Imaging of Imaging of 
Normal Human CorneaNormal Human Cornea

Collagen Collagen 

Corneal epithelium Corneal epithelium Corneal  Corneal  
epithelium epithelium 

Collagen Collagen 

SHG: blueSHG: blue
AF: greenAF: green



MultiphotonMultiphoton Imaging of Fungal Imaging of Fungal 
((FusariumFusarium solanisolani) Infection) Infection

Collagen Collagen 

AutlfuorescenceAutlfuorescence

SHG: blueSHG: blue
AF: greenAF: green



AcanthamoebaAcanthamoeba KeratitisKeratitis

SHG: blueSHG: blue
AF: greenAF: green

AcanthamoebaAcanthamoeba

Bacterial Bacterial 
coco--infection (?)infection (?)

Tan et al., Tan et al., Journal of Biomedical OpticsJournal of Biomedical Optics, , 
In press.In press.



AcanthaamoebaAcanthaamoeba InfectionInfection

Bar: 50 μm

Culture: Culture: AcanthamoebaAcanthamoeba castellaniicastellanii
+ Pseudomonas + Pseudomonas aeruginosaaeruginosa

SHG: blueSHG: blue
AF: greenAF: green



KeratotonusKeratotonus
Altered collagen fibers 
(toward apex)

Keratoconical apex
SHG: blueSHG: blue
AF: greenAF: green

Tan et al., Tan et al., IOVSIOVS, 47(12):5251, 47(12):5251--5259. .5259. .



MultiphotonMultiphoton Imaging of Corneal ScarImaging of Corneal Scar

100 μm

Disruption of basement membrane
Irregular growth of collagen

Blue: SHG; λ = 380nm; Green: Autofluorescence λ = 490nm

TengTeng et al., et al., Archives of Archives of 
OphthalmologyOphthalmology, Accepted., Accepted.



MultiphotonMultiphoton Imaging of Corneal Scar Imaging of Corneal Scar 

Depth 200um Depth 400um

Activated cells

Irregular aligned collagen Granulation tissue

Blue: SHG; λ = 380nm; Green: Autoflurorescence λ = 490nm



MultiphotonMultiphoton Imaging of Corneal ScarImaging of Corneal Scar

Depth 1000um Depth 1300um

Uvea adhesion

Parallel aligned collagen

Blue: SHG; λ =380nm; Green: autoflurorescence λ =490nm



Image Size = 660 x 660 μm2
Sun et al.,Sun et al., Biophysical JournalBiophysical Journal, 91:2620, 91:2620--2625 (2006).2625 (2006).

Collagen Thermal Collagen Thermal DenaturationDenaturation (SHG)(SHG)



Large Area IntensityLarge Area Intensity
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SHG and Histological ImagesSHG and Histological Images

A:0, B: 1.5, C: 3, D:4.5, E: 6, F: 7.5, G: A:0, B: 1.5, C: 3, D:4.5, E: 6, F: 7.5, G: 
9, H: 10.5, I: 12, J: 13.5, K:15 min9, H: 10.5, I: 12, J: 13.5, K:15 min
Scale bar: 100 Scale bar: 100 μμmm

SHGSHG Histological ImagesHistological Images



Collagen Shrinkage and SHG DecayCollagen Shrinkage and SHG Decay

Sample: rat tail tendonSample: rat tail tendon
5858°° C treatment at different timesC treatment at different times

Lin et al., Lin et al., Journal of Biomedical Journal of Biomedical 
OpticsOptics, 11(3) 034020 (2006). , 11(3) 034020 (2006). 



Rat Tail Tendon Rat Tail Tendon ––
SHG and ShrinkageSHG and Shrinkage
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epithelium

Basal Cell Carcinoma (BCC) ImagingBasal Cell Carcinoma (BCC) Imaging

Histology MultiphotonMultiphoton

Green：AF
Blue：SHG

Lin et al., Lin et al., Optics LettersOptics Letters, , 
31(18):275631(18):2756--2758, (2006).2758, (2006).



200μm

Tumor mass

Green：AF
Blue：SHG癌細胞真皮層

Epithelium

200 μm

Tumor 
masses

dermis

Basal Cell Carcinoma (BCC) ImagingBasal Cell Carcinoma (BCC) Imaging
Epithelium



Cancer cell

inter-tumor within 
dermis
normal dermal stroma

ASI=(AF+SHG)/(AF-SHG)
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6Al/4V ELI titanium alloy

1. Angiogenesis 2. Metastasis 3. Tumor treatment1. Angiogenesis 2. Metastasis 3. Tumor treatment

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

Li et al., Li et al., Optical and Quantum Optical and Quantum 
ElectronicsElectronics, 37:1439, 37:1439--1445 (2005).1445 (2005). 

Viewing window



IntravitalIntravital Imaging of Mouse Imaging of Mouse 
PhysiologyPhysiology

In vivo leukocyteIn vivo leukocyte
movementmovement

GFP melanomaGFP melanoma
injection in vivoinjection in vivo
(day 1)(day 1)

GFP melanomaGFP melanoma
dispersion in vivo dispersion in vivo 
(day 4 later)(day 4 later)

SHG: blueSHG: blue
AF: greenAF: green



Long Term Observation of  In Long Term Observation of  In 
Vivo Tumor GrowthVivo Tumor Growth

Bottom: 4 daysBottom: 4 days

Top: 1 dayTop: 1 day
GFP human melanomaGFP human melanoma

collagencollagen

Blood vesselBlood vessel

Increasing imaging depthIncreasing imaging depth

SHG: blueSHG: blue
F: greenF: green



In Vivo Hepatic Imaging ChamberIn Vivo Hepatic Imaging Chamber

6Al/4V ELI titanium

alloy

Liu et al., Journal of Biomedical 
Optics, Accepted.



8 min

6 min2 min0 min

24 min 50 min

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

In Vivo Hepatic MetabolismIn Vivo Hepatic Metabolism
Temporal snapshots Temporal snapshots 

Metabolic Movie Metabolic Movie StellateStellate cellcell Sinusoid Sinusoid 
Hepatic cordHepatic cord

2323

Bile canaliculi

50μm



10μm 20μm 50μm

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

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

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

StellateStellate cellcell

Sinusoid Sinusoid 
Bile canaliculi

2424
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Histoacryl: tissue adhesive

4011 (Henkel Loctite): for medical device

406 (Henkel Loctite): typical instant adhesive 2525



Bile duct Bile duct LigationLigation
Normal liverNormal liver 1 day post bile duct 1 day post bile duct ligationligation

Image size: 660 Image size: 660 μμm by 660 m by 660 μμmm
2626
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Green: Green: 
autofluorescenceautofluorescence
Red: Red: rhodaminerhodamine
dextrandextran

Large Area Large Area MultiphotonMultiphoton Imaging of Imaging of 
Mouse Liver In VivoMouse Liver In Vivo



MultiphotonMultiphoton Porcine Cartilage ImagingPorcine Cartilage Imaging

Collagen II fibersCollagen II fibers
ChondrocyteChondrocyte

LacunaeLacunae



AF: green
SHG: blue

MultphotonMultphoton Imaging of Porcine CartilageImaging of Porcine Cartilage

50μm 100μm



MultiphotonMultiphoton Imaging of Tissue Imaging of Tissue 
Engineering Scaffolds (2Engineering Scaffolds (2--D)D)



MultiphotonMultiphoton Imaging of Tissue Engineering Imaging of Tissue Engineering 
Scaffolds (3Scaffolds (3--D)D)



0 week

AF

SHG

AF + SHG

AF + SHG

MultiphotonMultiphoton ChondeogenesisChondeogenesis Imaging Imaging 
(Tissue Engineering in PGA Scaffold)(Tissue Engineering in PGA Scaffold)

Lee et al., Tissue Engineering, 
12(10):2835-2841, (2006).
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AF + SHG
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3 weeks
AF + SHG
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Multiphoton Fungal Imaging

MPF images of fungi. (a) Microsporum canis (b) Trichophyton mentagrophytes
(c) Aspergillus flavus (d) Fusarium solani. 

(a) (b) (c) (d)

False-colored MPF images of fungi. (a) Microsporum canis (b) Aspergillus flavus
(c) Trichophyton mentagrophytes (d) Fusarium solani.

(a) (b) (c) (d)



What is Next?What is Next?

MultiphotonMultiphoton microscopy is effective for microscopy is effective for label-
free biopsy in many tissue typesin many tissue types
Clinical extension Clinical extension 
–– autofluorescenceautofluorescence and second harmonic and second harmonic 
generation signal (generation signal (disease diagnosis))
–– dermatology and and ophthalmology may be may be 
promising for realpromising for real--time diagnosistime diagnosis
Applied to animal models for Applied to animal models for intravital
physiological processesphysiological processes



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 
diagnosisdiagnosis

Structure/function relation of tissues (3Structure/function relation of tissues (3--D)D)
Investigation of Investigation of intravital physiological processesphysiological processes

Theoretical description/modelingTheoretical description/modeling
33--D selfD self--assembly of fibrous network (collagen/assembly of fibrous network (collagen/elastinelastin))
CellCell--matrix interaction (migration, differentiation, assembly)matrix interaction (migration, differentiation, assembly)
Cell/tissue metabolismCell/tissue metabolism
Infection Infection 
Tissue reorganization/genesis and (interaction of biomechanical Tissue reorganization/genesis and (interaction of biomechanical and and 
biochemical pathways)biochemical pathways)

High High scientificscientific and and applicationapplication valuesvalues



PIPI
C. Y. DongC. Y. Dong

PostdocPostdoc
W. L. ChenW. L. Chen

AssistantsAssistants
Y. SunY. Sun
C. C. LeeC. C. Lee
C. R. C. R. KuoKuo
M. C. SungM. C. Sung

Doctoral StudentsDoctoral Students
W. LoW. Lo
C. C. WangC. C. Wang
M. G. LinM. G. Lin
F. C. LeeF. C. Lee

MS StudentsMS Students
L. K. L. K. WenWen
Y. LiuY. Liu
C. N. LeeC. N. Lee
C. K. ChouC. K. Chou
W. P. HongW. P. Hong
C. C. ChangC. C. Chang
Y. L. ChangY. L. Chang
C. S. HuangC. S. Huang
T. L. SunT. L. Sun

UndergraduatesUndergraduates
R. C. WuR. C. Wu
C. L. YangC. L. Yang
H. Y. WuH. Y. Wu

NTU Microscopic Biophysics NTU Microscopic Biophysics 
Laboratory GroupLaboratory Group



AcknowledgmentAcknowledgment

Optical Molecular Imaging Microscopy Core Facility (A5)Optical Molecular Imaging Microscopy Core Facility (A5)

NTUNTU
DentistryDentistry

Dr. M. H. Chen (Dr. M. H. Chen (陳敏慧陳敏慧))
DermatologyDermatology

Dr. S. H. Dr. S. H. JeeJee ((紀秀華紀秀華), Dr. S. J. Lin (), Dr. S. J. Lin (林頌然林頌然))
Internal MedicineInternal Medicine
Liver:Liver:

Dr. H. S. Lee (Dr. H. S. Lee (李宣書李宣書))
Lung:Lung:

Dr. P. C. Yang, (Dr. P. C. Yang, (楊泮池楊泮池 ),  Dr. C. J. Yu(),  Dr. C. J. Yu(余忠仁余忠仁 ))
InfectionInfection

Dr. S. C. Chang (Dr. S. C. Chang (張上淳張上淳 ), Dr. Y. C. Chen (), Dr. Y. C. Chen (陳宜君陳宜君), ), 
Dr. J. L. Wang (Dr. J. L. Wang (王竣令王竣令))

OphthalmologyOphthalmology
Dr. F. R. Hu (Dr. F. R. Hu (胡芳蓉胡芳蓉), Dr. W. L. Chen (), Dr. W. L. Chen (陳偉勵陳偉勵), ), 
Dr. T. J. Wang (Dr. T. J. Wang (王宗仁王宗仁))

Orthopedics Orthopedics 
Dr. C. C. Dr. C. C. JiangJiang ((江清泉江清泉), Dr. H. S. Chiang (), Dr. H. S. Chiang (江鴻生江鴻生) ) 

OtolaryngologyOtolaryngology
Dr. P Lou (Dr. P Lou (婁培人婁培人))

Pathology Pathology 
Dr. W. C. Lin (Dr. W. C. Lin (林維洲林維洲))

ChangChang--Gung Memorial HospitalGung Memorial Hospital
OphthalmologyOphthalmology
Dr. H. Y. Tan (Dr. H. Y. Tan (譚欣媛譚欣媛))

NTNUNTNU
ChemistryChemistry

Dr. C. C. Chen (陳家俊)


