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In vivo Molecular Imaging

visualize and quantify characterization 
of biological mechanisms at the cellular 
and molecular level without sacrificing the 
animal
 Study intact signaling and communication pathways

 Can track movement of cells (e.g. stem cell tracking for 

cancer therapy)

 Includes effects of transport/delivery, metabolism and 

excretion of drug (e.g. therapeutic potential of a drug)

 Provides bridge from animal studies to human studies
Molecular Life in Life



Molecular Imaging Modalities
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 The regulation of 
developmental timing (line 14 
gene) by Lin-4 in C. elegans
(found by Ambros) (Cell.1993; 
75:843)

 small non-coding RNAs 

 20~25 ribonucleotide

 Regulated by RNA polymerase 
II

microRNAs (miR)



How many microRNAs?

miRBase release 14: http://www.mirbase.org

Homo sapiens, 
721

Mus 
musculus, 

579

Bos taurus, 615

Danio rerio, 360

C elegans, 174Arabidopsis, 190Populus 
trichocarpa, 234

Etc, 2727



microRNA biogenesis and function

1,597 gene (  )/ 104 microRNA( )



Tissue-specific expression of microRNA

Nature, 2004, 5: 522



Abnormal expression of microRNA: Disease

Parkinson , X-linked mental retardation miR-224

Diabetes miR-375

Cardiac hypertrophy in stress condition miR-209, miR1-2

Defective Immnumity miR-155

Other diseases



microRNA research trend

In vitro diagnosis

Therapy

By CHIP 
& RT-PCR



How have we evolved to image
microRNAs from 2008

Reporter gene (signal-off)

Dual molecular beacon

Linear molecular beacon

Stem-loop molecular beacon

Magnetic Resonance Imaging

Quntum Dot-based optical Imaging

Light Light

PET
Pre-differentiation

MRI
Post-differentiation

Simple

Multiple

Extension



Reporter gene-based 
bioluminescent imaging to 
monitor microRNA-124a



Bioluminescent proteins

Luciferin

Oxyluciferin

Luciferase

+ CO2

+ ATP

Light

substrate Maximal emission 
wavelength

Firefly Luciferin 560 nm

Renilla coelenterazine 480 nm

Gaussia coelenterazine 470 nm



CMV/Gluc/3xTS
5.8 kb

neor

Ampr

CMV 
promoter

Gluc

pSV40

3xTS

CMV Gaussia luciferase

miRNA

“Signal-off” 
system

3 copies of Target Sequence

Bioluminescent imaging reporter gene:           
mature microRNAs 

The more microRNAs,

The less luciferase



microRNA124a (miR124a)

 Brain specific expression

Gluc

56576385 56577469

5’ region of miRNA124a

ANNA M. K. et al. (2006)



miR124a: gradually increased expression during neurogenesis

0

1

2

3

4

before 1D 2D 3D 4D 5D 6D
Day after Retinoic acid-treatment of P19 cells

R
el

at
iv

e 
qu

an
tit

y 
(∆
∆C

t)

Ko et al. FEBS J (2009)

mature miR124a: Real-time PCR
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Imaging of single-stranded mature miRNA 124a during neurogenesis

▪ CMV/Gluc/3xPT_miR124a: miR124a reporter gene
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P19 cell differentiation

a. CMV/Gluc/3xPT_miR124a ( -RA)    

b.CMV/Gluc/3xPT_miR124a  (+ RA)

◈ mature -miR124a: in vitro
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Molecular beacon-based 
fluorescent imaging to 
monitor microRNA-124a



Molecular beacon (MB)

oligonucleotide hybridization probes that 
contains a fluorephore and a non-fluoroscent 
quencher on each arm



miR124a molecular beacon

Nanoparticle 
(Rhodamine)

C
O

2H

C
O

2 H

CO2H

CO2H

EDC <quencher oligo-miR124a binding sequence pairs> 

Signal-off
Signal-OnMature miR124a

5’- NH2 - TTC GCT GT T GGCATT CAC CGCGTG CCT TAA - 3’
3’- BHQ1- G CGA CAA CCGT - 5’

miR124a binding sequence

“Signal-on” 
system

The more microRNAs,

The more fluorescence

miR124a MB



In vitro assay of miR124a molecular beacon in P19 cells

P19 (6D)
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In vivo imaging of miR124a molecular beacon

PLLA scaffold Pre differentiation Post differentiation

MAP2

<Day 2>

RA(-) 
Left thigh

RA(+) 
Right thigh



chimeric imaging 
systems to monitor 
miR-1 during 
myogenesis

Confidential



miR-1 promotes myogenesis

Nature genetics, 2006

C2C12 cell C2C12 cell



Alternative miRNA imaging systems

miR-1

miR-1

Stem loop-structured 
miRNA Molecular beacon

“SIGNAL-ON”

3 copies of miR-1 targets

AAAGlucCMV

CMV/Gluc/mir1_3xPT

Reporter gene- based 
miRNA imaging vector

“SIGNAL-OFF”
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In vitro assay by co-transfection of reporter gene 
and molecular beacon  
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In vivo assay by co-transfection of reporter gene 
and molecular beacon 
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Conclusion

The chimeric miRNA imaging system provides 
the complementary imaging information from 
the miRNA Molecular Beacon confirming that 
the dramatic signal decrease in miRNA 
reporter gene was caused by the increase in 
miRNA



On-going work: targeting delivery of miRNA 
imaging system into cells and tissues
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