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Application and Prospects of Molecular Imaging
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Abstract

In this paper, we study to classify molecular imaging and applications to predict future. Molecular imaging
in vivo at the cellular level and the molecular level changes taking place to be imaged, that is molecular cell
biology and imaging technology combined with the development of the new field. Molecular imaging is used
fluorescence, bioluminescence, SPECT, PET, MRI, Ultrasound and other imaging technologies. That is applied
to monitoring of gene therapy, cell tracking and monitoring of cell therapy, antibody imaging, drug
development, molecular interaction picture, the near-infrared fluorescence 1imaging of cancer using
fluorescence, bacteria using tumor-targeting imaging, therapeutic early assessment, prediction and therapy.

The future of molecular imaging would be developed through fused interdisciplinary research and mutual
cooperation, which molecular cell biology, genetics, chemistry, physics, computer science, biomedical
engineering, nuclear medicine, radiology, clinical medicine, etc. The advent of molecular imaging will be
possible to early diagnosis and personalized treatment of disease in the future.
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Fig. 1. Range of medical imaging.
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Table 1. Overview of imaging systems

Multi
Resolut Quant — —_ Cost Main snal |- Clinical
Technique : th Time itati Imagin nts Target K
g jon* Oep T chann maging agel % § animal use use
vet
el
Paranagbetuc ) S
. Anatomical , Versatile imaging
10~100 No Minutes chelates, R . . . )
\RI . Yes No , physiological, $$$  modality with high soft- Yes
um limit to hours magnetic R
molecular tissue contrast
par tuckes
No ) lodinated Anatomical, )
cT 50um . Minutes Yes No ) . $ Imgaing lungs and bone Yes
limit molecules physiological
Seconds Anatonical Vascular and
Ultrasound 50um cm to Yes No Microbubbles ) o $ Interventional Yes
. physiological L
minutes imaging Il
. 18F-, 64Cu-or . . S .
PET T<om .No. Minutes Vs Mo He-lavel led Physiological, 358 Versat.||e imaging modal ity Yes
limit to hours molecular with many tracers
compounds
Mo Minutes 9ImTc-or Pysiological Imaging lavel led
SPECT tam O Yes Mo 1fBIn-labelled o0 0Al g ant ibodies, Yes
limit to hours molecular . .
compounds proteins and peptides
Fluorescence Seconds . . . Fapid screening of
Photoproteins, Physiological , molecular
reflectance 2~3mm <icm to No Yes $ . Yes
- . fluorochromes molecular events in surface-based
imaging minutes .
disease
A - <100 Minutes Yes Yes Near-infrared Physiological , % Quantitative imaging of In
to hours fluorochromes molecular fluorochrome repor ters development
Biolumi Several Gel ion, cell and
0 ummgsce vera cm Minutes No Yes Luciferins Molecular i e expregsmn Ce. an Yes
nce imaging mm bacterium tracking
. <400~ Seconds ) Anatomical, Al'l of the above at higher
Intravital Photoproteins, R A ) - In
. Tum 800 to No Yes physiological , 5% resolutions but |imited
microscopy 9 fluorochromes development
m hours molecular depths and coverage

*Forhigh-resolution, small-animal imaging systems(climical imaging systems differ). TTime for image acquisition. tQuantitative here
means inherently quantitative. All approaches allow relative quantification. §Cost is based on purchase price of imaging systems in the
United States$,<US$100,000;$$,US$100,000~300,000; $$$>US$300,000 Il Interventional means used for interventional procedures such as
biopsies or injection of cells under ultrasound guidance. 9 Laser-scanning confocal or multiphoton microscopy. #for microendoscopy and
skin imaging.(Tavle adapted, with permission, from ref. 85.)

7 9t} o]# 3t silicon-based detectors= 7}HA] 334 HE]

KR 2 A9 el R A T UES} v
383 4 (optical imaging)> 7HA1 g o3} A o)A Fo1LhA 400-1000 nm o] I3, oF 23 Vel oY
dolel A Bt dehle 714S ALEsIA A A& 7M1 AL 9l ZAE CCD Btael] w5iEi 3t
287 A B 2 9l s|Wo|t} BetdAe =7 7} AR WETh cCDE HEEA| 2 A E o] 9o
T 7HAQD AE L (bioluminescence imaging) @} 3 Wy AAES FZA77)7F 895} o)A 7R 9
376]'03}‘o]'(ﬂuorescence imaging) ©. & s 4 o CCD+= CCD chip94 A2 Z AzPlA BT E o

Aol ojeff A7k Edglel WlEsH s fa el

g duEg Rt BAsE 92 A% el
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& Aro W A £ 9l HEV)EC] AfE o vk toWle] ool FHastmE AT cCDE
wjeF ol AEU FHE AR} obd AolE & 120~150°C7HA] AAA ARIES 715 o= A4
Bo|A] o]g]dk dAato] Fhsai| A gtk Hit sputd A Z T

AsHA7E 2AHCCD: charged coupled device) H&E7]& CCD FHEl AL Hto] WA Bk o
A2 R wdo] o e F RFA shaR ol A3 2 7p Fa AME A3 ) A, BEY

125



126

"Application and Prospects of Molecular Imaging”

offt
1

oA W F3} Fo] o} 29| fHolL
1o Aberel 7] e weth

24 e FiEgo] ol W
R 5 A, 243} ) gRe] ARt
s = znlolut ks o Bamylel] A o
o sl "leo] Fakgo] ulg- vty &4,
Fhel| ko A= 22F A A Q1 Fde] A o]
o] Zlolell thi Jrrt Aol gitt ol
LRI }71 A8l gd ccp FHeErt s
Fheletz ol Zrmof A ofmx
&} jﬂ;& oci)/éko_ A= WbHo] Teky 11 on;]_ w
o 2} S8 FH(photomultiplier

g
= ek Qe

X

of

J
>

g
i
o mi
o — r{o
:.“:
s
d
g

e

N7
P
oL o g

> o e &
o
o -
o2

(>
(o3 1_01’
m H ot

X
AV
me
U

poh fot Y0 md ox N mo rlo m o BN ok
At o

Qg e B oz A Ueld N v
of WEsn WEHE U ol GBI Y
Moz mEA gz

A IS B0 (firefly) & FAIH A
(uciferin)o] 2t WgEd o] FA|H ZHA (uciferase) 2=
Bl ofs) AhstE A Bl A H= 5ol o
FAE FASAE 2402 ok Ax
A2} (Q(ttamfection)/\] -
o) FAHAL Fofahe

12 Nude MJ &

BN

A
Z‘—|]~—1—-—1f__

lﬂ
l

>~

of
ofo

=2

o

ga3 714

=110

THETh Fg

%
o
NHUP

4z
2
jubal
rlo
(&7

9,
Z
<
B

ae}
=
8
B
fllo
s
Oko
el
2

5 =

- o

[

o %

o o

E=A

AN &

= £

_|£ —

it
[
e -
o oo = o i 3R o

2
e
2
_OL
\r
fU ,z
o, XE
ol
. —_—
2 IS
Mz
N,
WO
_11)« By >
> r_?‘_l‘
N
© o %
oy
ofN °
oS |k &
=
N
= o
ol
0% Hu U e ot & Kodo

"y
L
I

o

g AN

o

N

1o,

o
6*)
o
Ho

N

_>‘i

N

)

>

A/

i)

>

O

'~

rlo

ol

o2
¥ H oo

| million
Iranscucing unil

A0 pholons
over 10 min

0
o
o

1—01] ] ngg a3 1—0] A8 )

O
— O
N
=T
S
OW
”&
Q
[=}
=}
o,
=}
Q.
w
Ro¥
—_
X
o
2
=l
o=
N

(~2cm ]*})"ﬂ*ﬂ ves 9 A 4
&= (small animals) ol ~

st ol 5~61}E

o4
the R 5ol oIt 53 Awue

1o
i
rlo

semi-quantitative) ©] 91 4| (Fig. 2), &% X

gerr oz FASAUN E714 £ stem
Al

8

I

Moox At 10 ox fo i

10 rlo et =
T
I
2
U o
2
A.: /\
(D

o] AYEL(graft Survival) S HAM
&3t AHEE 5 qloh Al
AYE FAS AL FARAS T BEehE W
%photon counts)©] AIFEe] ol n]# g,

2~ ER ] 3
Aol o] 74 g dAdS
2 o] 2| 7!

gud

&g Aol & Aol theksk 1

L

)

oéo& il
T e oox m

[S]
52 o83 &

Tl

(multichannel imaging)6 I Qlth=
g ol 4 Wl Eo] (firefly) FAIHTAIE MHRAE
| FAI# - ©]efA T, Renilla A 7244 Renilla
AU AR R .

Shah & 5©] Renilla FAF2HAE 27
ot 24 5 ‘@‘r/] = ol o] qAIA At sfaL
S-S IAMAZ]E= TRAIL(Tumor  Necrosis
related Apoptosis inducing Ligand)*o* o eE 1
AAZ7IAE7E WiglEoe] FAFAGAE Lelst
e HZOkJ Tl oA 71820

of FANAL B ol FAE F AL

O

o [13] Al ATl

)

O

of\

Factor

o
oy > s M or

1o dob o ot mr L rin

2

L
<3}
1=
[
R
=
=

>~
=z
ol




ISSN : 1976-0620

"J. Korean. Soc. Radiol., Vol. 8, No. 3, April 2014"

3 T A7 FolEe BEEFS dS 7 A%
Bustdu F7} Ao g F
F 290 caspased] o3l A 9171 A opRt FA|
Al <] 3 5 JEE WHygd 7]
DEVD-lucifening 27 ol FA
A Qs B 2717F 25 e YA
IAE RS APE L JE5S AT 7 U

E]'_ﬂ El—a—]_gi]:]_[lﬂ.

Hl o
=

ﬁd
ol
ok
2
o 2
rlo
Q
5
I~
&
i (O,

o] $I3te] MRI(Magnetic Resonance Imaging),
CT(Computed  Tomography), PET(Positron
Tomography) 53} AT ZH 45 AHS Bk
ol Q18 4+ 9, FaskE 9 ANRAS o
wol wEahs TAAS ALah s

Aol

Emission

1.2. 3334 A(fluorescence imaging)

o] 2|yl A
(excitation state)7} 0] YAME]
1IR3 Hc}%(enﬁssion)@' ul o]& TA|Ete] JFA+

=
HlH o] qﬂ].

rir
NE
.
e}
™,
B & o
o
L &

&g At E_J_’_Z]-(ﬂuorescence labeled reporter) = HA}
91 A (radioisotope) & AHE-3HE o8t G T &
2 AP S o] kA 7] wiel @ ARF B wk
ARl JAg5e] Hag A% fFed FHol =
g, W E = 7 o] AN SR Aol A =
He Al Famr) veprhs whalo] gl o]
23 GAS Beer] flsto] Fgd gt Feojstdt
7ee Agels WMol S 4 AL MRI(magnetic
resonance imaging)e 91t ZGA <}t FFELS AF st

o

FAEAE FAX T (excitation) F ikt 7}
Hol ARl Tk A

(700~900 nm : <= A4, near infrared) A F2H-&0]
=7] Wio] ol tig At Be] W& Fol AT,

Fig. 12 C57 BL/6 mouse®] > Z}/(contusional

=
SEZ NP TR

injury) & 7+eF F 59 A v A F0E
reporter)7t HH  F9 O]
cathepsin 20l o]al] &Asls] o] whatal=
LA F 7] B (cranial window) -3

=~
3ol

ZH(fluorescent

M2 2 ofg

puoto R
oz 1o R

Fig. 3. Molecular imaging using fluorescent.

detector) = ol
(reflectance imaging)©|T}. ool H]&|] AAE FH=
Be B B PAGES ol e dolul FRE 9

e A= oz RHlY(biophysical  computer
=

modeling)3to] TFF S wHEe] W 5= gl oA
o] JEF9 = (fluorescent mediated tomography)©]

i o] J4vI% YBEL HE 349 ATHL
Feal @ wa ohe WAk el v o 2
2ol ol AA de) FHEAL YA @ F 9

sk

P 5 Vs Bl & TS I
4+ e BobE F shbz Fueel QA Hotol
o, o3 et el vlelE W B ATas
5 T 98 E HEE s 54 Sael iRt vt
S3te] EAdsly]= P HE I AKfuorescent  reporter) 2]

MAolt), Weissleder Lol A /NE$t cathepsin B
probe[lg]‘)r MMP(matrix metalloproteinase) probe[19]7]- o

w49 ootk B4 ATae wael] wEe] 94
s BEe sk A aen e @ o
ol PR AFLLA o5 44 FFS B A

127



128

"Application and Prospects of Molecular Imaging”

U probe(on probe)EHE TFEA $lell A probe
5 cathepsin BY MMPS} 2o EA thul B g v}
probe®] 54 F91E5 Ze} Folofik(proteolysis) &
ATAS W, e 2o e 4E 9% B
Hel JAS XA E(macrophage)’t  AAteHE
cathepsis B 429 B EFig N TFe] Hoje} &
B9 4 £ S Sad A o e

EE Qe = U "ok gl 2 9
o] 2 UF recancerous polyp)ﬁq 735
7b st Aol #<kate
g Al Al 1 mm
T e Ao Jdgista vt

oZ: juc)
g

o

Z
cathepsin B &49] &
cathepsis B probel] T
olhe] Wug Hopd

&4
A 4 (intra operation fluorescent microscopy)S -3l &
ol AAE wrk AP TR 5 DA A

= [¢]

E, 58, FA% SOl Hegol Qi v} mE
w2719 2GAL BYAES o gate] 71e] T
4 Q4L CT, MR, 29, Fon) o8 44
A& 2 olekm 4o + Uk

Aol8) QAL WAL kES o) §atel 54 AT
U #8A Bol A ARA AgHom 4F
A RRE GPoR vpehly] ujRe] A adoleta
& % gtk S9sh RAgge yrhe SPECT,
PET, Fusion’dH] S ¢Jste] &=5¥th

2.1. PET(Positron Emission Tomography)E ©]
43 A3
PETE ¢HAE WEshe
Folgh & Fojyl =49 #EE
W ERdaE Aetty Fa 4 A
(18F), BA(110), AHA(150) 5 o] &3t ol&
2 E WA EAYUAE o] &ste] sy A

W3} glo] A ARl FEdiAE 84 55 9%
o2 WEY. PEIE & Y& = (pico Mole) Qo] ot
L TR FAAE #HT 5 o FFst "o
= FAE 7HA 3 itk oFe) 9] Table 2 PETE ©]&-
ok 71 A O S vrER AL Qith

Table 2. Radiopharmaceuticals for PET

Mode of action Radiopharmaceuticals
Substrate F-18 FDG, 0-15 02, C-11 acetate, C-11 chol ine
metabol ism
Protein synthesis C-11 methionine, C-11tyrosine
DNA synthesis C-11 thymidine, F-18 FLT, F-18 FMAU
Bone remode! ling F-18 fluoride
ere?;ﬁ:a‘ F-18 TPP (tetraphenyIphosphonium)
. C-11 TPWP (tr ipheny Imethy |phosphonium)
potential
Hypoxia F-18 FMISO

Enzyme activity C-11 deprenyl, F-18 deoxyuracil

Orugs C-11 cocaine, N-13 cisplatin, F-18 fluorouracil

Receptor affinity ~ CG-11 raclopride, G-1icarfentanil, F-18 FP-Gluc-TOCA

Neurotransmitter

biochemistry F-18 fluorodopa, F-18 FESP, C-11ephedrine

F-18penciclovir, [-124 FIAU, F-18antisense

Gene expression . R
oligonucleot ides

Antibodies |-124 anti-CEA minibody, Cu-64 anti-Her2 minibodies
Zregd FHAE Ho%s £ AT 9 92(18F)
FAIRE Ao] oF ghate] ol &ds] Algsar gl

£ FDG (fluorodeoxyglucose) PETFA}O]

245 ol 4k P o/l 2=kl oA
o 2o TG Ui} B2
9t} o]zl A} HFHo
o opl. shtan

oA o] A

_L
o
b

m
o ©
ofl
o
e
T
ol

_,d
e
o
2
o
i)
v
k)
T
N
5o —

oX ofl
tlo
i
i)
(<0
ol
X
o,
ofo
[0
ol
N,

lo rlo

¢ o
i oo

L
o
s
gl
g
[9)
il
o,
ofo
o
=
~
o
>~
>
e 7

o
%o,
T
R
i)
o ¥
%o,
T

>~
>
B
o
tlo
o
ofo

[}
o

>

s Mo oft 2
°
o
~
>
1
O
rf o2 o

o e

E
o 2

BN
N
o

~

>

%
B R pk
o

ol
o

R )

[
o2
ofN
w2
ko

fo, i
i




ISSN = 1976-0620

"J. Korean. Soc. Radiol., Vol. 8, No. 3, April 2014"

W

i

k]
8
€
&

£
€
?

]

(5]

1
|
]
'
!
||
re
y K 2
-
) §
v

Fig. 5. PET-CT images.

H&E 1.25x

2.2. ~y-Camera®} SPECT(Single Photon Emission
Computed Tomography)

epgtetel ghigdEts o 43t 10
3= SPECTE PETS} ] opulakol 4] 7tupads S=al

Fig. 6. MR Molecular Imaging.

A oz NE7}F ok wizkEs) pETO] BlE 1% gy ArlEE e s mg oA

AL Wl =2 ¢d=th 99mTC & SPECT® AHS-=& TARYE skl ToF W=t Hofs el

WAL o] ok o Bz WA Ak = Ao} Hjsto] "olzlth, A FftE 75 RES S5}

W] W&o PETO] H]E =7 7ol Wit} 12vt 7] eto] B Al 1 Foll

#Hol FAAEA, AEAGA, h=AaA 5ol A dEel 81Kl wbd Fo BT

T7F S7FekaL da, k= B adE A6 9 (hyper-polatization)©] 2= Fo] it} B 7| =}
o]

st FAIE 45 sfolof sk a7 FoluhaL 3 718 A EE 1000~10,0008] 744 F74A7)E W

o)X uighvleke} SPECTE o] g3 #atg-de] < I

= AlEE S7E R 53] vhelealel A %

AR A deIA = holealepe] watdol A & Z7F A7 % Utk He, PXets Al Fa@

Alehzs WAl Aol et ed=t uh g 7)A 2 8ol Ade 98 R B
o

=7
-
ZhA] Aol A o] T ARG S A4S o]g-8ke] mhs- Aol ATk vl kg A o]a A EAME 1%

He AFES BTl e FEOR

offf met au Ho T

129




"Application and Prospects of Molecular Imaging”

RN e mdr e Bx oWy e F TN oW W B o
ﬂﬂl%_uﬂauc,ﬂbtz_.ouwom ﬂmlﬂumdrwxﬁﬂztﬂ;lm ﬂﬂﬁw‘_ﬂmﬁmﬂﬂo‘m,‘ma @
Re T i ePre ToaTsrzdy T ool W ofo T o .
3 R zowﬁdoﬂLmMmM%@ﬂ%Hoﬂ._u\mAmM E._éoﬁlbtm_@_,_&aﬂ M
aTﬁeﬂﬂﬂﬁiq Euﬁﬂm.#mwﬁ_.ﬂﬂﬂ " mﬂoqqmluedoaﬁ m
o <o ' L3 — e R
TpowzZfzziogiitacie g A c
N BN g oo o — < X o T X o o
W ®3zx W i_ﬁmy%ﬂ};ﬁo@ﬂfmﬂ o0 (S Gy < g
MﬂNaEmMﬂiMuWQJME ) ,Wmﬂﬂﬁﬂ%@] KI M./.HeﬂaTojaﬂo@l €
%‘m_.ommHAT.E_im_rmooiﬁﬂwqgﬂqniq%#o or W_ﬂdl@.ﬁ;oﬂedl
e B B o D ET R o= 0 W = ok w B W W

T Y RN m S = <0 X ~ 9|/
erTwelfry MEHERADEr p B prP¥raow
A oop o oo = T 2 ok X . = o ) o = §
e MTRTTEL T E5RE R O3 BETITIET
i TR I L A e I 1 A
Hoﬂ %T T ™ ok oK B e I o o | ™ & MA_H o H] X ER
A dem o oo WOH T =5 o= o o ®w
$PRmep PR GRG0, 57 R L ETIT
S I Ol SR — o Xz 5W O R e = N
B b L dodo o SRR oE B2 T e
Ta T oD w PR oolwm w B EF O R S
A S B X - T REeTmg el
ojm NCOoWE Ny o 4 R F 0 B K B o T To % — " W o X o
BB o) B ok ™ oxe A O T % RE Koo B O RO ORT o) %o N A R A e W oop ) MR oM
R B BRI W - Y ﬂgﬂ@&Hﬁ%z%ﬂ%%%%
m/do],ﬂﬂwmuoiioibtm&:u a]xm_sm_xﬂkmo ooEﬁooﬁo_7oﬂ|HHTM.ATMﬁﬂLoEeEAT
"o nOwed erRG WL LTV E Uax M mBexss Ve,
T ooy, TN T Fopo P PR T L i TIR- ~li R SR LR
qm%%ﬁammnﬂwﬂmﬂi %éﬂ%%ﬁﬁr %%%%mﬂwmﬁmﬂlﬁﬂﬂoﬂﬂg
AXa oL S g o TR T = o o X = % o o
= T S X X i o F T = =X o Mo
) N ZT I B :..L wLAu‘_ N_.o Lt ETu E.E _ = Owu e . ._i o ‘;L o oR :t, _Z‘.ﬂ o) <0
= B Ak 1&@;1@ n| 8o — ﬂr.ln_mﬂz 2w R AT o5 ol Ru%otdo
) BOX X ol © X9 B o5 @ N o o omo O 2L 2
i%gmﬁamﬁm%mmge TERETE %%MMW%@ﬂ%%y%ﬁ%%
A= W B L — = 5 7 " - s H o . iy s X o -~ T zTﬂQLﬂ_@/ G+ o=
TE gt r oSy e Twogar AT RS AW PRI AET g Y IR E
p R B G A I R T -
BE TR TR TS X n oo SR Ap xE L E Ml e 2N B
% ! R e oF } o B SR Ty P g TE R E T
< = EE %Ar U‘WHWL B ) \mmoﬂ NI &.a oR ZIO#E e} o). O#E i ° n

] —_—— J — ~ o op = o = —~ )
wﬂﬁ%ﬂa_dmﬂmﬁwmumMﬂwjﬂmf_ﬂ%% Awawthgewrmé%_mmmo%
™ 0 S vy O

ST TREZ AT ReeRH ke T 2R IRl T g e Ex
ThRTRe e BHET e mb s W o EF B S RN S N TR 8
e - ) i [ e — _— Jra ol BN —_— _— o ©
Faw ot O %gol B REBRTST g W ow oy T o T By T Ay 3
clzUe Lt AR R RE s Xswgugs @ PV reerss R AT 0 ¢
e S T e o= S XN do @ T TR Moo 3w N W HEE
o e o W o N E Hoeo "B TN SN ®ur T E R W HX

Fig. 7. Monitoring gene therapy using microPET with F-18
expressing tumor with ganciclovir.
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Fig. 8. Monitoring cardiomyoblast cell therapy using
microPET.
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Fig. 9. Tumor specific enzyme selective probe.
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