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BIRES RO HARETHARY THEAZ oMK 2B TH . Be OBFEATE S AT UL A 7B E= Y TH GRS T O s o i~ R R
FEW S A TRV, CORMBEETT 5 [ed | of 7 & XA ORABIE~O BB AR LT B755 5, NRBRE ATV BRI A DTS < . RN T O SR B &

B A H = X DRI RN B & & A WA X EHAZ) . FRS TR TS T 2 O BE A g 0] % v
N7 OB BRI D S f:é 3. WP R ORI K S WS S, BB T A OBIRIZO BB b W " e o %w@
Wikt DR T b ) 2 O IE 3 2 BRSSO MR & 9B 1%, ) 20 o EEE
REHE, Z L CHRAWEE (intervention) 13l % OAFFED [-3-1 THHLEW BT FrEEAE) o 7 2 2R 5, PET i @ pharmacokinetics (PK) # B, @ - * g%ﬁ(
BHOWHERZ O 52 OTHY Zhehiddid s P LM HDSRAET 5121E. BLEI~ITEEZEL., L pharmacodynamics (PD) B, @ B - SR HER 1T 0 0 5 A p
LTI AL | ORI A = X 5 IR ATA B % T X BRI 1 H50 1 BF. B5EIE 500 [T L < FIFCE 2. PD 3UBRC IR IV IR B R L 241 O i PE5AR (mg/day)
LT Th o, AR BMEE: LT, Kok N2 CPR 19 FEEARBEAELD), MRIZEMAZEARS b T ¥ AR—F — BT 5 1009
BT X ) BB E I OB E RIS TS Y E AL Y T BROMEL LT, D% (F-WETHIN RS IRAEZ . BB - 15 RO RE O PET 360 & 3630 1 it A4 g o .
PRI L5 0t RIS % 3565 5 & & Tl i o e 3 THU FCRBTLLZI TlRAEV), OFT v 757, JE D IR AR O BT B 5 % ML b TR AT BT e a . .
FHBH L, BB LORRAUR SNk A Sk @ 20 F 4 HASAY F—F O LK, 7 LA b2 (ZEKGAE), PET Tt $H L5 —5 v 15 % o 3 .
FHUE 7 & 7 Z AU O SRR C R e A3 Sis. TE OGRS X 2 TN AKTE 5 L BT ®
BOEATE SN R EN IR E NI EEBT 5, KV X BREMRRILIC b & S\ 7258 A B R G O £ 40
HHKS . TH ORI Y b — 7 2EN Tl T PET i : o mumsa
——— ERCLIEORBAR S RERETIZ I AR ] 2 L
L7 (M1-3-2), ¢ BB
<« 2~3F————>»«—————3~5F——— >« 3~THFE——— >« 1~2F—> FEM - SERhEER & LTl B EEiMb A o Hn H % 0 0 10 20 30 20
. O~175 ) VU ERERE 500 B T O A PR BE RN I O FLBR LT X % 3R WL (ng/mi)
SERERE BEE R ® = NI o e o
1 (=l 1 T T T 1T — 1 1 1 1 KA X —3 > 7 PET #% H CHEZ AR O34 %
i ) % % % SEREI IS P2 (I AT % S 12 IE R & 5 2 LS » .
Z % i% AHEIEAE: # # B ?( % 5 75T BWEHZOIAET — & N— AHHEAHIL % 4. YAV RDRRRRANOTRECRRIE
a0 R |8 22 5Ez [IESE: ' z ' 2 Bo $77 I U4 FEME BASAKE OWHOERE  4-1) PRI RO A P B
@ 7 s gowgina 0 i i ] 2 % FRASRA I I S 3 S S 0, % LORiE ZIE CIRBRABI I & LT X 7208 > RO S
" i g ég % g—g BCTRIEDY =7y MrT 3T HEE > T WnIlIRIC &L ORERES T OB T#ME (Transgenic) Ao
7 5%, SR & ) IHOF2 S TRBBRY 2 % b 72 5 LA T bk X

BI-3-1: $FEMENPSER - EMETCOTOERERT, £MBIRICO-17FERVEABN AL IRXNHE00BHERATHS,
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EEHBGAL L T2\ (HTBEEE K2 B 1 prelimbic cortex
LIFIE IR AR 2 A ) Rl M
REIER - AL CRIMECRL B — 283 g AT)
Kb RE2). @ ETBIE Sy 7Y —258 b O
BERE D 2 WL L TV 5 D9 Z DRSO A 2 &
CDE)MEE 7 ) T 572D VO IERIR R
DB POEEE 2 b,

4-2) XA 7N ORE TG LI 0 RRE 7S

i P4 0> B — e G B 2 B RO\ Rl BT B LY A
FEINZOFERISHLEBES I 7P VIS TS 4#R
R 7 22 S A5 B S A AR B A& 12 I 0 LS L B
THHHENE TR L 720 O E S ARAE S 2 e
Ja 25w U B E O HF S GBI FNFED 2 kBB o >
A=A MTRSRII I W L CRRR AT KB & B
T (L) & 2&e EW 5D LEERED BAE AR
ML~V T S 8N Tze H IV ORI E I3 E ) EF 2
ORI A > TR UGEBF (B0 - JEM0E By AT 5. Al
BT, MR . RTSEGE (ML
B, ARES. BURIRED IS SR 4 BERED @) & &
Rl bZEWbholze MRALFIICH F—r83 g
AKX Ae PEMATH L EBRENATVE Y, &
BICZEDMBIRENATE D X 9 \THFMRIES T2 & - Tl
MBI KN T VB DME SNIED 7z 72 & 2 ITHTIESE
HEBHOWIMI (%9 /46 ) 1 2fEidE (working
memory : THH O — KM IrE ) CHEL=2—
O IEESRO SN, F—83 Y D, ZEKREA LB
fIfEAARCMONTVWSE Y, E5ICF—3 VL1
B, HFICHRIR BRGNS U & O BIRANAFICAFE S
TWwb, EvuN—=27RKD. VA RSV ORI E
GABA #if& % & #i 6 JCHIE S B2 I GABA Hif S84 T 1,
& O HH R FER AT L ASPURS A SE 0 BRI A O A5 R T 75
W LRIV THERR L 7e— O BRSE & ) MR
BRLTWB Y, fEoT MORERED A A = XL d 5\
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AR B O REIR O 72012V THFSES 5 & & 13
HDTEETH S,

S5 O L7z YV % 7= PET HEAemi % *
TRKINEERE O JFAE % [ 58 L Z O & fikkE B % i
§k L 2 OB~ OS5 F OV % PET 28 K58
RMOR I T L ARIICHAGDED Z & THL R
LT S WML olee ROAT Y 7L LTHE
WFBER & LT ORTE L W) fiA b b DAL
WCAEH DS D AEH L72RRED &) R iErg s m 54
% O3B 7 5133 MO S B IO FEE 5 T 12 ¥
YERA Y MENT A =Ty T4 v TERDEEN %
BPICTAIZATOHEL LR Lk v, 20X
WOV % V72 PET %8 & 2 M I F L0 AT 7E259
RSBV T OO CTHEEREHZ LT THS I,

4-3) ¥ —Ey o kL~ h 7LD XL

BEiZ~—%ty PR ES el b2 L S 5128
TEBAE T4 (transgenic) b WSFMWIZEERRETH b 5
ER@h & LT B\ WITHTRRRAIZE~OFIH & L Casic
HHENTETWD, v—Fty FOKEIZT v P&
(300-400g) T 2 A5F U EHIE L, HERIET v b
EDIE20ICKRE L »OMBEREMED EA TV S, AR
1A TR MR < GER 20l L CHERTRE T
¥ 2 Il /4R, 2-3 5/ M) HREMS gL HifFEhT
Who AHMABIME - R BE 2 AR SEATBR RE AT A AR b - ]
e O Td B 72 OIS RER A DINT I B HRA D B V. — T
M ORE - MR AR, AR AR
HEEMRER T 02 SR TB L T4H% L b oe M
Mo MEREAWEICLZ2TNER S 2V LIRERETR
EMTH D PIZITEL3-1 D LX) MK T~ —
Etky bexH I H VO Lo E S &
Vo WN=F VI VHETFTNVHIHL LSH~ D 7T
RBHE L OMEIMF SN LD 7o MOBBE T IV
RFE oL FH LB OMRFETE 200 LR,

Comparison between Marmoset and Macaque

7—Ftv b 2hIHN
© 5= SIETEE ORI AXK
Differenses OESHMEET. TGHRt @EEMF—sBE
N @1 ETHH @4 55 THE T
T emmmat OniaEME
Similarity  @zprzmms OEE T ThE
OEmITE OEBmNTE

O RBRERELRERE ORREBSEDKRE
Focus @F—TUMPFOREEMT  @BREREENZEL
@ LV BT @HIERRF %

BRI REREBMLL,

5.FKRRE

BT T, ¥ VF, e b BHE T
PET Jif% CulfEZe & & AILEN & B CTEWN - 7H2AE
LRV, —h, SNFCTRLZLIIHTAA=I
THHRC RIS BLEE R P SIEH 2RO TV 5, BN
KB D PET ik % Fr A 3 % BRI o 3 A % 16 A L AL
RNIAFHEEFRETE— NV LERNOBRILEZMRAT 2 9 2
THER B & T > 20 Th <V % w7z PET
HIERIRITZEOFTN T O R 20 4 & S 2 A ER T Y
CHIFDOUFBETDH Do HEFEHEEE LY VEHO KM E TV
7T ER R B O 72 D R 2 iS55 2 & TREL
7eMIRR A SR E T AL DR TH A I F
VI % v 72 PET JEER IR SUER & JEE LoD 5L ILRET
ge. ERPRIRER D HEE - FBIR & & S FFR IR AN T - B
LT Z & TR b bE o By VR R FE & RS B o ik g
AR D R B R e AR TR R A & 72 F
FPET TR - fFfliTE 2 XHIC L2l V) D%
HOMMOBEETH %,

BEXM

1) Preuss, T.M. Do Rats have prefrontal cortex?
The Rose-Woolsey-Akert Program reconsidered.
Journal of Cognitive Neuroscience, 7 (1) , 1-24
(1995) .

2) Evarts, E.V. Pyramidal tract activity associated
with a conditioned hand movement in the monkey.
Journal of Neurophysiology, 29 (6) , 1011-1027
(1966) .

3) Williams, G.V. and Goldman-Rakic, P.S.
Modulation of memory fields by dopamine
D1 receptors in prefrontal cortex. Nature, 376,
572-575 (1995) .

4) Lewis, D.A., Hashimoto, T., and Volk, D.W.
Cortical inhibitory neurons and schizophrenia.
Nature Review Neuroscience, 6 (4) , 312-324
(2005) .

5) Obayashi, S., Suhara, T., Kawabe, K., Okauchi,
T., Maeda, J., Akine, Y., Onoe, H., and Iriki, A.
Functional Brain Mapping of Monkey Tool Use.
Neurolmage, 14 (4) , 853-861 (2001) .

6) Dias, R., Robbins, T.W., and Roberts, A.C.
Dissociation in prefrontal cortex of affective and
attentional shifts. Nature, 380 (6569) , 69-72
(1996) .

7) Ando, K., Maeda, J., Inaji, M., Okauchi, T.,
Obayashi, S., Higuchi, M., Suhara, T., Ishii,
H., and Tanioka,Y. Neurobehavioral protection
of single dose deprenyl against MPTP-
induced parkinsonism common marmosets.
Psychopharmacology, PMID : 17879087 (in

press) .
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(IT) Wi fRfEpT ke 70— 785G8 - g — PETZ X R 584l

1.PETHFA A=Y V7B AR O B 5 2 BLIR

DA A =T VIR Y & — e REEI S L — T

BRI F — & F—L) =4 —
KA #—

1. LI

PET 1&. F& LCHM Sz B TES'C,
BFChY., EEREPIREADCILETHLIENH, £
B AR RE DWW E AW RETH b0 THITINZ . ER
BEEFHEON LTS PET ORI CTH 5, Thid, #
HaNHH O GBI 258 %, 7V Efli-
Tk TE, TOETNEMNTHHEEE Y. R
Witk , BBB &Yk, Rt , SR RRE L o7z
HERBEREOR AT RN S TH S, RFTIE. 51 A
A=YV TEF) T4 L LTOPET O TH5. &
W2 A RBRRE I RIS BT B . BRI o [ RE 5 & 3
RIZODWTHERR T %,

2. AV IN—=BM XN EFIVTOERERRIR

BT -1-1 4. w2 pkd it o itk ) 77> Mok
NTORBZLRTH720DFEFVTHY, T2 8— |
AV FEFVENIEND Y,

C,, Cyp, Cs 13, ZNZNBYIRIMEE T IAFACT 5 RE
L) 7y B MEETICH ) RZEERE REGDY
YR, AR EREEEREBICHEY N FEeEh
FhFEb L, HAx [BgmL] L %5, K, 5k T
DENTA—=FFE, FA V= AV MHOY TV FD
BEORZHET2EEEKTH Y. HAL KO ERIZIE
2. B 2 SHEEAN ORI L 2 ) A FoB
& [mL/min/cm’] , BIR~NOVF Y K2 )75 v A
(I/min] , V% ¥ F & ZHFEOKEERE [Umin] , BI O
Tl [1/min] & 75 Y0 Cyp & Cs DR, kDY
Ay RREE LI ENS, VA Y FEGBISRERIC
BB ERi§ % PET O E > TRON L, —Ji C,
& EBEEIIRA S D H 7 —F v &4 L3RI & 0 JllE
ER
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BBB
Ki ks
Cp I

HII-1-1: The semantic diagram of compartment model to describe the
kinetic of administered radioligand.

3. AVN—=bAVMETFIVEIRORREREX R

IYN= A Y NEF VORI TIZ, EMSNZCB
FOC TR LT, BN TIEMIEHEE 2 EET 2 2
LTOK S kORI Y. L L. IEEIRHEE
TRFET —RZIRAIENTELRVI LD, BIKRIIC
%K T %o H6-> T, PET 7 — ¥ KBNS { & F
NDMEFTORBELYZT, EPALEE 2D, £, —
MOBTEICE 2 ET 5, TS, MEHRAMTIT 28— b
AV MPETVOHEEFERT S & T, HEEDME,
WbWA8T A MY v 2 EREEET 2B, BRO
A ZHP/RNENZ LS PET 7—% @ SN HIIHET
HY. o, BHEEIBETITIET LI L. G
MbHERLDDEL D, o T MOEPDHEIZLD,
HEEDREALR O #AL & N 2 LD B 5o

NI L TIE. ETVOMBIBILIC L o T, —EBo8
T A= OEEMET B0 12, WEDORERVE
BLERD, Wb®L 7574 ANT Fa—F EIEN
BTNIT) XLBENFEAET S 0TV, B,
MAP i B O IRBHERTFEEIH L7 VT ) A8 %
RELEY. Thid, FOMOBEME %2 PET ¥—%
MaET 7L — P LTERLTBE, 4 0FET—
FIH L, ZORKPED L —HTH7 7L — M &
0. HWEMEREHETHY . B ELIEIRETH
572012, SHOFHESREL 2D, Ml A7 4 A4

D1 OFHERMAEER L TWS, T2, WEREHERICS
Ot 22, JAXEZETFNVE LTHARALZ & T, i
HomEEEB LTS,

4. EhARER MM 0D & g

PET & =fHrCld. BIIRIMAE h O gt REIR E AL &
%5720, FglZBLTE. BIRNAD S 7 — T VO
BERLEL L, FHAZIZ, BENRERTITDNS
bOTHHH, WBHRA 1 BHUEICRREI E 25,
BENOBRMPZ 2 2 LS E 2 ) . PET & milki
DRI ZWTAENE o TWb, F72, fikiEH
ENTWE, NHFLVLERBICHT 5 E® PET T,
MEAPNENZ L5, BIRRILOEWIILIHATD %o

FIMAE TR E LTid, RENRIMET— 5 24 0
W HH 50817 BT ESEH o BREAFE 2 FE A O
KA AT Y. PET 7— & i & Mk 55 %
T 20 2 e b, T He DT V—TTid,
HA B A G Lz — 07 LT ZARBEL 49,
BR7a b an e LTEMEERZLTRS ',

5. E5HYIC

PET &, iy A4 rkne iz it se 2 512, €
F)74 ELCEMZAT 5. LoL. TOMREEZ 7V
WIS 2 720120&. @8 7% 7 — & T & Ehii 3 2 2652
Wb b GBI, BEHHEROMBEI R Z 52 L1280,
et G & 70 2 EARBEEEAT X D ZHMLT %0 T 720 N
WO PET iz b IREIZE R LT Ll bR D, fEo
T, SH%ETET. KOS T— @7 v T
ALDRFBEPLEE LS .

BEXMR

1) RB Innis, VJ Cunningham, et al. “Consensus
nomenclature for in vivo imaging of reversibly-
binding radioligands”,J Cereb Blood Flow
Metabo, 27, 1522-1539, 2007

2) MA Mintun, ME Raichle, et al. “A quantitative
model for the in vivo assesment of drug binding
sites with positron emission tomography”, Ann
Neurol, 15,217-227, 1984

3) RE Carson, ‘Tracer kietic modeling in PET", in
Positron emission tomography— Basic Science
and Clinical Practice, Springer, Ch.6,153-155,
2003

4) J Logan, “Graphical analysis of PET data applied
to reversible and irreversible tracers”, Nucl Med
Biol, 27, 661-670, 2000

5) M Ichise, J-S Liow, et al. Linearized reference
tissue parametric imaging methods:application to
['"CIDASB positron emission tomography studies
of the serotonin transporter in human brain”, J
Cereb Blood Flow Metabo, 23, 1096-1112, 2003

6) Y Wu, RE Carson, “Noise reduction in the
simplified reference tissue model for neuroreceptor
functional imaging”, J Cereb Blood Flow Metabo,
22, 1440-1452, 2002

7) AA Lammertsma, SP Hume, “Simplified
reference tissue model for PET receptor studies”,
Neurolmage, 4, 153—-158, 1996

8) RN Gunn, AA Lammertsma,ef al. “Parametric
imaging of ligand-receptor bindin in PET using
simplified reference region model”, Neurolmage,

6, 279-287, 1997
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(L) MjfRfdT e 7o —785% - PI%s — PETZ X2 55l

2R 0F 7 0 — 7 G RIS G TE BBk % O Bl 78

NFA A=V VI Y 2 — SRR L — T
PR TF — & F—20) =& —
ik MR

9) Y Kimura, M Naganawa,et al.

“MAP-based kinetic analysis for voxel-by-voxel
compartment model estimation:detailed imaging
of cerebral glucose metabolism using FDG”,
Neurolmage, 29,1203-1211, 2006

10) S Takikawa,V Dhawan, ef al.
“Noninvasive quantitative fluorodeoxyglucose
PET studies with an estimated input function
derived from a population-based arterial blood
curve’, Radiol, 188, 131-136,1993

11)J Logan, JS Fowler, et al.
“Distribution volume ratios without blood
sampling from graphical analysis of PET data”, J
Cereb Blood Flow Metabo, 16, 834—-840, 1996

12)JS Lee, DS Lee, et al, ‘Parametric image of
myocardial blood flow generated from dynamic
H,"”0 PET using factor analysis and cluster
analysis”, Med Biol Eng Comput, 43, 678-685,
2005

13)K-H Su, L-C Wu, et al.

“Quantification method in ["*F] fluorodeoxy-
glucose brain positron emission tomography using
independent component analysis”, Nucl Med
Comm, 26, 995-1004, 2005

14) M Naganawa, Y Kimura, ef al.

“Temporal and spatial blood information
estimation using Bayesian ICA in dynamic
cerebral positron emission tomography”, Dig Sig
Proc, 17, 979-993, 2007

15) M Naganawa, Y Kimura, ef al.
“Omission of serial arterial blood sampling
in neuroreceptor imaging with independent
component analysis”, Neurolmage, 26, 885-890,
2005
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16)M Naganawa, Y Kimura, ef al.
“Quantification if adenosine A,, receptors in the
human brain using [''C] TMSX and positron
emission tomography”, Eur J Nucl Med Mol
Imaging, 39, 679-687,2006

17)M Mishina, K Ishiwata, Y Kimura, et al.
“Distribution of adenosine A,, receptors in normal
human brain by [''C] TMSX PET", Synapse,61,
778-784, 2007

IR (M'C, F, PN &) RIS 2 e
VA Y FIFPET 70— 704K E HEDTWEH, Zhbd
O E V7T 7 a— 7 O#EICH 2D, Rl
PO R GREORE. o ARG Ta—T
BRICHEINT X 2 EREORBIIMO TEETH 5, £
R ZE T — 2 1. B LW RS O F%RT. B ik
SHEE & BUMEZINER 2 3T % 720 O Ak o Bl % 47
I EIWZEY., EHTEMM RS T 7T u—T %2R X <
ByE - BT L7000 %MEL EaEHEL LTWwa,
DI, RAEFEICBI2F— 2RO —HER<5,

1. REERLE MO T HRANOH B FEA LD
V7zova—Fow Aoyt s [PF] F ok#
PRI RS 2 FIH U 5 2 TR E ORI A B 3 2
BURYED 77 > B RO 3E A 0 FE I 7 A ik % B
U7z STOREEZFE L. BRI EE 2 K%
Ry IVTEEVZHEKOPET U # ¥ FTh b [PF]
DAA1106 Z#iE$ 2% Z LA TE 7, Y

2. ["'Cl =P F VD5

['"'cl a—Frxsro=tufticks [''C] =rux
¥y OEEE T o7z, T2 [M'Cl = hu Xy v oEIRW
CHVEF ALY ['"C] = bafBTF Vv EAKL
720 ['Cl = MO FVIE ) ¥ v 2 iE0fE 2 DT
3 AN OSSR A F A b AT B, Y

3. [("CHEALT 2 F N DRI AR B DR 3

V—=TFEEAAL, Z) =7 AREE ['C] CO, &
OIS, [MCl k7T EF LRI L LT oML
O [M"Cl 7 ¥ MLAIE ORI 7 A RN L 72
T2, TNHOREEZFAL, BFEF O PET 7 u—7
AL, BWERETREICL 72,

4. BB A9 APETY 7 Y FOBRGEL IS

100 Ci/umol Y Lo e lbistiez 43 % "'C KU °F
kDO PET Y A Y FaBLET 52 LN TEL T2, F—
X3 YD, %EEOY H 2 K [M'C] Raclopride Z /1 L .
5 v N OMGERE KRB OO AW T 5
CERRWIEL7z, ZOMRIE, WO RGTEETIZR
RO TH -7, Y

5. 9By 7 a—7 DR

RN Y7 EE 2 HEKOPET L U#EET
O—7%E L. BbEEe & BB 09 % Rl & 17 o 72,
ZoHrs, BWKRICHMTE%PETY 4~ F [M'C]
AC-5216 Z B2 Z e TE 72, Y E72, BET L
IZBWTh, [''C] AC-5216 2HifEHIIBIRMs ORI A
MTHsHZLHFNTE 72, 7

BEW

1) Zhang M.-R., Kumata K., Suzuki K. A practical route for
synthesizing a PET ligand containing [18F] fluorobenzene
using reaction of diphenyliodonium salt with ["*F] F.
Tetrahedron Lett 2007, 48 : 8632.

2) Kato K., Zhang M.-R., Suzuki K. Rapid C-carboxylation
of ["'C] nitromethane for the synthesis of [2-''C] ethyl
nitroacetate. Molecular Biosystems 2007, In Press.

3) Noguchi J., Zhang M.-R., Yanamoto K., Suzuki K. In vitro
binding of ["C] raclopride with ultra-high specific
activity in rat brain determined by homogenate assay and
autoradiography. Nucl Med Biol 2007, In Press.

4) Zhang M.-R., Kumata K., Maeda J., Yanamoto K., Hatori A.,
Okada M., Higuchi M., Obayashi S., Suhara T., Suzuki K.
[''C] AC-5216 : A novel positron emission tomography
ligand for peripheral-type benzodiazepine receptors in
primate brain. J Nucl Med 2007, 48 : 1853.

5) Yanamoto K., Zhang M.-R., Kumata K., Hatori A., Okada M.,
Suzuki K. In vitro and ex vivo autoradiography studies
on peripheral-type benzodiazepine receptor binding using
["'C] AC-5216 in normal and kainic acid-lesioned rat. Neuro

Lett 2007, 428 = 59.
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(IT) Wi ffEpT ik e 70— 785G8 - g — PETZ X R 584l

3.5 ¥ 70 —7 B TEA% B 0> B 5E

BFA A =DV IR Y &2 — STt R L — T
EE Y 2 7 AR TF -4 F—L) - & —
faAt Ak

() WifgfppT e 7a— 785 - B — PET2 % 2 58
APET7u—7 DK HEEE WEE B

NFA A=V VI Y 2 — SRR L — T
HHELEF R F — &
R R

PETIC X 25T A4 A=Y ¥ FHIRIZBWTHHMIC
bolbEHIN TR C (T), =204
min) . "N (T, = 10.0 min) . O (T, = 2.04 min) . "F (T,
=109.8 min) % EOEHEMEHTH L, TNHDKRY
bo AR S, ARRR R OT A OB MR & oY’
EHETALOICHG ETREIISIESE RS FTu—7
FIFEDOWRED D B0 F 722N O ORGHERZIIX. 21l
y—ry ML CHENKZ A VEF—D% 1 70 |k
O Y EEONEER IS TREWERTH L Z L H»H PETIZ &
LERZHICHHA ST 5,

—HTERY bo BRI, B AEDTEEICOV
THIEL T2, L OWa . BRI 12
Bd 2 W IEm IRy, SEERESRETH L R LD
HIHTHFA A= v ZWRICE e e R 1L, e
ENTWD, Lo LEERS NI BWTTIEH S
AUC, BN, PO, BF U OEY b a B OF R
MATOND L) TETEY ., BHBREFRAIE
BT INFETICREDOY A 70 b ryofbH%
ALy *K (T, =32.0m). *mCl (T, =32.0 m) %
O fiy PET B0 0 Bk i A% . S T & 7z, Tt
RHHEIfTTbhTWwaEE, "ar oRy b
VEMERT, TN D OB CNOF (2T
BV 2 RS, 8k miliziEi s —2 v bofl)
R 50MeV £ TORBHEWVI A F — O %4

BLT2OPNEETH Do BUIE R BREE S A F 58
TR B AYHE S S N ARG S o S PR RE T S ' Cu,
CZn/PCu VAL —FO2HHTH Y. ThH OB
THEGL LR EIBL DA A — D v 753 FTu—TTh
%TdH 5 Cu-ATSM D ES DREER MO A= v 7
WKAIH SN TS, F2¥Zn/PCu V= r L =% 1220
TIEBGIE O LAY 9 R TH ) 77U 3= A5
BTHLILPOMEMTRELZY AL —F ZEHNH
DOFEELRWIRE R TH S EVVAL VT — mIRE,
BRI RS~ 1R L, S OEEgRA A=Y~
7 OILFBESBAAEIT LN TV 5,

BAER %~ OB 7 Vv —7Tid, “Br. "I, “Cu&o
rh R 0 B 3 TR ST O 72 0 DR FE DS BUE AT T
Hbo NOFYORY b YBFETHL “Br, 1 IdE
HEL X7 F FEOERRICHE & 5 230 TIREHRE
PUAOEGRICFIH SN TE D DNA 1% & O H %
FECIHBHTE RV EWERT O 2D A=Y
YZREIHHENRTVS, £ %Cu i, FR 12 B
BoRY bay e g Mals22=— 2 %M
TH Y PET TOA A=Y v 7 L HKFIC - #IZ X 5
BRSO AT E 20 S8 IS OHER IR % %
JIMEL 2o OO % E2 L5 T 7 a— 755
BEINGFTFARA—T VIO —BOMREITHFG TS
LIRSS,

Fhh R REKE
wE T1/2 HHHT BRI T Az
"Br 16.2 h B "*Se(p,n) 10 - 16 B INTIEH:
24 4.2d B **Te(p,n) 12-8 S INTRZH;
*'Cu 3.3h B Co(a,2n) 40 - 30 EBERIA-—VLT
#Cu 12.8 h B*, B **Ni(p,n) 12-9 BEERA A2
#3r/%Rb 25.6d/1.3m B "Rb(p,xn) 50 MFA A=Y
27n/%2Cu 9.2h/9.7m B* "Cu(p,xn) 30 - 20 EEESRAX—U2 Y
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PET 7u— 7 OHEESFIIBIT 5 KE RO —D &
LT TR o s 7o — 7 (1'C:20.4 4. °N:9.96
G P0:2.04 58, "F:109.8 4) % s o /NS 2
HTVAI GMPY ICHEMLL CTRESVELICAERE L, 2 L
THBREICHHAT 2L w) 2 EWdH b, [GMP (Good
Manufacturing Practices @ W) | & 1%, B3 % i 12
xh LT & 2 By & VR P B % 2R Tl IR EE
SAMCEE S NS, BEENICBWCEEM & LT
¥EZPSMRENS PET YU — 713 "FDG D& T, £
DO BEPI R B MR IS A 7 1 b a v [ B AR E
2L L CAERE SN D2 GMP OBHNIEZ T Rve L
Lt MRCEST5 L8 0w) HIZBWTIEPET 7
O—7HEEREDDY AR - REMEIRT 2
CLRWHATH Y, TDI0ZFNE DI HER SRR
Rl FEA LMD E LR D,

BT RIS BR . 2 GMP & B # o
BEZIY AN 70— T ORI SRR v Y
WHESNEETCO—EBZ M=% Vvarytu— Vi oM
WEYATFARMBELTVE Y, ZOYATFAIR, HIC
PET 7u— 7% HEIWIZAEET 57213 Tlde . 7u—
TREC B D HHRFETH B N OMEL. B
. AR, M T e A SRS O IR,
—HEBEMOEE, FIZTHETI LTV TT—D
B E T % B LA GMP TER SN A K% F
F 2 A 2 b OVERR BTN O BIfEAL 2 H08 3 2 LA
ELTWwa, MK B, LRk 50 DL L
® PET 70— 7% GMP (2 L 72418k 2 LT C
AFE S, AER 1,000 MEL RIS D R SERFIH 2412
HEINTWAD,

F72. PET 70— 7R 0 X 512 BE A1
Wk LB —2Y472 ) OBEERE O G A
I ~A7BTTAERBBEE V) T NS, FORE
AR T 2 72D O ME R, Btk L & B IR
EEMRENG, BEFTI, BERALFRIE Y | S0BkH,

VT = BRI 72 AR Y S o 4T Bl
ZERAE L. ENACIE < ERFAIH S5 20 fF DL o
PET 7u—7\3#EA LcABEEZ EL TV b, 2hb
DOFHEIZLY, (ERITEBPARETH 727U —T D HD
FHli L 72 & TIZOWTHEHAM 2 L X)L To e 1L
LA O SEBOE AT RE L 72 0 L BB B R TR
BE A O LB BRI E . B 1 S A DN A 2L —
Ty MREERFER L. 720 "FDG 120w ThH . KE
St ETHES NS FEU LoFAE, BBk
i 2 7R R L7

BT R EHEMERD DA 7 ) — = ¥ 7 RERRBR D %
BREICBU AFMICPET AN Y —NMIZHRDDODOH
D, EHMIZBWTH YA 781 F—XERRERD LG S h
LEYETHD, TD2H, 5%HPET 7 —TDH 1 5
SRALE & B IR IIE X ) — 8 ORASFRH A
RoOOLNDETFHINDL, BF—2TIE, 20X RN
DA Z ML TLRE - 0% PET 70— 7 o
ALAZTTT THAIIB 2 2 RXLE T LT & 72wy,

SEEH

D CPRCI64E 12 A 24 A EAEGEE 44 179 5« I L
OEFEFRG O BGEE PR i EE O IEE IS 2845

2) SRR, GMPHE MBI PETHE A S i .

RADIOISOTOPES (2002) , 51, 369-379.

3) Nakao R, Ito T, Yamaguchi M, Suzuki K. Improved quality
control of ["*F] FDG by HPLC with UV detection. Nuclear
Medicine and Biology (2005) , 32 (8) , 907-12.

4) Nakao R, Furutuka K, Yamaguchi M, Suzuki K. Quality
control of PET radiopharmaceuticals using HPLC with
electrochemical detection Nuclear Medicine and Biology
(2006) ,33 (3) ,441-447.

5) Nakao R, Furutuka K, Yamaguchi M, Suzuki K.
Development and Validation of a Liquid Chromatographic
Method for the Analysis of Positron Emission Tomography
Radiopharmaceuticals with Ru (bpy);*’-KMnO,
Chemiluminescence Detection. Analytical Sciences (2007) ,
23 (2) , 151-155.
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(IT) Wi ffEpT ik e 70— 785G8 - g — PETZ X R 584l

50D RICE L7200 F7Ta—T DR

BTA A =DV IR Y & — STl L — T
nT7u—THEF - 4
Hgwh R A B, R A

=492

PET % SPECT 3 IRBEN B EEKDGFFA A -V v 7
FLELTEHICRERRESFHFEINTEY ., ZhiTid
FLOAMNRG 70— T OMENLETH L, 70—
THEOBBBIZBWT, BIZHEFEZHWE LTHEIN
72HEH D L 2 OB A B RG22 L TH A
LTU—Tx MBI LR R, RrldLe s
5RO 5 T I RE > 72 e HEE2 £ E LD
D, ) = MG oms FEr 2T R v, EHICR#ELE
179 2 L CRIBEMICHBLO 51 71 — THIEICHRA TV
bo F72. TOBIETA Y ERGTHREL Tk ED
T AT B O MRS e T % & o 7o e RS B & MRS L
BB, 517 a— T RSO BER R O & HEAE L
TWwh,

RS F7O—THE%R

T ITHE, EERA DSHBMIE AT o7, O F AR
WTEFLVA) VAT I—EiEElE T -7, @ %
RIS > 2% 7 B o Rigkagile 7o — 7, @ ki
TEIREERE 70— 7, B X 0@ JEH; DNA Ak ellE 7
O — 72OV T T %0

O BFRERTEF VA AT F—EH W E T u—T

TIINA =% EDOFBAGE BT B wE A I &
bawv, a3) YO - —HETHLBANT £F IV
a) YT A7 5 —+¥ (AChE) {HMEDMK T35 2 &A%
A HMOEN T2, 20 ACKE ifED 1 Y ¥ RIZE
FAZAbIE. ATLSABA%E L 7oA ARt R Bl B X o
RFEHIZHED "CEI# MP4A % MP4P 12 X 0 V| #E4
Rl BV CERIE S, BEOHROAZL ST
BEIEH ORI E 2 EOHM B ERPESLNRT WS Y,
TAZZoMAERESE, "C EREBELTHAEORE
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A B
0COCH,
Cl 1ich,
\
B & NZ ‘ N
y W
N
N N
18FH,C
BIE TR BE T AChE BiEFT MRP
C D
(0]
H,''C
R, R, ‘ NH
W K
‘ ‘ HO N/\O
~
1? S
4CH,
OH
BIEXF R B/ZFr Redox state | FEJE DNA synthesis

HI-5-1 R FRFELBSET DT

W R BT O — T OB R T b, AU
PEEIR Lk, PRI T 505, IRICRAT L 72 B fE At
et & 3 2 AREMEICHE > TIRNICIRFES LD & v
IEBTH Y ARFHIS X0 A EE 2R R < g
ET B 720, R L% o 70— 7 & E= R
TLLENH D, £ T, MP4A %) — FIL&EW & L.
Kex e N-TFVERY V) — VT AF)ViEEfkE AChE
L OARH B 2 M IS MM & AT L. N-[VF]
fluoroethylpiperidin-4-ylmethyl acetate (X 1I-5-1, A) %
RIL7ZY, ¥7a—713, £ Y baiZs T MP4A
R MP4P & [FIFEEED MR MEE 2R L7272 T < Bl
BHETHLTFINIY VITATT—FrEatfhor X
77 —BIZ L B % 9 TRV E AChE Fek 2% L
720 SHIIA YERTOFMZ AT Ro72ET A, T b
RS G- A (145) DR~OILY Ak L MP4A X1
LEWilEZ /R L (2.7 vs. 1.0% dose/g) . $£5-% 15 550

304 J53 T R B 1 [ R 9% 5 L 72 MPAA D ILY 3AA B & O
JSHE AChE itk IC i WHIB 2 /R L7ze — 5. AL ol
W HWMANOBATIZIZIZBE SN0 5 7205, R#mo
WA & DWIEE (T, 0 T v F 204 FL604) 1F
MP4A (5 v b 60 2. ¥v 10 BEfE) & T o 720
C ORI DA & O IHEE DS AChE {6 PEMIE 125 %
LWBERYI2ZL—Ya I OREI LA E A, BT
OB IHEE NG A =5 2 ZET 52 LT, KMLAEY
(MR E AChE i1k %2 @ imillE L1325 7 u—7Th s
LR ST,

@% A PEy v 327G o R OW e 71 —7
WP b 5 v AR= 713, FERCHY R % K
PAFE L. Ak % <7 2 HRE 2 R0 HEAED BEEE O A
VINIUWHRRETH LY I TR, PR NS
AR—=FDOEDTHSPHEY 73278 (MDRI/P-gp)
DIETH Y . B L 72 M B M T~ O R AT 1348
DTH W ERALNTWE Y, 20—k, 20k
7 BB A BECAFAE S 23R ™ 5 v AR — 5 25
BHEDEREORFEAT & FLA . TEE BV TUESEA
W59 2 LIZEWERICBIT2BEEL o T2,
INLDZ M, EYPRL YT v AKR—-FREERNET
% Z L, WEHREH ORBATEOBE R HEE R A%
P BUF B ANV ORI, F 7R AR BB
BIHED L IBNOMHICKE S HFS T2 LM sh
Bo BUE, Kee RIEWMPEM L5 v AR— S HEZWET 2
BEET O — 7SR TVwEH Y, ThbDiFEA
EWXEYHER N T VAR OIETHLZ DD, K
AR E L2E, ERRANOBITED L IR
PEAMER N 7 EOFINC X ) A Lo g il E AT B
%o TIT, WAIZENS ZTMT 2720 O 72723
PEE N 5 >~ AR — % Ol F B, Metabolite Extrusion
Method (MEM) %% L7: %, RFEHOMERGEL O
B, B XOWM - BRElRIC B 2 T -7 oB)Ex

Jiikerdas] A Mm%
BERE @ )

HI-5-2: MEM7 O—7 Efé kB D E s L

O:me
() [mEE
(@F:1]:15
i e
O He & /xo8E

H1I-5-3: BABSBEEMEM 7 A—T DR RFHIEYBE

i P 5 5 RE

F¥ [l

152 B8 L O IL5-3 ICHEWE 3 % FWHEM ~ T~ R
R—FIEEOESRER ERWAEIL, BT ¥ AK—
B EMBNTERT S, wbiE7a Ty 7Dk
7 u— TN X SRR R 2 L. RN T
A U7 R O RE L 2 BT 5 2 & Tlg &
%bo LT, TOFEMEKME LT, WL 7 >~
AR=F DV EDTH S MRP (Multidrug Resistance
associated Protein) DO{GMEZHE L5 70— 7 Of
FEEEL TV D, INETOFRL OB S, 6 L%
NOTVEME LT VEFERS IV T v G E R
e, —HFIVE T CRAHRIE MRP o5
BAThsbewH)HMAEEIC, 7)) yFEfkz) — MLs
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Me LCRHili %477 5 720 BEEO 7Y ViFEAD S
6-7uau-7- [''C] xFV7FY ¥ (Tm6CP, ¥ 115-1, B)
& GSH 2 &t ) v RE R H TR ETH o 72h%, M
REV A= M TIEHER DI GSHBARIZER S,
Tm6CP OHNIZ BT 5 GSH Fa AR~ HHIEERE W T
HBHIEPIRENT, T2, B/NEE H 2k RIS
BT, Tm6CP @ GSH ¥ & f1d MRP1 % %38l L 72/)
fa~ ATP & PUBKERIZAKAE L THLD JA . Tm6CP @
GSH ¥4k MRP1 2 CTH 2 Z L AR ENTz, 4 ¥
ERIZBIT BMEHCHE VT, Tm6CP @ GSH k%
Iy MCREHRMEERSG L2825, BEEORMBITIIM
DTRV—FT, Tm6CP 24 L7286121d. Z o
REIZHR 2 I RNANBAT L. #5155 5 60 5D
VPR BEASTR BB B A L7z S0 15 50 DD
M OILF 2 RE L7 2 A, £ 80% 25 GSH #a4-1k
ELTHRICHFELTBY . 351 MRP1 FHEATH 2 7
ORR Y REHES LA, 5% 30 5 Dok
PUBCH B8 I3 A BT LRI & F A L7z, &
o025, MEM ORI X ) A > R TR
RNANEE 2R RWICRES S, TOPMABITL2
LEWHREICT ) = F T u—T7 ORI~ EDED0H %,

GBLRITIREDONE Tu—T

AL A b L 2T AN ORRALE TCIRB DN T ¥ 25
fE LEALNCE VW 2IREB L B S, TV A < —9R
RNRN—=F UV UL VoS  OMRENRE L OB 5
PHE SN TE Y, BLA ML A% X B EWE OB
. MRRELZ SO B0 LRIZH DL E 2 6N
Bo LALRAS, BILA N L A LHEBOKE-RIZH
B & 282 EOMBEN ZMETHY . 4 Y ER
BT REENRUEIIREZREINT RV, B0
e, LA ML ROIRERE O A LS
ST 7a—7 LR BEREH TR T
BiEFIc k& CHBS 2 & HIfE S b, 22T, JRiaHE
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DBEILKTH BT Fa¥y v (DHP) HALICL Y
Koy Yo a5 2 LICHEH L. REHEHR
FHPE IR IR R TR L@ e IRB 2 W L5 71 —
7L LT, ¥ DHP #FiEfkz ) — MMeah & LTaF
iz 477 -7 "o ['*C] DHP k% <~ 2 2B HIRMN
G L7zL 2h, BTOEWH»HE 1 5RICY 7 AR
it 1g 2720 $£ 5. L 72 2.84-4.22% DS BE O £:55 %2 R
L. #5830 5D — 20z R Lz —7.
ZNENOBALEKIE. FIET 5 EITRICIERTR~DHE
AR & SR L 720 T 72, DHP FHEAK O i N O Fest
RERRFERIZ. A Y E PR TBILE BV DI EE L,
NSO L5 DHP FEARIRIICH R 2 ICBAT L7
DL, BALHEEEIZHE > THALR L 2 ) NSRS 15
ZLERRBELTVD, RNT, TNHDHET F Lk
(4 115-1, C(R,=H, R,=COCH;)) %, VYL 4 YBoy T
F U CHAN GSH 2 % 598 L 72 AL BF & AL i B (2 5
L7z& A, WLERED U E o I A PR FREE 1 R AL 1 B 12
HARAERBICHML7z: COMBIEZGSHPKTT2 2L
THHENHBILA P L ZAREBIZBNT, 7TEF Ik
RIS NEFIREE L D L CMNICERT 5 2
EERRBLTWS, ShH5DZ Eh s, RHLHHIRE
PZHE D\ 7 DHP B8R0 ZHIC X ) . MANERILE T
RIEZALOE R L WESTRETH 2 2 LATR SN, F§
IARMZE TR 72 U Rk AR B X OV B R TR 0
T CTHEMLEFERELDLZEDRINTDN, Zhsoft
BT R ETOMLE S, 2 ['C] A F
MEIZ & B R SOR ISR 2 29 % 729, PET 7H—7
ELTIEEHICB T 2RO FL 2 E3EE 2 D |
BOEALICI O Tl 2R B X ORI AT OBEEE S0
TREMIEZ 1T > TV,

_— e

ONEEDNAF IR AEN & 7o —7
FRODBDOIEFFITHERNES S E LTS, EED
EEZWENRTH Y . EVEOHIW R EHH stk

WS HIZERROHEZ R E T LX) il n {7
O—7DRICLMYHATYS, ThF TIHEEES
DM E WL 2 HWT, e X2 LF YR
FEAO T O — THEFPEBHIZED SN TWD,
OHMWZERTA-0121F. F3I Vv L FABEONHHBE
2 #T DNA ~NUY A2 —T5. BN ToR# S
hEZ THCALEME TYA VT 2LENIDH L, A
. COSBERT A TREN R R, C T
BERbAEwEHEL L HIWE LT, 4-[methyl-'"'C]
thiothymidine (X 11-5-1, D) % & ONIC “C #Eak ik o &k
B X OTEBEM 7 54 2 FHI L 72 Yo MO Bk R v 72
Bath 6. AMeaide b - £ Y ¥ b oih TRE
TdH Y. EMT-6 EEBH~ ™~ 2 % 7R N5 4i 5
TId, BEALRR A~ O U BB DTSRRI IS B K3 % —
75\ FERATHAAL D S 1 IS RE DI RSB Tz F e,
DNA A BB EH ORI 512 & 0 o BHHRE A~ o Ho ik
R ICHA L ze 3512, BT O fED
KiF5H° DNA B ICiBo bh7z2 e h s, RMuAPid
MR & 3 7 9 DNA A BOG M4 O L 7= 468 2R
FILEWMTH D NS0 & ko Tz RMEAWZ B
FHENTWSE DNAAGKOH Ty —r~—h—Thb
['"®F] FLT(3'-Deoxy-3'-["*F] fluorothymidine) & J %%
LA, EEHEAD 2 DL o Ak & 5
NOREWEN 2 BN BE AR OB K 2 R0 72 Th b ol
& AMEEW D BEAFSEH O FLT & R TEEE DL
WA F Iy s Ly Y THEEOMIREEMIETE L L
ZRBELTWD,

HbUIC

INFET, ZLOGT 7= TI3ERES$ 5 8E4k
SRR ZLEEN L LTHES R TE L, 5%,
INSHICX D Er bl & S8 S, REORIZH
RO I ERGE B L ORI 5 O EHRIEEE W

57— TRHET LT TR, S HITARERSBR
BOIERERN 2 BRICO HMKT 5 70— 7 ORFEZT %)
CENEELRDTHL )0 HAGTFA A—T 2 7Hf
ROHARIIBIF2REO—>E LT, HATHrOELZD
WG TF T —T7 DT 4771 — (http : /lwww.
nirs.go.jp/news/invitation/mic/pdf/probes.pdf ) @
BEROO, HAZBEM7T0— 725 08R, R, %
L&D, FoMAOHME LM Tu—T %
PHFE L. HhA RAEED ORHAREMICHM L TV & 2w
EEZTW5,

BEXM

1) Irie T., Fukushi K., Akimoto Y., Tamagami H.,
Nozaki T. : Nucl. Med. Biol., 21, 801-808 (1994)

2) Shinotoh H., Fukushi K., Nagatsuka S., Irie T. :
Curr. Pharm. Des., 10, 1505-1517 (2004)

3) Kikuchi T., Zhang M.-R., Ikota N., Fukushi K.,
Okamura T., Suzuki K., Arano Y., Irie T. : J. Med.
Chem., 48, 2577-2583 (2005)

4) Morimoto K., Nakakariya M., Shirasaka Y.,
Kakinuma C., Fujita T., Tamai I., Ogihara T. :
Drug Metab. Dispos., 16 (2007) (Epub ahead of
print)

5) Sharma V. : Bioconjug. Chem., 15, 1464-1474
(2004)

6) Okamura T., Kikuchi T., Fukushi K., Arano Y.,
Irie T.: Bioorg. Med. Chem., 15, 3127-3133
(2007)

7) Okamura T, Kikuchi T, Nagamine A, Fukushi
K, Sekine T, Arano Y, Irie T. : Free Radic. Biol.
Med., 38, 1197-1205 (2005)

8) Toyohara J., Kumata K., Fukushi K., Irie T.,
Suzuki K. : J. Nucl. Med., 47, 1717-1722, (2006)
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() MRIE=IVFEFTNARA—=T VT

1.MRI \2XB%5F A4 A=V 7 DHfgEH)n)

DA A=V 7Ry & —  EunEkRERIIZE s L —

Al 27 AR F — 4 F—L) =4 —
HA PG

oI

e LB W {5 (Magnetic Resonance Imaging: MRI) i,
EEERATRRL, bW BkETO [HEHR] 2MHL 2w
AR TH B LA LD S, BUHES [Radio-logy ]
%, TOEIRTH 5 radio- ([ MG [E#H] %
IR B HHEE) -logy ([ 2R, &, %% ] 2 EKY
LEREE OGME %L, radio- . WEMH SR
BEFD [HH] 720 Th RBEBOBRE % < Rk
B - ARAMRE - TTBDGH - SRAMRR - XM - A <R b
HoOOLEMBOEFCHPEENS L LFIFERT
5L bHKZNL LRz, MR, K128
KEHETA (H) ORAY Y3, BT Y+ Ek
Bolf O BRI IRITC & - CTHBH L 27 &R 2 TRl
GELHEL, EETIE, BUTRBHERRICBT 2 £% s
WA - BWEO—> & LTER L. ATk, Hikh
MRIDVAEMEFEE G L LI A A=Y Y ZHfRICE
DL BRI TIEFRELI N TINE Tl E [
I oWfgeEn g F Lo, FRkEREZELZV,

ZhETORMRER

EWEANRIZBE VT, MRA X — T ¥ 7 H5ilt ik
$ % LT o 1970 4012, MR A7 b2 a2 ¥ —ik
(Nuclear Magnetic Resonance: NMR & % \» & Magnetic
Resonance Spectroscopy ; MRS) 12 & » T, A4 & 72
fa Mk, & 5 VIZEALRN (in vivo) TOWZEDTTH
. Damadian 1 1971 SFORE T, FEEIZBITHKD
AR (T, BLOT, PNEFEMAKEIDIEVWHE SR
RL72". 1972 40 Lauterbur 12 & 2 4 A=Y ¥ ik
(Zeugmatography) O BHIZELIRE Y. G-I W 5§ & L
TR L. TOIFREN, HHEORmVa Y T AT,
BLUOBWEMSMEE L o 2252 5 80 EMRITIXER
IRZWICEBHITFIHEND LD b, 20K, EWE

MEH#REE Vol.50 No.12 2007

FINKERBBEG 227 T ) r—a vk LT, 1990
SEO/NIE 512 X A% #E MRI (functional MRI) @
B, WL < 1990 4E0 Moseley & (2 X % ik 1 Ifi i 7%
OFFEYZALOBRM (5T MRD ¥, 1992 4 Detre
I 2 A Y VEEERIC & B E Y 72 &0 90 4EAR
13 MRI AYHERBERE % 57l 3 2 BB MRk & L TREL
720 T 5 NMR/MRI OF¢fE X, O RS, @750
ZRFN RN ORSE. @ ERT TV r—ar, ©3
EEVBEDLE 575D THY, £ LTWHY: - b -
T - YRS OIS OFMEH S AR E IS L T
E7AERTHL, 2F D, MRI OBEZD L DS, 5
SHORMEIE LIRS LS -72 b E5A5E59,

RIEDMAE R

2000 fERIRIC [T A A=Y V7] vy SR
AL L72e SOFEICE, A R ERRLMRDSHEIE
T 2505 KEGT A4 A=Y ¥ %4 (The Society for
Molecular Imaging ; SMI) Tld. [JEFHIZB W T, iy
BILOGTLRVTO in vivo I2BIT 54PN 70 &
AR LEHI] & LTw 5 X912, OIS
B R T AR T b 0Tl A <, B e ik
ERTHMETHLLEER D, COMRIX. HRE [Hll-
B THRRE BRI in vivo TEHIT 572012, FE
ZRIIBZV] LV BEENTE (RVFEF)TA) I
X Aifge &R ¢, PET. MRI, AANA 2=V v 7,

Tkl BT O REOMLEE L LRI, e
IZTIEH 505, BEFEICL AWM REREGEBEORED
#ERLTE 7. MRILIZ, €9 L2#EHEIL, &vze
53 RE C ORI TS HG IEER - KGFIE - ~NES
O v RH - HAERHER R S o BRIz <.
TRMIIE, BEEEACHBENIEOREICI Y, &
DI TR CERERSRBETE L L9124 5
tEzbh5,

= FFA A=Y VT RRFBIBRL G A, (£
ENIZ BT M - 0 FREICHERY 20 v F
%5759, MRLIZ. b & X0 KGT% KWL 7R
THHI NS, [MRI BETHFTA AV T TH
51 L) fiamdd b ERICIEL S FAET B KST
DIES & HAICHRIL LT, SN L v ) MLE
JIZ7% %0 MRI BED G T A A=Y v F @Y %
B, e - 5 FFRCHE/RLEVES %
WD R 22 | HAHwviE, THEoMIE - 513
FUIBRT 2B 52 VIR R W LTI 3225 ?
EVIHIEREZTHILEDNDH ), TOFERELTHELZD
. 1) EEAIBSE. 2) S8 MRI L1b5 Y7 b A X —
Y7 (CSD. 3)FBLatl F LR WA FLE ORI, %
ThO., INOITWEHE, HIEE - w8 E
BRAFERT 5, 4)EERTE - LR, EPATLTRE
SHBLLEDND B,

1) 3EEAIATE

HRHNC L 2 MRI 50 F A A=Y ¥ 7 & LT, BIRER
THEAMLEN TV L FTHEO—DI2, HHE IRk
T (Super-paramagnetic iron oxide ; SPIO) 12 & 4 ffilig
Wk R Wz, BRBOMLEN2SH 5. BRLEkE
T T M LD b, T, BXO T M L 28R
RPPFIND, Wb L BEHELH & L TENERY
REEZFF o THBY. 80 A LHEESY v 7 ~OER L
EDVREALNTELA, BE L0 BRI R E
HWE ORI, S THH Ty FU v —RER
THEBANCTH X7 ¥ =12 X RN ALEORSE %
LREZBEEDGDHY O SHIIETY AL B H—
MR IO W T G S h 2 Y Zh o MILskmok T
&% [THileA X =2 7] &, fRis#iiase ES fil
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Ra I RHIRAFEAE L 72 BRALERBR 712 & o TA L 5 Ml

e, VRIS 2 & 22 R AN I — PR O O IR O k)
7 & FRTRERED D B,

=i BEEOEEA BIZET ) =T A< v
Y E) E, BN Z RSB T IS X Vb
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FEN D MR MEELFIILCHEHIN TS, 720
WHIZ Db OIIEHERETE IR v b oo, I M O 8%
FEe LT, MR T2 2 e 0, MBS IS L
TENZZMIEDZELTE) . Shid—MoMii - 5+
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HMRERNE 2 SO L CTREE AR AL T 28 L Wikadiis
FoTWwb, BIRTIE, in vitro 12X 2FEBEPKETH
LA, BEF. ANV L - A VPR, pH SR
L CEEARDPBI I N EEAFHIE SN, S5
12, SRR Z2 PR T F R R ETBIL. JFED
FIUNRTIEMESELRABINE B0 L, AR
b2 AL 728 LW g RIS S BRI IZ D S Tw
bo T2, WRICEEHTEZwdboD, =¥ 7> - 4
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AN E T L EVIWHEFH L7z~ v 7 V& MRI
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3. HWWEYED PARACEST %4 ¥) 2B sShTws Y,
BEMICBWTATHTH L7290, invivo IZBIT %8
HIERZHBER ETHEH, FELLTEIHETH 5,
'H-NMR Tl KGTFOHICRL L5 TITRE-> TV D
Bt T OALERE A UIHERE I IRAE L. Z 0L
SEESNZY AT T M L2 TS bV T ).
ZOY7 b L72IEERO MR 55 %, faflH RF 7SV 2
ZRET L2 TRl s L., /LRI LY KRGT
DEFB|RT T2 (LB H (magnetization transfer)
& HWIZEMBE (saturation transfer)), Z DG,
HiH OBRALERR 7 R =7 & & v o 725000 7 iR AT S o
BRI R AR FOEEAI TR, BEOMENIKETECH
2K 2 VIR 2 5%, Eu''. Tm*, Dy, Yb' 7%
EORBEAA Y, 2—a ¥ A (Bu). »D5VIET Y
FU == RYRTF FEOYEIE, XD /NS @tz
Ft. & 08y i BN TR & RO L 7o R LA B
MROBMEZWREE T2, ZOFHEE FEsy 370
SFERE L7, BOBEKRTO [MR 43FA A=
T BB EOTHREDD . BWHO Y LNy HICH
L7 [77—MRI] &) FED, invitro 125V T
WEINLLE, SHROVLRIHENMNFEINS,

2) ZHMMRI &L= 7EMRS 4 A= 07

BUE. MRI ORI S aBfd 'H (Fa b y)
THY. AERNTIREICKE LTHEAET 5. MRI Tl
ZHPIMZ P P, PC, 0, PNa & &4 K o OR S
PRI EETH 5. TN OO, EERTORREA
BPWO THLWHPEETH Y, FRETOENE R
Hohbzo, @HO 'H-MRI L ERfdbED I LT,
FOVHEEOE [HTF A4 A=Y ZIETHEETDH 5,
W2 NMR TH RS S hT& 72 "F i, 1984
4E |2 Griffiths 5 W% F — 212 & - T in vivo THiHE
H DACHBIEE Y %I TIE amyloid beta 75 — 7 O
7 % Apoptosis ~NOEKICHHEN LR E, 4 X —
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Introduction

The pithy and concise definition: “Molecular
Imaging Techniques directly or indirectly monitor and
record the spatio-temporal distribution of molecular
or cellular processes for biochemical, biological,
diagnostic, or therapeutic applications.” was addressed
by the Radiological Society of North America and the

society of Nuclear Medicine summit in 2005.

Imaging strategies in molecular imaging

Molecular imaging is dynamically progressing by
adopting state-of-the-art molecular, cellular biology
and imaging techniques. The most accustomed imaging
strategies in molecular imaging are direct, indirect and
surrogate imaging. Direct imaging strategy is based on
the imaging of the specific target directly, usually with a
target-specific probe or contrast agent, whereas indirect

imaging strategy is based on a bit intricate concept.

What is a reporter gene imaging?

Interesting and current trend of indirect imaging
strategy is reporter imaging which involves coupling of a
reporter gene with complementary reporter probe which
may be radiolabeled, paramagnetic or fluorescent in
nature. Imaging the level of reporter gene product activity
through probe accumulation provides indirect information
that reflects the level of reporter gene expression and
the level of endogenous signaling/transcription factors if
reporter gene is driven and modulated by the particular
transcriptional control elements/promoters that respond

to endogenous transcription factors and transcription-

regulating complexes. Besides this inducible reporter
gene system, constitutively expressed reporter gene
system is more frequently used to track the gene therapy
vectors and transduced cells. Generally, almost all
current reporter gene imaging application need initial
transferring of engineered construct containing reporter
gene of choice to cell, or generation of transgenic

reporter animal model.

Engineering of reporter gene construct

Depending on various purposes of studies in in
vitro as well as in vivo, and in transgenic animals, many
reporter gene systems have been developed by cloning
into appropriate transcriptional control elements/
promoter or engineering into fusion gene constructs. A
variety of transcriptional control elements/promoters can
be coupled to reporter genes, target genes, or various
combinations of reporter genes or target genes either
in the different or same vector regarding to the aim
of investigation. List of the applicable transcriptional
control elements/promoters is shown in Table.l and
the various approaches used to link target genes (gene
of interest, therapeutic gene) and reporter genes are
summarized in Fig.1. The established reporter gene
systems can be applied to monitor transgene expression
non-invasively, to interrogate the efficiency of gene
therapy, to assess cellular signaling, cell physiology, cell
differentiation, cell trafficking, and specific metabolic
activity, to evaluate the changes in the microenviroment
and to observe the developmental process. Non-invasive
imaging of reporter gene expression using different
imaging modalities is increasing its role as biosensor for

the in vivo assessment of specific molecular processes
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Table.1. List of the applicable transcriptional control elements/promoters

1. Constitutive promoters

Viral promoters - Human cytomegalovirus (CMV), Simian virus 40, Rous sarcoma virus, Moloney murine leukemia virus,

1.1,
1.2. Mammalian promoters- Elongation factor-1a (EF-1a)
1.3. Other promoters - Ubiquitin C gene, Chicken B-actin gene, Murine albumin gene

2. Conditional promoters
(Inducible)

2.1. Hypoxia response element which responds to changes in oxygen concentration

2.2. Glucose-regulated protein 78 which responds to glucose starvation

2.3. Inducible isoform of nitric oxide synthase (i-NOS) promoter which responds to endotoxins and cytokines
2.4. Tetracycline response element which responds to doxycycline administration

2.5. P21 promoter which responds to radiation

2.6. Heat-shock promoter (hsp70) which response to temperature

3. Tumor specific
promoters

3.1. a-fetoprotein promoter for liver cancer

3.2. Calbindin-D9K gene promoter for lung cancer

3.3. Cyclo-oxygenase-2 promoter for gastrointestinal cancer

3.4. Prolactin promoter for pituitary tumor

3.5. Prostate-specific antigen promoter for prostate cancer

3.6. Osteocalcin 2 promoter for osteosarcoma

3.7 Propiomelanocortin promoter for pituitary cell cancer

3.8 VEGF promoter for tumor-directed neo-angiogenesis

3.9. Human telomerase reserse transcription gene (hnTERT) core promoter for various tumors

4. Tissue specific
promoters

4.1. Filensin gene promoter for lens cell expression ,

4.2. Dendritic cell specific promoter (Ductin -2 gene) for Langerhan cell expression

4.3. Murine whey acidic protein promoter (a-lactalbumin and whey acidic genes) for breast cell expression
4.4. Chimeric smooth muscle specific promoter (creatine kinase) for muscle cell expression

[P] Promoter I Target gene

Fig.1.Different approaches to link a target gene
(gene of interest, therapeutic) and a reporter gene

I Reporter gene

1.IRES Based Approach

2.Fusion Gene Approach

3.Dual Promoter Approach

4.Co-Adminstration Approach

5.Bi-Directional Transcriptional
Approach
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such as transcriptional regulation, signal transduction,
protein-protein interactions, oncogenic transformation
and also for pharmacodynamic, pharmacokinetic and

toxicity analyses.

Modality-specific reporter gene

Various modality-specific reporter genes have been
demonstrated with corresponding different types of
imaging modalities such as radionuclide, magnetic
resonance imaging (MRI) and optical imaging to discover

the many molecular and cellular events.

1. Reporter gene for radionuclide imaging

In radionuclide reporter gene imaging, reporter genes
transferred into cell encode for a protein that retains a
complementary reporter probe of a positron or single-
photon emitter, and thus expression of the reporter genes
can be imaged in vivo with positron emission tomography
(PET) or single-photon emission computed tomography
(SPECT). Three types of nuclear reporter gene are named
as enzyme based, receptor based and transporter based
according to their functional character. Suitable and
validated several radiolabelled reporter probes for each

reporter gene are summarized in Table.2.

'Table.2. Nuclear reporter genes and complementary reporter probes for radionuclide imaging

Type of reporter Reporter gene Rdiolabelled reporter probe (PET, SPECT)

['“C/™1/124/1%1/ IFIAU, [''C/M“C/°FIFMAU, ["*F/"°BrIFBAU, ['°FIFCAU, [°HIFEAU, [°H/'"*FIFFAU,
HSV1-tk ['*FIFFEAU, ['*FIFPAU, ['*FIFBrVAU, ["°FIFTMAU, ['*°I/"*I]FIRU, ['*°1/'*°1/"*"1IVFRU, [
['*FIFUdR, [*H]TdR, [°H]ACV, [*H/"*C]GCV, ["*FIFGCYV, [*HIPCV, ['°FIFPCV, ['*FIFHPG, ['°FIFHBG, [''C]ABE

125

°11IVDU, [PH]IUdR,

Enzyme based HSV1-sr39tk ["*CIFIAU, [PHIPCV, ['®F]IFPCV, ['°FIFHBG
character hTK2 ['2*1] FIAU, ['®F]FIAU, or ["®F]FEAU
CD ["®F]fluorocytosine
XPRT ["“C]xanthine
LacZ ['**1IPETG
D2R ['|FIFESP, [*H]spiperone, ['**l]iodobenzamine, [''Clisoremoxipride (FLB457)
SSTr2 8F/%Cu/®"Ga/®®Gas/®Y /" In/"#l-octreotide, **"Tc-depreotide (P829), *"Tc-vapreotide (RC160), **"Tc-P2045,
Receptor based 9m"Tc-sandostatin, **"Tc-demotate 1, '''In-pentetreotide
character
hERL ['®F]estradiol (FES)
GRPr ['*1]-Tyr4-bombesin, ['*°I]-mIP-bombesin
NIS w',):;lv w;" m’l, w:ulv SMHTCO,‘ ; "“Br
Transporter based NET ["*'1]MIBG, [''C] m-hydroxyephedrine (mHED)
character ’ v vep
DAT %"Tc-TRODAT-1

'Table.2 - Mainly based on the product of Dr. Inubushi (2007, Eur J Nucl Med Imaging.)

FIAU 2’-fluoro-2’-deoxy-1-B-D-arabinofuranosyl-5-iodouracil, FMAU 1-(2’-fluoro-2’-deoxy-D-arabinofuranosyl)-5-methyluracil, FBAU 2’-deoxy-2’-fluoro-
5-bromo-1-B-D-arabinofuranosyluracil, FCAU 2’-deoxy-2’-fluoro-5-chloro-1-B-D-arabinofuranosyl-uracil, FEAU 2’-fluoro-2’-deoxyarabinofuranosyl-5-
ethyluracil, FFAU 2’-deoxy-2’-fluoro-5-fluoro-1-B8-D-arabinofuranosyluracil, FFEAU 2’-fluoro-2’-deoxy-1-B-D-arabinofuranosyl-5-(2-fluoroethyl)-uracil,
FPAU 2’-fluoro-2’-deoxy-5-propyl-1-B8-D-arabinofuranosyluracil, FBrVAU 2’-fluoro-2’-deoxy-5-bromovinyl-1-8-D-arabinofuranosyluracil, FTMAU 2’
-fluoro-2’-deoxy-5-trifluoromethyl-1-8-D-arabinofuranosyluracil, FIRU 1-(2-fluoro-2-deoxy-D-ribofuranosyl)-5-iodouracil, IVFRU (E)-5-(2-iodovinyl)-2’
-fluoro-2’-deoxyuridine, IVDU (E)-5-(2-iodovinyl)-2’-deoxyuridine, IUdR 5-iodo-2’-deoxyuridine, FUdR 5-fluoro-2’-deoxyuridine, TdR thymidine, ACV
acyclovir, GCV ganciclovir, FGCV 8-fluoroganciclovir, PCV penciclovir, FPCV 8-fluoropenciclovir, FHPG 9-[(3-fluoro-1-hydroxy-2-propoxy)methyl]-
guanine, FHBG 9-(4-fluoro-3-hydroxy-methyl-butyl)guanine, ABE 2-amino-6-(4-methoxyphenyl-thio)-9-[2-(phosphonomethoxy)ethyl]purine bis(2,2,2-
trifluoroethyl) ester, PETG phenylethyl-B-D-thiogalactopyranoside, FESP fluoroethylspiperone, FES fluoro-oestradiol, MIBG metaiodobenzylguanidine,

mHED meta-hydroxyephedrine

MEHERIZE  Vol.50 No.12 2007

anssi |ejoadg

yoJleasal Buibewi Jejndsjow Jo spual]

33



A

THEORFGN U —%AND

34

1-1. Nuclear reporter genes with enzyme based
character

Genes encoding the enzymes that mediate probe
trapping mechanisms (eg. phosphorylation, deamination)
are most widely used reporter genes. Wild type herpes
simplex virus type 1 thymidine kinase (HSV1-tk) and
mutant HSV1-sr39tk with higher gene expression
sensitivity has been actively studied and they are ongoing
initial clinical application. Owing to a pro-drug activation
of HSV1-tk gene in combination with ganciclovir (GCV)
cancer treatment, it has been used as a therapeutic gene
and reporter gene as well in clinical setting. Recently,
tuncated version of human mitochondrial thymidine
kinase type 2 (hTK2) is being much interested due to its
non-immunogenic potential in human subjects. Other
enzyme based reporter genes are cytosine deaminase
(CD), xanthine phosphoribosyl transferase (XPRT) and

LacZ gene which codes f -galactosidase.

1-2. Nuclear reporter genes with receptor based character

Some reporter genes encoding the receptor protein
will lead to binding of ligand based probe. Dopamine
receptor type 2(D2R), mutant variant D2R80A,
Somatostatin receptor subtype-2 (SSTr2), human
estrogen receptor ligand (hERL) binding domain and
gastrin releasing peptide receptor (GRPr) are well known
receptor mediated reporters. Human SSTr2 has also been

suggested as a potential reporter gene for human studies.

1-3. Nuclear reporter genes with transporter based character

Some genes encoding a transporter protein that
specifically incorporated a labelled probe into the cell can
also be used as reporter gene. Sodium/iodide symporter

(NIS) is the most successfully used transporter mediated

MEH#REE Vol.50 No.12 2007

reporter gene and human origin sodium/iodide symporter
(hNIS) is likely to become a main reporter gene in human
studies in future. Norepinephrine transporter (NET)
has been used as a reporter gene for liver metastasis in
animal model and dopamine transporter (DAT) is also
successfully imaged as a reporter gene by using SPECT

camera.

2. Reporter gene for optical imaging

Optical imaging is comprehensive photon-based
imaging modality and tomographic reconstruction will
need to be performed. There are two different types of

optical reporter gene.

2-1. Bioluminescence-based reporter genes

Reporter genes for bioluminescence imaging studies
encode enzymes that interact with a specific substrate
(eg. D-luciferin, Coelenterazine) and generate photons
in proportion to the amount of reporter gene and reporter
product expression. A great variety of luciferases such
as firefly luciferase, renilla luciferase, red and green
luciferases from the click beetle are extensively studied.
Numerous luciferase-based optical imaging studies have
been published and focused primarily on tracking the
movements of mammalian cells, prokayotes, virus, gene

therapy, drug therapy and tumor growth and metastasis.

2-2. Fluorescence-based reporter genes
Fluorescence-based reporter imaging system widely
used in in vitro and embryogenic studies is becoming
more widely applied in small animal imaging. It has
the advantage of not requiring a substrate to produce
stable fluorescent light emission, but autofluorescence

of surrounding background tissues is a bit problem.

Nevertheless, using selective filters or the application of
spectral unmixing analysis can significantly circumvent
the undesired contribution of autofluorescence to the
acquired images. Green fluorescent protein (GFP),
Enhanced GFP (eGFP) and Red fluorescent protein
(RFP) are well known reporter proteins and permit direct
visualization when they express. GFP-based optical
tracking of tumor growth and metastatic processs in

mouse model has been well investigated.

3. Reporter genes for MRI

3-1. MRI reporter gene basing enzymatic reaction
Like as genetic encoding reporter systems of
other imaging modalities, some MRI reporter genes
function via enzymatic reaction. f-galactosidase is a
good example showing its expression cleaved off the
galactose group of gadolinium-based substrate (contrast
agent) and lead to an increase water (proton) diffusion,
resulting inner sphere relaxation enhancement and
increased contrast in MRI. Another enzymatic approach
is cleavage of functional groups that have high affinity
to a larger protein, by which paramagnetic contrast
agent binding to protein (serum albumin) is increased
up and significant relaxation enhancement is obtained.
Human carboxypeptidase B is already observed for
this mechanism. Matrix metalloproteinase (MMP-2) is
another reporter enzyme which has property to activate

the MRI or optical probe.

3-2. MRI reporter genes basing iron-binding
metalloproteins

Endogenous or exogenous iron has paramagnetism
and its cellular presence is a one of the key elements

in MR signal enhancement. Thus, iron metabolism

regulator, transferrin receptor (TfR) and iron-binding
metalloproteins namely ferritin, tyrosine are considered
as potential MRI reporters. When iron-loaded transferrin
protein (Tf) binds to TfR, the receptor internalizes
rapidly and TfR-Tf complex dissociates in endosome and
the iron is released. Overexpression of the transferrin
receptor (TfR) and increased iron accumulation is one
of potential way to generate contrast. Although native
ferritin is predominantly antiferromagentic protein,
net magnetic moment of Fe spin in ferritin could make
MR contrast. Magnetoferritin molecules constructed by
replacing native iron oxyhydroxide core of ferritin with
superpraparamagnetic core could provide more efficient
contrast. Tyrosinase involved in synthesis of melanin
which has a high affinity for iron and its potential as MRI

reporter has also been reported.

3-3. MRI Reporter gene basing engineered surface
receptors or surface antigen

Alternatively, the MRI reporter gene product can
be a cell surface receptor or surface antigen that
binds the novel ligand-probe conjugated to crystalline
iron oxide nanoparticles or antibody conjugated
to superparamagenatic iron oxides. Human TfR is
an example for receptor based MRI reporter and
magnetoimmunodetection of inflammatory adhesion

molecule (ICAM-1) gene is also observed with MRI.

3-4. Reporter gene for MR spectroscopy

With the ability of MR spectroscopy (MRS) to
distinguish signal from chemically distinct compounds,
some reporter genes has been applied to MRS. As one
such example, pro-drug activation of cytosine deaminase

could be observed by detection of change in '"F NMR
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“Table.3. Overview comparison (characteristics, advantage and limitations) between different imaging modalities applicable to
reporter gene imaging

Imaging Sensitivity' Specificity? | Spatial Temporal Depth Tomographic | Signal Transabllity | Cost
modality resolution resolution limitation Reconstruct- | Quanti- into clinics
tion fication

Radionuclide +++ +++ ++ ++ +++ ++ ++ +++ ++++
imaging 10""~10"? High 1~2 mm 10 Seconds~ | No limit Yes Good Yes Expensive
(PET) mole/L Minutes
Radionuclide +++ +++ ++ ++ +++ ++ ++ +++ +++
imaging 107°~10"" High 1~2 mm Minutes No limit Yes Good Yes Expensive
(SPECT) mole/L
Optical +++ +++ + +++ + + +, ++ + ++
imaging 10"°~10"" High 3~5 mm Seconds~ 1~2cm Yes (Need Fair~ Yes but Cost
(Bioluminescence) mole/L(Possibly) Minutes to improve) | Good® limited effective
Optical imaging ++ ++ + +++ + + +, ++ + +,++
(Fluorescence) 10°710"2 Moderate 2~3 mm Seconds~ <1 cm Yes (Need Fair~ Yes but Cost

mole/L (likely) Minutes to improve) | Good® limited effective
Magnetic + + +++ + +++ +++ ++ +++ ++++
resonance 10°~10° Low 25~ Minutes~ No limit Yes Good Yes Expensive
imaging mole/L 100um Hours

'Sensitivity -Least detectable probe concentration when it is present, relative to background
2Specificity -Distinction of specific interaction from background

SFair~Good - Better quantification is expected in tomographic system

“Table.3 - Mainly based on the product of Dr. Massoud (2003, Genes Dev.)

Table.4. Multi-modality reporter genes already published in literature

Modality Reporter gene combination Compatible imaging
Dual HSV1-tk, GFP PET/ Fluorescence
Mutant HSV1-sr39tk, GFP PET/ Fluorescence
Mutant HSV1-sr39tk, Firefly luciferase (FLuc) PET/ Bioluminescence
Cytosine deaminase (CD), Luciferase (Luc) PET/ Bioluminescence
Xanthine phosphoribosyltransferase (XPRT), Discosoma RFP (DsRed) PET/ Fluorescence
Mutant D2R80A, Firefly luciferase (FLuc) PET/ Bioluminescence
hNIS, eGFP PET/ Fluorescence
hNIS, Mutant D2R80A PET/ PET
hNIS, HSV1-tk PET/ PET
Murine ferritin heavy chain (FHC), eGFP MRI/ Fluorescence
hNET, GFP SPECT/ Fluorescence
Triple HSV1-tk, Renilla luciferase (RL), Monomeric RFP (mRFB), PET/ Bioluminescence/ Fluorescence

HSV1-tk, Mutant Firefly luciferase (mFLuc), Monomeric RFP (mRFB)

PET/ Bioluminescence/ Fluorescence

Delta45HSV1-tk, GFP, Luciferase (Luc)

PET/ Fluorescence/ Bioluminescence

Mutant HSV1-tk, Firefly luciferase (FLuc), Monster GFP (mGFB)

PET/ Bioluminescence/ Fluorescence

Turnated TK, Renilla luciferase (RL), Monomeric RFP (mRFB)

PET/ Bioluminescence/ Fluorescence

MEH#REE Vol.50 No.12 2007

spectra. With the same concept, the biochemical changes
at molecular level modulated by enzymes such as uracil
phosphoribosyl transferase (UPRT), f-galactosidase,
Creatine kinase (CK) and Arginine Kinase (AK) could be
monitored in ’F NMR or *'P NMR spectra.

Multi-modality endeavor

Nowadays, reporter imaging is progressively expanding
in multi-modality endeavor. Different imaging modalities
have different advantages and shortcomings regarding
to sensitivity, resolution, tomographic reconstruction,
signal quantification, translatability into clinics and etc.
(Table.3) Multimodal imaging protocols could overcome
limitations of single imaging modality and provide
a thorough view and more information of specific
processes, often allowing a quantitative measurement
and direct and real time visualization of the process in
a specific target organ or tissue. Together with the rapid
accelerating research in development of next generation
multimodality imaging tools and novel reporter probes
for multi-modality imaging purpose (eg. Liposome-
nanoparticle hybrids) the construction of novel multi-
modality reporter gene, validation and their application in
incorporated research become essential. Many research
groups have reported the construction and testing of
several dual or triple-modality reporters constructs
compatible to be monitored with bioluminescence,
fluorescence, PET and MRI also. Multi-modality reporter
genes already published in literature are summarized in

Table 4.

Our research in MIC

Molecular Imaging Center at the NIRS provides
excellent facilities, equipments, support systems, and
environment to conduct the wide range of researches
including reporter imaging arena. Various imaging
tools such as Micro PET, Micro PET/CT, clinical PET
and SPECT clinical and small animal MRI and optical
imaging systems are already set up.

Taking these advantages, we previously challenged the
PET reporter method using the D2R gene as a reporter
gene and [''C]FLB 457 as a reporter probe. By using
tetracycline inducible tumour cell line (Hela-Tet-on) and
constructed vector (pTRE2hyg/D2R), we also studied
the pharmacological inducibility of reporter gene in vivo
and examined the correlation between PET image signal
intensity versus the fraction of cancer cells showing
reporter transgene expression. Subcutaneous inoculation
of mixed cells population (containing null vector
transfected cell and D2R transduced cells in appropriate
ratio) provided variety of xenograft tumors with different
D2R expressed cell fraction (100%, 50%, 25%, 0%). We
could prove the evidence that the intratumoral amount
(percentage) of cells having specific reporter transgene
expression is strongly associated with the image signal
intensity seen on PET, and feasibility to evaluate the
expression regulated by externally, in the serial repetitive
scan. (Fig .2)

Currently, we are on the way to produce new and
novel dural-modality reporter gene harboring a reporter
gene encoding the red fluorescence protein (DsRed),
and human ferritin heavy chain (FHC); a MRI reporter

gene. Almost rare combination of two genes; one for
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Fig.2. Sequential PET images of xenograft tumors in nude rat after injection of ['""C]FLB 457. Four tumors containing various amounts of
D2R(+) cells were subcutaneously inoculated in the neck and shoulder as shown in the photo. The location of the tumors were indicated
by the arrows and shown with labels indicating the percentage of D2R(+) cells present at the time of inoculation. The lines indicate the
approximate section levels seen in the transaxial PET images. Transaxial PET images through the tumors are shown, color-coded and scaled
to the level of radioactivity accumulation (%ID/ml/min). (A) A 1% session control scan was performed at day 7. All tumors in the image
except 100% D2R(+) cells fraction tumor revealed no significant D2R expression (upper row). (B) After 3 days of doxycycline administration
in the rat drinking water, a 2" scan image showed the high expression of D2R in all D2R(+) cell-containing tumors, respectively (middle row).
(C) After omitting doxycycline for the following 5 days, a 3" scan was performed. All tumors return to almost basal control levels (lower row).
(Reference 8)
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Day 7
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Day 10
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Day 15
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optical and another for MR imaging, is constructed with
bi-cistronic approach and highly expected for unique

outcome of structural and functional image of target.

Conclusion

Among the substantial potential applications of
reporter gene imaging, its roles in optimized gene
therapy, stem cells/progenitor cell research and new drug
development are extensively appreciated and highly
expected. Currently, to fulfill more efficiency, reporter
gene research is ongoing toward the construction of
single novel vectors compatible to more than one imaging
technologies. The technologies to combine the different
single imaging modalities to integrate the peculiar
vantage of each modality (Temporal resolution of optical
imaging, Spatial resolution of MRI, sensitivity of nuclear
imaging) are also improving. Taking together, in the
coming decade, multimodality reporter gene and imaging
will contribute more enormously to basic, translational

and clinical applications of a given model.
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