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—~ ~ Abstract

Tumor growth beyond the vascular oxygen supply capability could
result in hypoxic regions, the extent of which correlating with the severity
of disease, metastasis and poor response to radiotherapy. Clinically
well-developed procedures for identifying tumors with increased hypoxic
areas had been in great demands in view of appropriate therapeutic
strategies. The nonnitro-aromatic hypoxic cell marker, *™Tc-HL91, had
been evaluated for noninvasive detection of hypoxic fractions in tumors,
heart and brain, respectively. Based on their specific trapping
metabolism in cells, we developed two novel HL91-derivative analogs,
HL91-NI and HL91-ET, desire lesser hydrophilic of *™Tc-HL91. Our
results showed that the two novel HL91-derivative analogs selectively
entered hypoxic regions as their parental compound, %“™Tc-HLI1.
Relatively more hydrophobic characteristics of these two analogs could
increase the ability to pass the cell membrane phopholipid bilayers, and
provide higher utility with better biodistribution and applied in the
diagnosis of hypoxia.

The excipient of HL91-NI or HL91-ET kits were composed of
ligand, reducing agent and buffer. The radiochemical purity was verified
by Thin-layer Chromatography (TLC) and HPLC. Cellular uptake assays
of ™ Tc-HL91, *™Tc-HL91-NI and **™Tc-HL91-ET were performed in the
oxygen controlled CO, incubator to evaluate their cell retention efficiency

under various oxygen concentrations. The biodistribution of these



compounds and microSPECT/CT imaging were following the injection of
radiopharmaceuticals into the glioma-bearing nude mice, and images
were obtained at 1 to 4 hours time point after injection.

After labeling with **™Tc-pertechnetate with optimal excipient kits,
the radiochemical purity were all greater than 95% and the successively
time stability was more than 24 hours. In vitro retention study proved that
these two novel radiopharmaceuticals could selectively be trapped in
hypoxic cells and both had higher cell uptake than **™Tc-HL91. The
Tumor/Muscle ratio of at 2 hours time point of **"Tc-HL91-NI and

99MTc-HL91-ET were 3.5+0.58 and 4.2+0.67, respectively.

We conclude that novel HL91-derivative radiopharmaceuticals
have great potential in detecting malignant neoplasms in terms of
assessing tumor hypoxia. In the near future, better-designed preclinical

trials will be dedicated to evaluating all the latent applications.
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8



amine oxine) % = 3 » 4» BMS-181321 ,T%‘u%’; # PnAO #pen
nitroimidazole =i & 4= > & F1A #3240 % & 0 R SR
=& B % R e 0 target/blood & @ 0.3 > target/muscle &
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(%L ®= ) > F1* 2-nitroimidazole (NO,>NH,)
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TR EERERP
1~ 4
(1) ~ HL91474 #» (HL91-NI ~ HL91-ET) 2>+ # 3
AR E LR
(2) ~ # i 747(SnCl,2H,0) ~ NaOH ~ HCI (12N) ~
acetonitrile -~ Sodium Bicarbonate (NaHCO3) ~
Tetrahydrofuran ( THF ) ~ Sodium acetate -
n-octanol> £ p Merck= @ (& %)
(3) ~ P"TcO, 3 kD GMS2 7
(4) ~ SG-ITLC ~ IMMz_paper chromatography = 4 %]
F+ p Gelman Science ¥ Whatman = #
(5) ~ Normal saline ~ /2 6+% -k >pp 5 L £ i
(6) ~ HPLC->Controller : WATERS 6007
UV-detector : WATERS 4867
Radio-detector : PACKARD 1004
Auto sampler : WATERS 7177

(7) ~ PRP-1 column->pp Merck = &

(8) ~ 2zt & #F pe ~ 17 ik >Bioscan System 200
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Imaging scanner

(9) ~ C57BL/622 B (8~12iF ~ H & 25~302 5. ) D p
CERS E RS

(10) ~ microSPECT/CT> +% i # § #7

2~
(- ) HL91-NI ~ HLO1-ETz #:4pe > 72 3
1+ HL9L472 4 (HLOL-NIXHLOL-ET) 3% | ¥geipe = 3
!

(1)~ P~10mg:hi i & 47 (SnCly2H,0) » i *+10mL HCI

(0.1N) -

(2) + #~10mgz HL91-NI& HLO1-ET » 4c » 2mLHCI

(0.1IN) ¥ -

() mEA- 2] F oA LA EHLILNIZ
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f— ~ & 1 LA e HLIL-NIA e 4

Vial i 5. 11213

HL91-NIZz & (mg)|0.2]/0.2/0.2/0.2/0.2|0.2/0.2
MDP% # (mg) |[05|05/05/05|05|05]|0.5

(4) ~ BImLaT# 5 %2 P"TcO, 7% % (2~10mCi) iz »
#£4 HLIL-NIAHLOL-ETZ 4 it L 452 328 | 5y
(P e Zbufferx MDP ) 3 5% it 2 Lo F 18 & >
FET o Ak RI0ASAEEEHR o T B EE A
172 (ITLC) > fe £:E * 3 iRt B B 73 & (40
normal saline£2 50% acetonitrile) & & £ p| £ bt
LB SR o

2. B-90MAE 1t & do chric b (L B & & dr L B B R A 5

() pedk & (pH) : #-= 5z 2 fie > 2 Kit-] 55 12 citrate buffer
(0.1N> pH=5)- bicarbonate buffer ( 4# =% ~pH=8.2) -
phosphate buffer (0.1N > pH=8) ¥ NaOH (0.1N -~
PH=13) » A W &% ik »t 33 i 14 (citrate buffer) ~ 53 #

++ (bicarbonate buffer ~ phosphate buffer) £ 3 & 4
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(NaOH) z %5 » A1 ,T4c99mTco4';§ RO EET
F &304 48 > r2ITLCR] 3" Te-HL91-NI & *°"Tc-HL91-
2 s F o FpHE T RE e F 2 B o
(2)Radio-HPLC 4 47 : iE * reverse phasesPRP-1
column > mobile phasef|i¢ * 7 50mM sodium acetate
gt s ok (AR % ) ¥ tetrahydrofuran (THF ) (Bia 7% )
B 57 I tmitchde § o rzsyringeds B Tc-HL91-NI &
PIMTe-HLI1- ET £ 1~5u L# & (91~5uCi) i » 2 »
HPLC » »* B 4opF 2 * 100% Ajz % » ™ $- & (gradient)
B e NN 1T A 4B PR 5 100% Bia ko nid
1 mL/min e 1% HPLC 3 f247 & > 7 10 2 2 pid Ky

s taiz (ITLC) ehiEfgR o

(3) A fie * HL91-NI& HL91- ET kit® -k 2 ®™TcO, & &
T gE e e 2 Kit ] #ge ™ TeO, 73 % (10~
50mCi) 2574 > 1 ITLCiP* ™ Te-HL91-NI & **"Tc-HL91-
ETH:E4 o B K] 5153 7 7KL § 2 E R

99m - =
TcO, &35 o

3. In vitroim#z jp| &

v

(1)%2 % glioma cell line>*6 well=plate t » § wmie £ 5 4
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1*107pF » B ot (7@ 5% o

(2)4]* PROOX % B (4eBle )42 % #5355 £ (1%~

(=

5% ~ 20% ) » X {5 &1 it 7 3 glioma cell linesplate -
EN2k 2 £ tapn (4cBlT ) @ * Oxymeter

eFme R ERR O EER o ERTFY i £

gh’(

(3)t ¢ it tm e 33 & A ¥ iR 40 99100 1 Cizr*™Tc-HL91 ~
PMTC-HLOL-NI& P Tc- HL91-ET > iR £ 393 » R i{s* F
T_enpF L (15min ~ 30min ~ 1 hr ~ 2hr) » 12 pipetman
S.B-DMEM3E % AL 1 - 3¢ » A § 2 W% 1PBSj%3
= f8 0 de rtrypsing B15~204 48 0 11 #-lwre KIS &
w RIMFTT ko T BT kihmir 0 B0 T - AR
BB R A AL w2y -counters B £ B3
AAB i Vs ER R PR B3 R A
ratio o

7 ;-] W2 invivoZ 4 48 & 15 E sk

(1)#-5*10%glioma cell linert . T j3 b en= 583 » 3% &
TR IR o FEEE T 90.5~1.0cmpF o

TG T
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(2)H#F it Ak B2 » € BUZE P > d B FPR1 5 50.1~0.2 mCi

0" TC-HLOL-NI & " Tc-HLO1- ET » *t 7 e chp ¥ g

(30min ~ 1hr~2hr~4h) (n=3) I * % Jr4% 2 isofuran

B Ak B 15 > 1 5 microSPECT/CT} i (7§50 = & 14

FWERPARE 0 BN AR B SR s KRR

K. %> MR F X I8y -counters B & § Pt

R F e ek o

5. Motk § #5% ¢

1) # 4= : & * Spontaneous hypertensive rat (SHR) (20) >

£ % 320-400 5. £ -
2) FHHF
A. 2 5% halothane Jp% » 2% 14 1.0-2.5% halothane ‘&
4 Surgical anesthesia -

B. # * 3-mmtrephine # = craniectomy s 5 | # #a#s 7% >

v electrocautery in tandem 4c 1 fE R > I P e R

7B 5% mAe % o

# rat %4 5 pEts 3 -] pF > 12 0.5-1.0% halothane £ #-rat

Frfs o S 9% 1 84 " Te- HL91-NI (% 0.5mCi) >

o

30 4 45 i = SPECT i B
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1.1~

P

D. * ¥ ®igh © {I* EzScope *t* gt 7 & -
Region-of-interest(RONE> 4 47 » # ROl % > B > ¥ —

B ROI £ >4 )& # e & 7 P F & B & el oA 47 -

3
HLO1z % ) sgfie = ik 1 Bk B %

kit - e pog i FOMTCR % > & % SG-ITLC i&
Ficstit FHR A1 R TR S57 g 1 2HLI9L-NI
fie (=3 0.2mgpF > # & 1 748 (SnCl,.2H,0) £ ¢ 0y giF
i 4 3 30 L gFF o free-TCE &b > » a5 pugz S35 O
W5 Apgten s kAR RS (TCO,) Ay 47 8 3% i 4e (4 77 iF

«‘}1_117 “:é"-% » VI

Iy

B e 0 F LA A30ugiE B~ B o KE
BRI G ALHE249 0 free-TcE £ TcOyy 20 -

FE bz P kit F it A LA R
2.0 g HL91-NIfe =3+ % 0.2mg -
OMTC HLOL-NIc b 1 8 44 B A 45 & %

HLO1-NI kit 2 Te-99mik:&ts > 32 * 247 I j il
solvent (normal saline¥? 50% acetonitrile) § T& B & > &

u| %t SG-ITLCE Whatman#1 & 17 5 B 24 (7 & 47 4 4 o
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raznormal saline z solventsas 45 #7418 & 47 B (@B ) IR
solvent frontx & peakd! 3B » % 71 T & free-Tcd 3 ; 2 50%
acetonitrile 5 solventsra 47 4717 & 47 B ( B - )% >+ solvent
original 113> £ peak » %7t &3 > € (4.32% ) reduced-Tc
NI d 7 aeo OMTe-HLO1-NI s bt v & %4 & 7 12 >959;
%k P E LAF oo
1.2 pH: 1+ it e S # 2 Kit'] 5503 7 B EEE R T EFTTC
ik ZE AR NPT o pH=5PF > free-TcE + &
DI e & TcO% & 5§ pH=10p% > free-TCE 7 7
LRI ¥ raTeO,F s e g pH=8FF » free-Tc
BTCO ¥ 200 d ¥ 1 {Fars Kitfie 2 N 2 % 4o B i

@ 4 (Sodium bicarbonate ) 123 £ % s

a«r‘r
Y
T
Qi
1<

4ot TE B FE o2 R o
P B ik (pH=8.1) 2 Bk
% % =% (phosphate buffer) & » I & 7 Z 4 {&
o RRFREIEEETL I LI ER AR H
( Sodium bicarbonate ) ¥ #1222 F# -
1.3~ 32 AP"TCO A iR A 478 % @ %2 mp e e 2 Kit

)L M TeO, 3k (10~50mCi) Hikis B %
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i (20~30C) 25 A% (B )V 15

Kitph 4c » free-Tex &% & £ 1mCi~10mCi ¢

“*L—'%

HAL k2o %> e 55 R AL HB10MCi-free-TeH 4 4 o

1.4 ~ HPLC A 7% % : 4 2reverse phasesPRP-1 column -

mobile phase;z #|:% % 3 &+ 15+ * -k (2 50mM
sodium acetate ) £ 33 &+ crtetrahydrofuran (THF ) » 12
¥ & (gradient) 3 ;Nig 7 A 45 o

AHPLCHE B R (B4 ) ¥ A 8 211514 &/t -

4 & peakis f v 3t3.024 & /4R] - ] peak > BT

OMTe-HLO1-NI L 25 & > 0894 » pb & % %% SG-ITLC 4

SR SR e

W2k o ERE AR 2
SG-ITLCK 472 kit 7 EF s F 2 O T 7 1% 2
BeilAgRe s BR PRI > Q 2HPLCA 472 0 &8 37 7
2wk EREAS

in vitro fm %z & 5%

2.1 ~ #gliomacell lines % 4% % 37 C2 = § i“#s

e\
B

Y o 1% PROOX s sdrd 4 p 5 4 4

Ik
i
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196 ~59£120% » 4 » ¥4 & $0.01mCi > R & =
) T F s F R 1 e 3t ¥ cell/mediatz

R T e B
OMTC-HLIL-NIM £ B 4§ (1%0,) hime p

FER G BB himie e jz o 2 3t F 304 418 T
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]FE

Fromokm xHE A ¥ 75 E (20%0,) ek

BT rEH w3 td T AEIFEFgrcg s P

POMTC-HLO1-ET =hin vitrow #e x5 % % (4rHE

=) A% 2 M TC-HLOL-NIZE 17 » ¥ thiE e vk T
B BFFOESEF P RO A -

L& bt A B E P hin VitroRsk S %k 0 ¥

N

g1 % p g en T Te-HLOLehin Vitroz# sk 4 % i& (7
RE (el = ) 7P gy i 21%% 5 £
ATk BT 0 PMTC-HLOL-ETH £ B chim e & 3t

£ > O"™Tc-HL91-NI=t 2. » P™Te-HL91% £ ; %20

X

F FRBE T ZAES e B R LR
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PlgA B oAg o
3 invivo? ¥ 84 & T F 5%
3.1 ®™Tc-HL91-NI 9 2% & %

1487 gliomardzg ] B G d k2 8% enig jT -5 0.1
~0.2mCier®™Te-HLO1- NIiZ » /] BRE PN > 3t 7 o e
2L 12 microSPECT /CT:ie 714 8 » ¥ #-SPECT# 2 CT
FipAl* T egct e 2 m & (image fusion) (# idr Bl -
) FEInE S B R > 2% 5 9 Te-HLI1-NIs2 %4
s TAF LA RN e 2 LS AR 1N ]
TR F E e 0 Sk B EE R AE4EE (RO
P EATINTEE3S ) plicdp 7 B A B2

N
1B °

3.2 ¥"Tc-HL91-ET% =% & %

e e A8 4 gliomardg ch ) B 5d k%
# 15 #-90.1~0.2mCie " Te-HLO1-ET;x » /| BgE P > >+ 7
e epF B 2L 12 microSPECT/CT:g 713 82 » & #-SPECT® ik
BCTH & (F e+ T )10 %% R "Tc-HLIL1-ET
e BT T RO B P AT RE e S T R

¥ AR B 0k BEE R AP (ROI)
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GHEATINTEEA2 ) i r B2 3 P25 RE
POMTC-HLOL-NI % £ > » & &invitroEsk chie % > & k) B R
(L3 {RNTRArddrg & > @& Hawy o

33 WY R A ERF RS

Spontaneous hypertensive rat &34 {7
craniectomy > #3 | ¥ *u# "% > rzelectrocautery in
tandem+4c 2 FE F& > T ¥ B RPN FEH PR AR R A ERR

—_—

i1 54%°MTe- HL91-NI (40.5mCi) » 4] * EzScope:t i7 %

+\4
P

£ % > $# * Region-of-interest(ROI)# g4 47 » #-ROI
b ¥ - BROIEZHPII Ve PFERRE
g s 17 0 5 iE30) RS . H Pgttarget/background
ratiow :£2.52 (Bl-+ = ) # % Tc-99m-HL91-NIrz § +

IPET-APSEMEES 1

-~

-rl\j,

[N
I
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LG RE T RERGT FO T B RB 7 AR A2
ln\

ESL T-RUNY - NS LF: - RS Y i;};ﬁli «’T;rsfgj%@a MR AR E
F 5 2 ek § L > **Cu-ATSM (diacetyl-bis-N*-methylthio-
semicarbazone) z M ik % wmE BT EESE o B B R 5 R
P s MERPFZEPLEES > LA TREEIIN S
PMTC-HLIL 4r *F-FMISO %44 § @i l4p % - 277 J1* § 182
=™ 30 28 HL91 ¥ FMISO i ‘*1‘; v A e AT

HLOL1-NI > B % § 2% & % © ¥ 2 fshfpmE = o invitro ch 5% %

SEFFFET T UERLSE I T EFE el
i3 HLOL % % > invivo %%+ P HLOL =2 47 i » 4 §
Wiz & FrEREGY b2 F BB o

F|% 7 st BT 2 b 48 Re-188 (4 £ 2.1 MeV -

i
ot
ok

p A7 )P T UF 2 R L 4.4mm) & ATR T
HLO91-NI... & i& 7 3% » #\"*’\?‘u“"}ﬁ%} Bk S i B 548

too B e HLIL /a2 BB B FMHBITERISE  AREF ARG
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M= ~*"Tc-HL91-ET (HL91+poly-C-sidechain) 4+ . B

Bz ~ PROOX& B & 40§ # %+ AT

MTROGEN OR OXYGEN

+Tc-99m

SENSOR

Gas ¥
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HOST

25



B+ - SG-ITLCK 17 B

(mm)  (mm) (mm) Region Region % of % of
Reg Start  Stop Centroid RF Counts CPM  Total ROI
Rgn 1 13.4 42.2 26.2 0.062 15039.0 15039.0 8B.79 100.00
1 Peaks 15039.0 15039.0 88.79 100.00
1200 BN NN TN W N T TN N T T Y T T O O T T T A
1000 — ﬂ\ =
1 :
800 | ) l L
] | -
600 — [ C
_ J' \ L
400 _ } \ -
200 |
1./ C
- T T T T T T
0 100 150
Position (mm)
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Bl - ~ Whatman #1% 17 B

1‘-‘

(mm) (mm) (mm) Region Region % of % of
Reg Start  Stop Centroid RF Counts CPM Total ROI
Rgn 1 395 539 476 0345 405.0 405.0 3.81 432
Rgn 2 857 828 696 0.620 8962.0 8962.0 84.21 95.68
2 Peaks 9367.0 9367.0 88.02 100.00
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