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Engineering radiolabeled antibody fragments for enhanced tumor to kidney ratio
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The renal localization of radiolabeled antibody fragments is a limitation of
clear target imaging and radiothearpy. Herein, we describe a strategy using a 67Ga-labeling reagent for
antibody fragments that liberates 67Ga-NOTA-Methionine (NOTA-Met) by the action of renal brush border
enzymes to reduce renal radioactivity levels. A 67Ga-labeled Fab fragments of anti-c-kit IgG using this
labeling agentl resulted in significantly lower renal radioactivity levels and clearer tumor images than
those of 67Ga-labeled Fabs using conventional methods. This strategy and radiolabeling reagent would also
be applicable for engineered antibody fragments and also considerable influence on the development of new
diagnostic and therapeutic engineered antibody fragments.
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NOTA-Methionine (NOTA-Met)
p-SCN-NOTA (10 mg, 0.022 mmol)
10~100 mg/ml 0.1 M
pH 9.0
pH8~9
(4.97 mg, 0.33 mmol)

0.1N
L-methionine

RP-HPLC
(12) 2.5 mg (4.2 [Jmol, 19%)

NOTA-MVK(Bzo)

N-(Benzoyloxy)succinimide

Benzoic acid (1 g, 8.20 mmol)
N-hydroxysuccinimide (1.04 g, 9.02 mmol) 30
ml DMF
0°C 10 mL DMF
dicyclohexylcarbodiimide (1.86 g, 9.02 mmol)

12

N-(Benzoyloxy)succinimide 2.06 g

Fmoc-Lys(Bzo)-OH
N-(Benzoyloxy)succinimide (27 mg, 0.25 mmol)

dichloromethane (1 mL) milliQ (1
mL) Fmoc-Lys-OH HCI (50 mg,
0.25 mmol) (20 mg,
0.50 mmol)

24 I N

dichloromethane (5 ml X 3)

hexane: ethyl acetate : acetic acid
=1:2:0.1

Fmoc-Lys(Bzo)-OH 57 mg (0.12 mmol, 49%)

H-Met-Val-Lys(Bzo)
H-Met-Val-Lys(Bzo)
Fmoc
NOTA-MetValLys(Bzo)
p-SCN-NOTA (5.6 mg, 12.5 umol)

CI-Trt(2-Cl)Resin

10~100 mg/ml 01 M
pH 9.0 0.1 N
pH 8~9
H-Met-Val-Lys(Bzo) (4.0 mg, 8.3 umol)
RP-HPLC

NOTA-MetValLys(Bzo) 2.5 mg
(2.69 umol, 32.4%)
NOTA-MVK(Mal)
Boc-Met-Val-Lys-OH
Boc-Met-Val-Lys-OH
CI-Trt(2-Cl)Resin (195 mg, 0.313 mmol)
Fmoc
Boc-Met-Val-Lys(Mal)-OH
Boc-Met-Val-Lys-OH (6.60 mg, 13.9 [Imol)
(100
L) NMCM (3.22 mg, 20.8 [Imol)
2 5%
Chloroform (5
mL X 3)

Boc-Met-Val-Lys(Mal)-OH 7.26 mg(13.1 [mol,
94.1%)
H-Met-Val-Lys(Mal)-OH
Boc-Met-Val-Lys-OH (7.26 mg, 13.1 [Imol)
4 N HCl/ethylacetate
hexane



H-Met-Val-Lys(Mal)-OH
5.92 mg (12.1 Umol, 92.4%)

NOTA-Met-Val-Lys(Mal)-OH
H-Met-Val-Lys(Mal)-OH
10.2 [Jmol) DMF(100 (JL)
triethylamine (6 [IL) p-SCN-NOTA
(7.4 mg, 16.4 Umol)
H,0 10

(5 mg,

RP-HPLC
NOTA-Met-Val-Lys(Mal)-OH 2.8 mg (3.1 [Imol,
28.2%)
NOTA-MI-Mal
Isoleucine methyl ester
Methanol (20 mL) -15°C

thionyl chloride (2.0 mL)

10 isoleucine (1.0 g, 7.6
mmol) 6

diethylether (20 mL x 3)

(20 mL) chloroform (10 mL x 3)
Isoleucine
methyl ester 1.09 g (1.52 mmol, 98.3%)

Boc-Met-Ile-OMe

Isoleucine methyl ester (1.09 g, 7.47 mmol)
Boc-Met-OH  (1.87 g, 7.47 mmol)
1-hydroxybenzotriazole (1.11 g, 8.22 mmol)
DMF (10 mL)

WSCI HCI (1.58 g, 8.22 mmol) 10
18
ethylacetate
(10 mL x 3)
5% (10 mL x 2)

Boc-Met-Ile-OMe 2.19 g

(5.51 mmol, 73.8%)

Boc-Met-Ile-OH

Boc-Met-Ile-OMe (1.54 g, 3.88 mmol)
ethanol (40 mL) 4N

(1.8 mL) 8
10
pH 3.0

ehtylacetate (15 mL X 3)

diethylether
Boc-Met-Ile-OH 1.30 g (3.58 mmol, 92.3%)

N-Boc-ethylenediamine

Ethylenediamine (1.00 g, 16.6 mmol)

chloroform (25 mL)

chloroform (25 mL)

dicarbonate (1.82 g, 8.32 mmol)
1

di-tert-butyl
chloroform
methanol  25% =80 16 3

N-Boc-ethylenediamine
1.21 g (45.5 %)

Boc-ED-Mal
N-Boc-ethylenediamine (630 mg, 3.93 mmol)

NMCM (610 mg, 3.93 mmol)
6 5%
chloroform (5 mL x 3)

(25) 870 mg (3.625 mmol,
92.1%)
N-Maleoyl-ethylenediamine
Boc-ED-Mal (1.00 g, 4.16 mmol) 4 N
HCl/ethylacetate (15 mL) 30

diethylether (5 mL X 3 )

N-Maleoyl-ethylenediamine
(4.02 mmol, 96.7%)

Boc-Met-Ile-ED-Mal

N-Maleoyl-ethylenediamine (149 mg, 0.846
mmol) (30) (337 mg, 0.931 mmol)
NHS (107 mg, 0.931 mmol) dry THF

Triethylamine (118 pL)

711 mg

10 DCC (192 mg, 0.931 mmol)
1 18
ethylacetate
GmLx2) 5%
(5 mL x 2)

n-hexane : ethylacetate = 1 : 1

Boc-Met-Ile-ED-Mal
102 mg (0.21 mmol, 24.9%)

H,N-Met-Ile-ED-Mal
Boc-Met-Ile-ED-Mal (85 mg, 0.175 mmol) 5
mL 4 NHCI/AcOEt 30

diethyl ether (5 mL x 3)

H,N-Met-Ile-ED-Mal 50 mg (0.12
mmol, 68%)

NOTA-MI-ED-Mal

H,N-Met-Ile-ED-Mal (5.1 mg, 12.1

umol) p-SCN-NOTA (8.2mg , 18.2 umol)
DMF (100 pL) triethylamine (6
uL) 2 H,O
10 RP-HPLC

NOTA-MI-ED-Mal 2 mg (2.40 [Imol,
19.8 %)
Ga
Ga-NOTA-Met
GaCl; (1.2 mg, 6.77 [Umol) 025 M
(pH 5.5, 50 pL)
NOTA-Met (3.0 mg, 4.51 [Imol)
1 RP-HPLC
Ga-NOTA-Met 0.5 mg (0.83

[’mol, 18.5%)

Ga-NOTA-MVK(Bzo)

GaCl; (1.2 mg, 6.77 [Umol) 025 M
(pH 5.5, 50 pL)



NOTA-MVK(Bzo) (4.2 mg, 4.51 [Jmol)
1 RP-HPLC
Ga-NOTA-MVK(Bzo)

1 mg (1.0 [mol, 22.3%)

Ga-NOTA-Met Ga-NOTA-MVK

(Bzo)

GaCl; (10 uL) 025 M (pH 5.5,
10 uL) 5

NOTA-Met NOTA-MVK(Bzo) (2 X

10" M,10 uL) 60°C 1
Ga-NOTA-Met
7Ga-NOTA-MVK (Bzo)

Ga RP-HPLC
BBMVs
BBMVs  Wistar (200-250 g)
BBMVs
Ga-NOTA-MVK(Bzo)
10
mg/mL BBMVs (10
L) 37°C 10
Ga-NOTA-MVK(Bzo) ~ RP-HPLC
D-PBS (-)
7Ga-NOTA-MVK(Bzo) (10
[JL) BBMVs 37°C 2
RP-TLC EtOH 40 L

1 15,000 g

D-PBS (-) RP-HPLC
BBBVs
BBMVs (10 [IL) (5 OL)

1 mM 10 37°C
Ga-NOTA-MVK(Bzo) (5 [IL)
carboxypeptidase M MGTA
renal dipeptidase cilastatin
angiotensin-converting enzyme captpril

neutral endopeptidase

phosphoramidon
Met-Val-Lys
RP-HPLC
D-PBS (-) Ga-NOTA-MVK(Bzo0)
(20 0L) (230 uL)
37°C
3 RP-TLC
Fab
C-kit Fab

2-iminothiolane (2-1T)
Fab (1.6 mg/ml, 950]L) DMF
NOTA-MVK(mal)
NOTA-MI(mal) (1.25 pL, 50 mg/mL)
37°C 1
2 mM EDTA 0.1 M (pH
6.0) Sephadex G-50 Fine

NOTA-MVK(mal) NOTA-MI(mal)

2 mM EDTA 0.1M
(pH 6.0) iodoacetamide
(10 mg/mL) 12.5 pL
37°C 1
025M
(pH 5.5) Sephadex
G-50 Fine
Fab
DPS
Ga Fab
GaCl; (5uL) 0.25M (pH 5.5, 5
pL) 5
NOTA-MVK-Fab NOTA-MI-Fab
NOTA-Fab (10 uL) 37°C
1 20 mM EDTA
(20 L) D-PBS (-)

Sephadex G-50 Fine
7Ga-NOTA-MVK-Fab
7Ga-NOTA-MI-Fab 7Ga-NOTA-Fab
TLC CAE SE-HPLC

95%
%Ga Fab
Ga Fab (30 pL) (270
uL) 37°C 1
3 6 24 3 TLC
CAE
%Ga Fab
Ga Fab
D-PBS (-)
Fab 5 ug/100 pL Ga
Fab (0.3 uCi/100 uL/ )
10 1 3 6 24
5-3
6 24
Ga Fab D-PBS ()
Fab 5 png/100 pL
Ga Fab (6 uCi/100 uL/ )
6 0.45
um SE-HPLC
EtOH
15000 g 5
66% EtOH

100 pL (D-PBS (-) 50 pL + EtOH 50 pL)

2
EtOH
15 D-PBS (-)
RP-HPLC



SPECT/CT 3x10°
SY cells 4~5
04 g ~ 10 ¢
BALB/c-nu/nu ( , 8 ~10 )

SY
Ga Fab

D-PBS (-)
Fab 5 pg/100 pL

Ga Fab (0.3 pCi/100 pL/
) 3 5

SPECT/CT
Ga Fab D-PBS ()
Fab 20 pg/100 puL
Ga Fab (100 pCi/100
pl/ ) 2
SPECT4CT (Trifoil Imaging,
Ideas)
1.0 mm 5
360 64
projection 60 second/projection, 50
mm

67/68Ga

HML Ga
HML

Ga-NOTA-Met

Ga-NOTA-Met

neutral endopeptidase (NEP)
¢7%5Ga-NOTA-Met
C

hBNP-32
Met-Val NEP
NEP
C Lys C

¢7%5Ga-NOTA-Met
Met-Val-Lys Lys ¢
Ga

NOTA
NOTA-MVK(Mal)

c-kit Fab
67G a
7Ga-NOTA-MVK-Fab
7Ga-NOTA-Met
Met-Ile
Ga-NOTA-MI-Fab p-SCN-NOTA
Fab Ga
Ga-NOTA-Fab

in vivo
Ga-NOTA-MVK(Bzo) Met-Val-Lys
invitro
BBMVs
19%
Ga-NOTA-Met
HML
HML
CpTR
BBMVs 3
10%
NEP phosphoramidon
Ga-NOTA-Met
Met-Val-Lys
NEP
Ga-NOTA-MVK(Bzo)
Met-Val-Lys 24 90%
Ga Fab
Ga Fab
Ga Fab
7Ga-NOTA-Fab
3
7Ga-NOTA-MI-Fab 1

7Ga-NOTA-Fab

Ga-NOTA-MVK-Fab 10
¢’Ga-NOTA-MI-Fab



7Ga-NOTA-MVK-Fab

1Ga
SPECT/CT

7Ga-NOTA-MI-Fab

7Ga-NOTA-Fab
7Ga-NOTA-MVK-Fab

«C )

NOTA-MVK-Mal immuno-PET

68Ga

Ga-NOTA-MVK-Fab

7Ga-NOTA-Met
BBMVs

7Ga-NOTA-Met
%7Ga-NOTA-MVK-Fab
7Ga-NOTA-MI-Fab
Ga-NOTA-Met

’Ga-NOTA-MVK-Fab
Ga-NOTA-Met

Ga-NOTA-MVK-Fab

HML Ga
NOTA

67Cu 64Cu
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