
discussed as factors reducing tumor uptake or increasing
accumulation ofMabs in nontarget tissues. What is crucial,
however, seems to be the slow clearance of radiolabeled
Mabs from the blood and an elevated interstitial pressure
of tumors acting as a barrier for the extravasation of high
molecular weight Mabs (6).

Following the suggestion of Reardan et al. ( 7), who first
reported the production of anti-chelate Mabs, bispecific
antibody conjugates (BACs) containing anti-tumor and
anti-chelate binding sites were proposed for a novel
method of pretargetedimmunoscintigraphy by Goodwin
et al. (8). Unlabeled BACs are allowed to localize for
several days in the tumor, followed by the administration
of a nonradioactive chelate coupled to a high molecular
weight carrier protein to trap and eliminate the excess
BACs from the circulation. Subsequently, a radiolabeled
low molecular weight chelate is given, which rapidly pen
etrates into the tumor tissue and binds to the prelocalized
BAC, while excess chelate is rapidly cleared from the blood
via the kidneys. The theoretical advantage of pretargeted
immunoscintigraphy with bispecific antibodies should be
high tumor-to-nontumor tissue contrast and the possible
use ofshort-lived radionuclides for labeling chelates. Stud
ies done so far have used â€˜@ â€˜In-labeledEDTA or DTPA
complexesfor targetingthe prelocalizedBACs (8â€”10).

Since a Ga-chelate can be readily labeled with the short
lived positron-emitter 68Ga, which would enable the use
ofPET in immunoscintigraphy, Mabs against a Ga-chelate
were established and the potential of the Ga-chelate for
serving as a radioactive hapten in pretargeted immuno
scintigraphy was evaluated. HBED-CC (Fig. 1), a two-fold
carboxylic acid substituted HBED, was used as the ligand
because the stability constant of the basic chelator HBED
for complexing Ga3@ at physiological pH was demon
strated to be 10308, which is 9.6 and 10.9 log units higher
than that of Ga-DTPA and Ga-EDTA (1 1) and ensures a
high in-vivo stability of the Ga-HBED-CC chelate. The
substitution of HBED with carboxylic acid groups was
necessary to increase solubility and renal clearance of the
chelate, or in the case of immunization of mice to provide

As a prerequisite for preparing bispecific antibody conjugates
containing anti-tumor and anti-metal chelate binding sites that
can be used for pretargeted immunoscintigraphy, monoclonal
antibodies(Mabs)have been raised against an octahedral
metal chelate synthetized from gallium (Ga) and the hexad
entateligandN,N'bis[2-hydroxy5-(ethylenefi carboxy)ben
zyl]ethylenediamineN,N' diaceticacid(Ga-HBED-CC).With
use of the Farr assay, binding studies with the 6TGa-labeled
chelateand three clonesof anti-chelateMabs showedthat
none of the Mabs were able to precipitate more than 50% of
theGa-chelate,suggestinganenatiomerismof theGa-chelate
and a sensitivity of the Mabs to either one or the other chelate
enantiomer.Thiscouldbeconfirmedbycomparingthecircular
dichroism spectra of the Ga-chelate fractions that passed
affinity columns containing the Mabs immobilized on sepha
rose without retention. With use of a Ga-HBED-CC enan
tiomer, whole-body retention in mice, preinjected with the
corresponding anti-metal chelate Mab of ca. 70% ID, was
measured compared to 2.1% retention in mice not preinjected
with the Mab. Due to the high affinity of chelate-to-Mab
binding in vivo, bispecific antibody conjugates prepared from
the fragments of the anti-Ga-chelate Mab might be suitable
for pretargeted immunoscintigraphy with the short-lived pos
itron-emitter @Ga.

J Nucl Med 1992; 33:1366-1372

ontrary to the initially expected selective tumor ac
cumulation of monoclonal antibodies (Mabs), clinical
studies with radiolabeled Mabs demonstrated a reduced
sensitivity of tumor detection ranging from 60% to 80%
(1â€”3).Low tumor-to-nontumor tissue ratios are the main
reason for this limited success. The cross-reactivity of
murine Mabs with human nontumor tissues (4) or the
presence oftumor antigen in the circulation (5) have been
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Complexing of Ga3' by HBED-CC
Twenty microliters of a 1.33 mM solution of Ga3@[Ga2(S04)3

purriss. Fluka AG, Buchs, Switzerland] in 0.05 N HCI were
labeled with I.85 MBq of67Ga (67GaC13in 0.05 N HC1, I. 1 GBq
per ml,AmershamBuchier,Braunschweig,FRG)and mixedwith
3 @1ofa 10 mM aqueous solution of HBED-CC. The addition of
400 @l0. 1 M morpholinoethane sulphonic acid buffer, pH 4.8,
resulted in a pH of 3.0 and the mixture was allowed to react for
10 mm. Subsequently, the solution was neutralized to pH 7.0
with 0. 1 N NaOH. Complexing ofGa3@ was checked by ascending

paper chromatography using Whatman No. I as a support and
methanol-water (55:45) as the solvent. Chromatograms were cut
in 1-cm pieces and counted in a gamma counter. Ga3@complexed
by HBED-CC migrated with a Rf of 0.7, while uncomplexed
Ga3@formed an insoluble hydroxide which remained at the start.
The complexing of indium and iron by HBED-CC was checked
in the same manner as described for Ga3@(â€˜@ â€˜InCl3in 0.04 N
HC1, 1.8 GBq per ml; 59FeCl3in 0.5 N HC1, 1.9 GBq per mg of
Fe, NEN-Du-Pont). After studying the competition of ln-HBED
CCand Fe-HBED-CCwith the Ga-chelatefor Mabbindingsites,
the addition of@ â€˜â€˜Inand 59Fewas omitted.

MonoclonalAntibodies
For immunization of mice, Ga-HBED-CC labeled with tracer

amounts of 67Ga was coupled to keyhole limpet hemocyanin
(KLH) via 1-ethyl3-(dimethylaminopropyl)carbodiimide (EDC).
Separation from unreacted metal chelate was achieved by gel
chromatography with Bio-Gel P-30 (Bio Rad, MUnchen, FRG).
Coupling efficiency was determined by gamma counting and
amounted to 14.5%, corresponding to 60 nmol of metal chelate
per milligram of KLH. BALB/c mice were immunized four to
six times with the Ga-HBED-CC-KLH antigen in complete and
incomplete Freund's adjuvant (200 @gper mouse). Two days
after a last i.v. injection, spleens from immunized animals were
removed and lymphocytes were fused with Sp 2/0 myeloma cells
according to the method of KÃ¶hlerand Milstein (13). Superna
tants of the clones obtained were screened for 67Ga-HBED-CC
binding by a standard RIA procedure (14) using microtiter plates
coated with 10 ;sg of a goat anti-mouse antibody per well as the
solid phase. From 60 positive clones resulting from three fusions,
three high titer secretors 3-9, 8-16 (both IgG 1) and 3A 10 (IgG3)
were recloned. Mabs were purified from ascites fluid by affinity
chromatography on protein-A (Affi-Prep, Bio-Rad)(15), followed
by anion exchange chromatography (Mono Q HR 5/5 Pharmacia,
Freiburg, FRG) using a buffer 10-mM Tris-HC1 (pH 8.0) with a
gradient of 0.01-1.0 M NaCI for elution. Purity of Mabs was
checked by SDS-polyacrylamide gel electrophoresis (16).

Preparation of 3-9 and 3A10 Mab-Sepharose
For conjugation of Mabs to CNBr-activated sepharose, the

coupling procedure recommended by Pharmacia was followed
(1 7). The final columns contained 3 ml of sepharose conjugated
with 3 mg Mab (20 nmol) per ml gel. The columns were operated
with 0.0 1 M PBS, pH 7. 1. The elution of Ga-HBED-CC bound
to Mab columns was achieved using a 3.0 M aqueous sodium
thiocyanate solution 10 mM in phosphate buffer, pH 7.1.

Binding of Ga-HBED-CC to Anti-chelate Antibodies
The Farr assay, ammonium sulphate (AS) precipitation of the

67Ga-HBED-CC-Mabcomplexes(18), wasused for investigation
of the various aspects of binding. Incubations of the chelate and
Mabs were carried out in a final volume of 1.0 ml ofO.Ol M PBS

an additional functional group for coupling of the chelate
to a carrier protein.

MATERIALS AND METHODS

Synthesis and Characterization of the Ligand
HBED-CC was synthesized by modifying a method of Kroll et

al. (12). The reaction scheme is presented in Figure 1. One
hundred millimols of 3-(o-hydroxyphenyl)propionic acid (Ald
rich, Steinheim,FRG) weredissolvedin 75 ml methanol, 20 ml
H20 and 10ml 4.0 N NaOH. To this solution,50 mmol of N,N'
ethylenediamine diacetic acid (Aldrich) in 25 ml 2.0 N NaOH
were added with continual stirring. The pH of this mixture was
adjusted to 6.7 and the solution was cooled in an ice bath.
Subsequently, 100 mmol of formaldehyde (aqueous solution
37%) were added in several portions while maintaining the pH
at 6.7 by intermittent addition of 4.0 N NaOH. After refluxing
the mixture for 3.5 hr, methanol was removed on a rotary
evaporator. The remaining aqueous solution was diluted with
H20 to 150 ml, acidified with HC1to pH 5.5 and twice extracted
with diethylether to remove unreacted hydroxyphenylpropionic

acid. The aqueous phase was then adjusted to pH 1.5 with 6 N
HC1 and the HBED-CC was allowed to crystallize for 4 days at
4Â°C.The crudeproductwasextractedwith hot methanoland
recrystallized in the form ofwhite needles from NaOH/HC1. The
yield was 2.2 g (8% of theory) and the melting point was 208-
210Â°C.The compound migrated as a single spot in thin-layer
chromatography (TLC), with Rf = 0.30 and Rf = 0.59, using
silica gel plates (Kieselgel 60 F2540.25 mm Merck, Darmstadt,
FRG) developedwith ethylacetate,methanol, aceticacid (6:3:1)
and n-propanol, water, acetic acid (10:2.5: 1),respectively. Micro
analysis showed C = 57.4%, H = 6. 11% and N = 5.02%, which
fits best with the formula C26H32N2O10x1H2O (calculated C =
56.7%, H = 6.23%; N = 5.09%). For evaluation ofthe chemical
structure, â€˜H-NMRspectra were measured at 500 MHz on a
Bruker AM 500 magnetic resonance spectrometer. Perdeuterated
dimethylsulfoxide was used as a solvent and tetramethylsilane as
the internal standard.

FIGURE 1. Chemicalsynthesisof HBED-CC.

COOH
2 HO_[J1@__) + HOOCâ€”@@ ,râ€”COOH

N N
H H

2 CH2OI pH 6.7
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TABLE1Five
Hundred Megahertz 1H-NMR Spectroscopy of HBED

CC inDMSO-d6CouplingDesignatmon*Shift

(ppm)constant J

* For designation of protons, see Figure 1 . S = singlet, d = doublet,

andtr = triplet.

containing 0.5 mg of BSA and 0.75 mg of a polyclonal pig IgG
for coprecipitation if not stated otherwise. Incubations were kept
for 2 hr at 4Â°C.Fifteen minutes after the addition of 1.0 ml of
AS (saturatedaqueous solution, 430 g/liter), the mixtures were
centrifuged for 10 mm at 7000 g. Precipitates were washed with
1.0 ml of a 50% saturated aqueous AS solution. Radioactivity in
the supernatants and the precipitates was counted in a gamma
counter. For evaluation of the maximum binding capacity, 100
pmol of Mab 3-9 were incubated with increasing amounts of Ga
HBED-CC (12.5-1000 pmol). Because the Ga-chelate binding to
each of the Mabs was always incomplete, additional mixtures of
two Mabs were used for precipitation (5 pmol ofchelate, 50 pmol

of each Mab). Furthermore, a column containing Mab 3-9 im
mobilized on sepharose was employed to separate the Ga-chelate
in fractions with and without affinity to the Mab. The Ga-chelate
fraction with no affinity to Mab 3-9 passing the column without
retentionwasinvestigatedfor bindingto Mabs 8-16and 3A10(5
pmol ofchelate, 100pmol of Mab).

The affinityconstantsof the chelatewith Mabs 3-9and 3AlO
were determined using 1 pmol of Mab and increasing amounts
of chelate (0.5-10.5 pmol). Data were plotted in a diagram B/F
versus B and subjected to the Scatchard analysis (19). Competi
tion of In-HBED-CC, Fe-HBED-CC and the free ligand HBED
CC with the Ga-chelate for antigen binding sites of Mabs 3-9 and
3A10 was measured with 1 pmol of Mab, 0.5 pmol of 67Ga
HBED-CC and increasing amounts of the inactive competitors
(0.5-500 pmol). Incubations with the metal chelates were carried
out in a final volume of 1.0 ml; with use of the free ligand, the
volume was reduced to 0. 1 ml.

Circular Dichroism
The Ga-HBED-CC fractions eluted from a Mab 3-9 and Mab

3A10 column were investigated for the possibility of both frac
tions being enantiomers of a racemic mixture. Because circular
dichroism is the most sensitive method for determination of
molecular chirality (20), circular dichroism spectra were meas
ured on a Jasco J-500 spectralpolarimetercoupled to a J-DPY
data processor. Slit width was automatically maintained at 1 nm.
Curveswererecordeddigitallyand sent directlythrough the data
processor for signal averaging and baseline subtraction.

Spectrawererecordedat room temperature(ca. 22Â°C)in 0.01
M PBS at Ga-HBED-CC concentrations ranging from 5 to 15
@imol.A I.0-cm quartz cuvette was used; samples were measured
from 220 to 320 nm at a scan speed of 10 nm/mm, a sensitivity
of I.0 mdeg/cm and a time constant of 1.0 sec. Spectra shown
are the result of four repetitive scans with an equally signal
averaged solvent base line subtracted. Spectra were adjusted to a
l0-@zmolGa-HBED-CC concentration.

Animal Experiments
Biodistribution of 67Ga-HBED-CC was measured in tumor

bearing mice. Eight-week-old athymic mice (CD-i nu/nu) were
inoculated subcutaneously with 5 x 106 MML-1 tumor cells
derived from a human melanoma. Four weeks later, tumors had
reached an average weight of 0.52 Â±0.23 g. Two groups of six
animals were preinjected into the tail vein with 50 jzg(333 pmol)
of3AlO Mab labeled with D1 by the lodogen method at a specific
activity of 1.5 kBq per @gof Mab. Forty-eight hours later, one
group ofanimals was injected intravenously with 45 ng (75 pmol)
of the racemic Ga-chelate labeled with 67Gaat a specific activity
of 1 kBq per 1 pmol, while the other group received 75 pmol of

the enantiomer eluted from a Mab 3-9 affinity column. As a
control, a third group of mice, not preinjected with the Mab,
received 75 pmol ofthe racemic Ga-chelate. Ninety minutes after
the administration of the chelate animals were anesthetized with
ether, bled from the retroorbital plexus and killed by cervical
dislocation. Organs were removed, weighed and counted for
radioactivity in a Ge well-type detector. For radioactivity excre
tion estimate, whole-body retention was calculated from the
tissues measured, assuming blood, bone and muscle to be 6%,
10% and 40% of body weight, respectively.

RESULTS

Chemistry
The chemical structure of HBED-CC (Fig. 1) was fully

confirmed by â€˜H-NMRspectroscopy (Table 1). Chelation
of Ga3@by HBED-CC in an aqueous solution resulted in
a stoichiometric 1:1 complex formation. Completeness of
the Ga3@chelation was checked by paper chromatography.
Typically, more than 99.5% ofthe radioactivity present in
the 67Ga-HBED-CC preparations migrated with Rf 0.7.
Quite similar results were found for the radiolabeled In
and Fe-HBED-CC chelates. No release of ionic Ga3@from
Ga-HBED-CCduring the EDC-mediatedcoupling to
KLH could be detected.

In-Vitro Binding
The binding of increasing amounts of Ga-HBED-CC to

Mab 3-9 is presented in Table 2. With a 5-10-fold molar
excess of chelate, the expected bivalency of binding (2
moles of chelate per 1 mole of Mab) was observed. Upon
lowering the chelate concentration, however, binding was
limited to approximately 50% of the chelate added. By
using affinity chromatography with Mab 3-9 immobilized
on sepharose, a quite similar result was obtained as with
AS-precipitation: 5 1.4% of chelate appeared in the ef
fluent, while 48.6% was retained on the column. Both the
67Ga fraction, which passed the column, and the 67Ga
fraction, which was retained and subsequently desorbed
with a 3 M NaSCN solution, proved to be tightly com
plexed as demonstrated by >98% radioactivity migration
during paper chromatography.

e2.42tr4H7.7Hzd2.67
tr 4H7.7Hzh2.75s4Hg3.27s4Hf3.69s4HC6.65

d 2H8.2Hza6.91
d 2H2.3Hzb6.94
d,d 2H8.2 Hz;2.3Hz
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TABLE 2
Binding of Increasing Amounts of Ga-HBED-CC to Mab3@9*pmol

Ga-HBED-CCBound

toAdded
Mab%Bound12.5

6.249.525.0
12.750.750.0

25.050.0100.0
48.048.0200.0
94.447.2500.0

188.037.61000.0
211.121.1*

As determined by AS precipitation. Mab =1 00 pmoland incu
bationvolume= 1.0ml.

Exp. no Mab %Precipitated

absorb one form ofcircularly polarized light preferentially.
The difference spectrum, @e CL-CR,will show a positive
or negative ellipticity associated with the absorption max
imum. The sign of such peaks will be reversed for the
correspondingenantiomers. Figure 2 showsthe spectraof
the 50% fractions of Ga-HBED-CC present in the effluent
of either a Mab 3-9 or a Mab 3AlO column. Ga-HBED
CCin the 3-9effluentexhibitsa positiveellipticityat 295
nm and a negative ellipticity at 241 nm. The signs of these
bands are reversed for Ga-HBED-CC in the 3A 10 effluent,
but the two wave lengths at which these maxima occur
and their molar ellipticity are unchanged, a behavior typ
ical of optical isomers. The diagnosis of Ga-HBED-CC
fractions in the 3A 10 and 3-9 effluents as enatiomers is
further supported by the total lack of ellipticity in the
spectrum of untreated, racemic Ga-HBED-CC mixture
(data not shown). The chemical structures of the Ga
HBED-CCenantiomers,as describedby L'Eplattenieret
al. (21), are shown in Figure 3.

Affinity and Competition
The association constant (KA)for binding of Ga-HBED

CC to Mabs3-9and 3A10werecalculatedfroma Scat
chard plot (Fig. 4). B/F data were corrected for the fact
that only half of the chelate could virtually bind to the
Mabs. Data thus represent the KA for the enantiomer
which could bind to the Mab.

Competition of inactive Ga-HBED-CC, In-HBED-CC,
Fe-HBED-CC and the unchelated ligand with 0.5 pmol of
67Ga-HBED-CCfor bindingto 1 pmol of Mab 3A10is
presented in Figure 5. To decrease the 67Ga-HBED-CC
binding to one-half of its initial value, 2.5, 3.0 and 200

Extension of the Ga-HBED-CC binding studies Mabs
to 8-16 and 3A10 demonstrated that Mab 8-16 precipitated
the same fraction ofthe chelate as did Mab 3-9, while Mab
3A10 displayed a high affinity for the fraction not bound
by Mabs 8-16 and 3-9. These results were supported by

binding data obtained with the three Mabs and the Ga
HBED-CCfractionpresentin the effluentof a column
containing Mab 3-9 immobilized on sepharose (Table 3).
A repetition of the experiment 24 hr later indicated that
no racemization of the eluted Ga-chelate fraction had
occured.

Circular Dichroism
By measuring circular dichroism, it is possible to differ

entiate two enantiomers on the basis of their different
interactions with left- and right-circularly polarized light.
An intrinsically asymmetric chromophore will tend to

a (Oeg.cm2/dmol)*io@

A

TABLE 3
Binding of Racemic and Mab 3-9-Sepharose Eluted,

Enantiomeric67Ga-HBED-CCto DifferentAnti-chelate
Antibodies*

5

4

3

2

1

0

â€”1

â€”2

â€”3

â€”4

B
1* 3@9
2 8-16
3 3A10
4 3-9+8-16
5 3-9+3A10
6 8-16+3A10
71 3@9

8 8-16
9 3A10

10 3-9
11 8-16
12 3A10

49.0(45.4@52.9)@
46.5(44.2â€”48.2)
46.2 (43.8â€”48.3)
48.5(47.0â€”50.1)
94.2(92.1â€”98.3)
94.6(91.8â€”96.1)
4.9 (3.8â€”5.6)
1.0 (0.7â€”1.3)

97.4 (96.2â€”99.2)
5.0 (4.1â€”6.2)
1.9 (1.4â€”2.5)

96.1(94.1â€”98.4)

nm

A

240 260 280 300 320

* Determined by AS precipitation. Molar ratio was always 1 00 pmol

Mabto 5 pmolof chelate.Incubationvolumeis 1.0ml.
t Mean + range, three determinations.

4 Exp. 1â€”6 racemic 67Ga-HBED-CC.

â€˜Exp. 7â€”12 enantiomeric 67Ga-HBED-CC: 7â€”9 = 2 hr after elution;

10â€”12 = 24 hr afterelution.

FIGURE 2. Circulardichroismspectraof Ga-HBED-CCpres
ent in the 0.01 M PBS effluent of Mab-columns.(A) Mab 3A10
immobilizedon sepharoseand(B)Mab3-9 immobilizedon seph
arose. Spectraare adjusted to a 10 @molsolution of Ga-HBED
CC.

1369Mabs Against an Octahedral GalliumChelate â€¢ZOlleret al



SeT0. activity bound to MAb

FIGURE 3. EnantiomersoftheGa-HBED-CCcomplexaccord
ingto the chemicalstructure of HBEDmetalchelates deSCribed
byL'Eplattenier(21).R=-CH2-CH2COOH.

1000

compstltor sd@â€¢dlpmoIl

B/F

4 FIGURE 5. Competitionof0.5-500pmolofGa-,Fe-, In-HBED
CC and HBED-CCwith 67Ga-HBED-CCfor Mab 3A10 antigen
binding sites as determined with AS-precipitation. Incubations
weredonewith 1 pmolof Maband0.5pmolof 67Ga-HBED-CC
in a final volume of 1.0 ml using the metal chelates and 0.1 ml
using the free ligand. Data are means from three determinations.

pmol of the Ga-, Fe- and In-chelate, respectively, were
necessary, indicating a K,, for Fe-HBED-CC not signifi
cantly different from that of Ga-HBED-CC and for In
HBED-CCof 1.8x l08M'. No competitionby the free
ligand was noted. In a preceeding experiment, however,
when using an incubation volume of 1.0 ml, the free ligand
showed a competition between Ga- and In-HBED-CC.
Chelation of very small traces of metal impurities, espe
cially ofFe3@which might still be present in the high purity
PBSbufferusedfordilution,wasassumedto bethesource
of competition. A reduction in incubation volume to 0.1
ml or an increase in the Mab concentration (data not
shown) confirmed this assumption. Competition ofthe In
and Fe-chelate with the Ga-chelate for Mab 3-9 binding
sites was quite similar to that observed for Mab 3A10 (data
not shown).

Animal Experiments
Preinjection ofMab 3AlO drastically altered the biodis

tribution pattern of the racemic 67Ga-HBED-CC and in
creased whole-body retention of 67Ga by a factor of 15 in
comparison to animals not preinjected with the Mab
(Table 4). Administration of the corresponding enan

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
B

Ga-HBED-CC boundinMi

FIGURE 4. Scatchardplotof 67Ga-HBED-CCbindingto 3-9-
and 3A10 anti-chelateantibodiesas determinedwith AS precipi
ta@on.One picomoleof Mab was incubatedwith 0.5-10.5 pmol
of thechelateina finalvolumeof 1.0ml.B/Fdataarecorrected
for thefactthatonlyhalfof thechelatecouldactuallybindto the
Mabs. B = bound Ga-HBED-CC(precipitate)and F = free Ga
HBED-CC(supematant). lncubations were done in triplicate. Non
specificbindingto carrier lgG and BSA is 2.5%.
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TABLE 4
Biodistnbution of 131l-Labeled3A10 Anti-chelate Mab in Athymic Mice and of Racemic or Enaniomeric

Mice Preinjected or Not Preinjected with 3A1061Ga-HBED-CC
in67Ga-HBED-CCâ€˜31l-3A1

0Racemic RacemicEnantiomencNonpreinjected

Preinjected

* % lD/g, mean Â± 1 s.d. (n = 6), 90 mm p.i.

t % lD/g, mean Â± 1 s.d. (n = 12), 48 hr p.i.

:@ ID mean Â±1 s.d., estimated from the organs measured assuming blood, bone and muscle to be 6%, 10% and 40% of body weight,
respectively.Body weight of animals28.1 Â±3.3 g, tumor weight 0.53 Â±0.23 g (n = 18).

, Significantly different from racemic Ga-HBED-CC, p < 0.01 (t-test).

Blood0.1 1 Â±0.02*10.17 Â±1.63*24.45 Â±0.80'10.1 1 Â±1.O4@Liver0.20
Â±0.111 .90Â±0.374.65 Â±0.64'2.03 Â±0.56Spleen0.04
Â±0.011 .60Â±0.373.58 Â±0.38'1 .88Â±0.50Kidney0.42
Â±0.132.53 Â±0.794.81 Â±0.56'2.03 Â±0.16Muscle0.04
Â±0.020.75 Â±0.211 .00Â±0.251 .05Â±0.22Bone0.06
Â±0.011.07 Â±0.462.12 Â±0.39'0.93 Â±0.14Lung0.1

5 Â±0.044.23 Â±1.209.23 Â±1.60'4.24 Â±0.76Tumor0.13
Â±0.061.82 Â±0.273.91 Â±0.71'3.01 Â±0.47Whole-body

retention2.1 Â±0.831 .3 Â±2.870.2 Â±3.1'43.5 Â±6.2

tiomer of the 67Ga-chelate increased 67Ga retention by an
additional factor of two, as expected from the 50% and
100% in-vitro binding to Mabs of the racemic and enan
tiomeric Ga-chelate, respectively. By comparing the bio
distributions of the enantiomeric 67Ga-chelate and the
preinjected, nontumor-specific â€˜311-labeledMab 3A 10, it
is evident that the fraction ofGa-chelate taken up in most
tissues is increased by a factor ranging from 1.9 to 2.4
relative to the fraction of Mab present. This high 67Ga
uptake demonstrates a similar quality of Mab to chelate
binding in vitro and in vivo. The molar ratio of Mab
binding sites present per animal at the time of chelate
injection to chelate administered was close to 4: 1 when
calculated from the whole-body retention of â€˜@â€˜I48 hr p.i.,
assuming all of the 1311to be present in the form of intact
labeled Mab. An increase in the Mab-to-chelate molar
ratio, e.g., by reducing the chelate dose, should additionally
increase the chelate uptake. At the same molar ratio but
with markedly decreased amounts of Mab and chelate, a
reduced 67Ga uptake should be expected. No such marked
increase in 67Ga uptake was found in muscle and tumor.
This appears to be due to a preferred trapping of the
chelate by Mabs present in the blood and a lower perfusion
of muscle and the melanoma xenograft. An increased
tumor uptake of the chelate should, however, be obtained
by a blockage of the chelate binding sites of the Mab still
present in the circulation, as discussed earlier and as
already demonstrated by Goodwin et a!. (8).

DISCUSSION

Since the first report on an anti-In-benzyl-EDTA Mab
for use in pretargeted immunoscintigraphy by Reardan et
al. ( 7), an increasing number of anti-metal chelate Mabs

have been established. Mabs described so far were directed
against In-benzyl-EDTA (7), Co3@-benzyl-EDTA (8), free
DTPA(22) and In-DTPA(9). Bindingof Mabsto the
corresponding chelate ranged from 6 x 108 to 4 x i0@
M@.The finespecificityof Mabsrecognizedthe central
metal ion ofthe chelate used for immunization and/or the
chemical linker used for coupling of the chelate to the
immunizing carrier protein. By changing to another metal
ion in the chelate and/or a lack ofthe linker in the chelate
linker-hapten, there were markedly decreased KA's.

None of the Mabs, however, was described as discrimi
nating between the enantiomers of the metal chelates used
for immunization. This is not readily understood since
chirality at the metal ions is an inherent property of metal
chelates containing multidentate ligands (23) and the rec
ognition of chirality of amino acids or other organic com
pounds is a common feature of antibody-antigen binding.
An example with interesting implications for organic syn
thesis, recently published by Lerner et al. (24), is the
production of Mabs with lipase activity, showing a high
enantioselectivity for the R- or S-form of the alcohol
moiety in an ester. There might be two reasons for not
realizing that anti-chelate Mabs are able to recognize enan
tiomers:

1. The stereochemical rigidity of the In-chelates used is

too low, resulting in a rapid rearrangement of enan
tiomers into each other and allowing only antigen
binding sites to be raised against the racemic form of
the chelate. However, this is not valid for the Co3@'-
EDTA, which is highly rigid. Separation of its enan
tiomers by fractional crystallization and gel chro
matography has been reported (25).

2. The metal chelates ofthe aliphatic polyaminocarbox
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ylic acids EDTA and DTPA are not of high immu
nogenicity and binding sites of the Mabs are not
mainly focused on the chelate itself, but rather to the
linkers used for coupling of the chelate to the im
munizing carrier protein. Such an influence of the
linker group on binding affinity was found for the
anti-In- and Co-benzyl-EDTA Mabs (8) and the anti
DTPAMabs(22), but not for the anti-In-DTPA
Mabs (9).

In contrast, all Mabs raised against the Ga-HBED-CC
chelate showed a specificity exclusively for one of the
enantiomers, and KA's up to 1.4 x l0'Â°M@were obtained
with the chelate that lacks the linker used for immuniza
tion. The application ofpure enantiomers, easily prepared
by affinity chromatography as described above, at the
nanomole level led to a nearly 100% in-vitro binding of
the chelate to Mabs and to a 70% in-vivo binding in
animals preinjected with the Mab. The high affinity of the
chelate-to-Mab binding and the rapid urinary excretion of
the unbound chelate (biological half-life â€˜-.@20mm), which
enables the use of the short-lived positron-emitter 68Ga
(physical half-life 68.3 mm), meets the requirements for
introducing PET in pretargeted immunoscintigraphy.
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