
ost ofthe initial efforts in the use of radiolabeled
MAbS as radiopharmaceuticals for the localization of
occult malignant tumors were focused in the iodides as
the radionuclides of choice. These radionuclides have
enabled successful targeting of tumors, both in experi
mental models and in patients with a variety of diseases
(1,2). The high-energy beta (toxicity considerations)
and higher than optimal energy gamma emissions (in
efficient for gamma imaging) as well as the apparent in
vivo dehalogenation (3,4) may restrict the utility of
iodine-l 3 1 in clinical trials. Strong chelating groups can
be covalently attached to proteins and labeled with
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radioactive metals. Indium-i 11 (â€˜â€˜â€˜In)with its lower
energy gamma and lack of beta emissions is a better
choice ofradionuclide for radiolocalization studies. The
different labeling methodologies currently available to
link chelates to proteins, using the cyclic anhydride
(CA) (5) and mixed anhydride (MA) (6) derivatives of
DTPA (diethylenetriaminepentaacetic acid), form pro
tein-diethylenetriaminetetraacetic acid (DTTA) com
plexes. When â€˜â€˜â€˜Inis placed in these chelates, the re
sulting complexes are kinetically and thermodynami
cally unstable in vivo (7). Release of the â€˜â€˜â€˜Infrom the
conjugates produces a continuous leakage of radio
nuclide into the blood resulting in transport through
transferrmnto the liver and other organs of the reticu
loendothelial system. This liver uptake (8â€”11) poses a
significant problem that drastically limits the utility of
I 1â€˜Inin clinical trials since many carcinomas metastas

861Volume28 â€¢Number5 â€¢May 1987

New Method for the Chelation of Indium- 111
to Monoclonal Antibodies: Biodistnbution
and Imaging of Athymic Mice Bearing Human
Colon Carcinoma Xenografts
Jose M. Esteban, Jeffrey Schlom, Otto A. Gansow, Robert W. Atcher,
Martin W. Brechbiel, Diane E. Simpson, and David Colcher

Laboratory of Tumor Immunology and Biology and Inorganic and Radioimmunochemistry
Section, Radiation Oncology Branch, National Cancer Institute, National Institutes of Health,
Bethesda, Maryland

B72.3, a munnemonoclonalantibody(MAb) that reactswith 85% of humancoloncarcinomas
as well as other epithelial neoplasias, was labeled with â€œ11nusing four chelating agents: 1-(p-
isothiocyanatobenzyl)-DTPA (SCN-Bz-DTPA), isobutylcarboxycarbonic anhydnde (MA-DTPA),
cyclic anhydride (CA-DTPA),and 1-(p-isothiocyanatobenzyl)-ethylenediaminetetraaceticacid
(SCN-Bz-EDTA).Comparativebiodisttibutionand imagingstudieswere performedinathymic
mice bearing human colon carcinoma xenografts (LS-174T). Tumor uptake of radiolabel was
very similar between the chelates (30% ID/g) and tumors were @entifiedin scintigraphic
imageswith all the chelate-anthodycomp@xes.Theuptakeby normalorgans,especiallythe
liver, was greater for MA-DTPA, CA-DTPA, and SCN-Bz-EDTA chelate-B72.3 lgG (1.3:1 to
2.5:1) incompansonto that foundwith the B72.3-SCN-Bz-DTPA(-â€œ5:1)and abdominalorgan,
anduptakewas veryprominenton imagingwith thesechelate-MAbcomplexesbut was
virtuallyabsentin the miceinjectedwith B72.3-SCN-Bz-DTPA.Purificationof the MAb-chelate
complexby SephadexG-50chromatographyfollowedby HPLCusinga TSK-3000column
providedbettersubsequentbicdistribulionandalsoresultedin clearerimagesas compared
to MAb chelate complexes purified by less rigorous purification protocols. We conclude that
the â€˜11In-SCN-Bz-DTPAcomplex is superior, at least when bound to MAb B72.3, to other
chelate-complexescurrentlyin use.
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ize to the liver. l-(p-isothiocyanatobenzyl)diethylene
triaminepentaacetic acid (SCN-Bz-DTPA) is a new bi
functional chelate recently described (12). Indium-l 11
is more stable in vivo in the SCN-Bz-DTPA chelate
because the chelate remains as DTPA when complexed
with proteins. Since â€˜â€˜â€˜Inrequires a high coordination
number and since it is known to form kinetically labile
hydroxyl complexes, we prepared the chelate that re
mains as intact DTPA and have shown that the in vivo
release of the metal is slow in comparison to DTTA
and EDTA derivatives. Presumably the additional co
ordination sites compete with hydroxyl ions to retard
dissociation.

Monoclonal antibody (MAb) B72.3 is a murine IgG,
that reacts with a high molecular weight glycoprotein
(designated TAG-72) (13) expressed in -@.-85%of colon
carcinomas, 70% of breast carcinomas, and 95% of
ovarian carcinomas (14-1 7). Its expression in normal
adult tissues is negligible. We have previously shown
that iodine-l25 (@25I)and â€˜3'I-labeledB72.3 IgG can
selectively bind human colon carcinomas xenografts in
athymic mice (1,18) and have recently extended these
studies into clinical trials in patients with metastatic
colorectal cancer (19).

We havelinked B72.3 IgG to the newchelatingagent
(SCN-Bz-DTPA) and labeled the conjugate with â€˜â€˜â€˜In
for radiolocalization studies in an attempt to overcome
the limitations of available methodologies. We report
here biodistribution and imaging studies in athymic
mice bearing human colon carcinoma xenografts (LS
I 74T) and have compared this new MAb-chelate com
plex with other MAb-chelate complexes that are cur
rently being used.

MATERIALS AND METHODS

MonoclonalAntibodyB72.3
Mouse MAb B72.3 is reactive with a membrane glycopro

tein of >l0@ daltons present in common human epithelial
malignancies such as colon, breast, and ovary. Its generation
by immunizing BALB/c mice with a membrane enriched
fraction of a human breast tumor metastasis and reactivities
have been previously described (14â€”17). B72.3, an IgG,, was
purifiedfrom asciticfluidby precipitationusing50%ammo
nium sulfate and further purification was performed by ion
exchange chromatography (DE52) and size exclusion chro
matography. Details on the purification protocol have been
previously described (1).

Coupling of Chelates to Antibody B72.3
MA-DTPA. A modification ofthe method ofKrejcarek and

Tucker(6) was used to link MA-DTPA to B72.3. Carbon-l4-
(â€˜4C)labeledDTPA was employed at various input concentra
tions, ranging from 100 to 300 moles per mole of IgG to
enable the quantitation of the number of chelates bound per
molecule of IgG. Input ratios of 100:1 provided a final ratio
of â€˜@-l:1with 100% retention ofthe MAb immunoreactivity.

The MAb-chelatecomplex was dialyzed in metal-freebuff

cr5 to purify protein from unreacted ligancLThe first dialysis
was against 50 mM citrate (pH 5.5), 0. 15M NaCI with 0.1
mMascorbic acid. The next two dialyses were performed with
the same solution without the ascorbate. The final dialysis
was done against 0.02M [2-(N-morpholino)ethanesulfonic
acid] (MES, pH 5.9), 0. 1SM NaCl.

CA-DTPA. Carbon-l4-DTPA dianhydride was prepared by
the method of Eckelman (20) and used at a 2â€”16:1molar
ratio to MAb. The final chelate:antibodyratio also was â€˜@@l:1
when a 2:1 initial input was used. Purification ofprotein from
unreacted ligand was performed by sequential dialyses as
described above.

Isothiocyanate chelates (EDTA and DTPA). Carbon-l4-
SCN-Bz-EDTA and SCN-Bz-DTPA chelates were synthesized

with isothiocyanate linkage groups on the backbone of the
chelate as previously described (12,21). The chelates were
reacted for 2 hr at various molar ratios 0.5â€”12:1of chelate to
MAb.Final ratios of -@-1:1wereobtained when the input was
1-2: 1and 3:1 for SCN-Bz-EDTA and SCN-Bz-DTPA, respec
tively. The protein was purified from unreacted chelate by
sequential dialyses as described above.

Determination of Average Number of Chelates Linked to an
Antibody Molecule

Quantificationof the averagechelateto antibody ratio was
accomplished by liquid scintillation counting of the [â€˜4C]
chelate and measurement of protein concentration using the
method ofLowry et al. (22). A measured volume was counted
and corrected for quench and efficiency, to determine the
amount of â€˜4Cpresent in the protein solution. The activity
present was corrected for specific activity of the chelate and
volume thus yielding the amount ofchelate present. The ratio
ofligand concentration to protein concentration provided the
number of chelates per antibody molecule.

Indium-i11Labeling
26.4 @lof2M HCI was added to a solution of6O @lâ€œIn(3

mCi, 0.05M HCI). After 5 mm, the solution was adjusted to
pH 4.2 with 26 @illM sodium acetate.B72.3IgG(200@ at 3
mg/ml in 20 mM MES, 0. 1SM NaCI, pH 6.0) was immedi
ately added and allowed to react for 30 mm before being
purified as described below. Protein concentration was then
measured and â€˜â€˜â€˜Inactivity determined using a dose calibra
tor.t Specific activities ranged from 3â€”5mCi/mg, but higher
values (30 mCi/mg) were obtained using more â€˜â€˜â€˜Inand less
protein while keeping reaction solution volumes as small as
possible.

Purficationof â€œIn-LabeledB72.3
Four protocols were employed in order to test the impor

tance of the purification method for obtaining good tissue
distribution and tumor images with â€˜â€˜â€˜In-labeledB72.3. All
four protocols were employed to purify a single labeling of
SCN-Bz-DTPA chelate-IgG complex that was labeled with
1@ â€˜In.Tissue biodistribution and scanning studies were then

performed.
EDTA â€œchaseâ€•method. Indium-i 1l-B72.3 was purified

according to the general method as suggested by Goodwin Ct
al. (23). Indium-l 11-labeledantibody solution was added to
1 ml of a solution containing 0.1 mM EDTA, 0.1M citrate
(pH 5) and allowed to sit for 1 hr prior to use. Samples were
diluted with PBS just before injection into mice.

Size exclusion column chromatography. Sephadex G-50
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(fine) was swollen overnight in phosphate buffered saline and
a 1 cm X 8 cm column prepared. The â€˜â€˜â€˜In-B72.3labeling
solution was chromatographed and 0.5 ml aliquots were col
lected. The protein peak (tubes 5, 6) containing -@2mCi â€˜â€˜â€˜In
was pooled for use.

HPLC purification. Protein B72.3 labeled with â€˜â€˜â€˜Inwas
injected onto a.7.5 mm X 30 cm TSK 3000 column using a
LKB Model 700 HPLC equipped with uv and radiometric
detectors. The column was run at a flow rate of 1 ml/min
using phosphate buffered saline. Protein aggregates cleanly

separated at a retention time of 6.5 mm., while labeled IgO
appeared at 9.5 mm. Aggregate peaks usually accounted for
-@10%of both protein and â€˜â€˜â€˜Inlabel. Specific activity was
usually @@-3â€”6mCi/mg of recovered IgG (80%) which was
collected and pooled from three 0.S-ml fractions.

Gel column plus HPLC purification. The pooled eluant of
the G-50 column@ separation described above was further
purified by injection onto the TSK-3000 HPLC column of
0.5 ml protein solution. The column was eluted with PBS and
collection of protein was performed as described above. Both
aggregate and IgG peaks were detected. Usually @@@30%of
activity was lost in this final purification. This methodology
was used to purify all the B72.3-chelate complexes in the
studies comparing the various chelates.

After purification, each antibody preparation was assayed
for retention of immunoreactivity by solid phase RIA against
human tumor extracts and checked for purity by SDS-poly
acrylamide electrophoresis before use for imaging and/or tis

sue distribution studies.

Radioiodination
Radioiodination of B72.3 IgG was performed using the

lodogen method. Forty micrograms of B72.3 was adjusted to
0. 1M sodium phosphate buffer (pH 7.2) and added to a glass
tube coated with 20 @zgof lodogen, followed by the addition
ofO.5 mCi Na'251.After a 2-mm incubation, the free @25Iwas
separated by Sephadex 0-25 (10 ml column) chromatography.
This protocol provided iodinated IgG with specific activities
of 5 to 15 @Ci/@tgwith up to 60% of the input @25Ibound to
the protein.

CompetitionRadioimmunoassay
The immunoreactivity of B72.3 IgG-chelate preparations

was assessed by a competition solid-phase radioimmunoassay
(RIA) using an extract of a colon carcinoma xenograft (LS
1741)at 1 @igperwell.Antibodysampleswereseriallydiluted
in 1% BSA in PBS and added to the plates in triplicate (in 25

@ Followinga 6 hr incubationat 4Â°C,25@ of â€˜251-B72.3
(50,000 cpm) was added to each well, and incubated for an
additional 18 hr at 4Â°C.The plates were then washed with 1%
BSA in PBS. The bound â€˜251-B72.3was detected by cutting
individual wells from the plate and measuring the radioactivity
in a gamma counter. The percent inhibition, as compared to
a control buffer sample, was determined and plotted versus
the protein concentration. Unmodified MAb B72.3 IgG (i.e.,
without chelate) served as a standard.

CellLines
The LS-l74T cell line (24)was obtained from the American

Type Culture Collection and was grown in Eagle's minimum
essential medium with nonessential amino acids supple
mented with 10% heat-inactivated fetal calf serum, penicillin
(100 units/ml), and streptomycin (100 @g/ml).The A375

human melanoma cell line was obtained from Dr. S. Aaronson
(National Cancer Institute). The A375 cell lines were grown
in Dulbecco's modified Eagle's medium with the same sup
plements as the LS-l74T cell line. The cells were removed
from culture flasks with 0.1% trypsin containing 0.5 mM
EDTA and washedtwice in growth medium without serum
before inoculation into animals. All cell lines were tested for
the presence of Mycoplasma species and were negative.

Tumor Growth in Athymic Mice
Female athymic mice (nu/nu) wereobtained @-4wk of age.@

One week later,mice were inoculated s.c. (0. 1mI/mouse) with
the human colon carcinoma cell line, LS-l74T (4 x iO@cells/
animal), or with the human melanoma cell line, A375 (4 x
l0@cells/animal). Tumors measuring between 0.5 and 0.8 cm
in maximal diameter were present at -@-2â€”3wk postinoculation

ofthe cells, at which time the animals were used for biodistri
bution and scanning studies.

BiodistributionStudies
Tumor-bearing mice were injected through the tail vein

with @-5@iCi/mouseof â€˜â€˜â€˜ln-B72.3labeled with each of the
four different chelates and the â€˜â€˜â€˜In-B72.3-SCN-Bz-DTPA
purified using the various methods as outlined above. A group
of selected animals were co-injected with â€˜251-labeledB72.3.
Mice (approximately four per group) were killed at 8, 24, 48,
and 72 hr postinjection ofthe label. Blood, tumor, and various
organs were immediately collected, wet-weighed on an analyt
ical balance and counted in a gamma counter together with
standards prepared from the injected material. Calculations
of percent of injected dose/g (% ID/g) for each organ were
determined, and tumor-to-tissue ratio calculated.

Groups of mice bearing A375 tumors (human melanoma
cell line), negative for the TAG-72 antigen, were also included
as a B72.3 negative control for the biodistribution studies.

Imaging Studies
Animals injected with each â€˜â€˜â€˜In-MAb-chelateand â€œIn

B72.3-SCN-Bz-DTPA purified by the various methodologies
were used for scintigraphic studies. The mice were anesthe
tized with Avertin (4 mg/mouse) and scanned with a gamma
camera equipped with a 0.25-in. aperture pinhole collimator
set at 8 cm from the animal. Images were taken at 8, 24, 48,
and 72 hr postinjection. No background subtraction or image
enhancement was performed. After the last imaging session,
the animals were killed and biodistribution studies were per
formed.

RESULTS

Chelation of B72.3 IgG
B72.3 IgG was incubated with four chelates, MA

DTPA, CA-DTPA, SCN-Bz-DTPA, and SCN-Bz
EDTA, at different molar ratios to determine the max
imum number of chelates that could be bound to each
IgG molecule without loss of its immunoreactivity.
Immunoreactivity was determined, after the chelate
antibody complexes were exhaustively dialyzed, using
a competition radioimmunoassay. The antibody-che
late immunoreactivity varied significantly with the mo
lar ratio of chelate to antibody in the linkage reaction.
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The MAb-chelate retained 100% of the immunoreac
tivity when compared to unmodified IgG when ratios
of -@â€˜1: 1 were used for all the chelates (Fig. 1). Attempts
to increase the molar ratio chelate/antibody resulted in
a decrease in immunoreactivity of B72.3 (Fig. 1). The
use ofchelate/antibody molar ratios of>3: 1 resulted in
the loss ofover 50% ofthe antibody's immunoreactivity
(12). All the biodistribution studies were performed,
therefore, with the preparations yielding chelate:IgG
ratios of 1: 1 that retained 100% of the immunoreac
tivity of the antibody.

The radiolabeled B72.3 IgG was subjected to SDS
polyacrylamide gel electrophoresis before use in vivo.
As shown in Figure 2, B72.3 IgG when labeled with @25I
or â€˜â€˜â€˜Inyielded a similar profile when run under non
reducing conditions. The multiple bands at @@@-l50,000
daltons are due to the microheterogeneity of the B72.3
IgG molecule. Differences were observed, however,
when the chelates were subjected to beta-mercaptoeth
anol and heating in order to reduce the IgG molecule
to its heavy and light chains. B72.3 labeled using MA
DTPA or CA-DTPA chelates did not retain the â€˜â€˜â€˜In
radionuclide (Fig. 2). The B72.3-SCN-Bz-DTPA and
SCN-Bz-EDTA complexes retained the â€˜â€˜â€˜Ineven under
the reducing conditions thus demonstrating the in
creased stability of the â€˜â€˜â€˜Inin these chelates.

Biodistribution
Athymic mice bearing the human colon carcinoma

line (LS-174T) were injected with â€œInbound to B72.3
IgG using all four chelates linkers. Mice were killed at
various times and the radioactivity in each organ was
determined. The percent ID/g activity present in the
tumors rose with time to approximately 30% by 72 hr
postinjection in the groups of animals injected with
â€˜I â€˜In-B72.3-MA-DTPA, â€˜â€˜â€˜In-B72.3-SCN-Bz-EDTA,

123451234

NON-RED UCED
FIGURE 2
SDS-polyacrylamide gel electrophoresis of B72.3 lgG after
111lnlabeling with four different chelates, under nonre
duced and reduced conditions: CA-DTPA (lane 1), SCN
Bz-DTPA (lane 2), SCN-Bz-EDTA (lane 3), MA-DTPA (lane
4). Iodine-i 25-labeled B72.3 IgG (lane 5) is included for
comparison.

and â€˜â€˜â€˜In-B72.3-SCN-Bz-DTPA, while only 20% of the
activity was in the tumor with â€˜â€˜â€˜In-B72.3using CA
DTPA chelate. As seen in Table 1, the accumulation of
the label in the vital organs was significantly higher in
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FIGURE 1
Immunoreactivity of B72.3 chelate
conjugates. The immunoreactivity of
B72.3 lgG after linkage to the differ
ent chelates at various ratios of che
latesper antibodywas determined
by competition radioimmunoassays
as described in Materials and Meth
ods. Antibody-chelate conjugates
were tested at @1:1 molar ratios for
CA-DTPA (0), MA-DTPA (A), and
SCN-Bz-EDTA4; SCN-Bz-DTPA
was tested at 1:1 and 2:1 (â€¢,0)
molarratios. UnmodifiedB72.3 lgG
was used as a control (X).
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Biodistnbutionin AthymicMiceBearingLS-174TTABLE
1

Tumorsof
Ugands1111n-LabeledB72.3After

ChelationUsingFourDifferentUgandTissueTime

(hr)8244872

CA-DTPA

MA-DTPA

SCN-Bz-EDTA

SCN-Bz-DTPA

. % lD/g (average of three to four animals injected with 5 @Ci of 111ln-B72.3-chelate complex); the standard error of the mean is

giveninbrackets.

the groups of animals injected with 872.3 complexed
with CA-DTPA, MA-DTPA and SCN-Bz-EDTA che
lates than in the â€˜â€˜â€˜In-B72.3-SCN-Bz-DTPA group. It
is of particular importance that the liver accumulation

rose with time to 13â€”15%of ID/g by 72 hr when â€œIn
B72.3 labeled with CA-DTPA, MA-DTPA, and SCN
Bz-EDTA chelates were used. When â€˜â€˜â€˜In-B72.3-SCN
B2-DTPA was used the maximal level ofactivity in the
liver was 9% ID/g at 24 hr which then decreased to 6%
over the next 2 days; similar levels were observed in the
other organs. There was, therefore, no preferential up
take in the liver when the SCN-Bz-DTPA chelate was
used to label B72.3 with â€˜â€˜â€˜In.Tumor to organ ratios
also demonstrated a clear difference in the biodistribu
tion of â€˜â€˜â€˜Inwhen the different chelates were used.
Indium-l 1l-B72.3-CA-DTPA showed the least favora
ble biodistribution with tumor to liver ratios of only
1.3: 1 by 72 hr. Indium- 111-B72.3 labeled using MA
DTPA and SCN-Bz-EDTA chelates provided slightly
better ratios of I .9: 1 and 2.5: 1 as seen in Figure 3. These
values were inferior to those observed when the SCN
Bz-DTPA chelate was used, where the tumor to liver,
spleen, kidney, and lung ratios rose over time reaching

greater than 4.8: 1 by 72 hr. High tumor to tissue ratios
were indicative ofthe ability to detect tumors by gamma
camera scanning.

A group ofmice were co-injected with B72.3 labeled
with â€˜â€˜â€˜Inusing SCN-Bz-DTPA ligand and â€˜251-B72.3
in order to compare the biodistribution of the MAb
when labeled with both radionuclides. As seen in Figure
4 during the first 72 hr the tumor to organ ratios were
very similar for both radionuclides. After that time these
ratios kept rising with â€˜25I-B72.3,while the ratios for
â€˜â€˜â€˜In-B72.3-SCN-Bz-DTPA did not show any improve

ment with time. These results show that the â€˜â€˜â€˜In-B72.3-
SCN-Bz-DTPA is as good a MAb-radionuclide conju
gate as â€˜25I-B72.3during the initial 3 days postinjection,
and since the TÂ½of â€˜â€˜â€˜Inis 2.8 days, optimal gamma
scanning should proceed or approximate 72 hr post
MAb-chelate administration.

Effect of Purification on Biodistribution
Since the best biodistribution results were observed

using the SCN-Bz-DTPA chelate, studies on the effects
of purification were performed using that chelate-anti
body complex.B72.3-SCN-Bz-DTPAwas labeledwith
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FIGURE 3
Effectof the differentchelatesin the
biodistnbutionof 1111n-IabeledB72.3
lgG. Athymicmice,bearingLS-174T
tumors were injected i.v. with 5 @@Ci
of 111ln-B72.3after the coupling was
done with CA-DTPA (panel A), MA
DTPA (panel B), SCN-Bz-EDTA,
(panelC), and SCN-Bz-DTPA (panel
D)as describedinMaterialandMeth
ods.Mice(3-4 pergroup)werekilled
at 8hr (D)@24 hr (s)' 48 hr (0) and
72 hr (U). Tumor-to-organ ratios
weredetermined.Thestandarderror
of the mean was determined for each
tissueandwas <1 0% of the average
valuefor mostof the data points.
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â€˜â€˜â€˜Inand divided into multiple aliquots and purified by

Sephadex G-50 chromatography, high performance liq
uid chromatography (HPLC) using a TSK-3000 col
umn, or a combination of both methods. An aliquot
was also treated with excess EDTA to bind any unin
corporated â€˜â€˜â€˜In.When the conjugates were treated with
excess EDTA (chase method) the tumor to organs ratios
were the poorest, with tumor to liver ratios of <1.6:1
(Fig. 4A) at 72 hr postinjection of the MAb-radio
nuclide conjugate, while tumor to liver ratios of 4.6:1
were obtained when the Ab-chelate was purified by
HPLC. This demonstrates that the simple addition of
excess free EDTA to the â€˜â€˜â€˜In-antibody-chelate solution

was not sufficient to bind all the free and adventitiously
bound â€˜â€˜â€˜Inand have it excreted as an â€˜â€˜â€˜In-chelate
complex. Other purification methods are, therefore,
required if one wants to avoid residual free metal local
izing the abdominal organs. As seen in Figure 4, Seph
adex G-50 chromatography produced slightly better
results than the â€œchaseâ€•method (Fig. 4B), but was
inferior to the HPLC purified Ab-chelate. The combi
nation of Sephadex G-50 separation and HPLC, how
ever, provided the best results with tumor to liver ratios
of 5: 1 (Fig. 4C), i.e., it was clearly superior to those
obtained with the â€œchaseâ€•or G-50 column methods:
1.6:1and 2:1,respectively.

FIGURE 4
Effect of purification protocols of
1111n-B72.3-SCN-Bz-DTPAon its
biodistnbution in athymic mice.
Athymicmice bearingLS-174T car
cinomas were injected with 5 @@Ciof
1111n-B72.3-SCN-Bz-DTPApurified
followingthe protocolsdescribedin
Material and Methods: â€œChaseâ€•
(panel A), G-50 (panel B), G-50 +
HPLC (panelC). Mice were killedat
8 hr (0), 24 hr (u), 48 hr (0), 72 hr
0' 96 hr (0), and 168 hr (D),and
tumor-to-organratios were deter
mined.A group of mice was coin
jectedwith 1251-B72.3-lgG(panel0).
The standard error of the mean was
determined for each tissue and was
<10%of the averagevaluefor most
of the datapoints. BLOOD UVER SPI.EEN KIDNEY LUNG BLOOD LIVER SPLEEN KIDNEY LUNG
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Animals bearing TAG-72 antigen negative A375 mel
anoma tumors were used as negative controls and were
injected similarly with â€˜â€˜â€˜In-labeledB72.3 using the four
different chelates, as well as with â€˜â€˜â€˜In-B72.3-SCN-Bz
DTPA after purification by the four different protocols.
Biodistribution studies showed a lack ofspecific uptake
of the radiolabeled MAb by the melanomas as demon
strated by tumor to organs ratios of <1 :1 with different
chelates or purification methods. The percentage of
injected dose per gram in the tumors was <2%. The
amount of the â€˜â€˜â€˜In-B72.3found in the normal organs
was similar to that found in mice bearing the LS-l74T
colon carcinoma xenograft. This lack oflocalization of
â€˜â€˜â€˜In-B72.3 in the TAG-72 negative tumors further

demonstrates the specificity ofthe B72.3 localization in
the LS-1 74T colon carcinomas.

Imaging Analyses
Athymic mice bearing LS-l74T tumors were injected

with â€˜â€˜â€˜In-B72.3using all four chelate-antibody com
plexes. The tumor was evident in images obtained after
24 hr postinjection. At this time the differences between
the four chelates were visibly evident, reflecting the
tumor to organ ratios obtained in the biodistribution
studies. The B72.3 labeled with â€˜â€˜â€˜Inusing CA-DTPA
chelate showed the poorest tumor specific uptake. In
dium- 111-B72.3-MA-DTPA and â€˜â€˜â€˜In-B72.3-SCN-Bz
EDTA provided slightly better images due to the less
intense abdominal background activity. The images of
the four different chelates at 72 hr postinjection are
shown in Figure 5. The â€˜â€˜â€˜In-B72.3uptake by the
abdominal organs, primarily the liver, is less intense
with the SCN-Bz-DTPA chelate when compared with
the other chelates. When examining the time course
images of â€˜â€˜â€˜In-B72.3-SCN-Bz-DTPA and â€˜â€˜â€˜In-B72.3-
MA-DTPA (Fig. 6) it can be appreciated that the high
percent ID/g accumulated in the tumor with â€œIn
B72.3-SCN-Bz-DTPA, together with higher tumor to
liver, spleen and kidney ratios, made possible the best
images of the tumor with minimal uptake in the liver
and other organs.

The control animals bearing A375 tumors showed
no specific uptake by the tumor using all four MAb
chelates, but the CA, MA, and EDTA MAb-chelates
complexes had significant liver uptake.

DISCUSSION

The availability ofnumerous MAbSgenerated against
a variety of immunogens present on the tumor cell
surface, together with the feasibility of linking these
MAbs to a variety ofradionucides without significantly
altering the immunoreactivity of the antibody has
opened the potential for a new era in the management
of human malignancies. There are many groups that
have successfully labeled MAb with iodide radio
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FIGURE 5
Comparison of the scintiscan images of nude mice bearing
LS-174T tumorsusingchelatesCA-DTPA (panelA), MA
DTPA (panel B), SCN-Bz-EDTA (panel C) and SCN-Bz
DTPA(panelD).Athymicmicebearing100-200 mgtumors
wereinjectedwith5 @Ciof 1@ln-labeIedB72.3 lgG and
scanned 72 hr later.

nuclides and used them for localization of malignant
tumors both in experimental models and clinical trials
(1,2). Iodine-l3l is not the best radionuclide, however,
for localization purposes due to its undesirable physical
properties (strong beta and high energy gamma emis
sions) and the potential of in vivo dehalogenation of
some MAbS. Indium-l 11 may be a more suitable iso
tope for radiolocalization studies. Its gamma energies
of 173 and 247 keY, the lack of beta emission and the
67 hr half-life are some of the advantages of this radio
nuclide. It should be pointed out, however, that con
trary to previously published reports (3,4), some iodi
nated MAbSshow no evidence ofsignificant dehalogen
ation (1) (or dehalogenation whose effect cannot be
overcome by the use of SSKI). On the other hand,
iodination of some MAbS may result in the loss of
immunoreactivity of the Ig molecule, either due to the
effects of the iodination reaction mixture or to the
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Athymic mice bearing LS-l74T human colon carci
noma xenografts were injected through tail vein with
â€˜â€˜â€˜In-B72.3-SCN-Bz-DTPA. The uptake by the tumor

rose four-fold over the first 2 days reaching 30% ID/g
at 72 hr. The blood uptake dropped over the same
period while the rest of the organs remained relatively
constant with liver uptake values in the range of 9 to
6% ID/g from 8 to 72 hr. Tumor to organ ratios rose
uniformly over 72 hr time period and consequently the
images taken over that period became progressively
clearer with most of the activity present in the tumor
and decreasing abdominal activity over time. This dem
onstrates that MAb-SCN-Bz-DTPA complex forms a
very stable bond with the radionuclide in vivo without
apparent leakage into the blood with subsequent trans
port by transferrin into the liver.

We compared the above results with those obtained
in parallel studies performed with three different MAb
chelates: CA-DTPA and MA-DTPA, two of the more
popular bifunctional chelates and SCN-Bz-EDTA. Ac
cumulation ofthe MAb-chelate conjugate in the tumor
similar to that observed with â€˜â€˜â€˜In-B72.3-SCN-Bz
DTPA was noted with the â€˜â€˜â€˜In-B72.3-MA-DTPAand
less deposition was seen with the â€˜â€˜â€˜In-B72.3-CA
DTPA. However, the percent ID per gram found in all
the organs and particularly the liver was much higher
with these chelates. Consequently, the tumor-to-organ
ratios, similar to those reported in previous studies (25,
26), never rose to the values obtained by â€˜â€˜â€˜In-B72.3-
SCN-Bz-DTPA. This was reflected in the scintigraphic
images by a more prominent background activity in
the abdominal organs, mostly in the liver, that obscured
the tumor image. Indium-l 1l-B72.3-SCN-Bz-EDTA
also proved to be an unstable preparation with tumor
to-liver ratio rising for the first 24 hr, and dropping
thereafter. The â€˜â€˜â€˜Inapparently leaked out of thermo
dynamically less stable chelate and accumulated in the
liver, impairing the tumor images.

We have also systematically studied four different
purification methods of â€˜â€˜â€˜In-B72.3-SCN-Bz-DTPAto
determine if a cleaner conjugate could improve the
biodistribution results and consequently the scinti

graphic images. Our best results were obtained after the
conjugate was purified by passage through a G-50 chro
matography column and HPLC through a TSK-3000
column yielding tumor to liver and spleen ratios of 5:1.
The currently used method ofadding excess free EDTA
provided the worst biodistribution (i.e., tumor to liver
and spleen ratios of'<2: 1).Therefore, other purification
methods should be considered ifone wants to minimize
the deposition of free-radionuclide in abdominal or
gans. The biodistribution studies using 125!and â€œIn
labeled B72.3 co-injected in the same colon carcinoma
tumor bearing mice, proved that the uptake ofthe MAb
by the tumor and organs was very similar with both
radionuclides. Tumor to organ ratios were virtually
identical up to 72 hr postinjection, tumor to organ

0@

FIGURE 8
ScintiscanimagesofathymicmicebearingLS-174Ttumor
after injectionof B72.3 lgG labeledwith 1â€•Inusingtwo
chelates:SCN-Bz-DTPA(upper panels)and MA-DTPA
(lowerpanels).Athymicmicebearing100â€”200mg tumors
were injectedwith 5 @tCiof 111ln-B72.3and scannedat 8
hr, 24 hr, 48 hr, and72 hr postinjection.

labeling oftyrosine in the Ig binding site. In these cases,
â€˜I â€˜In-chelate-MAb is obviously more useful.

Since bifunctional chelating agents were used for
linking proteins to metals, the in vivo instability en
countered with the direct labeling method has been
overcome. After the first bifunctional chelating agent
EDTA was prepared in 1975, many others have been
used to prepare radiometal labeled proteins. Mixed
anhydrides (MA) (25,26) and cyclic anhydrides (CA) of
DTPA (27-29) conjugates are most commonly used
due to the efficiency, stability, and simplicity of the
method as well as their long storage potential. The
labeling methodologies use one of the DPTA sidearms
to link to the protein, therefore chelate is a DTTA.
DTTA-In complexes are inherently less stable then
DTPA-In complexes. Many of the in vivo studies per
formed with those chelates also provided good tumor
uptake of the label. There is, however, a major draw
back with these chelates in the high nonspecific uptake
of the metal by the liver (believed to be mediated
through serum transferrin) (8â€”11,25).Since the liver is
the organ where most ofthe common epithelial tumors
metastasize, a significant uptake of radiolabel in that
organ will obscure the images of possible metastases,
therefore restricting the utility of â€˜â€˜â€˜In-MAbin many
clinical trials. Rodwell et al. (31) have recently de
scribed a method for the attachment of DTPA to the
oligosaccharide moiety of the IgG molecule using a
peptide. The addition of the peptide to the DTPA
molecule may add additional coordination sites and
thus help stabilize the In in the chelate.

8H 24H 48H 72H
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ratios continued to improve with the â€˜25I-labeledB72.3
while the â€˜â€˜â€˜In-labeledantibody showed no further im
provement.

The results reported here show that with the new
method for linking DTPA to MAbS, we have minimized
the problem of high liver uptake of radionuclide. The
method is simple and efficient and may prove to be of
use in clinical trials for detection of primary tumors
and metastases to liver and other abdominal organs.
We have also demonstrated an advantage in extensively
purifying the MAb-chelate conjugate prior to in vivo
use in order to optimize the scintiscan images.

NOTES

. DuPont Company, No. Billerica, MA.

t Capintec, Ramsey, NJ.

4 Charles River, Inc., Kingston or the Frederick Cancer

Research Facility.
The gamma camera used in these studies was a Raytheon

Step 1/Step 2 large field-of-viewcamera equipped with a 0.25-
in. aperture pinhole collimator.
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