
bifunctional chelate approach using acylation
agentssuch as cyclic diethylenetriaminepentaaceticacid
(DTPA) dianhydride and DTPA carboxycarbonic
mixed anhydride has been widely used for radiolabeling
of antibodies with indium-ill (â€œIn)for scintigraphic
detection of tumors. The acylating agents conjugate
DTPA to antibody through an amide or peptide bond.
The acylation methods have been thoroughlyoptimized
for a high conjugation yield and the integrity of anti
body immunoreactivity (1-6). A drawback for the use
of the acylation methods to radiolabel antibodies with
â€˜â€˜â€˜Inis that the labeled antibody produces a high â€œIn

activity in normal organs such as liver and kidneys (7-
19).
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One approachin reducingthe normal organactivities
is to add a readily metabolizable chemical linkage be
tween antibody and a DTPA chelate, thereby acceler
ating the cleavage of the chelate from the antibody in
normal organs. The metabolites containing radioactiv
ity are polar and are expected to clear rapidly from the
circulation through renal excretion, thereby reducing
blood and normal organ activities. Quadri et al. (20)
and Paik et al. (21,22) introduced readily cleavable
linkages such as diester and disulfide, and stable link
ages such as thioether and hydrocarbon between anti
body and an [â€œIn]DTPAanalog. The biodistributions
of these antibody DTPA conjugates were then com
pared with that ofantibody DTPA conjugate containing
an amide linkage in rats with antigen target models
localized in lungs It was reported that the antibody
conjugates with the readily metabolizable linkages
cleared from blood much faster than the conjugates
with stable linkages whereas all of the conjugates were
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A diesterlinkagewas addedbetweenmonodonalanti-me@nomaantibody96.5 and a
d@thyIenethaminepentaaceticacidderivativeto test if a tumor-to-bloodand-to-organratioof
the injectedantibodyInnudemicewith humanmelanomaFEMXIIxenograftscoiM be
increased by the addition of the readily cleavable linkage. Compared to the 1111n-Iabeled
antibody DTPA with a peptide linkage, the diester conjugate cleared much faster from the
bloodandwas retainedmuchlessin musdeandnormalorganssuchas liver,sp@enand
kidney over a 48-hr period. On the other hand, the aclivfty retained in the tumor was larger
thanorsimilarto thatofthepeptideconjugateforthistimeperiod.Thisresultedina 2.5, 2.1,
and2.6 fold increaseIna tumorto blood,to liverandto kidneyratioat 48 hr for the diester
conjugate as compared to the peptide conjugate. The whole-body biologic half life of the
antibody was 36 hr, three times shorter than the peptide conjugate. The external imaging
demonstrateda clearlyVisibletumorat 4 hr anda lowerpoolactivityat 72 hr for the diester
conjugate. The peptide conjugate, however, showed a persietant blood-pool actMty at 72 hr.
Theadditionof the diesterlinkage,therefore,maybe beneficialfor imagingtumorsin patients
at eailytimeintervalsafterinjection.
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quite stable in the target once the conjugates were
bound to the target. Thus, a significant increase in the
target to blood ratio was obtained for the diester and

disulfide conjugates. The diester and the disulfide con
jugates also substantially increased the target to liver
ratio. Haseman et al. (23) reported that the introduction
of the diester linkage between antibody and an EDTA
analogue reduced blood activity, thereby increasing the
tumor to blood ratio in nude mice with a B-cell lym
phoma. However, the diester conjugate did not improve
the tumor to liver and to kidney ratios as compared to
the control conjugate. Yokoyama et al. (24) compared
the biodistribution of â€˜â€˜â€˜Inlabeled monoclonal anti
melanoma antibody 96.5-DTPA conjugate with the
diester linkage to that of the antibody conjugate with a
peptide linkage in nude mice with human melanoma
FEM XII xenografts. The diester conjugate was re
ported to improve the target to blood, liver and kidney
ratios substantially. We have now extended this work
and report in this paper the effects ofthe diester linkage
between monoclonal anti-melanoma antibody 96.5 and
an [â€˜â€˜â€˜InJDTPAderivative on the biodistribution and
the imaging of the melanoma tumor in nude mice.

MATERIALS AND METhODS

DTPA and 2-(4-aminophenyl)-ethylamine,and ethylene
glycolbis(succinimidylsuccinate)wereobtained from Aldrich
Chemical Company, Milwaukee, WI and Pierce Chemical
Company, Rockford, IL, respectively.Monoclonalanti-mel
anoma antibody 96.5 (Ab) is an IgG@isotypewhich is directed
against human melanoma antigen epitope p 97 (25) and
obtained from Oncogen, Seaule, WA. Nonspecific mono
clonal antibody (nAb) used for the biodistribution studies is
antiidiotypeantibody 2-135 of an IgG@isotype. It was pur
chased from Damon Biotech, Needham Heights, MA. Human
melanoma FEM XII cells were obtained from Frederick Can
cer Research Center, Frederick, MD. The cells were grown in
RPM!1640mediumat MeloyLaboratories,Annandale,VA.

Synthesis

Antibody DTPA conjugate with a peptidelinkage. A peptide
bond wasintroducedbetweenAb and DTPA by an acylation
reaction using cyclic DTPA dianhydride (Fig. 1). Briefly,
Cyclic DTPA dianhydride (cDTPAA) was reacted with Ab

(15 mg/ml, 1.0 x l0@ M) at a cDTPAA/Ab molar ratio
ranging from 2 to 32 at pH 8.2 (4). The conjugation yield was
calculatedbasedon the percentno-carrier-addedâ€˜â€˜â€˜Indistrib
uted between the Ab DTPA conjugate and free DTPA on a
thin layer chromatographic (TLC) plate after the product
mixture was radiolabeledwith â€˜â€˜â€˜Inand TLC of the product
mixture was developed as described previously (4,26). The
Ab-Peptide-DTPAproducedfromthe reactionat a cDTPAA/
Ab molar ratio of 2 was radiolabeled with â€˜â€˜â€˜Inand was
purifiedby Sephadex0-50 molecularpermeationchromatog
raphy as described previously (4). Molecular permeation high
performanceliquid chromatography(HPLC)(a Bio-SilTSK
250 7.5 x 600 mm column) ofthe antibody conjugate showed
a single peak with a retention time of 19 mm when eluted
with a solvent mixture containing 0.02M sodium phosphate
at pH 6.8 and 0.2M sodium sulfate at a flow rate of 1 ml per
mm. The retention times of the standard 1gM, monoclonal
anti-melanoma antibody 96.5 and human serum albumin
samples were 11, 19, and 23 mm under the same HPLC
condition.

Antibody DTPA conjugate with diesterlinkage. The synthe
sis of DTPA-p-(aminoethyl)anilide has been reported (22).
2-(4-aminophenyl)ethylamine (70 mg, 0.51 mmol) dissolved
in 5 ml of 0.1M citrate buffer was added dropwise through a
23-gaugeneedleinto 20 ml of 0.1Mcitrate bufferat pH 5 in
a 50-mi round bottom flask and at the same time cDTPAA
(700 mg, 1.96 mmol) was added in small portions over a
period of 30 mm. The concentration of 2-(4-amino
phenyl)ethylaminein the reaction flaskwas kept below l0@
M throughout the reaction to avoid the formation of the
diamide of DTPA. At pH 5 the aliphatic amino group (pKa
= 10) is completely protonated and protected from the acy

lation reaction. On the other hand, @-@50%of the aromatic
amino group (pKa = 5) is unprotonated and is expected to
react selectivelywith cDTPAA.The reaction solution gave a
major spot (95%) and a minor spot (5%) at a Revalue of 0.7
and 0.55, respectively,when a silicagel TLC(Macherey-Nagel,
Germany)wasdevelopedwith2:2:1 10%ammonium formate
in water.methanol:0.2Mcitric acid. These spots were positive
on fluorescamine test indicating the presence of primary
amines (27). The product solution was negative on an azo
coupling test with resorcinol after a reaction with nitrous acid
(28). This indicatesthat the productdoesnot containan
aromatic amine. HPLC of the product mixture gavea minor
product peak and a major product peak at a retention time of
7 and 20 mm, respectively,when the product mixture was
eluted through a @BondapakNH2 column (0.8 x 10 cm
Radial-Pakcartridge,Waters, MilliporeCorporation)with a
solvent mixture containing 2:98% acetonitrile:0.O1M phos

DTPAJâ€”(NHâ€”Antibody)

AMIDE LINKAGE

(DTPAâ€”@

DIESTER LINKAGE

FIGURE 1

Simplified structures of Ab DTPA
conjugates.
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TABLEIEffects
of Reagent Concentrations on the NumberofDTPA

Molecules Conjugated perAbAB-Diester-DTPA

Ab-Peptide-OTPAreactionrea@on[cDTPAA]
DTPAmolecule[EGS] DTPAmolecule[Ab]

lAb] [Ab) [Ab]

Thedataareaveragesof duplicateexperiments.Ab is mono
clonalanti-melanomaantibody96.5.

phoric acid at pH 5.0 at a flow rate of 1 ml per mm. The
minor and the major product peak correspondsto the TLC
spot at a R@of 0.55 and 0.7, respectively,on the TLC plate.
The product was purified from free DTPA by precipitating
DTPArepeatedlyat pH 2.0. Althoughthe finalproductwas
not completelyfree of DTPA, the product was used for the
conjugation of the DTPA derivative to Ab through a diester
linkage because DTPA does not interfere with the reactions.

Introduction of diester bonds. Ethylene glycolbis(succin
imidyl succinate)(EGS) was used as a cross linking agent (29).
0.1 ml ofdimethyl sulfoxide solution of EGS at a concentra
tion ranging from 2 x l02 to l.2M was mixed rapidly with
DTPA-p-(aminoethyi)anilide dissolved in 0.9 ml of 0.lM
phosphatebufferat pH 7.0. The reactionsolutionwasstirred
gently for 5 mm at room temperature. The molar ratio of two
reactants in each reaction was 1 to substitute no more than I
DTPAto EGS.To thissolution1ml ofAb solution(1 x l0@
M) in the phosphate buffer was added rapidly with a gentle
stirring.The conjugationreaction was continued for 2 hr at
room temperature. The conjugation reaction was performed
at severaldifferent EGS (or the amino DTPA) to Ab molar
ratios to investigate the effect of EGS (or the amino DTPA)
concentration on the conjugation yield (Table 1).The stepwise
reactions resulted in the conjugation ofDTPA to Ab presum
ably through a diester linkage (Fig. 1). The conjugation yield
ofDTPA moleculeto AbwasdeterminedbytheTLCmethod
described for the Ab-Peptide-DTPA. The Ab-Diester-DTPA
containing 1 DTPA molecule per Ab was radiolabeled with
â€˜â€˜â€˜Inand purified by Sephadex 0-50 chromatography for the

biodistribution studies. The molecular permeation HPLC of
the antibodyconjugatealsoshoweda singlepeakat a retention
time of 19 mm.

To substantiatethatthe Ab-Diester-DTPA-'â€˜â€˜Incontained
a chemicallylabilediesterlinkage,the antibodyconjugatewas
subjectedto hydrolysisreactions in buffer solutionsat three
differentpH values;0.1M bicarbonatebufferat pH 8.5,0.lM
phosphatebufferat pH 7.5 andpH 7.0. Thepercentcleavage
of the linkagewasdeterminedby the TLC method usingthe
solventmixturedescribedfor the analysisof DTPA-(p-amino
ethyl)anilide.Likewise,the stabilityof the antibody-Peptide
DTPA-' â€˜â€˜Inwas tested in the same buffer solutions.

Immunoreactivity Determination
Competitive cell binding assay. Fresh FEM XII cells were

washed three times with phosphate buffered saline (PBS,
0.02M phosphate buffer and 0. l6M NaCI) at pH 7.4 contain
ing 1%bovine serum albumin (BSA). The tumor cells (1 x
l0@)in 125 @dofthe medium wasthen mixed with 75@dof the
medium containing 5 ng of 1251Ab and unlabeled Ab DTPA
conjugateat an amount rangingfrom 0 to 250 ng. The assay
solution was incubated at 10Â°Cfor 1 hr with gentle shaking.
The cells were washedtwice with 3 ml of the cold medium
and centrifugedat 1,500g for 5 mm. The supernatantwas
pipettedoff and the activitybound to the tumorcells was
counted in a gammacounter.The total activitywasmeasured
separatelyby counting 75 @lof the medium containing 5 ng
of â€˜@IAb. For the determinationofthe immunologicactivity,
the percent 1251Ab bound to the cellswas plotted againstthe
logarithm of the concentration of Ab DTPA conjugate.The
immunologicactivityof Ab DTPA conjugatewasassessedat
50%inhibition of 1251Ab bound to the cells(Fig. 2).

Direct cell binding assay. Two point binding assays were
performedusinga conditionwherethe tumorcell antigens
are in excess to the antibody concentration. The cell binding
assay was reported previously (30). Briefly, 5 ng of â€œIn
labeled Ab DTPA conjugate in 75 @dof the medium was
incubated with 4 and 8 million tumor cells in 125 Mlof the
medium at 10Â°Cfor 1hr with gentleshaking,The tumor cells
were separated from the supernatant as described above. The
labeled antibody bound to the tumor cells was counted in a
gamma counter. For the determination of a percent nonspe
cific binding to the tumor cells, 25 @gofAb was added to the
assay solution and â€˜â€˜â€˜In-Ab-DTPAconjugate bound nonspe
cifically to the tumor cells was counted in a gamma counter.
The percent specificbindingwas obtained by subtractingthe
percent nonspecific binding from the percent total binding.

Biodistribution and Imaging Studies
Nude mice (20-25 g male, Harlan Sprague Dawley, Inc.,

Indianapolis, In 46229) were injected with FEM XII cells (5
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FIGURE 2

Effect of DTPA conjugation through a diester linkage on
immunologic activity of Ab as determined by a competitive
cell binding assay. (0), (Es),(G), and (0): the Ab-Diester
DTPA conjugate from the conjugation reaction with 20,
40, 80, and 120 times excess ethylene glycol
bis(succinimidylsuccinate),respectively.B@,is the radloac
tivity of 1251Ab specificallyboundto FEM XII cells in the
absenceof the Ab conjugate.
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Abt@diester@DTPAAb-peptide-DTPA6hr

l2hr 24hr 48hr6hrl2hr24hr48hrBlood

21.21 14.59 8.74 2.7525.6513.6012.657.350.88
1.20 0.98 0.181.802.632.231.16Liver

8.36 6.62 6.75 5.0310.6210.6412.7811.420.39
2.21 1.19 0.621.052.812.522.26Spleen

6.94 3.34 4.22 3.259.2810.9313.917.950.56
0.40 0.65 0.750.622.936.562.14Kidney

4.89 4.81 4.38 3.308.198.0910.009.740.43
0.63 0.29 0.370.891.101.022.13Intestine

1.77 1.73 1.36 1.132.362.412.882.240.18
0.06 0.10 0.190.180.560.720.41Muscle

0.96 0.84 0.60 0.38 1.381 .351.390.860.13
0.13 0.03 0.070.150.170.390.14Bone

2.38 2.17 2.70 1.183.624.173.843.520.42
0.13 1.17 0.010.371.09â€¢0.800.51S4

tumor 10.91 32.09 26.20 14.93 11.2813.8816.8216.362.34
6.73 5.80 2.22 1.803.364.294.64N

tumor 4.00 4.92 4.75 3.435.884.856.625.811
.95 1.80 2.61 1.58 1.591.652.932.66The

data are averages and standard deviations, and are normalized to 20 g bodyweight.N=4â€”7.t

Ab = monoclonal anti-melanoma anthody96.5.4

S tumor = solidtumor.a

N tumor = necrotic tumor.

x 106)subcutaneouslyin the right flank. The tumors were
grown for 2 wk until they became 0.2â€”0.5cm in diameter.
The nude mice were then injected i.v. with the â€˜â€˜â€˜In-labeled
Ab DTPA conjugates(5-13 @igfor biodistributionand 32-40
@igfor imaging. a specific activity of 1â€”2zCi/@ig).The mice
were killed 6, 12, 24, and 48 hr after injection. Organs were
excised, cleaned from blood, weighed promptly and counted
in a gamma counter. The biodistribution data are reported in
% injecteddose(ID) perg and normalizedto 20g mice (Table
2). Most of the tumors larger than 0.2 g had a lytic necrotic
center which was thoroughly removed from solid tumors by
tissue papers and counted separately. For control biodistri
bution experiments, antiidiotype antibody 2-135 (nAb) of
IgG@isotypewas conjugatedwith DTPA through the diester
and the peptide linkage the same as described for the specific
antibody. All of the experimental procedures used for the
biodistributionstudiesofthe nonspecificantibodywereiden
tical to those of the specific antibody except that the animals
were killed at 12, 24, and 48 hr postinjection. The percent
â€œIn-labelednAb DTPA conjugates bound to the tumor cells
in vitro was <10%.

For imaging studies, nude mice were anesthetized with a
0.1 ml mixture of Ketamine.HCI (700 gig, Ketaset, Bristol
Lab., Syracuse, NY) and Xylazine (60 gig, Rompun, Miles
Lab., Shawnee, KS). Imaging was performed with a scintilla
tion camera equipped with a 0.25-in. aperture pinhole colli
mater positioned 5 cm above the animals. The camera was
set to image both 172 and 247 keY energy peaks, and a total
of 100,000counts was accumulated for each image. Images
were obtained at 4, 16, 48, and 72 hr postinjection (Fig. 3).

The whole-bodyactivityof the animals was measuredwith a
dosimeter(RadioisotopeCalibratorCRC-2N)(Fig 4).

RESULTS

Chemistry of Conjugation
cDTPAA can react with hydroxy groups, imidazole

groups and sulthydryl groups in addition to reacting
with amino groups of proteins. However, the resulting
products from the reactions with the hydroxy, imidaz
ole and sulthydryl groups are known to be unstable at
the basic pH where the conjugation reaction was per
formed (31). We, therefore, think that the acylation
reaction at the amino groups only gave rise to a stable
antibody DTPA conjugate with an amide or peptide
bond (3). The percent DTPA conjugation yield from
the reaction of cDTPAA with Ab was @50%based on
the concentration of cDTPAA (Table 1).

DTPA-p-(aminoethyl)anilide was used as a bifunc
tional chelator to conjugate to Ab through a diester
linkage. For the introduction of a diester linkage, EGS
was reacted stepwise with the amino group of DTPA
p-(aminoethyl)anilide and then with an amino group
of Ab. EGS and the bifunctional amino DTPA were
reacted at a molar ratio of 1 to obtain no more than 1
DTPA substitution to the carbonyl groups of the two
N-hydroxy succinimidyl ester moieties ofthe cross link

TABLE 2

Biodistnbution(% ID/g)of â€œ11n-labeledAb DTPAConjugatesin NudeMicewith FEMXIIHumanMelanoma
Xenoqrafts
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FiGURE 3
Images of nude mice with human melanoma FEM XII xenograft after the injection of the 1111n-labeledAb DWA
conjugates.Uppercaseandlowercaseis for the peptideandthe diesterconjugate,respectively.A anda: 4-hr images.
B and b: 16-hr images. C and c: 48-hr images. D and d: 72-hr images.

D dC

ing agent. The reaction was continued for 5 mm to
minimize the hydrolysis of the remaining N-hydroxy
succinimidyl ester of the cross linking agent which was
essential for the conjugation of DTPA to Ab through a
diester linkage. The overall reaction yield for conjugat
ing DTPA-p-(aminoethyl)anilide to Ab through a dies
ter linkage was 10%based on the concentration of the
cross linking agent or the bifunctional chelating agent
(Table1).

The diesterconjugate was less stable than the peptide
conjugate to the hydrolysis reactions. The percent for
mation ofa small [â€œInJDTPAchelate from the cleav
age ofthe Ab-Diester-DTPA-' â€˜â€˜Inwas 96, 12,and 5.1%,
respectively when incubated in a buffer medium at a
pH value of 8.5, 7.5, and 70 at 37Â°Cfor 24 hr. The

formation ofa small â€œInchelate from the Ab-Peptide
DTPA-' â€˜â€˜Inunderthe identical hydrolysisreaction con
ditions was 21, 2.4, and Ll%, respectively. The results
of the hydrolysis reactions support indirectly that the
stepwise reactions ofEGS with the bifunctional chelator
and then with Ab conjugatedthe chelatorto Ab through
the readily cleavable diester linkage. A reaction of the
amino group of the bifunctional chelating agent with a
carbonyl group of the N-hydroxy succinimidyl ester
moieties of EGS and a reaction of Ab with a carbonyl
group of the glycol ester moieties of EGS would con
jugate the bifunctional chelator to antibody through
two amide linkages. The cleavage rate of these amide
linkages, however, would be somewhat similar to that
ofthe Ab-Peptide-DTPA.
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This indicates that a larger tumor with a bigger necrotic
center accumulates less activity in % ID/g than a small
and completely viable tumor.

The biodistribution ofthe diesterconjugate was corn
pared with that of the peptide conjugate at 6, 12, 24,
and 48 hr postinjection. The Ab-Peptide-DTPA-' â€œIn
produced the maximum activities in tumor and organs
such as liver, spleen, kidney, intestinal contents, muscle,
and bone at 24 hr (Table 2). The tumor and normal
organ activities, however, did not change significantly
whereas the activity cleared steadily from blood over a
period of 48 hr. The Ab-Diester-DTPA-â€•In,on the
other hand, produced the maximum tumor activity at
12 hr but the maximum organ activities at 6 hr. There
after, the tumor and the normal organ activities de
creased slowly whereas the blood activity cleared much
rapidly.

Comparing the solid tumor activities, the diester
conjugate produced higher activities (32 and 26%) than
those (14 and 17%) of the peptide conjugate at 12 and
24 hr (p < 0.005). The solid tumor activities (1 1 and
15%) of the diester conjugate were similar to those (11
and 16%)ofthe peptide conjugate at 6 and 48 hr (p>
0.25). Comparing the activities in organs, the diester
conjugate produced lower activities in all of the organs
than the peptide conjugate did. The liver activities for
the diester conjugate were 8.4, 6.6, 6.8, and 5.0% at 6,
12, 24, and 48 hr whereas the corresponding activities
for the peptide conjugate ranged from 11 to 13%. The
liver activities ofthe diester conjugate at 12, 24, and 48
hr are much lower (p < 0.020) than the corresponding
activities of the peptide conjugate. At the same time
intervals, the kidney activities were 4.9, 4.8, 4.4, and
3.3% for the diester conjugate. These activities are much
lower (p < 0.005) than the corresponding activities of
the peptide conjugate which ranged from 8.2 to 10%.
Comparing the blood clearances of both antibody con
jugates, the diester conjugate cleared from blood much
faster than the peptide so that the blood activity (2.8%)
for the diester was almost three times lower than that
(7.4%) of the peptide at 48 hr. The faster blood clear
ance for the diester conjugate was also supported by the
imaging studies. The diester produced a clearly visible
tumor image at 4 hr and a much lower blood activity
at 72 hr ascompared to the blood activity ofthe peptide
conjugate.

For the peptide conjugate, the solid tumor to liver
and kidney ratios did not change appreciably for a 48
hr period (Table 3). The clearance of the activity from
blood was, however, much faster than those from tu
mor, liver and kidney so that the tumor to blood and
the organ to blood ratios increased with respect to time
(Table 4). Unlike the peptide conjugate, the chester
conjugate produced maximum tumor to liver, spleen,
and kidney ratios at 12 hr. Moreover, there was a big
increase in the tumor to the organ ratios of the diester

100
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0 40 80 120 160 200

TimeAfterInjection(Hr)

FIGURE 4
Percent whole-body retention of the 1111n-labeledAb DTPA
conjugates in nude mice with human melanoma FEM XII
xenograft. i@and 0 is for the peptide and the diester
conjugate,respectively.

Relationship Between DTPA Conjugation and
Immunologic Activity

The effect ofDTPA conjugation on the immunologic
activity of Ab was investigated in detail for the Ab
Diester-DTPA preparation. As assessed by 50% inhi
bition of the 125!Ab binding to the tumor cells, the
immunological activity of the Ab-Diester-DTPA de
creased as the number of DTPA molecules conjugated
per Ab was increased. The immunologic activity of the
antibody conjugate containing 4.2, 7.6, and 11 DTPA
molecules per Ab was 55, 24, and 8%, respectively of
the immunological activity of the antibody conjugate
containing 1.7 DTPA molecules (Fig. 2). It was deter
mined in a separate experiment that the immunologic
activity ofthe antibody conjugate containing 1.7 DTPA
molecules was almost identical to the native Ab.

Biodistribution Studies
The Ab-Diester-DTPA and the Ab-Peptide-DTPA

containing 1 DTPA molecule per Ab were radiolabeled
with â€œInfor the biodistribution studies. The immu
noreactivity of the â€œInlabeled Ab DTPA conjugates
ranged from 50 to 60% as assessed by the direct cell
binding assay.

Most of the tumors larger than 200 mg had a lytic
necrotic center which was thoroughly removed from a
solid tumor and counted separately from the solid
tumor. The activities (% ID/g) in the solid tumors did
not change depending upon the size of the tumors but
they were 2 to 6 times higher than those in the necrotic
tumors for both the diester and the peptide conjugates.
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TABLE3Solid
Tumorto OrganRatiosof 1111n-LabeledAbDTPAConjugates

in Nude Mice with FEM XII HumanMelanomaXenograftsAb-Diester-DTPA

Ab-Peptide-DTPA6hr

l2hr 24hr 48hr 6hr l2hr 24hr48hrBlood

0.5 2.2 3.0 5.4 0.4 1.0 1.32.2Uver
I .6 4.9 3.9 3.0 1.2 1.3 1.31.4Spleen
1.7 9.6 6.2 4.6 1.6 1.3 1.31.4Kidney
2.2 6.7 6.0 4.5 1.4 1.7 1.71.7Intestine
6.2 18.5 19.2 13.2 4.8 5.8 5.87.3Muscle

11.3 38.2 43.4 39.6 8.2 10.3 12.119.0Bone
4.6 14.8 9.7 12.6 3.1 3.3 4.44.6.

Ab = monoclonal anti-melanoma antibody 96.5.

Xenograftl2hr

24hr 48hrnAb-Peptlde-DTPAl2hr24hr48hr

Biood 10.588.062.4013.5014.006.481
.470.581.724.550.341.81Uver8.83

2.427.161.225.740.3913.691.9413.281.3315.171.88Spleen8.41

3.906.212.635.643.2410.266.639.674.0313.304.28Kidney8.97

0.768.150.877.671.1314.881.5214.761.1714.951.38Intestine2.39

0.872.050.691
.64

0.292.690.643.000.633.130.71Muscle0.80

0.160.760.100.440.071.26 0.311.70 0.731.140.30Bone2.83

0.902.982.043.081.074.97 1.635.20 1.725.271.19S
tumor44.81

1.523.720.693.080.976.541.246.671.755.790.76N
tumor2.63

1.432.620.691.790.364.82 1.624.61 1.044.18 0.62

TABLE4Organ
to Blood Ratios of 1111n-LabeledAbDTPAConjugates
in Nude Mice with FEM XII HumanMelanomaXenograftsAb-Diester-DTPA

Ab-Peptide-DTPA6hr

l2hr 24hr 48hr 6hr l2hr 24hr48hrLiver

0.3 0.4 0.8 1.8 0.4 0.8 1.01.6Spleen
0.3 0.2 0.5 1.2 0.3 0.8 1.11.1Kidney
0.2 0.3 0.5 1.2 0.3 0.6 0.81.3Intestine
0.08 0.1 0.2 0.4 0.09 0.2 0.20.3Muscle
0.05 0.06 0.07 0.1 0.05 0.1 0.10.03Bone
0.1 0.2 0.3 0.4 0.1 0.3 0.30.5Stu-
0.5 2.2 3.0 5.4 0.4 1.0 1.32.2mo@-

Ab = monoclonal anti-melanoma antibody96.5.t

S tumor = solid tumor.

DISCUSSION

An ideal radioimrnunoimaging agent would be one
that accumulates in tumor in a high concentration but
clears from blood and normal organs rapidly, thereby
resulting in high tumor to normal organ ratios at an
early time interval after injection. Our strategy to
achieve this goal was to add a labile chemical linkage
between antibody and an [â€˜â€˜â€˜InJDTPA derivative,
thereby enhancing the cleavage of the linkage between
antibody and the chelate in normal organs. The [â€œIn]
DTPA metabolite is expected to enter into the circula
tion and clears rapidly from the circulation by renal
excretion.

The purpose of this study was to investigate if the
addition of the diester linkage between monoclonal
anti-melanoma antibody 96.5 and [â€œIn]DTPAin
creases tumor to organ ratios in nude mice with a
human melanoma tumor xenograftas compared to the
antibody conjugate with a peptide linkage. We have
selected a diester linkage for this study because liver is
rich in carboxyesteraseswhich rapidly metabolize ester
linkages (32). Our preliminary investigation using rats
with target antigen models localized in lungs indicated
that the diester linked antibody conjugate was quite
stable over a 48hr period once bound to the target but
cleared rapidly from blood, giving rise to a high target

TABLE 5
Biodistribution(% ID/g)of â€˜11lnLabelednAbDTPA

Conjugates in Nude Mice with FEM XII Human Melanoma

conjugate at 12 hr as compared to those at 6 hr.
Thereafter, the tumor to normal organ ratios of the
diester conjugate decreased with respect to time. On the
other hand, the tumor to blood ratio of the diester
conjugate increased with respect to time for a 48-hr
period. The tumor to blood and normal organ ratios of
the chesterconjugatewere similarto those ofthe peptide
conjugate at 6 hr but the ratios ofthe chesterconjugate
became 2 to 7 times larger than those of the peptide
conjugate at 12 hr.

The biodistribution of â€œIn-labelednonspecific anti
body DTPA conjugates was similar to that of the cor
responding specific antibody DTPA conjugates except
that the solid tumor activities were two to eight times
smaller than those of the corresponding specific anti
body conjugates and that the kidney activities were
somewhat larger than those of the specific antibody
conjugates (Table 5). Two to eight times larger solid
tumor activities appear to indicate that the specific
antibody conjugates accumulated in the tumors pri
marily by the specific binding to the tumor antigen.

ThedataareaveragesandstandarddeviatiOnS,andnormalized
to 20 g bodyweight.

. N =6.

t @Ab= MOnOcIOnaI antlidiotype antibody 2-135 of IgG@.

* S tumor = solid tumor.

* N tumor = necrotic tumor.
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to blood ratio (22). We used the peptide linkage as a
control linkage because it has been the most common
linkage connecting antibody to [â€˜â€˜â€˜In]DTPAfor biodis
tribution and imaging studies. The antibody DTPA
conjugates used for this study gave a single HPLC peak
with a retention time identical to that of the native
antibody. The â€œIn-labeledantibody conjugates used
for the biodistribution studies had similar immunoreac
tivities. We think that the antibody injectates were
different primarily in their chemical linkages.

The chesterconjugate clearedfrom blood much faster
and was retainedin organsmuch lower than the peptide
conjugate. Moreover, the chester conjugate produced
the maximum activities in organs such as liver, spleen,
and kidney at 6 hr but the maximum tumor activity at
12 hr whereas the peptide conjugate produced the max
imum organactivities and the maximum tumor activity
at the same time at 24 hr. These differences in the
pharmacokinetics resulted in two to seven times higher
tumor to blood and tumor to organratios for the diester
conjugate for the time intervals between 12 to 48 hr.

The diester conjugate cleared from whole body three
times faster,with a biological halflife of36 hr, than the
peptide conjugate (Fig. 4). The activity mainly excreted
through kidneys and the activity in intestinal contents
was 2 to 3% ID/g over a 48-hr period for both conju
gates. The whole-body biologic half life of the chester
conjugate is similar to the result (43% of the injected
dose cleared from whole body of the tumor bearing
nude mice in 24 hr) of Haseman et al. (23) but is
different from the result ofMeares et al. (33). Haseman
et al. and Meares et al. used a bifunctional chelator, p
aminobenzyl EDTA but conjugated it to two different
monoclonal antibodies through the chester linkage. An
other difference in their experiments is that Haseman
et al. used mice bearing B-cell lymphoma and Meares
et al. used normal mice. Meares et al. hypothesized that
the faster whole-body clearance reported by Haseman
et al. as compared to theirresultmight have been caused
by a presenceofactive esterasesin the B-cell lymphoma.
Our result does not support a view that esterases in
FEM XII melanoma xenograft in our animal model are
primarily responsible for the three times faster clearance
of the chesterconjugate from the whole-body because
the tumor activities ofthe chesterconjugate were either
largerthan or similar to those of the peptide conjugate
for a 48-hr period. The major site of metabolism of the
chester linkage is not yet known. However, blood does
not appear to be the major site of metabolism because
the chesterlinkage cleaves at a rate of 10% per day in
serum in vitro at 37Â°C.This is similar to the in vitro
cleavage rate (12% per day) of the diester linkage be
tween anti-human serum albumin antibody and the
[â€œIn]DTPAchelate in serum at 37Â°C(22).

This study supports a hypothesis that tumor to organ
and blood ratios can be optimized by the addition of a

metabolizable linkage between antibody and a chelate.
The chesterlinked conjugate clears from blood much
faster and is retained much less in normal organs than
the peptide linked conjugate. The addition ofthe diester
linkage,therefore,may be beneficial for imaging tumors
in patients at early time intervals after injection.
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