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We have developeda modelsystemthat can be usedto evaluate methodsfor

radlolabellngmonoclonalantibodIes.In this system,dlnftrophenyl(DNP)Is used
as a modelantIgen,and HDP-1 (a monoclonalantibodyspecificfor DNP) Is used
as a model monoclonal antibody. DNP-coupled agarose beads are Injected into the
femoral veIns of rats, after which they localIze In the anImals' lungs. Radlolab&ed

antibody can then be injected and Its blodlstrlbutlon monftored. We describe here
the developmentand InItIaltestingof the modelwith radiolodlnatedantibody.
J Nuci Med 25: 1343-1349, 1984
For many years radiolabeled polyclonal antibodies
have been used for tumor imaging (1 ,2), but the use of
these antibodies has been limited, since the antibody
preparations are not specific for tumor tissues alone.
Hybridoma technology has eliminated many of these

problems, since it is now possible to produce monoclonal
antibodies that are highly tissue specific.
Recently there have been many reports describing the

use of radiolabeled monoclonal antibodies in tumor
imaging

(3,4).

Most of these studies have utilized

ra

dioisotopes of iodine, although the decay characteristics
of the readily available nuclides (1-125 and 1-131) are
not ideal for imaging studies. In addition, rapid metab

etriaminepentaacetic

acid (DTPA)

(7,8) and ethylen

ediaminetetraacetic acid (EDTA) (9,10), to radiolabel
proteins with In-i 11 or Ga-67. Recently there have been
several reports describing

animal imaging

studies that

have used monoclonal antibodies radiolabeled by way
of bifunctional chelates (11 ,12). Although conditions
used to label the different monoclonal antibodies have
been

described,

compared
system.

using

the various

the same

methods

antibody

have

not been

in the same

There are a number of difficulties associated with the
use of animal tumor models for evaluating antibody

labeling methods. For example, it is impossible to control

olism of the iodinated antibodies leads to concentration

such factors as tumor size and growth rate, the amount

of radioiodide in the thyroid, stomach, and bladder. This

results in high radiation doses to these organs as well as
in the degradation of image quality.

of antigen present on tumor cells, the amount of antigen
available for antibody binding, or the amount of circu
lating antigen. Accordingly, we have developed a model

As a result of these problems associated with using

system that does not involve the use of tumors, and can

radioisotopes

of iodine, there has been much interest

focused on the use of bifunctional chelates to label pro
teins with radionuclides of metals such as indium and

be used to evaluate different methods for radiolabeling
monoclonal

gallium. There have been several reports describing the
use of deferoxamine
(5,6), and of analogs of diethylen
Received Mar. 26, 1984; revision accepted Aug. 15, 1984.

Forreprintscontact:Dr.M.i. Welch,Div.ofRadiationSciences,
Washington University School ofMedicine, 510 S. Kingshighway, St.
Louis, MO 63110.
Volume

25, Number

12

antibodies.

We describe here the develop

ment and initial use of this model system.
MATERIALS AND METHODS

HDP-l (a monoclonal antibody specific for DNP) was
purified
nonspecific

by affinity
monoclonal

chromatography.
antibody)

was

MOPC-21
obtained

(a
com
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mercially the following reagents were also purchased:
Affi-Gel 102 amino derivatized beads (80- 180 @z
diam),
Affi-Gel 701 polyacrylamide beads (1-3 @i
diam), and
Bio-Gel P-2 aminoethyl polyacrylamide beads (40â€”80

chloroform, each time discarding the organic layer. After

IL diam)t;

The organic layer containing the NBD-â‚¬-amino-caproic
acid was removed and the aqueous layer was re-extracted

immobilized

diaminodipropylamine

agarose

beads and 1,3,4,6-tetrachloro-3a,6a-diphenylglycoluril
(Iodo@gen)*;

2,4,-dinitrobenzenesulfonate

4-chloro-7-nitrobenzo-2-oxa-

f-amino-n-caproic
Na(I-l25)

(DNBS);

l,3-diazole

(NBD-Cl);

acid; and high-specific-activity

and Na(I-l3l).

DNBS was recrystallized

twice before use (13).

Preparationof DNPcoupledbeads.DNBSwascou
pled to Affi-Gel 701 polyacrylamide beads, Bio-Gel P-2
aminoethyl

polyacrylamide

derivatized

agarose beads, using a modified procedure

beads, or Affi-Gel

102 amino

of Fleischman and Eisen (14). In this procedure, DNBS
reacts with the terminal amino groups to yield DNP
derivatives of the beads. After adding a fivefold molar

washing, concentrated HC1 was slowly added to the
aqueous layer until the pH reached 1-2. Chloroform
(125 ml) was added to yield two layers upon shaking.

two to three times with chloroform (all organic layers
were collected and pooled). After rotary evaporation of

the chloroform, the NBD-e-amino-caproic acid was re
dissolved in 25 ml of chloroform/methanol (1 :i) and
stored at â€”20Â°C.
To evaluate its purity, the NBD
E-amino-caprOicacid was chromatographed on Silica Gel
G thin-layer chromatography plates (without fluorescent
indicator) using a solvent system composed of chloro
form/methanol/NH4OH/H20
(70:30:2.5:2.5). (Rf for
NBD-Cl is 0.86; R1 for NBD-f-amino-caproic acid is
0.39). The concentration of NBD-e-amino-caproic acid
was determined using a molar extinction coefficient of

excess of DNBS to the beads (as compared with the
amount of reactive amino groups), they were protected

24,000 at 475 nm (15).

from light and incubated at 37Â°Cwith moderate shak

ascites fluid. The fluid was first fractionated by precip
itation in 50% saturated ammonium sulfate. The pre

ing. After 40 hr, the beads were washed with phos

phate-buffered saline (PBS), pH 7.25, until the ab
sorbance

at 360 nm was negligible.

Unreacted

sites on

the beads were blocked by the addition of acetic anhy
dride. After 1 hr of incubation at room temperature, the
beads were extensively washed with PBS and stored at
4Â°C.
Purification

of HDP-1

monoclonal

antibody.

NBD

HDP-l monoclonal antibody was purified from mouse

cipitate was washed, redissolved, and dialyzed against
PBS, pH 7.2. Approximately 150-250 mg of dialyzed
protein was loaded onto a 5.5-ml column of NBD-a1k@
ylamine agarose affinity resin. The column was washed

with PBS, pH 7.2, and the HDP-1 monoclonal antibody
was eluted with 15 ml of NBD-E-amino-caproic
acid
solution (â€œ@4.6
mM in PBS). The NBD-&amino-caproic

alkylamine agarose beads were prepared and used as an

acid was removed from the eluted antibody by extensive

affinity resin in the purification of HDP-l . Immobilized
diaminodipropylamine agarose beads were washed
several times with 50 mM Na borate (pH 7.5)/aceto
nitrile (1:1). After resuspending the beads in 20 ml of the

dialysis against PBS.

borate/acetonitrile
solution, I .57 ml of0.5 M NBD-Cl
(in acetonitrile) was added. The beads were incubated
at room temperature with intermittent stirring. After 10

Radiolabeling of monoclonal antibodies. HDP-i or
MOPC-21 monoclonal antibodies were iodinated using
the lodo-Gen method (16).
Development

of the model.

The biodistribution

of

several sizes of radiolabeled beads (Affi-Gel 701, 1â€”3@.t

NBD--amino-caproic acid was prepared for use in
the elution of HDP-1 from the affinity resin. [NBD has

diam; Bio-Gel P-2, 40-80 s diam; and Affi-Gel 102,
80â€”180@L
diam)) was evaluated to determine which
beads would localize in rat lungs. DTPA cyclic anhy
dride, prepared according to the method described by
Hnatowich et al. (8), was attached to the beads, after
which they were incubated with 250 @tCi
of In-i 1i and

been used as a fluorescent

extensively

mm, they were washed extensively with the borate/
acetonitrile solution and stored at 4Â°Cin 0.IM PBS, pH
7.2.

analog of DNP (15).]

Fifty

washed

with distilled

water. Radiolabeled

ml of 20 mM NBD-Cl (in acetonitrile) were added to 50

beads (50 zl of a solution made by resuspending a small

ml of 100 mM

volume of packed beads in an equal volume of water)

@-amino-caproic acid (in 50 mM Na ho

rate buffer, pH 8.05) and the solution was stirred for 2
hr at room temperature.
acetonitrile,

After rotary evaporation of the

the remaining

solution

was brought

up to

were added to tubes containing 50 @il
of 0.9% NaCl and
150 @l
of 70% sucrose (w/v). (Sucrose was used to keep
the beads in suspension, since they sedimented rapidly

90 ml with distilledwater.Ammoniumhydroxide(10

in solutions of lower density.) After mixing, the beads

ml) was added and the solution was transferred to a 2-1
separatory funnel. Chloroform (1 25 ml) and methanol
(250 ml) were added and the solution was mixed. After

were injected through 2i-gauge needles into the femoral
veins of 250- to 300-g rats. Animals were killed at 0.5 and

the further addition of chloroform (125 ml) and water

counted in a Nal well scintillation counter.
Before testing the radiolabeled antibody in vivo, we
determined the maximum number of beads that could
be injected into an animal without causing any adverse

(125 ml), two phases were obtained. The bottom (or
ganic) layer was removed and discarded. The top

(aqueous) layer was washed two to five times with
1344
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effects. To 150 s1of 70% sucrose (w/v) 25 to 75 @il
of
DNP-coupled beads were added and the final volume
was brought up to 250 @i1
with 0.9% NaC1. After injec
tion of the beads, the animals

were moni@Ored for any

adverse reactions.
The capacity of HDP- 1 to bind to the DNP-coupled
beads in vitro was also tested. Underivatized beads or
DNP-coupled beads were aliquoted into micro test tubes
(50 @ilper tube) containing plasma. Five to 500 @igof

(I-125)HDP-1 were added to each tube, and the mixture
was incubated

at 37Â°C. After 1 hr, the beads were pel

leted, washed, and counted to determine the amount of
radioactivity

bound.

Biodistribution studies.DNP-coupled Affi-Gel 102
beads (50 @il
of bead suspension, â€˜â€”â€˜16,000
beads) were
injected into the femoral veins ofrats, followed 1 to 2 mm

later by an injection of radiolabeled monoclonal anti
bodies into the opposite femoral vein. Each animal was
administered 200 @tl
0.9% NaCl containing â€˜â€”@3.5
@g
each
of HDP-1 and MOPC-21 antibody. In each experiment,
one of the antibodies was labeled with 1-125 and the
other with 1-131. Animals were killed at 1, 4, 24, and 48
hr after injection of the antibodies. Samples of blood,
liver, lungs, kidney, spleen, muscle, and thyroid were
removed, and weighed, then counted in the scintillation
counter.
Experiments

were also performed to evaluate the ef

feet of varying the dose of HDP-i. Rats were injected
with (I-125)HDP-1 (doses ranging between 0.25 ig and
500 @ig
per rat) following injection of the DNP-coupled
beads. All animals were killed 24 hr after injection of the

calize predominantly in the lungs of mature rats. Bio-Gel
P-2 and Affi-Gel 102 beads fit this criterion, and were
therefore used in the rest of the preliminary experi
ments.
DNP-coupled Bio-Gel P-2 or Affi-Gel 102 beads were
then used to determine the maximum number of beads
that could be injected. These experiments showed that
a 250- to 300-g animal could tolerate up to 50 @il
of bead
suspension (in 150 @tl
total volume ofsaline and sucrose)
without experiencing
dyspnea. This corresponds
to

@@@sI6,000
beads per animal.
Before in vivo evaluation of radiolabeled HDP-1, it
was necessary to evaluate the capacity of the antibody
to bind to the DNP-coupled beads in vitro. Only a neg
ligible amount of antibody bound to the DNP-coupled

P-2 beads (Table 1). This result was observed no matter
what amount of antibody was used. Bio-Gel P-2 beads
exclude molecules with molecular weights greater than
1,800 daltons, therefore the only DNP-derivatized sites
available for HDP-i binding are on the outside of the
beads. Minimal amounts of antibody binding to these
sites, however, could be a result of the spacer arm on the
beads being too short to allow adequate
antigen

to the active site of the antibody

ficulties that occurred during the experiment: incomplete

experiments

Affi-Gel i02 beads.

solution). Twenty-four
the animals

were

were carried

Biodistribution

out using

DNP-coupled

studies. Tables 2-4 show the biodis

tribution of (I-i25)HDP-i and (I-l3i)MOPC-21 an
tibodies in rats previously injected with DNP-coupled

hours after antibody

anesthetized

(100â€”120mg/kg) and acepromazine

[ketamine

(0.2 mg/kg)]

and

imaged using a large-field ofview gamma camera fitted
with a 6-mm pinhole collimator. Imaging was continued
up to 50,000 counts.

TABLE 1. IN VITROBINDINGOF (1-125)
HOP-I TO 50 @iIOF DNP-COUPLED BEADS

IN PLASMA
BoundDNP-Bio-GelDNP-Affi-GeItestedP-2
M9(I-125)HDP-1%
Beads102
0.25

RESULTS

2.5
5.0
25
50

Preliminarystudiesâ€”Development
of the modeL
Radiolabeled Bio-Gel P-2 beads (40-80 @idiam), or
Affi-Gel 701 beads (1-3 z diam), were injected into rats

to see which beads localized in the lungs. More than 99%
of the Bio-Gel or Affi-Gel i02 beads were found in the
lungs at 30 mm after injection; similar results were found

when animals were killed at 24 hr. When Affi-Gel 701
beads were used, >85% of the beads were found in the
liver, with smaller percentages in the lungs and spleen.
These results indicate that beads >>40 @t
diam will 1â€”
Volume 25, Number i2

When

washing of the beads and/or loss of some beads during
aspiration of the supernatant.) The remainder of the

Imaging. Rats were injected with DNP-coupled
Affi-Gel i02 beads, followedby 100 sCi of I-i 31-labeled
HDP-i or MOPC-21 monoclonal antibody. (The thy
roids of these animals were blocked by the addition of a
drop ofsupersaturated potassium iodide solution to the
DNP-bead

(17).

DNP-coupled Affi-Gel i02 beads (molecular weight
inclusion range up to 500,000 daltons) were used, â€˜-@-50%
of the antibody remained bound. (The variability in the
Affi-Gel 102 binding results was due to technical dif

antibody.

injection,

binding of the

100

<1
<1
<1
<1
<1
<1

72
45

50
64
77
70

Soot
. The

% bound

53
was calculated

by subtracting

percentage

of antibodyboundto underivatizedbeadsfrompercentage
bound to DNP-coupied beads.
t Tested only with DNP-Affi-Gel 102 beads.
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TABLE2. TiSSUEDISTRIBUTION
OF (I-125)HDP-1AND (I-131)MOPC-21MONOCLONAL
ANTIBODIES
( %ID/g)
Time of death
Tissue

lhr

Blood

1.13
3.04
2.81
0.36
0.63
0.06
36.26

Liver
Lung
Kidney

Spleen
Muscle
Thyroidt

Blood
Liver
Lung

2.92
1.21
1.54
0.59
0.62
0.09
51.93

Kidney

Spleen
Muscle
Thyroidt
.

4hr

24hr

48hr

Â±0.25
Â±0.94
Â±0.59
Â±0.14
Â±0.21
Â±0.01
Â±8.40

(A)(l-125)HDP-1
0.65 Â±0.21
0.20 Â±0.10
1.77 Â±0.52
0.31 Â±0.10
4.43 Â±1.85
5.13 Â±2.31
0.43 Â±0.21
0.19 Â±0.09
0.51 Â±0.17
0.21 Â±0.13
0.08 Â±0.02
0.06 Â±0.03
201.64Â±74.59
850.11 Â±264.23

Â±0.40
Â±0.22
Â±0.56
Â±0.13
Â±0.09
Â±0.03
Â±14.67

(B (l-131)MOPC-21
2.33 Â±0.42
0.94 Â±0.19
0.89 Â±0.23
0.34 Â±0.10
1.77 Â±0.48
0.98 Â±0.46
0.61 Â±0.15
0.27 Â±0.07
0.52 Â±0.12
0.23 Â±0.06
0.10 Â±0.03
0.10 Â±0.04
168.91Â±87.48
529.89Â±253.23

0.09 Â±0.05
0.27 Â±0.13
2.90 Â±0.90

0.10 Â±0.06
0.10 Â±0.05
0.04 Â±0.03

843.58 Â±425.43
0.64 Â±0.22
0.30 Â±0.16

0.67Â±0.47
0.18 Â±0.10
0.18 Â±0.09
0.08 Â±0.04
751.75Â±443.50

MeanÂ±s.d.for9â€”l2rats.

t Calculated using average thyroid weight of 5 mg per 100 g animal body weight (19).
Note: The number of DNP beads injected into each animal was so extremely low that it was impossible to assay for any circuMng
DNP (that is, if any had leached off the beads). We did, however, thoroughly wash beads before use; optical density of final wash
was negligible. At other times beads were not washed before use and 00 of supematant was again found to be negligible, indicating

no
loss
of
DNP
from
beads.

Affi-Gel I 02 beads. When the uptake of (I- 125)HDP- 1
is monitored,

the %ID/g

for liver, kidney,

spleen,

and

muscle tissue decreases with time, and by 48 hr the val

ues are negligible (Table 2). In contrast, the %ID/g for
lung increases to a maximum at 24 hr after injection of
the antibody, then slightly declines, but a significant
amount of activity remains in the lungs at 48 hr. When
the uptake of (I-I 3l)MOPC-21 is monitored, however,
the %ID/g for all of these tissues, including lung, de
creases

over the course

of the experiment.

In all cases,

MOPC-21 were injected simultaneously, the binding of
MOPC-21 was used as an internal control for each ani
mal. In all tissues except lung, the ratio was found to
decrease over the course of the experiment. In compar
ison, the ratio of the lung data increased about fivefold.
Since MOPC-21 is used as an internal control, these
results indicate again that the HDP-1 antibody binds

specifically to the beads in the lungs whereas the non
specific MOPC-21
Because

there

does not.
is no dramatic

increase

of (1-131)-

MOPC-21 in the lungs at the later stages of these ex
periments, as seen with (I-125)HDP-1, it was important

radioactivity
in the thyroid increases significantly
throughout the course of the experiment, due to in vivo
dehalogenation of the radiolabeled antibodies and Se
questration of free radioiodide in the thyroid.
Table 3 shows the results of these biodistribution ex
periments, expressed as the ratio of cpm per gram of

versing

tissue to cpm per gram of blood (tissue/blood

biodistributions of (I-I 3 1)HDP- 1 and (I-i 25)MOPC-21

ratio). For

the MOPC-21 antibody, the ratio for all tissues increased
only slightly throughout

the course of the experiment.

For the HDP-l antibody, slight increases for the kidney,
spleen, and muscle were seen, whereas the ratio for the
liver declined

slightly.

In comparison,

the ratio for the

lung has increased more than tenfold over the course of
the experiment.
ratio

of the %ID/g

(MOPC-2l).
1346

A second set of experiments was performed after re
the radiolabels

attached

to the antibodies.

The

were similar to those described in Tables 2â€”4,
(data not
shown) indicating that the decreased uptake of
(I-I 31)MOPC-21 in the lungs was not the result of rad
iation damage to the antibody, but rather to its lack of
specificity

for the DNP antigen.

To show that the localization of HDP-l in the lungs
was due specifically to the binding of the antibody to the

Table 4 shows the biodistribution data presented as
the

to determine whether the use of 1-131 destroyed the
ability of the MOPC-2 1 antibody to bind to the beads.

(HDP-1)

Since the radiolabeled

to the %ID/g

HDP-1 and

DNP-coupled Affi-Gel beads, (I-125)HDP-1 was in
jected into animals that had not been treated with the

beads. Since the maximum uptake of HDP-1 in the lungs
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TABLE 3. TISSUE DISTRIBUTIONOF (I-125)HDP-1 AND (l-131)MOPC-21 MONOCLONALANTIBODIES

(TISSUE/BLOODRATIO)
Time of death
Tissue

lhr

24hr

Liver

4.00Â± 1.20

3.03 Â±0.48

Lung

2.31Â±0.60
0.24Â±0.05
0.38Â±0.10
0.05Â±0.02
33.10Â±9.71

5.10 Â±1.72
0.44Â±0.15

Kidney

S@n
Muscle

Thyroidt

Liver
Lung
Kidney
Spleen
Muscle

MeanÂ±s.d.

15.09Â±6.63
0.59 Â±0.19
0.51 Â±0.13

0.09 Â±0.04

383.64Â±127.26

0.04 Â±0.01
83.60Â±19.16

0.03 Â±0.01
22.16 Â±7.02

48hr
1.74 Â±0.50

25.17Â±10.82
0.65 Â±0.13

0.15Â±0.02

0.87Â±0.14
0.21Â±0.03

3742.63 Â±1676.22

4528.67 Â±2383.33

(B (l-131)MOPC-21
0.39
1.09
0.73Â±0.13
0.26 Â±0.04
0.30
0.22 Â±0.02
0.28
0.38 Â±0.05

0.62 Â±0.10
0.23 Â±0.04
0.22 Â±0.04

for9â€”12

(A (l-125)HDP-1
1.69 Â±0.72

0.54Â±0.20

0.40 Â±0.04

Thyroidt
.

4hr

Â±0.11
Â±0.45
Â±0.05
Â±0.11

0.50 Â±0.14
1.00 Â±0.43

0.31Â±0.08

0.11Â±0.04

0.30 Â±0.08
0.12 Â±0.02

663.22 Â±207.47

992.17 Â±377.11

rats.

t Calculated using average thyroid weight of 5 mg per 100 g animal body weight (19).

was previously observed to be at 24 hr (Tables 2â€”4)all
animals were killed after this interval. Table 5 shows that

no specific localization of (I-125)HDP-1 was observed
in these animals, indicating that the uptake of antibody
into the lungs in the previous experiments was due spe
cifically

to its binding

to the DNP

groups

on the

reached maximum levels in animals injected with 50 ig
of antibody. When low doses of antibody were used, the
%ID/g was greatly reduced. This could be the result of
some antibody binding to circulating antigen that had
leached off the beads, thereby reducing the amount of
antibody available to localize in the lungs. Extensive

washing of the beads with plasma and saline before in
beads.
(I- 125)HDP- 1 doses ranging from 0.25 to 500 jzg jection to remove any unbound DNP, however, did not
were injected to see whether the amount of antibody affect the amount ofantibody binding to the lungs.When
binding to the beads was affected by the amount of doses >50 @igwere used, the %ID/g and the tissue/blood
antibody injected. Since the level of activity in the lungs
reaches

a maximum

at 24 hr (Tables

2â€”4),all animals

in these experiments were killed after this interval. As
shown in Fig. 1, the %ID/g and tissue/blood ratios

ratio both declined.
Imaging. Rats were injected with 50 @gof (1-13 1)HDP-1 or (I-131)MOPC-2i
antibody, then imaged 24

hr later. With HDP-i, the radioactivity localized mainly

AND (I-131)MOPC-21MONOCLONAL
TABLE4. TiSSUEDISTRIBUTION
OF
(MOPC-21)']ANTIBODIESTissueTime
%lDIg (HDP-1) TO %ID/g
[RATIOOF(l-125)HDP-1
deathlhr4hr24hr48hr

of

BlOOd
Liver
Lung

0.47 Â±0.13
3.52 Â±0.64
1.69 Â±0.36

0.28 Â±0.05
1.95 Â±0.47
2.52 Â±0.89

0.24 Â±0.10
0.96 Â±0.17
4.28 Â±1.77

0.27 Â±0.13
0.92 Â±0.15
7.31 Â±3.08

Kidney
Spleen

0.60 Â±0.17
0.97 Â±0.22

0.68 Â±0.24
0.90 Â±0.14

0.59 Â±0.16
0.91 Â±0.37

0.53 Â±0.08
0.77 Â±0.24

Muscle
Thyroidt

0.70 Â±0.08
0.71 Â±0.11

0.75 Â±0.07
1.18 Â±0.34

0.54 Â±0.23
1.65 Â±0.45

0.48 Â±0.22
1.22 Â±0.20

. MeanÂ±s.d.for9â€”l2rats.

t Calculated using average thyroid weight of 5 mg per 100 g animal body weight (19).
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TABLE 5. TISSUE DISTRIBUTION OF (1-125)-

HDP-1 MONOCLONAL
ANTIBODYIN RATS
NOT TREATEDWITh DNP-COUPLEDAFFI-GEL
102 BEADS (%iDIg)
Tissue

24 IT

Blood
Liver
Lung
Kidney

0.61Â±0.12
0.47 Â±0.10
0.33Â±0.07
0.18 Â±0.04
0.23 Â±0.06

S@en

0.07 Â±0.01
566.68 Â±143.56

Muscle
Thyroidt
. MeanÂ±s.d.for

l3rats

0@
A

B

FIG. 2. Imaging of rats injected with (l-131)HDP-1 (left) or (1-131).
MOPC-21 (right) monoclonal antibodies.

t Calculated using average thyroid weight of 5 mg per

bOg animalbodywei@'it(19).

in the lungs (Fig. 2, left). In contrast, with MOPC-21

there was only a diffuse distribution of the radioactivity
in the animal (Fig. 2, right).
DISCUSSION

An in vivo model useful for evaluating methods for ra
diolabeling monoclonal antibodies has been described.
DNP-coupled agarose beads (80-180 @i
diam) were in
jected into the femoral veins of rats. Due to the size of
the DNP-coupled agarose beads (80- 180 jz), they 1â€”
calized rapidly in the capillary beds of the lungs. Injec
tion of radioiodinated
HDP-1 monoclonal antibody
(specific for DNP) resulted in the specific localization

of radioactivity in the lungs. In contrast, we observed no
specific uptake of iodinated MOPC-2i, a nonspecific
monoclonal antibody.
The effects of varying the dose of HDP-i on the
amount of antibody localizing in the lungs was investi
gated. When low levels of antibody were used, low

%ID/g values were obtained. Washing the beads cx
tensively before injection did not alter these findings,
suggesting that rapid inactivation or degradation results
in very low amounts

of antibody

actually

available

for

binding to the beads. Increasing the amount of radiola
beled antibody resulted in increased pulmonary radio
activity. These results further suggest that the initial
rapid inactivation

process was saturated,

thereby al

lowing more antibody to circulate in the body and
eventually bind to the beads. Since there is no circulating

DNP, the initial effect seen when low doses of HDP-i
are used cannot be explained by the formation of an
antigen-antibody complex, as has been suggested for the
P-97 antibody (18). The data in Table 1 suggest that
when up to 500 gzgof(I-125)HDP-1 are exposed to the
DNP-coupled beads (in vitro), 50% binds strongly. In
vivo,the maximum %ID/g is obtained when 50 @g
of the
antibody are administered, at which point approximately
12.5 zg of the antibody binds to the beads (based on

average total lung weight of 2 g ). The in vitro data show
that â€œ250i@gof antibody can bind to the beads when
large amounts ofantibody

(500 jzg) are used, so the de

crease in %ID/g at these levels cannot be due to satu
ration of the available HDP-1 binding sites. The reason
for the decrease is currently uncertain.
In conclusion, a model system has been developed that
should prove useful for testing the effects of radiolabeling
on the binding capacity of monoclonal antibodies used
in vivo. Such a system

has several

advantages

over one

that requires the induction and growth of tumors in an
imals. First, since the antigen is synthetic, the model
system can be â€œcreatedâ€•
on demand, and it is not nec
essary to wait for tumors to grow in vivo. Second, tumor

sizes and the number of antibody-binding

sites available

in a tumor cannot be easily regulated. In our system,
however, the amount of antigen present in the animals
pg HDP-I INJECTED PER RAT

FiG. 1. Bindingof (l-125)HDP-1
in lungs.Effectsof increasingor
decreasing dose of FOP-i injected. (Presented as mean Â±s.d. for
9â€”12rats.)
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during any experiment can be controlled, either by
varying the DNP coupling conditions to allow more or

less DNP to bind to the agarose beads, or by varying the
number of beads injected into each animal. Using this
THE JOURNAL
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system we can now compare the various radiolabeling
proceduresâ€”i.e.,

radioiodination

or the use of bifunc

tional chelates to label the antibodies with In-ill, Ga-67
or Tc-99mâ€”tosee what effects they have on the viability
of monoclonal antibodies used in vivo. This system can

also be used to evaluate the relative importance of anti
body affinity and isotype in tumor imaging.

proteins with gallium: Ga-67 DF-HSA: Concise communi

cation.J NuclMed23:909-914,1982
7. KREJCAREK
GE, TUCKERKL: Covalentattachmentof
chelating groups to macromolecules.Biochem Biophys Res
Comm 77:581â€”585,1977

8. HNATOWICHDi, LAYNEWW, CHILDSRL: Theprepa
ration and labeling of DTPA-coupled albumin. mt J AppI
RadiatIsot33:327â€”332,
1982

9. SUNDBERG
MW, MEARESCF, GOODWINDA, et al: Se
lective binding of metal ions to macromolecules using bi

functional analogs of EDTA. J Med Chem 17:1304-1307,
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