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ABSTRACT

A comparison of the pharmacokinetics of intact B723 (a murine
monoclonal antibody specific for human breast and colon carcinoma) with
I-'(ah'), and Fab fragments labeled with '"In and I29Iwas done in athymic

mice bearing target (LS174T) and non-target (HCT-15) tumors. IgG
B72J labeled with either isotype imaged LS174T. Biodistributions of
both labels were similar in all organs except liver. F(ah')2 also imaged

the LS174T tumor, while Fab bearing either isotope did not. The blood
clearance was Fab > F(ab')2 > immunoglobulin G B723 for both
isotopes. '"In-labeled fragments yielded large accumulations in the kid

neys which persisted for 2 days. The different patterns of biodistribution
for the various forms of B72.3 labeled with the two isotopes suggest that
the most desirable combination of fragment and isotope will depend on
the intended use.

INTRODUCTION

Radiolabeled monoclonal antibodies directed against human
tumor associated antigens are presently in use in clinical trials
by numerous investigators to detect mÃ©tastases(1-4). Selection
of the optimal imaging agent requires consideration of the
isotope and structural form of the antibody in addition to
specificity. The isotopes that have physical and nuclear prop
erties suitable for in vivo use are relatively limited (5). However,
it is not clear whether radioiodine, ' "In, or 99mTcwhen attached

to antibodies will function best for diagnosis in a given clinical
situation.

Animal models have been used to address the question of
whether intact monoclonal antibodies have better pharmaco-
kinetic properties than do proteolytic fragments for radioim-
munodiagnosis of tumors (6-12). There have been very few
systematic direct comparisons using the same tumor target with
intact antibody and proteolytic fragments labeled with 13IIand
'"In. Colcher et al. (13) had previously shown that intact
radioiodinated B72.3 localized specifically in LS174T xeno-
grafts in athymic mice. The purpose of the present study was
to determine the pharmacokinetic and radioimaging behavior
in athymic mice bearing either LS174T or nonspecific HCT-15
tumors of the IgG B72.3 as well as its F(ab')2 and Fab fragments
labeled with either 125Ior '"In in athymic mice bearing either
LS174T or nonspecific HCT-15 tumors (14).

MATERIALS AND METHODS

Hybridoma Line. The B72.3 hybridoma line was generated by im
munizing BALB/c mice with a membrane enriched fraction from a
human breast tumor metastasis to the liver, and ascites were produced
as previously described (15).

Purification of B723. Ascites were clarified by centrifugation at
10,000 x g for 10 min followed by filtration through cheesecloth. IgG
was precipitated by the slow addition of saturated ammonium sulfate
at 4Â°Cto a final concentration of 50% (v/v) maintaining the pH at 7.5
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with 0.1 M Tris base. After stirring for 30 min, the precipitate was
collected by centrifugation at 10,000 "x g for 10 min and was dissolved

in 0.25 volume of the original ascites volume of a buffer previously
described (13) or for fast protein liquid chromatography (Pharmacia,
Uppsala, Sweden) purification in 10 HIM sodium acetate (pH 5.0)
(Buffer A). Stepwise dialysis was done in 10 mM sodium phosphate
100 mM sodium chloride (pH 7.5), followed by 10 mM sodium phos-
phate-25 HIMsodium chloride (pH 7.5), then 10 mM sodium phosphate-
10 mM sodium chloride (pH 6.5), and finally 100 mM sodium acetate
(pH 5.0). Twenty-five mg of ammonium sulfate pellet could be loaded
onto a 1-ml MONO S column (Pharmacia). Elution was by a program
of 100% Buffer A for 5 min, followed by a linear gradient of 0-20%
Buffer B (10 mM sodium acetate-1.0 M sodium chloride at pH 5.0) for
4 min and 100% Buffer B for 4 min. The column could be reused after
reequilibrating in Buffer A for 5 min. B72.3 eluted as one homogenous
peak free of albumin or transferrin contamination. As previously de
scribed, the immunoreactivities of the preparations were determined by
enzyme-linked immunosorbent assay with Immunolon II microtiter
plates coated with LS174T tumor extract (20 Â¿ig/well)and goat anti-
mouse IgG conjugated with horseradish peroxidase (Kirkgaard Pierre)
as the reporter. The protein concentrations were estimated by either
absorbance at 280 nm (E = 1.89 at 0.1% B72.3) or by the method of
Lowry et al. (16). The purity was verified by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (17) run in reducing and IKmreduc
ing conditions and by isoelectrofocusing. Pure B72.3 was stored in the
column buffer with 5% (v/v) glycerol at â€”20Â°C.

Cell Lines. The LS174T and HCT-15 human tumor cell lines, both
derived from adenocarcinomas of the colon, were obtained from the
American Type Tissue Culture Collection. The human melanoma tu
mor or cell line, A375, was a gift from J. Schlom (National Cancer
Institute). LS174T was grown in Dulbecco's modified Eagle's medium

with supplements of 20% fetal calf serum, glutamine, penicillin (100
units/ml), streptomycin (100 Mg/ml), and nonessential amino acids.
Both HCT-15 and A375 lines were cultured in the same medium as
above except that the fetal calf serum was 10% and pyruvate was added.
The cells were harvested from confluent flasks with 0.1% trypsin in 5%
EDTA.

Tumor Growth. All tumors were generated in 4- to 5-week-old female
athymic nuAF mice obtained from HarÃanSprague-Dawley. Mice were
given injections s.c. in the hind flank with either 3x10'' cells of
LS174T or 5 x 10' cells of HCT-15 or A375 in a total volume of 0.1

ml of RPMI 1640 (MA Bioproducts, Walkersville, MD).
Solid Phase Radioimmunoassay. The source of the antigen for B72.3

immunoassay was tumor extracts of LS174T prepared as previously
described (8). HCT-15 and A375 extracts served as antigen negative
controls. The tissue extracts were coated onto removable Immunolon
11microtiter plates at 1/2 dilutions in Dulbecco's saline (0.9 mM ( a( "I...

0.5 HIMMgCl2, 2.7 mM KC1, 1.5 mM KH2PO4, 137 mM NaCl, and 8.0
HIMNa2HPO4; MA Bioproducts) starting at 100 Â¿ig/well.The extract
was dried overnight at 37Â°C,and nonspecific absorption was blocked
by the subsequent incubation with 5% HS,\- in Dulbecco's saline for 1
h. The wells were rinsed with I % BSA in Dulbecco's saline and used

within 1 day. Radiolabeled B72.3 (10 ng/50 M>)with less than 5% free
radioisotope as judged by HPLC was added to the well and incubated
for 45 min at 37Â°C.The plates were rinsed twice with 1% BSA in
Dulbecco's saline, and the bound counts were compared to the counts

added. The nonspecific binding to mouse tissue was always determined

2The abbreviations used are: BSA, bovine serum albumin; RIA, radioimmu-
noassay; HPLC, high pressure liquid chromatography; DTP A, diethylenetri-
aminepentaacetic acid; cDTPA, bis cyclic anhydride of diethylenetriaminepentaa-
cetic acid; EDDA, ethylenediaminediacetic acid.
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Fig. 1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the
Hah'I- and Fab preparations of B72.3. Lanes a-e were run under nonreducing
conditions while Lanes f-h were reducing. The Fab preparation (Lanes a and/)
and l'(;iir )- preparation (Lanes c and n) prior to purification are shown. The IgG
B72.3 (Lanes b and #) as well as molecular weight markers (Lanes d and e) were
run for comparison. K, xlO3 dallons.

Table 1 Optimization of the molar ratio ofDTPA reaction with B72.3
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Fig. 2. Biodistribution of IgG B72.3 in blood (A), LSI 741 tumor (â€¢),and
HCT-15 tumor (O). Points, average of five animals. SDs are in Table 2.

on wells containing dilutions of either HCT-15 or A375 extracts. This
assay was used to quantitate the immunoreactivity of radiolabeled IgG
and F(ab')2 of B72.3. The specific binding of the Fab was too low to

detect.
Immunoreactivity retained by the radiolabeled B72.3 and F(ab')2

fragments as compared with unlabeled B72.3 and F(ab')2 fragments

was assessed by means of a competitive radioimmunoassay. Plates,
described above, were incubated for 4 h at 4Â°Cwith 6 ng of the
radiolabeled antibody or F(ab')2 fragment and then rinsed with Dulbec-
co's saline. Further incubation was done with unlabeled antibody or
F(ab')2 fragment titered from 200-0.2 ng. A typical result was that it

required 18 ng of unlabeled antibody to reduce by 50% the binding of
6 ng of radiolabeled antibody. Radiolabeled preparations approximat
ing this result were considered to have retained the immunoreactivity
of the unlabeled antibody and termed fully immunoreactive.

Papain Digestion of B72.3. Papain, EC 3.4.22.2 (Sigma, St. Louis,
MO) was used for the production of either Fab or F(ab')2 (10) of B72.3.

The product depended on the presence or absence of cysteine in the
digestion buffer (75 HIMsodium chloride, 2 IHMsodium EDTA, and 75
HIMsodium phosphate, pH 7.0). Papain was diluted to 2 mg/ml in the
digestion buffer plus 10 m,\i cysteine and allowed to sit for 1-2 min
before addition to the antibody. F(ab')2 was prepared by dialyzing

B72.3 into the digestion buffer (no cysteine) and then digesting with
1% papain (w/w) for 18 h at 37Â°C.The papain was inactivated by the

addition of a-iodoacetimide (50 HIM). Fab fragments resulted when
B72.3 was dialyzed into the digestion buffer plus 10 HIM cysteine;
otherwise, the digestion conditions were the same for both types of
fragments. After inactivation of the papain, the protein was dialyzed in
the digestion buffer to remove the a-iodoacetimide and small protein
fragments.

Purification of Fab and F(ab')2 of B72J. The Fc and any IgG B72.3

remaining in the digestion mixture were removed by chromatography
on DE-52 equilibrated in 5 imi sodium phosphate with 1 HIMEDTA
at pH 7.5. The digestion mixture was dialyzed stepwise from high to
low ionic strength to prevent precipitation of B72.3 starting with 50
mM sodium phosphate (pH 7.5), 1 mM EDTA, and 50 mM sodium
chloride, followed by 50 mM sodium phosphate (pH 7.5) and 1 mM
EDTA, and finally in the column buffer. The mixture was then loaded
onto a small column (1 ml/5 mg protein). Protein that eluted was either
Fab or F(ab')2- Purity was confirmed by nonreducing sodium dodecyl

sulfate-polyacrylamide gels.
Radiolabeling of B72.3. lodinations of IgG B72.3 and its fragments

were performed as previously described (13) utilizing 200 ng of lodo-
gen with 80 ng monoclonal antibody/1 mCi radioiodine for 2 min. The
reaction was terminated by separating the radiolabeled antibody from
free iodine using a USA-coated G-25 Sephadex column (10 ml). The
specific activities averaged 8-10 mCi/mg. DTPA modification was
done using cDTPA (Sigma or Pierce) as described by Hnatowich et al.
(18) with several modifications. The conjugation was done in 25 mM
4-(2-hydroxyethyl)-l-piperazine-ethanesulfonic acid with 250 mM so
dium chloride at pH 7.0 (modification buffer) using a 10-fold molar
excess of anhydride over the antibody. B72.3 was usually at a concen
tration of 1-2 mg/ml. Unreacted DTPA was removed by exhaustive

dialysis in the modification buffer. cDTPA modified B72.3 was ex
change labeled by an overnight incubation at 25Â°Cwith an equal volume

Table 2 Biodistribution of intact '"I- and " 'In-labeled B72.3 in tumor bearing nude mice

% injected dose/G (mean Â±SD; n = 5) at time postinjection

Ih 24h 48h

'In 'In

1150

'In

OrganBloodSpleenLiverKidneyMuscleBladderHeartLungStomachGastrointestinal

tractTumorLS174THCT1543.07

Â±4.0412.03
Â±2.269.94

Â±1.479.11
Â±0.911.41
Â±0.402.34

Â±0.669.15
Â±0.7317.02
Â±5.783.66

Â±0.701.92
Â±0.159.00

Â±1.283.43
Â±0.8840.01

Â±4.6611.
84Â±2.0614.00

+2.259.64
Â±0.991.22

Â±0.341.79
Â±0.498.32

Â±0.8817.16
Â±5.631.06
Â±0.251.87
Â±0.108.29

Â±1.183.01
Â±0.7720.03

Â±11.066.97
Â±2.505.40
Â±1.863.52
Â±1.143.03

Â±3.104.39
Â±2.723.23
Â±0.7312.17

Â±8.165.96
Â±2.371.24

Â±0.1921.17Â±

12.854.78
Â±1.9915.48

Â±8.0015.79
Â±7.4318.88

Â±9.289.61
Â±2.752.52
Â±2.493.84
Â±2.462.75
Â±0.6410.51

Â±6.671.12
Â±0.261.76

Â±0.4226.56

Â±15.645.48
Â±2.3816.26

Â±7.463.86
Â±1.123.07
Â±1.193.18
Â±1.021.09
Â±0.404.86
Â±1.823.50
Â±1.637.35
Â±3.064.18
+4.161.06
Â±0.2932.50

Â±10.265.12
Â±1.2211.23

Â±5.5112.12
Â±7.2519.39

Â±10.9712.64Â±
1.661.00
Â±0.414.44

Â±1.942.95
Â±1.306.15
+2.521.19

Â±0.442.03
Â±0.3942.22

Â±15.146.23
Â±0.88
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24 48 l 6
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24 48

Fig. 3. Biodistribution of F(nb')2 of B72.3 in blood (A), LS174T tumor (â€¢),
and HCT-15 tumor (O). Points, average of three or four animals. SDs are in Table
3.

of '"In-labeled EDDA and free '"In was removed by size exclusion
HPLC (TSK-250). The '"In-EDDA complex was made by titrating
'"InClj in 0.5 M HC1 and 0.1 HIMEDDA to pH 7.0 with 0.5 M Tris
base. Typical specific activities of the purified antibodies were 5-10

mCi/mg.
In Vivo 1,ocalÂ¡/ation of the Radiolabeled B723. Athymic mice bearing

either LS174T tumors (571 Â±498 mg (SD)] or HCT-15 tumors (278
Â±184 mg) wet weight were given injections of antibodies (5 >tCiof 125I-
labeled and 5 Â¿iCiof '"In-labeled antibodies). Organ distribution was

determined by weighing the dissected organs and counting in a Packard
gamma counter. Imaging was done with a Picker Digital Dynascan
camera using a pinhole collimator with a 5-mm aperture; 50,000 counts
were collected per image.

RESULTS
Papain Digestion of B72.3. Both Fab and F(ab')2 fragments

of B72.3 can be generated using papain at pH 7.O. The presence
or absence of 10 IHM cysteine during digestion determines
whether the Fab or the F(ab')2 will predominate. When cysteine
was not present to reduce the hinge region disulfide, F(ab')2

was produced as a transient intermediate in the eventual com
plete digestion of IgG to Fab. Thus, the digestion conditions
must be carefully monitored to maximize the yield. Fig. 1 shows
that under the best conditions, although a preponderance of
F(ab')2 was produced, there was still IgG, some Fab, and other

fragments present.
Ion-exchange chromatography effectively removed any re

maining IgG and a 25,000 d fragment which was probably part
of the Fc region from both fragment preparations. Fab was then
essentially pure while the F(ab')2 preparation was enriched to
about 85% purity. The radioiodinated F(ab')2 was fully immu-

noreactive when compared to the radioiodinated IgG by solid
phase RIA. The fragment preparations were used in the local
ization studies without further purification.

Modification of B72.3 and Its Fragments. cDTPA reacted
quite readily with B72.3 as evidenced by subsequent labeling
with '"In. The effect of three different concentrations of

cDTPA during conjugation on the immunoreactivity, as mea
sured in a solid phase RIA, was studied and compared to the
elution pattern of the modified B72.3 on size exclusion HPLC
(Table 1). This latter procedure provided quality control for
possible formation of antibody aggregates. A 10-fold molar
excess of cDTPA was chosen for the localization studies with
IgG as well as the F(ab'>2 and Fab. The '"In-labeled IgG and
F(ab')2 were fully immunoreactive by solid phase RIA.

Localization and Biodistribution of Radiolabeled IgG B72.3.
Animals bearing either LS174T or HCT-15 tumors were given
injections of both I25I-and '"In-labeled B72.3 and sacrificed at

1, 24, and 48 h. The accumulation of the two radiolabels was
then determined and compared. Fig. 2 indicates that both
isotopes continue to accumulate in the LS174T tumors and
clear from the blood at similar rates. "'In-labeled B72.3 gave a

statistically significant higher tumor to blood ratio (3.75) at 48
h than did 125I-labeled B72.3 (1.99) as shown by a paired t test
(P < 0.001). '"In accumulated in the liver and spleen to a
significantly greater degree than I25Idid at 48 h (paired t test;

liver P < 0.01 and spleen P < 0.02), as shown in Table 2. In
contrast, HCT-15 bearing mice (not shown) did show an accu
mulation of '"In in the liver over the 48 h (9.28 Â±1.20,

percentage of injected dose/gm; n = 5).
Localization and Biodistribution of Radiolabeled Hah').. '"In-

labeled and I25l-labeled F(ab')2 of B72.3 were injected into mice

bearing either LS174T or HCT-15 tumors, and animals were
sacrificed at 1,6, 24, and 48 h after being given injections to
determine the distribution of the two radiolabels. The highest
accumulation of both isotopes in the LS174T tumor was ob
served at 6 h after injection (Fig. 3). The '"In-labeled F(ab')2

fragment reached peak accumulation at 6 h in both the liver
and kidneys, but persisted in the kidneys with little or no
clearance over 48 h (Table 3).

Localization and Biodistribution of Radiolabeled Fab. Both
"'In- and I25l-labeled Fab of B72.3 were injected into mice
bearing LS174T and HCT-15. Animals were sacrificed at 6, 24,
and 48 h after being given injections. The label in Fab cleared
from the blood and tumor more rapidly than did F(ab')2 (com

pare Tables 3 and 4). Probably the peak accumulation of both
125I-and '"In-labeled Fab in the tumor occurred prior to the

earliest time point of 6 h (Fig. 4). The biodistribution of selected
organs is seen in Table 4.

Comparison of the Biodistribution of IgG B72J and Its Frag
ments. The 125I-and '"In-labeled antibodies exhibited predict-

Table 3 Biodistribution of "I- and "'In-labeled B72.3 F(ab')i in tumor bearing athymic mice

% injected dose/G (mean Â±SD) at time postinjection

Ih 6h 24h 48h

"In 'In "In 'In

OrganBloodSpleenLiverKidneyMuscleHeartLungStomachGastrointestinal

tractTumorLS174THCT1526.17

Â±1.234.98
Â±0.625.93
Â±0.6513.18

Â±2.050.97
Â±0.229.71
Â±1.6311.42
Â±1.135.71

Â±0.791.41
Â±0.706.89

Â±1.582.62
Â±2.1827.13

Â±1.535.31
Â±0.618.96

Â±2.533
1.55Â±2.521.02
Â±0.189.96

Â±1.3711.93Â±
1.111.09
Â±0.321.83
Â±0.787.32

Â±2.082.66
Â±2.3113.17

Â±3.082.36
Â±0.272.35
Â±0.435.57
Â±0.920.91
Â±0.324.67
Â±1.325.36

Â±0.145.57
Â±1.811.09
+0.178.74

Â±1.702.30
Â±0.1413.04

Â±2.894.55
Â±0.257.22
Â±0.2270.21
Â±14.741.17

Â±0.535.20
Â±1.305.81
Â±0.450.56
Â±0.231.92

Â±0.1910.40

Â±1.804.29
Â±0.252.59

Â±0.970.86
Â±0.130.69
+0.181.44

Â±0.370.33
Â±0.120.90
Â±0.381.41

Â±0.344.27
Â±2.790.66
Â±0.384.39

Â±1.470.59
Â±0.102.49

+0.953.92
Â±0.478.10
Â±1.3579.70
Â±12.030.78
Â±0.232.45
Â±1.622.35
Â±0.360.75
+0.341.91

Â±0.288.70

Â±2.294.11
Â±1.560.66

Â±0.100.30
Â±0.110.24

Â±0.080.44
Â±0.040.10
Â±0.020.20
Â±0.040.43
Â±0.051.09

Â±0.420.18
Â±0.061.89

Â±0.110.70

Â±0.033.45
Â±1.195.53
Â±1.8258.13
Â±16.280.73
Â±0.231.26

Â±0.241.67
Â±0.430.86

Â±0.481.42
Â±0.386.41

Â±0.53
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Table 4 Biodistribution of "I- and '"In-labeled B72.3 Fab in tumor bearing

nude mice

% injected dose/G (mean Â±SD; n =
S) at 6 h postinjection

'In

OrganBloodSpleenLiverKidneyMuscleBladderHeartLungStomachGastrointestinal

tractTumorL5174THCT154.29

Â±1.426.83
Â±0.69.48
Â±0.48i.04Â±5.18.04

Â±0.23.76
Â±0.52.37
Â±0.343.37
Â±0.9228.97
Â±13.622.21
Â±0.784.88

Â±1.611.16
Â±0.250.86

Â±0.210.86
Â±0.191.97

Â±0.22260.97
Â±20.700.56

Â±0.140.93
Â±0.390.48
Â±0.031.11

Â±0.040.43
Â±0.341.01

Â±0.514.66

Â±1.230.91
Â±0.20

<Â«In-DTPA-Fob

48 0 6 24
Hours Post Injection

48

Fig. 4. Biodistribution of Fab of B72.3 in blood (A), LSI 74T tumor (â€¢),and
HCT-15 tumor (O). Points, average of five animals. SDs are in Table 4.

K20â€¢(.)nIntactS21^lF(ab')znl2SiFab(CKX

^sS

24 48 1 6 24 48 6 24 48
HOURS POST INJECTION

Fig. 5. Accumulation of B72.3 in I SI741 tumors with time after injection.
I.D., injected dose.

able behavior in the LS174T tumor (Fig. 5). In fact IgG labeled
with either isotope continued to accumulate in the tumor up to
48 h while the fragments appeared to reach a peak at or prior
to 6 h. The highest percentage of injected dose per gram of
tissue in LS174T was seen with the IgG. With either isotope
the Fab cleared from the blood most rapidly while the intact
IgG cleared most slowly.

When the levelsof radioactivity in the organs were compared
at several time points after injection, differences in the clear
ances of the various forms of the antibody and the isotopes

S

20164uLJ\-vr11intacS^it

F(ab'i125")2
Fab200160120400Kidney-^iÂ»

1IntactFlab'2li1Fab

Fig. 6. Accumulation of B72.3 in selected organs at 24 h postinjection in
allunile mice bearing LS174T tumors. I.D., injected dose.

LS174T HCT15

fffi'In

LS174T HCT15

Fig. 7. Imaging of F(ab'); of B72.3 in athymic mice at 19 h postinjection.
Mice bearing either HCT-15 or LS174T tumors were given injections of 100 jiCi
of F(ab')2 labeled with either '"I or "'In; 50,000 cpm were collected per image.
The pertinent landmarks are: /'. tumor; 5, stomach; Thy. thyroid; K, kidney.

became obvious (Fig. 6). With IgG 125I-labeledB72.3 significant

levels of radioactivity were seen in the liver at 6 h but the level
rapidly declined. In contrast, the antibody fragments did not
accumulate in the liver to the same extent as did intact B72.3.
However, '"In label was seen to accumulate in the kidneys
when fragments were used, Fab to a greater degree than F(ab')2.

Iodine cleared from these organs rapidly, presumably the result
of dehalogenation.

Imaging with Radiolabeled B72.3 and Its Fragments. IgG
B72.3 as well as F(ab')2, labeled with either isotope, proved to

be specific imaging agents of the LS174T tumor in athymic
mice. The HCT-15 tumor, however, failed to image with either
label on IgG or F(ab'>2,demonstrating the importance of spec

ificity. A representative sequence is shown in Fig. 7. In contrast,
Fab with either isotope did not image specific or nonspecific
tumors due to a very low accumulation and rapid clearance.

DISCUSSION

Literature methods (10) were useful in generating Fab frag
ments of B72.3 but failed to yield F(ab')2. An alternate method

was therefore developed which utilized papain in the absence
of cysteine. With some immunoglobulins papain digestion with
out the normal 5 HIMreducing agent present will generate a
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transient F(ab'>2 as an intermediate before eventually stopping
at the Fab (10). These conditions yielded B72.3 F(ab')2 although

the incomplete digestion necessitated subsequent purification.
Although the direct comparison of an intact monoclonal

antibody and its fragments labeled with either radioiodine or
'"In directed against a solid tumor antigen has not been re

ported, numerous reports have demonstrated that intact IgGs
differ markedly from antibody fragments in their in vivo behav
ior. Radioiodinated IgG B72.3 injected into tumor bearing mice
displayed results similar to those shown here (8, 19) with the
accumulation of B72.3 in LS174T reaching a plateau at 2-6
days (19). As previously reported (2, 6-8, 11, 12, 20-22)
fragments of other antibodies clear the blood and tissues more
rapidly than does the IgG. Our results agree with this general
phenomenon. Consequently, the F(ab')2 of B72.3 could be

imaged at an earlier time than IgG B72.3. However, Fab cleared
too rapidly for significant accumulation in the tumor to occur.
Imaging with the Fabs of other antibodies has been shown (2,
12, 22, 23). The loss of the bivalency with an Fab fragment
may require the use of higher affinity antibodies in order to
achieve sufficient localization for imaging. Detailed compari
sons of biodistributions or even tumor localizations are not
possible between different antibodies because there can be sig
nificant variations in the behavior of antibodies and their frag
ments in tumor bearing animals although the antibodies rec
ognize the same antigen (7).

The form of the antibody for a particular in vivo application
and the choice of label will be determined by the pharmacoki-
netics of these agents. At 6 h and earlier, both "'In- and I25I-

labeled IgG and fragmented B72.3 have identical clearances.
However, at later times systemic processing of the antibody
may result in dehalogenation of the radioiodinated protein or
exchange of'"In into iron-binding proteins. This can be advan
tageous in imaging as evidenced by the data showing that '"In

remained longer in the tumor than did radioiodine. The prop
erty of the liver to accumulate '"In and clear it more slowly is

a distinct disadvantage with IgG B72.3 and similarly in the
kidneys for fragmented B72.3. The accumulation of '"In in the

kidneys with the fragments can be attributed to the active
filtration (21) of the fragments and probably subsequent ex
change of '"In into nonbinding proteins within this organ. The

more rapid clearance of radioiodine from these tissues resulted
in superior tumor to tissue ratios at earlier times. These obser
vations are in agreement with those reported in the literature
when these two isotopes were compared (1, 18, 24-27).

The effect that tumor antibody metabolism has on isotope
distribution can also be seen in these results. Scheinberg and
Strand (11) as well as others (26-28) have shown that non-
target, tumor bearing animals have subtly different rates of
clearance of antibody than do target tumor bearing animals.
This could possibly be due to the metabolism that occurs when
antibody and antigen bind in vivo. In HCT-15 tumor bearing
animals, the amount of '"In remained constant for the 48 h
study in the liver following the injection of" In-labeled cDTPA

B72.3. In contrast to the LS174T bearing animals, the liver
values rise until they are double those of the control animals at
48 h. Although it has been reported that in humans the majority
of free '"In-labeled DTP A injected is cleared from the liver in
l h (29), a significant fraction remains in iron-binding proteins.
'"In-labeled transferrin has been shown to localize in the liver
(30). Thus, the observed increase in the '"In in the liver could
be a result of antibody clearance or exchange with iron-binding
protein or a mixture of both processes. The fragments do not
show the effect of differential clearance in target and non-target

tumor bearing animals probably due to their lower incorpora
tion into the target tumor.

Thus, to be able to design the optimal tumor imaging agent,
it will be necessary to determine the comparative pharmacoki-
netics for a given radioisotope and IgG or antibody fragment
for a particular application such as imaging mÃ©tastasesin the
liver. The encouraging but relatively insensitive imaging of
lesions observed thus far with radiolabeled monoclonal antibod
ies in humans demonstrate the need to understand the proper
ties affecting the biological distribution of these agents.
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