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ABSTRACT

The B72.3 reactive antigen, TAG-72, has been purified and a series of
second generation monoclonal antibodies (MAbs), designated CC (colon
cancer), have been characterized by a range of in vitro immunological
assays. Six CC MAbs (CC11, CC30, CC46, CC49, CC83, and CC92)
were chosen for analyses of the in vivo binding to a human colon
carcinoma xenograft. All 6 MAbs were previously shown to be distinct
from B72.3 and each other by a series of reciprocal competition radio-
immunoassays, and all were shown to have a K, higher than that of
B72.3. In this study we demonstrate that all six CC MAbs evaluated are
superior to B72.3 in an in vivo tumor targeting model, using human colon
carcinoma (LS-174T) xenografts in athymic mice, in terms of both the
percentage of the injected dose of radiolabeled M Ah delivered per g of
tumor and tumonnormal tissue ratios. Differences in the in vivo binding
patterns and pharmacokinetics among the CC MAbs are also evaluated.
Thus, in light of the fact that B72.3 has been shown to successfully target
approximately 75% of primary and metastatic carcinoma lesions in a
variety of different carcinoma types in over 300 patients, these studies
serve as further evidence to support the clinical evaluation of the second
generation CC MAbs, either alone or in combination with B72.3.

INTRODUCTION

Several MAbs2 have been used in the radiolocalization of
tumors in carcinoma patients (1-10). Some of the variables
being evaluated in these studies include: route of MAh admin
istration; dose and specific activity of the radiolabeled MAb;
radionuclide and conjugate; form of the MAb (whole IgG or
fragment); species of MAb; and MAb specificity and binding
properties.

MAb B72.3 murine Igd (11-13) has now been administered
to over 300 patients with a variety of carcinomas (6-10). B72.3
has been shown to react with a high molecular weight glycopro-
tein, with properties of a mucin, termed TAG-72 (14). Both
primary and metastatic lesions in patients with colorectal cancer
and ovarian cancer have been localized by B72.3 without any
associated toxicity; tumors of selected patients with breast,
gastric, pancreatic, and lung carcinomas have also been local
ized.3 Administration of 13II-B72.3 IgG i.v. in colorectal cancer

patients has shown localization of the radiolabeled MAb in
approximately 75% of the metastatic lesions found at various
body sites (6, 7, 9). Localization of the MAb in tumor tissue as
measured by RI (% injected dose/g of tumor divided by the %
injected dose/g of normal tissue) showed RI values of from 3
to over 30 for over 70% of the tumor lesions that were surgically
biopsied (6, 7).

An intraoperative hand held gamma detecting probe has been
used in patients that have been previously given 125I-B72.3 i.v.
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(9). These studies have shown the localization of B72.3 in
approximately 80% of carcinoma lesions. Furthermore, in ap
proximately 20% of patients, occult tumor was detected by the
gamma detecting probe at surgery.

Recent studies using i.p. administered 13II-B72.3 have shown

good localization of peritoneal implants with RI values of as
high as 60 (8). In 3 of the first 10 patients studied the MAb
gamma scan localized tumor (confirmed at surgery) that was
not detected by conventional techniques including computer-
assisted tomographic scans. Dual label studies, using I3II-B72.3
administered i.p. and I25I-B72.3 administered i.v., showed that

i.p. administered MAb could localize peritoneal implants better
than i.v. administered MAb, while i.v. administration of labeled
MAb was better than i.p. administration for the detection of
hematogenously borne mÃ©tastases(8).

In view of the potential utility of B72.3 in diagnostic and
potentially therapeutic applications, we have prepared a series
of second generation anti-TAG-72 MAbs (15). These second
generation MAbs have been given a CC designation (for colon
cancer) since the TAG-72 used as immunogen was purified
from a colon cancer xenograft. They have all been shown to be
distinct from each other and from B72.3 and all have Ka values
higher than that of B72.3. Their range of reactivity for various
human carcinomas versus normal tissue has been shown to be
similar or superior to B72.3 using a variety of in vitro immu
nological assays (15).

MATERIALS AND METHODS

Generation and Source of Monoclonal Antibodies. The CC MAbs,
CC83, CC49, CC46, CC92, CC11, and CC30, were developed by the
immunization of mice with purified TAG-72 as described previously
(15). Purified TAG-72 was used to immunize 4-week-old BALB/c mice
over an extended period of time and the spleen cells were fused with
NS-1 cells to generate hybridomas. Selected wells were chosen for
further study and the hybridomas were cloned twice by limiting dilution.
The monoclonal antibodies were extensively characterized and their
reactivity to colon carcinomas with minimal reactivity to normal human
adult tissues has been described (15). Monoclonal antibodies B72.3,
COL-3, and COL-12 were generated using breast and colon carcinomas
as immunogen as described previously (11, 16). Ascitic fluid containing
the various MAbs were generated by the i.p. inoculation of approxi
mately 1 x IO6hybridoma cells into BALB/c mice that were previously

primed with pristane. The ascitic fluid was harvested and clarified at
10,000 x g for 10 min before storage at -20Â°C.

Purification of MAb IgG. MAb IgG was purified from ascitic fluid
by ammonium sulfate precipitation followed by ion-exchange chroma-
tography using DEAE, either DE-52 (Whatman, Clifton, NJ) or DEAE-
5PW (Waters, Milford, MA), or a Bakerbond ABX column (J. T. Baker
Chemical Co., Philipsburg, NJ). The antibodies were eluted by a 10 to
100 IHMsodium phosphate (pH 7.5) gradient, a gradient of 20 mM
Tris-HCl (pH 8.5) to 300 mM NaCI in 20 mM Tris-HCl (pH 7.0), or a
25 mM 2-(/V-morpholino)ethanesulfonate (pH 5.6) to l M sodium
acetate (pH 7.0) gradient for the 3 columns, respectively. Column
fractions were analyzed by SDS-polyacrylamide gel electrophoresis and
appropriate fractions, with purity of over 90% of the protein being IgG,
were pooled and dialyzed against PBS. The concentration was deter
mined by the method of Lowry et al. (17) using a BSA standard.

4597

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2432576/cr0480164597.pdf by guest on 19 M

ay 2023



BIOI)ISTR1BUTION OF ANTI-TAG-72 MONOCLONAL ANTIBODIES

Analysis of the Purified MAbs. MAb purity was analyzed by electro-
phoresis in 5-20% gradient SDS-polyacrylamide gels with or without
disruption with /i-mercaptoethanol according to the method of Laem-
ciili (18) using a stacking gel of 3% acrylamide. The proteins were
stained with Coomassie Blue R-250. Radiolabeled antibodies were
detected by autoradiography using Kodak (Rochester, NY) XAR X-ray
film and DuPont (Wilmington, DE) Lightning-Plus intensifying screens
at -70T.

Samples were also analyzed by isoelectrofocusing on a pH 3.5-9.5
acrylamide gel (LKB. Bromma, Sweden). MAbs (50 jig in 20 til of
distilled water) were applied to 5- x 10-mm application pieces of filter
paper and placed on 5% polyacrylamide gels (245 x 110 x 1 mm)
containing 2.3% ampholines. The isoelectrofocusing was run for 2.5 h
at IO W resulting in approximately 50 mA and 1500 V at 10Â°Cusing

an anode electrode solution of l M HjPO4 and a cathode solution of 1
M NaOH. The pH gradient was measured, and the gel was fixed for 30
min in 11.5% sulfosalicylic acid with 3.5% trichloroacetic acid and
stained with C'oomassie Blue R-250.

Radiolabeling of MAbs. Purified CC MAbs and B72.3 were labeled
with Na'"l or Na"'I by the lodogen (Pierce, Rockford, IL) method

(19). Forty /ig of the purified IgG were adjusted to 100 mM sodium
phosphate (pH 7.2) and added to a 12 x 75 mm glass test tube that had
been coated previously with 20 ng of lodogen. Two min after the
addition of 0.5 mCi of Na'"I or Naml (DuPont-NEN, Boston, MA)
the protein was removed from the tube and the unincorporated '"I was
separated by gel filtration through a 10-ml column of Sephadex G-25
(Pharmacia, Piscataway, NJ). The labeled antibody in the void of the
column was pooled and diluted with PBS for in rivo studies or PBS
containing I% BSA for in vitro studies. The iodination protocol resulted
in '"I- and IJII-labeled MAb of approximately 5-10 with
approximately 50% of the input iodine bound to protein.

Cell Lines and Tumor Growth. The LS-I74T human colon carcinoma
cell line (20) was obtained from Dr. P. Noguchi (Bureau of Biologies,
FDA, Bcthesda, MD) and was routinely grown in minimum essential
medium supplemented with Ix L-glutamine. Ix nonessential amino
acids, 50 Â¿tg/mlgentamicin, and 10% heat-inactivated fetal bovine
serum. The A375 human melanoma cell line was obtained from Dr. S.
Aaronson (National Cancer Institute, Bethesda, MD) and was grown
in Dulbccco's modified Eagle's medium with the same supplements as

the LS-I74T cell line. The cell lines were routinely subpassaged weekly
at a 1:5 or 1:10 split ratio. Cells were removed from the culture flasks
with 0. 1% trypsin containing 0.5 mM EDTA and washed twice in
growth medium without serum prior to inoculation into mice.

Female athymic mice (nu/nu) were obtained from Charles River,
Inc. (Wilmington, MA) at approximately 4 weeks of age. One week
later the mice were given s.c. injections on the back of 1-4 x IO6 LS-

I74T or A375 cells (in O.I ml). Approximately 2 weeks later, when the
tumor were 400-700 mg (approximately 0.5 cm in diameter), the mice
were used for the biodistribution studies. Approximately 5 ^Ci of
iodinated MAb IgG were injected i.p. and the mice were sacrificed at
various times. Tumors and selected normal tissues were removed and
weighed. The percentage of the injected dose per g was determined and
RIs were calculated (%ID/g in the tumor divided by the %ID/g in the
tissue).

Solid-Phase Radioimmunoassays. Radiolabeled CC and B72.3 MAbs
were tested for the retention of their immunoreactivity using extracts
that contain the TAG-72 antigen that they were generated against. The
assays were run as previously described (21) with minor modifications.
Extracts from human colon carcinoma xenografts (LS-174T, TAG-72
positive) and human melanoma xenografts (A375, TAG-72 negative)
were generated as described previously (14). Twenty ng (in 50 n\ of
PBS) of the tumor extracts were added to each well of 96-well polyvinyl
microtiter plates and allowed to dry overnight at 37 Â°C.The plates were
then treated with 100 /Â¿Iof 5% BSA in PBS for l h at 37Â°Cto minimize
nonspecific absorption and the plates were then stored at -20 "C until

used. The plates were washed with 1% BSA in PBS and varying amounts
of radiolabeled antibody were added in 50 /Â¿Iof 1% BSA in PBS. After
overnight incubation at 4 ( . the unbound antibody was removed by
washing with 1% BSA in PBS and the bound radioactivity was detected
by counting the individual wells in a gamma counter.

All the radiolabeled MAbs bound to the LS-174T extracts ('"I-

MAbs: B72.3, 44.5%; CC83, 64.0%; CC49, 64.0%; CC46, 60.5%;
CC92, 52.5%; CCI 1, 43.4%; CC30, 47.9%) with less than 2% binding
to the TAG-72 negative A375 tumor extract. While the assays are
routinely performed at 4Â°Covernight several of the CC MAbs, e.g.,

CC49, demonstrated significantly better binding after limited incuba
tions than did B72.3. '"I-CC49 IgG was studied in the solid-phase RIA
for I h at 37Â°Cin addition to the overnight incubation at 4"( '. Similar

extents of binding to the TAG-72 positive LS-174T tumor xenograft
extract were observed with the CC49 MAb; B72.3 IgG, however, binds
after l h at 37'C only one-fourth to one-half the extent that can be
seen after overnight incubation at 4Â°C.The high extent of binding of

some of the CC MAbs after limited incubations may be a function of
the high affinity constants of these MAbs (15).

Competition Radioimmunoassay. Antibody samples were serially di
luted in 1% BSA in PBS and 25 //I were added to plates, containing 1
i<g/well of the LS-174T xenograft extract, that were prepared as de
scribed above. Following a 6-h incubation at 4Â°C,25 M' of '"I-CC49

IgG (50,000 cpm) were added per well and the assay plate incubated at
4Â°Cfor 18 h. The plates were then washed and counted as described

above and the percentage of inhibition, compared to a buffer control,
was determined.

Fragmentation of CC MAbs. F(ab')2 fragments of selected CC MAbs

were generated by the digestion of the purified IgG using pepsin (22).
Ten mg of IgG were adjusted to 100 mM sodium acetate (pH 4.5) and
100 Mgof pepsin were then added. After incubation at 37"C for 16 h,

the sample was adjusted to pH 8.0 with Tris and concentrated to 1.5
ml. The F(ab'>2 fragments were purified by size exclusion chromatog-

raphy using Sephacryl S-200 (Pharmacia, Piscataway, NJ) run in 200
mM NaCl and 3 mM EDTA in 10 mM Tris-HCI (pH 8.0).

RESULTS

Purification, Characterization, and Iodination of CC MAbs.
The CC MAbs and B72.3 were purified as described in "Mate
rials and Methods'" using a combination of differential salt

precipitation and ion-exchange chromatography. The purified
IgGs were subjected to electrophoresis on 5-20% SDS-poly
acrylamide gradient gels (Fig. I.IK Analysis of the gels dem
onstrated that over 90% of the stained protein on the gel was
associated with the heavy and light chains of the IgG molecule.
Differences can be seen in the migration of both the heavy and
light chains of the CC MAbs with the CC30 heavy chain and
the CC83 light chain migrating with a notably lower mobility
than the other CC MAb heavy and light chains. The purified
IgGs were also subjected to isoelectrofocusing on a pH 3.5-9.5
acrylamide gel (Fig. \B). All the CC MAbs exhibited limited
heterogeneity with 2 or 3 major bands with pis of 6.5-6.7. The
limited distribution of the pis of the CC MAbs may be a
function of the TAG-72 antigen that they all recognize; the pi
of B72.3 IgG, the MAb that first identified the TAG-72 antigen,
is also approximately 6.5 (21). This is in contrast to the pis
observed with several of the control MAbs we have generated
against the carcinoembryonic antigen molecule (Fig. \H).

The CC MAbs were iodinated using the lodogen method (19)
as described in "Materials and Methods." Forty fig of IgG were
reacted with 0.5 mCi of Na'25I in the presence of 20 Mg of

lodogen for 2 min and the IgG was purified by size exclusion
chromatography. The iodinated MAbs were subjected to SDS-
polyacrylamide electrophoresis both with and without disrup
tion with /3-mercaptoethanol. As can be seen in Fig. 2, virtually
all the radioactivity is associated with the IgG molecule distrib
uted on both the heavy and light chains. The iodinated CC
MAbs were also tested in solid-phase RIAs against an extract
of a tumor xenograft of a human colon carcinoma cell line (LS-
174T) that contains the TAG-72 antigen and an extract of a
human melanoma xenograft (A375) that lacks the reactive
antigen. The CC MAbs were shown to maintain their immu
noreactivity after iodination.
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Fig. 1. SDS-polyacrylamide gel electrophoresis and isoelectrofocusing of CC
MAbs. CC MAbs were subjected to SDS-polyacrylamide gel electrophoresis
analysis on a 5-20% gradient gel and stained using Coomassie Blue R-250 (A).
Samples were run in the presence of rf-mercaptoethanol, markers (M), conalbu-
min, M, 87,000; BSA, M, 68,000; ovalbumin, M, 47,000; lactic dehydrogenase,
M, 36,000; carbonic anhydrase, M, 28,000; myoglobin, M, 17,000; and cyto-
chrome c, M, 11,700; CC30 (Lane 1), CC46 (Lane 2), CC49 (Lane 3), CC83
(Lane 4), and CC92 (Lane 5). CC MAbs were also analyzed by isoelectrofocusing
(A) using a pH 3.5-9.5 gradient acrylamide gel; CC30 (Lane 1), CC46 (Lane 2),
CC49 (Lane 3), CC83 (Lane 4), CC92 (Lane 5), COL-3 (Lane 6), and COL-12
(Lane 7).

In Vivo Comparison of CC MAbs to B72.3. Dual label studies
were performed to investigate the relative efficiency of the CC
MAbs to localize human tumor xenografts in comparison to
B72.3 IgG. B72.3 IgG has been used extensively in both model
systems (21, 23-25) and clinical studies (6-10) and has been
shown to be highly effective in localizing carcinoma lesions.
Previous studies have shown a wide variation in the biodistri
bution of radiolabeled B72.3 IgG. Localization of iodinated
B72.3 in LS-174T tumor xenografts ranged from 4.5%ID/g
(21) to 26.8%ID/g (23); with other radionuclides even higher
%ID/g in the LS-174T xenografts were observed. Similar dif
ferences in tumor uptake of the radiolabeled MAb were ob
served in another model system using MAb B6.2 and a human
mammary carcinoma xenograft (Clouser) where tumonblood
ratios varied from 1.2:1 to over 14:1 (26). Differences were also
observed in the pharmacokinetics of radioiodinated B72.3 IgG

Fig. 2. SDS-polyacrylamide gel electrophoresis analysis of iodinated CC
MAbs. '"I-labeled CC MAbs were analyzed by SDS-polyacrylamide gel electro
phoresis using 10% gels and subjected to autoradiography. Samples were run
under nonreducing conditions I.I ) and reducing conditions (B); B72.3 (Lane I),
CCI 1 (Lane 2), CC30 (Lane 3), CC46 (Lane 4), CC49 (Lane 5). CC83 (Lane 6),
and CC92 (Lane 7).

where blood levels at 24 h of the iodinated MAb ranged from
9.9%ID/g (21) to 20.0%ID/g (27). In order to minimize the
variability in the tumor uptake and the pharmacokinetics of the
radiolabeled MAbs dual label studies, using B72.3 and the CC
MAbs, were performed. MAb CC83, CC49, CC46, CC92,
CCI 1, and CC30 IgGs were radiolabeled with 125Iand individ
ually mixed with "'I-labeled B72.3 IgG (at the same dose and
specific activity) and injected into mice bearing s.c. LS-174T
xenografts. After 5 days the mice were sacrificed and the %ID/
g in tumor and normal tissues of the two radionuclides was
determined. As can be seen in Table 1, the %ID/g of the CC
MAbs in the human colon carcinoma xenograft (3 mice/group)
was 1.4 to 5.4 times greater than that observed with the coin-
jected B72.3 IgG. With CC83, CC49, and CC92, moreover,
significantly lower levels of activity were found in the normal
organs when compared to that found with the B72.3 IgG. RIs
were determined. As can be seen in Table 2, the higher %ID/g
in the tumor of the CC MAbs coupled with the lower levels of
activity found in normal organs with CC83, CC49, and CC92
resulted in much higher RIs with the CC MAbs as compared
to B72.3. RIs for tumor versus many normal organs of over 15
were observed with all of the CC MAbs, while RIs of greater
than 30 were obtained with CC83, CC49, and CC46. CC49
gave the highest tumonblood ratio, with an RI of 18, while
CC83 and CC46 exhibited the highest tumorliver,
tumonspleen, and tumonkidney ratios.

Specificity of the in Vivo Radioimmunolocalization. The CC
MAbs tested have exhibited an increased binding to the I.S
174T human colon carcinoma xenograft as compared to B72.3.

Table 1 Coadministration ofÂ¡"I-CCM4bs and '"I-B72.3 in mice bearing human colon carcinoma xenografts: comparison of%ID/g
Average of 3 animals per group. Mice were sacrificed at 5 days post-i.p. administration of the MAbs. CC MAbs were labeled with '"I; B72.3 was labeled with '"I.

% injected dose/g

Ratio Ratio Ratio Ratio Ratio Ratio
CC83/ CC49/ CC46/ CC92/ CCI l/ CC30/

Tissue CC83 B72.3 B72.3 CC49 B72.3 B72.3 CC46 B72.3 B72.3 CC92 B72.3 B72.3 CC11 B72.3 B72.3 CC30 B72.3 B72.3

TumorBloodLiverSpleenKidneyLung9.891.210.410.380.290.775.385.011.531.141.012.701.840.240.260.340.290.299.940.624.361.100.340.425.185.291.401.161.052.411.920.123.120.940.320.1717.572.720.660.610.491.333.282.750.690.540.551.235.350.990.951.140.881.086.661.400.461.290.490.884.923.981.110.901.021.991.350.350.411.440.480.4420.085.103.946.41
4.74.351.72
1.28.341.36
1.02.341.23
0.92.333.67
2.57 .4316.174.271.010.930.812.324.864.901.141.050.932.473.330.870.880.890.870.94
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Table 2 Comparison of radiolocali:ation indices in mice bearing human colon carcinoma xenografts: coadministration of'"/-CC MAb and '3II-B72.3
Average of 3 animals per group. Mice were sacrificed 5 days post-i.p. administration of the MAbs. CC MAbs were labeled with '"l; B72.3 was labeled with '"I.

Radiolocalization index

Ratio Ratio Ratio Ratio Ratio Ratio
CC83/ CC49/ CC46/ CC92/ CCI l/ CC30/

Tissue CC83 B72.3 B72.3 CC49 B72.3 B72.35 CC46 B72.3 B72.3 CC92 B72.3 B72.3 CCI1 B72.3 B72.3 CC30 B72.3 B72.3

Blood 8.501.07Liver
26.173.58Spleen
26.35 4.74

Kidney 35.24 5.32
Lung 13.66 2.007.947.315.56

6.62
6.8318.01

1.013.81
3.9216.64

4.61
36.48 5.17
25.82 2.1017.900.973.61

7.05
12.278.72

1.2530.88
4.8332.85

6.15
41.63 5.80
16.47 2.856.996.405.34

7.18
5.786.41

1.2917.88
4.678.42

5.77
15.86 4.83
9.04 2.584.963.831.46

3.28
3.503.28

1.0812.34
3.9915.17

5.01
17.56 5.57
5.61 2.003.043.093.03

3.15
2.814.16

0.9917.38
4.2518.28

4.67
21.89 5.21

7.54 1.984.224.093.92
4.20
3.81

The binding of the B72.3 IgG to the LS-174T tumor has been
shown to be specific in that there was no localization in the
tumors using a control myeloma IgG of the same isotype (21).
The LS-174T tumor therefore does not act as a "sink" for

murine IgGl. It was still necessary, however, to demonstrate
that the CC MAbs are binding specifically to tumors that
contain the TAG-72 antigen such as the LS-174T colon carci
noma. Radiolabeled CC83, CC49, CC46, CC92, CC11, and
CC30 IgGs were injected into mice bearing either the LS-174T
tumor or a human melanoma xenograft (A375) that does not
contain TAG-72. After 7 days the mice were sacrificed and the
RIs of various tissues were determined (Table 3). All the CC
MAbs exhibited RIs of greater than 10 for the major organs of
mice bearing the LS-174T xenograft while CC83, CC49, CC46,
and CC30 had RIs of over 30 for several of the tissues examined.
RIs of the major organs of mice bearing the A375 melanoma
xenograft were less than 3.0 (and in many cases <1.0) in all the
tissues tested. This demonstrates that the localization of the
CC MAbs in the LS-174T xenografts were specific for the
tumors that contain the TAG-72 antigen and that the localiza
tion in the tumors was mediated by the binding sites of the CC
MAbs.

Pharmacokinetics in Mice Bearing LS-174T Xenografts. Mice
bearing the LS-174T xenograft were given i.p. injections of I25I-

labeled CC83, CC49, CC46, CC92, CC11, or CC30 IgG and
sacrificed at daily intervals for 7 days to examine the pharma-
cokinetics of the injected antibodies. Various tissues were re
moved and the %ID/g was determined; selected time points
from these experiments are given in Table 4. The highest %ID/
g in tumors were found with CC83 and CC49 with over 20
%ID/g at all the time points from 24 to 168 h. The amount of
the CC MAbs found in the tumors rose over the first 48-72 h
and then remained relatively constant over the 7-day period
studied. Blood levels of the CC MAbs were approximately 10-
18 %ID/g at 24 h and dropped to approximately 1-6 %ID/g
at 7 days. The antibody levels found in the major organs also
dropped at a similar rate with generally less than 1 %ID/g
remaining in the organs at 7 days. Whole body clearance studies
were performed with CC49 and CC92; these MAbs demon
strated a r> of 4 to 5 days, which is similar to that obtained
with B72.3IgG(21,23).

Radiolocalization indices of the major organs were deter
mined for the CC MAbs (Fig. 3). The RIs of all the CC MAbs

rose over the 7-day period studied. CC83 and CC49 exhibited
the highest RIs, with approximately 60 times more radioactivity
found in the tumor as compared to normal kidney at 7 days
postinjection of the MAbs. CC46 and CC30 had RIs of greater
than 25 for tumorliver, tumorrspleen, and tumonkidney at 7
days, while CCI 1 and CC92 had RIs of greater than 12 for the
major organs. CC49 exhibited the highest RIs values for tu-
morblood which rose over the 7-day period, reaching a level of
20 times more radioactivity in the tumor as compared to blood.
The low levels of circulating CC49 IgG resulted in high RIs for
the kidney and lung, while the tumor to liver and spleen ratios
were still approximately 20:1.

Radioimmunoimaging of Human Colon Carcinoma Xenografts.
Because of the high levels of antibody localizing in the LS-
174T tumors and the relatively rapid clearance of the antibody
from the blood, CC49 IgG was chosen as a prototype CC MAb
for scanning studies. CC49 was radiolabeled with I25I and

approximately 10 ^Ci were injected in mice bearing the LS-
174T human colon carcinoma xenograft or the A375 human
melanoma xenograft (as a negative control). Mice were imaged
with a pinhole collimator at daily intervals. As can be seen in
Fig. 4, the CC49 localized in the tumor by 24 h; however, there
was also substantial activity in the rest of the body. This
decreased with time, and by 96 h there was clearly more
radioactivity in the tumor than in the rest of the body; by 6
days virtually all the activity was found in the tumor. The mice
bearing identically sized A375 melanoma xenografts, lacking
TAG-72, on the other hand, showed no localization of the
CC49 activity at any of the time points studied.

Fragmentation of CC MAbs. MAbs CC49, CC83, CC46, and
CC92 were selected for further study to determine if F(ab')2

fragments could be generated that also maintained the MAb
immunoreactivity. We and others have shown that the F(ab')z

fragments of monoclonal antibodies clear the plasma more
rapidly than the intact IgG but still have sufficient affinity to
the antigen to give good in vivo localization of the tumor (26).
CC49, CC83, CC46, and CC92 were treated with pepsin (see
"Materials and Methods") at various antibody:enzyme ratios,
for 4 to 16 h at 37Â°C,and subjected to analysis on SDS-

polyacrylamide gel electrophoresis and high performance liquid
chromatography gel exclusion. CC83 did not yield any frag
ments, using any of the fragmentation conditions studied, of
the appropriate molecular weight or which maintained immu-

Table 3 Specificity of localization of CC MAbs to TAG-72 positive LS-174T colon carcinoma versus TAG-72 negative A375 melanoma: radiolocalization indices
Average of 3-4 mice/group. Mice were sacrificed 7 days post-i.p. administration of '"I-labeled MAb.

RadiolocalizationindexCC83Blood

Liver
Spleen
Kidney
LungLS-174T15.46

63.08
22.07
69.25
30.78A3750.20

1.00
0.87
1.01
0.36CC49LS-174T22.21

17.93
19.09
55.88
42.61A3750.40

1.55
1.77
1.92
0.73CC46LS-174T5.71

23.84
23.40
31.99
12.16A3750.45

2.54
2.98
2.82
0.90CC92LS-174T2.50

13.00
14.24
12.71
4.48A3750.40

1.83
2.25
2.20
0.96ecuLS-174T4.27

21.82
24.17
23.61
11.96A3750.27

1.12
1.16
1.47
0.65CC30LS-174T6.06

30.17
24.87
24.84
11.83A3750.39

1.49
1.65
1.73
0.72
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Table 4 Pharmacokinetics of biodistribution ofCC MAbs in mice bearing human colon carcinoma xenografts
Mice were sacrificed at Ihe indicated times post-i.p. administration of the MAbs; average of 3 animals/group. CC MAbs were labeled with '"I.

% injected dose/g

TissueTumorBloodLiverSpleenKidneyLung24h29.8318.613.854.274.079.95CC8396h40.928.031.763.561.843.49168h28.032.100.521.280.441.0024h30.9514.027.756.513.656.79CC4996h28.373.272.991.990.891.40168h23.371.141.251.200.400.5924h8.977.072.212.921.394.13CC4696h9.381.080.290.350.300.81168h13.182.130.480.490.351.0824h24.1718.084.204.584.258.76CC9296h16.099.381.851.932.224.28168h12.443.820.810.951.012.0024h9.9617.894.214.433.859.54CC1196h13.205.581.391.201.562.81168h26.556.231.221.101.122.3624h13.2011.523.023.772.276.87CC3096h14.362.400.901.140.774.69168h22.543.810.870.910.722.31
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Fig. 3. Pharmacokinetics of '"I-labeled CC MAbs. Athymic mice bearing LS-
174T tumors were given i.p. injections of approximately 5 fiCi of '"I-labeled CC

MAbs. Mice (3/group) were sacrificed at 24 h (O), 48 h (M), 72 h (0), 96 h (â€¢).
120 h (D), and 168 h (â€¢).Radiolocalization indices were determined.

nological activity. CC49, CC46, and CC92 yielded F(ab')2

fragments with molecular weights of approximately 100,000
(Fig. 5). CC49 was selected for further analysis due to its high
tumor uptake of the intact IgG with relatively low blood levels.
As seen in Fig. 6, the CC49 F(ab')2 fragments were able to
completely compete with '"I-CC49 IgG on an equal molar

basis, demonstrating that the fragment completely retained its
ability to bind to the TAG-72 antigen. The CC49 F(ab'h
fragments were then radiolabeled with I25Iand injected i.v. into
mice bearing the LS-174T human colon carcinoma xenograft.
The F(ab')2 fragments cleared rapidly from the blood with less

than 0.2%ID/g left in the blood at 48 h (Table 5); approximately
8%ID/g of the intact CC49 IgG was still in the blood at 48 h.
The rapid clearance of the radioactivity was apparently through
the kidney resulting in elevated kidney levels at 8 h post-i.v.
administration of the antibody. The activity in the kidney

S
co

â„¢

DAY 1

I
DAY 4 DAY 6

Fig. 4. Radioimmunoimaging of athymic mice bearing human xenografts.
Mice bearing LS-174T colon carcinoma xenografts (A to C), TAG-72 positive,
or A375 melanoma xenografts (D to F), TAG-72 negative, were given injections
of approximately 10 ^Ci of '"1-labeled MAb CC49 IgG. Scans were performed
at Day 1 (A, D), Day 4 (B, E), and Day 6 (C, F) post-i.p. administration of the
MAb.

decreased rapidly, and by 48 h there was no higher activity in
the kidney as compared to the other normal organs. The rapid
blood clearance resulted in slightly lower levels of antibody in
the tumor (5.5-8.5%ID/g), and much lower levels of antibody
in the normal tissues. This resulted in higher RIs at earlier time
points (i.e., tumonblood ratio of 39:1 at 48 h) than those
obtained with the intact IgG.

Effect of Tumor Size and MAb Specific Activity. It has been
suggested that monoclonal antibodies may localize in small
lesions better than larger ones. CC49 IgG was administered to
mice bearing LS-I74T colon carcinoma xenografts of 40-100
mg (approximately 0.2 cm in diameter), and the mice were
sacrificed 48 h later (Table 6). Approximately 95%ID/g of the
'"I-CC49 IgG was found in the tumors as compared to 35%ID/
g in the 400-700 mg tumors (approximately 0.5 cm in diameter)
usually used in our studies. The antibody levels in the blood,
spleen, kidney, and lung were independent of tumor size. Lower
levels of '"I-CC49 were found in the liver of mice bearing the
small LS-174T tumors as compared to larger (>400 mg) tu
mors. Whether this is due to an impairment of liver function
or the release of antigen into the circulation, with deposition in
the liver, from the larger tumors is currently under investiga
tion.

Studies were performed to determine at which point the
binding of the radiolabeled CC49 to the LS-174T colon carci
nomas could be affected by the addition of unlabeled antibody.
125I-CC49IgG was diluted with unlabeled antibody and injected
into mice bearing small (40-100 mg) LS-174T tumors. Ap
proximately 250-500 tig of CC49 was needed to reduce the
amount of radiolabeled antibody to one-half the level obtained
without the carrier IgG (Table 6). Even when 1000 pg of
unlabeled CC49 IgG were added, however, 24%ID/g was still
found in the tumor. Thus, LS-174T tumors of 100 mg in weight
could bind 24%/g of the injected dose; since 1000 Â¿igwere
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B

M 1 2 3
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Fig. 5. SDS-polyacrylamide gel electrophoresis analysis of CC MAb F(ab');

fragments. Selected CC MAb antibodies were subjected to pepsin digestion and
analyzed by SDS-polyacrylamide gel electrophoresis in the presence (A) and
absence (B) of 0-mercaptoethanol on a 5-20% gradient gel. Markers (M) as in
Fig. 1; CC46 (Lane I), CC49 (Lane 2), and CC92 (Lane 3).
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Fig. 6. Immunoreactivity of CC49 F(ab')2 fragment. CC 49 F(ab')Â¡fragments
were tested in a competition radioimmunoassay against '"I-CC49 IgG. The CC49
F(ab'): fragment (O) was compared on a molar basis to the intact CC49 IgG
standard (â€¢)as described in "Materials and Methods."

administered, this means that 24 Â¿tgof MAb bound to the 100
mg tumor.

DISCUSSION

In a previous study, we have shown that all the CC MAbs
described here were distinct from B72.3 in the epitope on the
TAG-72 molecule that they bound. These differences were
shown by a series of reciprocal competition RIAs. Moreover,
the CC MAbs all had higher Ka values than B72.3 did (15). The
fact that the CC MAbs all localized human tumor xenografts
better than B72.3 did may be due to one or a combination of

Table 5 Biodislribulion ofCC49 F(ab')2 fragments in athymic mice bearing LS-

174T colon carcinoma xenografts
Average of 3 mice/group. Mice were sacrificed at the indicated times post-i.v.

administration of the '"I-labeled MAb.

8hTissueTumorBloodLiverSpleenKidneyLung%ID/g8.554.948.694.3510.893.12RI"1.001.730.981.970.792.7424h%ID/g7.500.666.282.331.150.59RI1.0011.361.193.226.5212.7148h%ID/g5.470.142.120.370.240.12RI1.0039.072.5814.7822.7945.58

" RadiolocalizaciÃ³n Index.

Table 6 Radiolocalization of'"I-CC49 in athymic mice bearing small human

colon carcinoma xenografts: effect of MAb specific activity
Mice bearing 40-100 mg LS-174T tumors were given i.p. injections of I2'I-

labeled CC49 IgG that had been adjusted to the indicated doses using unlabeled
CC49 IgG and sacrificed 48 h later.

pigof CC49 IgG administered

TissueTumorBloodLiverSpleenKidneyLung0.594.59Â°15.423.843.603.796.5712557.9512.773.322.623.154.9225051.0713.642.892.533.596.8150043.7413.853.192.763.565.32100024.407.912.041.751.993.02

" % injected dose/g.

the following: (a) higher Ka; (b) quantity of epitope recognized
on the tumor; (c) accessibility of the epitope on the tumor cell
surface (which may be different from accessibility in a tumor
extract or the purified antigen).

Another factor that may affect the biodistribution of a MAb
resulting in differences in RI or its %ID/g is the rate of clearance
of the MAb from the plasma. The CC MAbs demonstrated
several different clearance patterns (Table 4). One fairly unique
pattern was that of MAb CC49. The pharmacokinetics of B72.3
plasma clearance and tumor binding has been detailed previ
ously (21,23) and 5-day postinjection values are shown in Table
1 for comparative purposes. As seen in Table 4, however, the
plasma clearance of CC49 is much faster than that of B72.3
and the five other CC MAbs analyzed. This resulted in much
higher tumonblood ratios for CC49 than for the other MAbs.
Another potential consequence of this phenomenon is that the
tumornormal tissue ratios of CC49 were different from that of
B72.3 and the other CC MAbs (Table 2). Specifically, for B72.3
and the other CC MAbs the tumornormal tissue ratios (RIs)
can be ranked as follows: tumorliver, tumorspleen and tu-
monkidney showed the highest RIs, then tumorlung and lastly
tumor:blood. For CC49, however, the order of the RIs (from
high to low) were tu mor: kidney, tumonlung, tumonblood, tu
monspleen and tumonliver. One possible explanation for this
phenomenon is that the CC49 recognized an epitope of TAG-
72 which is highly accessible when the TAG-72 is found in
circulation, and the resulting MAb-TAG-72 complexes deposit
in the liver and spleen, thus lowering the RIs for these organs
and the MAb, therefore clearing the plasma rapidly. Further
evidence for this is found in the observation that when CC49 is
administered to mice with small tumors the ranking of the RI
values, notably tumonspleen and tumonliver, of the tissues is
similar to that observed for B72.3 and the other CC MAbs.
Note, however, that for the small tumors (Table 6) one can
observe a 95%ID/g with CC49. Regardless of this phenomenon
and the resulting ranking of RIs for tumor to various normal
organs, the rapid plasma clearance of the CC49 resulted in
CC49 demonstrating among the highest RI values for the CC
MAbs (Fig. 3).
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The potential clinical utility of the CC MAbs for in vivo
tumor targeting for either diagnostic or therapeutic applications
is supported by the studies reported here, in that both the %ID/
g of tumor and the tumorrnormal tissue RI values of the second
generation CC MAbs are superior to that of B72.3. It is impor
tant to point out that this is not a matter of chance occurrence,
but the result of the evaluation of thousands of hybridomas
derived from immunizations with purified TAG-72 antigen
(15). In view of the favorable tumor targeting seen with B72.3
in several hundred patients (6-10), one is now in a position to
evaluate the use of one or several of the CC MAbs in conjunc
tion with B72.3, or as a substitute for B72.3, in a range of
tumor targeting clinical applications.
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