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ABSTRACT

We report here the generation and characterization of a recombinant/
chimi-rie construct of murine y, monoclonal antibody (MAb) B72.3,
containing the murine variable region and a human -,, constant region
(designated cB72.3(7,)]. cB72.3(-y,) was generated by first isolating func
tionally rearranged >'/, and )', genes of B72.3 from partial genomic

libraries in phage vectors. Construction of mouse-human chimeric heavy
and light chain genes was performed by inserting restriction fragments
carrying V, and VH regions of B72.3 into unique sites of expression
vectors which contain sequences encoding constant regions of human *
and 7,, respectively. The expression constructs were subsequently elec-
troporated into SP2/0 cells. The transfected SP2/0 murine cell line has
been shown to synthesize cB72.3(7i) at a level of 10-20 (in/ml. Reciprocal
competition radioimmunoassays demonstrated that cB72.3(7i), a previ
ously described cB72.3(74), and native B72.3 (designated nB72.3) com
peted similarly. A rat anti-idiotype MAb made against nB72.3 was shown
to bind equally well to cB72.3(7i) and to the nB72.3. Immunochemical
studies of the nB72.3, cB72.3(74), and cB72.3(7,) revealed slight differ
ences in size among the three MAb forms on sodium dodecyl sulfate gels
and revealed a higher isoelectric point for the cB72.3(7i). Antibody-
dependent cell-mediated cytotoxicity experiments using human lympho-
kine-activated killer effector cells indicated better tumor cell killing by
the cB72.3(7,) than the nB72.3 or cB72.3<74). Dual label studies of
coinjected cB72.3(7,) and nB72.3 revealed that both MAbs could effi
ciently localize human tumor xenografts in athymic mice. Pharmacoki-
netic studies, analyzing the blood clearance of i-B72.3(-y,). cB72.3(74),

and nB72.3 in mice, showed that the nB72.3 ÃŸphase of clearance was
slower than that of the other MAb forms. However, when the pharma-
cokinetic patterns of these three MAb forms were analyzed in monkeys,
the cB72.3(7i) and the nB72.3 showed similar clearance curves, while
the cB72.3(74) showed a much slower plasma clearance. In view of the
binding properties of nB72.3 and its ability to localize a range of carci
nomas in clinical trials, the studies reported here demonstrate that the
cB72.3(fi ) may serve as a potentially useful diagnostic and/or therapeutic
reagent.

INTRODUCTION

Numerous MAbs2 are currently being evaluated in both di
agnostic tumor-targeting trials as well as therapeutic trials. One
of the major drawbacks in both of these areas has been the
observation that one administration of a murine MAb will lead
to the production of a HAMA response in approximately 50%
of patients; two to three administrations of a murine MAb have
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led to a HAMA response in over 90% of patients (1, 2). One
consideration in the development of a HAMA response is an
allergic reaction; perhaps the more important manifestation of
the HAMA response, however, is that subsequently adminis
tered MAb will be rapidly cleared from the circulation and thus
will not efficiently reach tumor sites (1, 2). One way of greatly
reducing or eliminating the HAMA response is by the genera
tion and use of ree/chi MAbs containing the variable region of
the murine MAb and a human constant region. Other potential
advantages of a ree/chi MAb are enhanced effector cell function
with human effector cells and altered pharmacokinetic proper
ties.

A recent study by LoBuglio et al. (3) has shown a marked
reduction in anti-immunoglobulin response in patients with the
use of ree/chi 17-1A versus native murine 17-1 A. Of 10 pa
tients receiving 3 administrations of ree/chi 17-1 A, only 1
patient displayed evidence of any anti-immunoglobulin re
sponse and this was a weak anti-idiotype response seen more
than 100 days after the last MAb administration. Recent stud
ies, also using MAb 17-1A (4), have shown that the human 71
and 7, isotypes are superior to the human y2 and 74 isotypes in
mediating ADCC with human effector cells and that the human
chimeric 71 is equivalent to the murine 7, in mediating ADCC
with human effector cells.

The murine MAb B72.3 has been characterized previously
with respect to range of reactivity to adenocarcinomas of the
gastrointestinal tract, ovarian and endometrial carcinomas,
non-small cell lung adenocarcinomas, pancreatic carcinomas,
and mammary carcinomas and by its diminished reactivity or
lack of detectable reactivity to the range of normal adult tissues
with the exception of secretory endometrium (5-7). Numerous
institutions have carried out tumor-targeting clinical trials in
several hundred patients and have demonstrated that '"I-la-
beled or '"In-labeled native B72.3, designated nB72.3, will
selectively target approximately 70-75% of carcinomas when
administered systemically (8, 9). When administered i.p., radi-
olabeled nB72.3 has been shown to target approximately 90%
of peritoneal carcinoma lesions (10). The above studies have
also shown that one administration of a relatively low dose of
nB72.3 (1-5-mg range) will elicit a HAMA response in approx
imately 50% of patients (11). Phase I therapy trials using B72.3
are currently under way.

The generation and characterization of a ree/chi B72.3 with
a human 74 constant region, designated cB72.3(74), have re
cently been described (12, 13). In this study, we report the
generation and characterization of a ree/chi B72.3 with a hu
man 7i constant region, designated cB72.3(7,), and its compar
ison with both nB72.3 and cB72.3(74) in terms of immuno-
chemical properties, binding properties, in vivo tumor-targeting
properties, and pharmacokinetic properties in both mice and
monkeys. The ability of the cB72.3(7,) to mediate ADCC using
human lymphokine-activated killer cells as effectors is also
described.
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MATERIALS AND METHODS

MAbs and Cell Lines. The generation and properties of murine MAb
B72.3 (IgGl) have been described previously (5, 6). Native B72.3 IgG
(nB72.3) was isolated from ascitic fluid by ammonium sulfate precipi
tation and ion-exchange chromatography (14). MOPC-21 (IgG) murine
myeloma proteins were purchased from Organon Technika (Durham,
NC) while purified polyclonal IgG was obtained from Jackson
ImmunoResearch (West Grove, PA). The NIH:OVCAR-3 human ovar
ian ascites carcinoma was obtained originally from Dr. Thomas Ham
ilton (15).

The SP2/0-Agl4 cell line was obtained from Dr. S. Morrison. The
BALB/c non-immunoglobulin-secreting P3-NSl-Ag4-l (NS1) cell line
was obtained from Dr. J. Kim, Bethesda, MD. Both cell lines were
grown in RPMI 1640 supplemented with 15% fetal bovine serum
(Gibco, Grand Island, NY). Selection medium consisted of complete
RPMI 1640 containing either 515 Mg/m' of active G418 (Gibco) or 1
Mg/ml mycophenolic acid (Sigma Chemical Co., St. Louis, MO), 250
Mg/ml xanthine, and 15 pg/m\ hypoxanthine (Gibco).

DNA Isolation and Analysis. High molecular weight DNA was iso
lated from cells as described (16). Fifteen ^g of genomic DNA were
digested with the specified restriction endonuclease according to the
supplier's specifications (Bethesda Research Laboratories, Bethesda,

MD). DNA fragments were fractionated by electrophoresis through
0.8% agarose gel and were transferred to a nylon membrane (17).
Hybridization with ["PjdCTP-labeled probes was performed at 37Â°C

in 3 x SSC and 50% formamide (v/v) for 24 h. The filters were washed
in 0.1 xSSCat65'C.

DNA Probes. DNA probes used for the analysis of cellular DNA
included a 2.3-kilobase AamHI-EcoRI fragment (JH) containing the
murine heavy chain J3 and J4 exons and enhancer region (18). a 1.7-
kilobase Xba\-Hindl\\ fragment containing the murine JK, and a 3-
kilobase HinM\-Bam\\\ fragment containing a murine CKregion (19).

DNA probes used for library screening also included a 0.35-kilobase
EcoRl-Rsal fragment (VL probe) containing the variable region of the
light chain and a 0.4-kilobase EcoRl-Ban\ fragment (VH probe) derived
from the variable region of B72.3 heavy chain cDNA (12). DNA probes
were labeled with ("P]dCTP (New England Nuclear, Boston. MA) by

nick translation.
Additional probes for library screening included a 27-mer oligodeox-

ynucleotide whose sequence corresponds to the CDR3 region of the
B72.3 light chain and three other oligodeoxynucleotides of 31, 32, and
33 bases long, the sequences of which correspond, respectively, to the
CDR3, CDR2, and J regions of the B72.3 heavy chain. Oligonucleotide
probes were prepared by 5'-end labeling of the oligomers with [>-J2P]-

ATP (New England Nuclear).
Construction and Screening of Genomic Libraries. To clone the rear

ranged B72.3 light chain gene, a total BamH\ digest of B72.3 DNA
was fractionated in a 0.8% agarose gel. The desired DNA fragment was
isolated and ligated to XEMBL3 phage arms (Promega Biotec. Madi
son, WI). For cloning of the rearranged heavy chain, B72.3 DNA was
digested to completion with Â£coRI,and the appropriate DNA frag
ments, isolated after fractionation in agarose gel, were ligated to phage
arms of either the Xgtwes.IB (Amersham International. United King
dom) or the Azap (Stratagene, La Jolla, CA) vector. DNA was packaged
using Gigapack Gold extract (Stratagene), and the libraries were
screened by plaque hybridization (20) with nick-translated DNA frag
ments or end-labeled oligonucleotides (21). Hybridizations with oligo-
nucleotide probes were carried out in 6 x SSC at 60Â°Cfor 24 h. Filters

were washed in 6 x SSC at room temperature for 1 h followed by a
wash for 3 min at 65Â°C.

The B72.3 heavy and light chain genes were subcloned in M13mp8
and â€”mp9vectors, and the variable regions were sequenced using the
method of Sanger et al. (22).

Eukaryotic Expression Vectors. SV40-derived vectors,
pSV184AHneo-Huk and pSV2AHgpt-HuGl. were gifts from Dr. S.
Morrison (University of California, Los Angeles, CA) (23). pSV2 and
pSV184 vectors, respectively, contain the origin of replication
from pBR322 and pACYC184, which are compatible plasmids.

pSV184AHneo-Huk contains a genomic fragment encoding the human
CKregion and the neo gene in a eukaryotic transcription unit providing
resistance to G418. pSV2AHgpt-HuGl includes a genomic fragment
containing sequences encoding human IgGl constant region and the
Eco gpt gene providing resistance to mycophenolic acid.

Introduction of Expression Constructs into Myeloma Cells. DNA was
introduced into SP2/0 cells by electroporation using Beacon 2000
Advanced Gene Transfer System (Beakon, Inc., Saratoga, CA). Fifty
Mgof either linearized or supercoiled plasmid DNA were mixed with
approximately 1 x IO7 cells suspended in 0.3 ml of PBS or 0.3 M
sucrose. The mixture was subjected to an electric field of 5-8 KV/cm
of 3.2 s duration for 5 to 98 cycles. Cells were diluted in complete
RPMI 1640, and 1 x 10' cells were plated in individual wells of a 96-

well microtiter plate (Costar, Cambridge, MA). Plates were incubated
at 37Â°C,and after 48 h the medium was replaced with the drug selection

medium.
Analysis of Light Chain Transfectomas. Lysates of G418-resistant

isolates were prepared as described previously (24). Thirty ^g of protein
were clectrophoresed on a 5-12.5% SDS-polyacrylamide gradient gel.
Protein was electrophoretically transferred to nitrocellulose, and detec
tion of immunoglobulin light chains was performed using alkaline
phosphatase-conjugated goat anti-human Â«.antibody (Southern Bio
technology Assoc. Inc., Birmingham, AL).

Chimeric Antibody Purification. cB72.3(7.) was purified from tissue
culture supernatants of transfected SP2/0 cells grown in ABC protein-
free medium (Pan-Data Systems, Inc., Rockville, MD) using protein
A-Sepharose chromatography. Supernatant fluid was applied directly
to a protein A-Sepharose column equilibrated with 0.1 M sodium
phosphate (pH 8.0) buffer. After washing, antibody was eluted with 0.1
M citrate-citric acid buffer (pH 3.5) preceded by elution with the same
buffer at pH 5.5. The pH of the antibody-containing fraction was
adjusted to neutrality and dialyzed against PBS prior to vacuum ultra-
filtration with a CX-30 ultrafiltration unit (Amicon, Lexington, MA).
cB72.3(-y4)was purified from tissue culture supernatants of transfected
CHO-K1 cells as described previously (13). Protein content of purified
nB72.3 and cB72.3 preparations were measured by the method of
Lowry et al. (25). The purity of MAb preparations was determined by
electrophoresis in 3-12% gradient SDS-polyacrylamide gels according
to the method of Laemmli (26).

Solid-Phase Immunoassays. Antigen-binding activity of MAbs was
determined by indirect procedures or by competition assay. TAG-72
antigen-positive LS-174T tumor extracts (5 Mg/well), TAG-72 negative
A375 melanoma tumor extracts (5 Mg/well),or purified TAG-72 antigen
(3 units/well) (27) were used to coat wells of 96-well polyvinyl microtiter
plates as described previously (14). The plates were then treated with
5% BSA in PBS for 1 h at 37'C. For indirect assay, 50 p\ of MAb

preparations were added to the wells and allowed to incubate for 1 h at
37Â°C.The plates were washed with 1% BSA in PBS and then 50 n\ of

either radioiodinated or peroxidase-labeled goat anti-human IgG (Jack
son ImmunoResearch) were added and allowed to incubate for 1 h at
37"C. After washing, bound radioactivity was detected by counting

individual wells in a gamma scintillation counter. For enzyme Â¡ninni
noassay, the plates were read after color development with phenylene-
diamine dihydrochloride in the presence of H2O2 as described previ
ously (28).

Purified cB72.3(7,). cB72.3(7<), and nB72.3 IgGs were labeled with
Na'"I or Naml by the lodo-Gen (Pierce, Rockford, IL) method as

previously described (13). Radiolabeled MAbs were tested for the
retention of their immunoreactivity using extracts that contain the
TAG-72 antigen. The assays were run using 20 ^g of protein extracts
of human colon carcinoma xenografts (LS-174T, TAG-72 positive) and
human melanoma xenografts (A375, TAG-72 negative) as described
previously (13).

For competition assay, antibody samples were serially diluted (80
ng; 200 Mg/ml) in 1% BSA in PBS and 25 n\ were added to wells coated
with purified TAG-72. The plates were incubated for 6 h at 4Â°C,and
then 25 n\ of l25I-nB72.3 or l25I-cB72.3(-y,) (50,000 cpm) were added

to each well and the plates were incubated for an additional 18 h at
4Â°C.After washing, bound reactivity was determined in individual wells
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and compared with that of wells in which unlabeled MOPC-21 myeloma
protein had been added.

Cytotoxicity Assay. HPBMNC were used as effector cells in cytotox-
icity assays. These were isolated from leukophoresis preparations of
normal donors by separation on Ficoll-Hypaque gradients (LSM: Or-
ganon Technika, Durham, NC). Cells collected from the gradient
interface were depleted of platelets by washing with Ca2*- and Mg2*-
free Dulbecco's PBS containing 2% fetal calf serum (Gibco). Cells were
then cultured for 24 h at 5 x 106/ml in RPMI 1640, supplemented
with 2 miM L-glutamine, 100 units/ml of penicillin, 100 Mg/ml of
streptomycin, and 10% heat-inactivated fetal calf serum (complete
medium). Recombinant human IL-2 (Cetus, Emeryville, CA) was added
to cultures at a final concentration of 50 units/ml. PBMNC exposed
to IL-2 for 24 h are herein referred to as lymphokine-activated killer
cells.

NIH:OVCAR-3 ascites tumor cells served as target cells and were
obtained from female BALB/c athymic mice (nu/nu) with 3- to 4-week-
old ascites tumors. Target cells (25 x IO6)were labeled for 15 min at
RT with 50 fid '"In-oxyquinoline (Amersham, Arlington Heights, IL;

code IN. 15PA) in a volume of 0.25 ml RPMI 1640 (29). The cells were
washed 3 times in RPMI 1640 and resuspended in complete medium;
1 x IO4 cells in 50 /jl were added to individual wells of a 96-well U-

bottomed plate (Costar, Cambridge, MA), each well contained 50 M'of
either complete medium or various antibody preparations. Effector
cells, which were harvested from flasks by scraping and then washed,
were immediately added at different effector/target cell ratios to the
assay plates in a volume of 100 Â¿il.The plates were centrifuged for 3
min at 30 x g and incubated for 24 h at 37Â°Cin 7% CO2. The plates

were then centrifuged as before, after which the supernatant from each
well was harvested for gamma counting using Skatron harvesting frames
(Sterling, VA). Each point was carried out in triplicate; the standard
deviation of replicates was usually 10% or less. Specific lysis was
calculated as

_ Observed cpm - background cpm
Total cpm - background cpm

Background cpm were obtained from radioactivity released by target
cells incubated in medium alone, which was between 5 and 10% of the
total released after treatment of target cells with 2.5% Triton X-100.
Results are also expressed as lytic units/IO6 effector cells, in which a

lytic unit is defined as the number of effector cells producing 20% lysis
of IO4labeled target cells.

Isoelectrofocusing of the Purified MAbs. Samples were analyzed by
isoelectrofocusing on a pH 3.5-9.5 acrylamide gel (LKB, Bromma,
Sweden). Purified MAbs (50 ^g in 20 p\ 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 gels were run for 2.5 h at 10 W which resulted
in approximately 50 mA and 1500 V at 10Â°Cusing an anode electrode

solution of 1 M HjPO4 and a cathode solution of l 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
Coomassie Blue R-250.

Pharmacokinetic and Biodistribution Studies. Female athymic mice
(nu/nu) were obtained from Charles River. Inc. (Wilmington, MA) at
approximately 6 weeks of age. One week later the mice were given
injections s.c. on the back of 1 x 10' TAG-72-positive LS-174T or the
TAG-72-negative human melanoma A375 cells (in 0.2 ml) as described
previously (14). Approximately 10 days later, when the tumors were
approximately 200 mg, the mice were used for the biodistribution
studies.

A mixture of approximately 100 ^Ci of u'I-IgG and '25I-IgG [derived

from cB72.3<74), cB72.3(7,), or nB72.3) was injected i.v. (in 3 ml saline)
into cynomolgus monkeys (3/group). Blood samples were collected at
various times and the plasma was separated by centrifugation. Levels
of the "'I and I25I in the plasma samples were determined and the

percentage of the injected dose that remained in the plasma was
calculated for each radionuclide after crossover correction.

Selected mice were used for MAb blood clearance studies using
approximately 5 ^Ci of each radionuclide coupled to MAb. The re
maining mice (2-12/group) were used for biodistribution studies and
were sacrificed at various times. Tumor, blood, and the normal tissues
were removed and weighed, and the percentage of the injected dose
(ID) per g was determined. The radiolocalization indices were calculated
as

% ID/g in the tumor
%ID/g in normal tissue

RESULTS

Isolation of Rearranged V,, and V,.Genes of B72.3. To identify
the unique restriction fragments of genomic DNA carrying
functionally rearranged immunoglobulin genes, high molecular
weight DNA from the B72.3 hybridoma was cleaved with
various restriction endonucleases and was subjected to Southern
blot analysis (Fig. 1). Ã„awHI-digested B72.3 cellular DNA was
probed with a 3-kilobase Hindlll-BamHl fragment containing
a murine CKregion (Fig. \A, bottom). Results presented in Fig.
IA (top) show that the light chain gene is present in a 15-
kilobase fragment unique to B72.3 DNA and not present in
cleavage fragments of genomic DNA from BALB/c or NS1,
the fusion partner used to generate B72.3 hybridoma. EMBL3
phage arms were used to prepare a partial genomic library from
a 15-kilobase BamHl fragment. The library was screened using
JK and VL probes, and a clone designated EMAB72.3K was
isolated. A partial restriction map of the isolated clone showed
that the rearranged variable region of the light chain gene was
present on a 5.6-kilobase Hindlll fragment.

The heavy chain gene was identified by Southern blot analysis
of EcoRl fragments of B72.3 genomic DNA, which revealed
that a probe corresponding to the 2.3-kilobase BamHl-EcoRl
fragment containing the heavy chain J3 and J4 exons (Fig. IB,
bottom) hybridized to 3.0- and 6.3-kilobase EcoRl fragments

A B

15.0 kbp -

12.0 -

7.0 kbp

6.8
6.3

^â€¢â€¢â€¢â€¢l* â€¢â€¢

Fig. 1. Southern blot analysis of genomic DNA from B72.3, NS1. and
BALB/c mouse liver. Fifteen ^g of genomic DNA were digested with the restric
tion enzymes indicated below and subjected to Southern blot analysis as described
in "Materials and Methods." The partial restriction cleavage maps of the DNA

fragments used as probes are shown at the bottom of A and B. â€¢exons: â€”â€”.
probes. In A, Ã„amHI digested DNA genomic was probed with BanM\-HimK\\
fragment carrying murine C. region. In B, EcoRl digests of genomic DNA were
probed with BamHt-EcoRl DNA fragment carrying J3 and J4 exons of murine
JH region. Arrows, restriction fragments that are unique to B72.3 DNA.
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unique to B72.3 DNA (Fig. \B, top). To isolate the functionally
rearranged heavy chain variable region, two partial genomic
libraries were constructed from the 3.0- and 6.3-kilobase EcoRl
fragments in the phage vectors, Xzap and Xgtwes.lB, respec
tively. Clones hybridizing with both JM and VH probes were
isolated from each library. A positive clone, WESAB72.3HC,
isolated from the Xgtwes.lB library, carrying a 6.3-kilobase
insert showed numerous insertions and deletions within the
CDR3 and J2 regions on subsequent nucleotide sequencing
(data not shown), and thus represented an aberrantly rearranged
alÃeleof the V,, gene. A positive clone from the Xzap library,
zapXB72.3HC, carrying a 3-kilobase insert of the B72.3 VH
gene was further analyzed. The physical map (data not shown)
of the 3-kilobase insert suggested that it carried a functionally
rearranged V,, gene.

Nucleotide Sequence of VLand VHGenes. The DNA sequences
of the variable regions of the light and heavy chains of B72.3
were determined (data not shown) by the method of Sanger
following subcloning of the V regions in M13mp8 and â€”mp9

vectors. The DNA sequences of the \Y (EMXB72.3K) and VH
(WESXB72.3HC) regions were found to be identical with the
sequences of the variable regions of the B72.3 cDNA clones of
light and heavy chain genes (12).

Chimerization of B72.3 Heavy and Light Chain Genes and
Generation of Expression Constructs. The variable regions of
B72.3 heavy and light chains were ligated to human 7, and K
constant regions contained in expression vectors. Construction
of the mouse-human chimeric light chain gene was performed
by inserting a 5.6-kilobase Hindlll fragment derived from the
EMXB72.3K carrying the Vj region of a B72.3 Â«chain clone
into a unique Hindlll site of the pSV184AHneo-Hu/c vector,
which contains sequences encoding the human CK region and
the Â«eo-resistant gene as a selectable marker. The resulting
plasmid was designated pSV184neoB72.3VL-Hu/t (Fig. 2A).
Similarly, the mouse-human chimeric heavy chain expression
construct pSV2gptB72.3Vâ€ž-HuGl (Fig. 2B) was constructed
by inserting the 3-kilobase EcoRl fragment of clone
zapXB72.3HC into a unique EcoRl site of the pSV2AHgpt-
HuGl vector which includes the human IgGl constant region
and mycophenolic acid-resistance gene as a selectable marker.

Introduction of Expression Constructs into Murine Myeloma
Cells and Analysis of Transfectomas. A stable light chain-
producing cell line was first developed by electroporating
SP2/0 cells with the linearized expression construct
pSV184neoB72.3VL-Hu* carrying the B72.3 chimeric light
chain gene. Transfectants were selected for G418 resistance,
and the //Â«Â»-resistantclones were screened for expression of the
light chain gene by Western blot analysis of cell lysates. As seen
in Fig. 3, a protein with a molecular weight of approximately

200 -

Fig. 2. Structures of the expression vectors containing the B72.3 chimeric
immunoglobulin genes. (A) pSV184neoB72.3VL-HuK; (B) pSV2gptB72.3Vâ€ž-
HuGl. ^^â„¢, mouse sequences; . human immunoglobulin. D, exons of
mouse variable region; â€¢,human constant region exons. The transcriptional
direction of the neo and gpt genes is indicated. L, leader; T, variable; J, J region;
D, diversity; C, constant region exons.
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Fig. 3. Western blot analysis of transfectomas producing B72.3 chimeric light
chain. Thirty /jg of protein from cell lysates of SP2/0 (Lane 2) and two G418-
resistant clones carrying B72.3 chimeric light chain expression construct
pSV184neoB72.3V,-HuK (Lanes 3 and 4) were electrophoresed and probed with
alkaline phosphatase-conjugated goat anti-human â€¢antibody. Purified human >
chain was included as a control (Lane I). Cell lysates were prepared and Western
blot analysis was performed as described in "Materials and Methods."

28,000 was detected in lysates from two G418-resistant clones
(Fig. 3, Lanes 3 and 4) when the filter was probed with alkaline
phosphatase-conjugated anti-human Kantibody. The size of the
B72.3 chimeric light chain synthesized by the transfectomas
was identical with the human Kchain (Fig. 3, Lane 1). No such
protein was detected in the lysates of SP2/0 cells that were not
transfected with the expression vector (Fig. 3, Lane 2). A stable
w^o-resistant cell line producing the B72.3 chimeric light chain
was cloned by limiting dilution and was designated K3.

To develop transfectomas producing chimeric B72.3 H2L2
antibody, supercoiled plasmid DNA of expression construct
pSV2gptB72.3V,,-HuGl, carrying the B72.3 chimeric heavy
chain gene and mycophenolic acid resistance marker, was intro
duced into K3 cells by electroporation. Several mycophenolic
acid-resistant colonies were selected and assayed for binding to
TAG-72. H2L2-producing colonies that produced chimeric
B72.3 were identified and a stable cell line (designated
60B10B10) producing cB72.3(7,) was established.

Growth and Maintenance of 60B10B10. 60B10B10 readily
adapted to ABC protein-free medium after passaging it in
medium containing 2% fetal calf serum. The proliferation of
cells and production of MAb by transfectants was the same
whether the cultures were maintained continuously on serum-
free medium or on medium supplemented with 15% fetal calf
serum. The use of serum-free protein-free medium greatly fa
cilitated the purification of MAb from tissue culture superna-
tants. Purification only required the application of antibody-
containing medium, once freed of cellular debris, to a protein
A-Sepharose affinity gel. Typical yields of 10-20 mg/liter of
culture fluid were obtained. This is comparable to the levels
synthesized by the original B72.3 hybridoma cell line. Several
lots of antibody purified in this manner were free of any
detectable contaminants as shown by SDS-polyacrylamide gel
electrophoresis (PAGE) (Fig. 4).

Immunochemical Properties. Comparison of nonreducing and
reducing SDS-PAGE showed that most of the nB72.3 and
cB72.3(7i) was in the form of an H2L2 tetrameric IgG molecule
(Fig. 4). For comparison, the cB72.3(74) shows an additional
band migrating with a lower molecular weight in nonreducing
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Fig. 4. Analysis of nB72.3 and cB72.3
MAbs by SDS-PAGE and isoelectric focusing.
(A) Nonreduced samples on SDS-PAGE; (B)
reduced samples on SDS-PAGE; (O isoelectric
focusing gel.
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gels, as has been reported previously for this molecule (13). OVCAR-3ascites tumor xenograft as an antigen-bearing target.

Since this lower molecular weight form appears to dissociate
into heavy and light chains upon reduction, it most likely
represents an immunoglobulin half-molecule. The heavy and
light chains of both of the cB72.3 MAbs showed a slightly-

slower mobility than those of the nB72.3 MAb.
Analysis by isoelectric focusing (Fig. 4) showed that the

cB72.3(7,) has a more basic isoelectric point (pi 7.9-8.4) than
that of the cB72.3(74) (pi 6.4-6.8) or the nB72.3 (pi 6.0-6.4).
The higher isoelectric point of the cB72.3(7.) agrees with the
more basic nature of previously described mouse/human chi-

meric IgGl MAbs and polyclonal human IgG (30).
Competition Immunoassays. Solid-phase cross-competition

assays were performed using radiolabeled nB72.3 and both
forms of cB72.3 MAbs to establish their respective antigen-
binding properties. As shown in Fig. 5, the three different B72.3
MAb preparations were very similar to one another in cross-
competition. The nB72.3 was a slightly better competitor with
all three radiolabeled MAbs as indicated by the regression
coefficients (Fig. 5), suggesting the existence of a subtle alter
ation in antigen-binding activity of the cB72.3 MAbs, differ
ences in the relative purities of the MAb preparations, or subtle
differences in determination of actual protein content using the
method of Lowry et al. (25).

Blocking assays with a rat anti-idiotype MAb raised against
the nB72.3 idiotype were also performed. These studies dem
onstrated identical inhibition of labeled nB72.3 and cB72.3
MAb binding to the TAG-72 antigen by the rat and anti-nB72.3

idiotypic MAb.
ADCC with nB72.3 and cB72.3 MAbs. ADCC experiments

used a 24-h indium release assay in which normal human
PBMNC, untreated or exposed to IL-2 (100 units/ml, 24 h),
were used as effectors. The TAG-72 antigen is expressed at low
levels in several tumor cell lines (31, 32). We therefore used the

When unactivated PBMNC were used, antibody-independent
killing (natural killer cell mediated) was low at all effector/
target cell ratios as shown by the cytotoxicity obtained in the
presence of irrelevant polyclonal human IgG (Fig. 6/1). Killing
was appreciably increased with the addition of nB72.3 and
further increased in the presence of cB72.3(7,) but not (74).
When PBMNC were activated with IL-2, nonspecific killing
increased slightly (Fig. 6B). There was a further increase in
cytotoxicity when the native cB72.3(7,) or the chimeric (74)
was added to cultures containing PBMNC exposed to IL-2.
The (74), however, was still appreciably less active than the (7,).

The ADCC activity of the native and chimeric B72.3 MAbs
was also measured at various doses of these MAbs. Each
antibody was tested at culture concentrations of 0.05, 0.5, 5.0,
and 25 /Â¿g/m\using each of eight different effector/target cell
ratios. Fig. 7 shows the lytic units obtained from the cytolytic
curves produced by different effector/target cell ratios for each
concentration of antibody. The native and, to a greater extent,
the chimeric (7,) show increasing activity with increasing anti
body dose whereas the chimeric (74) shows relatively low activ
ity. Similar results were obtained using PBMNC from a second
donor.

Tumor-targeting Studies. The cB72.3(7,) and nB72.3 MAb
preparations were radiolabeled with Na'25I or Na"'I using the
lodo-Gen method as described in "Materials and Methods."

The MAbs were radiolabeled to a specific activity of approxi
mately 5-10 nC\/ng and were analyzed by SDS-PAGE and high
performance liquid size-exclusion chromatography. The SDS-
polyacrylamide gels were subjected to autoradiography and over
90% of the radioactivity migrated with the IgG fraction. The
nondenatured cB72.3(7,) IgG demonstrated a slightly slower
migration than the nB72.3 in the gels. After disruption with
/3-mercaptoethanol, the radioiodine was distributed on both
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ng/well COMPETITOR
Fig. 5. Cross-competition immunoassays with nB72.3 and cB72.3 MAbs. (A)

labeled nB72.3; (B) labeled cB72.3(-yl); (0 labeled cB72.3(7â€ž).Value in paren
theses, regression coefficient. Competitors are purified IgG preparations of
nB72.3, cB72.3(7,), and cB72.3(>4).

heavy and light chains of the cB72.3(7,) and the nB72.3 IgGs.
The cB72.3(7i) light chain demonstrated a slightly slower mi
gration than the nB72.3 light chain. The iodinated cB72.3(7i)
and nB72.3 IgGs both exhibited 26-49% binding to an extract
of a human colon carcinoma xenograft (LS-174T) that con
tained limiting amounts of the TAG-72 molecule, with less
than 1% of the counts bound to an extract of a human mela
noma xenograft (A375) that does not contain the TAG-72
antigen.
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EFFECTORrTARGET CELL RATIO
Fig. 6. ADCC activity of chimeric and native B72.3 MAbs. MAbs were cultured

with OVCAR-3 target cells and human PBMNC as effectors at effector/target
cell ratios of 100/1. 50/1, 25/1, 12.5/1, 6.25/1. 3.13/1, 1.56/1 and 0.79/1.
Curves, percentage of lysis in the presence of a given MAb at a concentration of
25 Mg/ml. (A) Unactivated PBMNC as effectors; (B) PBMNC cultured with 50
units/ml IL-2 for 24 h as effectors.

The biodistribution of the cB72.3(7i) IgG was compared with
the nB72.3 IgG in dual label studies. The 125I-and '"I-Iabeled

IgGs were coinjected i.v. into athymic mice bearing human
colon carcinoma xenografts (LS-174T) (Table 1). The mice
were sacrificed (2-12/group, 3 separate studies) at various times
and the %ID of the MAbs/g in the tumor and in various normal
tissues was determined. Approximately 12-13% of the injected
dose per g was found in the tumor through 120 h when
cB72.3(7,) was administered (Table 1). The amount of
cB72.3(7i) in the tumor then decreased on a per g-basis because
of the growth of the tumor without an appreciable increase in
the amount of radioactivity being deposited in the tumor. There
was no apparent accumulation of the radiolabeled cB72.3(7i)
in any normal tissue examined, and the levels of the iodinated
nB72.3 IgG were similar to that of the radiolabeled cB72.3(7,)
IgG. Radiolocalization indices (%ID/g in the tumor divided by
the %ID/g in the normal tissues) were determined for both the
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2.

1.

CB72.3 (yl)
nB72.3
CB72.3 (Y4)
Human IgG

.01 10 100

MAb ug/ml
Fig. 7. Dose titration of MAb ADCC activity. Lytic units/106 effector cells

correspond to the cytolytic curves generated at MAb concentrations of 25, 5, 0.5,
and 0.05 Mg/ml. PBMNC were activated with 50 units/ml IL-2 for 24 h.

cB72.3(7i) and the nB72.3. Similar radiolocalizador! indices
were obtained for the nB72.3 and the cB72.3(-y,).

Pharmacokinetic Studies. Blood clearance studies were per
formed to determine if there were any differences in the phar-
macokinetics of the cB72.3(-yi), cB72.3(74), and nB72.3 IgGs.

Athymic mice bearing the human colon carcinoma xenograft
(LS-174T) were given i.v. injections of approximately 5 /Â¿Ci
l31I-cB72.3(7,) mixed with approximately 5 pCi 125I-cB72.3(74)

or nB72.3. The blood clearance of the two cB72.3 MAbs was
similar (Fig. SA). This can be contrasted with the blood clear
ance of the nB72.3 IgG in mice, which exhibited a slower
clearance rate. The tv,a of all three MAb preparations was
similar (2.6-4.6 h), but the tv,ÃŸof the cB72.3(7,) and cB72.3(74)
was approximately 55 h while the tvÃŸof the nB72.3 IgG was
approximately 83 h (Table 2).

Plasma clearance studies were then performed in cynomolgus
monkeys where 131I-cB72.3(7i) was mixed with 125I-labeled

cB72.3(74) or nB72.3, and coinjected i.v. Plasma samples were
obtained and the percentage of the injected dose remaining in
the plasma at various time points was determined. As can be
seen in Fig. SB, both the murine and the chimeric 7, MAbs
cleared the plasma at similar rates, which were faster than that
of the cB72.3(74) IgG. While the tv,a of all three MAb prepa

rations was similar (14.3 to 20.0 h), the tv,ÃŸof the cB72.3(7â€ž)
IgG was approximately 3 times that of both the cB72.3(7,) and
the nB72.3 IgGs (Table 2).

DISCUSSION

Several ree/chi MAbs to human tumor-associated antigens
have been developed recently (see Ref. 33 for review). To date,
results of clinical trials with ree/chi MAbs 17-1A (3) and
CAMPATH-1H (34) have been reported. As mentioned previ
ously, the results with 17-1 A, while using only 10 patients, are
very promising; not only was an anti-Fc response undetectable
following three administrations of the ree/chi MAb, but the
anti-idiotype response was vastly reduced compared with that
seen with native 17-1 A. One possible explanation for this latter
finding could be that the Fc portion of the murine 17-1A was
acting as a hapten in patients, thus enhancing the response to
the idiotypic region of the native 17-1A molecule.

Recent studies in our laboratory have shown that fractionat
ing the dose of mI-nB72.3 can enhance its tumor killing in a

xenograft model while reducing toxicity (35). For example, one
600-iiCi dose of '3' I-B72.3 in mice bearing the LS-174T human

colon carcinoma xenograft reduced the growth of tumors in
30% of animals but resulted in the death of 60% of the animals.
When the 600-^Ci dose was fractionated into three weekly 200-
Â¿tCidoses, there was substantial reduction in tumor growth in
93% of tumors, with death in only 7% of the animals. Indeed,
mice could tolerate as much as 900 Â¿Â¿Ciof radiolabeled MAb
when fractionated into three doses with even more efficient
tumor killing and only 8% mortality. Thus, the principle of
dose fractionation of systemically administered MAb in tumor
killing in a xenograft model should serve as additional evidence
for this type of dosage schedule in patients. To date, however,
the development of the HAMA response has inhibited the
efficiency of such multiple dosage protocols. It is anticipated
that the cB72.3(7i) will be suitable for such dose fractionation
clinical protocols.

The construction and initial characterization of a cB72.3 with
the human 74 Fc region has been reported recently (12, 13).
We decided to construct a cB72.3(7,) for two reasons. First,
the pharmacokinetics of its plasma clearance may be different
in patients from that of the cB72.3(74). This may be important
for two reasons. If radiolabeled MAbs are used, one would wish
to have a construct that clears from the pool more quickly, to
help reduce the dose-limiting marrow toxicity. Conversely, if a

Table 1 Radiolocalization ofcB72.3(yi) and nB72.3 in athymic mice bearing LS-i 74T tumors (% ID/g)a

ID/g

Organ 24 h 72 h 120 h 168 h 336 h

cB72.3(i,)TumorBloodLiverSpleenKidneysLungsnB72.3TumorBloodLiverSpleenKidneysLungs12.99(3.87)*9.49(1.88)2.90

(0.59)3.40
(0.73)2.56

(0.50)4.77(1.04)11.00(2.00)9.69

(0.03)2.97(0.18)2.73(0.13)2.51

(0.08)4.47
(0.24)12.00(4.43)5.28(1.41)1.74(0.59)2.09

(0.66)1.51
(0.35)2.91

(0.77)11.03(1.49)6.73

(0.63)2.12(0.34)2.04

(0.37)2.04
(0.25)3.79

(0.83)12.47(3.78)4.26(1.04)1.45(0.30)1.79(0.60)1.31

(0.26)2.35
(0.57)9.094.261.391.101.362.465.49(1.53)1.53(0.29)0.52(0.12)0.62(0.17)0.47(0.11)0.81(0.20)7.60(1.88)2.66(1.04)0.84

(0.32)0.84
(0.35)0.81
(0.32)1.32(0.54)1.14(0.06)0.18(0.03)0.05

(0.00)0.07
(0.01)0.06
(0.00)0.56
(0.30)2.830.790.190.190.210.45

" Athymic mice (2-12/group) bearing LS-174T human colon carcinoma xenografts were given injections of approximately 5 ^Ci of iodinated MAb and sacrificed

at the indicated times.
*The standard error of the mean is given in parentheses for groups of greater than three mice.
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Fig. 8. Clearance of radiolabeled nB72.3
and CB72.3 MAbs from the plasma of mice (.4)
and cynomolgus monkeys (B): cB72.3(>i): â€¢.
cB72.3(>.),Â«; nB72.3,Q.

100 150 0 50

TIME POST INJECTION (hours)

100 150

Table 2 Clearance ofcB72.3 and nB72.3 IgGsfrom the blood ofathymic mice
and cynomolgus monkeys0

MAbAthvmic

micecB72.3<-Â»,)cB12.i(y.)nB72.3Cynomolgus

monkeyscB72.3(>,)cB72.3(>4)nB72.3tv,a2.64.63.214.320.119.3t*&53.757.482.790.3261.779.1

"The blood ofathymic mice bearing LS-174T human colon carcinoma cells

or the plasma from cynomolgus monkeys was collected at various times, and the
percentage of the injected dose remaining in the blood or plasma was determined.
The half-lives (h) were determined using a curve fitting program.

native or drug-conjugated MAb is used, one may desire a
construct with longer blood pool circulation and possible better
tumor uptake. In the results presented here, the cB72.3(7.) and
cB72.3(74) had similar blood pool clearance in mice, but in the
primate, the cB72.3<7,) cleared more quickly. At this point, not
enough information is available to determine if the monkey will
provide a suitable model to assess differences in pharmacoki-
netic properties among different ree/chi MAb constructs. If
this does prove to be the case, however, it will be much more
advantageous to test the pharmacokinetic properties of numer
ous constructs potentially available (i.e., domain deletions, de-
glycosylated forms, single chain antigen binding molecules, etc.)
in a nonhuman primate than in clinical trials. Preliminary
clinical trials with cB72.3(-y4) indicate a somewhat slower tv,ÃŸ

plasma clearance (36) than that previously reported (3) for the
cl7-l A(-y,). Our studies in monkeys have shown a ÃŸhalf-life of

79, 90, and 262 h for the nB72.3, cB72.3(>,), and cB72.3(74)
MAbs, respectively. Although Morell et al. (37) found that the
human IgGl and IgG4 subclasses had similar mean .; half-lives
of 21 days in humans, it remains to be determined if the
differences in clearance times between chimeric IgG subclasses
noted in monkeys will also become evident in humans. There
is a good possibility that the cB72.3(74) will be retained in the
circulation of humans for a longer time than that of the

cB72.3(7i) since LoBuglio et al. (3) reported a ÃŸhalf-life for
cl7-IA(7,) in humans that was very similar to that of the

cB72.3(7i) in monkeys. Obviously, future clinical trials need to
be conducted in which both the 7, and 74 of the same MAb are
compared.

A second reason for the construction of a cB72.3(7,) is the
possibility that it may be active in ADCC. Previous studies with
ree/chi MAb 17-1A (4, 38) have demonstrated that the human

7i construct is more active in ADCC with human effector cells
than the human 74 construct. As detailed previously, the B72.3-
reactive antigen TAG-72 is not expressed in vitro. This has led
us to use the human ovarian cancer OVCAR-3 xenograft ascites
immediately placed in culture for these studies. While prelimi
nary results are reported here, we are engaged in comprehensive
studies to better define parameters such as TAG-72 modulation
of the OVCAR-3 line in vivo and in vitro, as well as differences

observed in effector cells between donors. These studies have
indicated that the cB72.3(7i) is, in general, more active in
ADCC than cB72.3(74) (39).

To date, several MAbs have been engineered in ree/chi forms.
While we have discussed their advantage in terms of reduction
of the HAMA response, altered pharmacokinetics, and en
hanced ADCC activity, there are other potential advantages in
the use of these constructs and their modifications; these include
enhanced complement-mediated cytotoxicity, more rapid pen

etration into tumors (using domain deletion constructs and/or
single chain antibodies), and more efficient conjugation with a
drug or radionuclide. Once the optimal chemistry is defined for
the conjugation of a drug or radionuclide (via a bifunctional
chelate) to a human constant region segment, this segment can
be ligated to cDNAs of variable regions of other MAbs; i.e., the
chemistry of linkage need not be newly defined for each MAb
immunoglobulin. Thus, the construction and characterization
of the cB72.3(7i) is a first, but necessary, step in optimizing
the use of this or any MAb with potential applications for
tumor in vivo diagnosis and therapy.
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