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ABSTRACT

Murine variable and human constant region exons were fused to
produce "chimeric" immunoglobulin y and Â«genes. These constructs were

cotransfected into murine myeloma cells which then produced and se
creted intact, functional antibody. Cells secreting the chimeric antibody
were introduced into mice. The engineered immunoglobulin was subse
quently harvested from ascites fluid and was purified by affinity chro-

matography. Its immunological properties were compared to those of the
parental murine monoclonal (B6.2), which exhibits specificity for human
breast, lung, and colon carcinoma cells. Competitive binding, immunoflu-

orescent cell staining, and analysis of immunoprecipitated antigen gave
similar results for the chimeric and murine B6.2. The biodistribution of
chimeric and murine B6.2 after injection into mice bearing human tumors
was found to be identical. These results suggest that murine/human
chimeric antibodies may be viable clinical replacements for murine mono-

clonals with the potential for better immunological tolerance and phar
macological efficacy.

INTRODUCTION

Tumor-specific murine MAbs2 are being employed in the
diagnosis and treatment of human cancers (1-3). A limitation
in the utility of murine MAbs as anticancer agents, and for
other in vivo applications, is the patient's immune response to

foreign protein. This response reduces the efficacy of treatment
by removal of circulating MAb or alteration of its pharmaco-
kinetic properties (1), and may also harm the patient.

One approach to overcome the human immune response to
murine MAbs is to construct, through recombinant DNA meth
odology, murine/human chimeric antibodies in which the V
regions are specified by murine DNA, while the C domains are
of human origin (4-6). Since a major portion of host immune
response is directed against the C region, MAb specified by
such a construct may be less immunogenic in humans than the
corresponding murine MAb (4). Although a fraction of the
immune response to introduced murine MAb is directed against
the V region (7), this antiidiotypic reaction may also be reduced
when the murine V domains are presented in the context of
human C regions. Moreover, MAbs with human C regions may
interact more effectively with the human immune system in
such functions as complement-mediated cell lysis. Further ad
vantages include the fact that gene splicing allows utilization of
existing murine MAbs and also that antibodies of any human
isotype can be generated. However, if engineered murine/hu
man chimeric antibodies are to be useful in immunotherapy, it
is necessary to demonstrate that they retain the relevant im-
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munological and pharmacokinetic properties of the parent mu
rine MAb.

We reported previously the construction of a murine/human
chimeric MAb directed against a surface antigen associated
with various human carcinomas (8). Heavy and light chain V
exons derived from a murine 7! hybridoma (B6.2) were fused
to human 7! and KC exons on plasmids, as shown in Fig. 1.
When these plasmids were cointroduced into murine myeloma
cells, many of the resultant transformants (also termed "trans-
fectomas") produced and secreted chimeric B6.2 (cB6.2), that

was shown to bind to human tumor-associated antigen by
ELISA.

This report assesses the ability of a tumor-specific murine/
human chimera to reproduce the properties of the correspond
ing murine MAb. Purified cB6.2 and B6.2 were compared
biochemically and immunologically (e.g., epitope recognition,
ability to compete for antigen, cell-type specificity, and biodis-
tribution in tumor bearing mice). The major conclusion is that,
although cB6.2 and B6.2 differ biochemically, they are very
similar in regard to antigenic recognition and pharmacokinet-
ics, thereby supporting the concept that murine/human chi
meric MAbs may be clinically useful replacements for murine
MAbs.

MATERIALS AND METHODS

Cell Lines. S2SD2, a cell line that secretes cB6.2 antibody, was
constructed by transfection of recombinantly engineered DNAs (Fig. 1)
into Sp2/0-Agl4 (ATCC CRL 1581) cells, as described elsewhere (8).
The parent cells were a non-immunoglobulin secreting murine myeloma
line. The human tumor cell lines A549 (CCL185), LS174T (CL188),
Colo 205 (CCL222), T47D (HTB133), Colo 320DM (CCL220), and
CALU l (HTB54) were from the American Type Culture Collection
(Rockville, MD). Other human tumor cell lines (SW900 and 9812)
were generously made available by the late Dr. J. Fogh (Sloan-Kettering
Cancer Institute, New York, NY). All cells were grown in Dulbecco's
modified Eagle's medium supplemented with 10-20% fetal calf serum

(M.A. Byproducts, Walkersville, MD).
Production of Murine Ascites Fluid. BALB/c mice were used to grow

S25D2 cells for production of cB6.2 antibody. The animals were primed
by injection of 0.5 ml pristane (Aldrich), held for 1 week, injected with
a second 0.5 ml of pristane, held for 1 day, then imnium Â»suppressedby
irradiation with 700 rads of X-rays. Cells (2 x 10* in 0.5 ml) were

injected i.p. into each mouse. 93% of animals developed tumors over
2-3 weeks, which each yielded an average of 4.5 ml of ascites fluid,
from which the desired antibody was purified. Nude mice were also
injected with cB6.2 producing cells, but did not yield a larger amount
of ascites or cB6.2 protein. In a single trial, a group of nonirradiated
mice that had been injected with cB6.2-producing cells died without
producing any cB6.2 or ascites fluid.

ELISA. Microtiter plates (Immulon II; Dynatech, Terranee, CA)
were coated with 20 /ug/well of a crude preparation of membrane (8, 9)
from the human colorectal carcinoma cell line LS174T (ATCC CL188).
MAb samples (50 n\), diluted with Dulbecco's buffered saline and 1%
BSA, were incubated per well for l h at 37Â°C,then washed. Dilutions

(50 Â¡ilof a 1:5000, v/v) of horseradish peroxidase-conjugated goat anti-
human IgG (Fc fragment) antiserum (The Jackson Laboratories 1m-
munoresearch, Avondale, PA) were added and the plates incubated for
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Fig. 1. Structures of plasmids containing chimeric B6.2 heavy and light chain
immunoglobulin genes. The V exon-containing inserts derive from B6.2 hybrid-
oma DNA (murine), while the C exons are of human origin.

another hour. Plates were washed three times with 10 mM Tris-Cl (pH
8.0) containing 0.05% Tween 20, after which 50 n\ of a mixture
containing 0.2% o-phenylenediamine, 0.015% H2O2, 17 mM citric acid,
65 mM Na phosphate (pH 6.3), and 0.01% merthiolate was added to
each well to produce a color change. The reaction was stopped after 2-
3 min with 4.5 M H2SO4; the optical density measured at 490 nm in an
MR600 Dynatech Products microplate reader. Wells containing only
1% BSA (no antibody) were used to determine the baseline.

A similar ELISA was used to assess the level of murine IgG contam
ination in purified preparations of cB6.2. In this assay, horseradish
peroxidase-conjugated goat anti-murine IgG (anti-H&L; Kirkegaard-
Perry Lab, Inc., Gaithersburg, MD) was used as the reporter and 0.2
Â¿Â¿g/wellof goat anti-murine IgG and IgM (Kirkegaard-Perry) was used
to coat the wells. The assay was quantified by comparison to serial
dilutions of purified polyclonal murine IgG (Kirkegaard-Perry).

Purification of B6.2. Ascites fluid from BALB/c mice injected with
the B6.2-producing murine hybridoma was neutralized with 0.1 volume
of 1.0 M Tris-Cl (pH 8.0). An equal volume of saturated ammonium
sulfate was added while stirring at 4Â°C.After 1 h, the precipitate was

collected by centrifugation at 5000 x g, then resuspended in 10 mM
sodium phosphate, pH 7.5, 0.1 M NaCl. The sample was dialyzed first
against the suspension buffer, then sequentially against 25, 10, and 0
mM NaCl in 10 mM sodium phosphate (pH 7.0). The sample was
loaded onto a I-ml Pharmacia fast protein liquid chromatography
Mono S cation-exchange column (Pharmacia, Upsala, Sweden),
washed, and B6.2 was eluted with 0.01 M sodium phosphate (pH 7.0),
1.0 M NaCl. Purity was assayed by reducing and nonreducing SDS-
PAGE(IO).

Purification of cB6.2. Ascites fluid containing cB6.2 was diluted with
one volume of the binding buffer provided with the Affigel protein A
column (BioRad, Richmond, CA), then applied to the column. After
the column was extensively washed, cB6.2 was eluted with a 1:20
dilution of the elution buffer provided with the column. Fractions were
collected into tubes containing 1.5 M Tris (pH 8.8) to immediately
neutralize the sample. The protein A eluate was dialyzed into Dulbec-
co's saline, then chromatographed on anti-murine IgG-Sepharose

(Sigma, St. Louis, MO) and assayed as described above.
Radioiodination of B6.2 and cB6.2. B6.2 and cB6.2 were radiolabeled

with either iodine-125 or iodine-131 with iodogen as previously de
scribed (11). Specifically 200 Â¿/gof iodogen was used with 20 /Â¿gMAb/
1 mCi radioiodine for 2 min. The reaction was terminated by removal
of the free iodine by chromatography on a BSA-coated G-25 Sephadex
column (10 ml). Nonspecific binding of cB6.2 to the G-25 resin was
minimized by using 300 mM NaP, pH 7.0, instead of 10 mM NaP, pH
7.0, buffer for elution of the column. Specific activities were 25-40
mCi/mg. No differences in the immunoreactivity as measured by com
petition were observed with iodinated cB6.2 and B6.2. The fact that
>80% of counts in cB6.2 bound to antigen (Fig. 3) indicates that it
survived the treatment with little degradation.

Staining of Carbohydrate in cB6.2 and B6.2. An SDS-PAGE gel
containing B6.2 and cB6.2 was fixed overnight in 25% isopropyl alcohol
and 10% acetic acid. The gel was rinsed in 7.5% acetic acid then treated
with 0.2% sodium periodate with agitation at 4Â°C.The gel was incu

bated 60 min in Schiffs reagent (Sigma, St. Louis, MO), then destained.
Carbohydrate-containing proteins appeared pink and the gel was then

stained with Coomassie blue to confirm the identity of the stained
protein relative to standards.

Competitive Direct Binding Assay. Wells of microtiter plates were
coated with 1% BSA in PBS (150 /il/well) for l h at 37Â°C,then washed

with PBS. Each well received 20 Â¿igof membrane extract (in 50 >i\of
PBS) prepared from LS174T cells (8, 9) and was dried overnight at
37Â°C.Plates were treated with 5% BSA in PBS (100 ^I/well) for l h at
37Â°C,washed with 1% BSA in PBS, then air dried. Unlabeled antibody

(0.1-200 ng) was added to the wells and incubated for 4 h at room
temperature. 125I-Labeled antibody (3 ng; 2 x IO5 cpm in 50 Â¿il)was
added to the wells and incubated overnight at 4Â°C.Plates were washed

in 1% BSA in PBS and air dried. Bound radioactivity was quantified
in a 7 counter.

Immunofluorescence. Tumor cells, grown to ~85% confluence on
cover slips, were washed in cold PBS and then incubated for l h at 4Â°C

in 100 n\ PBS containing 5 /ig/ml of either purified cB6.2 or B6.2. The
cells were then washed and incubated in PBS for l h at 4Â°Ccontaining
a 1:100 dilution (~80 Mg/ml final concentration) of FITC antibody
specific for either murine or human IgG [rhodamine-conjugated sheep
anti-human IgG or fluorescein-conjugated sheep anti-murine Ig from
Cappell-Worthington (Malvern, PA)]. Lastly, the cells were washed
again in PBS containing 0.1% BSA, fixed with 1% formaldehyde in
PBS, washed again, mounted in 1:1 glycerol-PBS, and photographed
under epifluorescence.

Immunoprecipitation. Cell surface proteins of A549, 9812, and
SW900 tumor cells were enzymatically labeled with iodine-125 by the
method of Santos and Butel ( 12). Surface antigen was precipitated with
Sepharose bead conjugated cB6.2 and B6.2 using modifications of the
method of Ho and Springer (13). Confluent monolayers of labeled cells
were washed in PBS, then solubilized in 0.01 M Tris-Cl (pH 8.0), 0.14
M NaCl, 1% Triton X-100. After removing the nuclei and cell debris
by centrifugation, the lysates were incubated overnight at 4Â°Cwith 10

ng of purified B6.2, cB6.2, murine IgG, or human IgG coupled to
Sepharose C1-4B beads (Sigma, St. Louis, MO). The beads, collected
by centrifugation, were washed with solubilization buffer, and then
resuspended in 50 n\ of 100 mM Tris-Cl (pH 6.8), 10% glycerol, 2%
SDS, and 2% /3-mercaptoethanol. Samples were boiled for 2 min, then
loaded on 5-20% SDS-PAGE gradient gels (10). The protein bands
were visualized by autoradiography.

Flow Cytometry. LS174T human colorectal carcinoma cells were
flushed from the surface of culture flasks and disaggregated by 1 min
of fluid shear in a Stomacher 80 Lab Blender (Tekmar, Columbus,
OH). Cell viability was >90% as measured by staining with Trypan
blue. Cells (5 x 10s) in 50 ml of HFN were dispensed in each well of

microtiter plates. Competiter IgG was added in 10 M!of HFN, then the
plates were mixed on a shaker for 20 s, and incubated on ice for 30
min. The test antibody (0.6 Mg/well; the minimum saturating amount
as determined by a prior titration) was added in 10 n\ of HFN, then
mixed as above. The cells were washed in HFN, then suspended in 50
n\ HFN. FITC-labeled goat anti-human IgG (1 n\) or goat anti-murine
IgG (TAGO, Burlingame, CA; 1/10 dilution) was added and mixed.
The cells were incubated 30 min on ice, washed in HFN, and analyzed
using an Ortho Spectrum III flow cytometer and 2140 computer (Ortho,
Raritan, NJ).

For two-color immunofluorescent staining of A549 cells, 2 x IO6

cells were incubated with a mixture of 1 ^g each of biotinylated B6.2
and nonbiotinylated cB6.2 in 100 Â¿ilof HBSS supplemented with 2%
fetal cell serum and 0.1% sodium azide for 30 min. The cells were then
washed three times in this medium and 100 ii\ of a mixture of 1 Mg
each of avidin-conjugated phycoerythrin (Biomeda, Foster City, CA)
and FITC goat F(ab')2 anti-human IgG (Cooper Biomedicai, Malvern,

PA) were added. After another incubation of 30 min, the cells were
washed three times, resuspended in PBS-1% formalin, and analyzed in
an EPICS V flow cytometer (Coulton, Hialeah, FL). All incubations
were at 4Â°C.Control cells were stained with biotinylated MOPC 21

and normal human IgG.
Biotinylation of B6.2. B6.2 antibodies were biotinylated according to

the procedures of Hsu (14). Briefly, B6.2 was dialysed against 0.1 M
NaHCO3, pH 9.0, and adjusted to 1 mg/ml. /V-Hydroxysuccinimide
biotin (Sigma) was dissolved in dimethylsulfoxide to 1 mg/ml and
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mixed with B6.2 at a ratio of 1:8 (v/v). The mixture was incubated at
room temperature for 4 h with mixing, and dialysed against PBS before
use.

In Vivo Localization of Radiolabeled cB6.2 and B6.2. Athymic mice
bearing either LS174T (614 mg Â±465) or HCT-15 (463 mg Â±460)
human tumors were injected i.v. with 5 /uCi of '"l-labeled purified
cB6.2 and '-"I-labeled B6.2. Distribution into various tissues was deter

mined by weighing the dissected organs and counting in a Packard 7
counter. The data are reported as the decay corrected percentage of the
injected dose per gram of wet organ weight. Imaging of mice injected
with Â«40Â¿jCiof either isotope was performed with a Picker Digital
Dynascan camera using a pinhole collimator with a 5-mm aperture.
50,000 counts were collected per image and the images were produced
using a CDA computer. Methods are more fully described elsewhere
(11).

RESULTS

Purification of Chimeric B6.2. As described previously (8),
the rearranged heavy and light chain V exons were isolated
from DNA of the murine hybridoma B6.2, fused with human
7! and Cf. exons on separate selectable plasmids (Fig. 1), and
then cointroduced into murine myeloma cells. Over 100 result
ant transfectomas were assayed by ELISA. One isolate, S25D2,
was identified as secreting the greatest amount of intact chi-
meric antibody (1 iig of cB6.2 immunoglobulin/106 cells/24 h

when the lymphocytes were grown in culture).
To prepare enough cB6.2 immunoglobulin for analysis, pris-

tane primed BALB/c mice were injected i.p. with S25D2 trans-
fectoma cells. Prior to introduction of cells, the mice were
irradiated to suppress the immune response to the human C
domains of cB6.2. Ascites fluid was harvested and found to
contain 0.1-0.3 mg/ml of cB6.2. The chimeric antibody was
purified from the ascites fluid by affinity chromatography on
protein A-Sepharose (15). Fractions were assayed by ELISA
and those containing antigenically reactive immunoglobulin
were pooled. The eluate from protein A contained a significant
amount of endogenous murine IgG in addition to cB6.2, these
contaminants were removed by chromatography on anti-murine
IgG-Sepharose.

Total immunoglobulin constituted only about 8% of the
protein of unfractionated ascites (Fig. 2, lane 2 of A and A, and
lane 1 of C). Binding to protein A yielded about 60-fold puri
fication, but cB6.2 was still contaminated with endogenous
murine IgG (Fig. 2, lane 3 of A and B, and lane 2 of C\ note
the heterogeneity in the heavy and light chain bands of lane 3
of B). Comparison of reducing and nonreducing gels showed
that most or all cB6.2 made by S25D2 was in the tetrameric
H2L2 form. When the protein A-Sepharose purified material

was chromatographed on anti-murine IgG-Sepharose, the mu
rine IgG was removed (Fig. 2, lane 4 of A and A, and lane 3 of
C), resulting in a preparation of cB6.2 which was >95% pure
as judged by scanning of electrophoretic gels and by ELISA.
For comparison, B6.2 immunoglobulin was purified to near
homogeneity (Fig. 2, lane 4 of A-Q from ascites or culture
supernatant by ammonium sulfate precipitation and fast protein
liquid chromatography, as described in "Materials and Meth
ods."

Isoelectric focusing showed the murine B6.2 to resemble
other murine IgGs, having a neutral isoelectric point (pi ~7.2;
Fig. 2Q. In contrast, cB6.2 had a more basic isoelectric point
(pi ~8.9), resembling polyclonal human IgG. It is also worth
noting that transfectomas appear to secrete a single, discrete
species of immunoglobulin, whereas many hybridomas secrete
a mixture of immunoglobulin molecules, possibly due to the
production of multiple light chains (16). In Fig. 2C, B6.2
appears heterogenious but the cB6.2 was homogenious immu
noglobulin. The murine and chimeric MAbs both contain car
bohydrate in the heavy chain since they are stained by the
periodic acid (Schiffs reagent) on reducing SDS-PAGE (not
shown).

cB6.2 and B6.2 Competition and Cell Line Specificity. The
relative affinities of cB6.2 and B6.2 for human tumor-associated
antigen were assessed in a competitive direct-binding assay. A
membrane-enriched extract from human colorectal carcinoma
cells (LS174T) was used to coat microtiter wells. Purified B6.2
(Fig. 3/4) or cB6.2 (Fig. 3Ã„)labeled with iodine-125, was then
incubated in the presence of increasing amounts of competitor,
either unlabeled cB6.2 or B6.2. In control wells, either unrelated
antibody was used as competitor or a membrane fraction from
a colorectal carcinoma that lacks antigen recognized by B6.2
was fixed to the dishes.

As shown in Fig. 3, B6.2 and cB6.2 competed effectively for
binding sites regardless of which was the labeled substrate. No
competition was observed with the unrelated antibody, and
negligible binding occurred to membrane extracted from anti
gen-negative cells. When B6.2 was labeled (Fig. 3/4), the com
puter-fitted IC50 for competition with unlabeled B6.2 was 3.9
ng, while it was 5.5 ng with unlabeled cB6.2; a ratio of 1.4.
Similarly, when cB6.2 was labeled (Fig. 3Ã„),the IC50 values
were 3.5 ng and 5.0 ng for competition with unlabeled B6.2
and cB6.2, respectively, a ratio of 1.6. Whether the small
difference reflects real variation in the antigen affinity of the
two MAbs is unclear. However, this result strongly suggests
that cB6.2 and B6.2 bind to the same epitope and have similar
affinities. The binding affinity has been reported to be 1.2-4.4
x 10' M"1 for B6.2 to human breast tumor cells (17).

Fig. 2. Purification of chimeric B6.2 im
munoglobulin. A, nonreducing PAGE; B,
SDS-PAGE; C, isoelectric focusing: In A and
B: lane I, molecular weight standards; lane 2.
impuri liai ascitesfluid from mice injected with
cB6.2-producing transfectoma cells; lane 3. as
cites fluid after binding and elution of Igs from
protein A-agarose; lane 4, cB6.2 after purifi
cation from ascites fluid by binding to protein
A, followed by chromatography on Sepharose-
bound sheep anti-murine IgG: lane 5, B6.2
purified by fast protein liquid chromatography
(see "Materials and Methods"). In C: lane I.

unpurified ascites from mice injected with
B6.2-producing transfectoma cells; lane 2. the
same material after binding and elution from
protein A; lane 3, after passage over anti-
murine IgG Sepharose: lane 4, purified B6.2.
Upper arrow, purified B6.2; lower arrow, posi
tion of purified cB6.2.
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Fig. 3. Competitive binding of murine and chimeric B6.2 to membrane antigen
from human tumor cells. I. B6.2 was purified, labeled with iodine-125, and
incubated with antigen coated on microtiter wells in the presence of increasing
amounts of unlabeled B6.2 (O), cB6.2 (A), or anti-HRP, an unrelated antibody
(D). B, cB6.2 was purifiai, labeled with iodine-125, and incubated with increasing
amounts of B6.2 (O), cB6.2 (A), or anti-HRP, an unrelated antibody P). The
membrane was prepared from I SI 74 f human colon carcinoma cells. 60-80% of
the input counts were bound.
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Fig. 4. Competitive binding of chimeric or murine B6.2 to human colon
carcinoma cells. cB6.2 was bound to intact LS174T cells in the presence of
increasing amounts of B6.2 (O), or OKT9 (D), and the cells were labeled by
incubation with FITC goat anti-human IgG. B6.2 was bound to LS174T cells in
the presence of increasing amounts of B6.2 (â€¢),and the cells were labeled by
incubation with FITC-conjugated goat anti-murine IgG. Fluorescein-labeled
OKT9 was bound to LS174T cells in the presence of increasing amounts of B6.2
(â€¢).Labeling was quantitated by flow cytometry; 70-85% of the cells were labeled.

To extend the results of the direct binding assay, competitive
binding was carried out with intact human carcinoma cells
analyzed by flow cytometry LS174T cells were chosen because
they can be suspended without t rypsini/ation, a treatment which
might remove or alter surface antigen. Disaggregated cells were
preincubated with increasing amounts of cB6.2 or B6.2, then
incubated with the test immunoglobulin and stained with FITC-
goat anti-human IgG (for cB6.2), or anti-murine IgG (for B6.2).
The level of cell staining was quantitated by flow cytometry.
Without competitor, up to 85% of the cells were labeled by
B6.2 or cB6.2 to similar intensity. As shown in Fig. 4, either
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MAb was capable of complete competition of the other, which
confirms the conclusion drawn from the direct binding assay of
Fig. 3. Moreover, the ratio of IC5o of B6.2 competed with
cB6.2, or cB6.2 competed with B6.2, was within a factor of two
(1.4). As a control, an anti-transferrin receptor MAb (OKT9),
which binds LS174T cells strongly, did not compete with cB6.2
and B6.2 did not compete with the binding of FITC-OKT9.

B6.2 is known to bind to the surface of various human
carcinoma cells, including those derived from lung, breast, and
colon. It does not bind to sarcomas, myelomas, hematopoietic
tumors, or most normal cells (18,19). To compare the specific
ity of cell surface binding, cB6.2 and B6.2 were incubated with
a number of different human tumor cell lines and, as a control,
normal fibroblasts. Three human colon carcinoma lines (Colo
201, Colo 205, and Colo 320) one breast line (T47D) and one
lung line (CALU 1) were negative by flow cytometry when
treated with cB6.2 or B6.2. In contrast, A549 human lung
carcinoma cells, which are positive for cB6.2 and B6.2, yielded
a competition curve similar to that of Fig. 4 (not shown). For
analysis of B6.2, the cells were then exposed to FITC sheep
anti-murine IgG, while cB6.2 was assayed with rhodamine-
labeled sheep anti-human *.â€¢;fluorescent-illuminated cells were

then examined microscopically (Fig. 5).
In control experiments, B6.2-complexed cells were stained

with labeled anti-human second antibody and, as expected, they
failed to react. Similarly, when cB6.2-complexed cells were
stained with anti-murine second antibody, no binding was seen.
As a further control, all the cells were treated first with sheep
anti-human Kor anti-murine IgG, then exposed to the labeled
second antibody, and no staining was observed.

Microscopic examination of stained cells cannot be quanti
tated accurately, is subjective with respect to field selection, and
can assess only a small fraction of all the cells. To analyze the
fluorescent staining of B6.2 and cB6.2 more quantitatively,
A549 cells were labeled with biotinylated B6.2, cB6.2, or a
mixture of the two. Biotinylated B6.2 and cB6.2 were detected
by avidin-phycoerythrin and FITC anti-human IgG, respec
tively. Either biotinylated B6.2 or cB6.2 stained >90% of the
cells (Fig. 6, A and B). Simultaneous staining with the two
antibodies showed that 96% of the cells were doubly labeled.
Furthermore, the distribution of the doubly labeled cells fol
lowed a 45Â°axis on the two-color plots (Fig. 6C). These results

indicated that B6.2 and cB6.2 bound to the same population of
A549 cells and the intensity of staining by B6.2 correlated
directly with that of cB6.2. The general conclusion from a large
number of experiments exemplified in Fig. 5 and 6 is that cB6.2
and B6.2 exhibit indistinguishable cell binding characteristics.

cB6.2 and B6.2 Appear to Immunopredpitate the Same Anti
gen. The studies described above suggest that B6.2 and cB6.2
recognize the same antigenic determinant since they compete
efficiently for binding sites and react with the same cell types.
To investigate further, the two antibodies were coupled to
Sepharose beads and then used to directly immunoprecipitate
the antigen from detergent lysates of cells labeled at their
surfaces with iodine-125. Immunoprecipitated material was
separated by reducing SDS-PAGE, then visualized by autora-
diography (Fig. 7).

Fig. 1C shows that both B6.2 and the chimeric derivative fail
to immunoprecipitate any antigen from 9812 lung carcinoma
cells to which they were shown previously not to bind. However,
a broad band of molecular weight ~60,000-120,000 was im-
munoprecipitated from lysates of A549 lung carcinoma cells
with both cB6.2 and B6.2 (Fig. IB, lanes 2 and 4). The breadth
of the band may reflect the fact that B6.2 recognizes a helero-
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Fig. 5. Indirect Â¡mmunofluorescent label
ing of human tumor cells bound to murine or
chimeric B6.2. In each pair of photographs:
top photographs (upper case lettering), cells
bound with cB6.2, then stained with rhoda-
mine-conjugated goat anti-human K; bottom
photographs (lower case lettering), cells of the
same line bound with B6.2, then stained with
FITC-conjugated goat anti-murine IgG. The
cell lines are A549 (A, a), 9812 (B, b), LS174T
(C, e), SW900 (E, e), and human fibroblasts
(F, /). In D, d, A549 cells were bound with
total human (A) or murine (a) IgG, then
stained as above.

geneously glycosylated antigen. Interestingly, the antigen im-
munoprecipitated by the two MAbs from lysates of SW900
lung carcinoma cells (Fig. 1A, lanes 2 and 4) is of a different
size (Mr ~ 60,000-90,000) than that of A549 cells. As a control,
total human or murine IgG coupled to beads failed to inmiu-
noprecipitate antigen from any cell line tested (lanes 1 and 3 of
Fig. 7/1, B, and Q. The conclusion from the immunoprecipi-
tation analysis of Fig. 7 is that cB6.2 and B6.2 appear to
precipitate the same antigen from all cell lines tested.

Biodistribution of cB6.2 and B6.2 in Human Tumor Bearing
Mice is Identical. The pharmacokinetic properties of cB6.2 and
B6.2 were compared in athymic mice bearing B6.2 positive
(LS174T) or negative (HCT-15) human tumors. Each set of
animals were injected with 125I-labeled cB6.2 and 131I-labeled
B6.2, then analyzed over a 48-h period by dissection and
counting of various tissues. Representative data are shown in
Fig. 8; many tissues were analyzed in addition to those pre
sented. Kinetics of accumulation of label in the LS174T tumors
were essentially identical for B6.2 and cB6.2. Similarly, kinetics
of clearance from other tissues, such as liver and blood, were
indistinguishable for the chimeric and murine antibodies. Fig.
9 illustrates that cB6.2 can be utilized for the in vivo imaging
of LS174 tumors in athymic mice.

DISCUSSION

The utility of genetically engineered immunoglobulins is lim
ited by the difficulty of producing large amounts of purified
antibody. Our results, as well as the findings of others, indicate
that transfectomas in culture secrete at best only 0.5-5% as
much immunoglobulin as most hybridomas. It is not clear why
transfectomas produce less immunoglobulin than hybridomas,
or why there is such variability in production level among
transfected cells (8). Although the cells incorporate different
numbers of immunoglobulin genes, all incorporated copies may
not be transcriptionally active; our preliminary results do not
support a clear proportionality between the number of genes
incorporated and the level of immunoglobulin secreted.3 Data

discussed elsewhere (8) suggest that immunoglobulin chains
specified by the introduced genes do not fail to assemble or to
be secreted. One possible explanation for variation in secretion
levels is that, since the transfected genes do not integrate at
their original chromosomal loci, they are not as highly tran
scribed as endogenous immunoglobulin genes. Thus, the ob
served variation may reflect differences in transcriptional activ
ity of various loci. Another possibility is that the cell population

3B. Sahagan and F. Toneguzzo, unpublished observations.
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Fig. 6. Flow cylomclric analysis of human lung carcinoma cells stained with
murine and chimeric B6.2. A549 cells were incubated with 1 Â¿igeach of the
following mixtures of antibodies: A, biotinylated B6.2 and nonbiotinylated normal
human IgG: B. cB6.2 and biotinylated MOPC 21; C, biotinylated B6.2 and
nonbiotinylated cB6.2; D, a mixture of 1 >igeach of biotinylated MOPC 21 and
nonbiotinylatcd normal human IgG. The cells were then stained with a mixture
of avidin-conjugated phycoerythrin and FITC-conjugated goat anti-human IgG
and analyzed by flow cytometry.
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Fig. 7. SDS-PAGE of protein immunoprecipitated from detergent lysates of
iodine-125 surface labeled human lung carcinoma cells by chimeric or murine
B6.2. A, SW900; A, A549; and C, 9812. Cell lysates were precipitated with /,
human IgG; 2, cB6.2; 3, murine IgG; or 4, B6.2, complexed to Sepharose beads.
Molecular weights, determined by parallel electrophoresis of standards and ex
pressed as M, x IO3.

into which the genes were introduced is in some way heteroge
neous with respect to ability to produce immunoglobulin. Sev
eral alternatives are being explored to increase production of
genetically engineered immunoglobulins. These include im
proved culture techniques such as microencapsulation and hol
low fiber growth chambers, selective amplification of tran
scribed immunoglobulin genes, variation in their chromosomal
positions, and insertion of novel promoters and enhancers.

Previous work with recombinantly engineered immunoglob
ulins produced by transfectomas relied on isolation by binding
to a hapten column (e.g., Ref. 5). This method cannot be
applied, however, to all antibodies of interest. In fact, many
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Fig. 8. Biodistribution of murine and chimeric B6.2 after injection into mice
bearing antibody-positive human tumors. Athymic mice bearing LS174T human
tumors were injected with '"I-labeled cB6.2 (â€¢)or B6.2 (O).

biologically relevant antibodies are directed against complex,
uncharacterized antigens that cannot be isolated readily and are
difficult to manipulate biochemically. Murine/human chimeric
MAbs have interesting biochemical properties which set them
apart from murine MAbs and can aid in their purification. As
an example, the isoelectric focusing gel of Fig. 2C illustrates
how differently the chimeric immunoglobulin behaves relative
to endogenous murine immunoglobulins; cB6.2 migrates to pi
8.9, while most murine immunoglobulins are more neutral,
including B6.2, which migrates to about pi 7.2. We made use
of differences between cB6.2 and murine immunoglobulins in
the purification described here, and our method is useful in that
it can be applied to any murine/human chimera regardless of
its antigenic specificity.

The potential to alter the structure of immunoglobulins
through genetic engineering will have a profound effect on the
emerging field of immunotherapy. Many novel immunoglobu
lins will have intact V regions with genetically altered C do
mains. These will be designed in order to maintain antigen
specificity while influencing effector function. An important
issue is the extent to which manipulation in the C domain will
affect binding of biologically relevant antigens and, in particu
lar, those associated with human tumors. The work described
here was intended to assess the effect of murine-human C region
exchange on the human tumor specificity of a murine MAb.
Since the chimeric derivative was shown to compete effectively
with the parent murine MAb for binding sites, to have identical
cell specificity, and to immunoprecipitate the same antigen, it
seems clear that the C region exchange has left the antigen
binding function substantially intact.

It remains to be seen whether replacement of the murine C
domain with the human will have the desired effect of decrease
in antigenicity in humans and, possibly, an increase in ani Â¡tu
mor efficacy. Several experiments are in progress to assess the
biological properties of cB6.2. Our studies in athymic mice
bearing human tumors suggest that cB6.2 is equivalent to B6.2
with respect to /// vivo tumor binding and pharmacokinetics
over a 48-h period. cB6.2 was recently shown to lyse tumor
cells in the presence of complement as efficiently as B6.2.4 The

antigenicity of cB6.2 is being studied in a variety of ways,
including analysis of the antiidiotypic response to cB6.2 and
B6.2. All of these issues, which bear directly on the utility of
murine/human chimeras as therapeutic and diagnostic agents,
are under further investigation in our laboratories.

' D. Segal, unpublished observation.
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Fig. 9. Scintigraphic images of mice bearing human tumors taken 24 h after
injection of 125I-labeledcB6.2. In antibody-positive LS174 tumor (A) the radio-
nuclide localizes in the xenograft. In antibody-negative HCT-I5 tumor (B) the
radionuclide is found in the blood pool. In A, a small amount of free iodine-125
has incorporated in the thyroid. Tumors were implanted in the right hind limb.

The murine/human chimeric derivative described here rep
resents only the first generation of new immunoglobulin var
iants that will soon be designed, produced, and tested by many
investigators in a range of systems. This effort will not be
confined to anticancer agents but will focus on other clinically
useful antibodies as well. New immunoglobulins will include
those with inverted or interchanged domains, targeted dele
tions, single or multiple amino acid changes, fusion with other
immunoglobulins or, perhaps most interestingly, fusion with
unrelated proteins to form novel, multifunctional molecules.

Such efforts (e.g., Refs. 20, 21) emphasize the potential for
diverse application of genetically engineered immunoglobulins.
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