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Mouse-Human Chimeric Antibody MH171 against the Multidrug Transporter

P-Glycoprotein
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We have developed a mouse-human chimeric antibody MH171, in which the antigen-recognizing
variable regions of the mouse monoclonal antibody MRK17 are joined with the constant regions of
human JgG1 antibodies. The MRK17 recognizes specifically the multidrug transporter P-glycoprotein
and inhibits the growth of human multidrug resistant (MDR) tumor cells in vifre and in the xenograft
nude mouse model system. The established chimeric MH171 antibody forms an apparently intact IgG
composed of heavy and light chains covalently assembled via disulfide bonds in sodium dodecy] sulfate
polyacrylamide gel electrophoresis analysis and is specific to MDR cell lines with a similar affinity
to the original mouse MRK17. MH171 also displays strong antibody-dependent cell-mediated
cytotoxicity to the target cells in vitro, when human mononuclear cells are used as effector cells. The
chimeric antibody against P-glycoprotein, MH171, should be a useful agent in the treatment of human

drug-resistant tumors.
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Cross-resistance of tumors to a variety of chemo-
therapeutic drugs such as doxorubicin (adriamycin),
Vinca alkaloids, and actinomycin D is a major problem in
cancer chemotherapy.“? The gene responsible for multi-
drug resistance, termed MDRI, encodes a membrane
glycoprotein (P-glycoprotein) that acts as a pump to
transport various cytotoxic drugs out of the cell.” The
P-glycoprotein has been shown to bind anticancer
drugs*® and to be an ATPase®” localized at the plasma
membrane of multidrug-resistant cells.*® Transfection
of cloned MDR]1 sequences confers multidrug resistance
on sensitive cells."™?

The level of MDR1 gene expression was found to be
¢levated in intrinsically drug-resistant cancers of the
colon, kidney, and adrenal as well as in some tumors that
acquired drug resistance after chemotherapy.”' Al-
though the enhanced expression of P-glycoprotein is not
the only mechanism of multidrug resistance, the selective
killing of tumor cells expressing P-glycoprotein could be

! To whom correspondence and requests for reprints should be
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* The abbreviations used are: ADCC, antibody-dependent cell-
mediated cytotoxicity; V, variable; C, constant; H, heavy; Eco-
gpt, Escherichia coli xanthine-guanine phosphoribosyl trans-
ferase gene; neo, Tn5 neomycin resistance gene; Sp2/0, Sp2/0-
Agld; SDS, sodium dodecyl sulfate; PAGE, polyacrylamide gel
electrophoresis; MDR, multidrug-resistance; ATCC, American
Type Culture Collection.
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important for cancer therapy, because elevated P-
glycoprotein levels appear to be involved in both ac-
quired multidrug resistance and intrinsic drug resistance
in human cancer. '

In an effort to devise an effective treatment for human
drug-resistant cancers, we developed monoclonal anti-
bodies, MRK 16 and MRK 17, reactive to the multidrug
transporter P-glycoprotein.'® These monoclonal anti-
bodies prevented tumor development in athymic mice
inoculated s.c. with drug-resistant human ovarian cancer
cells.”” However, the mouse monoclonal antibodies, as
foreign proteins, may evoke counteracting immune reac-
tions that could reduce their effectiveness and may also
cause allergic reactions in the patients.' ' We previously
developed a mouse-human chimeric antibody MH162, in
which the antigen-recognizing variable regions of
MRK 16 were joined with the constant regions of human
IgG1*® The chimeric MHI162 antibody gave higher
ADCC* activity against multidrug-resistant tumor cells
than the mouse MRK 16 antibody when human effector
cells were used. The MRKI16 partially inhibited drug
efflux of human multidrug-resistant tumor cells in vitro
and did not inhibit the growth. However, the other
antibody MRK17 did inhibit the growth of the same cell
line.!” Therefore, MRK 17 and its chimeric antibody may
exert additional therapeutic effects by another mecha-
nism on the treatment of human multidrug-resistant
tumors. In this study, we constructed recombinant
chimeric antibodies in which the antigen-recognizing vari-
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able regions of MRK17 are joined with the constant re-
gions of human antibodies.”"*

MATERIALS AND METHODS

Vectors, clones, probes, and cells 1ZAP™ and AEMBL-
3* were used as EcoRI and BamHI vectors, respectively.
pSV2-HGlgpt and pSV2-HCkneo were constructed as
described previously.” Mouse Jx and Jy probes were
provided by Drs. K. Miura and Y. Kurosawa.”” The
hybridoma that produced the monoclonal antibody
MRK17 was generated and maintained as described pre-
viously.'® Human drug-resistant cell lines (K562/ADM
and 2780*"), their parent drug-sensitive cell lines (K562
and A2780, respectively), and mouse myeloma cell Sp2/0
were maintained as described previously.?® Anti-
phosphorylcholine mouse-human chimeric antibody was
a gift from Drs. Miura and Kurosawa.™

Cloning of kappa and heavy chain gene ¢cDNAs MRK17
kappa and heavy chain ¢cDNA clones were isolated es-
sentially as described previously.”” Briefly, the cDNA
library of the MRK17-producing hybridoma cells was
synthesized as described,”® ligated with the EcoRI site of
the AZAP vector, and packaged into A phage. The cDNA
library was screened with the mouse kappa and heavy
constant region genomic DNA probes.”” Plaque hybrid-
1zation was performed according to the Benton-Davis
method.”™ The selected cDNA clones were subcloned
into the EcoRI site of the pBluescript SK M 13— vector
using in vivo excision technique as recommended by the
supplier (Stratagene). Partial nucleotide sequences of the
variable regions of the kappa and heavy chain gene of
MRX17 were determined by the dideoxy-termination
method using T7 DNA polymerase (Sequenase™, United
States Biochemical Corp.).

Cloning of genomic DNA The genomic DNA library of
the MRK17-producing hybridoma was constructed by
the Mbol partial digestion method.”” DNAs were eluted

from the relevant regions separated on agarose gel,.

ligated with the BamHI site of the AEMBL3, and
packaged into A phage. The rearranged kappa and heavy
chain V(D)J-region genes were respectively screened by
the double selections using specific J-region probes®™
and variable region probes obtained from the ¢cDNA
clones described above.

DNA transfection of mouse Sp2/0 myeloma cells Two
hundred pg each of plasmids pSV2-VH17-HGl1gpt and
pSV2-Vk17-HCrneo (see Fig. 2) were cotransfected into
10" mouse Sp2/0 cells (CRL1581, ATCC) by electropo-
ration.’ ¥ Transformants were selected in RPMI1640
medium supplemented with 10% fetal bovine serum and
0.5 mg/ml G418 (GIBCO, Grand Island, NY). Human
antibody in the growth medium was detected by enzyme-
linked immunosorbent assay.’®?®
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Isolation of chimeric antibody Antibedy-producing cells
were grown in RPMI 1640 medium supplemented with
1.0% fetal bovine serum, which had been precleared of
Protein A-binding bovine immunoglobulin by affinity
chromatography using Protein A-Sepharose CL- 4B
(Pharmacia, Uppsala, Sweden).”” Purification of the
antibody was carried out as described previously,*” using
Protein A-Sepharose CL-4B affinity chromatography.
Cell-binding radicimmunoassay Mouse-human chimeric
antibody was labeled with [“C]leucine as described.’®
Briefly, tens of millions of the myeloma cells producing
MH171 were labeled by metabolic incorporation of 25
©Ci of L-[ U-"*C]leucine (New England Nuclear, 344.0
mCi/mmol) per 30 ml of leucine-free RPMI 1640
medium containing 10% dialyzed fetal bovine serum
(which had been precleared of Protein A-binding bovine
immunoglobulin as described above) for 72 h at 37°C in
a CO, incubator. Labeled MHI171 was purified as
described above. Cell-binding radioimmunoassay was
performed essentially as described previously.® Com-
petition inhibition cell-binding radioimmunoassay was
carried out as described.’® A million K562/ADM cells
or other cell lines were preincubated for 30 min at 37°C
with various concentrations of unlabeled blocking anti-
bodies in 100 g1 of phosphate-buffered saline (PBS, 0.02
M sodium phosphate-0.15 M NaCl, pH 7.4) supple-
mented with 5% fetal bovine serum. Then 3 X 10* dpm of
[*C]leucine-labeled MI171 antibody in 100 ul of PBS
supplemented with 59 fetal bovine serum was added.
After incubation at 37°C for 60 min, the cells were
washed with ice-cold PBS 3 times and the radioactivity
was counted in a liquid scintillation counter.
SDS-PAGE Denaturing gel electrophoresis was per-
formed according to Laemmli*” with a 4-20% polyacryl-
amide linear gradient gel, and gels were stained with
0.05% Coomassie brilliant blue.

ADCC Mononuclear cells from peripheral blood of
normal volunteers were used as the effector cell source.
Target cells were labeled with *'Cr, as described.” A cell
suspension (100 ¢1) containing 10* labeled target 27807
cells was incubated at 37°C for 30 min with 0.1 zg/ml of
antibody in a 96-well microculture plate. Then, 100 zl of
cell suspension containing effector mononuclear cells was
added to each well at different E/T ratios. The plate
was incubated at 37°C for 4 h in a humidified 5% CO,
atmosphere. After centrifugation, the radioactivity in
100 g1 of supernatant was counted in a gamma scintilla-
tion counter. Determination was carried out in triplicate,
The percentage of specific cytolysis was calculated from
ICr release of test samples and control samples, as
follows:

% of specific release =[(E— S)/(M—5)] X100,

where E is experimental release (cpm in supernatant



from target cells incubated with effector cells and exper-
imental antibody), S is spontaneous release (cpm in
supernatan from target cells incubated with medium
alone), and M is maximum release (cpm released from
target cells lysed with 1% Triton X-100),

RESULTS

Construction of the chimeric heavy chain gene The
rearranged variable region (V-D-J) gene of mouse heavy
chain was cloned from the MRK17-producing hybrid-
oma cells as a 15-kb Sall fragment using the AEMBL3
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Fig. 1. Restriction map of rearranged genomic DNAs.

Restriction enzyme maps of rearranged heavy (A) and kappa
(B} genomic DNAs cloned in AEMBL3 are shown.
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library (Fig. 1A). The variable region gene had rearranged
to the J4 segment. The mouse variable region gene was
used as a 6.5-kb EcoRI fragment for constructing a
chimeric heavy-chain gene (Fig. l1A}. The mouse variable
region gene was joined to a 5" site of the human constant
region in the same transcriptional direction, resulting
in construction of pSV2-VH17-HGlgpt (Fig. 2A).
Construction of the chimeric light chain gene The light
chain variable region gene was cloned from genomic
DNA of MRX17-producing hybridoma as a 9-kb Sall
fragment using the \AEMBL3 library. The variable region
gene had rearranged to the J2 segment (Fig. 1B). The
mouse variable region gene was trimmed to a 4-kb Sall/
HindIII fragment and was subcloned into the Sall/
HindlHI site of pBluescript SK M134-. The resultant 4-
kb fragment of mouse variable region was cut out by
Notl/Sall digestion and was cloned into the multicloning
site of the pSV2-HCkneo.* Thus, the mouse light-chain
variable region gene was joined to a 5’ site of the human
constant region in the same transcriptional direction, re-
sulting in construction of pSV2-V&£17-HCkneo (Fig. 2B).
Transformation of mouse myeloma cells Sp2/0, a non-
producer mouse myeloma cell line, was cotransfected
with the chimeric heavy- and light-chain genes using
electroporation methods.” ** The transformed cells were
selected with G418. The resultant stable transformants,
which were obtained about 2 wk after the electro-
poration, were screened to select clones that produced
the antibody specific to the multidrug-resistant cell line,
K562/ADM. Screening was done by enzyme-linked im-
munosorbent assay, using parent K562 cells as negative
control.’® Five positive clones producing chimeric anti-

SV40

pSV2-Vxi7-HCxneo

neo

polyA

Cx

Fig. 2. Construction of plasmids: pSV2-VH17-HGlgpt (A) and pSV2-Vr17-HCxneo (B). Abbreviations: ori, pBR322 ori; Amp,
B-lactamase; SV40, SV40 promoter; polyA, polyA attachment signal.
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Fig. 3. Antibody-competitive binding assays. K562/ADM

cells were incubated with various concentrations of unlabeled
blocking antibodies before addition of ["C]leucine-labeled
MHI171 chimeric antibody. Blocking antibodies used were
MH171 (@), MRK17 (Q), and the anti-phosphorylcholine
mouse-human chimeric antibody (4). Values represent the
mean of triplicate determinations, and the bars represent SD.

Table I.  Cell-binding Radioimmunoassay Showing Specific
Binding of MH171 to K562/ADM and 2780%"

K562 K362/ADM  A27380

27804

Cell-bound radio-
activity (dpm)

@) Mean*SD.

39+39  299+%7 47t1 255X 16

body were established from 2 X 107 cells. Products of one
of the recloned transformants, designated MH171, were
used for further analysis. The Sp2/0 transformants
yielded 1 to 5 gg/ml of chimeric antibody in the medium
supplemented with 196 serum, which had been deprived
of Protein A-binding immunoglobulins, The apparent
avidity of the chimeric antibody (MH171) to the K562/
ADM cell antigen was similar to that of the mouse
antibody (MRK17), as determined by enzyme-linked
immunosorbent assay, and also by competition inhibition
cell-binding radioimmunoassay (Fig. 3).

Tests on antibody specificity The antibody (MHI171)
specificity was tested by enzyme-linked immunosorbent
assay {data not shown) and also by cell-binding radio-
immunoassay. As shown in Table I, the chimeric anti-
body bound to multidrug-resistant cell lines K562/ADM
and 27807, but not to the parent drug-sensitive lines
K562 or A2780. Thus, MH171 has the same binding spe-
cificities as MRK 17, which was reported previously.'®*®
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Fig. 4. SDS-PAGE analysis of mouse-human chimeric anti-
body MH171. Monoclonal antibody MRK17 (lane 1) and
MHI171 (lane 2}, 0.5 ug each, were subjected to SDS-PAGE
analysis either with (A) or without (B) 2-mercaptoethanol
treatment. Molecular weight markers were obtained from
Amersham, Japan.

SDS-PAGE analysis of the chimeric antibody The
chimeric antibody MH171 was purified to apparent ho-
mogeneity by single-step affinity chromatography using
Protein A-Sepharose (Fig. 4). Reducing SDS-PAGE
analysis of chimeric antibody revealed two bands at 56
and 25 kDa, which corresponded to the heavy chain and
light chain of the antibody, respectively (Fig. 4A). Under
nonreducing conditions, a major band of MH171 was
observed at 190 kDa (Fig. 4B), which is apparently
slightly higher than that of MRK17.

ADCC by the chimeric antibody The chimeric MH171
exhibited significantly higher cytotoxicity than mouse
MREK 17 when human mononuclear cells were used as
effector cells. This tendency was observed even at the low
E/T ratio of 1.25:1 (Fig. 5). The chimeric MH171 or the
mouse MRK17 showed no significant specific ADCC
activity toward the drug-sensitive A2780 cells (data not
shown).

DISCUSSION

Monoclonal antibodies directed to cell surface markers
may be useful in tumor imaging and cancer therapy, not
only to deliver a drug, toxin, or radioactive compound
specifically to the target cells, but also to induce immune
reactions that prevent tumor development by activation
of complement and ADCC of lymphocytes and macro-
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Fig. 5. Comparison of antibody-dependent cell-mediated

cytotoxicity (ADCC) between murine and chimeric antibodies.
ADCC activities of human mononuclear cells against human
multidrug resistant ovarian cells, 2780* ®, were measured with
MHI171 (O), MRK17 (®), and without antibody (4), as
described in “Materials and Methods.” The concentration of
each antibody was 0.1 yg/ml in these experiments. % : At
each E/T ratio, means with MH171 are significantly different
from means with MRK17 by ¢ test (P<0.005).

phages in vivo. Mouse monoclonal antibodies MRK16
and MRK 17 have the ability to recognize the cell surface
domains of the multidrug transporter P-glycoprotein.'®
In previous®™ and current studies, we have successfully
developed mouse-human chimeric antibodies of these
murine-type monoclonal antibodies. We developed and
characterized an IgGl-type chimeric antibody, since
human IgG1l isotype is highly effective in both comple-
ment and cell-mediated killing.***? The resultant
chimeric IgG1 antibodies possessed similar affinity and
binding specificity to the respective original murine types
(Fig. 3), and showed higher ADCC activities than the
murine types (Fig. 5). These results suggest that the
chimerization of murine moncclonal antibodies may pro-
vide stronger effector functions in vivo. It remains to be
studied whether the present chimeric antibodies, MH171
and MH162, are actually more effective in killing tumors
and less immunogenic in appropriate models, as reported
previously.*"
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