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A murine monoclonal antibody (MDR3M) (isotype: IgM) reactive with mdr3 gene product was
generated by immunizing mice with mdr3-specific peptide (H,N-"WRPTSAEGDFELGISSKQKRK-
KTKTVKMI*G-COOH) and hybridizing the primed mouse splenic B cells with X63-A28,6.5.3 mouse
plasmacytoma cells. MDR3M did not cross-react with mndrl gene product. This monoclonal antibody
may be useful for analyzing the role of mdr3 gene product in cells and tissues.
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The mdrl gene product is known to be present in the
membranes of cancer cells resistant to adriamycin, Virnca
alkaloids, colchicine and other anti-cancer agent.'™
Mammalian P-glycoproteins (P-GPs) are encoded by
small gene families. mdrl and mdr3 (also called mdr2)
are present in humans,** while hamsters and mice each
have three P-GPs.*'™ The sequence of human mdr3
cDNA has been determined, and the protein it encodes
has a deduced molecular weight of 140 kDa.” It has been
reported that stable mdr3-experssing clones do not dis-
play multidrug resistance, unlike those expressing the
mdrl gené product.'”” There is only indirect evidence
that human mdr3 gene product might confer dauno-
rubicin resistance on PLL cells.” ' Thus, the function
of mdr3 gene product still remains unknown. As a first
step toward clarifying the nature of this protein, we
attempted to prepare a murine monoclonal antibody
{MADb) against mdr3 gene product. The mdri-specific
peptide, which did not cross-react with mdrl gene prod-
uct, was synthesized on a peptide synthesizer (Excel,
Milligen Biosearch Inc.). It consisted of 30 amino acids
(H,N-"WRPTSAEGDFELGISSKQKRKKTKTVKMI*'G-
COOH).” The peptide was injected five times with adju-
vant into BALB/c mice at a concentration of 100 ug/
100 gl at two-week intervals. Subsequently, the mouse
splenic cells were fused with murine plasmacytoma
cells (X63-Ag8,6.5.3)." After screening and cloning, a
hybridoma clone of IgM isotype was selected. The
isotype was determined by the Ouchterlony method,"™

First, we checked the immunoreactivity of MAb MDR-
3M with mdr3-expressing Hep G2 cells by immunocyto-
chemistry (ABC-GO method).'"® Hep G2 is a hepato-
cellular carcinoma cell line established by Aden et al'”

¥ To whom requests for reprints should be addressed.

mdr3 gene product — Monoclonal antibody — mdr3 peptide

Reverse transcription-polymerase chain reaction (PCR)
was carried out as described previously to see whether
the Hep G2 cells produce mdrl and mdr3 gene products
or not, using mdrl-specific primer sets (the sizes of the
amplified bands were 596 and 742 bp) and an mdr3-
specific primer set (the size of the amplified band was 772
bp). S>-Microglobulin gene-specific primer set was used
as an internal control (the size of the amplified band was
261 bp. Thirty cycles of PCR were carried out using a
thermal cycler, denaturing at 94°C for 1 min, followed by
annealing and extension at 65°C for 5 min each.' The
Hep G2 cells were found to express both mdrl and
mdrd mRNA (Fig. 1). The Hep G2 cells were fixed with
4% paraformaldehyde for 60 min and, after being
washed, were cytospun. For absorption experiments, 100
ug of an mdrd-specific peptide was treated with 10 ug of
MAb MDR3M at room temperature for 30 min. Then
the mixture was centrifuged at 10,000 rpm for 30 min
and the supernatant was used as the absorbed antibody.
MAb MDR3M reacted with Hep G2 cells strongly,
whereas the MAb absorbed with md#3-specific peptide
lost its immunoreactivity with Hep G2 cells (Fig. 2). We
further examined the immunoreactivity of the MAb with
KB-3-1 and a KB-G2 transfectant. KB-3-1 is a subline of
KB cells (an epidermoid carcinoma in the mouth of an
adult male Caucasian) and is highly sensitive to multiple
anti-cancer drugs."” KB-3-1 possesses hardly any mdrl or
mdr3 gene product. The KB-G2 transfectant was pre-
pared by one of the present authors (K.U.) by introduc-
ing the mdrl gene into KB-3-1 cells; these KB-G2 cells
expressed P-GP intensely, as assessed by Western blot-
ting and RT-PCR. As shown in Fig. 2, the MAb did not
react with the KB-G?2 cells, but C219, which reacts with
mdrl gene product prepared in Dr. V. Ling’s laboratory,
did react with them strongly.'
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We carried out Western blotting to evaluate the native
mdr3 gene product recognized by MAb MDR3M 2D
As shown in Fig. 3, the molecular weight of the native
mdr3 gene product was estimated to be about 170 kDa.
Since the deduced molecular weight of the mdr3 gene
product is about 140 kIDa and it is underglycosylated, the
native mdr3 gene product may be a glycoprotein.” The
peptide we synthesized on a peptide synthesizer was part
of the intracytoplasmic domain. Thus, MAb MDR3M
recognized the intracytoplasmic portion of mdr3-express-

Fig. 1. Expressionof mdrl and mdr3 mRNA by RT-PCR. mdri-
specific amplified bands (596 and 742 bp) are recognized
in Hep G2 cells (lane 3), but hardly in KB-3-1 cells (lane 1).
An mdr3-specific amplified band (772 bp) is recognized in Hep
G2 cells (lane 4), but not in KB-3-1 cells (lane 2)}. M; DNA
size marker.

ing Hep G2 cells, as confirmed by immunoelectron mi-
croscopy (data not shown).

In summary, it is evident that our monoclonal anti-
body reacts with mdr3 gene product. The MAb should be
a useful tool for helping to clarify the role of mdr3 gene
product both in vitro and in vivo.
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Fig. 3. Immunoblotting of Hep G2, KB-3-1 and KB-G2 cells
reacted with MAb C219 and MAb MDR3IM. Lane 1, Hep G2;
lane 2, KB-3-1; lane 3, KB-G2; lane 4, Hep G2; lane 5, KB-
3-1; lane 6, KB-G2. Hep G2 cells possess both mdrl and mdr3
gene product (M) (lanes 1 and 4). KB-G2 possesses only
mdrl gene product (lane 3). Neither mdrl gene product nor
mdr3 gene product was recognized in KB-3-1 cells {lanes 2
and 5).
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Fig. 2. Expression of mdr3 gene product in various cells. ABC-glucose oxidase (GOQO) method. X100. A, Hep G2 cells
immunostained with MAb MDR3M; B, Hep G2 cells immunostained with MAb MDR3IM absorbed with mdr 3-specific peptide;
C, KB-3-1 cells immunostained with MAb MDR3M: D, KB-G2 cells immunostained with MAb MDR3IM: E, KB-G2 cells
immunostained with MAb C219. Only Hep G2 cells are immunostained positively with MAb MDR3M and MAb C219 (A).

796



REFERENCES

1)

2)

3)

4)

)

6)

7

8)

9)

10}

11)

Akiyama, 5., Fojo, A., Hanover, J. A., Pastan, I. and
Gottesman, M. M. Isolation and genetic characterization
of human KB cell lines resistant to multiple drugs. Somatic
Cell Mol Genet., 11, 117-126 (1985).

Beck, W. T., Mueller, T. J. and Tanzer, L. R, Altered
surface membrane glycoproteins in Vinca alkaloid-
resistant human leukemic lymphoblasts. Cancer Res., 39,
2070-2076 (1979).

Pastan, 1. and Gottesman, M. M. Multiple-drug resistance
in human cancer. N. Engl J Med., 316, 1368 - 1379
(1987).

Ueda, K., Cardarelli, C., Gottesman, M. M. and Pastan, L
Expression of a full-length cDNA for the human “mdrl”
gene confers resistance to colchicine, doxorubicin, and
vinblastine. Proc. Natl Acad. Sci. USA, 84, 3004-3008
(1987).

Van der Bliek, A. M., Kooiman, P. M., Schneider, C. and
Borst, P. Sequence of mdr3 ¢cDNA encoding a human
P-glycoprotein. Gene, 71, 401-411 (1988).

Gros, P., Croop, J. and Housman, D. Mammalian multi-
drug resistance gene: complete cDNA sequence indicates
strong homology to bacterial transport proteins. Cell, 47,
371-380 (1986).

Gros, P., Raymond, M., Bell, J. and Houman, D. Cloning
and characterization of a second member of the mouse
mdr gene family. Mol. Cell. Biol, 8, 2770-2778 (1988).
Hsu, 8. I-H., Lothstein, L. and Horwitz, 8. B. Differential
overexpression of three mdr gene family members in multi-
drug-resistant J774. 2 mouse cells. J. Biol. Chem., 264,
12053-12062 (1989).

Raymond, M., Rose, E., Housman, D. E. and Gros, P.
Physical mapping, amplification, and overexpression of the
mouse mdr gene family in multidrug-resistant cells. Mol.
Cell Biol, 10, 1642-1651 {1990).

Ng, W. F., Sarangi, F., Zastawny, R. L., Veinot-Drebot,
L. and Ling, V. Identification of members of the P-
glycoprotein multigene family. Mol Cell. Biol, 9, 1224
1232 (1988).

Schinkel, A. H., Roelofs, M. E. M. and Borst, P. Charac-
terization of the human MDR3 P-glycoprotein and its
recognition by P-glycoprotein-specific monoclonal anti-
bodies. Cancer Res,, 51, 2628-2635 (1991).

12)

13)

14)

15)

16)

17

18)

19)

20)

21)

MAb Reactive with mdr3 Gene Product

Nooter, K., Sonneveld, P., Janssen, A., Oostrum, R.,
Herweijer, H., Valerio, D. and Baas, F. Expression of the
mdr3 gene in prolymphocytic leukemia: association with
cyclosporin-A-induced increase in drug accumulation. Int.
J. Cancer, 45, 626-631 (1950).

Herweijer, H., Sonneveld, P., Baas, F. and Nooter, K.
Expression of mdrl and mdr3 multidrug-resistance genes
in human acute and chronic leukemias and association
with stimulation of drug accumulation by cyelosporine. J.
Natl. Cancer Inst., 82, 1133-1140 (1990).

Kohler, G. and Milstein, C. Continuous cultures of fused
cells secreting antibody of predefined specificity. Nature,
256, 495-497 (1975).

Ouchterlony, O. Diffusion-in-gel methods for immunolog-
ical analysis. Progr. Allergy, 5, 1-78 (1962).

Sugawara, 1., Ohkochi, E,, Hamada, H., Tsuruo, T. and
Mori, S. Cellular and tissue distribution of MRK20 murine
monoclonal antibody-defined 85-kDa protein in adria-
mycin-resistant cancer cell lines. Jpn. J. Cancer Res., 79,
1101-1110 (1988).

Aden, D. P, Fogel, A, Plotkin, S., Damjanov, 1. and
Knowles, B. B. Controlled synthesis of HBs Ag in a
differentiated human liver carcinoma-derived cell line.
Nature, 282, 615-616 (1979).

Sugawara, 1., Watanabe, M., Masunaga, A., Itoyama, 8.
and Ueda, K. Primer-dependent amplification of mdri
mRNA by polymerase chain reaction. Jpn. J. Cancer Res.,
83, 131-133 (1992).

Georges, E., Bradley, G., Gariepy, J. and Ling, V. Detec-
tion of P-glycoprotein isoforms by gene-specific mono-
clonal antibodies. Proc. Natl Acad. Sci. USA, 87, 152-156
{1990).

Towbin, H., Stachelin, T. and Gordon, J. Electrophoretic
transfer of proteins from polyacrylamide gels to nitrocellu-
lose sheets: procedure and some applications. Proc. Natl.
Acad. Sci. USA, 76, 43504354 (1979).

Sugawara, L., Mizumoto, K., Ohkochi, E., Hamada, H.,
Tsuruo, T. and Mori, S. Immunocytochemical identi-
fication and localization of the Mr 22,000 calcium-binding
protein (Sorcin) in an adriamycin-resistant myelogenous
leukemia cell line. Jpn. J. Cancer Res., 80, 469-474 (1989).

797





