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Abstract A novel immunization protocol together withAbbreviations HT: hypoxanthine-thymidine, HAT:
stringent selection criteria have been employed to gertgypoxanthine-aminopterin-thymidine, PPD: purified
ate a new murine monoclonal antibody (“D8”, isotyp@rotein derivative, PBS: sodium phosphate-buffered
1gG,, kappa) which specifically recognizes the humaaline (120 mM, pH 7.4), BSA: bovine serum albu:nin
pl70 drug resistance glycoprotein. This antibody is di-
rected towards a defined peptide sequence located in_the
-COOH terminal region of the first external loop of thintroduction
molecule. It is reactive with its epitope within the intact
native glycoprotein in formalin-fixed and conventionallf?-Glycoprotein is a 140- to 170-kDa ATP-dependent, vol-
processed histological tissues, in flow-cytometric prepame-regulated ion channel expressed by a small family of
rations and by Western blotting. The antibody precigienes [16] within the ABC (ATP-binding cassette) super-
tates its target peptide sequence from solution, and tfarsily of molecular transporters [15]. The channel pro-
may be a useful reagent with which to establish #&in contains six extracellular hydrophilic domains (Fig.
ELISA, RIMA or other similar assay. The peptide epit) and acts as an efflux pump for a range of structurally
tope recognized by this monoclonal antibody is restrictadd functionally unrelated cytotoxic drugs. Expression of
to the humarMDR1 gene product and is not containeB-glycoprotein results in classical multidrug resistance
within the rodent homologue of the P-170 molecule. IiMDR), one of the more common types of drug resistance
munohistochemistry has consistently failed to detect thiigt enables tumour cells to withstand increased levels of
epitope in rodent tissues, thus confirming that it does mgtotoxic chemotherapy [13] and is believed to oppose
exhibit the cross-reactivity of other currently availabléne successful treatment of many cancers [28]. Although
anti-P-glycoprotein monoclonal antibodies. The expethree classes of mammalian MDR genes have been de-
ence of this study emphasizes the value of the tuberscribed [5], only the proteins encoded by class | and
lin-PPD (purified protein derivative) immunization proelass Il genes confer multidrug resistance [33]. The hu-
tocol as a powerful strategy when generating monoclon@n MDR gene family comprises two genes, belonging
antibodies to small synthetic peptides. The resultitgclass | MDR1) and to class IINDR2).
monoclonal antibody (D8) will be an invaluable reagent Several monoclonal antibodies recognizing P-glyco-
with which to analyse P-170 glycoprotein expressigmotein have already been described (Table 1). Some of
when assessing the role of multidrug resistance in hunth@se reagents have been employed to investigate multi-
cancers. drug resistance under experimental conditions, and ex-
pression of the P-170 glycoprotein has been identified in
Key words Monoclonal antibody - Multidrug resistance normal and malignant tissues [40]. Anti-P-170 monoclo-
P-Glycoprotein peptide - Mouse - Human nal antibodies have been employed to target conjugated
cytotoxins [10], for modulation of multidrug resistance
[14] and as anti-proliferative agents [8]. However, these
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Fig. 1 Schematic diagram

of human P-170 drug-resistance
glycoprotein to indicate the lo-

cation of the six extracellular O
loops (I-V1) of the molecule
relative to the membrane. Three
N-glycosylation sites present on {—
loop | are indicated bgrrows.
The positions and sequences of
the three peptides (MDR's)
used as target epitopes in this
study are shown in f

I11

PLASMA MEMBRANE

" o
NH,

HOOC ##:+%
#1280

patterns has been reported when different monoclonal giebulin, is the first reagent of this type reported to be
tibodies have been employed under identical conditiapsnerated to predefinedextracellular domain of the hu-

to investigate normal and malignant tissues. Monoclomaan P-170 glycoprotein — rather than by secondary se-
antibody C219 recognizes a cytoplasmic epitope of thel®:tion following nonspecific immunization with either
170 molecule and cross-reacts with an epitope exprestsedwhole glycoprotein molecule or with intact P-glyco-

in muscle myosin [40]. This antibody also detects a 17{frotein-expressing tumour cells. This human-specific,
kDa protein that is present @typical multidrug-resistant selective and high-affinity monoclonal antibody will be
human leukaemia cells selected in methotrexate but is aetinvaluable reagent in forthcoming studies aimed at de-
recognized by anti-P-glycoprotein monoclonal antibodiéaing the expression and role of the P-170 drug-resis-
MRK16 or JSB-1 [29]. Conversely, monoclonal antibodgnce glycoprotein in modulating the behavioural pheno-
JSB-1 cross-reacts with a 130-kDa protein present in figie, and also in assessments of chemotherapeutic re-
liver, mitochondrial inner membrane/matrix fractions, b&ponsiveness of human cancer cells.

vine liver and human skeletal muscle. The protein has

now been identified as the enzyme pyruvate carboxylase—

[32]. The same protein was earlier identified as contaMaterials and methods

ing an epitope cross-reacting with anti-P-glycoprotej
monoclonal antibody C494 [31].

For our planned studies to analyse a possible assogigs of the P-glycoprotein-expressing and multidrug-resistant hu-
tion between multidrug resistance and cancer cell phenan lymphoid leukaemic cell line CEM/VBand its drug-sensi-
type, we required a high-affinity monoclonal antibodsﬂe parental cell line CCRF-CEM [17] were obtained from Dr. Vic-
that would detect a selected epitope within ¢eernal or Ling (Ontario Institute of Cancer Research, Toronto, Canada).
domain of the P-170 glycoprotein and would also be
unique to thehnumanisoform of the molecule. None ofchemicals
the currently available monoclonal antibodies fulfilled
our precise criteria. In order to generate lymphocyte BEG vaccine and tuberculin-PPD (purified protein derivative) were

bridomas secreting a monoclonal antibody of the fghtained from Evans Medical, England. Freund's (incomplete) ad-
jyvant was purchased from Sigma, Poole, England. Hypoxanthine-

quired speC|f|c_|ty, we 'mmumz_ed Balb/c mice aqcord'r{ﬁymidine (HT), hypoxanthine-aminopterin-thymidine (HAT),
to a newly defined protocol using synthetic peptides cefiyoclone and “all tissue culture media were purchased from
responding to three defined regions within the exterr(aBCSO BRL,EaiSsley, UK. Antib(c);(ljy-iscotypicr;g kCI:tZS vgere purchahsedd
[ f human P-gl rotein. The resultina hybridom Sera-Lab, Sussex, UK. P-GlycoCHECK C219 was purchase
(;)rggz \(/)vereu assa eg gﬁﬁ (t)er?tl in ceer:rSLf[o sgeleg:/'t3 o% m CIS (UK), High Wycombe, Bucks, UK. Orthophenylenedi-

. Ssayed g y . N ine (OPD) and all other immunological reagents were purchased
those antl_bodles fulfilling the predeflned criteria. MonGrom Dakopatts, Glostrup, Denmark. Polyethylene glycol (PEG-
clonal antibody “D8”, and IgG, kappa isotype immuno- 1500) was obtained from Boehringer Mannheim, East Sussex, UK.

ell lines
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g—f%illgz_gggﬁgggglf?c mono- Antibody Isotype  Immunogen Epitope P-gp isoform  Species Reference

clonal antibodiesR-gpP-glyco- recognised
rotein;DNRdata not reporte * :
P porte ) o19 IgG, CHRB30&  Cytoplasmic  Class |, I, Il Al [17]
CEM/VBL g
C494 19G, CHRB30 & Class | Human and
CEM/VBL5gq, hamster
C32 19G, CHRB30 & Class |, Il Hamster
CEM/VBLgq,
HYB-241 1gG; SH-SY5Y/VCR
HYB-612 19G, SH-SY5Y/VCR Cell surface Class | Human and [27]
hamster
JSB-1 l9G CHRC5 Cytoplasmic  Class I, Il Human and [35]
hamster
MRK16 19G,,4 K562/ADM Cell surface Class | Human [14]
MRK17 19G; K562/ADM
265/F4 19G CHRC5 Cell surface Class Il Hamster, [22]
mouse and
32G7 IgM CCRF-CEM & Cell surface Class | human [7]
CEMI/VBL 149
9A7 19G; CCRF-CEM &
CEM/VBL 44
1F10 l9G CCRF-CEM &
CEM/VBL 44
uic2 19G,, 3T3-1000 Cell surface/  Class | Human [25]
cytoplasmic
4E3 19G, SW-1573/500/ Cell surface/  Class | Human [1]
ME180/Dox500 cytoplasmic
Mab57 19G, CEM-VBL100 Cell surface/ Class | Human [4]
cytoplasmic
7G4 19G, DNR DNR Class | Human [36]
MM4.17  1gG,, CEM-VBL100 Cell surface/ Class | Human [6]
kappa cytoplasmic
Synthetic P-glycoprotein peptides containing 5x18cpm of radiolabelled MDR-3 peptide was added

to this mixture. Glutaraldehyde was then added to the three sepa-
The hydropathic profile of the complete peptide sequence for hate peptide solutions to give a final concentration of 0.05% (v/v)
manMDR1-encoded P-glycoprotein was determined [3], and thrge each. Solutions were mixed in glass vials by rolling at 4° C
peptide sequences were identified as the most hydrophilic, @veérnight. Conjugated MDR-3 was size-fractionated on a column
hence likely to be the most immunogenic. These peptides, referefdG-25 Sephadex, which was equilibrated and eluted in 100 mM
to as MDR-1, MDR-2, and MDR-3, (Fig. 2) correspond to amirendium bicarbonate (pH 8.3). Radioactivity and protein concentra-
acid sequences within the external domains of three different exti@a in 1-ml fractions eluted from the column were determined by
cellular loops located at the N- and C-terminal regions of humang&mma counting and by a colorimetric spot test, respectively. Con-
glycoprotein. The synthetic peptides were prepared to >95% pujityation efficiency was calculated as the radioactivity contained in
by Cambridge Research Biochemicals, Cambridge, UK. the peak as a proportion of the total radioactivity eluted from the
column. The first peak after the void volume, comprising MDR-3
peptide-coupled tuberculin-PPD, was retained and the sample lyo-
lodination of P-glycoprotein peptides philized. Tuberculin-PPD conjugated MDR-1 and MDR-2 pep-
tides were extracted by adding glycine ethyl ester (1 M, pH 8.0) to
Radio-iodination of J4g aliquots of peptides MDR-1 and MDR-3give a final concentration of 100 mM and incubated for 30 min at
was performed using chloramine-T [24]. Free iodine was separatedm temperature. Proteins were then precipitated by incubating
by chromatography on a 20-cm-long Sephadex G10 column equilith 3—4 volumes of acetone a¥70° C for 30 min. Precipitates
bated in 100 mM sodium bicarbonate (pH 8.3), and 0.5-ml aliquetere separated by centrifugation at 10,§00r 10 min and then
containing the peak iodinated peptide fractions were retained. air-dried. The three coupled peptides were redissolved in normal
saline (120 mM) at a concentration of 1.0 mg protein/ml. Each
coupled peptide was emulsified in an equal volume of Freund’s in-
Peparation of immunogen complete adjuvant, aliquotted at @ protein per injected dose,
and stored at20° C until required. At least two aliquots of each
The three peptides were separately coupled to tuberculin-PPDbfathe coupled peptides were also stored without emulsifying in
carrier protein [21] using glutaraldehyde. Prior to conjugation, taejuvant and used to boost immunization.
berculin-PPD was exhaustively dialysed against 50 mM ammoni-
um bicarbonate and collected by lyophilization. Protein content
was determined by colorimetric assay [3]. Then 2.0 mg of eaghmunization of mice
peptide was coupled with tuberculin-PPD at a molar ratio of 2:1 in
100 mM sodium bicarbonate (pH 8.3) using a concentration of P€ior to immunization, 3-week-old female BALB/c mice were
mg/ml tuberculin-PPD. To confirm coupling efficiency, an aliqugtrimed by s.c. injections of 0.2 ml of BCG vaccine at each of two



17 MDR-3: Met-Asn-Leu-Glu-Glu-Asp-Met-Thr-Arg-Tyr-Ala-Tyr-Tyr-Tyr-Ser-Gly-Cys 5:1 were fused using PEG 1500 dissolved in HEPES (75 mM, pH
4 105 120 8.0). Fused cells were resuspended in 10 ml prewarmed Dulbec-
co’s minimal Eagle’s medium (DMEM) containing 10% Myo-
04 clone, 1x16*M hypoxanthine, and 1.6x1®M thymidine. Thy-

mocytes isolated from a 3-week-old BALB/c mouse were used as
feeders at a density of 4@ells per multiwell during the initial

14 culture of fused cells. Cell suspensions were plated in 24-well tis-
sue culture plates in a volume of 1.0 ml/well. The plates were in-
cubated at 37° C and 5% G humid air.

HAT selection of hybridomas

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 . . . .
Selection of hybridomas was started 24 h after fusion by feeding

MDR-2 Glv-Val-Phe-Thr-Arg-lle-Asp-Asp-Pro-Glu-Thr-Lys-Arg-Gly-Asn-CysD cells with culture medium containing 40x2® aminopterin in

2- Ta e S addition to hypoxanthine and thymidine (HAT medium). Aminop-

| terin was included for the first 2 weeks and thereafter omitted. Be-
14 tween the 4th and 6th weeks following fusion, the concentration of
i HT was progressively reduced and eliminated [11].
0,
-1 Isolation and cloning of hybridomas
-2+ On day 10 following fusion, hybridoma colonies were visible in
. most wells. Each colony was picked under phase-contrast micros-
-3 copy and transferred to a separate well of a 96-well tissue cultue
. plate. Cultures were continued at 37° C and 5% DGwumid air.
-4 ‘ When hybridoma cells were at such a density as to require daily

01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 re-feeding, culture supernatants were collected and screened for
activity against each individual immunizing peptide. Positive colo-
nies were cloned by limiting dilution and amplified by growing-up

37 MDR-3: CyslPhe-Arg-Phe-Gly-Ala-Tyr-Leu-Val-Ala-His-Lys-Leu-Met-Ser-Phe-Glu-Asp on 24-well tissue culture plates. At each stage during amplifi-
i 957 973 cation, at least one aliquot of hybridoma cells was cryo-preserved
in liquid nitrogen.
2 4
1. Screening of hybridomas
. Screening was performed against pure synthetic peptides as well as
o against native P-glycoprotein. Five different screening procedures
were used to select antibodies fulfilling the initial specifications.
-1 T

01 2 3 456 7 8 9 1011 12 13 14 15 16 17 Enzyme-linked immunosorbant assay

Fig. 2 Hydropathic profiles [19] of the three synthetic peptide8n enzyme-linked immunosorbant assay (ELISA) preoptimized
used as immunogens, including the effect of the additional cys#ging serum collected during immunization was employed to as-
ines (Cys*) conjugated to the C-terminal end of MDRs 1 and $ess all supernatants obtained from the hybridomas on day 10 af-
and to the N-terminal end of MDR-3. Each amino acid sequencéggfusion. Ilnmulon-Il ELISA plates were coated with peptide an-
presented in numerical order, as shown above, alorgbbeissae  tigen (1.25x168 M concentration) in 5@l coupling buffer (100
Increasing relative hydropathy is plotted alongadiginates. mM sodium carbonate, pH 9.6) at 4° C overnight. Unabsorbed
antigen was removed, and the wells washed in TBS (25 mM Tris-

buffered saline, pH 8.1) three times for 5 min each and the plates

shaken dry. All wells were filled with blocking buffer comprising
sites near the tail base. Four weeks after priming, each moUiBS containing 2% (w/v) bovine serum albumin and left at room
was immunized with 5Qig of coupled protein in Freund’s in-temperature for 30 min. Then %0 of neat hybridoma superna-
complete adjuvant, using multiple subcutaneous injections. lpant was added to each well, and the plates were wrapped in
munization was continued at 2- to 3-week intervals. Antibody reting-film and incubated for 1 h at 37° C. In control wells, super-
sponse was monitored by enzyme-linked immunosorbant asgayant was either replaced by blocking buffer or by an irrelevant
(ELISA) at 10 days after each injection using sera obtained fahtibody. After three washes with TBS, @0of peroxidase-con-
lowing test tail bleeds. Mice responding with the highest anfigated rabbit anti-(mouse immunoglobulin) antiserum diluted
body titre were selected for fusion. At 6 days and then at 3 day§00 in blocking buffer was added to each well and incubated
before fusion, booster doses of coupled peptides without adjuvggt30 min at room temperature. Unbound antisera were washed
were given 1.p. from the plates and 1Qd of freshly prepared OPD substrate so-

lution (8 mg of ortho-phenylenediamine in 12 ml of 100 mM ci-

trate-phosphate buffer, pH 5.0) containingl5H,0, was added
Fusion to each well. Plates were incubated for 10 min in the dark at room

temperature. The reaction was stopped by addingl & 3 M
Fusion was performed between immune-stimulated splenocyse$furic acid. The optical density of each well was measured at
and Sp/O-Agl4 murine myeloma cells [38] using conventiond®2 nm, after blanking against water, using a Titertek Multiskan-
techniques [11, 18]. Splenocytes and myeloma cells at a ratioPtiis plate reader.
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Radio-immunometric assay brane proteins, loaded at a protein concentration gig3l@ane,

. . ) were separated by polyacrylamide gel electrophoresis in 5.8%
ELISA-reactive hybridomas were further assayed using a radi@/v) gels and thereafter transferred electrophoretically to nitro-
immunometric assay (RIMA) to identify those monoclonal anttellulose membranes. Following transfer, the blots were incubated
bodies that would be capable of binding and immobilizing labellg§l blocking buffer comprising 150 mM PBS (pH 7.4) containing
antigens from a solution. The assay was performed to dete®§ (w/v) BSA and 5% (w/v) fat-free milk (Marvel) at room tem-
monoclonal antibodies recognizing MDR-1 and MDR-3 peptideserature to block nonspecific binding sites. Blots were cut into
since only these were radio-iodinated. Immulon-ll plates wesgips and each incubated with 2.5 ml supernatant (diluted 1:5 in
coated with protein-A at a concentration ofig/well in 200pl of  freshly prepared blocking buffer) overnight at 4° C. Monoclonal
coupling buffer for 18 h at 4° C. Wells were washed three timggtibody C219 was used as the positive control antibody at a dilu-
with TBS for 5 min each. Nonspecific binding sites were blockafbn of 100 ng/ml. Monoclonal antibody M8, an IgG kappa immu-
using TBS blocking buffer for 30 min at room temperatue. Aftgfoglobulin raised to the human milk fat globule membrane and di-
shaking dry, 15Qul of tissue culture supernatant was added tected towards a peptide epitope contained within epithelial mem-
each well and incubated for 1 h at room temperature. In negatifine antigen [12] was used as the negative control. Thereafter,
control wells, an unrelated monoclonal antibody was added. Afigbts were washed three times in PBS for 5 min each before incu-
washing and shaking dry, 150 of each of thel?S-labelled syn- bation with biotinylated rabbit anti-(mouse immunoglobulin), di-
thetic peptides MDR-1 and MDR-3, each containing B<jin, |uted 1:1000 in PBS containing 2.5% BSA, for 1 h at room tem-
was added separately to triplicate wells and incubated for 1 Ipatature. Unbound immunoglobulins were removed by washing
room temperature. Plates were washed with three changes of gSmembranes three times in PBS for 5 min each. Membranes
and shaken dry. Each well was then eluted with |[#06f 0.1 N  were incubated with horseradish peroxidase-conjugated strepavi-
sodium hydroxide containing 1% (v/v) Sarkosyl, and the radioagin-biotin complex (SABC) diluted in PBS for 1 h at room tem-
tivity contained in each eluate was measured. Readings were gefature. After washing in PBS, bound peroxidase activity was de-
rected for background radioactivity and those at least 5-fold high@loped by incubation in 50 mM, Tris-HCI (pH 7.6) containing
than the controls were regarded as positive. 0.025% (w/v) DAB and 0.03% (v/v) J@, for 5 min at room tem-

perature. NiCJ (0.3% w/v) was added to enhance sensitivity. The

reaction was stopped by transferring blots to distilled water.
Flow cytometry

The drug-sensitive parental cell line CCRF-CEM was grown
supension cultures in RPMI-1640 medium supplemented w
10% FCS. P-Glycoprotein-expressing and multidrug-resistant
man lymphoid leukaemic CEM/VBIR% cells were grown in
identical medium but also containing 1000 ng/ml of vinblastin
Cultures were maintained at 37° C and 5%,@Chumid air, split

each week, and propagated by subculturing at a plating densit
1:10. Multidrug-resistant cells were grown in the absence of vip-
blastine for 1 week prior to performance of each experime

Flow-cytometric assays were optimized with human lympho P - ; -
Ieukae¥nic CCRF-CEyM cells gnd their vinblastine-)r/es?sta PBS, non-specific binding sites were blocked by incubating sec-
CEM/VBL1000 derivative. P-Glycoprotein expression was corfionS With normal rabbit serum (5% (v/v) in PBS) for 10 min. Ex-

; pss PBS was wiped from around the sections which were then in-

firmed by staining the cells with monoclonal antibody C219 aftgubated with 101 of hybridoma supernatants for 1 h at room

permeabilization achieved by incubating 10%&6lls in 1.0 ml of . : ¢ i
70% (v/v) methanol in water a20° C for 5 min. The permea_tfazwperature. The slides were then washed three times with TBS be

ﬁﬁmunohistochemistry

t?I%!]munohistochemistry was performed on routinely processed and
garaﬁin-wax-embedded human normal kidney and adrenal glands.
n indirect SABC method was employed. The DAB reaction prod-
was intensified by incubating slides in a solution of nickel am-
ium sulfate containing J@,. Tissue sections jm thick were
waxed and taken to water. Endogenous peroxidase was blocked
ing 0.3% HO, in distilled water for 30 min. After three washes

he : . fore biotinylated rabbit anti-(mouse immunoglobulin), diluted
gﬂ'fzfgrd Xr?”:inriv-ecr[e) ;hrﬁgn\gg(s)ggf atrr:tri?)%d“mvs:smélkt\kc])szﬁsasWSShcl) 200, was added to each section. The slides were incubated at
. Y POom temperature for 30 min before being washed and incubated

tive control for cell-surface markers of leucocyte differentiatiord. Gt .

with which to screen the hybridomas. Cells W){are harvested streptavidin—biotin complex for 30 min at room temperature.

washed in sodium phosphate-buffered saline (PBS; 120 mM, Ides were rinsed in 0.1 M sodium acetate buffer (pH 6.0) before

7.4) containing 0.1% (w/v) bovine serum albumin, (BSA). AliD nd peroxidase activity was identified by incubation with a solu-
: y : ation comprising 2.5% (w/v) nickel ammonium sulfate, 0.05%

DAB, 0.2%+D-glucose, 0.04% (w/v), N}€I, and 0.01% (w/v) glu-
ose oxidase for 2 min. Slides were rinsed again in acetate buffer
hd then in water. Slides were counterstained in Gill's haematoxy-
tip, dehydrated and mounted in Pertex.

quots containing 1xX¥0cells each were incubated with monoclo
nal antibody C219 at a concentration of 250 ng in [1l06f PBS
containing 0.1% (w/v) BSA for 1 h on ice. After three washe
cells were incubated with 190 of FITC-labelled rabbit anti-
(mouse immunoglobulin) diluted 1:50 in washing buffer, for 3
min on ice. After washing, cells were resuspended inpb0&f
washing buffer and were analysed at 517 nm in a precalibrated . —

Coulter EPICS-Profile flow cytometer fitted with a 15-mW lase#Otyping monoclonal antibodies

at 488 nm excitation. At least 10,000 events were recorded. For ) ] )
cell-surface antigens, the permeabilizing step was omitted. Adfamulon-1l ELISA plates were coated with peptide antigen
CD4 monoclonal antibody was used at a dilution of 1:100 {#.25%168M concentration) in 5Qul coupling buffer (100 mM so-

identical procedures. Test supernatants were used at a dilutiofligf? carbonate, pH 9.6) at 4° C overnight. Unabsorbed antigen
1:5 in washing buffer. was removed and the wells washed in TBS (25 mM Tris-buffered

saline, pH 8.1) three times for 5 min each and the plates shaken

dry. All wells were filled with blocking buffer comprising TBS
Western blotting containing 2% (w/v) BSA and left at room temperature for 30 min,

after which 5Qul of neat hybridoma supernatant was added to
The molecular size of the antigens reactive with the generateth well and the plates were wrapped in cling-film and incubated
monoclonal antibodies was determined by Western blotting fof 1 h at 37° C. In control wells, supernatant was replaced either
denatured crude membrane preparations from multidrug-resistaytblocking buffer or by an unrelated antibody. Bound immuno-
CEM/VBL1000 cells and from parental drug-sensitive CEMglobulins were isotyped by reacting each with a panel of peroxi-
CCRF cells. Crude membrane fractions were isolated fratase-conjugated isotype-specific antibodies (Sera Lab, Sussex,
CEM/VBL1000 and CCRF-CEM cells [13]. Protein concentrationslK). The subsequent ELISA technique was identical to that used
of membrane samples were determined colorimetrically [3]. Metior screening the hybridoma superantants, as described above.
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M8 C219 A2 Cc9 gé(i/ c10 D8 E1 G1 G7 Cc219 D8

/
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200kD s .
[ b 170kD -

CEM/VBL "% CEM/VBL 1%
CEM/P CEM/P

Fig. 3 Electrophoretic separation of crude membrane fractions de-

rived fromloo human multldrug-reilstant lymphoid le.ljkaem'F—’igA Electrophoretic separation using 5.8% (w/v) PAGE, fol-
(CEMVBL®%) cell line using 5.8% (w/v) polyacrylamide gel wed by Western blotting of crude membrane fractions derived
(PAGE). Western blotting was then performed with eight hybrid om multidrug-resistant lymphoid leukaemic (CEM/VER9) cell

ma supernatants which reacted strongly in ELISA and flow cytoi: and its drug-sensitive parental counterpart (CEM/P) using
etry. Monoclonal antibodies M8 and C219 are included as nega noclonal antibodies C219 and D8. Monoclonal antibody D8
and positive controls, respectively. Supernatant D8 identifies ntifies the 170- to 180-kDa P—glyéoprotein molecule recog-

same band at 170-180 kDa as is recognized by monoclonal ed by C219 in the drug-reistant cell line but is nonreactive with

body C21% proteins extracted from the drug-sensitive (CEM/P) parenta' cells

Results rental CEM-CCRF cells (CEM/P). Cell-surface marker
. . CD4 was expressed almost equally by multidrug-resis-

Yield of hybridomas tant and parental cell lines (97.8% vs 95.4%, respective-

. . ly). Of the hybridomas analysed, D8 was significantly
Two separate fusions were performed, which toget re reactive with multidrug-resistant CEM/VBRO
yielded more than 1000 hybridoma colonies. Of thesgy<'snan with parental CEM/P cells (17% vs 2.9%). All
371 were stable hybridomas producing monoclonal a ther hybridomas exhibited little reactivity (<3%)
bodies reactive in ELISA with at least one of the 'mml#gainst CEM/VBIL000

nizing peptides. The majority of reactive supernatan
were against MDR-1, with a smaller number against

MDR-3 and a few weakly positive for MDR-2. Western blotting

Eight hybridomas, including D8, screened by ELISA
and flow cytometry were also assayed by Western blot-
Reactivity with peptides ting of crude membrane fractions derived from parental

CEM/P cells and from MDR CEM/VBI9 cells. Con-
Supernatants from hybridomas reactive on ELISA withol monoclonal antibody C219 and supernatant D8 re-
MDR-1 and MDR-3 were cross-checked for reactivitgcted strongly with a common protein of molecular
with immunizing peptides by radio-immunometric assayeight 170-180 kDa (Fig. 3) in membranes extracted
(RIMA). Of the ELISA-positive hybridomas, 22 of 38from MDR CEM/VBL10% cells but not in their drug-
MDR-1-reactive supernatants and 4 of 6 MDR-3-reactigensitive parental CEM/P cells (Fig. 4). Three additional
supernatants were also positive on RIMA. Of the resuftybridomas showed borderline reactivity (data not
ing 26 positive supernatants selected, D8 was the mgsown). Negative control monoclonal antibody M8 con-
strongly reactive with MDR-1 peptide on both ELISAistently failed to identify protein bands in these prepa-
and RIMA. rations.

Screening of hybridoma superantants

Reactivity with native P-glycoprotein Immunohistochemistry

Twenty hybridomas reactive with MDR-1 peptide werReactivity of monoclonal antibody D8 revealed strong
analysed by flow cytometry. Monoclonal antibody C21&taining of proximal convoluted and distal tubules of hu-
was used as the positive control reagent. More than 86%n kidney (Fig. 5a). Staining was diffuse and granular
of multidrug-resistant CEM/VB1900 cells were reactive throughout the cytoplasm of tubular epithelial cells, al-
to C219 monoclonal antibody, as opposed to <1% of gheugh binding to luminal borders of tubular epithelial
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Discussion

At the outset of this study, several monoclonal antibod-
ies to P-glycoprotein had already been reported, al-
though when critically none was a satisfactory reagent
for our proposed assessment of this molecule in human
cancers. The available antibodies either cross-reacted
with other cellular proteins [40], were not directed to
the extracellular domain of the intact P-glycoprotein
molecule [17, 35], or did not identify their epitopes are
conventional tissue fixation [30]. An additional group of
similar antibodies had been reported in the literature but
either they were not available commercially or their use
as analytical or diagnostic reagents had not been devel-
oped (Table 1). In contrast, the monoclonal antibody we
now describe (D8) has been specifically generated using
a novel immunization protocol which, together with stri-
gent selection criteria, has resulted in selection of a re-
agent that specifically recognizes only the human iso-
form of the P170 drug-resistance gylcoprotein. This an-
tibody is directed towards a defined peptide sequence
located in the first external loop of the intact glycopro-
tein molecule and is reactive in conventionally pro-
cessed histological tissues, and also in flow-cytometric
preparations and by Western blotting. The peptide epi-
tope recognized by this monoclonal antibody is not con-
tained within the rodent homologue of the P-170 mole-
cule, and immunohistochemistry has failed to detect this
~_ epitope in any rodent tissues.
g With respect to the strategy adopted during this study,
monoclonal antibody D8 was generated against synthetic
Fig. 5a, b Immunohistochemistry using monoclonal antibodpeptides following a novel immunization protocol. Tuber-
i ety SR e st o s gUlin-PPD abiycobacterium tuberculosextact used to
\F/)oluted turl:)JuIes. AIthou)éh expression alor?g Iuminal%lasma me%ﬁns'_t'ze humans against tUberCUIO_S'S’ was used as a carner
branes is characteristic, co-localization of the molecule within tBéotein and hapten for the synthetic peptides. Tuberculin-
cytoplasm of these cells is also commonly found. DAB, x300.PPD is a partially characterized molecule known to elicit a
RS S Iear PSR e e Scaalon of Sy TTUNe Fespan i prevously berculnsenst
tg (?ells in all zonespof the cortex, particularly the zon Eed an!mals’ but without mduc_:mg an Immune response
glomeru|osa and zona reticularis. DAB, %00 agaInSt |tse|f [20, 21] TUbeI’CU“I’I-PPD IS a potent T‘Ce”
hapten and stimulates antigen-primed B-lymphocytes to
produce antibodies [39]. This property was exploited, and a
cells was also present. No staining of glomeruli or othaotent response was observed after the first immunization.
structures were seen. In the adrenal gland, strong stainwhen the three peptides were used to immunize
ing of cortical epithelial cells was observed (Fig. 5binice, the predominant response, defined as the number
Heterogeneous patterns of staining were seen in the ofehybridomas producing reactive monoclonal antibod-
dulla and in all zones of the cortex, where staining wigs, was obtained to peptide MDR-1, which corresponds
dominant in the zona glomerulosa and in the zona reti-the—COOH terminal region of the first loop of P-gly-
cularis. Immunohistochemical staining of identicallgoprotein in the extracellular N-terminal domain (Fig.
fixed and processed rat tissues was negative under ltheSince this region of the intact molecule is variable
conditions employed. among animal species, but is highly conserved in hu-
mans, we suggest that monoclonal antibody D8 is likely
to be more specific than other anti-human P-glycopro-
Isotyping of monoclonal antibodies tein monoclonal antibodies and hence particularly valu-
able in studying expression of P-glycoprotein in human
Supernatant from hybridoma D8 reacted only with antiseases. Lerner et al. described guidelines for selecting
IgG, anti-lgG,,, and anti-kappa-chain immunoglobulinsappropriate peptide sequences of a protein against
thus demonstrating monoclonal antibody D8 to be which to raise antibodies and included the use of a hy-
immunoglobulin-G, subclass 2a and kappa light chaiophilic sequence of at least 10 amino acids, which
isotype. should preferably reside on the cell surface [23]. Com-
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parison of the hydrophilicity of each individual immuduring irradiation or drug treatment so that suitable tai-
nizing peptide with the numbers of reactive hybridomésred chemotherapy might be administered. Recently,
revealed that while the strongest response was obtaimazhoclonal antibody MRK-16 was shown to reverse
to the moderately hydrophilic sequence MDR-1, few adrug resistance in aiMDR1-expressing human colon
tibodies were obtained to MDR-2, the most hydrophilcancer xenograft in nude mice following in vivo admin-
of the three chosen peptides. In contrast, significanigtration. Similar results were also reported with mono-
more immunoreactive hybridomas were generated dimnal antibody HYB-241 [34]. Since monoclonal anti-
MDR-3, a relatively hydrophobic molecule comparedody D8 specifically recognizes a cell-surface epitope,
with MDR-1 or MDR-2. The reasons for this apparerit could be useful in vivo in immunotargetting P-glyco-
discrepancy are not immediately apparent, but are likglyotein-expressing cells for tumour imaging [26], or for
to include the probable conformational presentation wiodulating or killing drug-resistant cells [2Pseudo-
each peptide in solution and the relative lack of similarronas exotoxin-conjugated MRK-16 antibody has al-
ty between the individual immunizing peptide and amieady been shown to be selectively toxic for cells ex-
no acid sequences within host proteins — not just homptessing P-glycoprotein in vitro [10]. Some antibodies
ogous P-glycoprotein molecules. The findings of otw P-glycoprotein have been reported to have direct anti-
current study suggest that, in addition to Lerner’s regroliferative acitivity [8, 14]. The problem of toxicity to
ommendations, an amino acid sequence that is differenotmal tissues expressing high levels of P-glycoprotein
to that occurring in the species of animal being immtequires resolution before such clinical applications can
nized should also be chosen, to increase the likelihdmel developed. While it is not known whether monoclo-
of obtaining a strong immune response. Investigationmdl antibody D8 exhibits such in vivo activities, the abil-
the precise epitopes within the immunizing peptides rat¢ to modulate the behavioural phenotype of human
ognized by individual monoclonal antibodies would bearcinomas would be an important therapeutic applica-
interesting and informative and could be obtained Itipn of this new antibody.

competitive peptide-deletion assays. However, such a
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