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ABSTRACT

Monoclonal antibodies (MABs) reactive with human renal cell
carcinoma (RCC) were generated following immunization of mice
with either RCC homogenates, RCC cell lines, or fetal kidney
homogenates. The characteristics of four highly reactive immu-
noglobulin G1 MABs, designated UMVA-RCC-A6H, UMVA-RCC-
A36, UMVA-RCC-C5H and UMVA-RCC-D5D are presented. The
screening process consisted of a cell binding enzyme-linked

immunosorbent assay and immunohistological examination of
tumor, normal, and fetal tissue sections. The MABs illustrated
various degrees of antigen restriction: A6H identified an antigen
common to RCC, some lung and colon carcinomas, the proximal
renal tubules but no other normal tissues; A36 reacted with most
human tumors, the renal tubules, and many other normal tissues;
C5H reacted with nearly every human cancer but of the normal
tissues, only the renal glomerulus shared this antigen; D5D was
very restrictive, reacting with many although not all RCC and no
other cancers or normal tissues with the exception of an occa
sional reactivity with a Bowman's capsule. Metastatic RCC and

RCC xenografts expressed these antigens. None of the MABs
participated in complement-mediated cytotoxicity. In immunopre-
cipitation studies with L-[mef/7y/-3H]methionine and [3H]glucosa-

mine-HCI metabolically labeled RCC cells, C5H was shown to

be associated with an antigen of M, 115,000.

INTRODUCTION

The application of hybridoma techniques to the study of human
solid tumors has resulted in the generation of MABs3 that rec

ognize tumor-associated antigens. Our efforts have focused on
the production of MABs reactive with human RCC (1-4) and this

report details 4 MABs which emcompass a spectrum of reactiv
ities to RCC, normal kidney, other cancers, and other nonmalig-
nant tissues. The RCC-reactive MABs described here comple

ment those of other investigators which recognize antigens
associated with RCC and/or the normal kidney nephron (5-10).

The availability of these 4 new MABs provides additional re
sources for the study of RCC and with some the potential for
clinical applications.
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MATERIALS AND METHODS

Hybridoma Techniques

BALB/c mice were immunized with (a) RCC cell lines (107 cells in 0.5

ml saline/injection), (b) fetal kidney homogenates (10% w/v slurry in
phosphate-buffered saline prepared in a Virtis 45 homogenizer using ten
30-s periods of homogenization at a setting of 7-0.5 ml homogenate/

injection), or (c) RCC surgical specimen homogenates (prepared as
described for the fetal kidney homogenates). The immunization schedule
consisted of 5 i.p. injections over a period of 6 wk or 5 mo with a final
injection 3 days before sacrifice. Spleen cells were fused with either P3-
NS1-Ag4-1 or P3X63-Ag8.653 (a gift of Dr. Kearney, University of

Alabama) mouse myeloma cells (11) as described by Oi and Herzenberg
(12). After specificity testing (vide infra), cultures were cloned 3 times by
the limiting dilution technique (20% spent media from myeloma cultures
as growth supplements along with neonatal thymus cells as a feeder
layer) and subsequently grown as ascites tumors in pristane-primed

BALB/c mice.
In some studies the immunization protocol was modified to promote

MABs which recognize phenotypic antigens common among genetically
dissimilar tissues. This protocol, which we referred to as tandem immu
nization (1), entails the sequential injection of phenotypically similar
genotypically dissimilar antigen preparations or cell lines.

Monoclonal Antibodies from Other Investigators

To compare and contrast the reactivities of our RCC-reactive MABs

with those that had been previously reported, we received supernatant
fluids from 3 hybridoma cultures showing RCC and normal kidney
reactivities (a gift of Neil Bander, Sloan-Kettering Cancer Center). SK-
RC-S4 was shown to be reactive to the glomerulus and proximal tubules,
SK-RC-S23 to the proximal tubules, and SK-RC-S27 to the proximal

tubules and loop of Henle (5).

Specificity Testing

Antibodies were tested for reactivity against established human cancer
cell lines, fetal kidney cells, fetal fibroblasts, and adult kidney cells in a
solid phase ELISA. Cells were removed from flasks with 0.25% trypsin,
plated in microtiter plates (Costar, Cambridge, MA) at 50,000 cells/well,
and incubated overnight at 37Â°C (5% CO2). The cells were fixed with

0.15%glutaraldehydefor 15 min, washed with 0.1 M borate-saline buffer,
pH 8.5, containing 0.1% bovine serum albumin, and stored at 4Â°Cuntil

used. The ELISA was performed using the avidin-biotin immunoperoxi-
dase system as described in the manufacturer's protocol (Vector Labo

ratories, Buriingame, CA) incorporating either hybridoma supernatant
fluids, ascites, or purified MABs. o-Phenylenediamine hydrogen peroxide

(Abbott Laboratories, Chicago, IL) was used as the color indicator. Color
development was quantitated by a Multiskan MC spectrophotometer
(Flow Laboratories, McLean, VA) and reactivity was defined as 2 SDs
above the values obtained from a control MAB specific for AFP (UMVA-
AFP-02; 13), hereafter referred to as AFP-02. Several investigators have
donated human tumor cell lines for inclusion in the cell-binding ELISA
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panel: Michael Agrez (Mayo Clinic), cell line 1934J; Neil Bander (Sloan-
Kettering Cancer Center), cell lines SK-RC6 and SK-RC7; Thomas Carey
(University of Michigan), cell lines UM-SCC-1 and UM-SCC-2, SK-Mel-5,

and SK-Mel-22; DeKernian (UCLA), cell line Pastor; Clarence McGrath
(Michigan Cancer Foundation), cell line MCF-7; Carol O'Toole (University

of Tennessee), cell line T-24; and George Wright (Eastern Virginia Medical

School), cell line DIM 45. All cell cultures, human tumor lines, and
hybridomas were tested for mycoplasma contamination twice yearly
(Flow Laboratories, McLean, VA). All cultures reported herein remain

free of mycoplasma.
The cell-binding ELISA has also been adapted to screen for reactivity

against suspension cells and lymphocytes. Briefly 200,000 cells were
added to each well of the screening plate and attached to the well bottom
using poly-L-lysine (14). The cells were fixed and if necessary stored as

previously described herein.

Immunopathology

Surgical specimens were returned to the laboratory in ice-cold saline

within 1 h after excision and cut into pieces not exceeding 2 mm/side.
Each specimen was preserved by at least 2 of the following 3 methods:
(a) tissue pieces were snap frozen in supercooled 2-methylbutane (iso-

pentane; Eastman Kodak Co., Rochester, NY) and vials were stored at
-80Â°C; (o) specimens were submerged in 1 ml of ornithine carbamyl

transferase (Miles Laboratories, Naperville, IL) contained in wells of a
polyvinyl chloride 24-well tissue culture plate, frozen on dry ice, and
stored at -80Â°C; (c) tissues were placed in cold buffered formalin and

paraffin-embedded tissue blocks were prepared in the usual manner.

For analysis, samples were removed, sectioned with a cryostat (frozen
specimens) or microtome (paraffin-embedded specimens), and stained
(using immunofluorescence (15) or immunoperoxidase (16)). Immunoflu-
orescent tissue staining was performed on 4-^m cryostat sections ob

tained from either fresh or stored tissue, after fixation in either acetone
or 0.15% glutaraldehyde in PBS for 10 min and washing 3 times for 3
min each in PBS. The sections were then incubated with 50 ^l of purified
MABs (2 Mg/ml) or fresh culture supernatants for 30 min. The sections
were washed, overlaid with fluorescein isothiocyanate-labeled rabbit anti-
mouse IgG, and washed again. Goat anti-rabbit-fluorescein isothiocya-

nate conjugate was added and the slides were incubated for an additional
45 min at room temperature. The sections were washed and mounted
in wet Gelvatoll 20-30 (Monsanto, St. Louis, MO). Immunoperoxidase
staining was performed on both fresh-frozen and paraffin-embedded
tissue using as a secondary antibody goat anti-mouse IgG labeled with
horseradish peroxidase and 3',3'-diaminobenzidine tetrahydrochloride

as a color indicator. Sections were counterstained with hematoxylin. In
both procedures, controls consisted of AFP-02 and other lgG1 MABs

nonreactive with RCC tissue cultures at the same concentrations as the

MABs under evaluation.

Isotyping of MABs

Immunoglobulin isotype and subclass were determined by the Ouch-
terlony immunoprecipitation technique using rabbit anti-mouse immuno-

globulin subclass antibodies (Litton Bionetics, Kensington, MA).

Purification of MABs

Ascitic fluids were centrifuged at 100,000 x g for 25 min at 4Â°Cto

remove lipid and cellular debris. An immunoglobulin fraction was precip
itated from the supernatant by the addition of anhydrous sodium sulfate
over 1-2 h at room temperature with constant stirring to a final concen

tration of 20% (w/v). The mixture was stirred for an additional 45 min
and allowed to stand at room temperature overnight. The precipitated
immunoglobulin was collected by centrifugation at 15,000 x g for 25 min
at room temperature and dialyzed overnight at 4Â°C against 0.02 M

phosphate buffer, pH 8.0, containing 0.02% NaN3. Albumin and pro

teases were largely removed by passage of the sample over a CM Affi-
Gel Blue column (Bio-Rad Laboratories, Richmond, CA) equilibrated in

the same buffer. Fractions containing the immunoglobulins were pooled,
concentrated, and dialyzed against 0.02 M Tris-HCI buffer, pH 7.2,
containing 0.02% NaN3 using a Pro-Di-Con system (Bio-Molecular Dy
namics, Beaverton, OR). Aliquots were applied to a DEAE-Affi-Gel Blue
column (Bio-Rad) equilibrated in the same buffer at 4Â°C.After elution of

unbound components, non-IgG proteins were typically eluted with 0.02
M Tris-HCI buffer, pH 7.2, containing 0.008 M NaCI and 0.02% NaN3.
Monoclonal IgG was eluted isocratically with 0.02 M Tris-HCI buffer, pH
7.2, containing 0.018 M-0.040 M NaCI and 0.02% NaN3. Fractions of 1

ml were collected and absorbance at 280 nm was monitored. Appropriate
fractions were pooled, concentrated, and dialyzed against PBS. MAB
purification was assessed by sodium dodecyl sulfate polyacrylamide gel
electrophoresis using 10% gels (17). Gels were silver stained (18), dried,
and stored for reference. Using this protocol MAB yields ranged from
50-75% and purity consistently exceeded 90%. The contaminants were

usually limited to traces of albumin and higher molecular weight compo
nents.

Competition Assay

Purified MABs were radiolabeled with 125Iby the chloramine-T method

(19). A monolayer of RCC cells was established in wells of a 96-well

microtiter plate as previously discussed for the ELISA screening assay.
Unlabeled MABs at a concentration representing antibody excess (de
termined from ELISA studies) were added to replicate wells followed by
the addition of labeled MABs. For each unlabeled versus labeled antibody
combination the percentage reduction in labeled antibody binding was
calculated.

Complement-mediated Cytotoxicity

Three RC cell lines were radiolabeled with 51Cr (20) and added to

wells of a microtiter plate where they were allowed to attach overnight.
The wells were gently rinsed with PBS and 100 n\ of MAB at a concen
tration of 1 fig/ml (antibody excess) was added to each well. Following
incubation at room temperature for 1 h the wells were rinsed and baby
rabbit complement (Pel Freeze, Inc., Rogers, AR) was added at a 1:20
dilution. Controls included (a) AFP-02 at the same concentration as the
test antibodies, (tÃ)a highly cytotoxic anti-human polyclonal antibody (gift

of Dr. Condi, University of Minnesota), and (c) distilled water which lysed
the cells in the absence of complement. After 1 h at room temperature
100 n\ was removed from each well for determination of released 51Cr.

Cytotoxicity was calculated as

Test MAB cpm - AFP-02 MAB cpm

Maximum release cpm - AFP-02 MAB cpm x 100

Antigen Characterization

Membrane Preparation. Cells grown to a heavy monolayer were
washed twice in Dulbecco's phosphate-buffered saline, pH 7.4 and

released with 2.5% butanol in DPBS. After being washed 3 times in
DPBS, cells were suspended in 1 mM NaHCO3-1 mM phenylmethylsul-
fonyl fluoride and disrupted by four 1-min intervals (setting 70) with a

Virtis homogenizer. Cytosol preparations and membrane fragments were
recovered by differential centrifugation. Membrane fragments were
washed once with DPBS and suspended in fresh DPBS. Cytosol prep
arations were concentrated and dialyzed against PBS.

Metabolic Radio-labeling, Solubilization, and Radioimmunoprecipi-

tation of Cellular Antigens. RCC cell line 769P was internally labeled
using L-[meihy/-3H]methionine and [3H]glucosamine-HCI (20 and 15 Ci/

mmol, respectively; Research Products International, Inc., Mt. Prospect,
IL) with methionine-free medium HB-101 at approximately 150 //Ci/ml

(Hana Media, Inc., Berkeley, CA) containing 2 mw glutamine and 1 mw
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pyruvate. Cell lysates were prepared using 0.05% Nonidet P-40 as

described (21). Aliquots of the radiolabeled cell lysate (200 n\, approxi
mately 2.6 x 106 cpm) were incubated with 1 Â¿igMAB for 8 h at room

temperature with constant mixing. Twenty ^l goat anti-mouse IgG (Cap-

pel Laboratories, Cochranville, PA) was added and incubated overnight
at 4Â°C.Immune complexes were precipitated by the addition of 50 /jl of

a 10% suspension of protein A-agarose beads (Sigma Chemical Co., St.

Louis, MO) which had been preincubated in PBS containing 0.05% nonfat
dry milk, 0.001% Antifoam A (Dow Corning, Midland, Ml), 0.01% thimer-

osal, and 10% normal horse serum and incubation with constant mixing
for 8 h at 4Â°C.Beads were washed 3 times with 500 ^l PBS containing

0.05% Tween 20 and 0.05% NaN3 and incubated with reducing electro-
phoresis sample buffer (17) for 5 min at 100Â°C. Sodium dodecyl sulfate

polyacrylamide gel electrophoresis was carried out as described by
Laemmli (17) on 10% gels. Gels were soaked for 30 min in ENLIGHTNING
(New England Nuclear, Boston, MA) containing 1% glycerol dried, and
fluorography was carried out at -70Â°C for 2-3 wk.

Enzymatic and Chemical Treatments. For trypsin and papain treat
ment, RCC cells were released from tissue culture flasks with 2.5%
butanol in DPBS and washed with DPBS. Suspended cells (4 x 106

cells/ml) were treated with 0.25% trypsin-tosylphenylalanyl chloromethyl
ketone (Sigma) for 1 h at 37Â°C or with papain (1 unit/106 cells/5 ml;

Sigma) for 30 minutes as described (22). Protease-treated and control
cells were washed 3 times in DPBS, centrifuged into poly-i-lysine-treated
96-well microtiter plates (approximately, 50,000 cells/well), and fixed

with 0.15% glutaraldehyde in PBS. In other studies, cells grown overnight
in microtiter plates (approximately, 50,000 cells/well) were fixed with
glutaraldehyde and treated with either neuraminidase (1.2 x 10~3 units/

ml/106 cells; from Vibrio cholerae) (23) or with 10 mM sodium meta

periodate (50 Ml/well) as described (24). To test for antigen thermosta-
bility, crude membrane preparations in DPBS were incubated at 100Â°C

for 5 min. Aliquots of heat-treated and control membrane preparations

as well as cytosol preparations were then added to wells of polyvinyl
chloride microtiter plates (1.6 ^9 protein/well), dried overnight at 37Â°C,

and fixed with glutaraldehyde. In the final series of experiments, glutar-
aldehyde-fixed cells or membrane preparations were treated with meth-
anol for 30 min at 4Â°C.For all of the studies described herein, treated

cells, cytosol preparations, or membrane preparations along with their
appropriate controls were tested for MAB reactivity by the ELISA pro
cedure described previously using a series of MAB dilutions ranging from
100 to 3.1 ng/ml.

RESULTS

Hybridomas Produced. Four MABs, designated as UMVA-
RCC-A6H, UMVA-RCC-A36, UMVA-RCC-C5H, and UMVA-
RCC-D5D are described herein and best represent the patterns
of reactivity we have observed in our studies of RCC-reactive

MABs. These MABs, hereafter referred to as A6H, A36, C5H,
and D5D, respectively, are of the lgG1 subclass, express the K
light chain, and when passaged in vivo yielded from 2-6 mg of

immunoglobulin/ml of ascitic fluid. Also the hybridomas have
been stable producers for over 1 yr, are easily recovered from
frozen storage, and remain mycoplasma free. MAB A6H resulted
from a tandem immunization schedule using 5 different human
fetal kidney homogenates (fusion with P3X63-Ag8.653). MAB

A36 originated from an immunization protocol utilizing RCC
homogenates (fusion with P3-NS1-Ag4-1) and MABs C5H and
D5D resulted from a 5-mo, 6-injection immunization of the RCC
cell line 7860 (fusion with P3X63-Ag8.653).

Reactivity with Tissue Culture Cells. Mouse ascites from
each of the 5 hybridomas were collected and adjusted to 1 mg

IgG/ml. Each MAB was titered against a panel of 36 established
human cell cultures using the cell-binding ELISA system (Table

1). These results illustrate that D5D is the most restricted,
reacting with 12 of 14 RCC cell lines but not other human tumor
lines. D5D does not react in the cell-binding ELISA with fetal

kidney or fibroblast cell cultures, RBC, or peripheral blood lym
phocytes. However, all 4 MABs, including D5D showed some
reactivity with early passage cultures of adult kidney (N = 5).
These cultures were established from kidneys resected for RCC

Table 1

Titration of MABs against various human tumor cell lines

Approximately 50,000 tissue culture cells were seeded into each well, allowed
to attach overnight, and fixed with glutaraldehyde. MAB reactivity was determined
using a cell-binding ELISA. The data are presented as the lowest concentration of
MAB (ng/ml) that results in a positive reaction, defined as 3 SDs above the
absorbance of control MAB AFP-02, which was included in each assay as an
indicator of nonspecific binding.

Lowest MAB concentration (ng/ml)
yielding a positivereactionCell

linesRenal

cellcarcinoma769P1072F1934J7860A704ACHNCAKI-1CAKI-2PastorSK-RC6SK-RC7TK-10TK-164TK-204Bladder

carcinoma253J486P575A639V647V5637Prostatic

carcinomaDU-145MelanomaSK-Mel-5SK-Mel-22Breast

carcinomaMCF-7SK-BR-3Lung

carcinomaA-427SK-Mes-1Squamous

cellcarcinomaUM-SCC-1UM-SCC-2Colon

andbowelcarcinoma1976LHT-29SW-48Testicular

carcinoma833K1156Q1411HA6H25525551551255511NRNR500NRNRNRNRNRNRNR500NRNRNRNR550NRNR100NRA36752525255112025252055052525500525252515252552525252525500500255C5H505050500505025501005005010025255050050500500NR251NR100500NRNR100500500500NRNR500NRD5D25252515255NRa1252525NR1NRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRAFP-025,0001,0001,0005,0001,0001,0005005005.00010,000500-

5001,0001005,0005,00010,0005,0001,0005005005005005005,0005005001.0005,0005001.0005,0001,000500508

NR, nonreactive.
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but the tissue used for culture was thought to be free of tumor
cells. While such reactivity could be expected from MABs A6H,
A36, and C5H, the reactivity of D5D to these adult kidney
cultures remains a paradox since D5D never significantly reacted
with the normal kidney tissue (N = 11 ; vide infra) using immu-

nohistochemical staining techniques. Several possible explana
tions are being explored: (a) the ELISA may detect the presence
of antigens which are not detectable by Â¡mmunohistochemical
techniques; (Ã³) in culture, adult but not fetal kidney cells are
induced to produce low levels of the antigen; or (c) the adult
kidney cultures arising from kidneys bearing RCC may actually
contain some tumor cells. Unfortunately the opportunity to es
tablish adult kidney cultures from tumor- or disease-free, non-

autopsy kidneys does not present itself frequently enough to
address sufficiently this issue here.

A6H was also relatively restrictive, reacting with all 14 RCC
lines but few other cancer lines (5 of 22): 1 of 6 transitional cell
carcinoma of the bladder cell lines; 1 of 2 breast carcinoma cell
lines; 2 of 3 colon and bowel cell cultures; and 1 of 3 testicular
carcinomas. No reactivity has been observed against RBC or
lymphocytes. MAÃŸC5H reacted with the majority of the human
tumor cell lines (29 of 36) including all of the RCC cultures. RBC
and lymphocyte reactivity was not observed. MAÃŸA36 reacted
with nearly all of the tumor cell lines but not RBC or lymphocytes.
With the exception of C5H, the MABs were highly reactive, often
yielding a positive response at 1 ng/ml against the RCC cell
lines.

Immunopathology. To determine whether the reactivity pat
terns of tissue cultured cells were an accurate reflection of in
vivo antigen expression, the immunohistochemical reactivity of
our MABs was further examined by testing against a tissue panel
consisting of surgical specimens of human tumors, normal adult
tissue, and fetal tissues. Assessment of staining reactivities was
made on the basis of intensity, uniformity, and kidney-organelle

reactivities (e.g., proximal tubules, distal tubules, glomeruli). Rep
resentative immunohistochemical reactivity profiles of the 4
MABs are shown in Table 2. While the data in Table 2 represent
an analysis of immunofluorescent staining patterns using cryo
stat sections of fresh frozen specimens, the MABs have been
tested against paraffin-embedded tissues (immunoperoxidase

technique). With the exception of C5H, which does not react
with paraffin embedded tissues, the profiles were similar, al
though the degree of reactivity was usually weaker. In addition
to the tissues listed in Table 2, there were 3 opportunities to
study both the primary RCC and its mÃ©tastases. The tissues
were immunofluorescently stained with A6H, C5H, and D5D
(Table 3A). The intensity of the staining and the pattern of staining
were similar in each series. One of these primary RCCs (;'.e.,

3441P) was established as a xenograft designated TK-3441 and

was included in a subsequent series of experiments (vide infra;
Table 3B). Other studies showed that neither A6H nor D5D
reacted with 3 non-RCC renal tumor foci (Wilm's, 2; oncocytoma,

1) or with a transitional cell carcinoma of the bladder metastasis
to the kidney.

The results of the tissue immunohistochemical studies illus
trate patterns of reactivity which are mostly similar to those
obtained in the cell-binding ELISA and provide additional infor

mation concerning the expression of the recognized antigens.
D5D remained the most restricted, reacting in a weak-moderate

degree with most RCC surgical specimens (14 of 19 primary and
metastatic samples) but not with any other human tumors or
non-RCC normal and fetal tissues in the panel (0 of 28 tissue

samples) and exhibiting an apparent absence of any consistent
reactivity with adult or fetal kidney (0 of 19 tissue samples). (D5D
on rare occasions has reacted in a +/- to 1+ level with the
Bowman's capsule.) A6H identifies an epitope shared by RCC

(14 of 17 specimens), 6 of 12 colon carcinomas, and the proximal
tubules of normal and fetal kidneys. No other cancer or normal
tissues expressed the A6H reactive antigen although more
breast carcinomas tissues need to be evaluated since A6H did
react with a breast carcinoma cell line. C5H reacts well with RCC
(17 of 19 tissues), most other human tumor sections (41 of 55
samples), and the glomerulus of normal and fetal kidney, but not
other nontumor tissues (0 of 72 tissue sections). A36 recognizes
an antigenic determinant shared by RCC, most of the other
human tumors, and all normal adult and fetal tissues. In the fetal
kidney, which during the second trimester of gestation contains
the spectrum of primitive to fully differentiated tubules (a grada
tion from the cortex to the medulla, respectively), A36 identifies
a component restricted to the more differentiated proximal and
distal tubules. The adult distal tubules no longer express this
epitope although it remains prominent in the proximal tubules.

In Fig. 1 a photographic composite of both normal kidney and
RCC tissue sections illustrates the patterns of reactivity com
monly observed with the 3 most restricted MABs, A6H, C5H,
and D5D. The distinct reaction of A6H with the proximal tubules
of normal kidney and of C5H with the glomerulus is contrasted
with the nonreactive D5D MAB on normal kidney. The 3 RCC
tissue sections show moderate to intense MAB staining reactiv
ities.

Antigen Expression in RCC Nude Mouse Xenografts. Stud
ies were performed to determine whether xenografts established
in nude mice from the s.c. implantation (approximately 25 mg) of
surgical RCC specimens expressed the antigens recognized by
the 5 MABs. The xenografts in this study have been carried by
serial passage in the nude mouse colony for periods of 1 to 3 yr
(25). These data, presented in Table 3B, illustrate a retention of
antigen expression in RCC xenografts.

Competition Studies. Eight nonradiolabeled MABs (i.e., A6H,
A36, C5H, D5D, AFP-02, S-4, S-23, and S-27) were evaluated

for an ability to compete with radiolabeled A6H, C5H, and D5D
using as targets 2 different RCC cell lines, 1072F and 7860. As
expected, each of the 3 radiolabeled MABs were significantly
inhibited by their nonlabeled counterpart; all exceeded 70%
reduction of radiolabeled MAB binding. There was no competition
among the remaining 5 and the 3 radiolabeled MABs.

Complement-mediated Cytotoxicity. None of the 4 lgG1
MABs exhibited complement-mediated cytotoxicity when tested

against 3 RCC cell lines that expressed the antigens; the level
of cytotoxicity was not significantly different from the negative
control MAB in the presence of complement (data not shown).

Antigen Characterization. In preliminary characterization
studies, the sensitivity of antigens recognized by MABs A36,
D5D, A6H, and C5H to various chemical and enzymatic treat
ments was examined. The effects of the various treatments on
reactivities with the MABs was usually assessed in ELISA by
comparing MAB titration curves obtained with treated and control
cells or membrane preparations. However, acetone treatment
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Table2
Reactivity of MABS with human tumor and normaland fetal tissues

These data represent a subjective determinationof immunofluorescentstaining against a variety of human
tissues which were fresh frozen in isopentane, sectioned, and fixed in glutaraldehyde.The respective MAB
was placed on each section, the slides were washed, and both fluorescein isothiocyanate-labeledrabbit anti-
mouse IgG and fluorescein isothiocyanate-labeledgoat antirabbit were used to detect reactivity. One investi
gator (D. P.) performed all of the determinationsand made a qualitative judgment relating to staining intensity,
uniformity, and specific tissue organellereactivity. MAB AFP-02 was used as a control for nonspecificbinding.
The number of tissues within each of the 3 reactivity groups (0 = none; 1-2+ = weak to moderate; 3-4+ =
strong) is given for each MAB.

A6HTissueCancerBladder3BreastColonKidney

(oncocytoma)Kidney
(RCC)Kidney

(RCCmetastasis)Kidney
(metastasisfromtransitional

cell carci
noma,bladder)Kidney

(Wilms1)LipoblastsLungPancreaticPenileProstateNormalBladderColonKidneyLiverLungProstateSeminal

vesiclesSpleenStomachTestisFetalBladderBone

marrowColonKidneyLiverLungPancreasSpleenStomachThymus05161211301124450464033414504526341-2+00609100000000011*00000000008"0000003-4+0000400000000000000000000000000000000000000001000000000000000000000A361-2+506091100011864e*54503221026"3315033-4+2040400000003014100000000201000200103020011102345046413342450752634C5H1-2+618114211001040Ot11"00000000008"0000003-4+000010010000000000000000000000000071111501311127451146413352458752634D5D1-2+00001220000000000000000000000000003-4+000000000000000000000000000000000

Transitionalcell carcinoma.
5See text for description of selective renal staining patterns.

was carried out on tissue sections used for immunofluorescence
staining, since this solvent could not be used in the 96-well

plastic ELISA plates. Results of these studies are summarized
in Table 4. The antigen recognized by MAB A36 was affected
solely by papain treatment. Reactivity with MABs D5D, A6H, and
C5H was reduced by methanol treatment or 100Â°Cfor 5 min.

The antigens recognized by MABs D5D and C5H were sensitive
to trypsin and in addition the C5H determinant was sensitive to
periodate oxidation.

Immunoprecipitation experiments utilizing Nonidet P-40 ex
tracts of L-[mef/jy/-3H]methionine-[3H]glucosamine-HCI metabol-

ically labeled RCC 769P cells were carried out and followed by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis to
identify MAB-reactive antigens. MAB C5H precipitated a com

ponent with an approximate molecular wt of 115,000 (Fig. 2).
Similar results have been obtained in immunoprecipitation stud
ies with MAB C5H and L-[metfjy/-3H]methionine-labeled RCC

7860 cells (data not shown). Components in the radiolabeled
extract of RCC cells reactive with the other MABs have not yet
been identified using the immunoprecipitation methodology de
scribed and alternate methods are being tested.

DISCUSSION

RCC is a common cancer with approximately 20,000 new
cases annually. In its early stages, RCC is often insidious and
asymptomatic with the result that approximately 60% of RCC
patients have known or occult metastasis on initial diagnosis for
which there is no effective treatment. Our objectives have been
to develop MABs that react with RCC for use clinically and/or to
provide new information concerning the biology of RCC.

One of the most restricted MABs described herein (A6H) was
produced from a tandem immunization protocol (i.e., sequential
injection of phenotypically similar but genotypically dissimilar
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Table 3
RCCprimary, metastatic,and xenogran immunohistochemicalreactivities

In part A three pairs of primary and metastatic RCC tissues were evaluated by
immunofluorescenceand graded on a - to ++++ basis for intensity and uniformity
of MAB reactivity. Fluorescein Â¡sothiocyanate-labeledrabbit anti-mouse IgG fol
lowed by fluorescein isothiocyanate-labeledgoat antirabbit were used in these
studies as the secondary and tertiary antibodies; MAB AFP-02 was used as a
control for nonspecific binding. In B 3 RCC xenografts were similarly evaluated
includingone, TK-3441, which orginated from surgical specimen3441P in A.

RCC tissue
specimens

Immunofluorescentgrading

A6H C5H D5D

1133 (primary)
1133 (metastatic)
1166 (primary)
1166 (metastatic)
3441 (primary)
3441 (metastatic)

B. Xenografts
TK-3441
TK-177G
TK-185

Table 4
Reactivity of RCCcells with MABs following chemical and enzymatic treatments

An ELISA cell-bindingassay was used to determine the effect of these agents
or treatments on RCC cell lines 7860 and 769P. For each treatment and MAB
combination, titration curves were plotted and compared to nontreated control
cells. The data are presented as posttreatment MAB reactivities.

Posttreatment MAB reactivity

TreatmentTrypsinPapainPeriodateNeuraminidaseMethanol100Â°C,

5min"Acetone0GlutaraldehydeA6HR8DRRDNRRA36RDRRRRRRC5HDDDRDDRRD5DDRRRDDRR

a R, reactivity retained; D, reactivity decreased; N, no reactivity.
" Membranepreparations were treated as described in the text.
c Results were obtained from immunofluorescencestaining using acetone as a

fixative.

tumors, tissues, or cell cultures) (1). Briefly this strategy pro
motes a hyperimmune response to antigens shared among the
cells but with minimal reinforcement of the allogeneic antigens.
This approach may increase the chances of developing promising
tumor-reactive MABs and recently this technique has been used
by others to develop MABs reactive with small cell lung carci
noma (26).

In the process of evaluating our MABs with the cell-binding

ELISA and by immunohistochemistry, several interesting obser
vations were made concerning malignant cell antigen expression
in general. For example, the results support previous reports
that phenotypically similar tumor cell lines often exhibit different
antigenic properties (6, 27). Although our 14 RCC cell lines were
characteristically epithelioid and derived from histologically
proven RCC, the cultures differed in many properties, including
growth rate, lipid content, and ability to grow in nude mice. In
both ELISA and immunohistological studies, D5D recognized an
antigenic determinant expressed by most but not every RCC cell
line. Furthermore the "nonspecific" binding of AFP-02 to the RCC

cell lines was variable among the cultures and underscored the
necessity to utilize a negative control MAB in cell-binding ELISA

studies. One concern of using cell lines in screening assays is
that antigenic modulation may occur over time. However, for the

-206 K

-116K
-97.4 K

-66 K

-BPB

Fig.2. Fluorographsof immunoprecipitatesobtained from lysates of metaboli-
cally labeledRCC 769P cells. Cell lysates were incubatedwith MAB C5H (Lane 7)
or irrelevant MAB AFP-02 (Lane 2) and analyzed by sodium dodecyl sulfate-
polyacrylamidegel electrophoresis(reducingconditions)as described in "Materials
and Methods." Molecular weight standards: myosin (M, 205,000); /i-galactosidase

(M, 116,000); phosphorylase b (M, 97,400); bovine serum albumin (M, 66,000).
BPB, bromophenol blue; K, thousands.

4 antigenic epitopes identified by MABs A36, A6H, C5H, and
D5D, insignificant fluctuations in the cell-binding ELISA occurred
during an 18-mo evaluation period.

Immunohistochemical studies of ELISA-positive cultures indi
cated that the 4 MAB-reactive antigens were expressed on the
cell membrane (densely speckled staining pattern) and within the
cytoplasm. MABs A6H, A36, and D5D reacted with >90% of the
cells in each of these RCC cell lines, whereas C5H characterist
ically reacted with 25-50% of the cell population. There was no

correlation of staining patterns or intensity with gross morpho
logical criteria such as cell size, cell clumping, or mitosis. How
ever, cell to cell intensity did vary in these cultures. As others
have noted (28), antigen expression was found to be influenced
by the method of cell or tissue fixation. For example, the antigen
recognized by C5H was rendered immunologically nonreactive
following formalin fixation of cells or tissues. With the exception
of D5D reactivity with adult kidney cultures but not with fresh
tissue sections our overall immunohistochemical results concur
with those of Bander (9) who reported that cell line ELISA
reactivities coincide with immunohistochemical analysis of fresh
tissue specimens.

The MABs which we have described supplement previous
reports of MABs reactive to RCC (5, 7-10, 29), all of which also
react with some non-RCC tissues. Three of the 4 MABs which

we described similarly exhibit reactivities with components of the
normal nephron and/or other cancers. Only MAB D5D appears
to recognize an antigen restricted to RCC but more sensitive
assays or inclusion of other tissues than used herein may reveal
the D5D antigen on other cells. The association of lymphoid
antigens with renal components (e.g., proximal tubules, glomer-
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ulus, etc.) and RCC is well established (6) as is the expression
of other "normal" or "embryonic" antigens by RCC (7). In collab

oration with Bander (8), who has used RCC-reactive MABs to

study antigen expression in RCC and the normal nephron, we
obtained 3 RCC-reactive MABs (S4, S23, and S27) for compar
ison to our RCC-reactive MABs. In preliminary studies involving
our cell-binding ELISA, immunohistology, and direct competition,

the reactivity patterns observed suggest different antigenic de
terminants were recognized. A more accurate evaluation and
comparison must await the identification and characterization of
antigens reacting with our MABs.

Despite extensive efforts to immunoprecipitate the RCC-as-

sociated antigens recognized by MABs A36, A6H, C5H, and
D5D, we have been successful only in the case of MAÃŸC5H,
which identifies a component of M, 115,000. The present studies
do not differentiate between a protein or glycoprotein nature of
the molecule. Like the determinant recognized by MAÃŸC5H,
those recognized by MABs A6H and D5D are heat labile,
whereas the D5D determinant is sensitive to trypsin. Such ob
servations suggest a role for polypeptide in the integrity of these
epitopes; furthermore molecules bearing these epitopes should
theoretically be amenable to identification by immunoprecipita-
tion and sodium dodecyl sulfate-polyacrylamide gel electropho-
resis. However, we and others (5, 30-32) have thus far been
unsuccessful in immunoprecipitating some apparently proteina-

ceous antigens recognized by MABs. Alternative approaches to
the identification and further characterization of RCC-associated

antigens recognized by MABs A36, A6H, and D5D are underway.
MABs reactive preferentially to RCC might be utilized in a

manner that improves patient care. Studies are underway to
determine whether any of these MABs detect antigens shed or
secreted into the blood, urine, or renal cystic fluid (33, 34).
Another potential application of RCC-reactive MABs is in the

localization of occult metastatic disease or identification of ques
tionable renal masses through radioimmunoscintigraphy. Several
excellent reviews have recently addressed this potential appli
cation of tumor-reactive MABs (35-37). We have demonstrated

that A6H localizes specifically in RCC xenografts and radioim
munoscintigraphy studies have provided clear images of xeno
grafts weighing approximately 50 mg (38, 39). Recent studies
with MABs D5D and C5H have yielded similar results (40).

MABs which localize in vivo at the site of RCC foci might
provide opportunities for the effective treatment for metastatic
disease where there is none currently by linkage of the MAB to
a chemotherapeutic drug, radionuclide, or toxin (41-43). Al

though we have not specifically evaluated the ability of our MABs
to participate in an antibody-mediated cytotoxicity response,

they do not bind complement and since they are of the lgG1
subclass we believe their potential as comediators of a host
response to be less than as carriers of cytotoxic agents. In
preliminary nude mouse radioimmunotherapeutic studies one
100-MCi dose of 131l-labeledA6H significantly retards the growth

of established RCC xenografts whereas 2 doses over a period
of 3 wk arrests progression and initiates a long course (>120
days) of tumor regression (44).
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Fig. 1. RepresentativeÂ¡mmunofluorescentstaining of normal kidney and RCC. These are the typical staining patterns observed with MABs A6H (A and B), C5H (C
and D), and D5D (E and F) on normal kidney (A, C and E) and RCC (B, D and F) sections. The specimens were flash frozen in isopentane and 4-jim sections were
prepared. Sections were fixed with glutaraldehyde and thoroughly washed. The sections were then incubated with 50 >ilof purified MAB (2 pg/ml) for 30 min, washed,
and overlaid with fluorescein isothiocyanate-labeledrabbit anti-mouse IgG and fluorescein isothiocyanate-labeledgoat antirabbit. Note pronounced proximal tubular
staining inA with A6H and glomerularstaining in C with C5H. D5D exhibits no normal renal reactivity in E. All 3 MABs stained the RCC sections.
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