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Abstract—Mouse monoclonal antibodies to human urinary bladder carcinoma
cells have been examined by indirect membrane immunofluorescence using a panel
of 27 human cell lines. Two of the monoclonal antibodies, TE9 (IgG3) and S2C6
(IgG1), were found to distinguish between urinary bladder carcinoma cells and
normal urothelium. The third monoclonal antibody, T24.06.5(IgGl), dis-
criminated among cell lines of urothelial and non-urothelial origin but did not
distinguish between urinary bladder carcinoma and normal urothelial cells. None
of the of the antibodies was found to be strictly selective, and occasional cross-
reactions with unrelated cell types were observed. The monoclonal antibody 7E9,
showing the highest degree of selectivity, was further examined by an indirect
immunoperoxidase technique on frozen tissue sections from 19 patients. The
antibody reacted with all (7/7) bladder carcinomas examined and gave negative
results with control normal bladder mucosa (0/8) and unrelated tumor tissue (0/4)
sections. The TE9 antibody was purified by protein A affinity chromatography,
labeled with '] and used for gamma-scintigraphy in nude mice xenografted with
human urinary bladder carcinoma T24. The TE9 antibody was capable of locating
the T24 xenografts in nude mice; it localized preferentially in the T24 tissue
compared to normal mouse tissues. The T24 xenografts could not be detected by
gamma-scintigraphy with 3'1-labeled monoclonal antibody against human
mammary carcimona cells and two other control antibodies. Likewise the 13'1-
labeled TE9 antibody was not capable of locating human mammary carcinoma
xenografts in nude mice.

INTRODUCTION

HUMAN urinary bladder carcinomas carry tumor-
associated antigens (TAA) capable of eliciting
both humoral and cell-mediated immune
responses in tumor patients [1-10]. These TAA
may serve as targets for specific antibodies
carrying radionuclide molecules. Selective
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binding of the radiolabeled antibodies and a high
concentration of radioactivity in tumor tissue can
be detected by gamma scintigraphy and used for
radioimmunolocalization of tumors.

The first attempts in the area of tumor
radioimmunodetection were initiated several
decades ago [11]. However, the progress has been
hampered by two major difficulties: general
unavailability of suitable antibodies to give
sufficient  target-to-non-target contrast for
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imaging, and the difficulty of reproducible
preparation and purification of tumor antibodies.
The required high specificity, homogeneity and
purity of the immunological reagents was first
provided by a more recent development by Kéhler
and Milstein [12] of the monoclonal antibody
technique.

Since the original discovery of Kohler and
Milstein, the monoclonal antibodies have been
successfully used for radioimmunolocalization of
tumors both in experimental animals [13-23] and
in cancer patients [15, 24]. A variety of
monoclonal antibodies directed against carcino-
embryonic antigen and against TAA of terato-
carcinomas, osteogenic sarcomas, hepatocellular
carcinomas, melanomas, colon carcinomas and
mammary carcinomas have been utilized [13-24].

In this communication we describe imaging of
human urinary bladder carcinoma xenografts
with radiolabeled monoclonal antibody showing
a high degree of selectivity and directed against
TAA of transitional urinary bladder carcinoma
(BTCC) cells. The TAA of BTCC against which
the radiolabeled monoclonal antibody (Mab) was
directed had been previously characterized as a
92K glycopeptide [25].

MATERIALS AND METHODS

Cell lines

Long-term cultures of human transitional cell
carcinomas of the urinary bladder T24 [26], RT4
[27], TCCSUP [28], E]J (established by Daly; see
[29]), HU549, HU961b, HU456 [8, 30, 31] and
HU1703He (established by Don and Kieler;
unpublished) were utilized. For comparison, the
following cell lines were used: a cell line
established from a squamous-cell carcinoma of
the urinary bladder SCaBER [32], cell lines
derived from non-malignant human urothelium
HCV29 (established by Fogh; see[33]) and HU609
[8, 31] and the non-tumorigenic BT CC-derived
HU1734 (established by Don and Kieler; un-
published) as well as human cell lines of non-
bladder origin: MCF 7 [34] and MDA-MB-231[35]
derived from a mammary carcinoma, Hel.a [36]
derived from a cervical carcinoma, 2T [37] derived
from an osteosarcoma, MEL-1 [38] derived from
malignant melanoma, HS (Troye, unpublished)
derived from prostatic carcinoma, T cell leukemia
MOLT4 [39], pre-erythroid leukemia K562 [40]
and Burkitt lymphoma cell lines RAJI [41],
RAMOS [42], DAUDI [43], P3HRI1 [44] and
marmoset line B95-8 [45]. In addition, diploid
human embryo fibroblasts of lung origin (LEP,
obtained from the Institute of Sera and Vaccines,
Prague) and human fibroblasts derived from

subcutaneous connective tissue (154, established
by Kieler; unpublished) were also employed.

Monoclonal antibodies

The construction of mouse hybridomas that
secrete antibodies to human urinary bladder
carcinoma cells is described in detail elsewhere
[46]. Briefly, a modification of the method of
Fazekas de St. Groth and Scheidegger [47] was
used. Immune spleen cells were obtained from
BALB/c mice immunized intraperitoneally with
viable cells from transitional bladder carcinoma
cell lines TCCSUP and EJ (monoclonal anti-
bodies 7E9 and S2C6) or T24 (monoclonal
antibody T24.06.5). The immune spleen cells
were fused with Sp2/0Agl4 myeloma cells
{(monoclonal antibodies 7E9 and S2C6) or P3-
X63-Ag8-653 myeloma cells (monoclonal anti-
body T24.06.5) and the resulting hybridoma cells
were selected in the HAT medium and cloned.
Hybridoma supernatants from wells with colonies
originating from single cells were screened using
a cell-ELISA test, and selected cell clones were
expanded. Immunoglobulin isotypes were
determined either by immunodiffusion in 1%
agarose gels with class- and subclass-specific
rabbit anti-mouse antisera from Bionetics,
Kensington, MD, U.S.A. (monoclonal antibodies
7E9 and S2C6 [46]) or by a modification of
enzymoimmunological assay using nitrocellulose
carrier membranes and rabbit antibodies specific
for subclasses of murine immunoglobulins from
Miles, Vienna, Austria (monoclonal antibody
T24.06.5 [48]). The isoelectric point of the
T24.06.5 monoclonal antibody (pI 5.9-6.0) was
determined by isoelectric focusing in the agarose
gel (Agarose IEF, Pharmacia, Uppsala), blotting
of the separated protein into the nitrocellulose
membrane, visualization of the antibody band by
immunoperoxidase staining and comparison of
its position with those of monoclonal antibodies
of known isoelectric points.

Immunofluorescence

Indirect immunotluorescence for detection of
membrane epitopes was performed with mono-
clonal antibodies directed against human urinary
bladder carinomas (7E9, S2C6, T24.06.5) or
control monoclonal antibody against human
growth hormone (anti-HGH, a generous gift
from Dr. I. Jonsdottir, University of Stockholm)
and FITC-conjugated rabbitanti-mouse immuno-
globulin (Dakopatts, Copenhagen, Denmark, or a
generous gift from Dr P Manéal, Institute of Sera
and Vaccines, Prague, Czechoslovakia). A modifi-
cation [49] of the method first described by Méller
[50] for the demonstration of mouse cell-surface
isoantigens was used.
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Immunoperoxidase technique

An indirect immunoperoxidase method [51]
was utilized. In the staining procedure the frozen
tissue sections were dried, fixed with 1%
formaldehyde for 5 min at room temperature,
exposed to the respective monoclonal antibody
(30 min at 37°C) and washed twice for 5 min with
Tris-saline. The slides were then reacted with
peroxidase-coupled, rabbit anti-mouse IgG
serum (Dako, Copenhagen, Denmark), washed
again and developed with a solution of 3,3’-
diaminobenzidine tetrahydrochloride (Sigma, St.
Louis, MO, U.S.A.) and hydrogen peroxide. The
tissue sections were counterstained with Mayer’s
hematoxylin to facilitate visualization of the
nuclei and cytoplasm. The characteristic dark
reddish-brown reaction present in the majority of
cells was considered positive. The preparations
were read independently by two pathologists.

Patients

Tissue samples from patients with transitional
urinary bladder carcinomas and from control
patients were obtained from the Department of
Urology, Hvidovre Hospital, Hvidovre; Depart-
ment of Urology, Kebenhavns Amtssygehus,
Herlev and Department of Pathology, Finsen
Institute, Copenhagen, Denmark. Samples of
urinary bladder carcinoma tissue from three
patients with non-invasive, grade II BTCC and
four patients with invasive, grade III BTCC were
examined. Control samples of normal bladder
mucosa were obtained from four patients with
BTCC, two patients with prostatic hypertrophy
and two patients with urolithiasis. In addition,
tumor samples from two patients with mammary
adenocarcinoma and one patient with leiomyo-
sarcoma and embryonal carcinoma of the testis
were used. The diagnosis of bladder carcinoma
was based in all cases on cystoscopy and on
histological examination of tumor specimens.

Animals and tumors

Two-month-old athymic nude mice (BALB/,
females, Institute of Biophysics and Nuclear
Medicine, Faculty of General Medicine, Charles
University, Prague) served as recipients of human
carcinoma T24 [26] and MDA-MB-231 [35]
xenografts. The xenografts were grown by serial
transplantation and routinely transferred when
1-2 cm in diameter.

Gamma scintigraphy

Monoclonal antibodies were purified by
affinity chromatography on a protein A-
Sepharose 4B matrix according to Ey et al. [52].
Purified monoclonal antibodies were labeled
with 13! (148-185 MBqg/mg protein) using the

chloramine-T method [53]. Free iodine was
removed by gel filtration on a Sephadex G10
column. Nude mice whose thyroids were blocked
by the addition of iodine (Lugol) solution to
drinking water and who were bearing tumors
1.0-2.0 cm in diameter were given i.p. or 1.v.
injections of 0.1 ml of buffered phosphate
solution containing 20 ug of the respective '3!1-
labeled monoclonal antibody (3.7 MBq). Mice
were anesthetized with 3 mg of pentobarbital per
100 g body wt and placed prone on the collimator
face. Images were obtained using a parallel-
pinhole collimator (360 keV) and a Pho Gamma
V camera (Nuclear Chicago Siemens Gamma
Sonics, Chicago, IL, U.S.A.) linked to a PDP
11/34A computer (Digital Equipment Corpora-
tion, MA, U.S.A.) with data display.

RESULTS

Selectivity of monoclonal antibodies 7E9, S2C6
and T24.06.5 is illustrated in Table 1. The 7E9
antibody reacted with seven of the nine bladder
carcinoma cell lines; it did not react with any of
three different urothelial cell lines of normal
origin or with two fibroblast cell lines. Nor did it
react with eleven non-bladder tumor cell lines.
However, the 7E9 antibody gave a positive
reaction with HeLa cells and a marginal reaction
with MEL-1 cells.

The S2C6 antibody reacted with eight out of
nine bladder carcinoma cell lines. It showed a
marginal reaction with one of the three cell lines
of normal urothelium origin and it reacted with
three out of five Burkitt lymphoma cell lines
including one line of EBV-transformed marmoset
leukocytes.

The T24.06.5 antibody reacted with all cell
lines of urothelial origin, irrespective of whether
or not they were malignant. It did not react with
human fibroblasts and with tumor cell lines of
non-bladder origin, except HeLa cells. It also
gave a marginal reaction with RAMOS cells.

The monoclonal antibody 7E9, showing the
highest degree of selectivity, was further examined
by an indirect immunoperoxidase technique on
frozen tissue sections from 19 patients; it reacted
with all bladder carcinomas examined and gave
negative results with normal bladder mucosa
samples (Table 2). The characteristic dark
reddish-brown staining was present in tumor
sections from three patients with BTCC grade 11
and from four patients with BTCC grade III
which were stained with the 7E9 Mab and
immunoperoxidase (Fig. l¢, d). No staining was
seen in the sections from the same tumors that
were reacted with anti-HGH Mab and immuno-
peroxidase (Fig. le, f). No positive reactions were
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Table 1. Monoclonal antibodies to human urinary
bladder carcinomas: indirect cell membrane immuno-
fluorescence using a panel of human cell lines

Monoclonal antibody*

Cell line 7E9 S2C6 T24.06.5 ant HGH

Bladder carcinoma

T24 50t 60 35 5
RT4 20 35 40 0
TCCSUP 100 100 35 0
E] 50 80 40 0
SCaBER 25 15 85 0
HU 549 20 100 55 0
HU 961b 5 60 100 5
HU 456 100 100 100 0
HU 1703He 10 25 100 5
Non-malignant
urothelium
HCV 29 15 5 100 0%
HU 609 15 20 100 0
HU 1734 10 0 100 0
Non-bladder tumors
MCF 7 0 0 5 0
MDA-MB-231 0 5 NT 0
2T 15 10 0 0
HeLa 85 0 80 0
HS 10 0 15 5
MEL-1 20 10 5 0
RAJI 0 95 10 0
RAMOS 0 80 20 0
P3HRI1 0 10 5 0
B9%-8 0 85 0 0
MOLT 4 0 0 0 0
DAUDI 0 10 0 0
K562 0 0 0 0
Normal fibroblasts
LEP 10% 01 01 0
154 0% 0% 0% 0

*150-200 cells were examined in each cell sample; samples
containing more than 15% of IFt cells were considered
positive; antibodies were tested in dilutions 1:2, 1:5 and 1:10;
results obtained with the 1:5 dilution are shown in this table.
tPercentage of IF* cells; mean values from 3-5 experiments.
1Diffuse, non-specific IF.

NT, not tested.

Table 2.
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observed with the 7E9 Mab in normal bladder
mucosa sections from four patients with BTCC
and in normal bladder mucosa sections from four
patients with non-neoplastic diseases. Similarly,
no positive reactions were detected with the 7E9
Mab in tumor sections from two patients with
mammary carcinoma or in leiomyosarcoma and
embryonic carcinoma sections (Table 2). How-
ever, an elevated background staining was
observed in endothelial cells or muscle tissue of
four out of 19 patients and in normal bladder
mucosa from one control patient (Table 2).
The 7E9 antibody purified by protein A affinity
chromatography and labeled with 31 was used
for gamma-scintigraphy. Seven BALB/c nu/nu
mice xenografted with T24 bladder carcinoma
cells and four control BALB/c nu/nu mice
bearing xenografts of mammary carcinoma
MDA-MB-231 were injected with 20 pg of the 1311-
labeled 7E9 antibody. The T24 xenografts could
be located by whole-body gamma-scintigraphy
without background subtraction. Clear tumor
localization was obtained 72-144 hr following
7E9 antibody administration (Fig. 2a, b). An
average of 42.3 (£2.6)% of the total body burden of
radiolabeled 7E9 antibody was present per g of
tumor 144 hr after injection. The inflammation
induced in tumor-bearing mice by subcutaneous
injection of 20 ul turpentine oil did not increase
localization of the 7E9 antibody at the site of
injection. The MDA-MB-231 mammary car-
cinoma xenografts could not be located with the
['%71]7E9 antibody (Fig. 3). The !%I-labeled
monoclonal antibody HBCA12 directed against
human mammary carcinoma MDA-MB-231,
which hasbeen found to be capable of locating the
MDA-MB-231 xenografts by gamma-scintigraphy
in nude mice ([54]; Koptivova, unpublished),
could not visualize the T24 xenografts. Only 7.2%
of the HBCAI2 total-body radiolabel was
localized per g of tumor 144 hrafterinjection. The

The 7TE9 monoclonal antibody: indirect immunoperoxidase

staining of frozen tissue sections

Patients (diagnosis) Tissue No. positive/total No.
BTCC II° BTCC* 3/8
BTCC III° BTCC 4/4
BTCC II°-III° normal bladdert 0/4
Prostatic hypertrophy normal bladder 0/2
Urolithiasis normal bladder} 0/2
Mammary carcinoma mammary carcinoma 0/2
Leiomyosarcoma leiomyosarcoma 0/1
Teratocarcinoma teratocarcinoma 0/1

*High background staining was observed in endothelial cells of the vessels of two

patients.

+High background staining was observed in muscle tissue from two patients.
1High background staining of normal urothelial cells from one of the two patients

was observed.
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Fig. 1. Frozen tissue sections stained by TE9 monoclonal antibody and immunoperoxidase. Papillary BTCC

grade 11, non-invasive (a, ¢, ). (a) Hematoxylin-eosin; (c) TE9 Mab, counterstained with Mayer’s hematoxylin;

(e) HGH Mab, counterstained with Mayer’s hematoxylin (X170). Papillary BTCC grade Il with squamous

metaplasia, invasive (b, d, f). (b) Hematoxylin-eosin; (d) TE9 Mab, counterstained with Mayer's hematoxylin;

(f) HGH Mab, counterstained with Mayer's hematoxylin (X170). The tumor cells of both BTCC show strong

cytoplasmic staining with TE9 Mab (c, d); note the broad rim of TE9 deposits surrounding the centrally located
nuclet.
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Fig. 2. BALB/c nu/nu mouse with xenograft of human urinary bladder carcinoma T24. (a) Subcutaneously
growing tumor: {(b) Gamma-scintigraphy with 3'1-labeled monoclonal antibody TE9 given 120 hr before
examination.

Fig. 3. Gamma-scintigraphy in BALB/c nu/nu mouse bearing s.c. two large paravertebral xenografts of
human mammary carcinoma MDA-MB-231 and given '»'l1-labeled monoclonal antibody 7TE9 96 hr before
examination.
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T24 xenografts could not be located with the !3!1-
labeled swine anti-human globulin (SwAHu,
Institute of Sera and Vaccines, Prague) or with
131]-labeled antibody to human ferritin.

The concentration of radioactivity in T24
tumor xenografts and in normal mouse organs
was compared 144 hr after the inoculation of
20 ug of 1l-labeled 7E9 monoclonal antibody
(Table 8). The mice were killed and the tissues
removed, washed, blotted dry and weighed.
Tissue-specific activities were measured using a
gamma counter and the binding indices were
calculated. The tissue/blood ratio of radioactivity
was found to be the highest in T24 carcinoma
xenografts; the concentration of radioactivity was
on average 5-10 times higher in the tumor than in
the normal organs of the mouse (Table 3).

DISCUSSION

The objective of these studies was to determine
the selectivity of mouse monoclonal antibodies
directed against human urinary bladder car-
cinoma cells and to use the monoclonal
antibodies for imaging of human urinary bladder
carcinoma xenografts growing in nude mice. A
variety of mouse monoclonal antibodies have
been previously used for the radioimmuno-
localization of teratocarcinomas, colon car-
cinomas, osteogenic sarcomas, hepatocellular
carcinomas, mammary  carcinomas  and
melanomas [13~24]; however, imaging of human
urinary bladder carcinomas with radiolabeled
monoclonal antibodies has not been previously
described. Our data demonstrate that the 7E9
Mab, despite its binding to only one epitope [25],
can be useful for tumor radiolocalization. Any
clinical use of the monoclonal antibody is
critically dependent on its selectivity. One of our
antibodies, $2C6, was shown to react not only
with bladder carcinoma cells but also with EBV-
transformed cells, even of marmoset origin. The
'T24.06.5 antibody reacted with all cell lines
derived from human urothelium and did not

discriminate between malignant and non-
malignant cells; it gave higher positivity in
reaction with normal urothelium than with most
bladder carcinoma cell lines. The 7E9 Mab was
shown in both immunofluorescence tests with
tumor cell lines and immunoperoxidase staining
of frozen tumor sections to discriminate between
malignant and non-malignant urothelium,
although occasional reactions with tumor cells of
non-urothehial origin were also observed. It is
possible that the reactivity of the 7E9 monoclonal
antibody with Hel.a cells in the immuno-
fluorescence tests may be related to a common
ontogenetic origin of the urinary bladder and
cervix and that the embryonal epitopes present
during the development of the urinary bladder
and uterus can be re-expressed after malignant
conversion of their epithelium. This question
remains to be examined. Similarly, the
significance of the elevated background immuno-
peroxidase staining which has been occasionally
observed in the endothelial cells and muscle cells
from the bladder wall as well as in the epithelal
cells from one of the eight specimens of normal
bladder mucosa remains to be elucidated.
However, occasional reactions of the 7E9
monoclonal antibody with bladder carcinoma-
unrelated cell types should not prevent the use of
this antibody for immunodiagnosis, radio-
immunolocalization and monitoring of bladder
carcinoma patients. The errors caused by the
reactions with the unrelated cell types can be
prevented and excluded by using a panel or a
mixture of several monoclonal antuibodies, each
recognizing a different epitope belonging to the
same or different molecules.
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Table 3. Distribution of ¥'1-labeled TE9 monoclonal antibody in mice
with urinary bladder carcinoma T24 xenografts

Tissue

Tissue:blood ratio of radioactivity

mean (range *

T24 carcinoma xenograft
Lung

Heart

Liver

Spleen

Kidney

Intestine

Carcass

2.68 (2.37-2.89)
0.56 (0.52-0.60)
0.36 (0.33-0.39)
0.27 (0.17-0.36)
0.25 (0.20-0.31)
0.46 (0.41-0.51)
0.29 (0.19-0.42)
0.23 (0.18-0.29)

*Calculated from I cmp/g tissue (wet wt); 3 mice/group; repeated in triplicate

with similar results.



708

10.

11.

18.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

J. Bubenik et al.

REFERENCES

Bubenik J, Perlmann P, Helmstein K, Moberger G. Immune response to human
urinary bladder tumors in man. Int J Cancer 1970, 5, 39-46.

Bubenik J, Perlmann P, Helmstein K, Moberger G. Cellular and humoral immune
responses to human urinary bladder carcinoma. Int J Cancer 1970, 5, 316-319.
O’'Toole C, Unsgaard B, Almgard LE, Johansson B. The cellular immune response to
clinical stage and treatment. Br | Cancer Suppl 1973, 28, 266-275.

Bean MW, Pees H, Fogh JE, Grabstald H, Oettgen HF. Cytotoxicity of lymphocytes
from patients with cancer of the urinary bladder: detection by a *H-proline
microcytotoxicity test. Int J Cancer 1974, 14, 186-195.

Bloom ET, Ossoric RC, Brosman SA. Cell-mediated cytotoxicity against human
bladder cancer. Int J Cancer 1974, 14, 326-334.

Hakala TR, Lange PH. Serum induced lymphoid cell mediated cytotoxicity to human
transitional cell carcinomas of the genitourinary tract. Science 1974, 184, 795-797.
Troye M, Perlmann P, Larsson A, Blomgren H, Johansson B. Cellular cytotoxicity in
vitro in transitional cell carcinoma of the human urinary bladder: 5! Cr-release assay. Int
J Cancer 1977, 20, 188-198.

Vilien M, Wolf H, Rasmussen F. Follow-up investigations of bladder cancer patients by
titration of natural and specific lymphocyte-mediated cytotoxicity. Cancer Immunol
Immunother 1981, 10, 171-180.

Jacobsen F. Cellular and humoral in vitro cytotoxicity against autologous bladder
tumor cells in humans. Acta Pathol Microbiol Scand C 1981, 89, 235-239.

Hansson Y, Paulie S, Larsson A, Lundblad M-L, Perlmann P, Ndslund I. Humoral and
cellular immune reactions against tumor cells in patients with urinary bladder
carcinoma. Cancer Immunol Immunother 1983, 16, 23-29.

Korngold L., Pressman D. The localization of antilymphosarcoma antibodies in
Murphy lymphosarcoma of the rat. Cancer Res 1954, 14, 96-102.

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

Ballon B, Levine G, Hakala T, Solter D. Tumour localisation detected with
radioactively labeled monoclonal antibody and external scintigraphy. Science 1979,
206, 844-847.

Moshakis V, McIlhinney RAJ, Raghavan D, Neville AM. Location of human tumour
xenografts after i.v. administration of radiolabelled monoclonal antibodies. Br J
Cancer 1981, 44, 91-99.

Mach ]J-P, Buchegger F, Forni M et al. Use of radiolabelled monoclonal anti-CEA
antibodies for the detection of human carcinomas by external photoscanning and
tomoscintigraphy. Immunol Today 1981, 2, 239-249.

Scheinberg DA, Strand M, Gansow OA. Tumor imaging with radioactive metal
chelates conjugated to monoclonal antibodies. Science 1982, 215, 1511-1513,
Weinstein JN, Parker RJ, Keenan AM, Dower SK, Morse HC, Sieber SM. Monoclonal
antibodies in the lymphatics: toward the diagnosis and therapy of tumor metastases.
Science 1982, 218, 1334-1337.

Pimm MV, Jones JA, Price MR, Middle JG, Embleton M]J, Baldwin RW. Tumour
localization of monoclonal antibody against a rat mammary carcinoma and
suppression of tumour growth with adriamycin-antibody conjugates. Cancer
Immunol Immunother 1982, 12, 125-134.

Pimm MV, Embleton M]J, Perkins AC, et al. In vivo localization of anti-osteogenic
sarcoma 791 T monoclonal antibody in osteogenic sarcoma xenografts. Int | Cancer
1982, 30, 75-85.

Wahl RL, Parker CW, Philpott GW. Improved radioimaging and tumor localization
with monoclonal F(ab’),. ] Nucl Med 1983, 24, 316-325.

Herbyn D, Powe ], Alavi A et al. Radioimmunodetection of human tumor xenografts
by monoclonal antibodies. Cancer Res 1983, 43, 2731-2735.

Pimm MV, Baldwin RW. Quantitative evaluation of the localization of a monoclonal
antibody (791T/36) in human osteogenic sarcoma xenografts. Eur | Cancer Clin Oncol
1984, 20, 515-524.

Nakamura T, Sakahara H, Hosoi S et al. In vivo radiolocalization of antiosteogenic
sarcoma monoclonal antibodies in osteogenic sarcoma xenografts. Cancer Res 1984, 44,
2078-2083.

Larson SM, Brown JP, Wright PW, Carrasquillo JA, Hellstrém KE. Imaging of
melanoma with I-131-labeled monoclonal antibodies. ] Nucl Med 1983, 24, 123-129.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Monoclonal Antibodies to Bladder Carcinomas

Paulie S, Koho H, Ben-Aissa H, Hansson Y, Lundblad M-L., Perlmann P. Monoclonal
antibodies to antigens on transitional-cell carcinoma of the human urinary bladder. II.
Identification of the cellular target structure by immunoprecipitation and SDS-PAGE
analysis. Cancer Immunol Immunother 1984, 17, 173-179.

Bubenik J, BareSova M, Viklicky V, Jakoubkova J, Sainerova H, Donner L. Established
cell line of urinary bladder carcinoma (T24) containing tumor-specific antigen. Int |
Cancer 1973, 11, 765-773.

Rigby CC, Franks LM. A human tissue culture cell line from a transitional tumor of the
urinary bladder: growth, chromosome pattern and ultrastructure. Br | Cancer 1970, 24,
746-754.

Nayak SK, O'Toole C, Price ZH. A cell line from an anaplastic transitional cell
carcinoma of human urinary bladder. Br J Cancer 1977, 35, 142-151.

Marshall CJ, Franks LM, Carbonell AW. Markers of neoplastic transformation in
epithelial cell lines derived from human carcinomas. JNCI 1977, 58, 1743-1751.
Don P, Kieler J. In vitro studies of the invasiveness of normal human bladder cells. In:
De Brabander M, Mareel M, De Ridder L, eds. Cell Movement and Neoplasia. Oxford,
Pergamon Press, 1980, 121-130.

Vilien M, Christensen B, Wolf H, Rasmussen F, Hou-Jensen C, Povlsen CO.
Comparative studies of normal, spontaneously transformed and malignant human
urothelium cells in vitro. Eur | Cancer Clin Oncol 1983, 19, 775-789.

O'Toole C, Nayak S, Price Z, Gilbert WH, Waisman J. A cell line (SCABER) derived
from squamous cell carcinoma of the human urinary bladder. Int J Cancer 1976, 17,
707-714.

Melamed MR, Darzynskiewicz Z, Traganos F, Sharpless T. Nucleic acid content and
nuclear chromatin structure of human bladder cell culture lines as studied by flow
cytoflurometry. Cancer Res 1977, 37, 1227-1231.

Soule HD, Vasquez J, Long A, Albert F, Brennan M. A human cell line from a pleural
effusion derived from a breast carcinoma. JNCI 1973, 51, 1409-1413.

Cailleau R, Young R, Olive M, Reeves W] Jr. Breast tumor cell lines from pleural
effusions. JNCI 1974, 53, 661-674.

Gey GO, Coffman WD, Kubicek MT. Tissue culture studies of the proliferative capacity
of cervical carcinoma and normal epithelium. Cancer Res 1952, 12, 264-265.

Pontén J, Saksela E. Two established in vitro cell lines from human mesenchymal
tumours. Int J Cancer 1967, 2, 434-447.

Unsgaard B, O'Toole C. Influence of tumor burden and therapy on cellular cytotoxicity
responses in patients with ocular and skin melanoma. Br J Cancer 1975, 31, 301-306.
Minowada I, Ohnuma T, Moore GE. Rosette-forming human lymphoid cell lines. 1.
Establishment and evidence for origin of thymus-derived lymphocytes. JNCI 1972, 49,
891-895.

Lozzio BB, Lozzio CB. Properties and usefulness of the original K-562 human
myelogenous leukemia cell line. Leuk Res 1979, 3, 363-370.

Pulvertaff RJV. A study of malignant tumors in Nigeria by short term tissue culture. J
Clin Pathol 1966, 18, 261-273.

Klein G, Giovanella BC, Westman A, Steklin JJ, Mumford D. An EBV-genome-
negative cell line established from an American Burkitt lymphoma: receptor
characteristics, EBV infectibility and permanent conversion into EBV-positive subline
by in vitro infection. Intervirology 1975, 5, 319-334.

Klein E, Klein G, Nadkarni IS, Nadkarni JJ, Wigzell H, Clifford P. Surface
IgM—kappa specificity on a Burkitt lymphoma cell in vivo and in derived culture lines.
Cancer Res 1968, 28, 1300-1310.

Hinuma Y, Grace JT Jr. Cloning of immunoglobulin-producing human leukemic and
lymphoma cells in long-term cultures. Proc Soc Exp Biol Med 1967, 124, 107-111.
Miller G, Lipman M. Release of infectious Epstein-Barr virus by transformed
marmoset leukocytes. Proc Natl Acad Sci USA 1973, 70, 190-194.

Koho H, Paulie S, Ben-Aissa H et al. Monoclonal antibodies to antigens on
transitional-cell carcinoma of the human urinary bladder. 1. Determination of the
selectivity of 6 antibodies by cell-ELISA and immunofluorescence. Cancer Immunol
Immunother 1984, 17, 165-172.

Fazekas de St. Groth S, Scheidegger D. Production of monoclonal antibodies: strategy
and tactics. J Immunol Methods 1980, 35, 1-21.

Hotej$i V, Hilgert I. Nitrocellulose membrane as an antigen or antibody carrier for
screening hybridoma cultures. J Immunol Methods 1983, 62, 325-329.

Bubenik J, BareSova M, Micheel B, Sovova V, E1 Ridi R, Keclikova M. Rous sarcomas

709



710

50.

51.

52.

53.

54,

J. Bubenik et al.

induced by heterotransplantation of virogenic rat tumour cells in mice. Int J Cancer
1972, 10, 527-538.

Moéller G. Demonstration of mouse isoantigens at the cellular level by the fluorescent
antibody technique. J Exp Med 1961, 114, 415-434.

Robinson G. Immunochistochemistry. In: Bancroft JD, Stevens A, eds. Theory and
Practice of Histological Techniques. New York, Churchill Livingstone, 1982, 406-427.
Ey PL, Prowse SJ, Jenkin CR. Isolation of pure IgGl, IgG2a and IgG2b
immunoglobulins from mouse serum using protein A-Sepharose. Immunochemistry
1978, 15, 429-436.

Greenwood FC, Hunter WM, Clover JS. The preparation of I'*! labelled human growth
hormone of high specific radioactivity. Biochem J 1963, 89, 114-123.

Kovatik J, Bartek J, Lauerova L, Munzarova M. Monoclonal antibodies to membrane
components of human breast cancer cell line MDA-MB-231. Production and reactivity
with various cells in culture. Neoplasma 1984, 31, 75-78.



