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Abstract Bladder cancer can be viewed as a prototype for carcinogen-induced neoplasia. This has been demon-
strated experimentally in a variety of systems and in man through epidemiological studies of occupational exposure to
putative carcinogens. The natural history of this neoplasm demonstrates recurrence in time and space, i.e., muitifocal
disease. This clinical scenario is precisely what would be expected if a target tissue, e.g., urothelium, was continuously
exposed to a weak carcinogen. The detection of gross disease is clinically easy. However, the ability to intervene at early
stages and monitor the success of this treatment requires the definition of early markers for bladder cancer.

Integrins are a family of cell surface proteins, many of which function as receptors for extracellular matrix components.
Normal epithelial cells express the integrin 634 in association with an anchoring structure known as the hemidesmosome.
Urothelium expresses a6B4 on the basal layer of cells similar to the distribution seen on other epithelial surfaces. Even early
stages of bladder cancer demonstrate an alteration inthe expression of this integrin. Low-stage bladdertumors express a6B4
diffusely throughout the tumor as well as at the invading margin. Altered expression of a684 may be an early marker for
bladder cancer which may contribute to an invasive phenotype.

A second potential marker is detected by DD23, an 1IgG1 murine monoclonal antibody triggered by the immunization of a
BALB/c mouse with afresh human bladder tumor specimen. The antigen detected by DD23 is not present on normal urothelial
specimens. It is expressed on 81% of bladder tumors tested and is present on both low-grade, non-invasive and high-grade,
invasive tumors. Although no normal bladder or ureteral tissues were DD23-positive, two of five histologically normal bladder
areas from patients who had radical cystectomies for bladder cancer expressed the DD23 antigen. The significance of this
finding has not yet been completely evaluated; however, it may represent an early neoplastic change prior to obvious
histologic abnormality.

Antigens associated with bladder cancer may be helpful in the early detection of bladder cancer and in providing markers
useful in future chemoprevention trials.  © 1992 Wiley-Liss, inc.
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Both clinical and experimental evidence sug-
gest that at least a proportion of biologically
and clinically relevant bladder cancer is a result
of carcinogen-induced neoplasia [1,2]. Bladder

including cytology, flow cytometry, cystoscopy,
and a variety of imaging techniques. However,
the detection of sub-clinical changes has proved
to be a significant challenge.

cancer is commonly associated with multifocal
recurrences in time and space, lending further
clinical support to the hypothesis that field-
changes are common with this neoplasm. The
clinical detection of gross bladder cancer is
readily accomplished with various clinical tools
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Cancer is manifested as alterations in the
morphology and behavior of normal cells. At a
sub-microscopic level, these changes are associ-
ated with modifications in cellular proteins and
lipids. Some of these abnormally expressed
cellular constituents have been used as tumor
markers. One example of this phenomenon is
the altered blood group antigen expression
associated with bladder cancer cells [3]. We
have focused our efforts on evaluating alter-
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ations in antigen expression in bladder cancer
to determine how these changes result in the
malignant phenotype. Our laboratory has devel-
oped monoclonal antibodies to a variety of blad-
der tumor-associated antigens. Two antigenic
determinants are particularly relevant for this
discussion and may provide new tools to evalu-
ate early changes in bladder cancer.

The first antigen is the integrin «684. Integ-
rins comprise a family of cell surface proteins,
many of which function as receptors for extra-
cellular matrix proteins. We have demonstrated
that o684 is expressed differently on malignant
urothelium as compared with its normal coun-
terpart. Altered expression of o634 may be an
early marker for bladder cancer and may con-
tribute to an invasive phenotype.

The second antigen is defined by the mono-
clonal antibody DD23. DD23 binds to a partially
characterized tumor-associated antigen that is
frequently expressed on malignant bladder and
breast tissue. DD23 does not bind normal uro-
thelium and may also be an early marker for
malignant transformation.

EXPRESSION OF INTEGRIN «634
IN NORMAL AND
MALIGNANT UROTHELIUM

Integrins were evaluated by immunofluores-
cence or immunoperoxidase staining in frozen
sections of normal urothelium and bladder
cancer specimens using the monoclonal anti-
bodies BQ16 (anti-o6, IgG1l [4]) and UM-A9
(anti-p4, 1gG2a [5]). For immunofluorescence,
co-staining of identical sections was performed
as previously described [6] using isotype-specific
secondary antibodies (rhodamine anti-IgG1 and
fluorescein isothiocyanate-conjugated anti-
1gG2a). For immunoperoxidase staining, sepa-
rate sections of the same tumor were tested
with each antibody and the staining pattern
was compared.

Normal urothelial cells in ureter or bladder
showed highly polarized expression of 654 on
the surface of the basal urothelial cells, result-
ing in a linear staining for antibody at the junc-
tion of the basal cells and the lamina propria, as
shown in Figure 1. In sections co-stained for
both o6 and B4 expression, the staining pat-
terns were identical in all cases. This highly
polarized expression is similar to the expression

Fig. 1. Immunofluorescence staining of normal ureter with
BQ16 shows a linear staining of the surface of the basal
urothelial cells. The lumen is on the right side of the photo-
graph. No fluorescence signal was observed in tissues
stained with the negative control antibody MOPC-21.

of o684 on normal keratinocytes in the skin
[7-12]. Ten low-stage (Ta/T1) bladder cancers
tested by either technique showed the normal
pattern of staining, with strong expression of
both o6 and $4 at the junction of the basal cells
and the lamina propria. However, 8/10 of these
superficial bladder cancer specimens also
showed an increased non-polarized expression
of both o6 and 84 all around the tumor cells,
as shown in Figure 2. The staining patterns for
«ob and B4 were identical.

ANTIBODY DD23 BINDS TO A BLADDER
TUMOR-ASSOCIATED ANTIGEN

DD23 is an IgG1l murine monoclonal anti-
body, produced after two intraperitoneal immu-
nizations of a mouse with an uncultured poly-
poid grade 111 transitional cell carcinoma which
was obtained at radical cystectomy. Screening
was performed on frozen human tissue sections
by immunoperoxidase assay employing the
avidin-biotin peroxidase complex technique.
The DD23 antigen is not preserved in formalin-
fixed, paraffin-embedded material. DD23 was
selected by immunohistochemical staining of
bladder tumors and lack of binding to normal
urothelium. Frozen sections evaluated by im-
munoperoxidase assay showed that DD23
bound to both bladder and breast cancers (Ta-
ble I). DD23 was expressed more frequently
(p < 0.001, chi square) on breast cancer (56%)
than normal breast tissue (5%). Both normal
and malignant breast tissue were available from
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Fig. 2. Iimmunofiuorescence staining of a low-stage blad-
der cancer with BQ16. Strong staining is seen along the
basal surface of the papillary stalk (at bottom) but non-
polarized staining of the tumor cells is also seen. No fluo-
rescence signal was observed in tissues stained with the
negative control antibody MOPC-21.

TABLE I. DD23 Binding
to Malignant Tissues

Tissue Positive/Total
Bladder cancer 32/40
Breast cancer 9/16

Renal cancer 0/7

TABLE II. DD23 Binding
to Normal Tissues

Tissue Positive/Total
Ureter 0/23
Bladder 0/4
Breast 1/19
Kidney 0/7
Prostate 0/7
Skin 0/2
Colon 0/1
Liver 0/1
Lung 0/1
Pancreas 0/1
Spleen 011
Stomach 0/1

Fig. 3. Immunoperoxidase staining of invasive bladder
cancer specimen with DD23. Stain results in a dark brown
precipitate around the bladder cancer (in center) invading
into the surrounding tissue.

Fig. 4. Control immunoperoxidase staining of invasive
bladder cancer specimen (same specimen as Fig. 3)
shows the lack of staining of the cancer tissue in the cen-
ter of the field. This demonstrates the specificity of the
staining in Fig. 3.

four individuals. DD23 stained the malignant
but not the normal breast tissue in all four
cases. DD23 was also not expressed by normal
bladder, colon, kidney, liver, lung, pancreas,
prostate, skin, spleen, stomach, uterus, or ure-
ter (Table II).

DD23 bound to most (80%) bladder carcino-
mas (Figs. 3, 4). The antigen was expressed on
both low-grade non-invasive and high-grade
invasive tumors. DD23 binds to most invasive
bladder cancers in a diffuse fashion; it also
stains the limited number of superficial tumors
that have been studied. Although no normal
bladder or ureteral tissue was DD23-positive,
two of five histologically normal bladder areas
from patients who had radical cystectomies for
bladder cancer expressed the DD23 antigen.
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DD23 binds to only a small proportion of a
panel of human bladder cancer cell lines (5/14).
UM-UC-13 is a human bladder cancer cell line
that expresses the antigen detected by DD23.
Extracts of UM-UC-13 were electrophoresed on
a 7% polyacrylamide gel under non-reducing
conditions. The proteins on the gel were trans-
ferred to nitrocellulose as previously described
{13]. Western blots were probed with DD23 and
a negative control, monoclonal antibody MOPC-
21. The blots were developed with peroxidase-
conjugated goat anti-mouse immunoglobulin
and 4-chloronaphthol. DD23 binds to a single
band with a Mr = 185,000.

SUMMARY AND CONCLUSIONS

Alterations in normal antigen expression
regularly accompany loss of differentiation and
development of the malignant phenotype. While
the functional results of these changes are poor-
ly understood, it is likely that better under-
standing of their physiologic consequences
would result in improved cancer detection, prog-
nosis, and therapy. Both known and unknown
proteins may provide sites for such interven-
tion. The integrin o684 is an example of a
known protein which is altered in neoplasia and
appears to have relevance for bladder cancer. In
addition, novel proteins have been found
through the application of monoclonal antibod-
ies developed by appropriate immunization and
screening techniques. The antigen defined by
DD23 appears to belong to this latter category.

Integrins are dimeric cell surface glycopro-
teins that play important roles in cellular adhe-
sion, wound healing, and differentiation [14-
16]. Integrin o684, associated with epithelial
cells, is expressed in normal skin on the basal
layer of keratinocytes. Although o6 can complex
with either 81 or 4, «6 shows preferential
association with 84 when $4 chains are present
[7]. In normal skin, «634 is localized to anchor-
ing structures known as hemidesmosomes [9-
12]. Normal urcthelium expresses o684 in a
fashion similar to that previously documented
in normal skin. Immunofluorescence with
monoclonal antibodies to the o6 and 34 integrin
subunits demonstrate co-localization. In all
cases, the distribution of o6 and $4 in both
normal urothelium and bladder cancer was
identical. These results strongly suggest that in
both normal and malignant urothelium, o6 is

primarily associated with 84. Normal urothel-
ium displays the basal distribution of o684
expected for this component of a cellular an-
choring structure. In contrast, the distribution
of o684 in superficial bladder cancer demon-
strates a diffuse cellular distribution in addition
to the expected location at the edge of the tu-
mor where it interacts with normal stroma.

Hemidesmosomes play a role in normal cellu-
lar attachment to the underlying stroma, so it
is therefore likely that aberrant expression of
«634 may reflect a functional alteration associ-
ated with an invasive phenotype. Altered ex-
pression of o634 is a prognostic marker in squa-
mous cell carcinoma of the head and neck [5].
In bladder cancer, the expression of o684 is
altered early in the development of neoplasia,
i.e., in superficial bladder cancer. We are contin-
uing to evaluate the functional and prognostic
significance of this integrin in bladder cancer.

In addition to characterizing the functional
effects of alterations in known protein moieties,
we have developed monoclonal antibodies to
antigens primarily expressed on malignant
bladder cells. The preduction of monoclonal
antibodies to tumor-associated antigens is based
on the assumption that malignant transforma-
tion is associated with detectable changes in the
expression of a variety of cellular proteins and
lipids. This phenomenon occurs both in vitro
and in vivo and has led to a variety of immun-
ization and detection strategies. To avoid selec-
tion problems associated with cultured cell
lines, we used uncultured human bladder cancer
cells for immunization and tumor tissue for
screening. This technique worked remarkably
well and resulted in antibody DD23 which binds
to most bladder tumors even though only 36%
of cultured human bladder cancer cell lines are
DD23-positive.

DD23 is not reactive with normal urothelium
(ureter and bladder) but binds to an antigen
present on most bladder (80%) and breast (56%)
carcinomas. Despite the lack of DD23 antigen
expression on urothelial specimens from normal
individuals, two of five patients with bladder
cancer expressed this antigen in cystectomy
specimens from histologically normal tissues
away from the neoplasm. Most patients who
require cystectomy manifest multifocal or field-
change bladder cancer. The significance of
DD23 binding to histologically normal areas in
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cystectomy specimens continues to be evaluated
by additional histologic characterization of nor-
mal and malignant urothelium. However, the
data suggest that DD23 may detect changes
associated with malignant transformation be-
fore conventional microscopy can. DD23 also
bound to 5% of normal breast tissue samples
tested; it is not yet known whether this repre-
sents early malignant changes or other phenom-
ena.

Antibody DD23 appears to define a new blad-
der and breast cancer-associated antigen as
defined by its molecular weight and as demon-
strated by its limited distribution in normal
tissues. Additional studies are being performed
to determine whether this antibody will provide
useful information for the diagnosis and treat-
ment of these diseases.

Both integrin o634 and the antigen defined
by DD23 appear to be promising markers for
superficial bladder cancer. In addition, a variety
of other potentially important markers are also
being evaluated, including products of onco-
genes and tumor suppressor genes, growth
factors and their receptors, proliferation-associ-
ated antigens, blood group antigens, and tumor-
associated antigens [17]. The interaction and
relationship of markersin this arbitrary classifi-
cation is often complex. For example, the epi-
dermal growth factor receptor (EGFR), a mem-
brane glycoprotein which binds to the epidermal
growth factor, is overexpressed in invasive blad-
der cancers [18]. EGFR is encoded by a gene
with strong homology to the proto-oncogene
c-erbB2. Although the ligand for c-erbB2 is un-
known and its role as a marker for bladder
cancer is not as well defined as EGFR, it contin-
ues to be evaluated [19]. The blood group anti-
gen Lewis® is commonly expressed on bladder
tumors and may be useful in detecting early
disease [3]. Antibody 19A211 also binds to su-
perficial bladder tumors and recognizes a sialo-
glycoprotein distinct from known blood group
antigens [20]. Several monoclonal antibodies
have been developed that bind to high molecu-
lar weight mucin-like tumor-associated anti-
gens expressed on bladder cancer cells. These
include M344 [21] and HMFG1 [22-24]. Numer-
ous other monoclonal antibodies have been
developed to well-characterized molecules with
known functions and to novel antigens that
have yet to be defined.

The clinical tools to detect low-stage bladder
cancer are powerful and effective. However, the
detection of neoplastic cells prior to the develop-
ment of gross disease remains an enigma. A
variety of probes have been developed to unlock
this mystery. Through the analysis of these
antigenic systems and the determination of the
functional implications of altered antigen ex-
pression, early detection and intervention in
bladder cancer prior to the development of gross
disease may be possible.
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