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Use of monoclonal antibody E48 in diagnosing
transitional cell carcinoma of urinary bladder

R Torenbeek, C E M Blomjous, J J Quak, S Ybema, C J L M Meijer

Abstract
Aims: To investigate the localisation of
the E48 epitope and to determine the use
of monoclonal antibody E48 for the iden-
tification of transitional cell carcinomas
(TCC); and to determine if antigenic
expression was affected by different stan-
dard fixation methods.
Methods: Biopsy specimens were
labelled with E48 for immunoelectron
microscopy. One hundred and nineteen
tissue samples from 47 bladder carcin-
omas were tested for reactivity with E48,
using fresh frozen, sublimate formalin,
and formalin fixed tissue. Thirteen undif-
ferentiated bladder tumours and 10
undifferentiated prostatic carcinomas
were incubated with E48 and prostate
specific antigen.
Results: Reactivity to E48 was found in
all grade 1 and 2 carcinomas and most
(83%) grade 3 tumours. At the ultra-
structural level, expression was mainly
associated with desmosomes and the
cytoplasmic membrane. The reactivity
of E48 was generally strong in fresh
frozen tissue samples and remained
preserved in fixed tissue samples. Ten of
the 13 bladder carcinomas expressed
E48; all prostatic tumours were totally
negative.
Conclusions: E48 is a sensitive marker
for transitional cell carcinoma and
suitable for differentiation between
urothelial and prostatic undifferentiated
carcinoma. It can be used in routinely
processed, formalin fixed, biopsy
specimens.
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For the past 10 years, immunohistochemical
investigations of the antigenic determinants
on urothelial bladder cancer cells have been
increasingly used.'5 Antigenic substances
have been examined on tumour cells and in
the plasma and urine samples of patients with
urothelial neoplasms.' Changes in antigenic
expression in poorly differentiated carcinomas
have been described for cytokeratins4 5 01 and
various blood group antigens,L" but bio-
chemical markers that unequivocally predict
the biological behaviour of bladder carcinoma
have been energetically sought but without
much success. There are therefore no reliable
markers that specifically recognise benign and
malignant urothelium for identifying the
urothelial origin of poorly differentiated
tumours. Such markers may be useful in

tumours of uncertain origin, especially in
metastases of unknown primaries.

Recently a new monoclonal antibody (E48)
has been described which recognises a 22
kilodalton epitope that is exclusively expres-
sed in squamous and transitional epithelium
and their neoplastic derivatives.'8 Staining of
a large variety of normal human tissue
specimens (141) showed that the E48 epitope
was observed in the squamous epithelium of
the skin, oropharynx, oesophagus, vagina and
cervix, as well as the bladder urothelium, but
not in simple epithelia or non-epithelial tis-
sues.'8 In a large series of neoplastic tissue
specimens (276) labelling with E48 was almost
exclusively found in squamous cell carcinoma
and transitional cell carcinomas (TCC).'8

In this study we investigated the ultrastruc-
tural localisation of the E48 epitope. To
evaluate the use of E48 for diagnostic pur-
poses we examined to what degree the expres-
sion in TCC is related to the grade of
histological differentiation, and if the antigenic
expression is affected by different standard fixa-
tion methods. Moreover, the diagnostic value
was assessed to differentiate TCC from undif-
ferentiated carcinomas in the trigone of the
urinary bladder.

Methods
A detailed description of antigen preparation
and absorption of antisera has been
provided.'8 Briefly, a surgically removed
metastatic tumour of a moderately well dif-
ferentiated squamous cell carcinoma from the
larynx was homogenised and the single cells
were used to immunise BALB/c mice.'9 Dis-
sociated spleen cells were fused with the non-
producing cell line SP-2/0, and antibodies
were screened for reactivity with frozen sec-
tions from oral mucosa and the tumour used
for immunisation. The selected monoclonal
antibody was E48 (IgGl class) and large
amounts of antibody were obtained by mice
producing ascites that had been primed by
incomplete Freund's adjuvant.
For immunoelectron microscopy, a post-

embedding labelling method was recently
developed in our laboratory.20 Biopsy
specimens were immediately fixed in 2%
paraformaldehyde in phosphate buffered saline
(PBS), pH 7-7*4. After primary fixation the
tissue specimens were washed three times
with 0-1 M maleate buffer and 3-5% sucrose
(pH 6-5) and subsequently stained en bloc for
two hours at 4°C with 2% uranyl acetate in
the same buffer (pH 6 0). Tissue samples were
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Number of tissue samples showing diffuse orfocal
reactivity with E48, related to thefixation method and
grade of differentiation

Positive

TCCgrade Diffuse Focal Negative

Fresh frozen (n = 42)
1(n= 9) 9 0 0
2(n =15) 10 5 0
3(n 18) 10 5 3

Sublimateformalin (n = 33)
1 (n 6) 5 1 0
2(n= 13) 3 8 2
3(n 14) 4 6 4

Formalin (n = 44)
1 (n 9) 4 5 0
2(n= 17) 4 10 3
3(n= 18) 3 8 7

then partly dehydrated in a series of graded
alcohols (50-80%), impregnated with LR-
White resin (Soft grade, BioRad Labs, Veen-
endaal, The Netherlands) and polymerised for
24 hours at 50°C. Ultrathin sections (50-
100 nm) were collected on Formvar coated
nickel grids (10 mesh) and incubated with E48
in 0-1 M TRIS-buffered saline (TBS) for two
to four hours at room temperature. After
several washes with TBS grids were incubated
with colloidal gold (10 nm), conjugated to
goat-anti-mouse immunoglobulins (GAM-
IgG-G1O), Janssen Life Science Products,
Olen, Belgium). Subsequently, grids were

washed with TBS and distilled water, contras-
ted with Reynold's lead citrate and examined
with a Zeiss EM 109.
To investigate the expression of E48 on

TCCs 45 transureteral resected biopsy
specimens and two cystectomy specimens
were used of which various fixed tissue
samples (fresh frozen 42), sublimate formalin
fixation (33), and formalin fixation (44)) were

available. In all, 119 specimens were screened
for the presence of E48 antigen.

4.

R

Figure 1 Immunoelectron microscopic analysis indicates that the E48 antigen is
localised on desmosomes (D) and microvilli (M) on the cytoplasmic membrane.

To investigate the value of E48 monoclonal
antibody to differentiate between the urothelial
or prostatic orgin of undifferentiated tumour
in the trigone of the bladder, 13 undifferen-
tiated (clinically confirmed) bladder tumours
(formalin fixed) and 10 undifferentiated (pros-
tate specific antigen (PSA) positive) prostatic
carcinomas (formalin fixed and fresh frozen)
were incubated with E48 and PSA.

Immediately after receiving the specimens
samples were fixed in liquid nitrogen, phos-
phate buffered formalin (4%), and sublimate
formalin. For conventional histological
examination sections were cut and stained
with haematoxylin and eosin.
For immunoperoxidase staining fresh

frozen tissue samples (4 gm thick) were
mounted on poly-L-lysine coated glass slides,
air dried, and fixed in acetone for 10 minutes
at room temperature. Sections also were cut
from neutral buffered, formalin fixed, and
sublimate fixed, paraffin wax embedded
material. These sections were subsequently
dewaxed, rehydrated, and treated with 05%
H202 in methanol to block endogenous
peroxidase activity. Sublimate formalin fixed
slides were depigmented in Lugol's solution.
For optimal staining results, sublimate for-
malin fixed samples were pretreated with tryp-
sin (0 5% in CaCl2 0 5%) for 30 minutes at
room temperature. Incubation time for E48
monoclonal antibody was one hour, followed
by incubation (for 60 minutes) with a biotin
labelled second layer horse-anti-mouse
antibody (Vector Laboratories). After the lat-
ter the avidin-biotin-peroxidase complex was
added. Sections were developed with
diaminobenzidine for three minutes, counter-
stained with haematoxylin, and mounted with
Depex.

Results
Immunoperoxidase labelling of the E48
antigen in a grade 2 TCC showed at ultrastruc-
tural level that E48 reactivity is largely
associated with desmosomes and the cytoplas-
mic membrane. Furthermore, labelling was not
seen on the basement membrane, nor on
nuclear or cytoplasmic components (fig 1).

Forty seven bladder tumours were re-
examined and classified (WHO system) as tran-
sitional cell carcinoma grade 1 (9), grade 2 (17),
and grade 3 (18). The reactivity ofE48 to TCC
in relation to the histological grade and fixation
method is shown in the table. Positive staining
of the fresh frozen (42), sublimate formalin
(33), and formalin fixed tumour samples (44)
was found in 93%, 82%, and 77% of the cases,
respectively. Irrespective of the method of
fixation 75% of the positive samples showed
reactivity of the entire tumour sample (fig 2),
whereas about 25% showed only focal staining.
Positive staining of the grade 1, 2, and 3 TGGs
varied slightly according to the fixation method
used. Values for positive staining for grades 1,
2, and 3 carcinoma were, respectively, 100%,
100%, and 83% (fresh frozen), 100%, 85%,
and 71% (sublimate formalin fixed), and 100%,
82%, and 61% (formalin fixed).
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Reactivity of E48 monoclonal antibody to transitional cell carcinoma

(A)

i.

(B)

Figure 2 Papillary grade 1 (A) and solid grade 3 (B) transitional cell carcinoma
showing cell membrane bound reactivity with E48 in the entire tumour sample (formalin
fixed).

The papillary tumours expressed E48, dif-
fusely with some heterogeneity in the basal,
intermediate, and superficial layers. In 47% of
the solid grade 3 TCCs a rather focal immuno-
reactivity pattern was seen, with occasional
small foci of tumour cells showing strong
expression within an otherwise negative
tumour. There did not seem to be any correla-
tion with the invasive part of the tumour.

Variations in staining pattern were unrelated
to the fixation method used. In ninety per cent
of cases cell membrane bound expression of
E48 was most prominent (fig 2), frequently
(36%) accompanied by staining of the cyto-
plasm. In 10% of cases only cytoplasmic
expression was found. Background staining

was absent in the unfixed slides and only very
weak in the fixed slides.
To verify the specificity of E48, the staining

results of 13 poorly differentiated TCCs of the
bladder trigone were compared with 10 poorly
differentiated adenocarcinomas of the prostate.
Clinically there was no doubt about the urinary
bladder or prostatic origin of these tumours.
Ten ofthe 13 bladder carcinomas expressed the
monoclonal antibody E48; all prostatic
tumours (formalin fixed as well as unfixed
tumour samples) were totally negative, except
for squamous metaplastic foci in one of the
samples (fig 3). Additional staining for PSA, on
the other hand, showed a positive reaction in
the prostatic carcinomas, in contrast to the
bladder tumours.

Immunohistochemical staining of an
incidental cervical lymph node metastasis of an
unkown primary carcinoma showed reactivity
to E48 (fig 4). Clinical evaluation of the patient
resulted in the finding of a poorly differentiated
solid TCC of the bladder with the same his-
tological pattern as the lymph node metastasis.

Discussion
Monoclonal antibody E48 specifically recog-
nises squamous and transitional epithelia and
the carcinomas derived from it. Its usefulness
in the detection ofsquamous cell carcinoma has
been shown.'822 We have shown that E48 can
differentiate urothelial carcinomas. Many
studies have investigated the usefulness of
various antigens as prognostic indicators of
biological behaviour of TCCs.3 4 7-151722 None
of them is specific for TCC, and their expres-
sion varies strongly with tumour grade. In
contrast, E48 specifically recognises squamous
and TCCs, without significant loss of reactivity
in poorly differentiated carcinomas. Our study
shows that it is useful for identifying the
urothelial origin of poorly differentiated blad-
der carcinoma and its metastases.

Previous studies'821 have proved that the
antigen recognised by E48 is a 22 kilodalton
peptide epitope with one or more disulphide
bands. Immunoelectron microscopic analysis
indicates that the E48 antigen is localised on
the cytoplasmic membrane and is largely
associated with desmosomes. Knowledge ofthe
function of the E48 antigen is paltry. The
localisation of the antigen, the prevention of
cell-cell contact formation in the presence of
E48 during in vitro culturing of squamous cell
carcinoma, and the increased expression of the
E48 antigen when cells are grown under culture
conditions which promote three-dimensional
growth, suggest that the E48 antigen is
directly involved in organotopic intercellular
adhesions.20
The high sensitivity of E48 to TCCs was

shown by the reactivity of 91% of carcinomas
investigated in this study. Loss of antibody
reactivity in poorly differentiated carcinomas is
a well known phenomenon which might be due
to maturation or differentiation arrest. For
example, the expression of cytokeratin
polypeptides has been shown to depend on
tumour grading34 " and progression.4 2l323
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Figure 3 Squamous metaplasia of the prostate showing positive immunostaining
E48 (A), but not with prostate specific antigen (B) (formalinfixed).

Although there was a shift from diffuse t
staining, E48 was still detectable in alm
cases of moderately and poorly differer
TCCs (94% and 83% respectively),
makes this antibody very appropriate
identification marker for TCC.
Our findings indicate the importar

adequate tissue preparation for preservai
the epitope. Optimal staining results wit
are obtained when tissue samples are
frozen. Half the tumours which showed
tivity to E48 on fresh frozen tissue sampl
expression of a part of the tumour, and 1

the formalin fixed samples became comj
negative. Furthermore, in tissue sa
obtained at necropsy, the antigen is s
expressed. Apparently, the epitope recoi

by E48 might be masked or destroyed by
fixation, and is susceptible to autolysis. Staining

x.,s results of the sublimate formalin fixed samples
did improve with pretreatment with trypsin by

- which the epitope might be demasked.
The diagnostic relevance of E48 is shown in

the differential diagnosis of high grade TCC
.. compared with poorly differentiated prostatic

carcinoma. Histologically, it may be nearly
impossible to differentiate between both
tumours. Moreover, both malignancies may

B co-exist and a tumour of one organ can spread
jp'5S! into the other."' Discrimination, however, is

very important with regard to therapeutic man-
/ agement. The use of PSA or prostatic acid
]a phosphatase (PRAP) allows the prostatic origin

of poorly differentiated carcinomas to be iden-
tified in about 90% of cases,">'9 although focal
reactivity of PRAP has also been reported in

4ti 30% of adenocarcinomas of the bladder.' In
0#; cases of uncertain origin, and especially if

prostate markers are negative, an additional
urothelial marker may help in reaching a final
diagnosis. The marker also may also help to
differentiate from other adenocarcinomas infil-
trating the bladder, such as those derived from

* the lower intestinal, or female genital tract,
which will not be labelled by E48.'8

Special attention must be paid to squamous
or transitional metaplasia of the prostate which
occasionally occurs, especially in areas of
ischaemic scarring. Positive immunostaining
with E48 of such foci within areas of poorly
differentiated carcinoma poses a diagnostic

v U problem. The coexistence of ischaemic
necrosis and fibrous scar tissue and the lack of
anaplasia and invasion' may help to recognise
these metaplastic foci and prevent a false diag-

j Z nosis ofTCC.
Another well known diagnostic problem

E5* arises when a metastasis occurs from an un-
> < known primary malignancy. Reactivity of such

a lesion for E48 led us to consider a metastasis
of a primary transitional cell carcinoma, which
was confirmed by cystoscopy.

In conclusion, E48 is a sensitive monoclonal
antibody that can be used to determine the
urothelial origin ofpoorly differentiated carcin-
omas in the pelvic region and of metastases of
unknown primary tumours. The high

with specificity for transitional cell and squamous
cell epithelium, as well as preserved reactivity
after formalin fixation, makes the antibody

o focal valuable for diagnostic purposes. Moreover,
kost all the accessibility of the epitope on the outer
itiated surface in most TCCs and the restricted
which expression in other tissues of the body suggest
as an that the antibody is a suitable candidate for

immunotargeting. In fact, squamous cell car-
ice of cinoma xenografts in nude mice could be
tion of localised successfully with radiolabelled E48."
th E48 The antigen recognised by E48 seems to have a
fresh role in cell-cell interaction, but its precise role
reac- as a tissue specific antigen has still to be

[es lost determined.
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Figure 4 Cervical lymph node containing a metastasis of a poorly different
transitional cell carcinoma reacting with E48 (fresh frozen).
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