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Induction of ICAM 1 expression on bladder
tumours by BCG immunotherapy
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Abstract
Aims-To determine the expression of
intercellular adhesion molecule 1 and 2
(ICAM 1 and 2) in transitional cell carci-
noma cells before and after immuno-
therapy with Calmette-Guerin bacillus
(BCG).
Methods-Frozen sections from 22
untreated bladder carcinomas were
immunohistochemically examined with
monoclonal antibodies to ICAM 1 and 2.
Urinary cytospin slides were made for six
patients for each of the six clinical instil-
lations which constitute a therapeutic
course. These slides were also stained for
ICAM 1 and for leucocyte function asso-
ciated antigen 1 (LFA 1).
Results-Bladder cancer cells did not
essentially express either ICAM 1 or 2,
but cells in the stromal areas surround-
ing tumour expressed both these anti-
gens. After repeated instillations of BCG
organisms ICAM 1 positive normal and
neoplastic epithelial cells were observed
in the urine. Cells obtained from the first
three instillations expressed lower densi-
ties of ICAM 1 than those from the later
instillations. Many neutrophils express-
ing LFA-1 and some lymphocytes were
also noted in the cytospin slides and some
of these were conjugated to tumour cells
expressing ICAM 1. Six months after
treatment a single maintenance dose of
BCG induced ICAM 1 expression.
Conclusion-Untreated superficial blad-
der carcinoma cells do not express ICAM
1 or 2, but these important immunologi-
cal molecules were expressed in the
stromal areas oftissue. Importantly, neo-
plastic cells in the urine expressed ICAM 1
after immunotherapy. This molecule can
render bladder tumour cells vulnerable
to non-antigen specific cytotoxicity medi-
ated by activated lymphocytes.
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Local immunotherapy with intravesical BCG
(Calmette Guerin bacillus) now has a major
role in the treatment and prophylaxis of
superficial bladder cancer.' The exact mecha-
nisms of action are poorly understood, but
findings indicate that an effective host
mounted immune response is generated.2
Such a response is characterised by infiltration
of immunologically active cells into the blad-
der wall3 and the secretion in the urine of
interleukin 1 (IL 1), IL 2, tumour necrosis
factor a (TNFa) and interferon y (IFNy)."
Furthermore, the neo-expression of mixed

histocompatibility complex (MHC) class II
molecules by the tumour cells has been
reported,7 though the in vivo relevance of this
is unknown.

In vitro we have shown that therapeutically
achievable urine concentrations of IFNy can
induce and increase the expression of both
MHC class II and intercellular adhesion mole-
cule 1 (ICAM 1, CD54) on bladder tumour
cell lines.8-11 ICAM 1 is a cytokine inducible
adhesion molecule (molecular weight 95 kilo-
daltons) and is one of three known counter-
receptors for the major fl2 integrin, leucocyte
function-associated antigen 1 (LFA 1,
CD1 la/CD 18). 2 l The interaction between
ICAM and LFA 1 is important for several
basic immunological processes, including
antigen presentation to T lymphocytes and
the extravasation of leucocytes through acti-
vated vascular endothelium.15 LFA 1 depen-
dent functions are tightly regulated to prevent
erroneous conjugation with other cells.'658
Our earlier studies have implicated ICAM 1
in the interaction between activated lympho-
cytes and bladder tumour cells.9 Following
such LFA 1/ICAM dependent conjugation
events, the activated effector cell was able to
mediate the eventual destruction of tumour
cells.'9 In these studies antibodies to either
ICAM 1 or LFA 1 negated the conjugation of
effector cells with tumour targets and the sub-
sequent delivery of "lethal-hit".920 If such
conjugation were to occur in vivo, after instil-
lation of BCG organisms into the bladder
then ICAM 1 expression on the tumour cell
may well be required. We therefore investi-
gated the constitutive expression of ICAM 1
and ICAM 2 on bladder tumour biopsy speci-
mens from untreated patients and on urinary
cytospin preparations obtained after intravesi-
cal BCG treatment of this malignancy.

Methods
Biopsy material from patients with histologi-
cally confirmed transitional cell carcinoma of
the bladder was taken and stored in liquid
nitrogen for further processing. Patients were
selected to undergo immunotherapy with
intravesical instillations of BCG. Non-inva-
sive urinary cytospin specimens were obtained
from these patients during each week of, and
after, treatment. Patients were followed up
with check cytoscopies, biopsies, and urine
cytology performed at three monthly intervals.
After the first six months their initial response
to treatment was assessed and correlated with
immunohistochemical findings. Patients who
were free of disease at this point received a
single dose of BCG as maintenance treat-
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ment. Patients whose disease had relapsed
received cysto-urethectomy.

Evans (Glaxo) high strength percutaneous
BCG in lyophilised form was used. Twenty
ampoules containing a total of 1-5 x 109 cfu
was mixed with 50 ml of physiological saline
and instilled into the bladder through a uri-
nary catheter which was subsequently
removed. The patients retained the suspen-
sion for two hours, during which they were
asked to lay on their beds turning from supine
to lateral to prone positions at 15 minute
intervals in order to expose all surfaces of the
bladder to the suspension. Instillations were
repeated weekly for six weeks.

PREPARATION OF FROZEN SECTIONS AND
URINARY CYTOSPIN SLIDES
Frozen sections were cut to 5 ,um thickness at
- 25°C and mounted on to poly-L-lysine
coated glass slides for staining. Cytospins
were prepared as follows: freshly voided mid-
stream urine was centrifuged at 1500 rpm for
five minutes. The pellet was resuspended in a
few millilitres of serum-enriched RPMI 1640
(Gibco, Paisley, UK). Using a cytocentrifuge,
200 ,ul of cell suspension was spun at 700 rpm
for eight minutes against poly-L-lysine coated
glass slides. All specimens were air dried for
20 minutes, then fixed in acetone for a further
20 minutes, and again air dried before wrap-
ping in aluminium foil and storing at - 20°C.

MONOCLONAL AND POLYCLONAL ANTIBODIES
Murine monoclonal antibodies to ICAM 1
(RR1/1) and ICAM 2 (CBRIC2) were the
generous gift of Dr TA Springer (Centre for
Blood Research, Boston, USA). Biotinylated
rabbit antibodies to mouse immunoglobulins
were obtained from Dako, UK. Horseradish
peroxidase and alkaline phosphatase conju-
gated rabbit antibodies to mouse immuno-
globulins were also obtained from Dako.

IMMUNOHISTOCHEMICAL STAINING
Slides were thawed for 20 minutes before
rehydration in 0-2M TRIS-buffered saline,
pH8-6 (TBS), for five minutes. Optimal con-
centrations of primary antibody were then
applied to the specimens which were incu-
bated at 18°C for one hour. Following
thorough but gentle washing in TBS, speci-
mens were incubated with either biotinylated
anti-mouse immunoglobulins or horseradish
peroxidase (HRP) conjugated anti-mouse
immunoglobulins for a further 30 minutes.

Table 1 Essential expression ofICAM 1 and ICAM 2 by bladder tumours

Number ofpatients expressing:

ICAM I ICAM 2

Stage Mean grade + +I- - + +I- -

Ta 16 0 0 4 0 0 4
Ti 24 0 0 6 0 0 6
T2 3 0 0 1 4 0 0 5
T3+ 2 9 0 1 6 0 0 7

Sequential frozen sections obtained from routine biopsy samples were immunohistochemically
stained for ICAM 1 and ICAM 2 antigens. The results are ordered with respect to clinical stage
of the disease which reflects the degree of invasiveness. Where more than 50% of epithelial cells
expressed antigen, cells were scored (+); between 10-50% positive cells (+/-); and less than
10% (-).

AtMer a further wash in TBS, biotinylated
immunoglobulins were detected by incubat-
ing with alkaline-phosphatase conjugated
strepavidin (Dako) for 20 minutes. After
further washing, Dako Fast Red substrate was
then added for 20 minutes. Slides incubated
with HRP-conjugated immunoglobulins were
flooded with substrate solution (3 mg
diaminobenzidine solution containing 0-1%
hydrogen peroxide) and incubated for 10
minutes. After washing, all slides were lightly
counterstained using Mayer's haematoxylin
for two minutes and mounted in aqueous
neutral glycerine jelly. In negative controls the
primary antibody was omitted. Expression
was evaluated as follows: negative (-) less
than 10% cells positive; weak (+ /-) less than
50% cells positive; and strong (+) more than
50% cells expressing ICAM 1. At least 200
cells were counted for sections; on urinary
cytospins a minimum of 100 cells were
counted for each sample.

Student's t-test was applied for the percent-
ages of cells expressing ICAM 1 in the first
and last round of treatment. P values were
obtained from standard tables.

Results
ICAM 1 EXPRESSION IN UNTREATED BLADDER
TUMOURS
We have shown that bladder cancer cell lines
essentially express either ICAM 1 or ICAM 2
molecules on their surface.910 Furthermore,
after treatment with the cytokines identified in
patients' urine samples, bladder tumour cells
in vitro expressed increased concentrations of
ICAM 1, but not ICAM 2. These molecules
seem to be important for the recognition of
tumour cells by activated lymphocytes and
may be involved in a successful host response
to BCG immunotherapy. In this study we
investigated the expression of these antigens
in bladder tumours themselves.
Most tumour cells of a variety of

histopathological grades (22 patients in total)
did not express either ICAM 1 or ICAM 2
(table 1, fig 1). No tumours scored strongly
positive (+) for ICAM 1, and only two of 22
scored weakly positive (+ / -), the remainder
being negative. None of the tumour cells in
the sections examined expressed ICAM 2.
Interestingly, expression of ICAM 1 and, to a
lesser extent, ICAM-2, was noted in the stro-
mal regions surrounding areas of carcinoma
cells. Stromal expression of these antigens was
noted for most patient sections-17 of 22-
and expression ofICAM 1 was also confirmed
on vascular endothelium (not shown).

ICAM 1 POSITIVE TUMOUR CELLS IN URINE
AFTER BCG TREATMENT
Expression ofICAM 1 was studied on tumour
cells in urinary cytospin slides obtained from
each of the six instillations from six patients
undergoing a course ofBCG immunotherapy.
The neoplastic status of suspected tumour
cells was confirmed by a consultant histo-
pathologist. In cells obtained 12 hours after
the first two instillations of BCG, ICAM 1
expression was either absent or weak. After
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Induction ofICAM 1 expression on bladder tumours

Table 2 Expression ofICAM 1 on epithelial cells shed
into patients' urine after instiUlations ofBCG organisms

Case No lst 2nd 3rd 4th 5th 6th

1 - - - + + +
2 +l- - + + + +
3 - - - + + +
4 - +l + + + +
5 - + + + +
6 - - + +

Urinary cytospins were made from a fresh urine sample
obtained 12 hours after each of six instillations of BGC and
then immunohistochemically stained for ICAM 1 expression.
Where more than 50% of epithelial cells expressed antigen,
cells were scored (+); between 10-50% positive cells (+ I-);
and less than 10% (-).
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Figure 1 Immunohistochemistry ofICAM 1 on afrozen section obtainedfrom
untreated superficial bladder tumour. ICAM 1 was detected using monoclonal a?
and a secondary polyclonal antibody conjugated to horseradish peroxidase. The s
used was DAB, which yields a brown stain. Note: ICAM 1 expression is localise
stromal areas. Tumour cells (blue) did not express ICAM 1. ICAM 2 expression
absent on tumour cells and weaker in stromal regions (not shown).

t9

Figure 2 Detection ofICAM I expression on urinary cytospins obtained after t
with repeated instillations ofBCG. Shown are two epithelial cells, one ofwhich e
ICAM 1 (brown).

Table 3 Expression ofICAM 1 on epithelial cells shed into patients' urine after
maintenance treatment

CaseNo 2 5 6 7 8 9 10
1 st instillation +/- - - -
Maintenance + +/- + + + - +

Urinary cytospins were made from a fresh urine sample obtained 12 hours after tre;
then immunohistochemically stained for ICAM 1 expression. Where more than 50%
cells expressed antigen, cells were scored (+); between 10-50% positive cells (+/-
than 10% (-).

the third instillation three patients had high
levels of ICAM 1 expression. Malignant and
normal epithelial cells obtained from the later
instillations, however," from all patients
showed that more than 50% of these cell types
expressed ICAM 1 (table 2, fig 2). A signifi-
cance value of p < 0 001 was obtained when
the difference in ICAM 1 expression on cells
obtained after one instillation ofBCG and six
instillations were compared.
Tumour cells were not stained for ICAM 2

expression after BCG treatment as ICAM 2 is
not essentially expressed and is known not to
be a cytokine inducible gene.

MANTENANCE TREATMENT
The expression of ICAM 1 was maintained
for at least six months after the final instilla-
tion of BCG. After six months patients who
had undergone a complete response to
immunotherapy (as judged by cystoscopic
examination) were given a single instillation of
BCG organisms, termed "maintenance." The
expression of ICAM 1 on normal epithelial
cells shed into the urine was also studied
using immunohistochemistry. Unlike the first
course of treatment, where expression of
ICAM 1 was initially absent, over 50% of cells
obtained after the maintenance course were
positive for ICAM 1 expression. The data
showing first response to BCG and "mainte-
nance" are summarised in table 3.

an Discussion
ntubodses Intravesical BCG treatment for superficial
d to the bladder cancer is the most successful form of
i was also immunotherapy for any solid human malig-

nancy.' The mechanisms of action, however,
remain largely undetermined. After repeated
BCG instillation high concentrations of
certain cytokines are readily detected in the

* urine; patients receiving intravesical chemo-
therapy do not secrete cytokines.4 These
cytokines are probably involved in the anti-
tumour response of the host.

In vitro, when bladder cancer cells are
treated with the recombinant versions of the
cytokines detected in the urine, they respond
in a variety of ways. They express MHC class
II and ICAM 1 antigens and their growth
characteristics are altered.8 10 21 In vivo we have
observed the expression ofMHC class II mol-
ecules after repeated instillations of BCG.7
This study was designed to investigate the
expression of ICAM 1 by tumour cells in
patients during and after BCG treatment.

Transitional cell carcinomas of the bladder
did not essentially express either ICAM 1 or

,reatment ICAM 2 molecules. It might be advantageous
expressed not to express ICAM and thus evade tumour

detection by infiltrating leucocytes. Our in
vitro conjugation and cytotoxicity studies

r have done much to confirm the importance of
ICAM 1 expression in increased vulnerability
to killing by activated lymphocytes.91920 For

- other tumours, however, a correlation has
+ been made between ICAM 1 expression and

atment and increased propensity for metastasis.22 In this
of epithelial study metastatic tumour expressed higher-); and ess

ICAM 1 concentrations than the primary
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lesion. The means by which increased ICAM 1

expression might lead to a poorer prognosis
remain unclear, however: ICAM- 1 can be
shed from cells and may block infiltrating leu-
cocytes." One study correlated increased con-

centrations of circulating ICAM 1 with the
presence of metastatic cancer; patients with a

primary lesion alone had significantly lower
concentrations.24 In this regard we detected
soluble forms of ICAM 1 in patients' urine
after BCG immunotherapy.25 Whether high
densities of cell associated ICAM 1 or differ-
ences in shedding/membrane turnover are

involved in the immunolocalisation, destruc-
tion, detachment of tumour cells from the pri-
mary lesion, or their eventual metastasis
remains to be determined.

After repeated instillations of BCG tumour
cells expressed ICAM 1 molecules. Little
expression was observed on cells derived after
the earlier instillations, but gradual increases
in intensity of staining were noted over the
later instillations. From our previous studies it
seems that this would require stimulation with
various cytokines. Whether such cytokines are

derived from infiltrating activated lympho-
cytes remains to be determined, but those
cytokines present in urine can induce expres-
sion of ICAM 1.1I Most importantly, the
induced expression of ICAM 1 on tumour

cells is a response of the tumour cell to BCG.
The coupling of tumour cells expressing

ICAM 1 with lymphocytes expressing LFA 1
allows "lethal-hits" to be delivered to the
tumour cell in vitro. Whether this takes place
in vivo requires investigation, but our pre-
vious studies have demonstrated increased
vulnerability to cytolysis with increasing levels
of ICAM 1 expression. Such cytotoxicity is
abolished by monoclonal antibodies to either
of the adhesion molecules ICAM 1 or LFA 1.9
Therefore, this may be one possible means

by which BCG activated immunotherapy
achieves its clinical success.

The poor expression of ICAM 1 and its
rapid disappearance in the one patient who
failed to respond to initial treatment warrants
further study. It may be that failure to express
ICAM 1 after BCG instillation heralds treat-
ment failure. Therefore, we intend to study
the expression of ICAM 1 in a large number
of patients to evaluate any prognostic value.
One advantage in studying the concentrations
of cytokines in patients' urine and the expres-
sion of adhesion molecules on voided cells is
that it is non-invasive and therefore minimises
patient distress.

Further experiments are currently under-
way in an attempt to dissect the role of cellular
adhesion molecules in the eradication of
tumour cells after immunotherapy with BCG.
We are presently investigating the direct
effects of BCG on ICAM 1 expression by
bladder cancer cells. Investigation of any cor-

relation of ICAM 1 expression with response
to clinical treatment is the logical next step
and a large study is now under way.

Dr TA Springer generously donated murine monoclonal anti-
bodies to ICAM 1 and ICAM 2, and for this we are grateful.
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