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Abstract Activated cytotoxic effector cells such as ba-
cillus Calmette-Guérin (BCG)-activated killer (BAK)
and lymphokine-activated killer (LAK) cells are
thought to mediate the antitumor effects in the immu-
notherapy of superficial bladder cancer with BCG. We
investigated the role of the leukocyte-function-antigen-
1 and its two subunits CD11a and CD18 in the lysis of
bladder tumor cells by both effector cell populations.
We used flow cytometry to measure CDI11a and CD18
expression on BAK and LAK cells. The involvement of
both surface molecules in the lysis of bladder tumor
cells was determined by phase contrast microscopy and
a set of radioactive-release assays using specific inhib-
itory antibodies. BAK and LAK cells expressed more
CDlla and CDI18 on their surfaces than unstimulated
peripheral blood mononuclear cells. Effector-target cell
adhesion was a prerequisite for the cell-mediated cy-
totoxicity of BAK and LAK cells against bladder tu-
mor targets. Cytotoxicity of both BAK and LAK cells
was inhibited by a combination of anti-CDl1la and
-CD18 monoclonal antibodies. Our study gives further
insight into the complex interactions of the adhesion
molecules of activated immune cells and their respec-
tive tumor targets and might help to increase our
knowledge of the molecular mechanisms of BCG-
immunotherapy.
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Introduction

Intravesical immunotherapy with bacillus Calmette-
Guérin (BCQG) is the most effective treatment to prevent
bladder cancer recurrences after transurethral tumor
resection [26, 31]. In spite of being considered the most
successful immunotherapy today, the immunological
mechanisms remain only partially understood [1]. The
instillation of BCG into the bladder provokes a complex
inflammatory response. Lymphocytes and various cy-
tokines are released into the urine [1, 7, 15, 37]. The
bladder wall is infiltrated by mononuclear cells such as
macrophages, CD4" and CD8" T lymphocytes which
form granulomas in the suburothelial stroma [6, 19]. In
vivo studies with mice have demonstrated that CD4 ",
CDS8™" and NK cells are required for the bcg-mediated
antitumor effect [12, 33, 34]. Therefore, cell-mediated
immunity plays a key role in the elimination of tumor
cells after BCG instillation.

The in vitro cytokine stimulation of lymphocytes
with IL-2 generates a strong cellular cytotoxicity against
a large variety of tumor targets [36]. These cells have
been termed lymphokine-activated killer (LAK) cells
and have been proposed as possible effector cells in
BCG-immunotherapy [38]. We previously demonstrated
the generation of tumor-cytotoxic effector cells by
stimulation with BCG [40]. These BCG-activated killer
(BAK) cells exhibit a strong cytotoxicity against bladder
cancer cells. Further studies demonstrated that BAK
cells differ from LAK cells phenotypically and func-
tionally [8, 18]. BAK cell induction involves monocytes
and CD4™ T cells as well as cytokines such as IL-2, IL-
12 and IFN-y. BAK cells belong to a small subset of
activated CD37/CD8 " /CDI16"/CD56" NK cells and
lyse bladder tumor cells via a perforin-mediated path-
way [9, 11].

Adhesion molecules are crucially important for the
interaction of leukocytes with other cells. Among others,
those of the leukocyte-function-associated antigen-1
(LFA-1) have been implicated in the lysis of cancer cells



234

by LAK and NK cells [2, 42]. LFA-1 consists of a
185 kDa oa-chain (CDlla) and a 95 kDa f-chain
(CD18). It interacts with various members of the inter-
cellular adhesion molecule (ICAM) family and is ex-
pressed on most leukocytes [39]. Its main ligand is the
ICAM-1 molecule, a 90 kDa cell surface glycoprotein.
LFA-1 is expressed on LAK and NK cells [24, 43].
Furthermore, it has been shown that most bladder
cancer cells express adhesion molecules of the ICAM
family [14].

To further analyze the molecular mechanisms of
BCG-immunotherapy, we tried to define the adhesion
molecules involved in the process of cell-mediated cy-
totoxicity of BAK and LAK cells against bladder cancer
cells. We used inhibitory antibodies in a cellular cyto-
toxicity assay system to block tumor cell lysis. Our re-
sults demonstrate an important role for the interaction
of LFA-1 with integrins on the target cell surface in this
process.

Materials and methods

Cell lines

The human bladder carcinoma cell line T24 was maintained in
RPMI-1640 medium (Biochrom, Berlin, Germany) supplemented
with 10% fetal calf serum (FCS), 100 U/ml penicillin and 100 pg/
ml streptomycin at 37°C and 5% CO,. It was originally established
from a patient with a poorly differentiated G3-tumor [13] and
kindly provided by L. de Boer (University of Amsterdam, The
Netherlands).

Effector cells

Peripheral blood mononuclear cells (PBMC) from healthy human
donors were isolated by density-gradient centrifugation on Ficoll-
Paque (Pharmacia, Uppsala, Sweden). Cells were adjusted to a
concentration of 10®/ml in RPMI-1640 containing 5% human AB
serum, 100 U/ml penicillin and 100 pg/ml streptomycin. We used
200 U/ml human native IL-2 (kindly provided by H. Mohr, Blood
Transfusion Service, Springe, Germany) and 3.75x10* cfu/ml re-
constituted lyophilized BCG (Connaught substrain, Immucyst) to
stimulate PBMC. Stimulated cell suspensions were cultured in six-
well microtitre plates for 7 days at 37°C and 5% CO,. In all ex-
periments, unstimulated cultured PBMC served as controls.

Cytotoxicity assay

Cytotoxicity was determined using a L-[’H] methionine release
assay in a modification of the method described by Leibold and
Bridge [29]. In brief, target T24 cells were labeled for 16 h with
L-[*H] methionine (Amersham Buchler, Braunschweig, Germany;
specific activity 70-85 Ci/mmol, 20-40 pnCi/10 ml) in L-methionine
free RPMI 1640 medium (Biochrom) supplemented with 10% FCS,
penicillin and streptomycin, at 5x10° cells/200 pl in a 96-well mi-
crotiter plate (Falcon, 3072, Becton Dickinson, Heidelberg, Ger-
many). Following this step, medium was renewed and effector cells
were added at different effector/target (E/T) cell ratios in 200 pl as
stated in the figure legends. The inhibitory antibodies anti-
humanCDI11a (clone 25.3.1) and anti-humanCDI8 (clone 7E4,
both Coulter Immunotech) were added to the effector cells (con-
centrations as indicated in the figure legends) 30 min prior to
coincubation with target cells to allow binding to their respective
antigens. After 20 h of coincubation, 100 pl supernatant was
harvested. To determine the spontaneous release, the target cells

were cultured in medium alone. Maximum release was measured
after the complete lysis of targets in 2% SDS/1% Triton X-100/
10 mM EDTA. Specific lysis was determined according to the
following formula:

specific 1ysis(%) = (Fexp = Tspon) X 100/ (py0x = Tspon),

with e, = experimental release; Typon= SpPOnNtaneous release;

I'max= Maximum release.

“Cold” target inhibition assay

This assay system was developed and described by de Landazuri
and Herberman and Berke et al. [4, 16]. We used it to demonstrate
that the cell-mediated lysis of bladder carcinoma cells by BAK cells
depends on effector-target cell adhesion. Increasing amounts of
unlabelled (cold) competitor cells are added to a fixed number of
radioactively labelled (hot) target cells prior to coincubation with
the effector cells. If effector-target cell binding is necessary for the
induction of cellular cytotoxicity, the cold competitors compete
with the hot targets for the binding of the effector cells. Since the
killing of the cold competitors can not be measured in the radio-
active release assay, increasing numbers of cold cells lead to a de-
crease in the radioactive release and specific cytotoxicity of the hot
cells. Increasing numbers of up to 125x10° unlabelled competitor
cells/well were added to 5x103 radioactively labelled target cells
before coincubation with the effector cells and allowed to adhere
for 4 h. Following this step, effector cells were added and specific
lysis was determined as described above.

Flow cytometry

Single-colour immunofluorescence was performed on BAK and
LAK cells as well as unstimulated PBMC indirectly stained with
monoclonal antibodies and detected with a fluorescein isothiocya-
nate (FITC)-conjugated monoclonal antibody. For each analysis,
5x10° cells were incubated in washing buffer (PBS containing 0.1%
sodium azide and 3% human AB serum) with 2 pg/ml anti-CD11a,
anti-CD18 or an isotype control at 4°C for 30 min. We used the
same set of anti-CDl1la and anti-CDI18 antibodies for flow cy-
tometry and inhibitory functional assays in accordance with the
manufacturer’s instructions. After washing twice, a goat anti-
mouse-FITC conjugate was added for another 30 min at 4°C.
Following two more washes in washing buffer, 1.5% formaldehyde
was added and a total of 10,000 cells were analyzed on a FACStar
Plus (Becton Dickinson). The gating of debris, non-viable and
aggregated cells was done according to forward/sideward scatter
signals. We calculated our data with WinMDI software.

Phase contrast microscopy

A total of 5x10° target T24 cells were seeded into each well of a 96-
well microtiter plate (Falcon, 3072, Becton Dickinson) and allowed
to adhere for 6 h in RPMI-1640 containing 5% human AB serum,
100 U/ml penicillin and 100 pg/ml streptomycin. Afterwards,
stimulated effector and control cells were added at an effector-/
target-cell ratio of 40:1. After an additional coincubation period of
8 h, phase contrast micrographs were taken at 100x magnification.

Results

Dependence of BAK and LAK cell cytotoxicity
against bladder tumor cells on effector-target
cell adhesion

BAK and LAK cells exerted strong cytotoxicity against
T24 bladder tumor cells (Fig. 1a). We used a cold-target
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Fig. 1a, b. Lysis of bladder tumor targets by bacillus Calmette-
Guérin (BCG)-activated killer (BAK) cells and lymphokine-
activated killer (LAK) cells depends on cell-cell contact. Peripheral
blood mononuclear cells (PBMC) were stimulated with BCG and
interleukin-2 (IL-2) for 7 days to generate BAK and LAK cells.
a Cytotoxicity against T24 bladder tumor cells was measured in a
radioactive-release assay. Both effector cell populations exhibited
strong cytotoxicity against the targets tested. b “Cold” target
inhibition of BAK and LAK cell killing of bladder cancer cells. A
total of 5x10° T24 cells were radioactively labelled (hot) and
specific lysis was determined in the presence of increasing numbers
of unlabelled (cold) inhibitors. Both target cell populations
compete for the binding of the effector cells, thus demonstrating
the requirement for cell-cell contact and adhesion in the killing
process. The effector/target ratio was 40:1. The lysis of unstimu-
lated cultured PBMC (control) was below 5%. Experiments were
done in triplicate with results shown as mean +SD

inhibition assay to investigate whether the lysis of
bladder tumor cells by both effector cell populations
depends on the adhesion of the effector cells to the target
cells. In our experiments, increasing amounts of unla-
belled T24 cells competed with labelled radioactive T24
targets for the binding of both effector cell populations
and inhibited cytotoxicity as shown in Fig. 1b. Specific
lysis was strongly reduced, showing that effector-target
cell binding is indeed a prerequisite for cytolysis by both
BAK and LAK cells. The process of effector-target cell
adhesion and target cell lysis was also observed by phase
contrast microscopy. Unstimulated PBMCs do not ad-
here to bladder tumor cells and target cells remain viable
(Fig. 2a). BAK and LAK cells, however, adhere to their
respective tumor targets which results in target cell de-
struction (Figs. 2b, ¢).

CD11a/CDI18-expression on BAK cells, LAK cells
and unstimulated PBMC

Cytokine stimulation of PBMC up- or downregulates
the expression of various surface molecules including
adhesion molecules. We used flow cytometry to deter-
mine the expression of CDI1a/CD18 on BAK cells
compared to LAK cells and unstimulated PBMC. Since
CDlla and CDIS8 are expressed on almost all leuko-
cytes, we used the “mean fluorescent intensity” to
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Fig. 2a—c. Effector-target cell adhesion and destruction observed
by phase contrast microscopy 8 h after coincubation (100x; E/T-
ratio 40:1). a Unstimulated PBMCs were scattered around viable
T24 bladder tumor cells. There was no adhesion to the target cells.
In contrast, BAK (b) and LAK (c) cells adhere to T24 cells and
form clusters around the tumor targets. There were no remaining
viable T24 cells

evaluate the stimulatory effect of BCG and IL-2. Stim-
ulation of PBMC with BCG slightly increased the ex-
pression of CD1la and CD18 (means=107.9 and 98.8,
respectively) as compared to the unstimulated cells
(means="74.4 and 64.6). In contrast, adhesion molecule
expression on IL-2-stimulated cells was further increased
to a mean of 381.9 and 360.4 for CDIlla and CDI18,
respectively. Table 1 summarizes these results together
with the respective percentages of positive cells.



236

Table 1. CDl1la and CDI18 expression on BAK and LAK cells.
PBMC were stimulated with BCG and IL-2 for 7 days to generate
BAK and LAK cells. Both effector cell populations were stained
with mouse anti-CD11a and -CD18 mAb or an isotype control and
subsequently detected with a fluorescein-isothiocyanate-conjugated
mADb. The results were compared with the unstimulated control
PBMC. BAK and LAK cells show an increased expression of
CDlla and CD18

% Positive cells “Mean” over all cells

CDlla CDI18 Isotype CDIlla CDI18 Isotype
BAK 94 96.03 2.7 107.9 98.8 13.5
LAK 99.4 957 5.6 381.9 3604 8.78
Unstimulated  96.5 96.6 09 74.4 64.6 6.5
95%-confidence 6.7 1.1 5.9
interval

CD11a/CD18 play a crucial role in BAK cell
cytotoxicity against bladder tumor cells

Having demonstrated an elevated expression of CDI11a
and CD18 on BAK and LAK cells, we wanted to define
whether these surface adhesion molecules play any role
in the process of cell-mediated cytotoxicity against
bladder tumor cells. The expression of the most impor-
tant ligand ICAM-1 on T24 cells has been shown by us
(data not shown) and others [14, 20]. Inhibitory anti-
CDl1la and anti-CD18 antibodies alone or in combina-
tion were added to the cytotoxicity assay system and
specific lysis was determined. Increasing concentrations
of up to 5 pg/ml anti-CD11a and anti-CD18 effectively
inhibited BAK cell lysis of T24 bladder tumor cells by as
much as 24% and 19%, respectively. However, by
adding both antibodies in combination lysis was further
reduced by 34% (Fig. 3a). Thus, blocking the LFA-1
molecule as a whole has a different functional effect
compared to blocking each subunit separately. Addi-
tionally, we used the same experimental setup to inhibit
LAK cell lysis of T24 cells by anti-CD11a and anti-
CD18 antibodies. Maximal concentrations of 5 pg/ml
anti-CD11a and anti-CD18 reduced LAK cell cytotox-
icity by 13% and 19%, respectively. The combination of
both antibodies did not decrease cytotoxicity any fur-
ther. With 5 pg/ml anti-CD11a and anti-CD18 together,
an inhibition of 19% was attained (Fig. 3).

Discussion

Much effort has been put into the development and
improvement of immunotherapeutic strategies for the
treatment of urological malignancies. Intravesical in-
stillation of BCG for the prevention of superficial
bladder cancer recurrences is considered the most ef-
fective immunotherapy today [26, 31]. BCG has been
shown to be superior to chemotherapeutic drugs used
for the local treatment of bladder tumors [23]. Activated
immune cells are thought to mediate the antitumor
effects of BCG in vivo [12, 33, 34]. In vitro, IL-2 and
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Fig. 3a, b. Inhibition of BAK and LAK cell-mediated cytotoxicity
against bladder tumor cells by inhibitory anti-CD11a and -CD18
mAb. PBMC were stimulatad with BCG and IL-2 for 7 days to
generate BAK and LAK cells. Antibodies were added to effector
cells 30 min prior to coincubation with target cells to assure
optimal antigen binding. Specific lysis of T24 bladder turmor
targets was determined in the presence of increasing concentrations
of anti-CD11a and -CD18 as well as an isotype control. a BAK cell
cytotoxicity was inhibited by both antibodies. The combination of
both antibodies led to a further decrease of specific lysis. b LAK
cell cytotoxicity was inhibited by both antibodies. The combination
did not result in a further decrease of specific lysis. The effector/
target ratio was 40:1. The lysis in the controls was below 5%.
Experiments were done in triplicate with results shown as
mean + SD

BCG are potent inducers of cell-mediated cytotoxicity
against various human tumor targets [10, 22, 40]. LAK
cells can be generated in vivo and directly by cytokine
stimulation of PBMC or isolated lymphocytes [3, 22].
However, there is a large variety of possible LAK cell
phenotypes [32]. LAK cells can express NK cell markers



such as CD16 and CD56 as well as T cell markers such
as CD3 and CDS. In contrast, the generation of BAK
cells involves a complex interaction of various PBMC
subsets with cytokines. Monocytes and CD4 " T cells as
well as cytokines such as IL-2, IL-12 and IFN-y are re-
quired for their induction [35, 41]. BAK cells belong to a
small activated NK cell subset and are of the CD37/
CD8"/CD16"/CD56" phenotype [9]. Both effector cell
populations lyse their targets in an MHC-unrestricted
manner [3, 40]. Still, little is known about the direct cell-
cell interactions and adhesion processes between BAK
and LAK effectors and their respective targets. While
many in vitro studies have been conducted recently to
identify the adhesion molecules involved in LAK cell
lysis, we also tried to define those important for BAK
cell cytotoxicity against bladder tumor cells.

Two ways for cytotoxic effector cells to induce tar-
get cell lysis have been described: they either release
soluble cytotoxic factors or form effector-target cell
conjugates to initiate specific target cell destruction [4].
Much progress has been made in elucidating the mo-
lecular mechanisms of cytolysis used by BAK and
LAK cells. While LAK cell lysis is mediated through
FasLigand, perforin and TNF-o, BAK cells kill pre-
dominantly via perforin [11, 28]. Effector-target cell
adhesion is a prerequisite for perforin- and FasLigand-
mediated cytolysis. We were able to show in cold-target
inhibition assays that the BAK and LAK cell lysis of
bladder tumor targets (Fig. 1a) depends on the estab-
lishment of cell-cell contact (Figs. 1b, 2a-c). LFA-1,
with its two subunits CD1la and CDI18, is the major
integrin on lymphocytes [21, 27]. Therefore, we further
analyzed the role of these adhesion molecules in BAK
and LAK cell lysis. As pan-leukocyte markers, about
95% of both effector cell populations express CDI11a
and CDI18 on their cell surfaces. However, there was
a great difference in the mean fluorescent activity
(Table 1), demonstrating a far lower expression of both
molecules on BAK cells in comparison with LAK cells.
An increased expression of LFA-1 on LAK cells has
been described previously [25, 30]. Using inhibitory
antibodies against CD11a and CD18 we were able to
inhibit cytotoxicity of BAK cells against T24 by up to
34% (Fig. 3a). Thus, both adhesion molecules play an
important role in this process. Using the same experi-
mental setup, LAK cell lysis was inhibited by 19%,
indicationg a role for LFA-1 as well in LAK cell cy-
totoxicity (Fig. 3b). The involvement of LFA-1 in LAK
cell lysis of T24 tumor cells has already been investi-
gated by Campbell et al. with a somewhat different
result [14]. By blocking LFA-1, they reduced adhesion
by 75% and cytotoxicity by about 60%. Jackson et al.
were able to inhibit LAK cell lysis of other bladder
tumor cell lines by about 65% using antibodies against
LFA-1 [24]. In their experiments, LAK cell cytotoxicity
was positively correlated with the expression of ICAM-
1, the most important LFA-1-ligand, on the target cell
surface. Donskov et al. used anti-CD11a and -CDI8
antibodies in a murine tumor model to inhibit LAK
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cell lysis. Neither antibody had any effect on specific
cytotoxicity. However, by combining the antibodies
they found a reduction in lysis of more than 50% [17].
In our own experiments, we observed a similar effect
with the BAK cells. Anti-CD11a and -CD18 reduced
the killing of T24 cells by 24% and 19%, respectively.
The combination of both antibodies resulted in a fur-
ther decrease, inhibiting cytotoxicity by 34%. We were
not able to detect a similar effect in our experiments
with the LAK cells. Another interesting observation
was made by Blanchard et al. [5]. By using anti-CD18
antibodies they were able to inhibit the cytolysis of
tumor cells by LAK cells. However, the adhesion of the
effector cells to their target cells remained unaffected.
By blocking CDl1a, both cytolysis and adhesion were
inhibited. The authors speculated that CD18 might be
involved in transducing an apoptotic or cytotoxic sig-
nal, while CDI11a might be involved mainly in medi-
ating adhesion.

There are various protocols to generate LAK cells,
and in all studies mentioned above, a different pro-
tocol has been used, which might account for some of
the differences observed. In addition, every group used
a different set of CD11a/CD18 antibody clones. The
ICAM-1 expression, as well as the expression of var-
ious other integrins on the target cell surface, might
also influence the binding and function of the re-
spective antibody on the effector cell side. Further
studies will be needed to clarify the role of CD11a and
CD18 in the lysis of tumor cells by various effector
cell populations.

BAK and LAK cells have been implicated in the
mode of action of BCG immunotherapy. Effector-tar-
get cell adhesion is a prerequisite for tumor cell elimi-
nation by various cytolytic effector cell populations.
Cancer cells are known to escape intrinsic tumor con-
trol by changing the expression of the surface adhesion
molecules. Therefore, an understanding of the molec-
ular interaction between effector and tumor target cells
is of crucial importance for the development and
improvement of therapeutic strategies. This study
demonstrates a role for the LFA-1 interaction with
ICAM-1 in the lysis of bladder tumor cells by BAK
and LAK cells. Tumor cell lysis in both populations
depends on the establishment of cell-cell contact.
CDl1la and CD18 are important in BAK and LAK cell
cytotoxicity against T24. As a powerful modulator of
the immune system, BCG alters the expression of ad-
hesion molecules on activated immune cells and thus
enhances their cytotoxic potential against bladder tu-
mor cells. This might partially explain the success of
BCG in the therapy of superficial bladder cancer.
Modulating the expression of adhesion molecules on
the tumor target and immune effector cells might im-
prove the efficacy of BCG.
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