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ABSTRACT

Intravesical Bacillus Calmette-Guérin (BCG) against superficial bladder carcinoma recurrences is re-
garded as the most successful immunotherapy to date. However, the mode of action has not been fully eluc
dated yet. The aim of this review is to provide a conclusive overview on this complex field and to give detailed
information on several aspects of relevance for the understanding of the involved immune mechanisms.

The BCG-induced inflammation after intravesical immunotherapy in patients obviously differs from
non-specific inflammation by its quality and its subclinical duration. The pronounced infiltration of the bladder
wall by immunocompetent cells together with the secretion of cytokines into the urine point toward the intense
local immune activation after BCG. In-vitro models of BCG-induced cytotoxicity have shown powerful and
selective effector mechanisms. Orthotopic animal models gave valuable information, confirming and extend-
ing ex-vivo and in-vitro data. These approaches led to a hypothesis of BCG-induced tumor control, which will
be the platform for further improvements of this highly effective anticancer immunotherapy.

Key words: BCG, bladder neoplasms, immunotherapy, mycobacterium bovis, mechanism
Braz J Urol, 26: 488-502, 2000

INTRODUCTION nological phenomena are involved. For this reason,
the following contribution is only able to provide an
In 1976, Morales, Eidinger & Bruce were the overview of the most important findings from this
first to report on successful treatment of superficial interesting area of research.
bladder cancer (SBC) with BCG (1). Since then, BCG
became the treatment of choice for high-risk superfi-GENETIC BACKGROUND OF BCG
cial bladder cancer in most countries of the world
and is given at an annual rate of approximately 1 mil- What is BCG? The life attenuated Bacillus
lion. Intravesical BCG therapy is regarded as the mosCalmette-Guérin (BCG) vaccine for the prevention
successful immunotherapy to date (2,3) and not onlyof disease associated with mycobacterium tubercu-
is superior to intravesical chemotherapy with regardlosis was derived from the closely related virulent
to the recurrence rate of SBC (4-6) but also benefi-tubercle bacillus mycobacterium bovis (10). Although
cially acts on the progression rate of this tumor (7-9)the BCG vaccine has been one of the most widely
and, obviously, also positively influences survival in used vaccines in the world for over 40 years, the ge-
high-risk patients (8,9). netic basis of BCG attenuation had never been eluci-
Ever since the immuno-activating properties dated. The current vaccine was originally developed
of BCG were discovered, investigations have beenby Calmette and Guérin who passaged a strain of M.
carried out to ascertain the functional mechanism. Allbovis 230 times in vitro between 1908 and 1921. The
investigations to date have shown that not one singleesulting vaccine was thought to have struck a bal-
functional mechanism, but a whole series of immu-ance between reduced virulence and preserved im-
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munogenicity. However, because of the inability to studied recently by performing comparative hybrid-
preserve viable bacteria (such as by freezing), thiszation experiments on a DNA microarray (11). By
live vaccine required continued passage, eventuallythis method 11 regions of a virulent M. tuberculosis
resulting in a profusion of phenotypically different strain were found that were absent from one or more
daughter strains that are collectively known as BCG.virulent strains of M. bovis. Five additional regions
By the time lyophilized seed lots of BCG vaccines representing 38 open reading frames were present in
were created in the 1960s, these vaccines had bedw. bovis, but absent from some or all BCG strains.
separately propagated through about 1,000 additional his was seen as evidence for the ongoing evolution
passages (depending on the daughter strain), usuallgf BCG strains since their original derivation. Fur-
under the very conditions that effected the original thermore, contemporary BCG vaccines were com-
attenuation. To better understand the differences bepared to their progenitor strain. Because this strain
tween M. tuberculosis, M. bovis and the various BCGwas lost during World War |, the origin of current
daughter strains their genomic compositions wereBCG vaccines could only be inferred through an evo-
lutionary approach. Behr et al. (11) curated a collec-
Table 1- Genetic information about distribution of tion of BCG daughter strains representing this global
deletions (RD) in virulent M. bovis and BCG strains. dissemination for the purpose of performing genomic
Parentheses after M. bovis indicate how many strainscomparisons. Altogether 16 regions were found as
of virulent M. bovis are missing the genetic elementdeleted in BCG strains as compared to virulent TBC.

(modified after reference 11). Of the 16 deletion regions, nine are missing from BCG
and all virulent M. bovis strains tested, two are miss-
Deletion Region Strains where Missing ing from BCG and some of the strains of M. bovis,
RD1 All BCG strains one ?s missing from aII_ BCG straips, and four are
. ) missing only from certain BCG strains (Table-1).
RD2 BCG-strains: -Danish, -Prague, To further address the differences specific
-Glaxo, -Frappier, 5 BCG the authors assumed that regions of a viru-
-Connaught, lent TBC present in M. bovis strains and absent
-Phipps, -Tice, only from BCG were deleted during the derivation
-Pasteur and maintenance of BCG vaccines in various vac-
RD3 M. bovis (3/8) cine facilities around the world. If this was true,
RD4 M. bovis (8/8) then regions of M. bovis missing from BCG strains
RD5 M. bovis (8/8) wo_uld indicate unidirectional genet_lc events frqm
. which the phylogeny of BCG strains can be in-
RD6 M. bovis (8/8) ferred. Because some BCG daughter strains were
RD7 M. bovis (8/8) obtained directly from the Institute Pasteur while
RD8 BCG-Frappier, other strains were derived from another vaccine
BCG-Connaught facility, it was possible to reconstruct the geneal-
RD9 M. bovis (8/8) (ég(j:yGof BCG_f_strzinls and determinedvv(rlle_n andlv)vh:ere
, specific deletions occurre igure-1). In
RD10 M. bov!s (8/8) comparison with M. bovis, all BCG vaccines lack
RD11 M. bovis (8/8) one region (RD1) that presumably was lost during
RD12 M. bovis (8/8) the 1908-1921 attenuation (10). Another deletion
RD13 M. bovis (4/8) (RD2) occurred at the Institute Pasteur between
RD14 BCG Pasteur 39?370221(1)19?1. A_flér_thetr deletion (RtD_14i;§8eC|f|cd
: 0 -Pasteur indicates an event in , an
RD15 M. bovis (8/8) before the lyophilization of BCG Pasteur 1173 in
RD16 BCG-Moreau 1961. The losses of RD8 in Montreal (between

489



BCG'S MECHANISM OF ACTION

& Bans

R

11

R4

R e HLL 111

aa lsur FrapjiEr lice Ldann thrkhamg lapan FiE=a
i pps Loromaa i | Eermark o wreiken LA ]

Figure 1 — Genetic genealogy of BCG (modified after reference 11). RD: region of genetic deletion; IS: insertion element.

1937 and 1948) and RD16 in Uruguay or Brazil hepatocarcinoma, Zbar et al. were able to demonstrate
(after 1925) indicate that ongoing evolution of BCG that administration of tumor cells with BCG leads to
strains was not confined to Institute Pasteur. A his-a significant inhibition of tumor growth. Intralesional
torical review of the BCG literature revealed re- injections of BCG led to involution of tumors already
ports of decreasing virulence in the Institute Pas-formed, and also of the lymph node metastases. Fur-
teur at various times, consistent with the docu-thermore, animals that had become tumor-free after
mented ongoing evolution (11). treatment with BCG had developed immunity to the
Thus, BCG significantly differs from M. hepatocarcinoma, as re-administration of tumor cells
bovis, from which it was originally derived. At- led to no further tumor growth.
tenuation led to the elimination of most virulence From their investigations, Zbar et al. have
genes, which made BCG a famous vaccine againstievised basic rules for the optimum immunotherapy
tuberculosis and a well-known immunostimulant of tumors with BCG (14-17): 1)- localized tumors
with a very advantageous risk-to-benefit ratio. respond to BCG immunotherapy better than gen-
eralized tumors; 2)- the tumor mass must be as
ANIMAL EXPERIMENTS: small as possible before commencement of immu-
BACKGROUND AND DEVELOPMENT notherapy; 3)- a direct contact of long duration be-
tween the tumor cells and the BCG should be en-
Old et al. were able to observe the inhibition sured; 4)- in the animal experimental models tested,
of growth of implanted sarcomas, carcinomas andthe optimum effective dose of BCG for local or
ascites tumors in mice following pre-treatment with intratumoral application was 3A0® colony form-
BCG (12). The systematic work of Zbar et al. at theing units (CFU).
National Cancer Institute, USA, was of vital impor- Similar favorable results were reported by
tance to the further development of BCG applicationsBaldwin & Pimm on rat sarcomas (18) and by
in oncology (13-17). Using the model of a guinea pig Bartlett et al. (19,20) on spontaneously originating
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or carcinogenically induced murine tumors. The to establish in animal experiments (24) that BCG is
growth-inhibiting effect of the BCG treatment of retained in the mouse bladder after instillation only
mice, rat and guinea pig tumors has been observeif the bladder wall had been damaged by either physi-
in numerous other investigations. In many cases,cal or chemical means before instillation. This bind-
systemic pre-treatment (prophylaxis) was alreadying could be inhibited by soluble fibronectin or anti-
found to lead to a significant inhibition of tumor fibronectin antibodies. Moreover, it was evident that
growth. Sparks et al. were able to demonstrate thagfter inhibition of BCG binding, the typical delayed-
an intralesional BCG injection before surgical re- type hypersensitivity (DTH) reaction did not occur
moval of the spontaneously originating metastasiz-and that no anti-tumoral activity was generated. From
ing mammary adenocarcinoma in rats not only sig-these investigations, it was possible to conclude that,
nificantly extended the median survival time, but at least in animal experiments, fibronectin is essen-
that a significant number of animals remained tu- tial for the binding of BCG to the bladder wall.
mor-free over the long term (21). Therefore, after Guinan et al. established a quantitative dif-
primary therapy of the tumor had been carried out,ference in the cellular infiltrate of the urinary blad-
BCG therapy was able to eliminate the occult mini- der wall after intravesical instillation of thiotepa and
mal residual tumor (“minimal residual disease”). BCG (29). They postulated a T-cell dependent func-
From these investigations, it was concluded tional mechanism, which Ratliff et.alvere able to
that high doses (#.0° CFU) of living BCG microbes  prove. Athymic nude mice who did not form T-cells
were necessary to produce an anti-tumor effect. Dif-were not able to generate a BCG-induced tumor de-
ferences between the various BCG strains were foundense, which then became possible after the transfer
in some studies, but it was not possible to determineof homologous T-cells (30).
conclusively whether the different therapy results in These results were further confirmed in an
animal experiments were attributable to this (22,23).animal model by Ratliff et al. who showed, using
immunocompetent mice, that the depletion of both
INTRAVESICAL IMMUNOTHERAPY IN CD4' (T-helper) cells and CDgT-suppressor) cells
THE RODENT BLADDER MODEL completely inhibited the BCG-induced anti-tumoral
effect on implanted bladder tumor cells (31). In this
Using the orthotopic bladder carcinoma system, CD#4and CD8 cells appeared to be neces-
model in mice, Ratliff et al. could significantly con- sary for producing a DTH immune response.
tribute to the explanation of the mode of action of
intravesical immunotherapy. By means of implanta- INVESTIGATIONS IN HUMANS:
tion of syngeneic bladder carcinoma cells into the EX-VIVO
bladders of normal, immunocompetent mice, these
authors examined an animal model which was very While it was initially suspected that a non-
close to reality and which was highly relevant for in- specific effect within the context of an eroding cys-
travesical therapy. These authors were able to estaliitis provided a therapeutic momentum for the effect
lish the significance of fibronectin for the adhesion of BCG (32) most authors nowadays agree to an in-
of BCG to the bladder wall (24-28) Ratliff et al. ini- volvement of the immune system. In our systematic
tially conducted investigations into the binding of investigations on patients treated with BCG we were
BCG to various surfaces. They were able to showable to demonstrate the local immune response in
that BCG adheres in vitro almost selectively to the bladder by immunohistological analysis of the
fibronectin-coated wells. This binding could be in- infiltrating cellular subpopulations (33) and of local
hibited using fibronectin antibodies, and also by cytokines determined directly in the bladder wall
soluble fibronectin (26,27). No differences were seen(34), as well as by examining the patients’ urine with
when comparing various commercially available BCG regard to cytokine secretion (35). In this way, we
preparations (26). Furthermore, the authors were ableharacterized both the acute and also the long-term
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persisting local immune response of patients to thecytotoxicity) cells in the granuloma (Figure-3). The

intravesical immunotherapy. ratio of CD4/CD8" T-cells detectable in the sub-
mucosa was 2:1, which represents a reversal of the
Immunohistology original ratio found in the normal bladder. The im-

Biopsies from the bladder wall before and munohistological characteristics remained un-
after BCG were analyzed by means of immunohis-changed through later examinations at 6, 9 and 12
tology by several groups (29,36-47). months after start of therapy.

To give an insight into the development of These investigations point to a stimulation
the local inflammatory response against BCG, dataof the local immune system in the bladder which dif-
from our analyses are given here. During routine fol-fers significantly from non-specific cystitis in terms
low-up, “cold-cup” biopsies were obtained before of its duration and also in qualitative terms: while in
instillation and immediately after the sixth instilla- the case of non-specific cystitis, or even of cystitis
tion, and then at three-monthly intervals. Before induced by cytostatic drugs, a mainly granulocytic
therapy, such biopsies showed relatively few mono-infiltration is found, an almost exclusive increase in
nuclear cells in the bladder. The local ratio of T- mononuclear, immunocompetent cells (lymphocytes
helper/T-suppressor cells in the bladder wall beforeand macrophages) was found after BCG treatment.
the start of therapy was about 1:2. After the sixth Increased number of immunocompetent mononuclear
instillation of BCG, a massive inflammatory reaction cells could be detected to express so-called activa-
of the entire bladder wall ensued. In all biopsies, tion markers (IL-2-R and HLA-DR). This infiltrate
aggregates of immunocompetent cells which had deof activated cells persists for at least 12 months,
veloped under the treatment could be detected, cormainly in suburothelial granulomas.

responding with the so-called BCG-induced granu- The numbers of infiltrating mononuclear cells
lomas (41,48) (Figure-2) into the bladder wall was also measured by Honda et
- - al. (49), who found lymphocytes apd cells signifi-
o cantly increased after treatment compared with num-
" bers before treatment (although the correlation with
¥ regard toy/d cells was not statistically significant). The

*Jﬁ-’-: e ; localization of pro-inflammatory cytokines was mea-
e 1 'ﬁ i o sured by immunohistology (50). Among the few pa-
' .,,{ % tients studied no single cytokine or cytokine profile
was associated with clinical response to BCG therapy.
e Bladder-wash derived lymphocytes were studied by
J-fﬁ ; o Bruno et al. (51). The addition of BCG on bladder-
ST wash derived lymphocytes expanded in-vitro en-
hanced their proliferation suggesting that this popu-
Figure 2— Biopsy of a urinary bladder 3 months after intravesical lation was sensitized against BCG. This hypothesis
BgG s pTy o ty " L suburothelial Bee. Was confirmed by analysis of T cell receptor restric-
py. Typical picture with several suburothelia . .
induced granulomas visible. tion patterns showing that bladder lymphocytes from
patients under BCG were oligoclonal. Bladder-wash
These follicle-like structures were found al- derived lymphocytes were also analyzed by the group
most exclusively in the highly vascularized submu- from Esuvaranathan (52). They found an increasing
cosa. The infiltrate of mononuclear cells in the blad- trend in the percentage of CD B cells with each
der wall consisted mainly of T-cells after comple- weekly intravesical instillation and the proportion of
tion of the intravesical BCG therapy, with a distinct CD 3 T cells expressing thgd T cell receptor was
predominance of CD4so-called T-helper/inducer) significantly higher in patients receiving standard dose
cells compared with CDgso-called T-suppressor/ BCG than those receiving low dose BCG.
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Figure 3— Dynamics of the immune reaction after BCG. Biopsies of a normal urinary bladder (upper row) compared to biopsies from
BCG-treated bladders (lower row). A and B, staining against CD4helper cells; C and D, staining against CD8
T-suppressor/cytotoxic cells. Before therapy, only relatively few immunocompetent cells (A,C) are visible. After BCG, abundant
mononuclear cells are visible within granulomas (B,D), with a clear predominance of T-helper cells (B) as compared tosbiguppres
cytotoxic cells (D).

Cytokine Secretion into the Urine after 2-8 hours. The elevated titers returned to normal
Further investigations to determine the secre-within 24-hours. In the control group, consisting of
tion of cytokines into the urine were performed from patients with non-specific cystitis, only minute amounts
others and from our group (35,53-57). Within 24 hours of cytokines could be detected in the urine of individual
after BCG instillation, considerable quantities of in- patients. Comparison of the 2 groups showed a highly
flammatory cytokines such as interleukin (IL-1), significant difference between the BCG group and the
interleukin-2 (IL-2) and tumor necrosis factor (TNF) control group. These investigations confirmed the re-
were found in the urine(35). The cytokine titers in the sults of others with regard to IL-2 secretion (58) and
urine differed considerably from one patient to anotherfurthermore described for the first time the secretion
after BCG instillation - both with regard to the tempo- of IL-1-13 and TNF into the urine of patients after BCG
ral maximum and the total level of 24-hour secretions.treatment. The presence of IL-1 in the urine of healthy
Significantly elevated values were detected only 2and febrile subjects has already been demonstrated
hours after the instillation of BCG, with a maximum (35,59). However, the secretion of IL-2 and TNF fol-
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lowing BCG treatment represents a qualitatively andof bladder carcinoma antigens cross-reactive with
guantitatively very different reaction compared with mycobacterial antigens (67-69). Furthermore, the se-
non-specific cystitis. Neither IL-2 (58,60) nor TNF rum antibody response against several heat shock pro-
have been found in the urine of healthy individuals teins was analyzed in patients receiving BCG (68)
and IL-2 has been detected in the urine of patients witrshowing indeed an antibody response against vari-
non-specific cystitis in minute amounts only. IL-2 is ous heat shock proteins.
mainly produced by activated T-helper cells. It acts A very interesting way of predicting the re-
specifically in the proliferation and differentiation of sponse to BCG was found by Kempfer et al. from
T-lymphocytes. Its effect on tumor cells is mainly basedlsrael (72). These authors analyzed the induction of
on the generation of lymphokine-activating killer cells interleukin-2 and interferog-mRNA in peripheral
(LAK cells). TNF-a is mainly formed by activated blood mononuclear cells during BCG treatment. They
macrophages (61,62) and, alongside other effects, posould show that independent of tumor type, induc-
sesses both a direct cytotoxic effect on tumor cells agdion of interleukin-2 mRNA was observed for patients
well as an inhibitory effect on the vascularization of who responded with remission, but not for those who
tumors, imposing macroscopically as a hemorrhagicrelapsed (p = 0,0001). Multivariate logistic analysis
necrosis (12). showed that inducibility of IL-2 mMRNA was the dis-
A special attention was paid by some groups criminating parameter, which yielded a predictive
to interleukin-8 (IL-8) due to its rapid onset in the value of 97 % for remission.
immune response to intravesical BCG (57,63). Due The relevance of all these phenomena with
to its appearance already after the first instillation andregard to the anti-tumoral efficacy of BCG was not
its stability, IL-8 seemed an attractive candidate for clarified until further, in vitro investigations had been
investigation of its prognostic value for clinical re- carried out, which gave a complex picture on the mode
sponse to BCG. However, in analyzing the predictiveof action of BCG.
potency of IL-8 Rabinowitz et al. (64) found no asso-
ciation between the direction of change in interleukin- IN VITRO INVESTIGATIONS
8/creatinine ratio and response to intravesical BCG

making this cytokine probably not an useful marker The ex-vivo investigations described above

for predicting the response to BCG. have resulted in a substantial qualitative and quanti-
tative characterization of the local immune response

Analysis of Peripheral Blood Parameters to intravesical BCG therapy in humans. This reac-

Few groups have looked at the antibody responsdion represents a complex immune response of the
against BCG or against defined mycobacterial antigengody to the local BCG instillation. Further analysis
after BCG intravesical therapy with regard to systemic of these phenomena as possible effector mechanisms
immune activation and the possible inherent specificityagainst bladder tumors required dissection of the im-
of this immune response (65-69). In an early study, varmune response into several individual events, and it
der Sloot et al. have characterized the antibody responseas necessary to investigate these events in vitro in-
in the urine and peripheral blood after BCG (66,70).  dependently of one another (73).

Zlotta et al. looked into the proliferative T
cell response to mycobacterial antigens of bladderThe Direct Cytotoxic Activity of BCG
carcinoma patients before any treatment to detect In order to rule out the possibility that BCG,
possible cross-reactivity between mycobacterial an-as in the case of cytostatic drugs, acts purely as a
tigens and tumors (71). They showed that patientscytotoxic agent, the direct cytotoxic activity of BCG
with superficial bladder carcinoma demonstrated antowards bladder tumor cells was investigated
increased lymphoproliferation against mycobacterial (73,74): co-incubation of increasing concentrations
antigens before intravesical BCG as compared to conef BCG with several target cell lines showed no sig-
trol subjects, suggesting indeed a possible existencaificant cytotoxicity. Thus, under the known clini-
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cal conditions, a direct cytotoxic effect of BCG on be NK-sensitive, showed a distinct sensitivity in the
bladder tumor cells can be ruled out as a major funcsame experiment. Not only those bladder tumor cell

tional principle. lines quoted, but also short-term cultures of newly
resected papillary bladder tumors showed the same
Humoral Mechanisms resistance to non-activated immune cells (79), which

A further possible mechanism was ad- is an indication of the inability of the immune sys-
dressed by Popas et al. (75), who suggested thaem without adequate stimulation to control a tu-
BCG might activate anti-angiogenic pathways. The mor once it has become established.
group collected urine samples and determined the
urinary output of anti-angiogenic IP10 and inter- Lymphokine-Activated Killer Cells
feron-gamma during 12 post-treatment hours. In all(LAK Cells)
cases, significant titers of these chemo- and Through co-incubation with IL-2, immune
monokines were detected. The in-vitro response tocells can be stimulated to produce so-called lym-
stimulation of human transitional and endothelial phokine-activated killer (LAK) cell cytotoxicity. As
cells with BCG or interferon confirmed these data. IL-2 could be detected in the urine as well as in the
The results suggested that anti-angiogenesis mighbladder wall after BCG treatment, it appeared pos-
indeed be a further factor of BCG’s mode of action. sible that these Kkiller cells were generated. For this
The next step downwards was analyzed by a Swedreason, the cytotoxicity of LAK cells towards blad-
ish group (76). As cytokines may induce nitric ox- der tumor cells was tested. The results of these in-
ide (NO) by the enzyme nitric oxide synthase (NOS) vestigations showed that a marked cytotoxicity to-
and as NO exerts cytotoxic effects in tumor cells, wards bladder tumor cells could be induced by IL-2
this mechanism was further analyzed with regardand IFNy (77,80). This mechanism can therefore
to BCG. Induction of NOS activity in the human be considered as a possible functional principle for
urinary bladder after BCG treatment was determinedintravesical immunotherapy using BCG.
and the presence of NOS was localized in urothelial
cells by immunohistochemistry. NO was shown to BCG-Activated Killer Cells (BAK Cells)

exert cytotoxic effects on bladder cancer cells. In order to demonstrate further BCG-in-
Therefore, NO might be involved in cytotoxicity duced effects on immunocompetent cells, activation
induced by BCG. by BCG itself was tested (74,81): after pre-incuba-
tion of immune cells with BCG over several days, it
Cellular Mechanisms Involved in BCG was possible to induce a considerable degree of cy-
Immunotherapy totoxicity to all bladder tumor cell lines tested so

Unstimulated mononuclear cells. Immuno- far (82). We named this apparently autonomous
competent cells can be found in the bladder wallBCG-activatedkiller cell phenomenon “BAK” cy-
even before BCG instillation - albeit in consider- totoxicity. Further experiments showed that only liv-
ably smaller numbers. In order to clarify the extenting BCG bacteria were able to induce BAK cells,
to which these non-stimulated immune cells (whosewhereas dead bacteria or cell-free fragments were
cytotoxicity resides mainly in the natural killer (NK) ineffective - corresponding to the situation in vivo.
cell fraction) are able to kill urothelial carcinoma Also, a dose and time optimum was determined for
cells, the cytotoxicity of these cells was investigated BCG efficacy in vitro.

(77,78): all five urothelial carcinoma cell lines tested

were virtually resistant. These findings also under- Characterization of BAK Cells

line the value of results obtained from cell lines for Further characterization of the effector cells
the in vivo situation in humans resistant to was the next step taken in our investigations (82,83).
unstimulated NK cells. The cell line used as a con-The cytotoxicity of LAK cells shows a well-known
trol, the erythroleukaemia cell line K562, known to maximum after 2-3 days of stimulation with IL-2
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(84), while BAK-cell cytotoxicity continued to in- role of NK cells in BCG-induced cellular cytotox-
crease to day seven. In contrast to LAK cells, BAK icity (87): Magnetic depletion experiments and fluo-
cells could not be generated from Cbdnd CD8- rescence-activated cell sorting revealed that NK cells
depleted cell populations. Because of these and othewere the major effector cell population in vitro, in-
differences, it was concluded that BAK cells repre- deed. To confirm the role of NK cells in vivo we
sent a different cell population and are activated viastudied a syngeneic orthotopic murine bladder can-
a different route than LAK cells. Experiments fol- cer model and compared BCG-immunotherapy in
lowed in which this unique cytotoxic BAK effector C57BL6 wild-type mice, NK-deficient beige mice
cell was further characterized: we were able to dem-and mice treated with anti-NK1.1 monoclonal anti-
onstrate that neither macrophages nor CD4ells body targeting NK cells. Four weekly instillations
come into question as effector cells, but that cellsof viable, commercially available BCG significantly
expressing CD8and CD56 antigens on their sur- prolonged survival in wild-type mice with bladder
face are responsible for this BCG-induced cytotox- cancer as compared to control mice treated with sol-
icity. The induction of BAK cytotoxicity, on the ventalone. In contrast, BCG-therapy was completely
other hand, is apparently very complex, as all de-ineffective in NK-deficient beige mice, and mice
tectable mononuclear subpopulations, also those inreated with anti-NK1.1 monoclonal antibody. Al-
the bladder wall, play a part: both the depletion of together, these findings suggested a key role for NK
CD4" and CD8 cells and the depletion of macroph- cells during BCG-immunotherapy.

ages prevents, concentration dependent, the genera-

tion of BAK cells (85). CONCLUSION
To understand BCG-induced activation of
effector lymphocytes more precisely we investigated A complex local immune response involv-

the lytic pathways of human BAK cells and com- ing humoral and cellular immune mechanisms is in-
pared BAK cell cytotoxicity with LAK cell cyto- duced by BCG in the human bladder (Figure-4). Long-
toxicity (86). Perforin and Fas Ligand (FasL) are term follow-up examinations showed a predominance
the major cytolytic molecules of cytotoxic lympho- of the T-helper/inducer cell population and the per-
cytes. Our results demonstrate that BAK- and LAK sistence of inflammatory (Th1-type) cytokines within
cells showed an increased expression of perforin and
FasL as compared to unstimulated controls. Killing co
of T-24 bladder tumor cells by BAK and LAK cells 0 B
was predominantly mediated via perforin as dem- T
onstrated by a drastically reduced lysis in the pres-
ence of specific inhibitors. In contrast, lysis and
membrane disintegration of target cells by BAK and
LAK cells could not be blocked with an inhibitory
anti-FasL antibody. We concluded that cellular me- . =%22%=
diators of BCG effector mechanisms, such as BAK . e

and LAK cells, Kill their targets via perforin and L ]
independent of the FasL-pathway. This has poten-, sl auiotcide
tial clinical relevance as BCG-therapy would not be =y MH-cel
impaired by FasL-resistance of target cells, which ™"
recently has been described for some tumors. Agigure 4 — Hypothesis of the mode of action of BCG against
perforin i he cylotoxic efector molecule ypiclly [Ncier e, uPhetes by SOk e o o
used by. Natural Killer (NK) cells, these data_ sug- m)ellcrophages/monocytes. Thgse cytokings activate resting Na-
gested involvement of these effector cells in the g killer (NK) cells, which kill their malignant target via
mode of action of BCG. We further elucidated the perforin.

| hs| o=
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the bladder wall. These sub-clinical local inflamma- 5.
tory signs persist for a long time within the so-called
BCG-induced granulomas, which might have an im-
portant role in the recurrence-free status of the pa-
tient. The function of this prolonged inflammation

seems to provide immature effector cells with a con-

tinuous level of activating cytokines (such as IL-2,
Ifn-y, and 1I-12). In vitro, at least two cellular cyto-
toxic effector mechanisms had been determined. Next
to the well-known LAK-cell cytotoxicity, a further

cytotoxic phenomenon could be characterized, which

was termed “the BCG-activated killer (BAK) cell
phenomenon”. Recent investigations convincingly

proved that the effector cells involved are activated

NK cells, which are known to selectively kill malig-
nant targets. Thus, the search for effector mechanisms.

involved in BCG immunotherapy has opened a new

and exiting field.

An important clinical aspect of these inves-

tigations is to decipher which part of the complex
immune response is involved in the killing of the tu- 8.

mor, and which parts contribute to the side-effects

involved with BCG immunotherapy. Enhancing the
further and suppressing the latter reaction would lead
to an even more effective therapy.

REFERENCES

1.

Morales A, Eidinger D, Bruce AW: Intracavi-

tary bacillus Calmette-Guérin in the treatment
of superficial bladder tumors. J Urol, 116: 180-
183, 1976.

Ratliff TL, Hudson MA, Catalona WJ: Strategy

for improving therapy of superficial bladder can- 10.

cer. World J Urol, 9: 95-98, 1991.

Chapman PB, Houghton AN: Non-antibody im-
munotherapy of cancer. Curr Opin Immunol, 5:
726-731, 1993.

Lamm DL, Blumenstein BA, Crawford ED,
Montie JE, Scardino P, Grossman HB, Stanisic
TH, Smith JA, Sullivan J, Sarosdy MF, Crissman
JD, Coltman CA: A randomized trial of intra-

vesical doxorubicin and immunotherapy with ba- 12.

cillus Calmette-Guérin for transitional-cell car-
cinoma of the bladder. N Engl J Med, 325: 1205-
1209, 1991.

497

6.

9.

11.

Lamm DL, Blumenstein BA, Crawford ED,
Crissman JD, Lowe BA, Smith JA, Sarosdy MF,
Schellhammer PF, Sagalowsky Al, Messing EM,
Loehrer P, Grossman HB: Randomized inter-
group comparison of Bacillus Calmette-Guérin
immunotherapy and mitomycin C chemotherapy
prophylaxis in superficial transitional cell carci-
noma of the bladder. A Southwest Oncology
Group Study. Urol Oncol, 1: 119-126, 1995.
Malmstrom P, Wijkstréom H, Lundholm C, Wester
K, Busch C, Norlen BJ: 5-year follow-up of a
randomized prospective study comparing Mito-
mycin C and bacillus Calmette-Guérin in patients
with superficial bladder carcinoma. J Urol, 161
1124-1127, 1999.

Herr HW, Laudone VP, Badalament RA, Oettgen
HF, Sogani PC, Freedman BD, Melamed MR,
Whitmore WEF, Jr.: Bacillus Calmette-Guérin
therapy alters the progression of superficial blad-
der cancer. J Clin Oncol, 6: 1450-1455, 1988.
Herr HW: Surgical Therapy of High-Risk Blad-
der Carcinoma. Transurethral Resection (TUR):
alone vs. Adjuvant BCG. In: Bohle A, Jocham
D (eds.), Optimal Therapy for Patients with
High-Risk Superficial Bladder Cancer-Contro-
versy and Consensus. Proceedings of the first
Libeck symposium on bladder cancer. Libeck,
The Medicine Publishing Foundation: 37, pp.
45-49, 1997.

Lamm DL: The role of maintenance BCG in the
management of transitional cell carcinoma of
the bladder. AUA Newsl4-continued on page
37, 1999.

Mabhairas GG, Sabo PJ, Hickey MJ, Singh DC,
Stover CK: Molecular analysis of genetic dif-
ferences between Mycobacterium bovis BCG
and virulent M. bovis. J Bacteriol, 178: 1274-
1282, 1996.

Behr MA, Wilson MA, Gill WP, Salamon H,
Schoolnik GK, Rane S, Small PM: Comparative
genomics of BCG vaccines by whole-genome
DNA microarray. Science, 284: 1520-1523, 1999.
Old LJ, Clarke DA, Benacerraf B: Effect of ba-
cillus Calmette-Guérin infection on trans-
planted tumors in the mouse. Nature, 184: 291-
292, 1959.



13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

BCG'S MECHANISM OF ACTION

Zbar B, Rapp HJ: Immunotherapy of guinea pig
cancer with BCG. Cancer, 34: 1532-1540, 1974.
Zbar B, Bernstein ID, Rapp HJ: Suppression of
tumor growth at the site of infection with living 25.
BCG. J Natl Cancer Inst, 46: 831-839, 1971.
Hanna MG, Zbar B, Rapp HJ: Histopathology

of tumor regression after intralesional injection

of mycobacterium bovis. I. Tumor growth and 26.
metastasis. J Natl Cancer Inst, 48: 1441-1449,
1972.

Hanna MG, Zbar B, Rapp HJ: Histopathology

of tumor regression after intralesional injection

of mycobacterium bovis. II. Comparative effects 27.
of Vaccinia virus, oxazolone, and turpentine. J
Natl Cancer Inst 48: 1697-1697, 1972.

Hanna MG, Snodgrass MJ, Zbar B, Rapp HJ:
Histopathology of tumor regression after 28.
intralesional injection of mycobacterum bovis.
lll. Development of immunity to tumor cells and
BCG. J Natl Cancer Inst, 51; 1897, 1973.
Baldwin RW, Pimm M: BCG and Cancer. Adv
Cancer Res, 28: 91-147, 1978.

Bartlett GL, Kreider JW, Purnell DM, Katsilas
DC: Augmentation of immunity to line 10
hepatoma by BCG: comparison of different BCG 30.
preparations. Cancer, 46: 488-496, 1980.

Bartlett GL, Zbar B, Rapp HJ: Suppression of
murine tumor growth by immune reaction to the
bacillus Calmette-Guérin strain of mycobacte- 31.
rium bovis. J Natl Cancer Inst, 48: 245-257, 1972.
Sparks FC, O’'Connell TX, Lee Y-Y: Adjuvant
preoperative and postoperative immunochemo-
therapy for mammary adenocarcinoma in rats. 32.
Surg Forum, 24: 118-121, 1973.

Mathé G, Halle-Pannenko O, Bourut C: BCG in
cancer immunotherapy. Il. Results obtained with 33.
various BCG preparations in a screening study
for systemic adjuvants applicable to cancer
immunoprophylaxis and immunotherapy. Natl
Cancer Inst Monogr, 39: 107-112, 1973.

Sher NA, Pearson JW, Chaparas SD: Effect 0f34.
three strains of BCG against a murine leukemia
after drug therapy. J Natl Cancer Inst, 51: 2001-
2003, 1973.

Kavoussi LR, Brown EJ, Ritchey JK, Ratliff TL:
Fibronectin-mediated Calmette-Guérin Bacillus

29.

498

attachment to murine bladder mucosa: require-
ment of the expression of an antitumor response.
J Clin Invest, 85: 62-67, 1990.

Ratliff TL, Kavoussi LR, Catalona WJ: Role of
fibronectin in intravesical bacillus Calmette-
Guérin therapy for superficial bladder cancer. J
Urol, 139: 410-414, 1988.

Ratliff TL, Palmer JO, McGarr JA, Brown EJ:
Intravesical BCG therapy for murine bladder tu-
mors: initiation of the response by fibronectin-
mediated attachment of BCG. Cancer Res, 47:
1762-1766, 1987.

Hudson MA, Ritchey JK, Catalona WJ, Brown
EJ, Ratliff TL: Comparison of the fibronectin-
binding ability and antitumor efficacy of various
mycobacteria. Cancer Res, 50: 3843-3847, 1990.
Hudson MA, Brown EJ, Ritchey JK, Ratliff TL:
Modulation of fibronectin-mediated bacillus
Calmette-Guérin attachment to murine bladder
mucosa by drugs influencing the coagulation
pathways. Cancer Res, 51: 3726-3732, 1991.
Guinan PD, Shaw M, Ray V: Histopathology of
BCG and Thiotepa treated bladders. Urol Res,
14: 211-215, 1986.

Ratliff TL, Gillen DP, Catalona WJ: Requirement
of a thymus-dependent immune response for
BCG-mediated antitumor activity. J Urol, 137:
155-158, 1987.

Ratliff TL, Ritchey JK, Yuan JJJ, Andriole GL,
Catalona WJ: T-cell subsets required for intra-
vesical BCG immunotherapy for bladder cancer.
J Urol, 150: 1018-1023, 1993.

Connolly JG: Re: Immunotherapy of superficial
bladder cancer. Letter to the Editor. J Urol, 130:
368, 1983.

Bohle A, Gerdes J, Ulmer AJ, Hofstetter AG,
Flad H-D: Effects of local bacillus Calmette-
Guérin therapy in patients with bladder carci-
noma on immunocompetent cells of the bladder
wall. J Urol, 144: 53-58, 1990.

Bohle A, Busemann E, Gerdes J, Ulmer AJ, Flad
H-D, Jocham D: Long-Term Immunobiological
Effects of Intravesical Bacillus Calmette-Guérin
against Bladder Carcinoma Recurrences. In:
Brown F, Revillard RP (eds.), Developments in
Biological Standardization. Standardization of



35.

36.

37.

38.

39.

40.

41.

42.

BCG'S MECHANISM OF ACTION

the Immunopharmacology of Natural and Syn- 43
thetic Immunomodulators. Basel, pp. 199-209,
1992.

Bohle A, Nowc C, Ulmer AJ, Musehold J, Gerdes

J, Hofstetter AG, Flad H-D: Elevations of

cytokines interleukin-1, interleukin-2, and tumor 44.

necrosis factor in the urine of patients after in-
travesical bacillus Calmette-Guérin immuno-
therapy. J Urol, 144: 59-64, 1990.

Patard JJ, Muscatelli-Groux B, Saint F, Popov4b5.

Z, Maille P, Abbou C, Chopin D: Evaluation of
local immune response after intravesical bacille
Calmette-Guérin treatment for superficial blad-
der cancer. Br J Urol, 78: 709-714, 1996.

Adolphs HD, Schwabe HW, Helpap B, Volz C: 46.

Cytomorphological and histological studies on
the urothelium during and after chemoimmune
prophylaxis. Urol Res, 12: 129-129, 1984.

Bassi P, Milani C, Meneghini A, Garbeglio A, 47.

Aragona F, Zattoni F, Dalla Palma P, Rebuffi A,
Pagano F: Clinical value of pathologic changes
after intravesical BCG therapy of superficial
bladder cancer. Urology, 40: 175-179, 1992.
Betz SA, See WA, Cohen MB: Granulomatous
inflammation in bladder wash specimens after

intravesical bacillus Calmette-Guerin therapy for 48.

transitional cell carcinoma of the bladder. Am J
Clin Pathol, 99: 244-248, 1993.

Boccafoschi C, Montefiore F, Pavesi M, 49.

Pastormerlo M, Annoscia S, Lozzi C, Betta PG:
Immunophenotypic characterization of the blad-
der mucosa infiltrating lymphocytes after intra-
vesical BCG treatment for superficial bladder
carcinoma. Eur Urol, 21: 304-308, 1992.
El-Demiry MIM, Smith G, Ritchie AWS, James
K, Cumming JA, Hargreave TB, Chisholm GD:
Local immune responses after intravesical BCG
treatment for carcinoma in situ. Brit J Urol, 60:
543-548, 1987.

Flam TA, Chopin DK, Leleu C, Abbou CC, Steg
A, Deslignéres S, Boccon-Gibod L: Immuno-
histochemical markers defined by monoclonal
antibodies and response to Bacillus Calmette-
Guérin endovesical immunotherapy for super-

ficial bladder tumors. Eur Urol, 17: 338-342, 52.

1990.

499

50.

51.

. Leong ASY, Wannakrairot P, Jose J, Milios J:
Bacillus Calmette-Guérin - treated superficial
bladder cancer: correlation of morphology with
immunophenotyping. J Pathol, 162: 35-41,
1990.

Prescott S, James K, Busuttil A, Hargreave TB,
Chisholm GD, Smyth JF: HLA-DR expression
by high grade superficial bladder cancer treated
with BCG. Brit J Urol, 63: 264-264, 1989.
Prescott S, James K, Hargreave TB, Chisholm
GD, Smyth JF: Intravesical Evans strain BCG
therapy: quantitative immunohistochemical
analysis of the immune response within the blad-
der wall. J Urol, 147: 1636-1642, 1992.
Shapiro A, Lijovetzky G, Pode D: Changes of
the mucosal architecture and of urine cytology
during BCG treatment. World J Urol, 6: 61-64,
1988.

Stefanini GF, Bercovich E, Mazzeo V, Grigoni
WF, Emili E, D'Errico A, Lo Cigno M,
Tamagnini N, Mazzetti M: Class | and class Il
HLA antigen expression by transitional cell car-
cinoma of the bladder: correlation with T-cell
infiltration and bacillus Calmette-Guérin treat-
ment. J Urol, 141: 1449-1453, 1989.
Papadimitriou JM, Spector WG: The ultrastruc-
ture of high- and low-turnover inflammatory
granulomata. J Pathol, 106: 37-37, 1982.
Honda S, Sakamoto Y, Fujime M, Kitagawa R:
Immunohistochemical study of tumor-infiltrat-
ing lymphocytes before and after intravesical
Bacillus Calmette-Guérin treatment for superfi-
cial bladder cancer. Int J Urol, 4: 68-73, 1997.
Sander B, Damm O, Gustafsson B, Andersson
U, Hakansson L: Localization of IL-1, IL-2, IL-
4, IL-8 and TNF in superficial bladder tumors
treated with intravesical Bacillus Calmette-
Guérin. J Urol, 156: 536-541, 1996.

Bruno S, Machi AM, Semino C, Meta M, Ponte
M, Varaldo M, Curotto A, Ferlazzo G, Decensi
A, Melioli G: Phenotypic, functional and mo-
lecular analysis of lymphocytes associated with
bladder cancer. Cancer Immunol Immunolther,
42: 47-54, 1996.

Gan Y-H, Mahendran R, James K, Lawrencia C,
Esuvaranathan K: Evaluation of lymphocytic re-



53.

54.

55.

56.

57.

58.

59.

BCG'S MECHANISM OF ACTION

sponses after treatment with bacillus Calmette-60.

Guérin and Interferon-(alpha) 2b for superficial
bladder cancer. Clinical Immunology, 90: 230-
237, 1999.

Jackson AM, Alexandroff AB, Kelly RW,
Skibinska A, Esuvaranathan K, Prescott S,
Chisholm GD, James K: Changes in urinary

cytokines and soluble intercellular adhesion 62.

molecule-1 (ICAM-1) in bladder cancer patients
after bacillus Calmette-Guerin (BCG) immuno-
therapy. Clin Exp Immunol, 99: 369-375, 1995.

Jackson AM, Prescott S, Hawkyard SJ, Jame$3.

K, Chisholm GD: The immunomodulatory ef-
fects of urine from patients with superficial
bladder cancer receiving intravesical Evans
BCG therapy. Cancer Immunol Immunother, 36:
25-30, 1993.

de Boer EC, de Jong WH, Steerenberg PA, van
der Meijden APM, Aarden AL: Leukocytes and
cytokines in the urine of superficial bladder can-
cer patients after immunotherapy with BCG. In
Vivo, 5: 671-677, 1991.

de Boer EC, de Jong WH, Steerenberg PA,
Aarden LA, Tetteroo E, de Groot ER, van der
Meijden APM, Vegt PDJ, Debruyne FMJ,

Ruitenberg EJ: Induction of urinary interleukin- 66.

1 (IL-1), IL-2, IL-6, and tumor necrosis factor

during intravesical immunotherapy with bacil-

lus Calmette-Guérin in superficial bladder can-
cer. Cancer Immunol Immunother, 34: 306-312,
1992.

de Boer EC, Somogyi L, de Ruiter GJW, de 67.

Reijke TM, Kurth K-H, Schamhart DH: Role of
interleukin-8 in onset of the immune response in
intravesical BCG therapy for superficial bladder
cancer. Urol Res, 25: 31-34, 1997.

de Boer EC, Steerenberg PA, van der Meijden

APM, van Klingeren B, de Jong WH, Elgersma 68.

A, Debruyne FMJ, Ruitenberg EJ: Impaired im-
mune response by isoniazid treatment during in-
travesical BCG administration in the guinea pig.
J Urol, 148: 1577-1582, 1992.

Earle WR: Production of malignancy in vitro.

IV. The mouse fibroblast cultures and changes
seen in the living cells. J Natl Cancer Inst, 4:
165-212, 1943.

500

61.

64.

65.

Donohue JH, Rosenberg SA: The fate of
interleukin 2 after in vivo administration. J
Immunol, 130: 2203-2208, 1983.

Adolf GR, Lamche HR: Highly sensitive enzyme
immunoassay for human lymphotoxin (tumor
necrosis factor) in serum. J Immunol Meth, 130:
177-185, 1990.

Ernst M, Lange A, Flad H-D, Havel A, Ennen J,
Ulmer AJ: Dissociation of responses measured
by natural cytotoxicity and chemiluminescence.
Eur J Immunol, 14: 634-634, 1984.

Thalmann GN, Dewald B, Baggiolini M, Studer
UE: Interleukin-8 expression in the urine after
Bacillus Calmette- Guérin therapy: a potential
prognostic factor of tumor recurrence and pro-
gression. J Urol, 158: 1340-1344, 1997.
Rabinowitz R, Smith DS, Tiemann DD, Hudson
MA: Urinary interleukin-8/creatinine level as a
predictor of response to intravesical Bacillus
Calmette-Guerin therapy in bladder tumor pa-
tients. J Urol, 158: 1728-1732, 1997.

Lamm DL, Thor DE, Winters WD, Stogdill V,
Radwin H: BCG immunotherapy of bladder can-
cer: inhibition of tumor recurrence and associ-
ated immune responses. Cancer, 48: 82-82, 1981.
van der Sloot E, Kuster S, Béhle A, Braun J,
Wood WG: Towards an understanding of the
mode of action of bacillus Calmette-Guérin-
therapy in bladder cancer treatment, especially
with regard to the role of fibronectin. Eur J Clin
Chem Clin Biochem, 30: 503-511, 1992.

Zlotta AR, Drowart A, Van Vooren JP, Simon J,
Schulman CC, Huygen K: Evolution of cellular
and humoral response against Tuberculin and
antigen 85 complex during intravesical treatment
with BCG of superficial bladder cancer. Acta
Urol Belg, 62: 63-68, 1994.

Zlotta AR, Drowart A, Huygen K, De Bruyn J,
Shekarsarai H, Decock M, Pirson M, Jurion F,
Palfliet K, Denis O, Mascart F, Simon J,
Schulman CC, Van Vooren JP: Humoral response
against heat shock proteins and other mycobac-
terial antigens after intravesical treatment with
bacille Calmette-Guérin (BCG) in patients with
superficial bladder cancer. Clin Exp Immunol,
109: 157-165, 1997.



69

70.

71.

72.

73.

74.

75.

76.

BCG'S MECHANISM OF ACTION

. Zlotta AR, Drowart A, van Vooren J-P, de Cock
M, Pirson M, Palfliet K, Jurion F, Vanonckelen
A, Simon J, Schulman CC, Huygen K: Evolu-
tion and clinical significance of the T cell prolif-
erative and cytokine response directed against
the fibronectin binding antigen 85 complex of
Bacillus Calmette-Guerin during intravesical
treatment of superficial bladder cancer. J Uroal,
157: 492-498d, 1997.

Bohle A, van der Sloot E, Richter E, Gerdes J,
Wood WG, Jocham D: Binding to Fibronectin
(FN) - a Prerequisite Step? Investigations on the
Role of FN in Intravesical BCG Immunotherapy.
In: Tharoff JW, Miller K, Jocham D (eds.), In-
vestigative Urology 5, chap 20. Weinheim, pp.
100-104, 1994.

Zlotta AR, Drowart A, van Vooren J-P,
Shekarsarai H, Cock MD, Pirson M, Palfliet K,

Jurion F, Simon J, Schulman CC, Huygen K: 80.

Superficial bladder tumors and increased reac-
tivity against mycobacterial antigens before Ba-
cillus Calmette-Guerin therapy. J Urol, 159:

1885-1891, 1998.

Kaempfer R, Gerez L, Farbstein H, Madar L,
Hirschman O, Nussinovich R, Shapiro A: Pre-

diction of response to treatment in superficial 81.

bladder carcinoma through pattern of

Interleukin-2 gene expression. J Clin Oncol, 14:
1778-1786, 1996.

Hawkyard SJ, Jackson AM, James K, Prescott
S, Smyth JF, Chisholm GD: The inhibitory ef-

fects of interferon gamma on the growth of blad- 82.

der cancer cells. J Urol, 147: 1399-1403, 1992.
Thanhéauser A, Bohle A, Flad H-D, Ernst M,
Mattern T, Ulmer AJ: Induction of bacillus
Calmette-Guérin-activated killer cells from hu-

man peripheral blood mononuclear cells against83.

human bladder carcinoma cell lines in vitro. Can-
cer Immunol Immunother, 37: 105-111, 1993.
Poppas DP, Pavlovich CP, Folkman J, Vost EE,
Chen X, Luster AD, O’'Donnell MA: Intravesi-
cal bacille Calmette-Guérin induces the

antiangiogenic chemokine interferon-inducible 84.

protein 10. Urology, 52: 268-275, 1998.
Jansson OT, Morcos E, Brundin L, Lundberg
JON, Adolfsson J, Sdderhall M, Wiklund NP:

501

7.

78.

79.

The role of nitric oxide in bacillus Calmette-
Guérin mediated anti-tumour effects in human
bladder cancer. Brit J Cancer, 78; 588-592, 1998.
Wang M-H, Flad H-D, Bdhle A, Chen Y-Q,
Ulmer AJ: Cellular cytotoxicity of human natu-
ral killer cells and lymphokine-activated Kkiller
cells against bladder carcinoma cell lines.
Immunol Lett, 27: 191-198, 1991.

Bohle A, Wang M-H, Flad H-D, Ulmer AJ: In
vitro cellular cytotoxicity against human blad-
der carcinoma cell lines. In: Jocham D, Thuroff
JW, Ribben H (eds.), Investigative Urology 4.
Berlin, pp. 131-139, 1991.

Schafer I, Braasch H, Wang S, Ulmer AJ, Flad
H-D, Jocham D, Bohle A: The cytotoxicity of
natural Killer cells ex-vivo against isolated au-
tologous human urothelial bladder tumor cells.
Urol Res, 23: 286, 1995.

Wang AM, Chen Y-Q, Gercken J, Ernst M,
Bohle A, Flad H-D, Ulmer AJ: Specific activa-
tion of human peripheral blood +T lymphocytes
by sonicated antigens of mycobacterium tuber-
culosis: role in vitro in killing human bladder
carcinoma cell lines. Scand J Immunol, 38: 239-
246, 1993.

Bohle A, Thanhauser A, Ulmer AJ, Ernst M, Flad
H-D, Jocham D: Dissecting the immunobio-
logical effects of bacillus Calmette-Guérin
(BCG) in vitro: evidence of a distinct BCG-acti-
vated killer (BAK) cell phenomenon. J Urol, 150:
1932-1937, 1993.

Bohle A, Thanhauser A, Ulmer AJ, Mattern T,
Ernst M, Flad H-D, Jocham D: On the mode of
action of intravesical Bacillus Calmette-Guérin:
in-vitro characterization of BCG - activated killer
cells. Urol Res, 22: 185-190, 1994.
Thanhauser A, Bdhle A, Schneider B, Reiling
N, Mattern T, Ernst M, Flad H-D, Ulmer AJ: The
induction of bacillus Calmette-Guérin-activated
killer cells requires the presence of monocytes/
macrophages and T-helper type 1 cells. Cancer
Immunol Immunother, 40: 103-108, 1995.
Coplen DE, Marcus MD, Myers JA, Ratliff TL,
Catalona WJ: Long-term follow up of patients
treated with 1 or 2, 6-week courses of intravesi-
cal Bacillus Calmette-Guérin: analysis of pos-



BCG'S MECHANISM OF ACTION

sible predictors of response free of tumor. J Urol, by mycobacterium bovis BCG-activated Kkiller
144: 652-657, 1990. cells. Clin Cancer Res, 6: 3729-3738, 2000.

85. Bohle A, Durek C, Schéfer |, Brandau S, Ulmer 87. Brandau S, Riemensberger J, Jacobsen M,
AJ, Flad H-D, Jocham D: Die BCG-aktivierte Kemp D, Zhao W, Zhao X, Jocham D, Flad H-

Killerzelle: -untersuchung spezifischer Erken- D, Ratliff T L, Bohle A: NK cells are essential
nungs- und Toétungsmechanismen zur Charak-  for effective BCG-immunotherapynt J Can-
terisierung des Wirkprinzips der intravesikalen cer, 2000 (submitted).

Immuntherapie mit Bacillus Calmette-Guérin.
Akt Urol, 29: 175-187, 1998.

86. Brandau S, Suttmann H, Riemensberger J, Seitzer
U, Arnold J, Durek C, Jocham D, Flad H-D, Received: August 10, 2000
Bohle A: Perforin-mediated lysis of tumor cells Accepted: September 14, 2000

Correspondence address:

Dr. Andreas Boehle

Dept. of Urology, Medical University of Luebeck
Ratzeburger Allee 160

23538 Luebeck, Germany

Fax: ++ (49) (451) 500-6112

E-mail: boehle@medinf.mu-luebeck.de

502



