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SUMMARY

Few studies have analysed the antibody response during intravesical BCG immunotherapy for super-
ficial bladder cancer. We have examined the evolution in serum antibody response against several heat
shock proteins (hsp), including the recombinant mycobacterial hsp65 and the native protein P64 from
BCG, GroEL fromEscherichia coli(hsp60 family), recombinant mycobacterial hsp70 and theE. coli
DnaK (hsp70 family), against purified protein derivative of tuberculin (PPD) and the AG85 complex of
Mycobacterium bovisBCG, as well as against tetanus toxoid in 42 patients with a superficial bladder
tumour, 28 treated with six intravesical BCG instillations and 14 patients used as controls. We also
analysed the lymphoproliferative response of peripheral blood mononuclear cells against PPD in this
population. Data of antibody responses at 6 weeks post BCG were available in all 28 patients, and at 4
month follow up in 17 patients. All patients who demonstrated a significant increase in IgG antibodies
against PPD at 4 months follow up had a significant increase already at 6 weeks of follow up. In contrast,
IgG antibodies against hsp increased significantly from 6 weeks to 4 months post-treatment. A
significant increase in IgG antibodies against PPD, hsp65, P64, GroEL, and hsp70 at 4 months
follow up was observed in 10/17, 8/17, 10/17, 4/17 and 8/17 patients. Native P64 protein elicited a
higher antibody response than recombinant mycobacterial hsp65. No increase in antibody response was
observed against Dnak fromE. coli, against AG85 or tetanus toxoid after BCG therapy. An increase in
IgG antibodies against P64 at 4 months follow up compared with pretreatment values was found to be a
significant predictor of tumour recurrence (P< 0.01). Further studies with a larger number of patients are
needed to confirm the value of the antibody response against P64 as a clinical independent prognostic
factor.
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INTRODUCTION

Treatment of superficial transitional cell carcinoma of the bladder
(a very common neoplasm) [1] aims to eradicate the existing
superficial neoplasm (usually by endoscopic surgery) and to
prevent recurrences as well as progression to muscle invasion.

Intravesical BCG therapy has been demonstrated to be a very
effective treatment in the prevention of superficial bladder tumour
recurrences [1]. The BCG mode of action has been termed an
immunotherapy since a cascade of immunological reactions has
been described in relation to it [2–6]. Despite its well recognized

efficacy, many questions about its precise mechanism of action
remain unanswered. BCG is a living attenuated bacillus that
secretes large amounts of different proteins which appear in the
culture filtrate [7]. We have previously demonstrated that intra-
vesical immunotherapy with BCG elicited an increase in lympho-
proliferation of peripheral blood lymphocytes against several
mycobacterial antigens, and especially against culture filtrate
proteins, but that this increase was transient and not sustained 6
months after BCG intravesical therapy except in patients who
received additional BCG instillations [8].

Heat shock proteins (hsp) are important cytoplasmic compo-
nents that can also be found in the BCG culture filtrate. Hsp are a
highly conserved group of intracellular proteins whose synthesis is
increased in response to a variety of stressful stimuli, such as a rise
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in temperature, nutritional deficiencies and exposure to toxic
radicals [9,10]. There is a high degree of sequence homology
between hsp of different species. The heat shock proteins, also
called chaperonins, appear to mediate the assembly and folding of
other proteins [11]. Hsp are expressed at abnormal levels in the
cytoplasm and also on the cell surface of tumour cells and stressed
macrophage, but not of normal cells [12–15]. Heat shock proteins
isolated from cancer cells may elicit cytotoxic T lymphocytes
(CTL) to proper hsp and hsp-associated peptides [10]. In contrast,
hsp isolated from normal tissues do not elicit such an immune
response. These proteins are among the most immunogenic mole-
cules known [10]. Hsp are subdivided into multimember families
based on the molecular weights of the proteins encoded (the hsp90,
hsp70, hsp60 and small hsp families). The mycobacterial hsp65
belongs to the hsp60 family and induces a strong cellular and
humoral immune response [10]. The highly immunogenic nature of
the 65-kD hsp protein fromMycobacterium bovisBCG greatly
enhanced recognition of tumour-associated antigens [10]. Heat
shock protein 70-associated peptides also elicit specific cancer
immunity [16]. In addition, tumour cells transfected with a myco-
bacterial heat shock gene have been demonstrated to lose tumour
genicity and to induce protection against tumours [17].

In this study we analysed the effect of intravesical adminis-
tration of BCG in patients with a superficial bladder tumour on
antibody levels against tetanus toxoid (TT) (as a non-mycobac-
terial antigen), purified protein derivative (PPD), the recombinant
hsp65 (fromM. bovisBCG), its GroEL homologue fromEscher-
ichia coli, and the native P64 protein (from BCG) from the hsp60
family, recombinant hsp70 (fromM. tuberculosis) and DnaK (its
70-kD homologue inE. coli) from the hsp70 family, and the AG85
complex ofM. bovis BCG. Antigen 85 complex is composed of
three closely related proteins (85A, 85B, and 85C), encoded by
three distinct but highly homologous genes [18]. These proteins are
abundantly secreted in cultures ofM. tuberculosisand M. bovis,
including the commercial BCG vaccine. Antigen 85 is an immu-
nodominant protein complex, associated with protective T cells in
tuberculosis, and is a powerful IL-2 and interferon-gamma (IFN-g)
inducer [19]. Immunization with DNA encoding the AG85A has
recently been demonstrated to provide an efficient and simple
method for generating protective immunity againstM. tuberculosis
[20].

We also compared the evolution in lymphoproliferation of
peripheral blood lymphocytes and the antibody response against
PPD after BCG therapy. Finally, we investigated whether the
induction of an antibody response against these mycobacterial
antigens could be correlated with the clinical outcome of the
patients treated with intravesical BCG therapy.

PATIENTS AND METHODS

Patients
A total of 28 patients (24 men and four women) with proven
superficial bladder cancer treated by endoscopic resection and six
weekly intravesical instillations of BCG were included in this
study. Age range was 52–80 years (mean 65.7 years).

Patients with tumours at stage Ta or T1 of any grade with one
or more recurrences in the last 12 months, or presenting carcinoma
in situ (cis), or both these conditions, were eligible. Patients
without previous recurrence over the last year but with tumours
larger than 1 cm, or with multiple tumours of stage Ta or T1, were
eligible as well. Preoperative i.v. urography was performed to

exclude patients with evidence of upper tract disease. These
patients were considered as at intermediate or high risk for
recurrence.

Patients with superficial bladder tumours but with previous
BCG therapy, intravesical chemotherapy or past history of proven
tuberculosis were excluded from this study.

Controls
Fourteen patients without past history of intravesical BCG treat-
ment who underwent a bladder tumour resection for superficial
bladder cancer were used as controls. Antibodies against the
antigens tested (see below) were quantified before and after
tumour resection in order to exclude an influence of the
electrocautery or the tumour itself on antibody levels.

Intravesical BCG protocol. BCG Pasteur strain (120 mg) (in
50 ml sterile saline) was instilled intravesically weekly during 6
weeks. The first treatment was administered approximately 3
weeks after the superficial bladder tumour resection.

Follow up. Surveillance cystoscopy and cytological examina-
tion were performed quarterly for 2 years, then semi-annually for 2
more years. Treatment failures were defined as patients who at
follow-up cystoscopic examination had persistent or recurrent
papillary tumour, cis, or positive urinary cytology. Patients in
this study who suffered from recurrent superficial lesions after the
first single BCG regimen were offered an additional 6 weeks of
BCG therapy after resection of all visible tumours. In patients with
evidence of muscle invasion or persistent cis, radical cystectomy
was usually proposed.

Antigens
PPD of tuberculin was prepared at the Pasteur Institute from
6-week-old cultures fromM. bovisVallée [8,20].

AG85 complex (in the Closs reference system [21]), and P64
protein antigens (antigen 82) were purified as previously described
by successive hydrophobic chromatography on phenyl-Sepharose,
ion-exchange on DEAE-Sephacel and molecular sieving on Sepha-
dex from unheated culture filtrates ofM. bovisBCG grown for 14
days on zinc-deprived Sauton medium [22,23].

Purified recombinant protein of 65 kD (MA-12A) fromM.
bovis BCG and recombinant 71 kD ofM. tuberculosiswere
kindly provided by Dr Singh (Braunschweig, Germany) through
the WHO/TDR/IMMLEP special programme.

DnaK (70 kD) and GroEL (60 kD) fromE. coli were purchased
from Boehringer (Mannheim, Germany).

TT was used in order to confirm the mycobacterial specificity
of antibody level increases after BCG therapy, and was obtained
from the Pasteur Institute of Brussels.

Dot blot assay
A simple dot immunobinding (dot blot) assay procedure was used
for the detection of antibodies directed against mycobacterial
antigens. As previously described, this assay was demonstrated
to be a practical and reliable alternative to an ELISA test [24]. In
order to reduce the effect of interassay variations, all sera from the
same patient were tested in the same run, i.e. before tumour
resection, before BCG treatment, at the end of the 6-week intra-
vesical BCG regimen and at 4 months post-BCG. As previously
described [25], 600 ng/well of tuberculin (PPD), 300 ng/well of
purified AG85, of native hsp P64, its 60-kD GroEL homologue of
E. coli and the recombinant hsp65 fromM. tuberculosis, E. coli
DnaK of 70 kD and its homologue, the recombinant hsp70 from
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M. tuberculosiswere absorbed on a nitrocellulose membrane
placed in a Bio Dot apparatus (BioRad Labs, Richmond, CA).
Incubation with diluted sera was performed overnight. Serum
samples were tested in triplicate in three different runs. The
nitrocellulose sheets were incubated with a peroxidase-conjugated
rabbit antiserum directed against human IgG (1:500 dilution) or
human IgM (1:250 dilution; Dakopatts, Copenhagen, Denmark)
and afterwards incubated in ana-chloronaphthol-containing
solute. Between each step washings were performed three
times. A reflectance densitometer (BioRad Labs) was used to
quantify the peroxidase stain on the immunoblots.

The dilutions giving the best discrimination between highly
reactive (positive) and poorly reactive (negative) sera were deter-
mined in preliminary experiments. For all antigens, working
dilution was set at 1:20 and 1:100 for IgM and IgG antibodies,
respectively. Reactivity of sera againstE. coli DnaK was weak at
these dilutions, but did not increase significantly at lower dilutions,
thus precluding a better discrimination between pre- and post-
treatment antibody level assessment.

Using these predetermined conditions, for each antigen with
the exception of DnaK, the reflectance variation of one positive and
one negative sera was tested separately 10 times on the same
nitrocellulose sheet. Variation coefficients (CV), whatever the
antigens, were lower than 4% for positive and 6% for negative
sera. A variation superior to 20% (3 CV) between paired sera could
thus be considered as significant.

We calculated a cut-off point for IgG antibody level positivity
separately for each antigen with the exception of DnaK. This cut-
off was set at the mean value measured in the control group (2 s.d.).

Lymphoproliferative assay
The T cell response against PPD and pokeweed mitogen (PWM)
was analysed as previously described [8], before and after 6 weekly
intravesical instillations of BCG, based on a tritiated thymidine
incorporation test on day 7 of culture. Lymphoproliferation to PPD
was considered positive at aDct/min of 5000 ct/min. This cut-off
value represents mean ct/min values + 2 s.d. obtained in 24 healthy
tuberculin-negative volunteers. Comparing proliferation before
BCG therapy and after 6 weeks of treatment, a 20% increase in
lymphoproliferation with a minimal increment of 5000 for PPD
was considered significant. Polyclonal stimulation by PWM mito-
gen was used to ensure a normal immunoreactive status of the
patients. Cut-off value was put at 3000 ct/min.

ELISA assay for antibodies directed against TT
IgG and IgM antibodies directed against TT were measured before
and after BCG therapy at the same interval as for the other
antigens. The ELISA assay was performed as previously described
[26].

Statistical analysis
Statistical analysis was performed using the Statistica software
from IBM. Statistical analyses were done using the Fisher’s exact
test and the samplet-test. Correlation coefficients were correlated
by the Pearson correlation test. Mann–WhitneyU-test was used for
comparison between patients with or without tumour recurrences
during follow up.

Statistical analysis was performed between patients treated
with a single 6-week intravesical BCG instillation regimen who
suffered (patients considered as a clinical failure) or not (clinical
responders) from a tumour recurrence during follow up.

RESULTS

Antibody course against TT after BCG therapy
No significant difference was observed in mean anti-tetanus anti-
body levels (IgG) between sera collected before and at any time
after BCG therapy (data not shown).

IgM antibody course after BCG therapy
With the exception of IgM antibodies directed against PPD (3/17
patients), no significant difference in IgM antibody levels after
BCG treatment was demonstrated against any of the tested antigens
compared with pretreatment values (data not shown).

Evolution of IgG antibody against PPD and AG85 complex after
BCG therapy
Mean reflectance values of IgG against PPD obtained in paired sera
taken before intravesical BCG, at the end of the 6-week BCG
course and at 4 months after BCG, are shown in Fig. 1a. IgG
antibody levels increased significantly from pre-BCG values to
post-BCG values and at 4 month follow up (P< 0.001). Figure 3a
shows the average reflectance before and after the 6-week BCG
courses in 28 patients compared with 14 patients used as controls
with superficial bladder tumours but who did not receive BCG
therapy. Table 1 shows that 10/17 patients had a significant
increase in IgG antibody levels against PPD when comparing
baseline values and 4 months follow-up data. All patients who
had a significant increase in IgG antibody level against PPD at 4
months post-treatment already demonstrated a significant increase
at the end of the BCG treatment.

In contrast with PPD, no increase in IgG antibody level was
observed in any of the patients against AG85.

Correlations between antibody response and lymphoproliferation
against PPD after BCG therapy
We compared the increase in lymphoproliferation and the IgG
antibody response against PPD after BCG therapy. Regarding
antibody production, we compared pretreatment and 4 months
follow-up values. Based on our previous experience, assessment of
lymphoproliferation level was performed at baseline and after the
last BCG instillation [8].

Comparative analysis was available in 17 patients. Table 2
shows the increase in lymphoproliferation and in antibody
response against PPD in each case. No relation between cellular
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Table 1.Evolution of IgG antibodies directed against the different antigens
tested at 4 months post-BCG treatment compared with pretreatment values.

An increase >20% from baseline values was considered significant.

Number of patients with a Number of patients with a
significant increase in IgG significant decrease in IgG

antibody production at antibody production at
Antigens 4 months follow up (%) 4 months follow up (%)

PPD 10/17 (58.8) 2/17 (11.7)
P64 10/17 (58.8) 0/17 (0)
Recombinant 65 8/17 (47.0) 0/17 (0)
GroEL 4/17 (23.5) 1/17 (5.9)
Recombinant 70 8/17 (47.0) 1/17(5.9)
DnaK NA NA

NA, Not applicable.



response and humoral response directed against PPD could be
observed. Indeed, against PPD, a significant increase in lympho-
proliferation was observed in 11/17 patients and in antibody levels
in 10/17 patients after BCG therapy. However, three of the six
patients who did not have an increase in lymphoproliferation had
an increase in antibody production. Lymphoproliferation against
PWM at baseline was in the normal range in all patients (data not
shown).

Course of IgG antibodies directed against hsp from baseline to 4
months post-BCG treatment
Fig. 1b,c,d,e,f show in 17 patients the evolution in average serum
IgG levels against recombinant mycobacterial hsp70, GroEL,
DnaK, native P64 protein, and recombinant mycobacterial hsp65,
from baseline to 4 months follow up.

Against P64, the increase in specific antibody response was
significantly different when comparing mean baseline values and
mean levels at the end of the 6 weeks BCG regimen and at 4
months post-BCG therapy (Fig. 1e). Against recombinant hsp70,
recombinant 65 and GroEL, a statistically significant difference in

mean antibody values was observed only when comparing pre-
treatment and 4 months follow-up data (Fig. 1b,c,e). No evolution
in antibody levels was noted against DnaK (Fig. 1d).

IgG antibody production againstE. coli hsp GroEL (hsp60 family)
and DnaK (hsp70 family) during BCG intravesical therapy
Table 1 shows the proportion of patients who demonstrated a
significant increase in IgG antibody levels against the various hsp
after BCG intravesical therapy. Against DnaK, IgG antibodies
were very low before BCG therapy, and remained low after
treatment (Fig. 1). Against GroEL, mean IgG antibody level was
high before BCG treatment, with a heterogeneity in baseline
values. After BCG treatment, IgG levels were variable (data not
shown). A few (4/17) patients had an increase (Table 1), others a
decrease in antibody levels, and in most patients the antibody level
did not vary significantly (data not shown).

IgG antibody production against mycobacterial recombinant 65
and 70 hsp during BCG intravesical therapy
As shown on Fig. 1b,f, and in Table 1, the same proportion of
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Fig. 1.The mean, s.d. and s.e.m. of IgG antibody levels (expressed in reflectance) measured by a dot blot assay are shown before BCG therapy (before), at the
end of the 6 week BCG regimen (post-BCG) and at 4 months follow up (month 4) against purified protein derivative (PPD) (a), recombinant mycobacterial
hsp70 (Rec. hsp70) (b), 60-kD GroEL hsp fromEscherichia coli(c), 70-kD DnaK fromE. coli (d), native purified mycobacterial P64 protein (e) and
recombinant mycobacterial 65-kD hsp (Rec. hsp65) (f). A statistically significant difference between two IgG antibody levels is achieved when there is no
overlap between the mean s.e.m. of these levels, which is clearly the case for P64 protein and PPD when comparing pretreatment mean values and post-BCG
mean values, as well as when comparing post-BCG mean values and 4 month follow-up data.



patients (8/17) had a significant increase in IgG antibodies against
the recombinant hsp65 or 70.

IgG antibody production against the native purified BCG P64 hsp
during BCG therapy
Analysing the average increase in IgG antibody against P64 from
BCG in 28 patients before and after 6 weekly BCG instillations
(Fig. 2b), there was a clear statistically significant increase com-
pared with control patients (patients with superficial bladder
tumours who did not receive BCG therapy).

Furthermore, 10 out of 17 patients had a significant increase in
IgG antibodies against native P64 (Table 1). Although baseline IgG
antibody levels directed against P64 or recombinant mycobacterial
hsp65 were in a comparable range (Fig. 1e,f), the increase was
significantly higher against the native protein from BCG than
against the recombinant one (P< 0.01, t-test).

Antibody response in patients who received additional BCG
instillations
Seven patients received a second BCG regimen because of tumour
recurrences within the first year. All seven patients had a signifi-
cant increase in IgG antibody production against P64 protein or
recombinant hsp65. Interestingly, against recombinant hsp65,
three of these patients did not exhibit an increase in antibody
production after the first BCG regimen, but did after the second
BCG regimen. Supplementary BCG instillations did not induce
further increase in antibody production against PPD except in two
out of seven patients (data not shown).

Correlations between clinical evolution and antibody production
Analysing IgG response at 6 weeks post-BCG and clinical out-
come, four out of 14 patients without later recurrences had an
increased IgG production against PPD, whereas eight out of 13
with a tumour recurrence did (not statistically significant). As
shown in Table 3 and in Fig. 3a,b, seven out of eight patients with
tumour recurrences within 6 months after BCG immunotherapy
had a significantly increased antibody response against P64,
whereas only two out nine patients who remained tumour-free
had a moderate increase (P< 0.02, Fisher’s exact test). It is of note
that grade and stage of tumour were also significant predictors of
recurrence (P< 0.01 andP< 0.01, respectively; Fisher’s exact test).

DISCUSSION

Clinicians are still unable to predict a successful outcome after
BCG therapy for prevention of superficial bladder cancer
recurrences, and cannot explain differences in response to this
treatment. Prognostic factors other than grade or stage are needed.

Although cellular immune responses after BCG intravesical
therapy have been recently studied [4,6,8], variations in antibody
levels directed against mycobacterial antigens have been poorly
investigated until now. The present study shows that repeated
intravesical BCG instillations induce increases in IgG antibody
levels against tuberculin and several mycobacterial hsp, but not
against the AG85 complex ofM. bovisBCG. These findings are in
accordance with our previous reports about the specific IgG
humoral responses induced by BCG intradermal vaccinations,
where increases in antibody levels were observed against tubercu-
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Table 2. Comparison between the evolution in lymphoproliferation and IgG antibody response directed against purified
protein derivative (PPD) in patients with superficial bladder cancer treated with intravesical BCG

Lymphoproliferation Lymphoproliferation IgG antibody IgG antibody
against PPD against PPD levels against PPD levels against PPD
before BCG after BCG before BCG after BCG

Patient (ct/min) (ct/min) (reflectance) (reflectance)

1 31 365 84 460* 0.34 0.77*
2 17 727 68 310* 0.35 0.75*
3 7114 58 883* 0.29 0.22
4 23 356 44 848* 0.44 0.46
5 61 877 100 056* 0.075 0.45*
6 42 005 56 682* 0.16 0.59*
7 92 599 92 594 0.2 0.08
8 4492 32 180* 0.45 0.13
9 85 418 34 412 0 0.39*

10 91 096 104 326 0.26 0.26
11 25 472 104 676* 0.34 0.54*
12 43 925 55 092* 0.19 0.205
13 63 026 40 074 0.43 0.47
14 7868 30 385* 0.175 0.44*
15 106 345 98 457 0.25 0.65*
16 18 317 28 879* 0.26 0.63*
17 82 769 45 807 0.33 0.52*

After BCG therapy, responses were analysed at their maximum, thus at 6 weeks post-BCG for lymphoproliferation of
PBL and at 4 months post-BCG for IgG antibody level. Lymphoproliferation was measured by means of a3H-thymidine
incorporation test on day 7 and expressed in ct/min, while IgG antibody levels are expressed in reflectance intensity with a dot
blot assay. Boxes with asterisk indicate those patients who demonstrated a significant increase in lymphoproliferation or IgG
antibody level after BCG therapy.



lin and the purified P64 antigen, but not against the AG85A [27].
The absence of IgM response after BCG intravesical therapy is not
very surprising. Patients in our study with superficial bladder
cancer were old, and despite the absence of past clinical history
of tuberculosis, a large number of them, as demonstrated by their
lymphoproliferation against PPD, have probably been previously
exposed toM. tuberculosis.

Against PPD, BCG intravesical instillations induced in some
patients an increase in lymphoproliferation, in others an increase in
antibody levels and a mixed response in most of the patients. This
implies that the type of immunological response may vary between
different patients. These cellular Th1, humoral Th2 or mixed
profiles could be the consequence of previous contacts with
mycobacteria, with related antigens, or of genetic background
predisposition. The type of immune response might be influenced
by the neoplasia as well. Indeed, Pellegriniet al. showed that in
peripheral blood cells of patients with colorectal cancer, there was
a dysregulation in the functionality of Th1 and Th2 cells, with an
expansion in Th2 and a malfunction in Th1 cells [29]. It is of note
that we observed no correlation between the evolution in cellular
immune response directed against tuberculin and the clinical
outcome of patients treated with BCG instillations [8].

In order to analyse the humoral response against hsp, we used
in the present study recombinant proteins and also the native P64
protein which is released byM. bovisBCG when cultured in zinc-
deprived (stress) conditions. The amino acid sequence of the hsp65
and the P64 are the same.

A better discrimination between pre- and post-BCG sera was
observed when recombinant hsp from mycobacteria were used as
antigens. GroEL fromE. coli was recognized by the serum from
many patients with superficial bladder cancer before BCG ther-
apy, as already reported in normal subjects [31], but the response
was only slightly enhanced by BCG therapy. The detectable
humoral response induced by intravesical BCG instillations
seems thus to be mostly directed against mycobacterial specific
epitopes. Surprisingly, when comparing the results obtained with
P64 and hsp65, post-BCG treatment increases were more sig-
nificant against the native than against the recombinant protein.
Post-transcriptional modifications in the mycobacterial cytoplasm
may lead to the constitution of different epitopes, possibly
conformational, which are specific for the secreted protein [32].
Polymerization of native and recombinant hsp65 may also be
different. An increase in IgG antibody levels directed against anti-
tuberculin, anti-hsp65 or anti-P64 responses was observed in the
same subgroup of patients. This was expected, since P64
fragments are present in large amounts in tuberculin [30].

The relation between such a specific humoral response and
bladder cancer recurrences or progression after BCG therapy is not
well known. Previously reported data are controversial. Winters &
Lamm found that 23 of 24 patients had a significant rise of serum
BCG antibody level after BCG intravesical therapy [33]. Similarly
to our findings, these authors found that levels of antibodies
directed against non-related antigens (adenovirus andE. coli)
were not affected by BCG instillations. In contrast to our findings,
they suggested that decreasing antibody levels to BCG antigens
paralleled an increased risk of recurrence in patients treated with
intravesical BCG. However, the average time in this study
from completion of BCG therapy to a marked decrease in serum
BCG antibody level was the same in patients with and without
recurrences.

Studying melanoma patients, Wileet al. observed that 37 out of
40 patients had an increase in antibody response to BCG after BCG
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Fig. 2. The mean, s.d. and s.e.m. of IgG antibody levels (expressed in
reflectance) measured by a dot blot assay are shown before BCG therapy
(before) and at the end of six BCG instillations (post-BCG) in 28 patients
with superficial bladder cancer treated with intravesical BCG. The same
parameters are shown in 14 patients with superficial bladder tumours used
as controls who were treated with an endoscopic bladder tumour resection
but without additional BCG, and whose sera were tested at 1 month interval
(cont. time 1 and cont. time 2). PPD, Purified protein derivative.

Fig. 3. Evolution in IgG antibody levels directed against purified protein
derivative (PPD) and P64 protein, respectively. IgG antibody levels
directed against native purified P64 heat shock protein are shown indivi-
dually before BCG therapy (before) and at 4-month follow up (after BCG)
in patients without tumour recurrences during follow up (a) and in patients
who suffered from a tumour recurrence within 12 months of follow up (b).



therapy. Although these authors also suggested that a decrease in
BCG antibody level could be a predictor of clinical recurrence
[34], 13 out of 19 patients with recurrences did not have such a
decrease.

Both Winters et al. and Wile et al. have used different
immunological tests (a solid-phase radioimmunoassay and a com-
plement fixation test, respectively) with whole BCG mycobacteria
as antigens, which may differ in antigenic composition and in
which the amount of P64 available for immune recognition is
difficult to estimate. In these studies, nearly all patients had a
significant rise in specific serum antibodies after BCG therapy
which prevents discrimination between patients with and without
clinical recurrences. A better discrimination regarding an increase
in specific antibodies might possibly be obtained with purified
antigens, such as in our study.

In accordance with our findings, van der Meijdenet al.,
studying immune reactions in patients with superficial bladder
cancer after intradermal and intravesical treatment with BCG,
reported that an antibody response against BCG was detected in
nine out of 23 patients [35]. Of these nine patients, eight had a
tumour recurrence within 6 months. An ELISA test (comparable to
our dot blot assay) was used with PPD as the source of antigens.

In our study, only four out of 13 patients who were tumour-free
had an increase in IgG antibody levels against PPD, whereas eight
out of 13 patients with a tumour recurrence had such increased
response. More interestingly, against purified P64 protein,
although the number of patients followed was small [17] and
precluded from a multivariate analysis, there was a very significant
difference in antibody responses after BCG therapy between
patients who suffered or not from early bladder tumour recur-
rences. Haraet al. already showed an increase in antibody titres

directed against the hsp65 after BCG intravesical therapy, but these
authors did not analyse the correlation between this specific
humoral immune response and the clinical outcome of the patients
[36].

Further studies analysing the correlation between a specific
cellular and humoral response directed against hsp and the native
P64 antigen might be of interest.

It appears from most studies that one single immunological
parameter cannot be taken as a prognostic factor of recurrence after
BCG immunotherapy. However, De Reijkeet al. have recently
shown that decreased IL-2 production in the urine after BCG
intravesical therapy (indicator of a Th1 pattern of response) had
a potential as a prognostic factor of early recurrence [37].

Theoretically, the induction of an increase in serum antibody
response directed against several mycobacterial hsp could have
implications, since tumour antigens closely related to hsp have
been demonstrated. Indeed, we have vaccinated mice with a
plasmid DNA encoding the mycobacterial hsp65 and implanted
them afterwards with a bladder tumour expressing the related
hsp60 on its membrane. Although there was a clear increase in
antibody production against the hsp after DNA vaccination com-
pared with control mice, this vaccination was not effective and
tumours grew unexpectedly faster in the vaccinated group than in
the control group (manuscript in preparation). This could mean that
inducing an antibody response against mycobacterial heat shock
antigens, whose homologues are present on the tumour cell
membrane, may result in adverse effects. The reasons for such a
paradoxical enhancing effect are still unclear, but a masking of
bladder tumour cells by such antibodies, rendering them invisible
to appropriate cytolytic effector cells (natural killer (NK) and
CD8+) is possible.
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Table 3.Grade, stage of superficial bladder tumours are described individually in 17 patients in whom IgG antibody levels at 4
months post-BCG were available

Significant increase in
Grade Stage Time to recurrence P64 antibody after BCG

Patient tumour tumour Recurrence (months) (month 4 follow up)

1 G2 T1 Yes 4 Yes
2 G2 T1 Yes 7 No
3 G2 T1 Yes 7 Yes
4 G2 T1 Yes 4 Yes
5 G2 T1 Yes 4 Yes
6 G2 Ta Yes 6 Yes
7 G2 Ta Yes 6 Yes
8 G1 Ta Yes 4 Yes
9 G1 T1 No 0 No
10 G2 T1 No 0 No
11 G2 T1 No 0 No
12 G1 T1 No 0 No
13 G1 Ta No 0 No
14 G1 Ta No 0 No
15 G1 Ta No 0 No
16 G1 Ta No 0 Yes (moderate)
17 cis cis No 0 Yes (moderate)

Presence of a recurrent tumour during the first year post-BCG and time to recurrence are indicated. In each case, the
presence of a significant increase at 4 months post-BCG in IgG antibody levels directed against native P64 protein is shown
(yes or no). Fisher’s exact test indicated that tumour recurrence was statistically significantly correlated with a significant
increase in IgG antibody level after BCG therapy (P < 0:02).



In conclusion, our study demonstrates that BCG intravesical
immunotherapy for superficial bladder cancer induces a significant
increase in IgG antibody response against tuberculin and myco-
bacterial hsp. Antibody responses increased progressively until 3
months after completion of the 6-week BCG course. From a
clinical point of view, our results suggest that an increase in
anti-P64 IgG level after BCG therapy could be associated with a
higher rate of bladder tumour recurrences. Further studies, includ-
ing larger groups of patients, are needed to confirm and understand
these initial and promising findings.
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