
INTRODUCTION

Tumours of the urinary bladder are the fifth most common cancer
in men, with an estimated incidence of 8000 new cases per year
in France [1]. Seventy percent of bladder tumours are superficial
at the time of presentation (CIS, Ta or T1 of the TNM classifica-
tion) and are managed conservatively by endoscopic resection.
These superficial tumours have a high potential of recurrence 
or progression [2], which has led to widespread use of adjuvant
intravesical infusions of Bacillus Calmette-Guerin (BCG) pre-
paration to eradicate disease that has not been controlled 
endoscopically, and to prevent recurrences [3]. The local

immunostimulation exerted by BCG instillations is characterized
by late induction of MHC class II antigens on urothelial cells, and
a marked infiltration of CD4+ T lymphocytes with an increasing
number of macrophages in the bladder wall [4,5]. In clinical prac-
tice, urinary Th1-associated cytokines IFN-g, IL-2 [6], IL-12 [7]
and IL-18 [8], with IL-8 [8] and GM-CSF [9], have been incon-
sistently observed in BCG responders. The clinical benefits 
of BCG must be weighed up against its systemic toxicity, unreli-
able efficacy and the unpredictable prognosis [9,10]. This
prompted us to develop a novel immunotherapeutic approach,
based on intravesical administration of IFN-g-activated autolo-
gous macrophages (MAK = Macrophage Activated Killers cells),
in patients with a superficial bladder tumour (Thiounn N et al.
unpublished observation), as many studies have demonstrated
that IFN-g-activated macrophages are able to selectively kill
tumour cells in vitro [11–13], or in experimental murine models
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SUMMARY

We conducted a phase I/II clinical trial of the safety and efficacy of intravesical administration of autol-
ogous IFN-g-activated macrophages (MAK) in patients with superficial bladder cancer. Monocyte-
derived MAK cells were prepared in vitro and patients received six instillations of 1·4 ¥ 108 to 2·5 ¥ 108

cells, once a week, for five consecutive weeks. Treatment was well tolerated, with seven grade 1 and
five Grade 2 protocol-related adverse effects. Nine out of 17 included patients had no recurrences
during the year following the first instillation of MAK. The aim of the present study was to search for
immune parameters related to local immunostimulation induced by MAK. Monitoring of the patients
showed that urinary IL-8, GM-CSF and, to a lesser extent, IL-18 were increased following MAK instil-
lations, with inter-individual differences. The urinary IL-8 level was about 10-fold higher than that
observed for other cytokines, and its biological activity was reflected by a concomitant increase of
urinary elastase, indicating neutrophil activation and degranulation. We also showed that nine out of
12 patients investigated presented an increase of urinary neopterin, a marker of IFN-g-activated
macrophages, 7 days after MAK instillation, while serum neopterin levels were almost stable. These
results are in line with persistence of activated macrophages in the bladder wall after infusions. More-
over, there was evidence of macrophages in urine smears 2 months after the sixth MAK instillation,
and the score of macrophages correlated with the quantity of neutrophils in the urine. Overall, 
this study provides evidence of a local immunostimulation induced by this novel and safe immuno-
therapeutic approach of MAK instillations in patients with superficial bladder cancer.
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of human tumours [14–16]. Clinical studies have also demon-
strated the feasibility and potential value of macrophage instilla-
tions in the treatment of cancers [17–21]. Seventeen patients were
included in this phase I/II open trial of intravesical administration
of MAK. Monitoring of urine samples was performed during the
course of MAK instillations. The aim of this study was to identify
urine markers indicative of local immunostimulation induced by
MAK.

PATIENTS

Seventeen patients with unifocal or multifocal superficial TaGIII,
or recurrent TaGII bladder tumours with no associated carcinoma
in situ (CIS), were included in this non-randomized, multi-centre
phase I/II clinical trial. Each patient experienced from one 
to three resections for a uni- or multifocal superficial bladder
tumour in the year before MAK treatment (total of 34 events)
(Thiounn N et al. in preparation). Following transurethral tumour
resection, apheresis was performed to collect mononuclear cell-
enriched leucocytes. Mononuclear cells were then purified with 
a cell separator and cultured for 6 days in IMDM medium sup-
plemented with 3–5% undecomplemented autologous serum,
antibiotics and 500 IU/ml GM-CSF to allow differentiation into
macrophages. Cells were activated with 250 U/ml IFN-g on day 6
(MAK™). MAK cells were submitted to a microscopic examina-
tion and tested for CD14, CD64 and HLA-DR expression before
storage. Patients received six intravesical administrations of 1·4 ¥
108 to 2·5 ¥ 108 cells, once a week, for 5 consecutive weeks. Each
MAK instillation was retained intravesically for 2 h before being
spontaneously voided. Five patients received three additional
instillations at months 3, 6 and 9, respectively. One patient
received only three MAK instillations and was therefore not
included in the biological monitoring. The patients were followed
for 12 months after the day of the first instillation. Cystoscopy 
and urinary smears were performed at months 3, 6, 9 and 12. No
severe adverse effects were observed during the course of the
treatment. Nine patients reported adverse events. Most protocol-
related adverse events had a CTC grade 1 severity, except for 
five adverse effects which had a CTC grade 2 severity (myalgia,
urinary tract infection, prostatic disorders, headache and fatigue),
each in one patient. Eight of the 17 patients included had a recur-
rence during the year following the first MAK instillation (one
TaG1G2 at 3 months; five TaG2 at 3, 4, 9, 11 and 12 months; two
TaG3 at 9 and 12 months). The study was approved by the Ethics
Committee of Paris-Cochin Hospital, France and signed informed
consent was obtained from all patients.

METHODS

Urine was collected before treatment, immediately following
MAK (IDM, Paris, France) instillation number 1, 3 and 6, and 7
days after MAK instillation 2 and 5. Urine samples were im-
mediately stored at 4°C and processed within 2 h. Samples were
centrifuged at 3000 r.p.m. (3000 ¥ g) for 10 min to remove cells and
debris, aliquoted, and stored at –80°C until analysis. Blood
samples (sera) were also collected 7 days after MAK instillation 2.

Urine cytokine determination
IL-8, GM-CSF, IL-18, IL-6, IL-1b, IL-12p70, TNF-a and IL-2
were determined with commercially-available, enzyme-linked

immunosorbent assay kits (Quantikine ELISA assays, R & D
Systems, Minneapolis, MN, USA). The assays typically provided
sensitivities in the 10–20 pg/ml range. Each sample was analysed
in duplicate and compared with the standard curve. To correct for
hydration status, cytokine data were standardized to urinary cre-
atinine. In four patients with normal hydration status, the mean
urinary creatinine measured in the series was used, as data for
urinary creatinine were not available for these patients. To inves-
tigate the stability of cytokines in urine, a known quantity of
recombinant cytokine (50–100 pg/ml) was incubated for 5 min and
2, 4, 6 and 24 h at 4°C and 20°C. Cytokines were then measured
by ELISA assay to estimate the percentage recovery.

Determination of urinary elastase
An enzyme-linked immunosorbent assay (Bender Medsystems,
Vienna, Austria) was used for quantitative determination of
human polymorphonuclear elastase levels in urine, according to
the manufacturer’s instructions. Urine samples were analysed in
duplicate and the results were standardized to urinary creatinine.
The sensitivity of the test was determined to be 3 ng/ml.

Determination of serum and urine neopterin concentrations
Quantitative determination of serum neopterin was performed in
duplicate with a competition enzyme immunoassay (Beckman
Coulter, Fullerton, CA, USA), according to the manufacturer’s
instructions (sensitivity: 0·2 ng/ml). For determination of urinary
neopterin, samples was de-proteinized in 0·3 M HClO4 containing
2 mM ascorbic acid and centrifuged at 10 000 g for 5 min; the
supernatant fluid was oxidized with acidic iodine and neutralized
before injection into an HPLC column. The mobile phase was
0·1% acetic acid (pH 3·3):methanol, 99:1 (v/v), used with a
reversed-phase column ODS Ultrasphere C-18 (Beckman
Coulter); a fluorescence detector was used to detect neopterin
(with excitation and emission wavelengths at 278 and 450 nm,
respectively). Results were standardized to urinary creatinine.
Values of a control group of healthy subjects ranged from 50 to
300 nmol/mmol creatinine.

Cytological evaluation of urine smears
Urine smears were performed in all centres of this open trial
within 2 months following the sixth MAK instillation. The pre-
parations of shed cells were collected and evaluated by a single
pathologist (A. Vieillefond, Hôpital Cochin, Paris) for neutrophil
and macrophage density. A semi-quantitative scoring system 
was performed as follows: 0 (absence); 1–4 (from weak to
intense).

CD68 staining of bladder tumour recurrences
For three patients, sections from paraffin blocks of early bladder
recurrences following treatment were evaluated for CD68
immunostaining. Briefly, after deparaffinization and rehydration,
the 4 mm-thick tissue sections were quenched for endogenous 
peroxidase activity. Slides were incubated with a mouse IgG1 
anti-human CD68 (1/200°) purchased from Dako (Copenhagen,
Denmark) or the isotype match control at the same final concen-
tration, for 1 h at room temperature. The biotinylated conjugate
and streptavidin peroxidase were then applied, and DAB chro-
mogen was used as the peroxidase substrate complex (all from
LSAB + kit peroxidase, Dako). Tissue sections were counter-
stained with Harris’s haematoxylin.
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Statistical analysis
Statistical analyses were performed using Statview software
(Abacus Concept, Calabases, CA). Differences in cytokine secre-
tion were evaluated using the sign test. Correlations between 
elastase and IL-8 concentrations, or between neutrophil and
macrophage scores, were assessed by calculating the Kendall rank
correlation coefficient (Kendall t).

RESULTS

In vitro production of cytokines by MAK in urine
We first evaluated in vitro the capacity of MAK to produce
cytokines. MAK were incubated for 2 h at 37°C in non-pH-
adjusted urine, over the same concentration range as MAK
administered intravesically. The viability of MAK was not altered
by incubation in non-pH-adjusted urine (data not shown). Sig-
nificant levels of IL-18, GM-CSF and IL-8 were detected by
ELISA in immediately-processed samples. Similarly, MAK in
urine incubated at 37°C for 2 h under non-adherent conditions
(Teflon bag) produced the same cytokine pattern (data not
shown). In the clinical study, urine voided after MAK instillation
was stored at 4°C and centrifuged within 2 h to remove
macrophages before storage. This could have induced a release of
cytokines by MAK in vitro, leading to overestimation of the
amounts of cytokines produced in the bladder. We therefore
repeated the same experiment and kept the samples for 2 h at
20°C or 4°C before centrifugation and storage. The cytokine
levels detected by ELISA were nearly identical to those observed
in immediately-processed urine (less than 10% variation), arguing
against ex vivo release of cytokines by MAK in the urine samples
of this series. The mean and s.d. of urinary cytokine levels
observed in the three experimental procedures were calculated
and are shown in Fig. 1.

We also investigated the stability of IL-18, GM-CSF and IL-
8 in urine and found that GM-CSF and IL-18 were stable at 4°C
and 20°C, whereas IL-8 was immediately unstable (52% recov-
ery), even when the urine was adjusted to pH 7 (data not shown).
For monitoring during the study, urine samples were therefore

stored at 4°C and processed within 2 h, as immediate sampling
and pH adjustment did not appear to be decisive.

Urinary cytokines in patients after MAK instillations
Samples of spontaneously-voided urine were collected before the
first MAK instillation and immediately after MAK instillation
numbers 1, 3 and 6. Urine samples were first evaluated in four
patients of the series (two disease-free patients and two patients
with recurrence) for IL-8, GM-CSF, IL-18, IL-6, IL-1b, IL-12p70,
TNF-a and IL-2 levels by ELISA assays. TNF-a, IL-12 and IL-2
were always undetectable. Patients inconsistently exhibited low
levels of IL-1b in their urine, whereas high levels of IL-8, IL-6,
IL-18 and GM-CSF were detected in some patients following
MAK instillations (data not shown). We then extended deter-
mination of urinary IL-8, IL-6, IL-18 and GM-CSF levels to all
patients of the series (Fig. 2).

Before MAK instillations (pre-MAK), IL-8 was detected in
the urine of five patients (mean 7·36; range 0–32·7 pg/mmol crea-
tinine) (Fig. 2a). After MAK1, 15 out of 16 patients exhibited
detectable urinary IL-8 levels, with a mean of 53 (range 0–
168 pg/mmol creatinine). This difference was significant (P <
0·0001 by sign test). A tendency towards decreasing IL-8 levels
was observed with subsequent instillations (mean 43·5 and 29·4
for MAK3 and 6, respectively). Strikingly, the urinary IL-8 level
detected following MAK instillations was about 10-fold higher
than that observed for other cytokines studied. MAK instillations
also induced or increased urinary GM-CSF levels during the
course of instillations, with a more pronounced effect after MAK1
(Fig. 2b). GM-CSF was detected in 5/16 patients before MAK
instillation (mean 0·6; range 0–4·6 pg/mmol creatinine), and in
14/16 after MAK1 (mean 4·5; range 0–11·7 pg/mmol creatinine).
The increase in GM-CSF was statistically significant for MAK1,
MAK3 and MAK6 (for MAK1; P = 0·001 by sign test). IL-18
levels increased slightly following the instillations, with a
maximum observed after MAK6 (mean 12·4 versus 5·9 pg/mmol
creatinine before MAK; P = 0·013 by sign test) (Fig. 2c). A tran-
sient and non-significant increase in IL-6 levels was observed after
MAK1 (mean 7·7 versus 3·7 pg/mmol creatinine before MAK),
which subsequently returned to normal (Fig. 2d).

Biological activity of IL-8 in the urine of patients
The observed instability of IL-8 in urine led us to investigate its
biological activity in the patients’ urine following MAK instilla-
tions. We measured urinary levels of elastase, a molecule usually
released by activated neutrophils in response to IL-8 stimulation.
Among the 12 patients tested, significant levels of elastase were
observed in six patients immediately before MAK3, and in nine
patients in the urine voided 2 h after MAK3 (Table 1). The IL-8
level before MAK3 was correlated with urinary elastase secretion
(Kendall rank correlation coefficient t = 0·898, P < 0·0001). 
MAK instillation induced an increase in IL-8 secretion (mean 
16·4 pg/mmol creatinine before MAK3 versus 52·2 pg/mmol crea-
tinine after MAK3, P = 0·006), and a concomitant increase in
urinary elastase (mean 213·3 ng/mmol creatinine before MAK3
versus 576·7 ng/mmol creatinine after MAK3, P = 0·02).

Persistence of MAK after instillations
Table 1 shows that five out of 12 patients presented with signifi-
cant levels of IL-8 in their urine 7 days after MAK2 (before
MAK3). This does not formally indicate the presence of resident
activated macrophages at distance from instillations. Therefore,
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Fig. 1. Cytokine production by MAK in vitro when incubated in urine for
2 h at 37°C. Urine samples with MAK were immediately centrifuged, or
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Fig. 2. IL-8 (a), GM-CSF (b), IL-18 (c) and IL-6 (d) levels in urine are shown for patients of the series before the first instillation of MAK
(pre-MAK), and in urine voided after MAK instillations number 1, 3 and 6. The horizontal line represents the mean values. * Analysed
by sign test.

Table 1. Comparison between urinary IL-8 and elastase, before and 2 h after MAK3

Before MAK3 After MAK3

IL-8 elastase* IL-8† elastase‡
Patient no. (pg/mmol creat.) (ng/mmol creat.) (pg/mmol creat.) (ng/mmol creat.)

1 0 0 8 179
2 82·4 1526·5 198·7 4207·1
3 0 0 14·6 0
5 42·3 445·8 96·8 1017·3
6 0 0 27·4 172·8
7 16·1 127·3 41·6 589·9
8 3·5 43·1 17·6 226·1

10 0 0 10·4 0
11 0 0 18·7 183·4
13 0 40·9 3·2 246·4
14 52·5 364·3 2·3 0
15 0 0 187·5 98·4

*A correlation was observed between elastase and IL-8 (t = 0·898; P < 0·0001).
†Significant difference compared with the level before MAK3 (P = 0·006 sign test).
‡Significant difference compared with the level before MAK3 (P = 0·02 sign test).



Immunostimulation induced by intravesical MAK infusions in patients with bladder cancer 307

we investigated urinary levels of neopterin, a marker of
macrophage activation, 7 days after MAK2, and compared the
values obtained with those observed before treatment. Nine of
the 12 available samples presented with an increase in urinary
neopterin, with a mean value of 375 (range 133–1019 nmol/mmol
creatinine) versus 234 (range 0–703 nmol/mmol creatinine) before
treatment (data not shown). We then investigated whether this
increase was due to a modification of neopterin in peripheral
blood. A neopterin ratio was calculated for each patient in urine
and serum by dividing the neopterin levels observed 7 days after
MAK2 by the value observed before treatment. Figure 3 clearly
shows that the marked increase in urinary neopterin was associ-
ated with a minor modification of serum neopterin levels. In addi-
tion, 12 of the 16 patients presented macrophages on the urine
smear performed within 2 months after the sixth instillation, and
five of them showed a high macrophage score up to 1 (Fig. 4). 
A correlation (t = 0·80, P < 0·0001) was observed between the
macrophage score and the neutrophil score in urine smears 
(Fig. 4). Finally, the presence of numerous CD68-positive cells
from the monocyte/macrophage lineage in disease-free urothe-
lium and in bladder tumours was observed in the three patients
with early recurrence following treatment (data not shown).

DISCUSSION

We first evaluated in vitro the production of MAK in urine and
observed a spontaneous release of IL-18, GM-CSF and IL-8. We
excluded determination of urinary IFN-g as this cytokine is
extremely unstable in urine and requires immediate dialysis after
collection [22]. Surprisingly, we did not detect any significant
levels of IL-1b and TNF-a by ELISA assays. This feature was also
observed in urinary samples during the course of MAK instilla-

tions. Soluble IL-1 receptor type II (sIL-1R type II), and soluble
TNF receptor (sTNFR) types I and II, are detected in urine
[23,24] and could interfere with IL-1b and TNF-a measurement
by ELISA assays. This potential bias was excluded as we chose
ELISA kits without interference with soluble cytokine receptors.
Urine contains numerous immunomodulatory molecules, which
could profoundly modify the nature of cytokines produced by
macrophages and could account for the unexpected pattern of
cytokine production.

In patients, there was clear evidence for a significant level of
IL-8 and, to a lesser degree, IL-18 and GM-CSF in urine voided
immediately after MAK instillations, in line with in vitro data.
Surprisingly, IL-8 and GM-CSF tended to decrease with increas-
ing number of instillations, while IL-18 increased with repeated
instillations. The IL-8 produced in the bladder was probably
greater than that detected by the ELISA assay, as we observed
that about 50% of IL-8 was not detected by the ELISA assay
when the cytokine was incubated in urine. Moreover, we observed
that centrifugation of voided urine following MAK instillation 
at 3000 r.p.m. (3000 ¥ g) for 10 min tended to result in lower 
IL-8 levels compared with deeply (1000 ¥ g for l min) centrifuged
samples (data not shown), as previously reported for IL-1b [25].

IL-8 belongs to the CXC chemokine family. It acts as a 
potent chemoattractant and activator for neutrophils and a pro-
inflammatory mediator [26,27]. Accumulated evidence suggests
that IL-8 plays an important role in neutrophil migration across
uroepithelial cell layers, as observed during urinary tract infection
[28]. IL-8 activity is reinforced by GM-CSF, also induced by
MAK, and IL-18 (another MAK-induced cytokine) has been
shown to induce IL-8 in human peripheral blood mononuclear
cells in the absence of co-stimuli [29]. The biological activity 
of IL-8 in urine can be impaired by its instability, formation of
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complexes with an inhibitor, or the concomitant presence of sup-
pressor or antagonist cytokines. In this field, discrepancies
between urinary ELISA for IL-1 and IL-2, and bioassays, 
have been observed in urine voided after BCG instillations [30].
We observed a correlation between urinary IL-8 and elastase
which argues in favour of the biological activity of MAK-induced
IL-8.

A subgroup of patients exhibited persistence of induced
cytokines throughout the course of MAK infusions. Seven of 16
patients presented a significant increase in IL-8, IL-18 and/or
GM-CSF levels 7 days after MAK2, and this effect persisted 7
days after MAK5 in four of these patients (data not shown). This
result is compatible with prolonged local immunostimulation in
some patients and suggests the presence of resident macrophages
in the bladder wall. However, various cell types can produce IL-
8 in the urinary tract, including epithelial, mesangial and endothe-
lial cells, and tumour cells [31]. In previous immunohistochemical
studies, we showed that normal urothelium stained positively 
for immature and/or mature IL-18 (unpublished data). Finally,
GM-CSF has been reported to be produced by cell lines 
derived from bladder carcinoma [32]. The observed increase in
urinary neopterin, the presence of macrophages in urine smears
2 months after MAK6, and the presence of CD68-positive cells in
normal disease-free and tumour zones, strongly argues in favour
of resident macrophages at a distance from instillations in some
patients.

The comparison for each patient between levels of urinary IL-
8 (or elastase) and neopterin 7 days after MAK2 showed that all
patients with a significant level of urinary IL-8 presented with 
a high level of neopterin in urine. In contrast, a high level of
neopterin was not always associated with an increase in urinary
IL-8, particularly in patients with the highest levels of neopterin.
The findings observed in this limited series may indicate that (i)
urinary IL-8 is, in part, produced by activated macrophages, and
(ii) the profile of cytokine production by MAK may differ from
one patient to another. For example, two out of three patients

with a high level of urinary neopterin and undetectable urinary
IL-8 presented with increased urinary IL-18 (compared with 
pre-treatment values), and IL-6 was detected in the urine of the
third patient.

It is of interest that urinary IL-8 and IL-18 levels detected in
urine samples after MAK instillations were associated with a
good prognosis in terms of disease-free survival in patients
treated by BCG instillations for superficial bladder tumours
[33,34]. We observed a strong decrease in the resection rate
during the year after the first MAK instillation compared with
that during the year before the first instillation (Thiounn N et al.
in preparation). Altogether, the biological monitoring of this
novel and well-tolerated immunotherapeutic approach provided
evidence for a modulation of immune parameters, arguing for a
local immunostimulation.
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Fig. 4. Cytological evaluation of urine smears performed 2 months after
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between the score of macrophages and the score of neutrophils (t = 0·80
P < 0·0001).
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