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Summary

Successful bacille Calmette–Guérin (BCG) immunotherapy of bladder cancer
depends on the proper induction of a T helper-type 1 (Th1) immune
response. In this study we investigated the possible involvement of Th1-
stimulating cytokines in BCG-induced interferon (IFN)-g production as well
as their potential roles in enhancing BCG-induced IFN-g from human periph-
eral blood mononuclear cells (PBMCs). BCG efficiently induced IFN-g
production by PBMCs in a dose-dependent manner. Neutralization of
endogenous cytokines interleukin (IL)-2, IL-12 and IFN-a reduced BCG-
induced IFN-g by 38%, 67% and 49%, respectively. Although single recombi-
nant (r) IL-2, rIL-12 and rIFN-a induced no or a marginal amount of IFN-g,
a combination of any two or three cytokines increased IFN-g production.
When BCG (a subsaturated dose) was combined with mono, dual or triple
cytokines, a synergy on IFN-g production was observed. Such a synergy was
readily achievable even when minimal or low doses of cytokines were used. No
saturation of IFN-g production was observed even when a subsaturated BCG
dose was combined with very high doses of cytokines. A robust IFN-g pro-
duction was also observed when a minimal BCG dose was combined with
minimal doses of triple cytokines. In addition, we demonstrated that IL-2-
and IFN-a-expressing rBCGs were superior to wild-type BCG for PBMC
IFN-g induction and that combination of both rBCGs showed a synergy in
IFN-g production. Taken together, these results suggest that combination of
BCG with certain exogenous or endogenous (expressed by rBCGs) Th1-
stimulating cytokines is a rational candidate for further study in bladder
cancer treatment.
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Introduction

Intravesical instillation of bacille Calmette–Guérin (BCG)
has been used to treat superficial transitional cell carcinoma
(TCC) of the bladder for three decades and demonstrated to
be more effective than localized chemotherapy and radio-
therapy [1–3]. However, approximately 30% of patients do
not respond to BCG therapy and 50% of patients recur after
the BCG therapy [4–6]. In addition, the side effects associ-
ated with BCG use are common and occasionally even life-
threatening [7,8]. Clearly, the current BCG therapy needs to
be improved.

Although the exact mechanisms by which BCG mediates
anti-tumour immunity remain unclear, a proper induction
of a localized T helper 1 (Th1) immune response appears to

be indispensable for successful BCG therapy. Following
intravesical BCG instillation, immune cell infiltration in the
bladder wall has been observed including T cells, natural
killer (NK) cells and macrophages [9–12]. A large number of
immune cells in patients’ voided urine have also been
reported, including neutrophils, T cells and macrophages
[13–15]. Furthermore, a transit secretion of cytokines and
chemokines in patients’ urine after intravesical BCG therapy
has been reported including interleukin (IL)-1, IL-2, IL-6,
IL-10, IL-12, IL-18, interferon (IFN)-g, tumour necrosis
factor (TNF)-a, granulocyte–macrophage colony-
stimulating factor (GM-CSF), macrophage-derived chemok-
ine (MDC), monocyte chemoattractant protein (MCP)-1,
macrophage inflammatory protein (MIP)-1a, interferon-
inducible protein (IP)-10 and eotaxin [15–23]. Although the
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specific role each of these proinflammatory mediators in
orchestrating BCG-induced anti-tumour immunity is
unclear, a high expression of Th1 cytokines (IL-2, IL-12 and
IFN-g) has been observed to be associated with BCG
responders [17,18,24,25]. Because IFN-g is a major Th1
restricted cytokine, easily detectable in urine and culture,
and a useful surrogate marker with prognostic value for BCG
therapy, its expression was evaluated in this study to define
the acquisition of a Th1 immune response.

To improve the clinical efficacy of intravesical BCG
immunotherapy, BCG has been combined with certain Th1-
stimulating cytokines in several studies [26–31]. Previously,
we used BCG plus recombinant (r)IFN-a to treat bladder
cancer patients who had failed BCG therapy and found that
the combinational therapy resulted in a favourable tumour
response [32,33]. We also used a reduced BCG dose, in com-
bination with rIFN-a or rIL-12, to treat bladder cancer
patients and found that the combinational therapy induced a
high level of urinary IFN-g [29,30,33]. In addition, we also
observed that Th1-stimulating cytokines rIL-2, rIL-12 and
rIFN-a enhanced BCG-induced IFN-g from human periph-
eral blood mononuclear cells (PBMCs) in culture [29,30,34].
In this study, we further investigated the dose–responses of
BCG and Th1-stimulating cytokines for IFN-g production
by human PBMCs. We observed that exogenous rIL-2, rIL-12
or/and rIFN-a synergized with BCG for IFN-g production in
a dose-dependent manner. We also observed that a minimal
dose of BCG was capable of inducing a high level of IFN-g
when it was combined with triple cytokines rIL-2, rIL-12 and
rIFN-a. In addition, we also observed that rBCGs expressing
IL-2 (rBCG–IL-2) or IFN-a (rBCG–IFN-a) were superior to
BCG for PBMC IFN-g induction. Our results suggest that
supplementation of Th1-stimulating cytokines could
enhance the effect of BCG on induction of a Th1 immune
response and allow the use of lower and safer doses of BCG
in the treatment of bladder cancer patients.

Materials and methods

BCG

MV261 BCG (BCG), a Pasteur strain transfected previously
with the kanamycin resistance plasmid pMV261 [35], was
used alone or in combination with Th1-stimulating cytok-
ines (rIL-2, rIL-12 or/and rIFN-a) for PBMC stimulation.
This BCG strain has demonstrated the similar immuno-
stimulatory property to that of commercial lyophilized BCG
preparations. BCG was cultured routinely at 37°C in Middle-
brook 7H9 Bacto broth (Difco, Detroit, MI, USA) supple-
mented with 10% albumin dextrose catalase (ADC) [5%
bovine serum albumin (BSA), 2% dextrose and 0·85%
NaCl], 0·05% Tween 80 (Sigma, St Louis, MO, USA) and
30 mg of kanamycin per ml. One unit of absorbance at
600 nm for the BCG culture was calculated as 2·5 ¥ 107

colony-forming units (CFU) per ml.

Both rBCG–IFN-a and rBCG–IL-2 were also used in
PBMC IFN-g induction. The rBCG–IFN-a strain had been
developed previously [36]. The rBCG–IL-2 strain was devel-
oped similarly, as described for rBCG–IFN-a. Briefly, the
mature IL-2 coding sequence was amplified by polymerase
chain reaction (PCR) and placed downstream to the a
antigen signal sequence of the Escherichia coli–BCG shuttle
plasmid pMV261 [35]. The sequences of the PCR primer
pair used were 5′-CAAG(ggatcc)GCACCTACTTCAAGTT
CTACAAAG-3′ (sense primer; lower case for the BamH1
cutting site) and 5′-GCCG(gaattc)TTATCAAGTCAGTGTT
GAGATGAT-3′ (anti-sense primer; lower case for the EcoR1
cutting site). After transformation, selection and amplifica-
tion in E. coli competent XL1-Blue MR cells (Stratagene, La
Jolla, CA, USA), the IL-2-expressing vector was transformed
further into BCG competent cells (a Pasteur strain) and
selected on 7H10 Bacto agar plates (Difco). Both rBCG–
IFN-a and rBCG–IL-2 were cultured in the same conditions
used for BCG. Both rBCGs typically secreted ~5000–
7000 pg/ml of the coding cytokines under the standardized
conditions described previously [35].

Cytokines and neutralizing antibodies

Recombinant human cytokines were obtained from
Genzyme (Cambridge, MA, USA) for rIL-2, Genetics Insti-
tute (Cambridge, MA, USA) for rIL-12 and Schering (Ken-
ilworth, NJ, USA) for rIFN-a. Human cytokine-neutralizing
antibodies were obtained from Schering for IFN-a (sheep
polyclone) and from R&D Systems (Minneapolis, MN, USA)
for IL-2 (clone 5334·21, mouse IgG1), IL-10 (clone
23738·111, mouse IgG2b) and IL-12 (goat polyclone).
Species and isotype-matched control antibodies were
obtained from BD PharMingen (San Diego, CA, USA) for
mouse IgG1 (clone 107·3) and IgG2b (clone G11-59) and
from Sigma for sheep and goat IgG.

Human PBMC culture

In accordance with the approved clinical protocol at our
institution, blood samples were collected from both BCG-
naive and BCG-vaccinated healthy donors with negative and
positive skin test reactivity to the purified protein derivative
(PPD). PBMCs were prepared from buffy coat leucocytes
purified on Ficoll-Paque (Pharmacia, Uppsala, Sweden), as
described previously [34]. Viability of PBMCs exceeded 95%
by trypan blue exclusion. PBMCs were suspended in RPMI-
1640 medium (Gibco, Grand Island, NY, USA) containing
10% fetal bovine serum (FBS) and 30 mg of kanamycin per
ml, and incubated at 37°C in a humidified 5% CO2 incubator
at a density of 5 ¥ 105 cells/200 ml per well in 96-well tissue
culture plates. To evaluate the effects of Th1-stimulating
cytokines on PBMC IFN-g induction, BCG-naive PBMCs
were cultured in the presence or absence of BCG or/and
rIL-2, rIL-12 and rIFN-a. BCG-naive PBMCs were also used
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to evaluate the effects of rBCGs for IFN-g induction. PBMCs
from BCG-vaccinated subjects were used to evaluate the role
of endogenous cytokines in BCG-induced IFN-g produc-
tion, as these PBMCs produce higher IFN-g in response to
BCG stimulation and allow more accurate determination
of the role in an antibody neutralization assay. The plates
were incubated for 3 days and then frozen at -20°C until
the enzyme-linked immunosorbent assay (ELISA) was
performed.

ELISA analysis

Paired monoclonal capture (clone 2G1) and detecting (clone
B133·5) antibodies for human IFN-g ELISA were obtained
from Endogen (Woburn, MA, USA). A sandwich format
ELISA was performed according to the manufacturers’
instructions.

Statistical analysis

All determinations were made in duplicate and each result
was expressed as mean � standard deviation (s.d). Statistical
significance was determined by paired Student’s t-test. A
P-value of 0·05 was considered to be significant.

Results

Role of endogenous Th1 cytokines in BCG-induced
IFN-g production by PBMCs

We observed previously that PBMCs produced a high level of
IFN-g in response to BCG stimulation at a dose of 2·5 ¥ 105

CFU/ml for 3 days [23,29,30,34]. In this study, we further
evaluated PBMC IFN-g production in response to five

different BCG doses ranging from 2·5 ¥ 103 to 2·5 ¥ 106

CFU/ml. BCG efficiently induced IFN-g production in a
dose-dependent manner (Fig. 1a). Even at a minimal dose
tested (2·5 ¥ 103 CFU/ml), BCG was still capable of inducing
a significant amount of IFN-g (7·2 ng/ml). The IFN-g pro-
duction increased steadily in parallel with BCG dosing until
reaching a plateau level (28·7 ng/ml) at a BCG dose of
1·25 ¥ 106 CFU/ml. This BCG dose-dependent IFN-g pro-
duction was also observed for both rBCG–IL-2 and rBCG–
IFN-a.

In addition to IFN-g, BCG is known to induce a number of
other Th1-stimulating cytokines from PBMCs, including
IL-2, IL-12 and IFN-a [34]. To evaluate the role of these
BCG-induced endogenous cytokines in IFN-g production,
PBMCs were stimulated with BCG (2·5 ¥ 105 CFU/ml) in the
presence of neutralizing antibodies to IL-2, IL-12 or IFN-a
(Fig. 1b). For comparison, a neutralizing antibody to Th2
cytokine IL-10 was also included. The functional blockage of
Th1-stimulating cytokines reduced IFN-g by 38% for IL-2,
67% for IL-12 and 49% for IFN-a, respectively. Conversely,
neutralization of IL-10 increased IFN-g by 12·1-fold. Control
isotype antibodies showed no effects on PBMC IFN-g pro-
duction (data not shown). These results suggest that the
endogenously produced Th1-stimulating cytokines play
favourable roles in BCG-induced IFN-g production and that
supplementation of these cytokines may augment BCG for
Th1 immune induction.

Exogenous rIL-2, rIL-12 and rIFN-a alone induce no or
marginal IFN-g but synergize with BCG for IFN-g
production by PBMCs

To determine the effects of exogenous Th1-stimulating
cytokines rIL-2, rIL-12 and rIFN-a on BCG-induced IFN-g

Fig. 1. (a) Bacille Calmette–Guérin (BCG)

dose-dependent interferon (IFN)-g production

by human peripheral blood mononuclear cells

(PBMCs). PBMCs were incubated with medium

or five different doses of BCG ranging from

2·5 ¥ 103 to 2·5 ¥ 106 colony-forming units

(CFU)/ml for 3 days and then assayed for IFN-g
production in the conditioned media. (b) The

roles of endogenous T helper 1 (Th1) and Th2

cytokines in BCG-induced IFN-g production by

human PBMCs. PBMCs were incubated with

2·5 ¥ 105 CFU/ml of BCG in the presence or

absence of indicated cytokine-neutralizing

antibodies (3 mg/ml) for 3 days and then

assayed for IFN-g production in the

conditioned media. Species and

isotype-matched control antibodies had no

effect on IFN-g production (data not shown).

*Significantly decreased.
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production, we cultured PBMCs in the presence of these
cytokines alone or in combination with BCG. All cytokines
were tested in five different doses, ranging from a minimal
dose to a high dose based on our previous studies [29,30,34].
BCG was used at a subsaturated dose (2·5 ¥ 105 CFU/ml) for
better determination of the supplemental effects of these
cytokines. Both rIL-2 and rIFN-a alone induced no or a
marginal amount of IFN-g (Fig. 2a,c). Although rIL-12 alone
also showed a weak effect, a clear dose-dependent induction
of IFN-g was observed (Fig. 2b). Despite no or weak effects
when used alone, all Th1-stimulating cytokines tested

potently enhanced BCG for IFN-g production (Fig. 2a–c). A
clear dose-dependent IFN-g production was observed, start-
ing at a dose of 300 pg/ml for rIL-2, 4 pg/ml for rIL-12 and
25 pg/ml for rIFN-a, respectively. The highest IFN-g pro-
duction was achieved when the highest doses of cytokines
were combined with BCG, i.e. 27-fold increase at 9000 pg/ml
for rIL-2, 36-fold increase at 500 pg/ml for rIL-12 and
34-fold increase at 25 000 pg/ml for rIFN-a, respectively.
Because no saturation of IFN-g production was observed, a
BCG-induced Th1 immune response could be enhanced
further by addition of even higher doses of these cytokines.
Among the three Th1-stimulating cytokines tested, rIL-12
appeared to be the most potent cytokine in augmenting BCG
for IFN-g production by PBMCs.

Combination of exogenous rIL-2, rIL-12 and rIFN-a
enhances IFN-g production and synergizes with BCG
for IFN-g production by PBMCs

Although all three Th1-stimulating cytokines tested induced
no or a negligible amount of IFN-g in PBMC culture when
they were used alone (Fig. 2), a combination of either two or
three cytokines increased IFN-g induction in all doses tested
including a minimal dose (Fig. 3a), a moderate dose
(Fig. 3b) and a high dose (Fig. 3c). Triple cytokine combina-
tion induced higher IFN-g than dual cytokine combination
at the same doses. A dose-dependent induction of IFN-g was
observed for all dual and triple cytokine combinations
(Fig. 3c versus 3b versus 3a). When the dual and triple cytok-
ines were further combined with BCG (2·5 ¥ 105 CFU/ml), a
synergistic induction of IFN-g was observed (Fig. 3a–c).
Again, this increased induction of IFN-g showed a clear
dose-dependent manner (Fig. 3c versus 3b versus 3a) and was
not saturated at the highest doses tested (Fig. 3c). This phe-
nomenon suggests further that a BCG-induced Th1 immune
response could be enhanced by addition of multiple, high
doses of Th1-stimulating cytokines.

Low doses of BCG induce robust IFN-g production by
PBMCs when combined with exogenous triple
cytokines rIL-2, rIL-12 and rIFN-a

To determine the capacity of triple cytokines in enhancing
BCG for IFN-g production, we stimulated PBMCs with five
different doses of BCG ranging from 2·5 ¥ 103 to 2·5 ¥ 106

CFU/ml or BCG combined with the three different doses
(i.e. minimal, moderate and high) of triple cytokines used in
Fig. 3. The addition of triple cytokines at a minimal dose
(10 pg/ml for rIL-2, 4 pg/ml for rIL-12 and 25 pg/ml for
rIFN-a) showed a clear synergistic, BCG dose-dependent
IFN-g induction (Fig. 4). This synergistic effect was readily
observable even at the minimal BCG dose used (2·5 ¥ 103

CFU/ml). This effect was also apparent at the BCG doses that
induced a plateau level of IFN-g seen in Fig. 1a (i.e. 1·25–
2·5 ¥ 106 CFU/ml). The latter observation indicated that
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addition of low-dose triple cytokines could increase the
BCG-dose limitations for IFN-g induction. The moderate-
and high-dose triple cytokines also enhanced BCG-induced
IFN-g at all BCG doses tested including the minimal BCG

dose (2·5 ¥ 103 CFU/ml). These results suggest that addition
of multiple Th1-stimulating cytokines could compensate a
low dose of BCG for induction of a potent Th1 immune
response.

IL-2- and IFN-a-expressing rBCGs are potent
stimulators for PBMC IFN-g production

As Th1-stimulating cytokines showed their abilities to
enhance BCG-induced IFN-g production by PBMCs, we
investigated whether our previously developed human IL-2-
and IFN-a-expressing rBCGs could also induce high IFN-g
production. Indeed, both rBCG–IL-2 and rBCG–IFN-a
induced 1·5–3-fold higher levels of IFN-g than control BCG
at all five doses tested (Fig. 5). Both rBCGs-induced IFN-g
showed a BCG dose-dependent manner similar to that of
control BCG, however, with an early occurrence of a plateau
at a dose of 2·5 ¥ 105 CFU/ml. Also, similar to the combina-
tion of BCG with exogenous Th1-stimulating cytokines, a
combination of both rBCGs showed a synergistic effect on
IFN-g production. Such rBCG combination was so potent
that even at a minimal dose (2·5 ¥ 103 CFU/ml) combined
rBCGs increased IFN-g by 25-fold compared to control BCG
at the same dose. These results suggest that IL-2- and IFN-
a-expressing rBCGs are superior to BCG for induction of a
Th1 immune response.

Discussion

Intravesical BCG immunotherapy has been used for treating
bladder TCC for three decades [1–3]. However, the current
BCG therapy is empirical and needs to be improved. Because
a proper induction of Th1 immune response appears

Fig. 3. The effects of exogenous dual or triple

cytokines [recombinant interleukin (rIL)-2,

rIL-12 and recombinant interferon (rIFN)-a],

alone or in combination with bacille

Calmette–Guérin (BCG), on IFN-g production

by human peripheral blood mononuclear cells

(PBMCs). PBMCs were incubated with the

indicated dual or triple cytokines at a minimal

dose (a), a moderate dose (b) or a high dose (c)

in the presence or absence of BCG [2·5 ¥ 105

colony-forming units (CFU)/ml], for 3 days and

then assayed for IFN-g production in the

conditioned media. Refer to Fig. 2 for PBMC

IFN-g production in response to BCG alone,

single cytokines alone and BCG plus single

cytokines.
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necessary for BCG-mediated anti-tumour immunity, we
have evaluated the regulatory cytokines that favour the pro-
duction of the Th1 cytokine IFN-g [29,30,34]. In this study,
we focused on the dose–response of BCG/Th1-stimulating
cytokines in IFN-g production by human PBMCs. We dem-
onstrated that rIL-2, rIL-12 and rIFN-a were potent enhanc-
ers for BCG-induced IFN-g. We also demonstrated that a
minimal dose of BCG was sufficient for induction of a high
level of IFN-g when it was combined with triple cytokines
rIL-2, rIL-12 and rIFN-a. In addition, we demonstrated that
rBCGs expressing IL-2 or IFN-a were superior to BCG for
IFN-g production. These observations provide an immuno-
logical basis for the rational use of Th1-stimulating cytokine
with BCG in bladder cancer treatment.

BCG is a potent inducer for IFN-g production by human
PBMCs [23,29,30,34]. This IFN-g production was found to
depend on BCG-induced, endogenously produced Th1-
stimulating cytokines, including IL-2, IL-12 and IFN-a
(Fig. 1b). IL-10, as an antagonist of the Th1 immune
response, exhibited an inhibitory effect on BCG-induced
IFN-g production. These observations indicate the complex-
ity of the cytokine network that determines the output of
IFN-g. Based on current understanding, macrophages serve
as a first line of defence in anti-mycobacterial infection and
produce IL-12, IFN-a and other proinflammatory cytokines

after activation [37–39]. These macrophage-derived cytok-
ines act as primary initiators of Th1 immune response and
cause T cells and NK cells to produce IFN-g [38,40–42]. T
cells can also be stimulated by endogenously produced IL-2
through autocrine- and pericrine-feedback processes,
leading to a more profound production of IFN-g [34,43].
Thus, BCG-induced PBMC IFN-g production is probably
associated with activation of multiple immune cellular com-
ponents, including at least macrophages, T cells and NK cells.

Although BCG is shown to be a potent inducer for PBMC
IFN-g production, this IFN-g production was BCG dose-
limited as a plateau level of IFN-g emerged at a BCG dose of
�1·25 ¥ 106 CFU/ml (Fig. 1a). However, we observed that a
subsaturated dose of BCG (2·5 ¥ 105 CFU/ml) could be syn-
ergized for IFN-g induction when it was combined with
mono, dual or triple cytokines rIL-2, rIL-12 and/or rIFN-a
(Figs 2 and 3). No saturation of IFN-g increment was
observed, even at the highest cytokine doses used. Thus, it is
likely that a combination of rIL-2, rIL-12 or/and rIFN-a
with an appropriate dose of BCG is capable of inducing a
markedly enhanced Th1 immune response in the treatment
of bladder cancer. Indeed, we have observed previously that
addition of rIL-12 or rIFN-a could reverse BCG non-
responsive patients for IFN-g induction by BCG and clinical
response to BCG [29,30].

The current intravesical BCG immunotherapy of bladder
cancer includes the weekly instillation of BCG at approxi-
mately 1–8 ¥ 108 CFU/dose for at least 6 weeks. This
repeated application of high doses of BCG is believed to be
a major cause for the commonly seen BCG-related side
effects. Previously, we observed that instillation of one-third
of the standard BCG dose plus rIFN-a or rIL-12 induced
high urinary IFN-g [29,30]. We even observed that instilla-
tion of one-tenth the standard BCG dose plus rIFN-a
induced a comparably high level of urinary IFN-g [30]. In
this study, we observed further that supplementation of
triple cytokines rIL-2, rIL-12 and rIFN-a not only syner-
gized with BCG for PMBC IFN-g production but also com-
pensated for low BCG doses (Fig. 4). This observation
suggests that a reduced BCG dose could be used, when
combined with certain Th1-stimulating cytokines, to mini-
mize BCG side effects while retaining its therapeutic effects
in bladder cancer treatment.

Because a combination of BCG with Th1-stimulating
cytokines showed a synergistic effect on PBMC IFN-g pro-
duction, we next tested whether rBCGs expressing IL-2 or
IFN-a could also induce a high level of IFN-g. Indeed, both
rBCGs induced higher IFN-g than control BCG when they
were used alone and in combination at the minimal doses
(Fig. 5). Thus, these rBCGs are probably superior to BCG for
Th1 immune induction and may replace BCG to achieve
both improved therapeutic and adverse effects in bladder
cancer treatment.

It is generally accepted that successful intravesical BCG
immunotherapy of bladder cancer depends on the proper
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Fig. 5. Recombinant bacille Calmette–Guérin (rBCGs) expressing

interleukin (IL)-2 or interferon (IFN)-a enhanced IFN-g production

by human peripheral blood mononuclear cells (PBMCs). PBMCs were

incubated with five different doses of BCG, recombinant

(r)BCG–IL-2, rBCG–IFN-a or both rBCGs, ranging from 2·5 ¥ 103 to

2·5 ¥ 106 colony-forming units (CFU)/ml for 3 days and then assayed

for IFN-g production in the conditioned media. PBMCs without BCG

stimulation expressed a basal level of IFN-g (0·041 � 0·004 ng/ml).
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induction of a localized Th1 immune response. The results
of the present study suggest that supplementation of Th1-
stimulating cytokines could enhance the effect of BCG on
Th1 immune induction, which allows the use of lower and
safer doses of BCG in bladder cancer treatment. Although
the level of IFN-g reflects the Th1 immune intensity, induc-
tion of very high IFN-g may have detrimental effects in vivo.
Elevated expression of IFN-g has been observed to be asso-
ciated with tissue destruction in inflammation [44,45]. Thus,
the level of IFN-g induction should be controlled carefully in
bladder cancer treatment.
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