IFN-a 2B Enhances Th1 Cytokine Responses in Bladder
Cancer Patients Receiving Mycobacterium bovis Bacillus
Calmette-Guérin Immunotherapy1
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Combination therapy with intravesical bacillus Calmette-Guérin (BCG) plus IFN-a for superficial bladder cancer has been
demonstrated to be more effective than either single agent alone in animal studies and of suggested greater efficacy in clinical
studies. However, the mechanism by which IFN-a enhances BCG-mediated antitumor activity is poorly understood. Using PBMCs
from bladder cancer patients, IFN-a was found to substantially enhance the efficacy of BCG to induce IFN-g production. Among
34 patients tested, 80% showed >4-fold increase. This effect of IFN-a was observed in both initial and memory responses to BCG.
In addition, IFN-a up-regulated BCG-induced IL-12 and TNF-a and down-regulated BCG-induced IL-10. Neutralizing endogenous IL-10 or adding exogenous IL-12 provided further synergy for IFN-g production. In clinical practice, intravesical IFN-a
2B (50 million units (MU)/dose) was observed to accelerate urinary IFN-g production to low-dose BCG (one-tenth or one-third
of a full dose) in patients treated with combination therapy compared with BCG alone. These results suggest that IFN-a is a potent
BCG enhancer that polarizes the BCG-induced immune response toward the cellular immune pathway by promoting Th1 cytokine
expression and reducing Th2 cytokine expression. This study provides an immunological basis for future rational use of IFN-a in
conjunction with intravesical BCG for bladder cancer immunotherapy. The Journal of Immunology, 1999, 162: 2399 –2405.

B

ladder cancer is the fifth most common malignant disease
in the United States with an annual incidence of ;53,000
new cases and 12,000 deaths, respectively (1). Although
intravesical administration of bacillus Calmette-Guérin (BCG)3
has been accepted as the most effective therapy for superficial
bladder cancer and carcinoma in situ of the bladder, ;25– 40% of
patients never respond to BCG therapy. Furthermore, long term
remission (.5 yr) is only achieved in 50% of patients (2–5). Toxicity associated with the BCG therapy is frequent with occurrence
of severe adverse effects in 5% of patients and life-threatening
symptoms in 0.5% of patients (6, 7).
Intravesical IFN-a administered at doses of 50 –100 million
units (MU) in 50 ml of physiologic saline has been demonstrated
to possess clinical efficacy with minimal local and systemic toxicity in treating superficial bladder cancer; however, its efficacy
and durability are clearly inferior to BCG alone (8 –11). Because of
these limitations, an alternative schedule with concomitant administration of low-dose BCG plus IFN-a was recently proposed. Bercovich et al. (12) evaluated the safety and efficacy of the combination therapy in a double arm randomized study of 36 patients
treated with one-half dose BCG and 10 MU of IFN-a 2B vs fulldose BCG and observed that the combination therapy had less side
effects but similar efficacy. Stricker et al. (13) conducted a similar
study of 12 patients and reported that combination therapy was
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well tolerated and yielded a high complete response rate. Safety
and efficacy studies of combination therapy in murine models are
also very encouraging. BCG plus IFN-a or BCG plus the IFN
inducer bropirimine were observed to be more effective than either
agent alone (14, 15). The limited pilot clinical trials and animal
studies have shown that adding IFN-a to BCG bladder cancer
immunotherapy could lower BCG toxicity due to the reduced BCG
dose while at the same time preserving or enhancing BCG activity
against tumors.
As a potent immune stimulator, BCG has revealed its ability to
efficiently elicit both humoral and cellular immune responses.
However, antitumor immunity induced by intravesical BCG in
bladder cancer therapy appears to require involvement of the cellular immune pathway (16). Studies on animal bladder tumor models have shown that the ability to either prevent or retard the outgrowth of tumor with BCG relies on T lymphocytes. BCG is
unable to render antitumor activity in athymic mice unless T lymphocytes are reconstituted from immunocompetent animals before
BCG therapy (17). Similarly, BCG loses its ability to induce antitumor activity in immunocompetent mice if they are first depleted
in vivo of either CD41 or CD81 T cells (18). In humans, the
immunological basis for BCG anti-bladder cancer activity is also
manifested. A typical delayed type hypersensitivity response in the
bladder can be immunohistologically observed after clinical BCG
instillation, showing a mononuclear cell infiltration into the superficial layers of the bladder (19, 20). The major types of infiltrating
cells consist of CD41 and CD81 T cells, macrophages, and NK
cells. Elevated expression of MHC class I and II Ags on the
urothelium is also apparent (21). This phenomenon is associated
with the expression of IFN-g and TNF-a (21). Coincident with the
prominent T cell infiltration, a massive burst of Th1 cytokines
(IFN-g, IL-2, IL-12, and TNF-a) appears in patients’ urine after
BCG instillation (22–25), suggesting that an active cellular immune response is occurring in the bladder. In contrast to the clinical responders, patients who fail BCG treatment show in their
serum higher Ab responses to BCG heat shock proteins and a
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FIGURE 1. Dose response of IFN-g production in
human PBMC culture. A, PBMCs were incubated
with various doses of IFN-a in the presence or absence of BCG (0.01 OD600/ml). B, PBMCs were incubated with various doses of BCG in the presence or
absence of IFN-a (1 3 105 IU/ml). IFN-g in the cultures was quantitated and the values were expressed
as means 6 SD from triplicate-well incubations.

urinary cytokine profile with a higher level of IL-6 and/or IL-10,
the restricted Th2 cytokines that inhibit the Th1 immune response
by orienting it toward a humoral immune pathway (25–27).
Although both clinical trials and animal studies that use combination therapy have shown advantages, the mechanism by which
IFN-a enhances BCG-mediated antitumor activity is poorly understood. IFN-a, a cytokine initially discovered as an antiviral
agent (28), has proven itself to be effective in antitumor immunity
(29, 30). Its antitumor activity is thought to be associated with its
ability to promote Th1 immune response (31–34). Previously, we
reported that IFN-a was pharmacologically compatible with intravesical preparations of BCG (35). In this study, we explore the
mechanism through which IFN-a acts on BCG for the induction of
enhanced antitumor immunity by focusing on its regulation of Th1
cytokine production. Because IFN-g is the predominant Th1 cytokine observed in clinical responders undergoing BCG therapy
(25), the expression of this cytokine was evaluated in this study to
define the acquisition of a Th1 immune response.

CA) or neutralizing Abs: goat anti-human IL-12 (R&D Systems, Minneapolis, MN), mouse anti-human IL-10 (R&D Systems), and rabbit antihuman IFN-a (Pepro Tech, Rocky Hill, NJ) were further used to determine
the immune pathway of IFN-a action. The plates were incubated for 72 h
and then frozen at 270°C until cytokine ELISA assays were performed.

Urine samples
Previously, we assayed voided urine samples collected from different times
after intravesical BCG therapy for IFN-g and found that .90% of urinary
IFN-g appeared within the first 2–12 h after therapy. Thus, voided urine
during that period of time was collected and pooled for later analysis. Urine
samples were stabilized during patient collection with a concentrated buffer
containing 2 M Tris-HCl (pH 7.6), 5% BSA, 0.1% sodium azide, and four
protease inhibitors (aprotinin, pepstatin and leupeptin at 0.01 mg/ml for
each and 4-(2-amino ethyl)benzenesulfonyl fluoride (AEBSF) at 0.1 mg/
ml; all purchased from Sigma). At the end of collection, the volume of the
10-h urine was recorded. A 10-ml sample was further preserved by the
addition of a protease inhibitor mixture tablet (Boehringer Mannheim,
Mannheim, Germany) and then stored at 270°C before batch analysis for
cytokines by ELISA.

ELISA assays and reagents

Materials and Methods
BCG and IFN-a

MV261 BCG, a Pasteur strain previously transfected with the kanamycin
resistance plasmid pMV261 (36), was used in the in vitro experiments.
This strain had been shown to possess very similar immunostimulatory
properties to that of commercial lyophilized BCG preparations. This BCG
strain was routinely kept at 37°C in 7H9 Middlebrook broth (Difco, Detroit, MI) supplemented with 10% albumin dextrose concentrate (5% BSA,
2% dextrose and 0.85% NaCl), 0.05% Tween 80 (Sigma, St. Louis, MO),
and 30 mg of kanamycin/ml. One unit of absorbance at 600 nm for the BCG
culture was calculated as 2.5 3 107 CFU. For clinical intravesical therapy,
lyophilized preparations of BCG (TheraCys; Connaught Pasteur Merieux,
Ontario, Canada) was used. Human rIFN-a 2B (Intron A, Schering, Kenilworth, NJ) was used for both in vitro and in vivo studies.

PBMC culture
In accordance with the approved clinical protocol at our institution, blood
samples were collected from bladder cancer patients before intravesical
BCG therapy and immediately before the 6th intravesical dose. PBMCs
were prepared from buffy coat leukocytes purified on Ficoll-Paque
(Pharmacia, Uppsala, Sweden). Viability by trypan blue exclusion usually
exceeded 95%. PBMCs were suspended in RPMI 1640 medium containing
10% FCS and 30 mg/ml of kanamycin, and incubated at 37°C in a humidified 5% CO2 incubator at a density of 8 3 105 cells/200 ml/well in 96-well
tissue culture plates in the presence or absence of designated doses of BCG,
IFN-a 2B, or both. In most experiments, an IFN-a 2B concentration of 1 3
105 IU/ml was selected to approximate the concentration applied clinically
into the bladder. In some experiments human recombinant cytokines IL-12
(Genetics Institute, Cambridge, MA) and IL-10 (PharMingen, San Diego,

ELISA reagents including recombinant human cytokines and paired monoclonal capture and detecting Abs for the cytokines were obtained from
Endogen (Cambridge, MA) for IFN-g, from Genetics Institute for IL-12,
and from PharMingen for TNF-a, IL-6, and IL-10. Samples of conditioned
PBMC cultures and urine collections were assayed by ELISA using a sandwich format according to the manufacturer’s instructions. Cytokine concentrations were calculated in standard mass/volume format using standard
curves derived from purified recombinant cytokine standards. For all of the
above measured cytokines, one IU is equal to ;50 –100 pg of purified
cytokine.

Results

Enhancement of BCG-induced IFN-g production by IFN-a 2B
BCG has the ability to stimulate PBMCs in culture to produce
IFN-g; however, the quantity of IFN-g produced depends on the
applied BCG dose and the individual patient’s sensitivity to BCG.
Although IFN-a had minimal ability by itself to induce IFN-g
from PBMCs, it synergistically increased IFN-g production induced by BCG (Fig. 1A). This effect of IFN-a on BCG-stimulated
PBMCs was so potent that even small doses of IFN-a (10 IU/ml)
could significantly augment the capacity of BCG to induce IFN-g
production (5-fold increase). Several other experiments using different patient PBMCs confirmed that saturation routinely occurs
between 10 and 100 IU/ml of IFN-a. IFN-a exerted its effect in a
BCG dose-dependent manner, preserving the bell-shaped dose-response curve seen with BCG alone whereby the optimum BCG
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FIGURE 2. Time course of IFN-g production in human PBMC cultures.
PBMCs were incubated with medium, BCG (0.01 OD600/ml), IFN-a (1 3
105 IU/ml), or BCG plus IFN-a for up to 3 days. IFN-g in the cultures was
quantitated and the values were expressed as means 6 SD from triplicatewell incubations.

dose also yielded the maximum production of IFN-g for combination therapy (Fig. 1B). A kinetic study of IFN-g production
showed an accelerated onset of IFN-g production which was maintained throughout the 3-day culture (Fig. 2).
The effect of IFN-a on BCG-induced IFN-g production in
PBMC culture was further evaluated in 34 patients. Among them,
22 patients furnished PBMCs from both pre-BCG therapy and
preweekly treatment number 6. To compare individual patients to
one another, the values were numerated as a ratio of BCG plus
IFN-a to BCG alone (Fig. 3). Eighteen of 22 patients (82%) in the
pre-BCG therapy group showed .4-fold increase. The overall
mean of increase was 39.3-fold with median of 13.8-fold. Similarly, 17 of 22 patients (77%) in post-BCG therapy group showed
.4-fold increase. However, the overall mean of increase in this
group was 16.1-fold with median of 7.7-fold. The lower fold increase of IFN-g in the latter group was due to the increased sensitivity of immune competent cells to BCG alone after repeated
intravesical BCG therapy and a maximum limit to total IFN-g
production. Only three patients in the pre-BCG group showed no
IFN-a effect and one patient in the post-BCG group showed ,2fold increase. Analysis of IFN-g production in the remaining 12
unpaired PBMC cultures further agreed with this positive effect of
IFN-a with an overall mean increase of 12.0-fold and median of
5.0-fold (data not shown).

FIGURE 4. Effect of IFN-a on the induction of IFN-g in a memory response to BCG.
Human PBMCs obtained from two patients
before intravesical BCG therapy (diamond)
and after five doses of BCG (circle) were incubated with various doses of BCG with (solid) or without (open) IFN-a (1 3 105 IU/ml).
IFN-g in the cultures was quantitated and the
values are represented as means 6 SD from
triplicate-well incubations.
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FIGURE 3. Effect of IFN-a on BCG-induced IFN-g production in human PBMC cultures. Human PBMCs obtained from 22 patients before
intravesical BCG therapy and after five doses of BCG were incubated with
BCG alone (0.01 OD600/ml) or BCG (same dose) plus IFN-a (1 3 105
IU/ml). The quantity of IFN-g in the cultures was measured and represented as the ratio of [BCG 1 IFN-a] to [BCG]. Means and medians are
indicated for each group.

Augmentation of IFN-g production by IFN-a 2B during the
memory response to BCG
IFN-a has been observed to affect both initial and memory responses to BCG stimulation. As shown in Fig. 4, PBMCs obtained
from two patients before initial BCG therapy and after the fifth
dose were compared for their IFN-g production in response to
escalating doses of BCG alone or BCG plus IFN-a. In both cases,
the addition of IFN-a to BCG during the naive period generated a
response similar to or higher than that achieved during the later
memory period with BCG alone. Furthermore, the addition of
IFN-a to BCG during the later period not only markedly increased
IFN-g but also broadened the shape of the dose-response curve
such that even very low doses of BCG (OD600 5 0.001) were
equipotent to doses 100 times higher.
Analysis of urinary IFN-g production agreed with the observations found from PBMC cultures. Two patients had urinary cytokine monitoring during the induction phase of intravesical BCG
alone therapy and then were switched over to combination therapy
during either a repeat induction phase (patient 3) or during a maintenance phase (patient 4). Maintenance was given as three doses
once a week per course at interval of 3– 6 mo (Fig. 5). Typically,
urinary IFN-g production gradually increases during the initiation
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FIGURE 5. Effect of IFN-a on urinary IFN-g
production in response to BCG. The urine of two
patients was collected for the first 2–12 h after each
intravesical treatment and assayed for IFN-g. The
values are represented as the total IFN-g mass produced during each of these 12-h periods. Letters I
and M stand for induction and maintenance therapy,
respectively. The clinical status of the patients in
response to therapy is indicated in italics.

of induction therapy. Adding IFN-a to subsequent therapy “jump”
started the induction of IFN-g at the first retreatment, even at reduced BCG doses of one-third or one-tenth of standard dose. It is
noteworthy from the analysis of patient 3 that IFN-a favored induction of IFN-g only when combined with BCG (2nd I5 treatment with IFN-a alone) supporting the conceptual synergy effect
of IFN-a on BCG stimulation. The failure of IFN-a to induce
urinary IFN-g has subsequently been confirmed in three other patients receiving IFN-a monotherapy (data not shown).
Restoration of IFN-g production by IFN-a-2B in response to
BCG tachyphylaxis
In this study, we observed that about 20% of patients displayed an
early peak production of urinary IFN-g, which then diminished
progressively during the remainder of therapy. Such developed
immune resistance to BCG (tachyphylaxis) may result from an
exaggerated sensitivity to repetitive BCG exposure (37). In accordance with this idea, PBMCs from several of these patients already
showed high sensitivity to BCG and produced large amounts of
IFN-g in culture before BCG therapy (Fig. 6). Patient 6, for instance, was also known to be purified protein derivative positive on
skin testing before BCG treatment. However, by the completion of
BCG therapy IFN-g production by these PBMCs was actually suppressed. IFN-a was observed to attenuate this suppression and
restore the immune response in most cases.
Accentuation of Th1 immune response to BCG by IFN-a 2B
In addition to IFN-g, IFN-a enhanced other Th1 cytokine (IL-12
and TNF-a) production from BCG-stimulated PBMCs (Fig. 7).

IL-12 increased in all 10 patients tested (100%) and TNF-a increased in 8 of the 10 patients (80%). Expression of IL-10, an
antagonist of the Th1 response, was suppressed by the action of
IFN-a in all 10 patients. In a separate experiment involving five
other patient PBMCs, IL-6, another Th2 cytokine, was observed to
decrease correlatively with IL-10 in the presence of IFN-a. The
extent of reduction for IL-6 averaged between 20 and 30% compared with the more substantial drop of 80 –90% for IL-10. This
reciprocal effect on Th1 vs Th2 cytokines indicated that adding
IFN-a polarized the BCG immune response toward Th1. To confirm that such polarization of immune response resulted from
IFN-a addition, a neutralizing Ab to IFN-a was used (Fig. 8).
Clearly, the Ab could block IFN-a effects on BCG-induced IFN-g
and IL-10. The down-regulatory effects of IL-10 and up-regulatory
effects of IL-12 on IFN-g production was further demonstrated by
experiments in which exogenous cytokines (IL-10 or IL-12) or
neutralizing Abs (anti-IL-10 or anti-IL-12) were added (Fig. 9).
Surprisingly, although additional IL-12 significantly augmented
IFN-g production, neutralizing anti-IL-12 Ab had minimal effect.
This suggests that there may be another non-IL-12-dependent
pathway involved in the up-regulation of IFN-g production from
BCG-stimulated human PBMCs.

Discussion
Combination therapy with intravesical BCG plus IFN-a has been
demonstrated to be as effective as, if not more than, either single
agent alone in both clinical and animal studies (12–15). These two
biologicals appear to work synergistically via different pathways.
Intravesical BCG usually results in massive pyuria coincident with

FIGURE 6. Effect of IFN-a on restoration
of IFN-g production in response to BCG
tachyphylaxis. Human PBMCs obtained from
two patients before intravesical BCG therapy
(diamond) and after five doses of BCG (circle) were incubated with various doses of
BCG in the presence (solid) or absence (open)
of IFN-a (1 3 105 IU/ml). IFN-g in the cultures was quantitated and the values are illustrated as means 6 SD from triplicate-well
incubations.
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FIGURE 7. Effect of IFN-a on BCG-induced Th1 and Th2 cytokine
responses. Human PBMCs from 10 patients were incubated with BCG
alone (0.01 OD600/ml) or BCG (same dose) plus IFN-a (1 3 105 IU/ml).
Cytokines IFN-g, IL-12, TNF-a, and IL-10 in the cultures were quantitated
and their values are represented as Ln ([BCG 1 IFN-a]/[BCG]).

the release of various cytokines into the bladder (19, 24, 38, 39).
In contrast, IFN-a is notably absent in causing these phenomena
(38). IFN-a has been observed to decrease tumor proliferation (40,
41), up-regulate MHC class I expression on target cells (42), activate local NK cells (43), increase both IFN-g producing and cytolytic CD41 T cells (31, 32), and suppress Th2 cells (32, 33). In
the present study, we investigated the mechanism by which IFN-a
enhances BCG-mediated antitumor activity. We observed that
IFN-a polarized the immune response to BCG in the direction of
the Th1 pathway by up-regulating the production of the Th1 cytokines IFN-g, IL-12, and TNF-a and by down-regulating the expression of Th2 cytokines IL-6 and IL-10. This observation may
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provide an immunological basis for future rational drug use and
development.
In acquired immunity, Th lymphocytes orchestrate an immune
response toward the cellular or humoral pathway under the instruction of immune modulators (44). Despite the key roles of IL-12
and IL-4 in regulation of these two distinct responses, IFN-g and
IL-10, two antagonistic cytokines, also actively participate in controlling Th cell development (45– 47). IFN-g activates the Th1
response and inhibits the Th2 response, whereas IL-10 blocks the
Th1 response and favors the Th2 response. Dominance of one
cytokine over the other critically influences the ultimate direction
of the immune pathway. Because intravesical BCG therapy for
bladder cancer is felt to be strongly influenced by cellular and
humoral T cell responses, accentuation of IFN-g expression and/or
curtailment of IL-10 production may increase the efficacy of this
therapy.
In this study, IFN-a showed a potent effect on BCG-induced
IFN-g production, although it had no obvious effect on induction
of this cytokine by itself. This up-regulated IFN-g production was
associated with elevation in IL-12 induction. IL-12 is known to
originate primarily from macrophages and acts as an upstream
positive regulator for IFN-g production from NK and Th1 cells
(48 –52). However, neutralizing Ab to IL-12 was essentially ineffective in reversing IFN-a-induced synergy with BCG. There are
several possible explanations for this paradox. 1) Our IL-12
ELISA does not discriminate between the active IL-12 p70 heterodimer and the inactive or inhibitory p40 homodimer; therefore,
biostimulatory p70 may not have been induced. 2) The level of
induction of IL-12 may have been insufficient to be responsible for
the observed synergy. In most cases the IL-12 measured was in the
range of 5– 40 pg/ml, close to its limit of bioactivity. 3) The Ab
may not have been sufficient to block the majority of endogenous
IL-12. The Ab did effectively block exogenous human rIL-12 even

FIGURE 8. Blockage of IFN-a effects on BCG-induced IFN-g and IL-10 by neutralizing anti-IFN-a Ab. Human PBMCs were incubated with BCG
(0.01 OD600/ml) plus IFN-a (10 IU/ml) in the presence or absence of anti-IFN-a Ab (5 mg/ml). As controls for the costimulation, PBMCs were incubated
with medium, BCG (same dose) or IFN-a (same dose). IFN-g and IL-10 in the cultures were quantitated and the values are illustrated as means 6 SD from
triplicate-well incubations.

IFN-a POLARIZES Th1 RESPONSE TO BCG

2404

FIGURE 9. Effects of IL-10 and IL-12 on IFN-g production in response
to costimulation with BCG plus IFN-a. Human PBMCs were incubated
with BCG (0.01 OD600/ml) plus IFN-a (1 3 105 IU/ml) in the presence or
absence of IL-10 (5,000 pg/ml), anti-IL-10 Ab (3 mg/ml), IL-12 (200 pg/
ml), anti-IL-12 Ab (3 mg/ml), or control IgG (3 mg/ml). As controls for the
costimulation, PBMCs were incubated with medium, BCG (same dose) or
IFN-a (same dose). IFN-g in the cultures was quantitated and the values
are illustrated as means 6 SD from triplicate-well incubations.

Further exploration into the detailed mechanism through which
IFN-a regulates immune response to BCG is currently under investigation. Our preliminary results with immune subset isolation
and reconstitution suggest that adherent PBMCs (primarily macrophages) by themselves are responsible for the bulk of IL-10 production after BCG exposure and that IFN-a can directly downregulate this production. However, only mixed cultures of
macrophages with either CD41 or CD81 cells have the ability to
produce IFN-g after BCG and/or BCG plus IFN-a stimulation;
purified T cell subsets are incapable. Furthermore, the augmenting
effect of IFN-a is markedly attenuated if it is given 24 h before or
after BCG exposure. This need for cellular cooperation between
the macrophage and the T cell compartments for generating IFN-g
is not altogether surprising because similar observations have previously been noted for another bacterially derived Th1-polarizing
product, streptococcal cell wall preparation OK432 (57).
Although the evidence that IFN-a enhances Th1 immune responses to BCG in vitro is fairly clear, it is not known if these
laboratory observations will translate into meaningfully improved
clinical responses. Our pilot clinical trial using Intron A plus BCG
for the treatment of aggressive superficial bladder cancer is currently underway and the preliminary data from our open-label
combination therapy program is encouraging with .70% complete
response rates for BCG failures (58). However, a portion of these
patients remain recalcitrant to immunotherapy. How to circumvent
their insensitivity remains to be explored.
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bladder cancer: processing, stability and prognostic value. J. Urol. 155:477.
23. Bohle, A., C. Nowc, A. J. Ulmer, J. Musehold, J. Gerdes, A. G. Hofstetter, and
H. D. Flad. 1990. Elevations of cytokines interleukin-1, interleukin-2 and tumor
necrosis factor in the urine of patients after intravesical bacillus Calmette-Guérin
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