IFN-« 2B Enhances Thl Cytokine Responses in Bladder
Cancer Patients ReceivingMycobacterium boviBacillus
Calmette-Guain Immunotherapy *
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Combination therapy with intravesical bacillus Calmette-Guain (BCG) plus IFN- « 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 IFNx 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+production. Among
34 patients tested, 80% showed-4-fold increase. This effect of IFNe was observed in both initial and memory responses to BCG.
In addition, IFN- « up-regulated BCG-induced IL-12 and TNF-« and down-regulated BCG-induced IL-10. Neutralizing endog-
enous IL-10 or adding exogenous IL-12 provided further synergy for IFN<y production. In clinical practice, intravesical IFN- «
2B (50 million units (MU)/dose) was observed to accelerate urinary IFNy 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-s 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 IFMin
conjunction with intravesical BCG for bladder cancer immunotherapy. The Journal of Immunology,1999, 162: 2399-2405.

in the United States with an annual incidence-&3,000  and efficacy studies of combination therapy in murine models are
new cases and 12,000 deaths, respectively (1). Althouglalso very encouraging. BCG plus IRN-or BCG plus the IFN
intravesical administration of bacillus Calmette-@ne(BCG)? inducer bropirimine were observed to be more effective than either
has been accepted as the most effective therapy for superficialgent alone (14, 15). The limited pilot clinical trials and animal
bladder cancer and carcinoma in situ of the bladdeé?5—-40% of  studies have shown that adding IkRNto BCG bladder cancer
patients never respond to BCG therapy. Furthermore, long ternmmmunotherapy could lower BCG toxicity due to the reduced BCG
remission &5 yr) is only achieved in 50% of patients (2-5). Tox- dose while at the same time preserving or enhancing BCG activity
icity associated with the BCG therapy is frequent with occurrenceagainst tumors.
of severe adverse effects in 5% of patients and life-threatening As a potent immune stimulator, BCG has revealed its ability to
symptoms in 0.5% of patients (6, 7). efficiently elicit both humoral and cellular immune responses.
Intravesical IFNe administered at doses of 50-100 million However, antitumor immunity induced by intravesical BCG in
units (MU) in 50 ml of physiologic saline has been demonstratedpladder cancer therapy appears to require involvement of the cel-
to possess clinical efficacy with minimal local and systemic tox-|ular immune pathway (16). Studies on animal bladder tumor mod-
icity in treating superficial bladder cancer; however, its efficacyels have shown that the ability to either prevent or retard the out-
and durability are clearly inferior to BCG alone (8-11). Because ofgrowth of tumor with BCG relies on T lymphocytes. BCG is
these limitations, an alternative schedule with concomitant adminunable to render antitumor activity in athymic mice unless T lym-
istration of low-dose BCG plus IFN-was recently proposed. Ber- phocytes are reconstituted from immunocompetent animals before
covich et al. (12) evaluated the safety and efficacy of the combiBCG therapy (17). Similarly, BCG loses its ability to induce an-
nation therapy in a double arm randomized study of 36 patientsitumor activity in immunocompetent mice if they are first depleted
treated with one-half dose BCG and 10 MU of IRN2B vs full- in vivo of either CD4" or CD8" T cells (18). In humans, the
dose BCG and observed that the combination therapy had less sig@munological basis for BCG anti-bladder cancer activity is also
effects but similar efficacy. Stricker et al. (13) conducted a Sim”armanifested_ A typica| de|ayed type hypersensi’[i\/ity response in the
study of 12 patients and reported that combination therapy wagjadder can be immunohistologically observed after clinical BCG
instillation, showing a mononuclear cell infiltration into the super-
Division of Urology, Beth Israel Deaconess Medical Center, Harvard Medical School,fiCiaI layers of the bladder (19, 20). The major types of infiltrating
Boston, MA 02215 cells consist of CD4 and CD8 T cells, macrophages, and NK
Received for publication April 28, 1998. Accepted for publication October 22, 1998.cells. Elevated expression of MHC class | and Il Ags on the
The costs of publication of this article were defrayed in part by the payment of pagdfothelium is also apparent (21). This phenomenon is associated
charges. This articlg must therefore bg hgreby njammhrtisemenm accordance  with the expression of IFNrand TNF« (21). Coincident with the
‘i"'th'lg U'S.C. Section 1734 solely to indicate this fact. prominent T cell infiltration, a massive burst of Thl cytokines
Rggi(‘)’;‘;r’ka"r‘:zsasgf;’;’}fgﬁé’:ﬁé‘ﬁ:g'C"(‘)Srgg‘riiso‘r’: Health Grants R29CAG4230 a”d(IFN-y, IL-2, IL-12, and TNF«) appears in patients’ urine after
R _ _ i __ BCG instillation (22-25), suggesting that an active cellular im-
Address correspondence and reprint requests to Dr. Michael A. O’Donnell, Division . . ; .
of Urology, Beth Israel Deaconess Medical Center, 330 Brookline Ave., Boston, MAMUNE response Is occurring in the bladder. In contrast to the clin-
02215. E-mail address: Modonnel@bidmc.harvard.edu ical responders, patients who fail BCG treatment show in their
3 Abbreviation used in this paper: BCG, bacillus CalmetteGue serum higher Ab responses to BCG heat shock proteins and a

B ladder cancer is the fifth most common malignant diseasevell tolerated and yielded a high complete response rate. Safety
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urinary cytokine profile with a higher level of IL-6 and/or IL-10, CA) or neutralizing Abs: goat anti-human IL-12 (R&D Systems, Minne-

the restricted Th2 cytokines that inhibit the Th1 immune responseaﬁ%“:rv] :\'/:“:l) rggufg _I?gcti};h;??; Iil-l_i]lloN\(JR\;&vgr Sg’usrttigrsasggtiofgggtr ni:]ntle

by orienting it towgrq a hu.moral |mml.Jne pathvyay (25-27). the immunea[gath?/vay of IléNc- act)i/on. "I'he)plates were incubated for 72 h
Although both clinical trials and animal studies that use cOM-anq then frozen at 70°C until cytokine ELISA assays were performed.

bination therapy have shown advantages, the mechanism by which

IFN-a enhances BCG-mediated antitumor activity is poorly un-Urine samples

derstood. IFNe, a cyto!(lne initially d's‘?o"‘?red "_Jls an amlwra_l Previously, we assayed voided urine samples collected from different times
agent (28), has.proven Its.el.f to be effective in antitumor iImmunity after intravesical BCG therapy for IFN-and found that~90% of urinary
(29, 30). Its antitumor activity is thought to be associated with itSIFN-y appeared within the first 2-12 h after therapy. Thus, voided urine

ability to promote Th1 immune response (31-34). Previously, weduring that period of time was collected and pooled for later analysis. Urine

reported that IEN& was pharmacologically compatible with intra- samp!e_s were sta_bilized during patient collection With_a congentrated buffer
VeF;icaI reparations oprCG (35) QI’n th?ls Stug we explore theconta|n|rg 2 M Tris-HCI (pH 7.6), 5% BSA, 0.1% sodium azide, and four
prep : Y p protease inhibitors (aprotinin, pepstatin and leupeptin at 0.01 mg/ml for

mechanism through which IFiN-acts on BCG for the induction of  each and 4-(2-amino ethyl)benzenesulfony! fluoride (AEBSF) at 0.1 mg/
enhanced antitumor immunity by focusing on its regulation of Th1ml; all purchased from Sigma). At the end of collection, the volume of the
cytokine production. Because IFjis the predominant Thl cy- 10-h urine was recorded. A 10-ml sample was further preserved by the

; . - . ddition of a protease inhibitor mixture tablet (Boehringer Mannheim,
tokine observed in clinical responders undergoing BCG therap annheim, Geemany) and then stored-at0°C bef(ore batcﬁ analysis for

(25), the expression of this cytokine was evaluated in this study tQytokines by ELISA.
define the acquisition of a Thl immune response.
ELISA assays and reagents

Materials and Methods ELISA reagents including recombinant human cytokines and paired mono-
BCG and IFNe clonal capture and detecting Abs for the cytokines were obtained from
. . . . Endogen (Cambridge, MA) for IFN; from Genetics Institute for IL-12,
MV261 BCG, a Pasteur strain previously tran;fecteq W't.h the kangmycwbnd fr%m F(’harMinggn for T)NFEr, IL-’zF, and IL-10. Samples of conditioned
frehs_lstanc_e [%Iaznl])ld pM\r/]261 (36), was used in Fh?l in vitro eXp(?”mlemSPBMC cultures and urine collections were assayed by ELISA using a sand-
1S Stt'.'a'nt ?h te;en shown _tc: Ipos;ﬁfss &'géé'm' ar |mtr_nuno§rt;]muBact%)6vich format according to the manufacturer’s instructions. Cytokine con-
propertes 1o that or commercial lyophilize preparations. 'nis centrations were calculated in standard mass/volume format using standard

strain was routinely kept at 37°C in 7H9 Middlebrook broth (Difco, De- curves derived from purifi - .

: . A purified recombinant cytokine standards. For all of the
troit, MI) supplemented with 10% albumin dextrose concentrate (5% BSA, ) - N o
206 dextrose and 0.85% NaCl), 0.05% Tween 80 (Sigma, St. Louis, MO)E‘S&"k?ng?eaS“red cytokines, one IU is equat-t60-100 pg of purified

and 30u.g of kanamycin/ml. One unit of absorbance at 600 nm for the BCG
culture was calculated as 2:510° CFU. For clinical intravesical therapy,
lyophilized preparations of BCG (TheraCys; Connaught Pasteur MerieuxResults

Ontario, Canada) was used. Human rIeNeB (Intron A, Schering, Ken-  Enhancement of BCG-induced IFNproduction by IFNe 2B

ilworth, NJ) was used for both in vitro and in vivo studies. - . )
BCG has the ability to stimulate PBMCs in culture to produce

PBMC culture IFN-v; however, the quantity of IFN+ produced depends on the
In accordance with the approved clinical protocol at our institution, blood@pPplied BCG dose and the individual patient’s sensitivity to BCG.
samples were collected from bladder cancer patients before intravesicdllthough IFN-« had minimal ability by itself to induce IFN~
BCG therapy and immediately before the 6th intravesical dose. PBMCgrom PBMCs, it synergistically increased IFNproduction in-

were prepared from buffy coat leukocytes purified on Ficoll-Paque ; ; ofi
(Pharmacia, Uppsala, Sweden). Viability by trypan blue exclusion usuallyduced by BCG (Fig. ). This efiect of IFNe: on BCG-stimulated

exceeded 95%. PBMCs were suspended in RPMI 1640 medium containing BMCS was so potent that even small doses of t={&:0 1U/ml)
10% FCS and 3@g/ml of kanamycin, and incubated at 37°C in a humid- could significantly augment the capacity of BCG to induce HN-
ified 5% CQ incubator at a density of 8 10° cells/200ul/well in 96-well production (5-fold increase). Several other experiments using dif-

tissue culture plates in the presence or absence of designated doses of BGgrent patient PBMCs confirmed that saturation routinely occurs

IFN-a 2B, or both. In most experiments, an IRN2B concentration of X - .
10° IU/ml was selected to approximate the concentration applied cIinicaIbeewVeen 10 and 100 IU/ml of IFN-= IFN-« exerted its effect in a

into the bladder. In some experiments human recombinant cytokines IL-18CG dose-dependent manner, preserving the bell-shaped dose-re-
(Genetics Institute, Cambridge, MA) and IL-10 (PharMingen, San Diego,sponse curve seen with BCG alone whereby the optimum BCG
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FIGURE 2. Time course of IFNy production in human PBMC cultures.
PBMCs were incubated with medium, BCG (0.01 Qpml), IFN-« (1 X
10° IU/mll), or BCG plus IFN« for up to 3 days. IFNy in the cultures was
guantitated and the values were expressed as me&i3 from triplicate-
well incubations.

FIGURE 3. Effect of IFN-« on BCG-induced IFNy production in hu-
man 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 ORy¢ml) or BCG (same dose) plus IFN-(1 X 10°
IU/ml). The quantity of IFNy in the cultures was measured and repre-
sented as the ratio of [BCG IFN-a] to [BCG]. Means and medians are
indicated for each group.

dose also yielded the maximum production of IFNer combi-
nation therapy (Fig. B). A kinetic study of IFN+ production
showed an accelerated onset of IFNroduction which was main-
tained throughout the 3-day culture (Fig. 2).

The effect of IFNe on BCG-induced IFNy production in  IFN-a has been observed to affect both initial and memory re-
PBMC culture was further evaluated in 34 patients. Among themsponses to BCG stimulation. As shown in Fig. 4, PBMCs obtained
22 patients furnished PBMCs from both pre-BCG therapy andfrom two patients before initial BCG therapy and after the fifth
preweekly treatment number 6. To compare individual patients talose were compared for their IFi{production in response to
one another, the values were numerated as a ratio of BCG plusscalating doses of BCG alone or BCG plus I&Nn both cases,
IFN-a to BCG alone (Fig. 3). Eighteen of 22 patients (82%) in the the addition of IFNe to BCG during the naive period generated a
pre-BCG therapy group showed4-fold increase. The overall response similar to or higher than that achieved during the later
mean of increase was 39.3-fold with median of 13.8-fold. Simi-memory period with BCG alone. Furthermore, the addition of
larly, 17 of 22 patients (77%) in post-BCG therapy group showedIFN-« to BCG during the later period not only markedly increased
>4-fold increase. However, the overall mean of increase in thidFN-y but also broadened the shape of the dose-response curve
group was 16.1-fold with median of 7.7-fold. The lower fold in- such that even very low doses of BCG (g = 0.001) were
crease of IFNy in the latter group was due to the increased sen-equipotent to doses 100 times higher.
sitivity of immune competent cells to BCG alone after repeated Analysis of urinary IFNy production agreed with the observa-
intravesical BCG therapy and a maximum limit to total IFN- tions found from PBMC cultures. Two patients had urinary cyto-
production. Only three patients in the pre-BCG group showed ndine monitoring during the induction phase of intravesical BCG
IFN-« effect and one patient in the post-BCG group showedd alone therapy and then were switched over to combination therapy
fold increase. Analysis of IFN+production in the remaining 12 during either a repeat induction phase (patient 3) or during a main-
unpaired PBMC cultures further agreed with this positive effect oftenance phase (patient 4). Maintenance was given as three doses
IFN-a with an overall mean increase of 12.0-fold and median ofonce a week per course at interval of 3—6 mo (Fig. 5). Typically,
5.0-fold (data not shown). urinary IFN-y production gradually increases during the initiation

Augmentation of IFNy production by IFNe 2B during the
memory response to BCG
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FIGURE 4. Effect of IFN-x on the induc- ol . e
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before intravesical BCG therapy (diamond)
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FIGURE 5. Effect of IFN-« on urinary IFN+y
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 IFNThe
values are represented as the total HrNxass pro-
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of induction therapy. Adding IFNx to subsequent therapy “jump” IL-12 increased in all 10 patients tested (100%) and TdNF-
started the induction of IFN-at the first retreatment, even at re- creased in 8 of the 10 patients (80%). Expression of IL-10, an
duced BCG doses of one-third or one-tenth of standard dose. It iantagonist of the Thl response, was suppressed by the action of
noteworthy from the analysis of patient 3 that IleNfFavored in-  IFN-« in all 10 patients. In a separate experiment involving five
duction of IFN-<y only when combined with BCG (2nd I5 treat- other patient PBMCs, IL-6, another Th2 cytokine, was observed to
ment with IFN-« alone) supporting the conceptual synergy effectdecrease correlatively with IL-10 in the presence of I&NThe

of IFN-a on BCG stimulation. The failure of IFN-to induce  extent of reduction for IL-6 averaged between 20 and 30% com-
urinary IFN-y has subsequently been confirmed in three other papared with the more substantial drop of 80—-90% for IL-10. This

tients receiving IFNa monotherapy (data not shown). reciprocal effect on Thl vs Th2 cytokines indicated that adding
) ] ) IFN-« polarized the BCG immune response toward Thl. To con-

Restoration of IFNy production by IFNe-2B in response to firm that such polarization of immune response resulted from

BCG tachyphylaxis IFN-« addition, a neutralizing Ab to IFNe was used (Fig. 8).

In this study, we observed that about 20% of patients displayed aglearly, the Ab could block IFN¥ effects on BCG-induced IFN-
early peak production of urinary IFMN; which then diminished and IL-10. The down-regulatory effects of IL-10 and up-regulatory
progressively during the remainder of therapy. Such developegffects of IL-12 on IFNy production was further demonstrated by
immune resistance to BCG (tachyphylaxis) may result from arexperiments in which exogenous cytokines (IL-10 or IL-12) or
exaggerated sensitivity to repetitive BCG exposure (37). In accorheutralizing Abs (anti-IL-10 or anti-IL-12) were added (Fig. 9).
dance with this idea, PBMCs from several of these patients alread$urprisingly, although additional IL-12 significantly augmented
showed high sensitivity to BCG and produced large amounts ofFN-y production, neutralizing anti-IL-12 Ab had minimal effect.
IFN-v in culture before BCG therapy (Fig. 6). Patient 6, for in- This suggests that there may be another non-IL-12-dependent
stance, was also known to be purified protein derivative positive opathway involved in the up-regulation of IFiproduction from
skin testing before BCG treatment. However, by the completion oBCG-stimulated human PBMCs.

BCG therapy IFNy production by these PBMCs was actually sup- __. .

pressed. IFNx was observed to attenuate this suppression andliscussion

restore the immune response in most cases. Combination therapy with intravesical BCG plus IkNhas been
. ) demonstrated to be as effective as, if not more than, either single
Accentuation of Th1 immune response to BCG by FRB agent alone in both clinical and animal studies (12—15). These two

In addition to IFN+<y, IFN-a enhanced other Thl cytokine (IL-12 biologicals appear to work synergistically via different pathways.
and TNF«) production from BCG-stimulated PBMCs (Fig. 7). Intravesical BCG usually results in massive pyuria coincident with

700 400
Patient 5 Patient 6 —O0— NoIFN-¢
600 — e FNo FIGURE 6. Effect of IFN- on restoration
o0 300 o IFNa of IFN-y pr_oduction in response ‘to BCG
= tachyphylaxis. Human PBMCs obtained from
?E,, 400 & INa two patients before intravesical BCG therapy
£ 200 (diamond) and after five doses of BCG (cir-
; 300 cle) were incubated with various doses of
= 2004 BCG in the presence (solid) or absence (open)
100 of IFN-a (1 X 1C° IU/ml). IFN-v in the cul-
100 tures was quantitated and the values are illus-
L3 ) trated as means: SD from triplicate-well
’ 0.0001 0.(701 0.{)1 071 0.0001 0.301 0.:11 0{1 incubations.
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provide an immunological basis for future rational drug use and
W ey development.

12 In acquired immunity, Th lymphocytes orchestrate an immune

, response toward the cellular or humoral pathway under the instruc-
B e tion of immune modulators (44). Despite the key roles of IL-12
O w0 and IL-4 in regulation of these two distinct responses, H-BAd

IL-10, two antagonistic cytokines, also actively participate in con-
trolling Th cell development (45-47). IFN-activates the Thl
response and inhibits the Th2 response, whereas IL-10 blocks the
Thl 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 Ifxpression and/or
curtailment of IL-10 production may increase the efficacy of this
FIGURE 7. HEffect ;;I,\Iﬂ:g-afon B](-:OG-in?ucted Thl gnd Jrlzdcytiﬁingcéherapy'
responses. Ruman S Trom atients were Incubatea wi R H
Hlone (0.01 OR,gml) or BCG (same dgse) plus IEN{1 X 1C° IU/ml). 'n_ this study, ”:'\:6;] Shor‘?’.edha potent efiect ‘;fn BCG-induced
Cytokines IFNsy, IL-12, TNF-, and IL-10 in the cultures were quantitated IFN 7 prOdu_Ctlon‘ gt oug _'t ad no obvious effect OQ induction
and their values are represented as Ln ([BEGFN-a}/[BCG]). of this cytokine by itself. This up-regulated IF{production was
associated with elevation in IL-12 induction. IL-12 is known to
originate primarily from macrophages and acts as an upstream

the release of various cytokines into the bladder (19, 24, 38, 3g)Positive regulator for IFNy production from NK and Th1 cells

In contrast, IFNe is notably absent in causing these phenomend48-52). However, neutralizing Ab to IL-12 was essentially inef-
(38). IFN- has been observed to decrease tumor proliferation (40fective in reversing IFNx-induced synergy with BCG. There are
41), up-regulate MHC class | expression on target cells (42), acSeveral possible explanations for this paradox. 1) Our IL-12
tivate local NK cells (43), increase both IFNproducing and cy- ELISA does not discriminate between the active IL-12 p70 het-
tolytic CD4™ T cells (31, 32), and suppress Th2 cells (32, 33). In€rodimer and the inactive or inhibitory p40 homodimer; therefore,
the present study, we investigated the mechanism by whichal FN- biostimulatory p70 may not have been induced. 2) The level of
enhances BCG-mediated antitumor activity. We observed thainduction of IL-12 may have been insufficient to be responsible for
IFN-a polarized the immune response to BCG in the direction ofthe observed synergy. In most cases the IL-12 measured was in the
the Thl pathway by up-regulating the production of the Thl cy-range of 5-40 pg/ml, close to its limit of bioactivity. 3) The Ab
tokines IFN+, IL-12, and TNFe and by down-regulating the ex- may not have been sufficient to block the majority of endogenous
pression of Th2 cytokines IL-6 and IL-10. This observation mayIL-12. The Ab did effectively block exogenous human rIL-12 even

Ln ([BCG + IFN-a] / [BCG))
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FIGURE 8. Blockage of IFNe effects on BCG-induced IFN-and IL-10 by neutralizing anti-IFNe Ab. Human PBMCs were incubated with BCG
(0.01 ODQypdml) plus IFN-« (10 IU/ml) in the presence or absence of anti-IeMb (5 ng/ml). As controls for the costimulation, PBMCs were incubated
with medium, BCG (same dose) or IRd{same dose). IFN~and IL-10 in the cultures were quantitated and the values are illustrated as m&h$rom
triplicate-well incubations.
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FIGURE 9. Effects of IL-10 and IL-12 on IFNy production in response
to costimulation with BCG plus IFNe. Human PBMCs were incubated
with BCG (0.01 ORQ¢ml) plus IFN< (1 X 10° IU/ml) in the presence or
absence of IL-10 (5,000 pg/ml), anti-IL-10 Ab (g&/ml), IL-12 (200 pg/
ml), anti-IL-12 Ab (3ug/ml), or control IgG (3wg/ml). As controls for the
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Further exploration into the detailed mechanism through which
IFN-« regulates immune response to BCG is currently under in-
vestigation. Our preliminary results with immune subset isolation
and reconstitution suggest that adherent PBMCs (primarily mac-
rophages) by themselves are responsible for the bulk of IL-10 pro-
duction after BCG exposure and that IkNean directly down-
regulate this production. However, only mixed cultures of
macrophages with either CD4or CD8" cells have the ability to
produce IFNy after BCG and/or BCG plus IFN- stimulation;
purified T cell subsets are incapable. Furthermore, the augmenting
effect of IFN« 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 generatingylFN-
is not altogether surprising because similar observations have pre-
viously been noted for another bacterially derived Thl-polarizing
product, streptococcal cell wall preparation OK432 (57).

Although the evidence that IFN-enhances Thl immune re-
sponses 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 cur-
rently underway and the preliminary data from our open-label
combination therapy program is encouraging witi0% complete

costimulation, PBMCs were incubated with medium, BCG (same dose) ofesponse rates for BCG failures (58). However, a portion of these
IFN-a (same dose). IFN+in the cultures was quantitated and the values patients remain recalcitrant to immunotherapy. How to circumvent

are illustrated as means SD from triplicate-well incubations.

their insensitivity remains to be explored.
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underway to validate these preliminary observations.
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