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Functional B7.2 and B7-H2 Molecules on Myeloma Cells Are
Associated with a Growth Advantage

Taishi Yamashita,"* Hideto Tamura.! Chikako Satoh,** Eiji Shinya,? Hidemi Takahashi,?
Lieping Chen,® Asaka Kondo," Takashi Tsuji,® Kazuo Dan,' and Kiyoyuki Ogata'

Abstract Purpose: B7 family molecules expressed on antigen-presenting cells stimulate or inhibit normal
immune responses. The aim of this study was to investigate whether functional B7.2 and B7-H2
molecules are exprassed on myeloma cells and, if so. whether they are associated with
pathophysiology in myeloma.

Experimental Design: The expression of B7.2 and B7-H2 molecules on normal plasma and
neoplastic (myeloma) plasma cells was analyzed. The cell profiferation and immunomodulatory
function of myeloma cells related to B7.2 and B7-H2 expression wera axamined.

Results: Human myeloma cell lines commonly expressed B7.2 and B7-H2 molecules. B7.2
expression on plasma cells was mare common in myeloma patients (7 = 35) compared with that
in patients with monoclonal gammopathy of unknown significance (n = 12) or hematologically
normal individuals (7 = 10). Plasma cells expressing B7-H2 were observed in myeloma patients
alane, although rarely. Patients whose myeloma calls showed high B7.2 expression were mora
anemic and thrombocytopenic than other myeloma patients. The expression of these molecules
was induced or sugmented by cultivating myeloma cells with autclogous stroma cells or tumor
necrosis factor-a, a key cytokine in myeloma biology. Cell proliferation was more rapid in the
B7.2" and B7-H2" populations compared with the B7.2" and B7-H2 populations, respectively,
in the human mysloma cell lines examined. B7.2 and B7-H2 molecules on mysloma cells induced
normal CD4" Teells to proliferate and produce soluble factors, including interleukin-10 that
stimulate myeloma cell proliferation.

Conclusions: Functional B7.2 and B7-H2 molecules detected on myeloma cells may be nvolved

in the pathophysiology of myeloma.

Muhip!e myeloma (MM) is a virtually incurable hematologic
malignancy characterized by monoclonal growth of plasma
cells (myeloma cells). In addition to the well-known deficiency
in B-cell immunity, T-cell dysfunction, such as reduced
cytotoxic activity (1) and reduced responsiveness (o interleukin
2 (IL-2; refs. 2, 3), has been reported, which may weaken
antitumor immune responses in MM patients. The interaction
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between myeloma cells and bone marrow (BM) stroma cells
stimulates the production of a variety of cvtokines that are
involved in the pathophysiology of MM (4, 5). Those include
IL-6, 1L-10, and tumor necrosis factor-a (TNF-a), which
stimulate myeloma cell growth (6-9). An interesting aspect is
that both IL-10 and TNF-a have an immunomodulating
function, including inhibition of Clls (10-12)

The B7 family molecules play an imporant role in the
immune response by costimulating or coinhibiting T cells via
antigen-T-cell recepror interactions (13-16). Interactions
bewween B7.1/B7.2 ligands on professional antigen-presenting
cells and CD28/CTLA-4 receptors on T cells represent a classic
pathway and control antigen-specific T-cell proliferation,
anergy, and survival. B7-H2 is another B7 family molecule
induced by TNF-a (17). The binding of B7-H2 to the inducible
costimulatory receptor (ICOS), a counterreceptor, induces
T cells 1o proliferate and secrete both Thi and Th2 cytokines,
such as IFN-y and [L-4 but not the potent Th1 cytokine 11.2
(18). Furthermore, the B7-H2-ICOS signal induces 11-10
production, which plays an important role in reducing immune
responses (19, 20). B7 family molecules are expressed not only
on professional antigen-presenting cells but also on some
tumor cells and the latter may modulate antitumor immunity
in hosts. For example, we detected the expression of B7.2 and
B7-H2 molecules on blasts from patients with acute myeloid
leukemia and showed that these molecules on acute myeloid
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Translational Relevance

Multiple myeloma (MM) is a virtually incurable hemato-
logic malignancy. Therefore, research that could result in
improved MM treatment and/or a breakthrough in our
understanding of this disease is very important. This article
shows that myeloma cells from a substantial number of MM
patients exprass functional B7.2 or B7-H2 molecules.
Furthermore, it provides evidence that these molecules on
myeloma cells may be involved in the pathophysiology
of the disease. It is anticipated that these data will be
translated into a new therapautic strategy for MM.

leukemia blasts inhibited anti-acute myeloid leukemia immu-
nity in vitro and were associated with poor patient prognosis
(21). In MM, data on B7 family molecules are lacking. To the
best of our knowledge, only one study examined this wpic.
Pope et al. (22) observed that MM patients whose tumor cells

expressed B7.2 molecules had a poor prognosis. However, they
did not examine whether the B7.2 molecules on myeloma cells
were functional. Here, we investigated whether funciional B7.2
and B7-H2 molecules are expressed on myeloma cells and, if so,
whether these RB7 molecules are associated with pathophysiol-
ogy in MM,

Materials and Methods

Cell lines. Fleven human myeloma cell lines (HMOL), KMM-1
EMS-11, KMS-120M, KMS-12PE, KMS-18, KMS-20, KMS-26, KMS-27,
KMS-28BM, KMS-28PE, and KMS-34, were kindly provided by
Dr. Owsuki (Kawasaki Medical School. Okayama, lapan). PCM6 cells
were obtained from the Riken Cell Bank, and RPMI8226 and U266 cells
were from the American Type Culture Collection. POMG cells were
maintained in McCoy's 5A modified medium (Life Technologies)
containing 20% I'CS and 3 ng/ml. of recombinam [L-6 (Kirin Brewery
Co. ). The ather cells were maintained in complete medium, i.e., RPMI
1640 supplemented with 10% FCS and 2 mmol/L 1-glutamine in
experiments examining the effects of cywokines on these cells, TNF-a
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(500 units/ml; PeproTech), 11-10 {10 ng/mL: MBL), or IL-6 {10 ng/mL)
were added 1o the ¢ . The cell ber was counted using the
trypan blue dye-exclusion method

In some experiments, B7 27, B7.2", B7-H2", or B7-H2" KMS-27 cells
were purified with FACSVantage (Becton Dickinson) as described
previously (23).

Patiemts, hematologically normal individuals, and cell preparation.
BM samples were obtained from tnrjjvk!uals who underwent BM
aspiration for diagnostic purposes after obtaining written inf
consent. They included 35 MM patients |4 stage [ and 31 stage 11
according to the definition of Durie and Salmon (24))]. 12 patients with
monoconal gammaopathy of unknown significance, and 10 hemato-
logically normal individuals. All BM samples from MM patients were
obtained at the initial diagnosis, except for those from 6 patients, 2 of
whose samples showed that they were refractory 1o conventional
chemotherapy and 4 of whose samples were in the plateau phase
according to the standard definition. Diagnoses were made according o
the WHO classification. Mononuclear cells were separated from BM

les with Histopaque (Sigma) density centrifugation. These cells
were used immediately or eryopreserved in liquid nitrogen until use. In
cell samples from hematologically normal individuals, CD19-positive
cells were enriched from BM mononuclear cells using magnetic cell
sorting (Milenyi Biotec; ref. 23) 10 ensure plasma cell identification in
flow cytometry (25). This study was approved by the institutional
review board of Nippon Medical School.

Stroma cells were prepared as follows. BM mononuclear cells from
MM patients (2 = 10°/mL) were plated in 6-well plates in complete
medium. The cultures were fed weeldy by removing 75% of the
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medium and adding fresh medium to make up the same volume. After
the cultivated cells became adherent, stromal cell shaped, positive for
mesenchymal stem cell markers (CD44 and CD90), and negative for
hematopoietic markers {CD34, CD45, and CD11h). they were used as
stroma cells (26). In experiments inducing B7.2 and B7-H2 expression,
mononuclear cells were cultured in complete medium on autologous
stroma cells for 3 wk or with TNF-a (500 units/mL) for 2 d

Reverse transcription-PCR. Total RNA extracted from each HMCL
was reverse transcribed with Superscript 11 Reverse iranscriprase
(Invitrogen) using random hexamers. PCR amplification was done
using the primer sets for B7.2 and B7-H2 and PCR conditions
previously describwd (21),

Flow ry. | phenotyping was done with FACScan
(Becton Dlrkinnon refs. 21, 27), Briefly, afier blocking with human
immunoglobulin, patient BM samples were stained with anti-CD38
maonoclonal antibody (mAb) labeled with FITC and phycoeryihrin-
labeled anti-B7.2 (Becton Dickinson) or anti-B7-H2 mAb (e-Biosci-
ence). Plasma cells were identified by a high expression of CD38
maolecules (22). We also confirmed thar the identified plasma cells
oxp i another pl cell marker, CD138 [Becton Dickinson).
Examples of flow cytometry analysis are shown in Supplementary
Fig. §1, HMCLs were single stained with FITC/phycoerythrin-
conjugated mAbs against lymphocyte function - associated antigen-1
(LFA-1), intercellular adhesion molecule-1 (ICAM-1; Beckman
Coulter), very late antigen-4, vascular cell adhesion molecule-1 (Becton
Dickinson), B7.2, and B7-H2.

Cell cpcle analysis.  After blocking with human immunoglobulin,
HMCLs were stained with purified mouse anii-B7.2 or ani-B7-H2
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mAbs. The cells were washed and further incubated with FITC-
conjugated antimouse 1gG (Biosource). Then, the cells were fixed with
70% ethanal at 4°C for 3 h. The fixed cells were washed and
resuspended in 100 pl. of PBS and | pg of RNase (Qlagen) containing
0.1 mg/ml. of propidium iodide (Sigma). The cell cycle profiles of
B7.2", B7.2, B7-H2', and B7.H2 HMCls were analyzed using flow
Cytometry.

Colony-forming assay. Purified B7.2°, B7-H2", and B?-H2
cells (1 * 10" per culture dish) were culwured in MethoCult H4230
methylcellulose medium (StemCell Technologies; ref. 23). Colonies
(aggregates of 50 or more cells) were scored on day 14 of culture.

B7.7.

Mixed lymphocyle-myeloma reaction.  CD4" T cells ( purity » 95% ) were
prepared from peripheral blood of healthy volunteers on magnetic cell
sorting columns (21 ). These cells (1 x 107) were cocultured with irmadiated
(20,000 rad) myeloma cells (1 = 10") expressing both B7.2 and B7.H2
molecules in microtiter wells for 5 d. Antagonistic mAbs (10 pgfmil)
against B7.2 and 1COS (e-Bioscience) were added 1o the cultures wo block
the B7.2.CD28 and B7-H2-1COS pathwayy, respeaively. During the final
18 h of culture. |*H|thymidine (1 pCifwell) was added 10 determine
T-cell proliferation. All samples were assayed at least in quadruplicate.

In some experiments, culture supernatants of mixed lymphocyte
myeloma reaction (MLMR) were collecied on day 5 of culwre. The
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concentrations of [FN.y, IL-2, 1L4, and IL-10 in the supemnatants were
measured with sandwich ELISA kits (eBioscience).

Coculture using a transwell system.  KMS-27 (1 < 10%) cells were
plated oo a transwell membrane insert (Nunc) placed above the
aulture conmaining normal CD4* T cells (1 < 10°) with or without
irradiated KMS-27 cells (1 = 10°). Anthuman 1L-10 polyclonal
antibody (R&D Systems), anti-B7 2. and/or anti-1COS mAbs were
added to the lower cultures 1o neutrallze their blological activities, After
5 d of culture, KMS-27 cells above the insert were harvested and
counted using the irypan blue dye-exclusion method

Statistical analysis. Differences berween two groups of data were
determined with the x° test and Srudent’s ¢ test for categorical and
continuous vanables, respectively, unless otherwise stated The Mann-
Whitney U test was used for two groups of data with continuous
nonparametric variables. A P value of <0.05 was considered significant.

Results

Expression and induction of B7.2 and B7-H2 molecules on
HMCLs. First, we analyzed the expression of B7 2 and B7-H2
molecules on HMCls. Seven and 11 of 14 HMCLs expressed
high levels of B7.2 and R7-112 mRNA, respectively (Fig. 1A).
These results were consistent with the protein expression
analyzed using flow cytometry (Fig. 1B; Supplementary
Table S1): The expression of B7.2 and B7-H2 molecules was
detected in 7 (50.0%) and 9 (64.3%) HMCLs, respectively.
Next, we examined whether cytokines, i.e, TNF-a, IL-6, or
1L-10, affect B7 2 and B7-112 expression in five 1IMCLs. TNF-a
up-regulated the expression of both molecules in almost all cell
lines examined. Meanwhile, |L-6 up-regulated B7.2 expression
in three of five HMCLs and down-regulated B7-H2 expression
in two of five HIMCLs (Fig 1C). 1L-10 did not affect the
expression of these molecules (data not shown).

Expression and induction of B7.2 and B7-12 molecules in
myeloma patients. Using flow cytometry, we examined the
expression of B7.2 and B7-H2 molecules on fresh plasma cells.
The percentages of B7.2* cells in plasma cells were much higher
in MM patients than those in monoclonal gammopathy of
unknown significance patients or in hematologically normal
individuals (Fig. 2A. left; MM versus monoclonal gammaopathy
of unknown significance, P = 0.0318; MM versus normals,
P = 0.0145 Mann-Whitney U test). When MM patients
were divided into rwo groups using various cutoff percentages
of B7.2 positivity, those in whom >40% of myeloma cells
expressed B7.2 (n = 18, called B7.2"¥"* MM patients in this
article) showed significantly lower levels of hemoglobin and
platelets compared with other MM patients (B7.27% MM
patients in this article, n = 17: Supplementary Table S2).
Although there was no difference in survival between the two
groups of patients (data not shown), both patients refractory to
chemotherapy were in the B7.2"#" group and all four patients
in the plateau phase were in the B7.27'°" group. Meanwhile,
B7-H2 expression on plasma cells was clearly documented only
in three MM patients. The disease of these three patients was
intractable: one patient had plasma cell leukemia and the other
two had chemotherapy-resistant MM. In our cohort of patients,
BM cells from only two MM patients were analyzed for B7.2
and B7-H2 expression in different disease statuses at the initial
diagnosis and at the stage of refractory disease. The expression
of these molecules on myeloma cells was augmented at the
refractory stage in both patients, except for B7-112 expression in
one patient in whom B7-H2 was not detected at either time
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point (Supplementary Table $3). All of the above findings
suppont the idea that these molecules may be associated with
disease progression in MM, although the clinical evidence
remains insufficient for the B7-H2 molecule because of the
rarity of B7-112 - positive patients.

Next. we examined whether stroma cells and TNF.a, both
important for myeloma cell proliferation in 1. modulate the
expression of B7.2 and B7-H2 on myeloma cells from MM
patients. B7.2 or B7-H2 expression on myeloma cells from
>50% of patiens examined was up-regulated after the cells
were cultivated with autologous stroma cells or TNF-a (Fig. 2B
and C).

Cell cycle and proliferation of myeloma cells based on B7.2 and
B7-H2 expression. Based on the above daws, we speculated that
B7.2 or B7-112 expression on myeloma cells was associated with
their proliferative potential. When KMS-27 cells thar did or did
not express these B7 family molecules were analyzed, B7 2° and
B7-H2" cells had significantly fewer GG phase cells and more
Gy-M phase cells compared with B7.2 and B7-H2 cells,
respectively (Fig. 3A; Table 1), Consistent with these results,
the B7.2* and B7-112* KMS-27 cells proliferated more rapidly in
liquid cultures and formed more colonies in semisolid cultures
compared with the B7.2" and B7-H2' KMS-27 cells, respectively
(Fig. 3B; Supplementary Table 54). The same growth advantage
of myeloma cells expressing B7.2 and B7-H2 molecules was
also documented in all other HMCls examined (Table 1;
Supplementary Table $4; Supplementary Fig 52).

We then examined whether myeloma cells have a growth
advantage when the cells are induced to express B7.2 and
B7-H2 molecules. When RPMI8226 cells, for which B7.2 and
B7-H2 expression is inducible by TNF.a as shown in Fig 1C,
were treated with TNF-a, the cell cycle of the cells was clearly

Table 1. Cell cycling of HMCLs as a function of
B7.2 and B7-H2 expression

Cell fraction Cell eycle
in HMCLs
Go-Gy S G,-M
KMS-27 cells
B7.2° 52.8+ 09" 19.7 = 0.1 276 x0.9*
87.2° 80.8+186 160 = 1.5 37:04
B7-H2" 53.7 £ 1.4% 18.6 = 2.2 8.0 £ 0.9
B7-HZ" 785+08 175 = 0.8 41=13
KMS-20 cells
872" 425+ 07" 200 + D" 37.7 £ 0.8*
B87.2° 74210 13.7 = 0.6 123203
B7-H2* 434 11" 269 + 0.4 30.2 £ 0.6
B7-HZ 815109 134 £ 0.7 48+03
U266 ceils
8r.2* 49.5 + 4.0 23.7 + 1.6 25.7 + 3.8*
B7.2 650 £ 2.7 21.2 = 0.5 139 +1.7
RPMIB226 cells
B7-H2* 39.5 + 0.9* 33.1 4 2.2¢ 269 +4.1°
B7-H2 64.4 =30 258+ 2.4 93221

NOTE: Mean + SD of three independent experiments, B7-H2" and
B7.2" fractions in U266 and RPMIB226 cells, respectively, were
sparse and thus were not analyzed.

“Significant difference (P < 0.05) when data of each cell cycle
phase were compared between B7.2° (or B7-H2') and B7.2
(or B7-H2"} cell fractions in each HMCL.
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stimulated (Supplementary Table §5). Furthermore, when 2937
cells (a human kidney cell line suitable for efficient transfection
experiments) were transfected with either B7.2 or B7-H2 gene
or Mock, B7.2 or B7-H2 gene induction induced cell cycle
activation (Supplementary Table $6).

We noted that even in liquid culture, B7-H2" KMS-27 cells
often formed colonies during exponential cell growth (Fig. 3C):
There were many more colonies of B7-H2* cells compared with
B7-H2 cells in liguid culture (Fig. 3D). Meanwhile, there was
no difference in colony formation in liquid culture between
B7.2" and B7.2° KMS-27 cells (data not shown), Therefore, we
investigated the expression of adhesion molecules (LFA-1,
ICAM-1, very late antigen-4, vascular cell adhesion molecule-1),
which might mediate the adhesion of myeloma cells 1o BM
stroma cells and induce drug resistance (28, 29) on B7-H2* and
B7-H2" KMS-27 cells. The expression levels of LFA-1 were much
higher on B7-12" KMS-27 cells compared with those on B7-H2
KMS-27 cells, although there was no difference in the
expression of the other adhesion molecules (Fig. 3E).

Interaction between B7.2° and B7-H2* myeloma cells and
CD4" T cells confers a myeloma growth advantage. In the
MLMR, normal CD4" T cells were cultured with KMS-27 cells
with or without anti-B7.2 and anti-ICOS mAbs. In a 5-day
culture, either the anti-B7.2 or anti-ICOS mAb decreased the
proliferation of CD4* T cells and the combined use of these
antibodies resulted in the maximum decrease (Fig. 4A). In
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other words, both B7.2 and B7-H2 molecules on KMS-27 cells
stimulated CD4™ T-cell proliferation. The same result was
obtained when fresh myeloma cells obtained from a plasma
cell leukemia patient and expressing both B7.2 and B7-H2
molecules were used in the MLMR (Iig. 48).

It was reported that B7.2 enhanced the production of Thi
and Th2 gytokines and that B7-H2 did not contribute 10 11.-2
induction (15, 19, 30). Consistent with these results, in MLMR
using KMS-27 cells and CD4" T cells, the mAb against B7.2
decreased the production of 1L-10 as well as IFN-y and I1L-2.
Meanwhile, the mAb against ICOS decreased the production of
1L-10 and IFN-7y but not that of 1L-2 (Supplementary Fig. §3).
11-4 was not detected in the supernatant of MIMR. The finding
that both B7.2 and B7-H2 molecules on myeloma cells
enhanced IL-10 production is particularly interesting because
IL-10 not only reduces the antitumor immune response in
general but also is a growth factor for myeloma cells.

Then, we examined whether soluble factors including IL-10
produced by the interaction between myeloma cells and CD4*
cells stimulate myeloma cell growth in vitro, First, we confirmed
that when anti -IL-10 peutralizing antibody or control immu-
noglobulin was added to the KMS-27 cell culture. cell
proliferation was not affected (Fig 4C; data for control
immunoglobulin are not shown). Furthermore, 11-10 was not
detected in the supematant of KMS-27 cell culture when
examined using ELISA (data not shown). Therefore, KMS-27
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cells themselves did not produce IL-10, but their proliferation
was stimulated by exogenous IL-10 (Fig. 4C). Next we
cocultured using a transwell system, in which KMS-27 cells
were plated onto a ranswell membrane insert placed above the
culture containing normal CD4" T cells with or without
irradiated KMS-27 cells. The presence of imadiated KMS-27
cells in the lower cultures, compared with their absence,
stimulated KMS-27 cell proliferation in the upper cultures
(Fig. 4D, tuw columns on the left). Funhermore, this growth-
promoting effect resulting from the CD4" T cell-imadiated KMS-
27 cell interaction was eliminated partially or completely by
adding anti-B7.2 mAb, anti-ICOS mAb, and/or anti-IL-10
neutralizing mAb to the lower cultures (Fig. 4D, four columns
on the right). These results suggest that B7.2 or B7-H2
molecules on KMS-27 cells enhance CD4" T-cell proliferation
and stimulate them to produce soluble factors, one of which,
1110, enhances KMS-27 cell proliferation.

Discussion

The B7 family molecules stimulate or inhibit immune
responses by costimulating or coinhibiting T cells. For example,
in a mouse tumor model, B7-H2 - expressing tumors increase
the proliferation of wmor-specific CTLs (31). Meanwhile, the
B7-H2-1COS signal down-regulates the immune response in
experimental animal models of autoimmune disease or acute
grafi-versus-host disease (32-34).

This study showed that the B7.2 expression levels on plasma
cells were higher in MM patienis compared with those in
monoclonal gammopathy of unknown significance patients
and hematologically normal individuals, and B7-H2 expression
was detected in three MM patients alone but not in any
monoclonal gammopathy of unknown significance patient or
hematologically normal individual. Next, the expression of
B7.2 and B7-H2 on MM cells was induced or enhanced by
coculture with autologous stroma cells or by stimulation with
TNFE-a. Furthermore, myeloma cells expressing B7.2 and B7-112
had increased cell cycling and more potential for proliferation
Finally, B7.2 and B7-H2 molecules on myeloma cells enhanced
CD4" T-cell proliferation and stimulated them o produce
soluble factors, one of which, 1L-10, further stimulates the
proliferation of myeloma cells.

B7.2 and B7-H2 molecules on myeloma cells were also
involved in the production of other cytokines, IFN-y and IL-2,
which are known to enhance antitumor immune responses in
general (35, 36). However, we and others observed that the
expression of these molecules on acute myelogenous leukemia
cells was associated with poor patient prognosis (21, 37).
Similarly, lvmphoma cells expressing B7.2 are associated with
poor prognosis in @ mouse lymphoma model (38). The effects
of IFN-y and IL-2, the production of which might be induced
by B7.2 and B7-H2 molecules on myeloma cells, on the
immunology and clinical behavior of MM should be clarified in
further studies.

TNF-a, an immunomodulatory cytokine capable of inhibit-
ing CTlLs, is produced by the interaction between BM struma
cells and myeloma cells (39). It was shown that TNF-« directly
stimulates myeloma cell growth in vitro and that serum TNF-a
levels are higher in advanced-stage compared with early-stage
MM patients (6. 7, 40). Based on our data presented here, we
speculate that the TNF-a-induced growth advantage in
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Fig. 5. New inmghi into nyeloma sclogy based on the presant data 4, n the
BM amvironmant. TNF-o and stromal csll contact induce B7.2 and 87 H2 moleculs
axpression on myeloma celis. 87.2° and B7-M2" myeloma cefls gain an intrinsic
proliferative advantage TNF-u also inhibits mysloma-specific CTLs & the B7.2
and B7-H2 molecules on mysioma cels induce CD4" Tcells 10 produce soluble
factors, ona of which. IL-10, stimul s cdll profif and inhibits
mysloma-specilc CTLs

myeloma may be, at least in pan, associated with the induction
of B7.2 and B7-112 molecule expression on myeloma cells. The
mechanism underlying the finding that myeloma cells express-
ing B7.2 and B7-H2 show increased cell cycling and greater
potential to proliferate remains unknown. To the best of our
knowledge. one previous report observed a similar phenome-
non. Ghebeh et al. reported that high B7-111 expression was
correlated with high Ki-67 expression in wmor cells in breast
cancer patients (41). In addition to this intrinsic advantage in
cell proliferation of B7.2° and B7-H2" myeloma cells, these
cells may obtain a further growth advantage by inducing the
production of the myeloma-stimulatory cytokine 11-10 by
CD4" T cells. Itis well known that 11-10 inhibits the generation
of tumor-specific CTLs (11, 12). We also confirmed that 11-10
inhibited the generation of KMS-27 - specific CTLs in vitre (data
not shown). This 1L-10-mediated effect probably contributes
further to myeloma cell growth. The above cascade of events is
illustrated in Fig. 5. The 11-10 production induced by B7.2 and
B7-12 molecules is not myeloma specific hecause we observed
that that AML cells expressing B7.2 and B7-H2 induced IL-10
production by CD4" T cells in vitro. It would be interesting 1o
determine how broadly this mechanism works in a variety of
human neoplasia.

The occurrence of immunologic derangement in MM
supports the notion that modulation or normalization of this
derangement would be beneficial for MM patients, Thalido-
mide and its analogues (eg. lenalidomide), which have a
variety of imunomodulatory activities, including potent inhi-
bition of TNF-a production and stimulation of Th-1 immunity
(42, 43), are effective in the treatment of MM patients, We
speculate that full clarification of immunology in MM is the
basis on which more specific, targeted therapy will be
developed.
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Abstract Intravesical bacillus Calmette-Guerin (BCG)
therapy is considered the most successful immunotherapy
against solid tumors of human bladder carcinoma. To deter-
mine the actual effector cells activated by intravesical BCG
therapy to inhibit the growth of bladder carcinoma, T24
human bladder wmor cells, expressing very low levels of
class | MHC, were co-cultured with allogeneic peripheral
blood mononuclear cells (PBMCs) with live BCG. The pro-
liferation of T24 cells was markedly inhibited when BCG-
infected dendritic cells (DCs) were added to the culture
although the addition of either BCG or uninfected DCs
alone did not result in any inhibition. The inhibitory effect
was much stronger when the DCs were infected with live
BCG rather than with heat-inactivated BCG. The live
BCG-infected DCs secreted TNF-2 and [L-12 within a day
and this secretion continued for at least a week, while the
heat-inactivated BCG-infected DCs secreted no IL-12 and
litle TNF-z. Such secretion of cytokines may activate
innate alert cells, and indeed NKT cells expressing IL-12
receptors apparently proliferated and were activated (o pro-
duce cytocidal perforin among the PBMCs when live BCG-
infected DCs were extemnally added. Moreover, depletion
of yd T-cells from PBMCs significantly reduced the cyto-
toxic effect on T24 cells, while depletion of CD8f cells did
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not affect T24 cell growth. Furthermore, the innate effectors
seem to recognize MICA/MICB maolecules on T24 via
NKG2D receptors. These findings suggest the involvement
of innate alert cells activaied by the live BCG-infected DCs
to inhibit the growth of bladder carcinoma and provide a
possible mechanism of intravesical BCG therapy.

Keywords Bladder cancer - Dendritic cells - Innate
immunity - BCG - NKT cells

Introduction

Intravesical bacillus Calmette-Guerin (BCG) therapy is
considered the most successful immunotherapy against
solid tumors in cases of human superficial bladder carci-
noma particularly in preventing [rom s recurrence |1, 4]
Intravesical immunotherapy with live BCG results in a
massive local immune response characterized by the secre-
tion of various cytokines in the urine [14. 27) or bladder
tissue as well as by the infiltration of granulocyies and
mononuclear cells into the bladder wall after repeated treat-
ment with BCG instillation [3, 21], indicating the immuno-
pathological responses induced at the local mucosal
compartment may correlate with the BCG-mediated anti-
tumor effect. However, neither the precise mechanisims nor
the actual effector cells underlying the anti-tumor effect that
BCG therapy stimulates remain to be elucidated.

The bladder is a confined mucosal compartment, where
BCG is able to be maintained at a high concentration and
thus may achicve long-lasting, continuous immune activa-
tion, which seems to better stimulate innate local immunity
having broad cross-reactivity with less memory rather than
acquired systemic immunity with high specilicity and
memory originated from rearranged genes. Therelore, live
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BCG uppears (o activate various lypes of innate immune
effectors such as 94T lymphocytes [17, 18] and CD1 mole-
cule-restricted lipid/glycolipid antigen-specific T cells
including CD1d-restricted natural killer T (NKT) cells [12,
13] via live BCG-infected dendritic cells (DCs). Such DCs
express not only peptide antigen-loaded individually
restricted c¢lass 1 and 11 MHC molecules but also species-
specific CD1 molecules on their surface to present BCG-
derived lipid/glycolipid antigens [15, 20]. Indeed, findings
that live BCG-infected DCs can be recognized by CDI
molecule-restricted but not by class 1 MHC molecule-
restricted CD8™ T cells [16] and that the Vy2V42 T lym-
phocytes response to BCG by immunization in macaques
with live BCG [5] have recently been reported. Moreover, a
close relationship between BCG-immunization, and NKT
cell activation has also been shown [9]. Therefore, continu-
ous stimulation in the confined bladder space with live
BCG may activate those local innate effectors. which may
control bladder cancer expansion in vivo.

The cell line T24, a well-known cell for human bladder
cancer [19], expresses markedly down-modulated MHC
class 1 molecules on the cell surface in comparison with
normal peripheral blood mononuclear cells (PBMCs).
Hence. the T24 linc is possibly regulated by cells in a class
I MHC molecule-unrelated manner rather than by the autol-
ogous class | MHC molecule-restricted conventional CD8-
positive cvtotoxic T lymphocytes (CTLs). Therefore, we
co-cultured T24 cells with allogeneic PBMCs pretreated
with live BCG to determine the actual cells activated by the
BCG for controlling T24 wmor cell proliferation and elimi-
nation, and found that innate alert cells such as Vy2Vé2 T
cells and particularly NKT cells derived from allogeneic
PBMCs activated by the live BCG-pretreated DCs appear
to inhibit the proliferation of T24 wmor cells as well as
climinate them. The findings shown in the present study
strongly suggest the involvement of innate alert effectors in
controlling bladder cancer growth and shed light on the
actual feature of the mechanisms for the anti-tumor effect of
intravesical BCG therapy.

Materials and methods
Cell lines

Human urinary bladder carcinoma T24 cells (ATCC HTB-
4) were cultured in McCoy's 5a medium (Invitrogen.
Carlsbad, CA) supplemented with 10% FCS (HyClone
Laboratories, Logan, UT). 50 U/ml penicillin (Invitrogen),
and 50 mg/ml streptomycin (Invitrogen). Human colon
cancer derived HCT116 cells (ATCC CCL 247), CIR cells
were cultured in Dulbeceo's modified Eagle's medium
(Sigma-Aldrich, St Louis, MO) supplemented with 10%
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FFCS (HyClone), 50 U/ml penicillin, and 50 mg/ml strepto-
myecin (Invitrogen). Myelogenous leukemia K562 cells, and
T lymphoblast Jurkat cells were cultured in RPMIL 1640
(Sigma-Aldrich, St Louis, MO)-based complete T-cell
medium (CTM) [25] supplemented with 10% FCS, 2 mM
t~-glutamine (ICN Biomedicals, Aurora, OH). 100 units/ml
penicillin, 100 pg/ml streptomycin. | mM HEPES (Invitro-
gen), 1 mM  sodium pyruvate (Invitrogen), 50mM
2-mercaptocthanol (2-ME) (Invitrogen),

Infection of DCs with live or heat-inactivated BCG

A lyophilized preparation of BCG, the Tokyo 172 strain
(12 mg dry weight per ample) (Japan BCG Laboratory.
Tokyo, Japan) was used to carry out the experiments. For
the infection experiments, BCG was harvested at a mid-log
growth phase, washed, and suspended in RPMI 1640
medium supplemented with 10% FCS, The suspension was
passed through a 5-jum pore size filter to obtain single-cell
bacteria. The viability of baclerin was constantly >90%.
The BCG preparation was divided into two equal aliquots;
one incubated for 30 min ot 85°C to kill the bacteria and the
other left at room temperature as reported recently [16].

Generation of DCs from PBMCs and their treatment
with BCG

DCs were obtained from PBMCs as described recently
[26). In brief, PBMCs were [reshly isolated with
Ficoll-Hypaque (Amersham-Pharmacia Biotech, Uppsala,
Sweden) from peripheral blood of healthy volunteers, and
CDI14" monocytes were immediately separated by mag-
netic depletion using a monoeyte isolation kit (Miltenyi
Biotee. Bergisch Gladbach, Germany) containing haplen-
conjugated antibodies 10 CD3, CD7. CDI19, CD45RA.
CD56, and anti-IgE Abs and a magnetic cell separator
(MACS, Miltenyi Biotec) according to the manufacturer’s
instructions. routinely resulting in >90% purity of CD14"
cells, Cells were cultured in 24-well plates tor 6-7 days in
CTM supplemented with 200 ng/ml GM-CSF (PepraTech.
Rocky Hill. NJ). and 10ng/ml IL-4 (Biosource Intl,
Camarillo, CA) to obtain DCs. For the treatment with BCG,
1 % 10° DCs in 1 ml of CTM were incubated overnight
with 0.1 mg of either live BCG or heat-inactivated BCG.
After being washed three times with RPMI1640 medium,
the BCG-treated DCs were further co-cultured with [ x 10°
PBMCs of the same donor to carry out the experiments.

Antibodies and flow-cytometric analysis
Fluorescein isothiocyanate (FITC)-conjugated anti-human

monoclonal antibodies (mAbs) to mouse 1gGlk, isotype
control (MOP-21), HLA-ABC (G46-2.6), CD3 (H1T3a),
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CDI61 (DX12), CD8O (B7-1) (L307.4), CD86 (B70/B7-2)
[2331(FUN-1)], as well as phycoerythrin (PE)-conjugated
mouse 1gGlk. isotype control, CD3, CD56 (B159). and
unlabeled anti-human CD3, CD4 (RPA-T4), Va2 (B6), and
CDI161. were all purchased from BD Biosciences (San
Diego, CA), Unlabeled anti-human CDSfi (2STB8.5H7)
mAb was purchased from IMMUNOTECH (Marseille,
Cedex. Frunce). Cells were stained with the relevant anti-
body on ice for 30 min in phosphate-buffered saline (PBS)
with 2% FCS and 001 M sodium azide (PBS-based
medium), washed twice, and re-suspended in the PBS-
based medium. Then, the labeled cells were analyzed with a
FACScan (BD Biosciences) using CellQuest software (BD
Biosciences). Live cells were gated based on propidium
iodide gating.

Depletion of cells from PBMCs

To deplete Va2-positive cells, PBMCs were incubated with
mouse anti-human V42 mAb (B6) for 30 min at 4°C
and washed three times to remove free mAb, Then the
stained cells were further incubated with magnetic beads-
conjugated anti-mouse [gG (Dynabeads Pan Mouse 1gG)
(DYNAL BIOTECH, Oslo, Norway), and VJE-posilivc
cells were eliminated by magnetic device (Perspective Bio-
systems, Framingham. MA) following the manufacturer’s
instruction. CD8fI, CD3, CDI61, and CD4-positive cells
were also depleted using the same procedure.

Quantification of cytokine production from BCG-treated
DCs by ELISA

Monocyte-derived DCs (1 x 10°%) were incubated with 1 ml
of CTM containing 0.1 mg of BCG in 24-well culture plate
for 2-3 days and the culture supematants were collected
and stored at —80°C until the measurement of cytokines.
Production of TNF-a, IL-12, IL-10. and IL-4 was measured
using the DuoSet ELISA Development Kit (R&D systems,
Minneapolis, MN) according to the manufacturer’s instruc-
tions.

Chromium-51 release assay

The cytotoxicity of BCG-activated cells was measured by a
standard 4-h *'Cr-release assay using T-24 human bladder
cancer cells or NK-sensitive K562 myelogenous leukemia
cells as targets. In brief, various numbers of effector cells
were incubated with 3 x 10* *'Cr-labeled targets for 4 h at
37°C in 200 pl of RPMI 1640 medium containing 10%
FCS in round-bottomed 96-well cell culture plates (BD
Biosciences). After incubation, the plates were centrifuged
for 10 min at 330xg. and 100 pl of cell-free supermnatant
was collected to measure radioactivity with a Packard Auto-

Gamma 5650 counter (Hewlett-Packard Japan, Tokyo, Japan).
Maximum release was determined from the supernatant of
cells that had been lysed by the addition of 5% Triton x-100
and spontancous release was determined from target cells
incubated without added effector cells. The percent specific
lysis was calculated as 100x (experimental release —
spontancous  release)(maximum  release - spontancous
release). Standard errors of the means of triplicate cultures
were always <5% of the mean. Data are expressed as the
mean = SEM. Each experiment was performed at least
three times.

T24 growth inhibition assay

The T24 growth inhibition assay was performed by incu-
bating 1 x 10* T24 cells with 5 x 10* or | x 10° freshly
isolated allogeneic PBMCs in 200 pl of CTM for 3 days at
37°C in 5% CO, based on a recent study [22]. Samples
were cultured in triplicate on 96-well U-bottom plates. The
cells were then labeled for 16 h with | pCi/well of tritiated
thymidine (*H-TdR; MP Biomedicals. Morgan, CA), har-
vested in an automated plate harvester (TomTech, Orange,
CT). and counted in a 1.450 Micro Beta TRILUX scintilla-
tion spectrometer (Wallae. Gaithersburg. MD). Data are
expressed as the mean count per minute (¢pm) £ SEM.

‘RT-PCR for CD1d mRNA in T24 cells

Total RNA was extracted from T24, Jurkat, and HCT cells
using the RNeasy Protocol Mini Kit (Qiagen. Valencia,
CA) according to the manufacturer’s instructions. RNA
(2 pg) was reverse transcribed with oligo-(dT)18 (Perkin
Elmer, Wellesley) priming and Superscript 11l (Invitrogen)
reverse transcriptase in a 20 pg reaction mixture at 30°C for
60 min. A measure of | pl (equal to about 200 ng) of the
¢DNA product was then subjected to 30 cycles of 30 s at
94°C, I min ot 64°C, and | min final extension at 72°C,
with a thermocycler (PCR express: Hybuid, Teddington,
Middlesex, UK). The amplification was performed in a
reaction volume of 20 pl with LA PCR buffer (Takara.
Shiga, Japan), composed of 2.5 mM MgCl.. 0.3 nM of each
deoxynucleotide triphosphate, 2.5 mM of each primer, and
1 U of LA Tag polymerase (Takara). The following oligo-
nucleotide primers were designed from the published
¢DNA sequence [6]: GAPDH sense-primer (5"-GCCTCAA
GATCATCAGCAATGC-3') and antisense-primer (5'-AT
GCCAGTGAGCTTCCCGTTC-3"), human CDId (hCD1d)
full-length sense-primer (5'-CGGGATCCATGGGGTGC
CTGCTGTTTCTG-3'), antisense-primer (5"-ATTTGCGG
CCGCCAGGACGCCCTGAT-3"), hCDId short fragment
sense-primer (5'-CTCCAGATCTCGTCCTTCGCCATT-3'),
antisense-primer  (5"-TTGAATGGCCAAGTTTACCCAA
AG-3").
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Measurement of cytotoxicity by BCG-activated innate
effctors through NKG2D-receptor against MICA/MICB
molecules on T24 tumor cells

Cytotoxicity of innate cflectors activated by live BCG-
treated DC against T24 cells was investigated using
S1-chromium release assay shown above in the presence of
various blocking antibodies such as anti-human MICA/
MICB (6D4) (BioLegend. San Diego, CA), anti-humun
NKG2D (CD314)-specific mouse mAbs (1D11) (BioLeg-
end), or isotype-matched control mouse IgGlx (BD Bio-
sciences), CD3'CD56" NKT cells were sorted out with
FACS-Vantage SE (BD Biosciences) according to the
manufaciurer’s instruction,

Results

T24 growth inhibition by allogeneic PBMCs activated
with live BCG-treated DCs

The bladder cancer cell line T24. a well-known cell for
human bladder cancer, expresses markedly reduced levels
of MHC class [ molecules on the cell surface in comparison
with normal PBMCs (data not shown). Thus, the T24 line is
possibly regulated by cells in a class | MHC molecule-unre-
luted manner rather than by the autologous class I MHC
molecule-restricted conventional CTLs. Therelore, we used
allogeneic PBMCs to gain insight into the actual cells acti-
vated by BCG for controlling T24 tumor cell proliferation
and elimination.

When 5 x 10* or 1 x 10° freshly isolated allogeneic
PBMCs were co-cultured with 1 x 10* T24 cells in the
presence of live BCG, strong inhibition of T24 cell prolifer-
ation measured with "H-TdR was observed as compared
with BCG-absent control (Fig. la). Because the BCG-sus-
ceptible cells are thought 1o be DCs., DCs [rom the PBMCs
were pretreated with (0.1 mg/ml) live BCG for 6 h at 37°C.
Then, after confinmation that the addition of live BCG-pre-
treated DCs alone did not affect the T24 cell proliferation,
1 x 10° T24 cells were incubated with an equal number of
the indicated DCs together with 5 x 10% or 1 x 10° alloge-
neic PBMCs of the same donor. Profound inhibition of T24
cell proliferation was observed when live BCG-infected
DCs were co-cultured with PBMCs of the same donor
(Fig. 1h). Moreover, the effect of live or heat-inactivated
BCG-treated DCs on T24 cell proliferation was also exam-
ined. As indicated in Fig. le, the addition of heat-inacti-
vated BCG-pretreated DCs resulted in partial inhibition of
the proliferation. These results indicated that some cells
derived from allogencic PBMCs activated by the live BCG-
pretreated DCs might gain the capacity Lo inhibit the prolif-
eration of T24 umor cells.
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Fig. 1 [Inhibition of T24 growth by allogencic PBMCs activated with
live BCG-treated DCs. a When 5 x 10%0r 1 % 10° freshly isolated allo-
geneic PBMCs were co-cultured with 1 % 10° T24 cells in the presence
of live BCG (closed triangle), strong inhibition of T24 cell prolifertion
measured by YH-TdR was observed in comparison with the BCG-absent
control (closed circle). b T24 cells (1 x 10*) were incubated with
5 % 10%or 1 x 10" allogeneic PBMCs, Profound inhibition of T24 cell
proliferation was observed when live BCG-infected DCs were co-
cultured with PBMCs (closed square). However, no inhibition was
observed when T24 cells were co-cultured cither with PBMC alone
(clased circle) or with PBMC plus BCG-uninfected DCs (closed frian-
gle). € T24 cells (1 x 10*) were incubated with 5 x 10" or | = 1
allogeneic PBMCs plus live BCG-treated DCs (closed triangle).
heat-inactivated BCG-treated DCs (closed square), or conirol untreated
DCs (closed circle). Again, strong inhibition of T24 cell proliferation
was ohserved when PBMCs were co-cultured with live BCG-infected
DCs (closed rrangle) and panial inhibition was seen when they were
co-cultured with heat-inactivated BCG-treated DCs (closed square)
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Kinetics of cytokine secretion by live BCG-treated DCs

Next, the live BCG-treated DCs were compared with the
inactivated BCG-treated DCs in terms of the kinetics of
cytokine secretion. As demonstrated in Fig. 2a with closed
columns, live BCG-treated DCs secreted quite a large
amount of IL-12 2-3 days after the incubation, however,
heat-inactivated BCG-treated DCs shown with open col-
umns secreted almost no detectable amount of IL-12. As
for TNF-x. live BCG-treated DCs secreted more of it than
heat-inactivated BCG-treated DCs (Fig. 2b). In contrast,
the amount of 11.-10 secretion was almost the same between
the two (Fig. 2¢). Furthermore, the expression levels of co-
stimulated molecules, CD80 and CDE6, were higher in live
BCG-treated DCs (data not shown).

T24 growth inhibition was mainly mediated through
CDS8fi-negative T cells

These findings suggest live BCG-activated DCs to activale
effectors from PBMCs to inhibit T24 cell proliferation
through the secretion of IL-12 and TNF-2. Therefore, to
examine the actual cells that eliminate T24, CD3-positive T
cells were eliminated from among the activaled PBMCs
with live BCG-treated DCs. and the cytotoxicity against
*ICr-labeled T24 targets was measured. The cytoloxicity
was significantly reduced by the elimination of the CD3-
positive cells (Fig. 3a). The remaining weak cytotoxicity,
shown as open circles in Fig. 3a, might be due to the effect
of activated non-T cells such as NK cells. Moreover, the
cytotoxicily against T24 cells was not inhibited by the elim-
ination of CDRfi-positive cells (shown as closed squares)
(Fig. 3b). These results suggest that the class | MHC mole-
cule-restricted conventional CD8f-positive CTL do not
seemn to be involved in this T24-related cytotoxicity.

T24 wmor growth was partially inhibited by Vy2Vé2 T
cells

Collectively, the cylotoxity against T24 cells mediated
through live BCG-treated DCs appeared to be provided by
the major effectors of innate immunity; NK cells, NKT
cells, and y4 T cells. Thus, we then examined the possible
involvement of 34T cell effectors in the climination of
tumor cells. yd T cells are classified into two distinct types,
type-1 expressing Vy1 V1 T-cell receptor (TCR) and type-
2 expressing Vy2Vo2 TCR, with the majority of cells gen-
crated by BCG reported to be the latter type-2 38 T cells
[11]. When the Va2-positive type-2 30T cells were elimi-
nated from live BCG-activated PBMCs. slight inhibition of
the cytotoxicity against T24 cells was observed and this
was apparent when the Vo2-positive cells were depleted
from PBMCs before co-culturing with BCG-treated DCs

A IL-12 B |ive BCG-treated DC
50 [] heat-inactivated BCG
treated DC
80}
% aot
20+
0
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3000 - | | live BCG-treated DC
[C] heat-inactivated BCG
treated DC
2000
8
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[] heat-Inactivated BCG
treated DC
600 |
E 400
l ﬁ
A N DR

Days after incubation

Fig. 2 Measurement of cytokine production by BCG-reated DCs.The
difference in the kinetics of cytokine secretion between live BCG-treat
el DCs and inactivated BCG-treated DCs was compared. Live BCG-
treated DCs (closed column) secreted predominanily large amounts of
IL-12 () and larger amounts of TNF-x (b) than heat-inactivated BCG-
treated DCs (open column), while the amount of 1L-10 secretion (c)
was lower than in the case of heat-inacrivated BCG-treated DCs

(Fig. 3c). Moreover, PBMCs treated with risedronate, an
activator of Vo2 [8). showed strong anti-tumor effect
against T24 cells (Fig. 3d). These results indicate the
involvement of live BCG-activated Vy2V32 TCR-cxpress-
ing type-2 74T cells in the elimination of T24 tumor cells.
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Fig. 3 T24 growth inhibition was partially diated through CDHf-

negalive Vy2VA2 T cells. a When CD3-positive T cells were elimi-
nated from among the activated PBMCs with live BCG-treated DCs.
the cytowsicity against T24 umor cells was significanily reduced
{apen circle) almost o the busal level mediated by normal PBMC
telosed circle) or PBMC plus untreated DCs (closed square) in com-
parison with positive PBMCs activated with live BCG-treated DCs
(closed rnangle) and the remaining weak cytotoxicity might be due 1o
the effect of activated non-T cells such as NK cells. b Such cytotoxicity
against T24 cells was not abrogated by the elimination of CD8f-posi-
tive cells (closed square). The results suggest the class | MHC mole-
cule-restricted conventionul CD8S-positive CTLs do not seem o be
involved in this T24-related ¢ icity. The eli of CD4-
positive cells (apen eircle) from live BCG-activated PBMCs (closed

Effect of depletion of CD161-positive cells on T24 growth

CDI161 is known as a marker for NK and NKT cells. Thus,
to examine the effect of NK and NKT cells on the elimina-
tion of T24 cells, CD161-positive cells were depleted from
PBMCs activated by live BCG-treated DCs, and their elim-
ination was confirmed by flowcytometry (Fig. 4a). After
confirming that the CD161-positive cells were depleted, the
cytotoxicity of the remaining cells against T24 cell was
measured by ¥'Cr-release assay. A profound reduction in
the cytotoxity was observed when the CD161-positive cells
were eliminated and the reduced cytotoxicity was slightly
greater than that of the activated PBMCs co-cultured with
live BCG-treated DCs (Fig. 4b). These findings suggest the
residual 0T cells after the elimination of CD161-positive
cells to be slightly more cytotoxic than the activated NK
cells in PBMCs. Also, as shown in Fig. 4¢, that the live
BCG-activated PBMCs showed far stronger cytotoxicity
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trigngle) did not result in any reduction of cytotoxicity against T24 rar-
gets in comparison with the basal level mediated by normal PBMC
plus untreated DCs (closed circle). € When the Va2-positive cells were
depleted from PBMCs before co-culturing with live BCG-treated DCs
(closed square), the cytotoxicity against T24 was appurently reduced
nearly by half in comparison with PBMCs activated with live BCG-
reated DCs (closed 1riangle). d Moreover. the Va2 cell-enriched pop-
ulation from PBMCs co-cultured with nsedronate showed u strong
anti-tumor effect against T24 cells (cloved circle). The elimination of
type-2 34T cells resulted in a significant reduction in the cytotoxiciry
against T24 cells (closed triangle). These results indicate the involve-
ment of live BCG-activated V2V 82 TCR-expressing type-2 30T cells
in the elimination of T24 wmor cells

than untreated PBMCs against K362 cells that are known to
be sensitive to NK cells indicates NK cells to be less eyto-
toxic to T24 wmor cells than innate 30T or NKT cells,
Taken together. these results suggest the most potent effec-
lors among the live BCG-activated cells against T24 scem
10 be NKT cells.

Significant production and increase of perforin in the NKT
cell population among PBMCs co-cultured with live
BCG-treated DCs

Thus, to confirm the actual number and increase of NKT
cells among PBMCs co-cultured with live BCG-treated
DCs, a low-cytometric analysis was performed. The results
showed that the number of both CD3*CD56" cells and
CD3'CDI161° NKT cells but not CD3CD36" or
CD37CDI617 NK cells apparently increased among those
PBMCs activated by live BCG-treated DCs but not hy heat-
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Fig. 4 Effect of CD161 positive cells depletion on T24 growth, a The
elimination of CD161-positive cells was confirmed by flow cytometry
b The remaining cells after the eli ion of CD161-posirive cells
(closed triangle) showed a profound reduction of cywioxicity against
T24 cells compared 1o live BCG-activated PBMCs (closed circle). The
findings suggest that the residual 76T cells after the climination of
CD161.positive cells had slightly stronger cytotoxicity than the acti-
vated NK cells in PBMCs (closed square). ¢ PBMCs activated by live
BCG-treated DCs (closed triangle) showed far stronger cytotoxicity
than BCG-untreated PBMCs (clased circle) agninst NK-sensitive
K562 cells. These results indicate that NK cells have weaker cytotox-
icity against T24 wumor cells than innate 78T or NKT cells activated by
live BCG-treated DCs

inactivated BCG-treated DCs (Fig. 5a). Therefore, the
number of NKT cells certainly increased in the live BCG-
activated population. Moreover, those live BCG-activaied
NKT cells actually produced to secrete cytocidal molecules
like perforin (Fig. 5b) or granzyme B (data not shown).
Also. it should be noted that the live BCG-activated 34T
cells became cffector/memory stale cxpressing CD45RO
from naive state expressing CD45RA although the number
of 0T cells did not altered (data not shown).

Increased NKT cells inhibited T24 cells
in a CD1d-unrestricted fashion

In general, NKT cells recognize glycolipid antigens
presented by CDI1d [23]. To clarify whether the live BCG-
activated NKT cclls see T24 wmor antigens in a CDId-
restricted manner, the expression of CD1d on T24 cells was
investigated. Despile careful and intense examination, nei-
ther mRNA encoding CD1d nor the surface expression of
CDId was detected in not only untreated T24 cells but also
BCG-treated ones (Fig. 6a, b), indicating that T24 will not
express CDId molecules even incorporating BCG into their
cellular component.

Therefore, to exclude the possibility of subtle expres-
sion for functional CD1d on T24 cells after the BCG treat-
ment, an established human NKT line (HT-AC2) that
recognizes x-galactosyl ceramide (z-GalCer) and secretes
IL-4 in a CDI1d-restricted manner (Shimizu & Takahashi.
manuscript in preparation) and CIR/CDI1d cells express-
ing human CD1d gene, we examined whether NKT cells
can recognize T24 cells in the presence of »-GalCer. No
IL-4 was detected in the supernatant of the NKT cell line
co-cultured with 2-GalCer-pulsed T24 as well us BCG-
treated T24 cells (Fig. 6¢). Collectively. NKT cells but
nol NK cells induced by the live BCG-activated DCs
seem to predominantly eliminate or suppress T24 wmor
cells in a CDIld-unrestricted, z-GalCer independent
fashion,

Possible tumor cell ligands for BCG-activated NKT cell
recognition

Because NKGID expression was observed on the NKT
cells or 76T cells expanded from live BCG-treated
PBMCs (data not shown), blocking effect of antibodies
for stress-associated tumor cell-specific molecules such
as MICA/MICH [2, 10], the counterparts of NKG2D
receptor, on the recognition of T24 cells was examined
based on the recent finding [28]. As demonstrated in
Fig. 7a, significant inhibition of the c¢ytotoxicity medi-
ated by activated NKT cells was seen when anti-MICA/
MICB specific antibody was added. although isotype-
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cytotoxicity. Moderate inhibition was also seen when
the NKG2D receptors blocked by their specific antibody
(Fig. 7a). Similarly, cytotoxicity against T24 cells by
live BCG-treated PBMCs containing mostly activated
NKT cells as well as some 74T and NK cells was mark-
edly inhibited by anti-MICA/MICB specific antibody
(Fig. 7b). Therefore, MICA/MICB molecules on the T24
cells appear to be a possible tumor cell ligands for BCG-
activated innate NKT cell recognition.
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Intravesical BCG therapy is probably the most effective
immunotherapy for recurrent superficial bladder cancer. As
far as we have examined. the anti-tumor effect does not
appear to be due to direct cytotoxicity of BCG itself. In
fact, it was recently reported that the treatment of the uro-
thelial carcinoma cell line T24 with BCG did not induce
apoptosis, und BCG inhibited camptothecin-mediated
apoptosis [7]. Similarly, treatment of T24 cells with BCG

414 —



Cancer lmmunol Immupother

Fig. 6 Inhibition of T24 wumor

primers

growth by the BCO-activated
NKT cells was mediated in a
CD1d-unrestncted manner
NKT cells arc usually recog

hCD1d

86.8
93.2

nized as
with CD1d molecules. Thus, »
both internal mRNA for CD1d

eapression and b external sur

INLIZENS N associalion

Reaction temp.

o
face expression were examined 2
in T24 wmor cells However,
CD1d expression could not be
detected at all even after co-cul
wred with live BCG. ¢ There
fore, using an established human
NKT line (HT-AC2) that recog
nizes z-galactosyl ceramide
{2-GalCer) in a CD1d-restricted
manner and secretes [L-4
(Shimizu & Takahashi,
manuscript in preparation) and
Cd-expressing CIR cells
(CIRMCDI1d), we investigated
whether NKT cells can
recognize live BCCi-treated

2000
1000
500
250

full length

hCD1d
short length

hGAPDH

69.0
70.6

75.2
721

(T24-BCG) or untretacd T24 Contral T24
cells in the presence of B 8 | 1 -
x-GalCer. No IL-4 was detected =]
in the supernatant of NKT cells 2 3
co-cultured with x-GalCer- =
pulsed those T24 cells, Taken ©
together, NKT cells generated F 3
by the live BCG-activated DCs
seem o inhibit T24 wmor cell &4
growth in a CDId-unrestricted = - — . . ’
manner IOG 1‘]l mz “_|3 ;04
cD1d >
€ so00
- 30001
E 4
-
2 30007 LINE: human NKT clone HT-AC2
s |
< 2000
* below ditective limit
1000 4
0 * * * - * *
u-GalCer ) (+) ) (#) () (+) (=) (+)
APC (-) T24 T24-BCG C1R/MCD1d

did not cause any apoplolic changes as examined with o
TUNEL assay [24]. Therefore, BCG itself does not elimi-
nate T24 tumor cells but rather some immune system acti-
vated by BCG may indirectly inhibit the growth of these
cells or eliminate them.

The body has two distinct immune systems (0 suppress
wmor growth or eliminate tumor cells. One is systemic

acquired immunity with highly specific effectors such as
class | MHC molecule-restricted CD8" CTLs, class [l
MHC molecule-restricted CD4* T cells. and specific anti-
bodies. These effectors express specific receptors originat-
ing from rcarranged genes established by periodic
stimulation. The magnitude of specific responses will
increase synergistically with the number ol stimulations
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Fig. 7 Possible tumor cell ligands for BOG-activated NKT cell recog-
nition. a Effect of antibodies for blocking stress-associsted umor cell-
specific molecules such as MICA/MICB, the counterparts of NKG2D
receplor, on the recognition of T24 cells was examined. Significant
inhibition of the cytotoxicity mediated by activated NKT cells was
seen when unti-MICAMICE specific antibody was added, although
isotype-matched antibody did not show any inhibition for their cyto-
toxicity. Moderate inhibition was also scen when the NKG2D recep-
tors hlocked by their specific antibody. b Cytotoxicity against T24 cells
by live BCG-treated PBMCs containing mostly activated NKT cells as
well as some 34T cells and NK cells was also markedly inhibited by
anti-MICA/MICB specific antibody

In contrast. local innate immunity involves toll-like recep-
tors (TLR), & TCR, or invariant NKT-TCR having
diverse cross-reactivity without requiring the strict gene-
rearrangement scen in the establishment of acquired
immune receptors and their activation can be maintained
by constant stimulation.

Also. as has been indicated, the bladder cancer cell line
T24 expresses markedly down-modulated MHC class |
molecules on its surface and the expression did not
recover by the treatment with live BCG or live BCG-

a Springer

infected DCs. Thus, the T24 tumor would be recognized
in a MHC molecule-unrestricted manner. Hence, we co-
cultured the T24 cells with allogencic PBMCs in the pres-
ence of live BCG and found a profound inhibition of
tumor growth in vitro. A similar strong inhibition of T24
cell proliferation was observed when live BCG-infected
DCs were co-cultured with PBMCs of the same donor,
Moreover, the elimination of T24 cells was uschieved
mostly by CD3-positive innate effectors such as Vy2Vo2
TCR-expressing 70T cells and NKT cells having predomi-
nant cytotoxicity, but not by class | MHC molecule-
restricted conventional CD8f-positive CTLs, and the
innate effectors were activated by live BCG-infected DCs
rather than heat-inactivated BCG-treated DCs. Further-
more, the number of NKT cells but not 70T cells or NK
cells certainly increased in the live BCG-activated popu-
lation.

These results strongly suggest that cells that control
T24 tumor growth are not conventional class 1 MHC
molecule-restricted CD8" CTL in the acquired arm but
rather MHC molecule-unrestricted 74T and NKT cells in
the innate arm through the activation of DCs by live
BCG. The results are reasonable in that continuous stim-
ulation in the limited confined mucosal compartment of
the bladder by a live organism may activale local innate
cffectors, Although the possible involvement of acquired
cffectors like CD8* CTLs in the prevention of surface
bladder tumor expansion by intravesicul BCG therapy
has not be excluded. the duta obtained in the present
study strongly indicate a dominant effect of innate cells
on tumor recurrence at the confined mucosal surface.
Moreover, the cytotoxic effect of innate NKT or 30T
cells on T24 wmor cells was mediated thought stress-
associated tumor-specific MICA/MICB molecules via
their NKG2D receptors but not CDId
restricted invariant NKT-TCRs. indicating that these
invariant TCRs are required mainly for their activation.

If this is the actual reason why intravesical BCG therapy
is most successful immunotherapy against solid tumors in
terms of preventing recurrence, we must focus on the con-
stant activation of innate immunity for the treatment of
other solid umors and preventing their spread by metasta-
sis. The findings shown in the present study will open the
new notion that constant stimulation of innate effectors
such as MHC molecule-unrestricted 30T and NKT cells
with live microorganisms like BCG through the activation
of local DCs may provide a novel therapeutic way for can-
cer reatment

molecule-
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