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Multiple myeloma (MM) cells inhibit certain
T-cell functions. We examined the expres-
sion of B7-H1 (PD-L1), a B7-related protein
that inhibits T-cell responses, in CD138-
purified plasma cells isolated from MM pa-
tients, monoclonal gammopathy of undeter-
mined significance patients, and healthy
donors. We observed that B7-H1 was ex-
pressed in most MM plasma cells, but not
cells isolated from monoclonal gammopa-
thy of undetermined significance or healthy
donors. This expression was increased or
induced by IFN-� and Toll-like receptor (TLR)

ligands in isolated MM plasma cells. Block-
ing the MEK/ERK pathway inhibited IFN-�–
mediated and TLR-mediated expression of
B7-H1. Inhibition of the MyD88 and TRAF6
adaptorproteinsof theTLRpathwayblocked
not only B7-H1 expression induced by TLR
ligands but also that mediated by IFN-�.
IFN-�–induced STAT1 activation, via MEK/
ERK and MyD88/TRAF6, and inhibition of
STAT1 reduced B7-H1 expression. MM
plasma cells stimulated with IFN-� or TLR
ligands inhibited cytotoxic T lymphocytes
(CTLs) generation and this immunosuppres-

sive effect was inhibited by preincubation
with an anti-B7-H1 antibody, the UO126 MEK
inhibitor, or by transfection of a dominant-
negative mutant of MyD88. Thus, B7-H1 ex-
pression by MM cells represents a possible
immune escape mechanism that could be
targeted therapeutically through inhibition
of MyD88/TRAF6 and MEK/ERK/STAT1.
(Blood. 2007;110:296-304)
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Introduction

In addition to the cytogenic and molecular abnormalities reportedly
associated with malignant transformation of plasma cells, interactions
between multiple myeloma (MM) cells and the bone marrow micro-
environment are crucial for plasma cell survival and proliferation.1-3

Several factors that mediate MM cell cross-talk with mesenchymal-
derived cells, such as vascular endothelial growth factor, an angiogenic
factor, have been previously described; however, there is growing
evidence that MM cells also interact with immune cells. Plasma cells
interact with T cells via the RANK/RANK-L system.4 A recent study
demonstrated that the survival and growth of malignant plasma cells
was supported by bone marrow dendritic cells via RANK/RANK-L and
BAFF-APRIL.5 There is also evidence that malignant plasma cells can
be targeted for an immune response. Several tumor antigens are
expressed by plasma cells isolated from MM and monoclonal gammopa-
thy of undetermined significance (MGUS) patients, and allogenic bone
marrow transplantation can induce a graft-versus-myeloma effect.6-8

However, MM is also associated with immune dysfunction. Defects in
T-cell responses to mitogenic and TCR-mediated stimulation have been
reported.9-11 Interestingly, regulatory T cell (Treg cell) populations are
significantly modified in both MGUS and MM patients, suggesting that
immune dysfunction is an early event in the malignant transformation
process of plasma cells.12,13 However, the factors produced by plasma
cells that create these immune defects are poorly defined.

A possible candidate responsible for such T-cell inhibitory mecha-
nisms in MM plasma cells is B7-H1. B7-H1 (also known as PD-L1 or
CD274) is a B7 family member and is the ligand for PD-1 (programmed

death-1), a member of the CD28 family.14 B7-H1 is broadly distributed
in various tissues and cell types and is often expressed after exposure to
inflammatory cytokines, especially IFN-�. B7-H1 interacts with PD-1
and another as yet unknown receptor on T cells and can inhibit T cell
activation and cytotoxic T lymphocytes (CTL)-mediated lysis.15-18

B7-H1 can also increase T-cell activation.19-21 Marked expression of
B7-H1 has been reported for various human carcinomas and in mouse
models expression of B7-H1 enhances tumor growth and allows
dormant tumor cells to escape from CTLs.16,22-29 Blocking B7-H1
enhances the effects of cancer vaccines.30-34 Toll-like receptor
(TLR) stimulation can also induce B7-H1 expression in mouse
tumor cells.35 Thus, B7-H1 overexpression appears as a possible
mechanism for tumors to avoid the host’s immune response.

Little is known regarding the expression of B7-H1 in B-lineage
lymphocytes. We show here that B7-H1 is expressed by malignant
plasma cells from most MM patients but not from MGUS patients. This
expression is further enhanced by IFN-� and TLR stimulation via a
MEK/ERK-dependent and MyD88/TRAF6-dependent pathway and
can inhibit T-cell responses, indicating B7-H1 as a possible immune
evasion mechanism in MM.

Patients, materials, and methods

This study was approved by the IRB Tumorothèque du Centre Hospitalier et
Universitaire de Lille, Hôpital Calmette, Lille, France.
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Patients and cell lines

Bone marrow mononuclear cells from 42 patients with MGUS, 82 patients
with MM, and 20 healthy donors were isolated by Ficoll Hypaque
sedimentation after the donors had given informed consent, in accordance
with the Declaration of Helsinki. Plasma cells were purified using the
anti-CD138 plasma cell isolation system (Miltenyi-Biotec, Bergisch Glad-
bach, Germany) according to the manufacturer’s recommendations. Purities
of positive and negative fractions were analyzed by flow cytometry using a
phycoerythrin-conjugated mouse antihuman CD138 monoclonal antibody
(Beckman Coulter, Miami, FL).

RPMI 8226, U266, K562, and HEK-293 cell lines were cultured in
RPMI 1640 supplemented with 10% fetal calf serum, 2 mmol L-glutamine,
100 U/mL penicillin, and 100 �g/mL streptomycin at 37°C in 5% CO2.

Flow cytometry and Western blot analyses

Expression of B7-H1 on CD138-selected plasma cells was evaluated by
flow cytometry with the specific monoclonal antibody (mAb) phycoerythrin-
B7-H1 (Clone MIH1; eBiosciences, San Diego, CA). In certain experi-
ments, B7-H1 expression was also evaluated by Western blot using the N20
goat polyclonal antihuman B7-H1 antibody (Santa Cruz Biotechnology,
Santa-Cruz, CA).

T cells were analyzed with an anti-CD3 (clone UCHT1; BD
Biosciences), anti-CD4 (clone UCHT1; BD Biosciences), and anti-CD8
(clone RM4–5; BD Biosciences, San Diego, CA) mAbs. To avoid
nonspecific binding, cells were pre-incubated with FcR blocking reagent
(Miltenyi Biotec, Bergish Gladbach, Germany) for 15 minutes at 4°C
before immunolabelling. Cells were analyzed on an EPICS XL3-MCL
(Beckman Coulter).

For Western blot analyses, CD138-purified plasma cells were
suspended in lysis buffer (20 mM Tris-HCl, pH7.8, 50 mM NaCl, 5 mM
EGTA, and 1% v/v Triton X-100) containing freshly added protease and
phosphatase inhibitors (1mM phenylmethyhyl sulfonyl fluoride, 1 �M
leupeptin, 2 �M aprotinin, 1 mM sodium orthovanadate, and 20 mM
glycerophosphate). Lysates were clarified by centrifugation at 4°C and
protein concentration determined by Bio-Rad protein assay. Equal
quantities of proteins were separated by SDS-PAGE, transferred to
PVDF membrane, and sequentially incubated with primary antibodies
and HRP-conjugated secondary antibodies, followed by ECL detection.
The following antibodies were used: antiphospho ERK (Thr202/
Tyr204), antiphospho JNK (Thr183/Tyr185), antiphospho STAT1
(Tyr701), and anti-beta-Actin (all from Cell Signaling Technology),
antiphospho JAK2 (Tyr1007/Tyr1008; Biosource, Camarillo, CA), C14
anti-ERK2, N20 antihuman B7-H1, N19 anti-MyD88, C-20 anti-IRF1,
and H-274 anti-TRAF6 (Santa Cruz).

Quantitative real-time polymerase chain reaction

Total RNA was extracted from cell lines and MM, MGUS patient, and
normal volunteer (ie, primary) plasma cells using conventional techniques.
Levels of human MyD88, TLR2, TLR4, and TLR9 mRNA were assessed
using a SYBR Green kit (Applied Biosystems, Foster City, CA) and
real-time polymerase chain reaction primer sets2 (SuperArray Bioscience
Corporation). B7-H1 mRNA expression was measured using the forward
primer (5�-AGG AGA TTA GAT CCT GAG GAA AAC C-3�), reverse
primer (5�-GGA CTC ACT TGG TAA TTC TGG GA), and TaqMan Probe
(5�FAM-CTG GCA CAT CCT C–3�MGB), with the TaqMan Universal
Master Mix (Applied Biosystems). Real-time polymerase chain reaction
was performed on an ABI PRISM 7700HT sequence detection system. A
2-fold serial dilution of Jurkat cDNA or lung carcinoma cell line A549
cDNA was selected as a calibrator for quantification of MyD88, TLRs, and
B7-H1 mRNA. A negative control containing no RNA template was
introduced in each run. 18S ribosomal RNA (PDAR 18S; Applied
Biosystems) was amplified as an internal control. An equal quantity of
cDNA prepared from 10 ng of mRNA was loaded into each well. Results
were measured via standard curves and expressed as ratios.

RNA Interference and cDNA transfection

Small interfering RNA (siRNA) oligonucleotides targeting endogenous
human MyD88, TRAF6, IRF1 (Santa Cruz, CA), MEK1, STAT1 (Cell

Signaling) and their control siRNAs (final concentration 150 �M in a 500
�l volume) were transfected into 2 � 106 RPMI 8226 cells or 0.5-1.0 � 106

CD138-selected primary myeloma cells, using the Amaxa Nucleofector
device (Amaxa, Koeln, Germany) with Cell Line-specific Nucleofector kit
V and program U15, according to the manufacturer’s recommendations.
After electroporation, cells were transferred to 2.0 mL of complete medium
and cultured for 24 hours before analysis.

For cDNA transfection of RPMI 8226 cells, 2.5 �g of expression
plasmids carrying the wild-type human MyD88 cDNA (pUNO-hMyD88), a
dominant-negative mutant (pDeNy-hMyD88), or control empty vector,
were stably transfected by electroporation and further selected with
blasticidin (all from InvivoGen/Cayla, Toulouse, France).

Signal transduction analyses

To study the signal transduction pathway involved in B7-H1 expression, the
following cytokines and reagents were used: AG490 JAK2 inhibitor (25
�M), PD98059 MEK1 inhibitor (25 �M), SB203580 p38MAPK inhibitor
(3 �M), LY294002 PI-3K inhibitor (25 �M), SN50 NF-kB inhibitor (20
�M), and TLR4 ligand lipopolysaccharide (500 ng/mL LPS, from Esche-
richia coli strain O111:B4; Calbiochem, San Diego, CA), SP600125 JNK
inhibitor (25�M; Biosource, Camarillo, CA), U0126 MEK1/2 inhibitor
(20�M; Cell Signaling Technology, Danvers, MA), recombinant human
IFN-� (500 IU/mL; Peprotech, Rocky Hill, NJ), peptidoglycan TLR2
ligand (PGN; 2.5 �g/mL, from Staphylococcus aureus), CpG oligonucleo-
tide TLR9 ligand (type C, ODN M362; 5 �M), and its control CpG DNA
(InvivoGen/Cayla, Toulouse, France), phorbol 13-myristate 12-acetate
(PMA; 1 ng/mL), actinomycin D (10�g/mL; ActD), and cycloheximide
(10 �g/mL; Sigma, Saint Louis, MO). The activity of the transcription
factors ATF-2, c-Jun, c-Myc, MEF2, and STAT1 were detected using a
TransAM mitogen-activated protein kinase (MAPK) family kit (Active
Motif, Carlsbad, CA). NF�B p50/p65 transcription factor activity was
detected using an NF�kB p50/p65 transcription factor assay kit (Chemicon,
Temecula, CA).

Generation of cytotoxic T cells

T cells from the peripheral blood of a healthy donor were isolated using a
Pan T-cell Isolation Kit (Miltenyi Biotec) and cultured in RPMI 1640
medium (Life Technologies, Gaithersburg, MD) supplemented with 10%
fetal calf serum, 100 IU penicillin, 100 mg/mL streptomycin, 2 mM
L-eukemia, 50 �M �2-mercaptoethanol, and 20 IU/mL IL-2 (PeProtech,
Rocky Hill, NJ). The culture medium was changed every 2 days and T cells
stimulated with 100 Gy-irradiated RPMI 8226 cells or RPMI 8226 cells
transfected with a dominant-negative mutant of MyD88 (RPMI 8226/DN-
hMyD88) or control empty vector, at a 1:1 ratio and added twice per week.
After 15 days, dead cells were removed and CD8a � cells purified using a
CD8a � T cell Isolation Kit (Miltenyi Biotec). CTL activity was assessed,
using RPMI 8226 cells as targets, with the Cytotox Non-Radioactive 96 kit
(Promega). For blocking of B7-H1, stimulator cells or target cells were
pre-incubated with B7-H1 (clone MIH1; Clinisciences, Montrouge, France)
blocking antibodies at 2 �g/mL.21,36 To induce B7-H1 expression, stimula-
tor cells were pre-incubated in 500 IU/mL IFN-�. To block IFN-� B7-H1
expression, stimulator cells were pre-incubated for 1 hour in 20 �M
UO126. The specificity of CTL-mediated lysis of RPMI 8226 cells was
verified with HEK-293 cells as target. MHC class I-restricted lysis was
verified with an anti-HLA-ABC (clone W6/32; eBiosciences) or an isotopic
control. The absence of natural killer (NK) cell-mediated cytotoxicity was
verified with K562 cells as targets. Effector CD8 T cells were also
pre-treated for 2 hours with 100 nM concanamycin A (CMA; Sigma) to
inhibit perforin-mediated killing. In certain experiments, CD138-selected
primary MM cells were used as stimulator and as CTL targets under the
same conditions as those used for RPMI 8226 cells.

Statistical analyses

Statistical analyses were performed with the Sigma Stat 3.11 software
(SPSS Sciences, Chicago, IL).
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Results

Expression of B7-H1 in plasma cells from MM and MGUS
patients and MM cell lines

We analyzed B7-H1 expression in CD138-selected cells from 42
MGUS, 82 MM, and 20 healthy donors (patient characteristics detailed
in Table 1). B7-H1 expression was not detected in plasma cells from
healthy donors (range, 0.1%-2.7%; median, 1; standard deviation [SD],
0.8; Figure 1B). Only 3 MGUS samples of the 42 examined expressed
B7-H1 in more than 30% of their plasma cells (range, 0%-48%; median,
2.05; SD, 12.5). However, plasma cells from MM patients expressed

significantly higher levels of B7-H1 (range, 0%-92%; median, 23; SD,
18.7) than plasma cells from MGUS patients (P � .001, Mann-Whitney
rank-sum test; Figure 1A). No correlation could be found between the
level of B7-H1 expression and any patient characteristics examined.

Because B7-H1 is usually an inducible molecule in normal cells, we
investigated whether B7-H1 expression could be induced by several
cytokines known to have a role in malignant plasma cell survival or to be
present in the MM microenvironment. IL-3, IL-4, IL-6, IL-7, granulocyte-
macrophage colony-stimulating factor, FLT3-L, SDF-1, and IGF-1 had
no effect on B7-H1 expression in plasma cells from MGUS and MM
patients (Figure S1, available on the Blood website; see the Supplemen-
tal Materials link at the top of the online article). However, IFN-�, which
is known to be the main inducer of B7-H1 expression in normal cells,
significantly enhanced B7-H1 expression in plasma cells from MM
patients (P � .001, paired t test) and MGUS patients (P � .001), but not
from healthy donors. Induced B7-H1 protein expression was signifi-
cantly higher in plasma cells from MM than from MGUS patients
(P � .001, Mann-Whitney rank-sum test; Figure 1B). Ninety-three
percent of MM patient cells showed IFN-�–inducible B7-H1 expres-
sion. Thus, B7-H1 is overexpressed by MM plasma cells, but not in
most MGUS plasma cells, and this expression can be further enhanced
by IFN-� exposure.

We also analyzed the expression of B7 family molecules in
2 MM cell lines. Although expression of B7.2, B7-H1, B7-H2, or
B7-H3 was detected in U266 or RPMI 8226 MM cell lines, only
B7-H1 expression was enhanced after IFN-� exposure (Figure 1C).

Induced B7-H1 expression via a MEK/ERK pathway

To understand which signaling pathway is involved in IFN-�–
induced B7-H1 expression in MM plasma cells, we first assessed if
RNA synthesis was required in this process by blocking RNA
synthesis with ActD. The results showed that ActD completely

Table 1. Patient characteristics

MGUS MM

Total number of patients 42 82

Sex ratio 1.2 2.3

Median age (range) 61 (32-101) 64 (36-95)

Monoclonal component isotype

IgG 33 45

IgA 6 16

Light chain — 13

Other 3 8

Light chain of the monoclonal component

Kappa 28 47

Lambda 14 34

Salmon and Durie stage

I — 24

II — 10

III — 33

Relapsed or refractory — 15

— indicates not applicable.

Figure 1. B7-H1 expression in MM plasma cell lines and in MM and MGUS plasma cells. (A) B7-H1 expression measured by flow cytometry in CD138-selected cells
from MM, MGUS, and healthy donors (HDs). (B) Same as (A) but after 24-hour incubation with 500 IU/mL IFN-�. Two representative histograms of B7-H1 expression of MM
cells are also shown. (C) B7-family molecule expression in RPMI 8226 and U266 cells, with or without incubation of 500 IU/mL IFN-� for 24 hours before flow cytometric
analysis. One representative histogram of B7-H1 expression in RPMI 8226 cells is also shown.
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blocked B7-H1 mRNA synthesis (Figure 2A). Blocking protein
synthesis with cycloheximide had no effect on B7-H1 mRNA
synthesis, indicating that de novo protein synthesis is not required
for B7-H1 transcription. Time-course analysis of B7-H1 mRNA
levels after the addition of IFN-� showed that prolonged exposure
was needed to reach maximal levels (Figure 2B). We also analyzed
B7-H1 mRNA in 10 MGUS samples. Eight were negative for
B7-H1 protein expression and showed low but detectable levels of
B7-H1 mRNA. IFN-� upregulated B7-H1 mRNA in only 2 MGUS
samples that already expressed B7-H1 protein (data not shown).
Thus, the B7-H1 expression induced by IFN-� in MM plasma cells

is mostly attributable to increased B7-H1 mRNA levels. We then
incubated the RPMI 8226 MM cell line and plasma cells from MM
patients exposed to IFN-� with several transduction pathway
inhibitors (Figure 2C,D). Blocking of p38 MAPK with SB203580,
PI3K with LY294002, and NF�B with SN50 did not reduce B7-H1
expression. However, blocking MEK1/2 with UO126 dramatically
reduced IFN-�–induced B7-H1 expression. A slight reduction was
also observed after blocking JAK2 with AG490 and JNK with
SP600125. We confirmed the results obtained from the flow
cytometric analyses with the M1H1 antibody by Western blot
analysis using the N20 polyclonal anti-B7-H1 antibody (Figure
2E). UO126 also reduced B7-H1 at the mRNA level in plasma cells
from MM patients (Figure 2F).

To confirm that IFN-� induced B7-H1 expression through a
MEK/ERK pathway in malignant plasma cells, we stimulated
RPMI 8226 cells or plasma cells from MM patients with IFN-� and
analyzed the phoshorylation of ERK1/2. IFN-� induced phosphor-
ylation of ERK1/2, which was almost completely blocked by
UO126 (Figure 3A,B). IFN-� also induced phosphorylation of
STAT1 at Tyr701. Incubation of RPMI 8226 cells in PMA, a known
activator of the MEK/ERK pathway, induced B7-H1 expression
and ERK1/2 phosphorylation that were also blocked by UO126
(Figure 3A,C). Finally, silencing MEK1 with a MEK1 siRNA
reduced B7-H1 expression both in the RPMI 8226 cell line and in
plasma cells from MM patients (Figure 3D).

MyD88-dependent expression of B7-H1

IFN-� signaling has been extensively investigated through the
JAK/STAT pathway.37 However, recent data indicates that MyD88,
an adaptor protein essential for TLR signaling, is also involved in
IFN-� signaling.38 We first observed that MyD88 mRNA levels
increased after IFN-� exposure in plasma cells isolated from MM
patients (Figure 4A). MyD88 protein was also detected by Western
blot in MM and MGUS patients (Figure 4B). No significant
difference in MyD88 expression could be detected between
CD-138 cells isolated from MM and MGUS patients (data not
shown). UO126 reduced IFN-�–induced MyD88 expression.

We then transfected RPMI 8226 MM cells with siRNAs to silence
MyD88 signaling and observed a significant decrease in IFN-�-induced
ERK1/2 phosphorylation (Figure 4C,D). The same effect was observed
after transfection with an expression plasmid encoding a dominant-
negative mutant of MyD88 (DN-hMyD88). DN-hMyD88 is a truncated
form (aa161-296) of MyD88 that contains the C-terminal TIR domain
but lacks the death domain.39 This DN-hMyD88 is unable to homodimer-
ize and, therefore, unable to activate the signaling cascade. Silencing
TRAF6, an adaptor protein downstream of MyD88, had the same effect.
These data suggest there is a self-reinforcing signaling loop between
MyD88 and the MEK/ERK pathway in MM cells. Blocking of MEK,
MyD88, or TRAF6 also reduced STAT1 phosphorylation at Tyr701
(Figure 4D).

Blocking the MyD88 pathway in MM plasma cells or RPMI
8226 cells with siRNA against MyD88 or TRAF6, or with the
dominant-negative mutant of MyD88, blocked IFN-�–induced
B7-H1 expression (Figure 5A,B). Similar to previously pub-
lished reports, we detected abundant expression of TLR2,
TLR4, and TLR9 in 100%, 69%, and 100% of 23 MM plasma
cell samples, respectively.40,41 Incubation of these 23 MM
plasma cell samples or RPMI 8226 cells with TLR2, TLR4, and
TLR9 ligand (PGN, LPS, and ODN, respectively) induced
B7-H1 protein and RNA in MM plasma cells, but not in RPMI
8226 cells transfected with the dominant-negative mutant of
MyD88 (Figure 5C,D). Five of the 23 MM samples did not show
any inducible B7-H1 expression after exposure to LPS, PGN, or

Figure 2. B7-H1 mRNA expression and signal transduction analysis in MM
plasma cells. (A) B7-H1 mRNA levels in RPMI 8226 MM cells measured by
real-time polymerase chain reaction after exposure to 500 IU/mL IFN-� for
6 hours with or without 10 �g/mL cycloheximide or 10 �g/mL actinomycin D
(ActD) for 90 minutes. (B) Time-course analysis of B7-H1 mRNA levels after
addition of 500 IU/mL IFN-� to RPMI 8226 MM cells. (C) Flow cytometric analysis
of B7-H1 expression in control RPMI 8226 MM cells (set at 100%) and after
24-hour incubation with IFN-� with or without 1 hour pre-treatment with signal
transduction inhibitors, ie, 20 �M UO126 (MEK1/2), 25 �M PD98059 (MEK1), 25
�M SP600125 (JNK), 25 �M AG490 (JAK2), 25 �M LY294002 (PI3K), 3 �M
SB203850 (p38MAPK), and 25 �M SN50 (NF�B). (D) Same as (C) but with 5 MM
CD138-selected cell samples. (E) Western blot analysis of B7-H1 levels with N20
polyclonal anti-B7-H1 antibody in 2 MM patient CD138-selected plasma cell
samples exposed to 500 IU/mL IFN-� with or without 1-hour preincubation with
20 �M UO126. (F) B7-H1 mRNA levels in 25 MM CD138-selected cell samples
exposed for 24 hours to 500 IU IFN-� with or without 1-hour pre-treatment with
20 �M UO126.
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ODN. TLR ligands also induced ERK phosphorylation that was
blocked by the dominant-negative mutant of MyD88 or UO126
(Figure 5E). Thus, B7-H1 expression induced by IFN-� in MM
plasma cells is mediated though a MyD88- and MEK-dependent
pathway that can also be stimulated by TLR ligands.

MAPK-activated transcription factors and B7-H1

Because our data indicated that the MEK/ERK pathway is a major
component of IFN-�–mediated and TLR-mediated B7-H1 expres-
sion, we measured in RPMI 8226 cell nuclear extracts the quantity
of phosphorylated ATF2, c-Myc, c-Jun, STAT1	, and MEF2
transcription factors bound on consensus DNA binding sites. All
these transcription factors are known downstream effectors of the
MAPK pathway. No or insignificant increases in ATF2, c-Myc,
c-Jun, and MEF2 were detected after stimulation with IFN-�
(Figure 6A). Using the same method, we also analyzed p50 and p65
NF-kB subunits, but no significant increase was again observed
after IFN-� exposure (data not shown), a point also demonstrated
by the absence of an inhibitory effect of the SN50 NF-kB inhibitor
on B7-H1 expression (Figure 3A). However, a marked increase in
STAT1	 transcriptional activity was observed, which was blocked
by UO126, and reduced in DN-hMyD88 transfected cells (Figure
6B). Thus, STAT1	 appears to be the main transcription factor
activated by IFN-� in MM plasma cell lines, at least partially via
MyD88/MEK/ERK-dependent pathways. This was confirmed by
detection of STAT1	 phosphorylation that was reduced by UO126

(Figure 6C). Inhibition of JAK2 with AG490 had only a slight
effect on STAT1 phosphorylation, suggesting that MEK/ERK is the
main activating pathway for STAT1 in MM plasma cell lines. Very
similar results were observed for plasma cells isolated from MM
patients (Figure 6D). Finally, transfection of STAT1 siRNA in
RPMI 8226 cells and plasma cells from MM patients reduced
IFN-�–induced B7-H1 expression, suggesting that STAT1	 is one
of the main effectors of B7-H1 expression in MM plasma cells
(Figure 6E-G). A recent study in A549 cells has indicated that
IRF-1, which is one of the targets of STAT1	, could mediate
IFN-�–mediated B7-H1 expression.42 Consistent with the STAT1
activity demonstrated in nuclear extracts, we also detected in-
creased IRF1 expression in RPMI 8226 cells exposed to IFN-�.
This expression was reduced by blocking MEK1/2 with UO126

Figure 3. MEK/ERK-dependent B7-H1 expression in MM cells. (A) Western blot
analysis of ERK1/2 and STAT1 phosphorylation in RPMI 8226 MM cells after
incubation at indicated times with 500 IU/mL IFN-� or 1 ng/mL PMA, both with or
without 1-hour preincubation with 20 �M UO126. (B) Same as (A) but in a
representative MM CD138-selected sample. (C) Flow cytometric analysis of B7-H1
expression in RPMI 8226 cells exposed for 24 hours to 1 ng/mL PMA with or without
1-hour preincubation with 20 �M UO126. (D) Flow cytometric analysis of B7-H1
expression in RPMI 8226 cells or 5 MM CD138-selected cell samples incubated for
24 hours with 500 IU/mL IFN-� (set at 100%) and transfected with MEK1 or control
nonspecific siRNA (NS siRNA).

Figure 4. MyD88-dependent pathways in MM plasma cells. (A) Real-time
polymerase chain reaction analysis of MyD88 RNA levels in 20 primary MM
CD138-selected cell samples incubated for 24 hours with 500 IU/mL IFN-�.
(B) Western Blot analysis of MyD88 expression in RPMI 8226 MM cells exposed for
24 hours to 500 IU/mL IFN-� with or without 1-hour pretreatment with 20 �M UO126
and in CD138-selected samples from MM and MGUS patients. (C) MyD88 expres-
sion in RPMI 8226 cells stably transfected with an expression plasmid carrying a
human MyD88 cDNA (hMyD88) or a dominant-negative mutant (DN-hMyD88), or
with MyD88 siRNA. (D) ERK1/2 and STAT1 phosphorylation in RPMI 8226 cells
transfected with MEK1, MyD88, TRAF6 siRNAs, or DN-hMyD88 cDNA and exposed
to 500 IU/mL IFN-�.
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and MEK1 with PD98059, but not JAK2 with AG490 (Figure 6H).
Transfection of RPMI 8226 cells or 3 MM plasma cell cultures with
IRF-1 siRNA showed only a slight reduction in B7-H1 expression,
suggesting that in MM plasma cells IRF-1 is not the main factor
responsible for the increased B7-H1 expression induced by IFN-�
(Figure 6I).

T-cell inhibition by IFN-�–stimulated and TLR-stimulated
MM cells

B7-H1 is a known inhibitor of T-cell functions, including
CTL-mediated lysis. We cocultured allogenic T-cells with RPMI
8226 MM cells for 2 weeks and measured CD8 � T-cell
expansion. Incubation of RPMI 8226 MM cells with IFN-�
significantly reduced CD8� T-cell expansion (Figure 7A). This
effect was partially reversed when RPMI 8226 MM cells were
pre-incubated with anti-B7-H1 antibodies or with UO126 (ie,
MEK1/2 inhibitor) before being added to the T-cell culture. We
then measured CTL-mediated lysis of RPMI 8226 MM cells
with CD8� T cells purified from these different expanded
populations (Figure 7B-D). Specific CD8� T cells expanded
with RPMI 8226 MM cells pre-incubated with IFN-� showed
significantly reduced killing of target cells (Figure 7C), and this
inhibitory effect of IFN-� was blocked when UO126 or the
anti-B7-H1 antibody was added during pre-incubation. Thus,
stimulation of MM plasma cells with IFN-� reduced, via a
MEK/ERK/B7-H1 pathway, CD8 T-cell expansion and CTL
activity against MM plasma cells. RPMI 8226/DN-hMyD88
cells showed less efficacy of the IFN-� inhibitory effect on
CTLs generation, confirming that IFN-� induces a T-cell
inhibitory effect in MM plasma cells via MyD88 (Figure 7D).
Stimulation of TLR4 by preincubation of RPMI 8226 MM cells
with LPS had a similar, but slightly lower, inhibitory effect on
CTL generation, which was partially reversed with anti-B7-H1
antibodies (Figure 7E). Similar inhibitory effects of IFN-� and
LPS were also observed with plasma cells from MM patients
(Figure 7F). This suggests that the LPS-induced immunosuppres-
sive effect on MM cells is mediated by B7-H1 and, possibly, by
other molecules.

Several reports have shown that B7-H1 can also mediate a direct
inhibitory effect on CTL-mediated lysis. We pre-incubated target RPMI
8226 cells with IFN-� or various TLR ligands and measured CTL lysis
with CD8� T cells, but were unable to detect any inhibitory effect
(Figure 7G). Thus, the inhibitory effect on T cells of MM cells
stimulated with IFN-� or TLR ligands probably occurs during the
generation of an immune response rather than at the effector phase.

Discussion

Immunosuppressive properties of malignant plasma cells have
been previously reported; however, the precise nature of the signals
produced by these cells that inhibit T-cell function remain elusive.
We observed here that the B7-H1 molecule is expressed by
CD-138� cells isolated from the majority of MM patients but not
from MGUS patients (except for a few samples), and not by
CD-138� cells from normal volunteers. These data indicate that
B7-H1 expression is a characteristic of malignant plasma cells and
suggests that it is acquired during transition from MGUS to MM.
Marked B7-H1 expression has been reported for several human and
mouse tumors and is associated with a worse prognosis in renal
carcinoma.43 Blocking B7-H1 enhances the effect of tumor vac-
cines.31-34 Thus, it can be hypothesized that expression of B7-H1

could also participate in the transition from MGUS to MM by
causing inhibition of immunosurveillance. Expression of tumor
antigens has been reported in MGUS, suggesting that these cells
could be recognized by T cells.7,8 We observed that B7-H1
expression was further enhanced in MM cells by IFN-�. B7-H1
was the only B7-family molecule induced by IFN-� in MM cell
lines. IFN-� was the main inducer of B7-H1 expression in
malignant CD138-selected cells. Preincubation of MM cells with
IFN-� inhibited CD8� T-cell expansion and activity of CTLs
against MM cells and this effect was blocked by anti-B7-H1
antibodies. Thus, we can hypothesize, that IFN-� produced by T
cells in the MM microenvironment can induce T-cell inhibition by
plasma cells through B7-H1. B7-H1 has also been reported to
directly inhibit CTL-mediated lysis.16,21-23 In our experiments with
MM cells, induction of B7-H1 expression on target cells just prior
to the addition of effector T cells had no effect on CTL-mediated
lysis. Thus, expression of B7-H1 by MM cells is likely to inhibit
induction of the T-cell response rather than the CTL effector phase.
It also suggests that the mechanism of immune escape induced by
B7-H1 expression may vary among tumor types.

We observed that only a few MGUS samples showed significant
expression of B7-H1 after exposure to IFN-�. This induced expression
was not observed in plasma cells isolated from healthy donors. This may
indicate that the B7-H1 response to IFN-� is a distinct, defining
characteristic between MM and MGUS, or that a few MGUS patients
can acquire some early immunologic characteristics of MM cells.

Figure 5. MyD88-dependent B7-H1 expression in MM cells. (A) Flow cytometric
analysis of B7-H1 expression in RPMI 8226 cells and in 5 CD138-selected MM
samples after incubation for 24 hours with 500 IU/mL IFN-� and transfection with NS,
MyD88, or TRAF6 siRNAs. (B) Time-course analysis of B7-H1 expression after
addition of 500 IU/mL IFN-� by RPMI 8226 cells transfected with MyD88 or
DN-hMyD88 cDNA. (C) B7-H1 expression in RPMI 8226 cells transfected with
DN-MyD88 or a control plasmid and incubated for 24 hour with TLR ligands
(500 ng/mL LPS, 2.5 �g/mL PGN, 5 �M ODN). (D) B7-H1 expression in 23
CD138-selected MM samples incubated with TLR ligands. (E) ERK1/2 phophoryla-
tion in RPMI 8226 or RPMI 8226/DN-hMyD88 cells treated for 30 minutes with TLR
ligands with or without 20 �M UO126.

B7-H1 EXPRESSION IN MULTIPLE MYELOMA 301BLOOD, 1 JULY 2007 � VOLUME 110, NUMBER 1

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/110/1/296/481946/zh801307000296.pdf by guest on 04 June 2024



Little is known about the mechanisms leading to B7-H1
expression. We inhibited, with specific inhibitors, several compo-
nents of the JAK/STAT, MAPK, NF�B, and PI3K/AKT pathways
known to mediate IFN-� signaling. Inhibition of MEK1/2 with
UO126 or siRNA almost completely blocked INF-�–induced
B7-H1 expression by plasma cells from MM patients. A partial
inhibition of B7-H1 expression was observed when JAK2 was
blocked with AG490 and JNK with SP600125, but no effect could
be observed when the p38MAPK, PI3K, or NF�kB pathways were
blocked. UO126 was also able to block the inhibitory effect of
IFN-�–stimulated plasma cells on T cells. Thus, the MEK/ERK
pathway seems a major contributor responsible for IFN-�–induced
expression of B7-H1 in malignant plasma cells. Several studies
have established that, in addition to the classical JAK/STAT
pathway, IFN-� activates MAPK.37 p38 MAPK can activate STAT1
through phosphorylation of serine 727.44 ERK activates C/EBP-
dependent gene transcription through IFN-�.45 A recent study
reported induction of B7-H1 expression in dermal fibroblasts
through phosphorylation of ERK and PI3K.46 Our data do not
support a role for PI3K/AKT in induced B7-H1 expression, but it
seems likely that IFN-� signaling is mediated through different
pathways depending on the cell types involved.

MyD88 adaptor protein is essential for TLR signaling. Stimula-
tion of TLRs triggers the association of MyD88, which in turn
recruits IRAK4 (IL-1R associated kinase 4), thereby allowing
association with IRAK1 and the adaptor protein TRAF6.47 These
associations lead to activation of downstream kinases, allowing
activation of MAPK and NF�B. A recent report has described

MyD88 as a new component required for IFN-� signaling: MyD88
associates with IFN-�R1, resulting in p38MAPK activation and
stabilization of transcripts encoding TNF-	 and IP-10.38 Another
report showed that activation of TLR4 on mouse tumor cells can
induce B7-H1 expression and TLR expression has recently been
described in plasma cells isolated from MM patients. This prompted
us to explore the possibility that MyD88 could be a common
component involved in B7-H1 expression through IFN-� and TLR
signaling. We first observed that MyD88 was expressed both in
MGUS and MM patient CD-138–selected cells and this expression
was enhanced by IFN-� exposure. We observed that ERK phosphor-
ylation induced by IFN-� was inhibited by transfection of MyD88
siRNA, a dominant-negative mutant of MyD88, or TRAF6 siRNA.
Thus, the MyD88 pathway is essential for ERK phosphorylation
induced by IFN-� in MM plasma cells. Then we observed that
blocking MyD88 or TRAF6 also inhibited the induction of B7-H1
expression by IFN-�. Stimulation of MyD88 with TLR ligands also
resulted in ERK phosphorylation and B7-H1 expression that was
blocked by MyD88 inhibition. Thus, MyD88 is an essential and
common component of IFN-� signaling and TLR-driven expres-
sion of B7-H1 in MM plasma cells.

MM plasma cells transfected with a dominant-negative mutant
of MyD88 also showed both reduced inhibition of IFN-� on T-cell
expansion and CTL generation, whereas LPS stimulation of MM
plasma cells led to T-cell inhibition that was reversible with
anti-B7-H1 antibodies. Two recent reports have described TLR
expression in malignant plasma cells from MM patients, including
TLR1, TLR4, TLR7, and TLR9.40,41 Stimulation of these TLRs

Figure 6. STAT1 and IRF-1 activity and B7-H1 expression. (A) TransAM assay of MAPK-regulated transcription factors. (B) TransAM assay of STAT1	 transcription
factor in nuclear extracts from RPMI 8226 or RPMI 8226/DN-hMyD88 cells incubated for 30 minutes with 500 IU/mL IFN-� and with or without 1-hour preincubation with
20 �M UO126. (C) JAK2 and STAT1 phosphorylation in RPMI 8226 cells exposed for 30 minutes to 500 IU/mL IFN-� with or without 1-hour preincubation with 25 �M AG490
or 20 �M UO126. (D) Same as (C) but from a representative CD-138-selected MM sample. (E) Flow cytometric analysis of B7-H1 expression in RPMI 8226 cells
transfected with control NS or STAT1 siRNAs. (F) Same as (E) but with 4 CD138-selected MM samples. (G) Western blot analysis of STAT1 expression in a representative
CD138-selected MM sample after transfection with control NS or STAT1 siRNAs (H) Western blot analysis of IRF-1 expression after incubation for 24 hours with 500 IU/mL
IFN-� and pre-treated for 1 hour with 20 �M UO126 or 25 �M PD98059. (I) Flow cytometric analysis of B7-H1 expression by RPMI 8226 cells or 3 CD138-selected MM
samples incubated for 24 hours with IFN-� with control NS or IRF-1 siRNA.
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resulted in IL-6 production and MM cell proliferation. MM patients
are vulnerable to infections and it has been hypothesized that
microorganisms might trigger TLR on MM plasma cells and,
thereby, promote tumor disease progression. Our data indicate that
triggering MyD88 through TLR or IFN-� in MM plasma cells
could contribute to T-cell dysfunction by overexpression of B7-H1.
We can hypothesize that T cells recognizing MM-associated tumor

antigens would produce IFN-� that then induces B7-H1 overexpres-
sion on malignant plasma cells, and this then blocks T-cell
activation. Repeated infections in patients would also contribute to
B7-H1 expression through PAMP released by microorganisms and,
thereby, further promote tumor cell escape from T cells.

A previous study regarding B7-H1 expression in macrophages and
Th1 cells indicated that B7-H1 expression induced by IFN-� is
dependent on STAT1.48 Our data indicate that IFN-�–induced B7-H1
expression in MM plasma cells is mediated through MyD88/TRAF6
and MEK/ERK. Classical TLR signaling through MyD88 can activate
MAPK and NF�B. We investigated which transcription factors were
activated by measuring in nuclear extracts the quantity of transcription
factors bound on specific DNAsequences. We only detected an increase
in STAT1 binding after IFN-� stimulation, which was inhibited by a
dominant negative mutant of MyD88 and UO126. Blocking STAT1
with siRNA reduced B7-H1 expression. Thus, in malignant plasma
cells, STAT1 is involved in B7-H1 expression induced by IFN-�. These
results are similar to those obtained by Loke et al48 with mouse
STAT1
/
 macrophages stimulated with LPS and IFN-�. However,
our results constitute the first demonstration that IFN-� signaling and
B7-H1 expression is connected in malignant plasma cells through a
MyD88/MEK/ERK-dependent and, at least partially, STAT1-dependent
pathway. IRF-1, which is one of the main targets of IFN-� signaling,
was upregulated in plasma cells exposed to IFN-� but reduced when
UO126 and PD98059 were added, thus confirming a major role for the
MEK/ERK pathway in IFN-� signaling in malignant plasma cells. A
recent study in A549 cells demonstrated that IRF-1 binds to a specific
site in the B7-H1 putative promoter and contributes to the constitutive
expression of B7-H1 in these cells.42 In this study, B7-H1 expression
was inhibited byAG490, suggesting stimulation via a direct JAK/STAT/
IRF-1 pathway. We observed only a slight reduction of B7-H1 expres-
sion in plasma cells transfected with IRF-1 siRNA and the JAK2
inhibitor AG490 had only a modest effect. Thus, B7-H1 expression is
likely to be modulated through different pathways among different
tumor cell types. This does not rule out a role for a direct JAK2/STAT1/
IRF-1 pathway in malignant plasma cells, but does indicate that the
MyD88/MEK/ERK/STAT1 pathway is a main inducer of B7-H1 in
these cells.

In summary, we have shown that B7-H1 is expressed on
malignant plasma cells, that it is involved in inhibition of T-cell
responses by these malignant cells, and is upregulated by IFN-�
and TLR ligands through a common pathway involving MEK/ERK
and MyD88. These findings may lead to new therapeutic develop-
ments; for instance, blocking the MEK/ERK pathway in MM
patients with specific inhibitors at selected times just before
T-cell–based immunotherapy. Further development of MEK inhibi-
tors, usable in vivo, would be especially helpful to further
investigate this potential targeted therapy against immune escape
mechanisms by malignant cells.
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(Comité du septentrion). J.Z. is a recipient of a grant from the
Fondation pour la Recherche Médicale and from the Institut de
Recherche sur le Cancer de Lille.

Authorship

Contribution: B.Q. designed the study; J.L., A.H., D.H., and A.S.
performed the research and analyzed the data; D.W., V.C., and K.K.

Figure 7. T-cell inhibition by MM plasma cells. (A) CD8� T-cell expansion after a
2-week coculture with irradiated RPMI 8226 MM cells pre-incubated with 500 IU/mL
IFN-� and 20 �M UO126 or anti-B7-H1 or isotype control. (B) CTL activity of
CD8-sorted T cells expanded for 2 weeks with irradiated RPMI 8226 cells, against
HEK 293, K562, and RPMI 8226 cells. (C) CTL activity against RPMI 8226 cells of
CD8-sorted T cells expanded for 2 weeks with irradiated RPMI 8226 cells pre-
incubated with 500 IU/mL IFN-� � /
 20 �M UO126 or anti-B7-H1 or isotype control.
(D) Same as (C) but with CD8-sorted T cells expanded with irradiated RPMI
8226/DN-hMyD88 cells. (E) Same as (C) but 500 ng/mL LPS instead used for
preincubation of stimulator cells in coculture. (F) CTL activity against CD-138
selected MM cells of CD8-sorted T cells expanded for 2 weeks with irradiated
CD138-selected samples pre-incubated for 24 hours with 500 IU/mL IFN-� or
500 ng/mL LPS used as stimulator cells in coculture. Results are means and SD of
4 samples. (G) Same as (B) but against target cells pre-incubated for 1 hour with
TLR ligands (500 ng/mL LPS, 2.5 �g/mL PGN, 5 �M ODN) or 500 IU/mL IFN-�
before CTL assay. Data represent mean and SD of experiments performed twice
in quadruplicate.

B7-H1 EXPRESSION IN MULTIPLE MYELOMA 303BLOOD, 1 JULY 2007 � VOLUME 110, NUMBER 1

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/110/1/296/481946/zh801307000296.pdf by guest on 04 June 2024



provided patient samples and critical suggestions; and J.L. and
B.Q. wrote the paper.

Conflict-of-interest disclosure: The authors declare no compet-
ing financial interests.

Correspondence: Bruno Quesnel, Service des Maladies du
Sang, Centre Hospitalier et Universitaire de Lille, Rue
Polonovski, 59037, Lille, France; e-mail: brunoquesnel@
hotmail.com.

References

1. van de Donk NW, Lokhorst HM, Bloem AC.
Growth factors and antiapoptotic signaling path-
ways in multiple myeloma. Leukemia. 2005;19:
2177-2185.

2. Hideshima T, Bergsagel PL, Kuehl WM, Anderson
KC. Advances in biology of multiple myeloma:
clinical applications. Blood. 2004;104:607-618.

3. Quesnel B. Multiple myeloma: all roads lead to
cyclin D. Blood. 2005;106:1-2.

4. Giuliani N, Colla S, Sala R, et al. Human my-
eloma cells stimulate the receptor activator of
nuclear factor-kappa B ligand (RANKL) in T
lymphocytes: a potential role in multiple my-
eloma bone disease. Blood. 2002;100:4615-
4621.

5. Kukreja A, Hutchinson A, Dhodapkar K, et al. En-
hancement of clonogenicity of human multiple
myeloma by dendritic cells. J Exp Med. 2006;203:
1859-1865.

6. Alyea E, Weller E, Schlossman R, et al. T-cell-
depleted allogeneic bone marrow transplantation
followed by donor lymphocyte infusion in patients
with multiple myeloma: induction of graft-versus-
myeloma effect. Blood. 2001;98:934-939.

7. Goodyear O, Piper K, Khan N, et al. CD8� T cells
specific for cancer germline gene antigens are
found in many patients with multiple myeloma,
and their frequency correlates with disease bur-
den. Blood. 2005;106:4217-4224.

8. Jungbluth AA, Ely S, DiLiberto M, et al. The can-
cer-testis antigens CT7 (MAGE-C1) and MAGE-
A3/6 are commonly expressed in multiple my-
eloma and correlate with plasma-cell proliferation.
Blood. 2005;106:167-174.

9. Frassanito MA, Cusmai A, Dammacco F. Deregu-
lated cytokine network and defective Th1 immune
response in multiple myeloma. Clin Exp Immunol.
2001;125:190-197.

10. Maecker B, Anderson KS, von Bergwelt-Baildon
MS, et al. Viral antigen-specific CD8� T-cell re-
sponses are impaired in multiple myeloma. Br J
Haematol. 2003;121:842-848.

11. Mariani S, Coscia M, Even J, et al. Severe and
long-lasting disruption of T-cell receptor diversity
in human myeloma after high-dose chemo-
therapy and autologous peripheral blood progeni-
tor cell infusion. Br J Haematol. 2001;113:1051-
1059.

12. Beyer M, Kochanek M, Giese T, et al. In vivo
peripheral expansion of naive CD4�CD25high
FoxP3� regulatory T cells in patients with mul-
tiple myeloma. Blood. 2006;107:3940-3949.

13. Prabhala RH, Neri P, Bae JE, et al. Dysfunctional
T regulatory cells in multiple myeloma. Blood.
2006;107:301-304.

14. Greenwald RJ, Freeman GJ, Sharpe AH. The B7
family revisited. Annu Rev Immunol. 2005;23:515-
548.

15. Dong H, Zhu G, Tamada K, Chen L. B7-H1, a
third member of the B7 family, costimulates T-cell
proliferation and interleukin-10 secretion. Nat
Med. 1999;5:1365-1369.

16. Dong H, Strome SE, Salomao DR, et al. Tumor-
associated B7-H1 promotes T-cell apoptosis: a
potential mechanism of immune evasion. Nat
Med. 2002;8:793-800.

17. Freeman GJ, Long AJ, Iwai Y, et al. Engagement
of the PD-1 immunoinhibitory receptor by a novel
B7 family member leads to negative regulation of
lymphocyte activation. J Exp Med. 2000;192:
1027-1034.

18. Carter L, Fouser LA, Jussif J, et al. PD-1:PD-L
inhibitory pathway affects both CD4(�) and
CD8(�) T cells and is overcome by IL-2. Eur
J Immunol. 2002;32:634-643.

19. Kanai T, Totsuka T, Uraushihara K, et al. Block-
ade of B7-H1 suppresses the development of
chronic intestinal inflammation. J Immunol. 2003;
171:4156-4163.

20. Subudhi SK, Zhou P, Yerian LM, et al. Local ex-
pression of B7-H1 promotes organ-specific auto-
immunity and transplant rejection. J Clin Invest.
2004;113:694-700.

21. Saudemont A, Jouy N, Hetuin D, Quesnel B. NK
cells that are activated by CXCL10 can kill dor-
mant tumor cells that resist CTL-mediated lysis
and can express B7-H1 that stimulates T cells.
Blood. 2005;105:2428-2435.

22. Saudemont A, Quesnel B. In a model of tumor
dormancy, long-term persistent leukemic cells
have increased B7-H1 and B7.1 expression and
resist CTL-mediated lysis. Blood. 2004;104:2124-
2133.

23. Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T,
Minato N. Involvement of PD-L1 on tumor cells in
the escape from host immune system and tumor
immunotherapy by PD-L1 blockade. Proc Natl
Acad Sci U S A. 2002;99:12293-12297.

24. Dong H, Chen L. B7-H1 pathway and its role in
the evasion of tumor immunity. J Mol Med. 2003;
81:281-287.

25. Wintterle S, Schreiner B, Mitsdoerffer M, et al.
Expression of the B7-related molecule B7-H1
by glioma cells: a potential mechanism of im-
mune paralysis. Cancer Res. 2003;63:7462-
7467.

26. Blank C, Brown I, Peterson AC, et al. PD-L1/
B7H-1 inhibits the effector phase of tumor rejec-
tion by T cell receptor (TCR) transgenic CD8�
T cells. Cancer Res. 2004;64:1140-1145.

27. Konishi J, Yamazaki K, Azuma M, Kinoshita I,
Dosaka-Akita H, Nishimura M. B7-H1 expression
on nonsmall cell lung cancer cells and its relation-
ship with tumor-infiltrating lymphocytes and their
PD-1 expression. Clin Cancer Res. 2004;10:
5094-5100.

28. Thompson RH, Gillett MD, Cheville JC, et al. Co-
stimulatory B7-H1 in renal cell carcinoma pa-
tients: Indicator of tumor aggressiveness and
potential therapeutic target. Proc Natl Acad Sci
U S A. 2004;101:17174-17179.

29. Vereecque R, Saudemont A, Quesnel B. Cytosine
arabinoside induces costimulatory molecule ex-
pression in acute myeloid leukemia cells. Leuke-
mia. 2004;18:1223-1230.

30. Brown JA, Dorfman DM, Ma FR, et al. Blockade
of programmed death-1 ligands on dendritic cells
enhances T cell activation and cytokine produc-
tion. J Immunol. 2003;170:1257-1266.

31. Curiel TJ, Wei S, Dong H, et al. Blockade of
B7-H1 improves myeloid dendritic cell-medi-
ated antitumor immunity. Nat Med. 2003;9:562-
567.

32. Strome SE, Dong H, Tamura H, et al. B7-H1
blockade augments adoptive T-cell immuno-
therapy for squamous cell carcinoma. Cancer
Res. 2003;63:6501-6505.

33. He YF, Zhang GM, Wang XH, et al. Blocking
programmed death-1 ligand-PD-1 interactions
by local gene therapy results in enhancement
of antitumor effect of secondary lymphoid tis-
sue chemokine. J Immunol. 2004;173:4919-
4928.

34. Hirano F, Kaneko K, Tamura H, et al. Blockade of
B7-H1 and PD-1 by monoclonal antibodies poten-
tiates cancer therapeutic immunity. Cancer Res.
2005;65:1089-1096.

35. Huang B, Zhao J, Li H, et al. Toll-like receptors on
tumor cells facilitate evasion of immune surveil-
lance. Cancer Res. 2005;65:5009-5014.

36. Petrovas C, Casazza JP, Brenchley JM, et al.
PD-1 is a regulator of virus-specific CD8� T cell
survival in HIV infection. J Exp Med. 2006.

37. Platanias LC. Mechanisms of type-I- and type-II-
interferon-mediated signalling. Nat Rev Immunol.
2005;5:375-386.

38. Sun D, Ding A. MyD88-mediated stabilization of
interferon-gamma-induced cytokine and chemo-
kine mRNA. Nat Immunol. 2006;7:375-381.

39. Burns K, Martinon F, Esslinger C, et al. MyD88,
an adapter protein involved in interleukin-1 sig-
naling. J Biol Chem. 1998;273:12203-12209.

40. Jego G, Bataille R, Geffroy-Luseau A, Des-
camps G, Pellat-Deceunynck C. Pathogen-as-
sociated molecular patterns are growth and
survival factors for human myeloma cells
through Toll-like receptors. Leukemia. 2006;20:
1130-1137.

41. Bohnhorst J, Rasmussen T, Moen SH, et al. Toll-
like receptors mediate proliferation and survival of
multiple myeloma cells. Leukemia. 2006;20:1138-
1144.

42. Lee SJ, Jang BC, Lee SW, et al. Interferon regu-
latory factor-1 is prerequisite to the constitutive
expression and IFN-gamma-induced upregula-
tion of B7-H1 (CD274). FEBS Lett. 2006;580:755-
762.

43. Thompson RH, Kuntz SM, Leibovich BC, et al.
Tumor B7-H1 is associated with poor prognosis
in renal cell carcinoma patients with long-
term follow-up. Cancer Res. 2006;66:3381-
3385.

44. Goh KC, Haque SJ, Williams BR. p38 MAP ki-
nase is required for STAT1 serine phosphoryla-
tion and transcriptional activation induced by in-
terferons. EMBO J. 1999;18:5601-5608.

45. Hu J, Roy SK, Shapiro PS, et al. ERK1 and ERK2
activate CCAAAT/enhancer-binding protein-beta-
dependent gene transcription in response to in-
terferon-gamma. J Biol Chem. 2001;276:287-
297.

46. Lee SK, Seo SH, Kim BS, et al. IFN-gamma
regulates the expression of B7-H1 in dermal
fibroblast cells. J Dermatol Sci. 2005;40:95-
103.

47. Akira S, Takeda K. Toll-like receptor signalling.
Nat Rev Immunol. 2004;4:499-511.

48. Loke P, Allison JP. PD-L1 and PD-L2 are differen-
tially regulated by Th1 and Th2 cells. Proc Natl
Acad Sci U S A. 2003;100:5336-5341.

304 LIU et al BLOOD, 1 JULY 2007 � VOLUME 110, NUMBER 1

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/110/1/296/481946/zh801307000296.pdf by guest on 04 June 2024


