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to immune evasion via secretion of IL-6 and IL-10
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Abstract Non-Hodgkin lymphoma (NHL) is an incur-
able lymphoproliferative cancer, and patients with NHL
have a poor prognosis. The present study explored the regu-
latory mechanism of expression and possible roles of the
immunosuppressive B7-H4 molecule in human NHL. For
functional studies, NHL-reactive T cell lines were gener-
ated via the isolation of allogeneic CD3* T cells from
healthy donors and repeated in vitro stimulation with irra-
diated NHL cells isolated from patients. B7-H4 was found
to be distributed in NHL cells and tissues, and its surface
protein expression levels were further upregulated by the
incubation of NHL cells with interleukin (IL)-6, IL-10,
or interferon-y. Additionally, the supernatants of tumor-
associated macrophages (tM@s) upregulated B7-H4 sur-
face expression by producing IL-6 and IL-10. B7-H4
expressed in NHL cells inhibited the cytotoxic activity of
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NHL-reactive T cells. Conversely, the inhibition of B7-H4
in NHL cells promoted T cell immunity and sensitized
NHL cells to cytolysis. Furthermore, tMgs induced B7-H4
promoted NHL cell evasion of the T cell immune response.
In conclusion, this study shows that NHL-expressed B7-H4
is an important immunosuppressive factor that inhibits host
anti-tumor immunity to NHL. Targeting tumor-expressed
B7-H4 may thus provide a new treatment strategy for NHL
patients.
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Abbreviations

CTL Cytotoxic T lymphocyte

DLBCL Diffuse large B cell lymphoma
FasL Fas ligand

FL Follicular lymphoma

IFN Interferon

IL Interleukin

IeG Immunoglobulin G

LPS Lipopolysaccharide

Lyl10 OCI-Ly10

mADb Monoclonal antibody

M-CSF  Macrophage colony-stimulating factor
MHC Major histocompatibility complex

Nal Nalmawa

NHL Non-Hodgkin lymphoma
nMes Normal macrophages
PBMCs Peripheral blood mononuclear cells

PD Programmed death protein

PD-L Programmed death ligand

TGF Transforming growth factor
tMs Tumor-associated macrophages
TNF Tumor necrosis factor
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Tregs Regulatory T cells
VEGF  Vascular endothelial growth factor
Introduction

Non-Hodgkin lymphoma (NHL) is a biologically and
clinically heterogeneous lymphoproliferative malignancy
[1, 2]. It ranks as the sixth most common cancer and sev-
enth leading cause of malignant tumor-associated mortal-
ity worldwide [1, 3], affecting >300,000 people each year
[4]. Approximately 85% of NHLs are derived from B cells
[5]. NHL comprises more than 40 disease entities rang-
ing from indolent to aggressive forms; the most frequent
subtypes are follicular lymphoma (FL) and diffuse large B
cell lymphoma (DLBCL) [4-6]. Although overall survival
rates in NHL patients have improved significantly in recent
years, many patients relapse or are refractory after initial
therapy [7], and successful therapeutic strategies for such
patients remain a major challenge. Thus, novel treatments
are required to augment current approaches.

Immunotherapy has emerged as a useful treatment strat-
egy for many cancers, and the induction of anti-tumor
immune responses has the potential to provide a cure for
NHL, particularly when used in combination with other
treatments [5, 8]. The introduction of chemoimmuno-
therapy with rituximab, an anti-CD20 monoclonal anti-
body (mAb), has improved the overall survival of patients
with NHL [5, 9]. Additionally, the induction of anti-tumor
immunity with idiotypic proteins has been demonstrated to
improve the clinical outcomes of NHL [10]. For example, a
multicenter controlled phase III clinical trial revealed that
the administration of specific tumor-derived idiotypic vac-
cines following chemotherapy improved the disease-free
survival of FL patients [11].

Recent studies identifying the mechanisms by which
tumors evade the immune response have led to substantial
progress in tumor immunotherapy [12]. The programmed
death protein (PD)-1/programmed death ligand (PD-L)1
pathway has been identified as a major immune checkpoint
and was implicated in the immune evasion of various types
of cancer [12, 13]. In patients with relapsed FL, the combi-
nation of rituximab and immune checkpoint blockade ther-
apy with anti-PD-1 mAbs induced objective response and
complete response rates of 66 and 52%, respectively [14].
However, resistance to immunotherapy remains a problem
[5]. Possible mechanisms of therapy resistance include
inhibitory signaling by the tumor cells and/or the tumor
microenvironment. Therefore, improving the efficacy of
immunotherapies in NHL patients will require a more com-
plete understanding of the mechanisms of tumor immune
evasion.
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B7-H4 was discovered in 2003 and, while our knowl-
edge of its function continues to grow, much remains to be
understood [15-17]. B7-H4 is a B7 transmembrane mol-
ecule [18] encoded by a gene located on chromosome 1
in humans [15, 19]. This gene is expressed extensively in
human peripheral tissues, but protein expression appears
to be more limited [20-22]. B7-H4 triggers immunosup-
pressive signaling in T cells and regulates T cell immunity
[16]. Recent studies have shown that the B7-H4 protein is
detectable in tumors, including gastric [23-27], colorectal
[28], pancreatic [29], breast [30], lung [31, 32] and thyroid
cancers [33], renal cell carcinoma [34-37], and melanoma
[38]. Moreover, B7-H4 expression levels correlate with
tumor stage, metastasis, and disease progression of these
malignancies, as well as patient prognosis and survival
[20, 27, 30-33, 35, 36, 38—42]. Therefore, tumor-expressed
B7-H4 may be a novel mechanism by which the tumor
evades the immune system. As such, B7-H4 has been
shown to promote the proliferation of esophageal squamous
cell carcinoma cells [43]. Additionally, in a murine model
of 4T1 metastatic breast cancer, T cells obtained from the
lungs of B7-H4-knockout mice produced greater amounts
of the inflammatory cytokines interferon (IFN)-y and
tumor necrosis factor (TNF)-a than T cells obtained from
the lungs of wild-type mice [44]. In this study, the roles of
B7-H4 in the anti-tumor immune response to human NHL
were explored.

Materials and methods
Patients and cell lines

Primary NHL cells were collected from tissues, bone mar-
row, and peripheral blood aspirates from patients with
NHL. Peripheral blood aspirates were collected from
patients with relapsed NHL and bone marrow involvement.
Tissue specimens were obtained by surgical resection from
newly diagnosed patients at Linyi People’s Hospital (Linyi,
China) between 2009 and 2014. All NHL cases were diag-
nosed and classified on the basis of standard World Health
Organization criteria [45]. Clinical staging was conducted
on the basis of the Ann Arbor classification. The study was
approved by the Institutional Review Board of Linyi Peo-
ple’s Hospital, and all patients provided their informed con-
sent. Mononuclear cells were isolated as described previ-
ously [8]. NHL cells were separated by anti-CD19 (B-cell
antigen) or anti-CD3 (T cell antigen) mAbs (Miltenyi
Biotec, Bergisch Gladbach, Germany). Isolated NHL cells
were kept frozen in liquid nitrogen until use. The K562
human myelogenous leukemia cell line, and Nalmawa
(Nal), SP53, Jeko-1, OCI-Ly10 (Ly10), Raji, and U2932
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human NHL lines (ATCC, Manassas, VA) were maintained
as described previously [8].

Reverse transcription (RT)-PCR

Details of RT-PCR analyses have been described previ-
ously [46]. The following primers were designed for RT-
PCR: B7-H4 forward 5-CTTCTGCCTCTCAGCCCT
TA-3', B7-H4 reverse 5'-GAAATAGTTCTGTAGATCCCT
GTTG-3'; GAPDH forward 5-GGGTGTGAACCATGA
GAAGT-3', GAPDH reverse 5'-GACTGTGGTCATGAG
TCCT-3'.

Immunohistochemistry

All resected tissues were fixed in 10% neutral-buffered for-
malin and embedded in paraffin. Several 5-um-thick serial
histological sections were cut for immunohistochemical
staining. The primary anti-B7-H4 mAb (clone H74) and the
immunoglobulin G (IgG) isotype negative control antibody
(both Abcam, Cambridge, UK) were used at a dilution of
1:200. For each stained section, five fields were randomly
observed at high power with an optical microscope (400x
magnification; B-150, Optika, Ponteranica, Italy) and stain-
ing was scored by three independent pathologists who were
blinded to clinical data.

Flow cytometric analysis

Antibodies against human B7-H4 (clone H74), perforin
(clone dG9), granzyme B (clone GBI11), CD8 (Clone
OKTS), and Fas ligand (FasL) (Clone NOK-1), and isotype
control antibodies were obtained from eBioscience (San
Diego, CA). Data were acquired with a Navios flow cytom-
eter (Beckman Coulter, Miami, FL).

Generation of macrophages

Peripheral blood mononuclear cells (PBMCs) obtained
from healthy donors were cultured in 12-well plates at
37°C. After 2 h, non-adherent cells were removed by
washing with medium and adherent monocytes were dif-
ferentiated into normal macrophages (nMgs) by culturing
in medium supplemented with macrophage colony-stim-
ulating factor (M-CSF) [47] for 7 days. nM@s were then
cultured for 72 h with conditioned medium from NHL cell
cultures [48] to generate tumor-associated macrophages
(tM@s). tMes were also generated from NHL patient
monocytes by culturing for 7 days with M-CSF.

Establishment of NHL-reactive T cell lines
and cytotoxicity assay

NHL-reactive T cell lines were established and expanded
as described previously [8]. The nomenclature for the T
cell lines was based on the treatment of the NHL cells
against which they were generated. Thus, cytotoxic T
lymphocyte (CTL)-ctl were generated against untreated
NHL cells, CTL-a-IgG were generated against NHL cells
pretreated with control IgG, and CTL-a-B7-H4 were
generated against NHL cells pretreated with anti-B7-H4
mAb. A CytoTox 96 Non-Radioactive Cytotoxicity Assay
kit (Promega Corporation, Madison, WI) was used to
measure the cytolytic activity of the T cell lines against
target cells.

Enzyme-linked immunosorbent assay (ELISA)

ELISA kits (all from R&D Systems, Minneapolis, MN)
were used to examine the level of IL-6, IL-10, and IFN-y
protein secreted into the cell supernatants.

Statistical analysis

Student’s ¢ test was applied to compare groups, and P <0.05
was regarded as statistically significant. Unless otherwise
indicated, data are shown as the mean + standard deviation.

Results
B7-H4 expression in human NHL

The B7-H4 gene was expressed in all human NHL cells
tested (Fig. la). However, only the NHL cell line Raji
expressed surface B7-H4 protein, while little or no surface
expression of B7-H4 was detected in the other five NHL
cell lines (Fig. 1b). Nevertheless, B7-H4 was expressed in
a significantly higher percentage of primary NHL cells than
normal B cells or PBMCs (Fig. 1c, P<0.01).

Next, we detected B7-H4 expression in tissues from
patients with NHL (n=60) and lymphadenitis (n=15) by
immunohistochemical staining. B7-H4 expression in NHL
tissue was significantly higher than in tissue from lymphad-
enitis patients (Fig. 1d, P <0.01). Representative images of
B7-H4 immunohistochemical staining in NHL patient tis-
sue are shown in Fig. le. Although heterogeneity in the fre-
quency of B7-H4* tumors was noted for the various NHL
subsets (Fig. 1f), the expression of B7-H4 was detected in
most NHL tumors examined.
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Fig. 1 Expression of B7-H4 in human NHL cells. a B7-H4 gene
expression examined by RT-PCR. b, ¢ Surface protein expression of
B7-H4 detected by flow cytometry in NHL cell lines (b red isotype
control; green anti-B7-H4), and primary NHL cells obtained from
20 NHL patients, B cells from ten healthy donors, and PBMCs from
eight healthy donors (c). d B7-H4 protein expression assessed by IHC
staining of tissues from 60 patients with NHL and 15 patients with
lymphadenitis. e Representative IHC staining of B7-H4 in NHL tis-
sues. An IgG isotype control was used for negative control staining.
Original magnification x400. f Percentage of B7-H4% tumor cells
among the different NHL subsets: diffuse large B cell lymphoma
(DLBCL, n=29); mantle cell lymphoma (MCL, n=5); extra-nodal

IFN-vy, IL-6, and IL-10 enhance the surface protein
expression of B7-H4 in NHL

The mechanisms of regulating B7-H4 expression in NHL are
unclear. Therefore, we examined the effects of various inflam-
matory factors on NHL B7-H4 expression. NHL cell lines
and primary NHL cells were cultured for 24 h, stimulated
with IL-2, IL-4, IL-6, IL-10 (all at 5 ng/ml), lipopolysaccha-
ride (LPS) (500 ng/ml), TNF-a (10 ng/ml), or IFN-y (500 IU/
ml), and the surface protein expression of B7-H4 was then
examined by flow cytometry. We found that whereas IFN-y,
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marginal-zone lymphoma of mucosa-associated lymphoid tissue
(MALT, n=2); follicular lymphoma (FL, n=1); marginal-zone lym-
phoma (MZL, n=2); T cell-rich large B cell lymphoma (TRLBCL,
n=1); mature B cell lymphoma, unclassifiable (MBCL-u, n=06);
peripheral T cell lymphoma (PTCL, n=4); anaplastic large cell lym-
phoma, ALK-positive (ALCL, n=1); angioimmunoblastic T cell
lymphoma (ATCL, n=3); natural killer/T cell lymphoma (NK/TCL,
n=35), and T cell lymphoblastic lymphoma (T-LBL, n=1). Repre-
sentative samples of B7-H4 expression in NHL cells are shown. NHL
non-Hodgkin lymphoma, R7-PCR reverse transcription PCR, PBMC
peripheral blood mononuclear cells, /HC immunohistochemical stain-
ing, /gG immunoglobulin G

IL-6, and IL-10 upregulated B7-H4 surface protein expres-
sion in the NHL cell line Nal (Fig. 2a) and primary NHL
cells isolated from three NHL patients (Fig. 2b—d), IL-2,
IL-4, LPS, and TNF-a had little or no effect (data not shown).

tMs upregulate the surface expression levels
of B7-H4 in NHL cell lines and primary NHL cells
via the secretion of IL-10 and IL-6

The tumor microenvironment is a complex cellular niche
containing various cytokines. To determine whether this
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Fig. 2 Induced surface protein expression of B7-H4 in NHL cells.
Surface protein expression of B7-H4 in a NHL cell line Nal and
primary NHL tumor cells from b PT7, ¢ PT8, and d PT9 following
stimulation with IL-6 (5 ng/ml), IL-10 (5 ng/ml), and IFN-y (500 U/

could affect B7-H4 expression in NHL cells, we incubated
the Nal NHL cell line and primary NHL cells isolated from
three patients for 24 h with conditioned medium collected
from nMes or tMes. Surface protein expression levels of
B7-H4 were shown to be augmented in Nal and primary
NHL cells after stimulation with supernatants from tMes,
but not from nMes (Fig. 3a).

This finding suggested that tMs produce a soluble fac-
tor that upregulates B7-H4 expression. Therefore, we ana-
lyzed the cytokine content of culture supernatants from
nMe and tM@ generated from four healthy donors. IL-10
(Fig. 3b) and IL-6 (Fig. 3c) were expressed at markedly
higher levels in the supernatants of tM@s compared with
nMes, suggesting that IL-10 and IL-6 secreted by tMes
contribute to the upregulation of B7-H4 expression in NHL
cells. To verify this, neutralizing IL-10 or IL-6 mAbs were
added to tM@-conditioned medium which was then used to
incubate NHL cells. Neutralization of IL-10 or IL-6 effec-
tively prevented surface B7-H4 upregulation (Fig. 3d), con-
firming that IL-10 and IL-6 secreted by tMes induced sur-
face protein expression of B7-H4 in NHL cells. There was
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ml) for 24 h. (red isotype control; green anti-B7-H4). Representative
samples of B7-H4 expression in NHL cells are shown. NHL, non-
Hodgkin lymphoma, PT patient, /L interleukin, /FN interferon

no difference between the growth of NHL cells incubated
with tM- and nM@-conditioned medium (data not shown).

Generation of NHL-reactive T cell lines

The potential role of B7-H4 in regulating the host anti-
tumor immunity in NHL is unclear. To explore this,
we generated NHL-reactive T cell lines by incubat-
ing irradiated primary tumor cells from NHL patients
with CD3% T cells isolated from healthy allogeneic
donors. Following several cycles of stimulation, NHL-
reactive T cell lines were established and analyzed for
cytolytic activity. NHL-reactive T cell lines (CTL1-4,
generated against NHL cells from patients 1-4, respec-
tively) showed efficient killing of their cognate tumor
cells (Fig. 4a). In addition to killing the NHL cells they
were raised against, the T cells were able to kill primary
NHL cells from other patients, as illustrated for CTL4 in
Fig. 4b. However, the myelogenous leukemia line K562
was not killed (Fig. 4b), suggesting that natural killer
cells did not participate in cytolysis. Moreover, the T
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Fig. 3 B7-H4 expression in NHL cells upregulated by tMegs via
IL-10 and IL-6 production. a Surface protein expression of B7-H4
(green) in NHL cell line Nal and primary NHL cells from PT7, PT8,
and PT9 following stimulation with supernatants from tM¢ or nM¢@
cultures for 24 h (red isotype control). b, ¢ tM@s and nMgs were
generated from four healthy donors (1-4) and cultured for 24 h, and
supernatants were harvested for quantification of IL-10 (b) and IL-6
(c) by ELISA. d B7-H4 surface expression (green) in Nal cells and

cells showed almost no cytolytic activity against normal
B cells or PBMCs (Fig. 4b), indicating that the alloge-
neic T cell lines were reactive against tumor-specific
antigens which are absent in normal blood cells.

To investigate the major histocompatibility complex
(MHC) restriction of NHL-specific killing, lysis assays
were performed using anti-MHC class I or II mAbs or
an isotype control mAb. Lysis of NHL cells was sig-
nificantly suppressed when using the anti-MHC class 1
mAb compared with the anti-MHC class II or control
IgG mAbs (Fig. 4c, P<0.01 compared with the control
group). These observations suggest that the cytotoxic
activity of NHL-reactive T cell lines may depend on
MHC class I-restricted CD8* T cells.
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primary NHL cells from PT10 following 24 h incubation with super-
natants from tMes in the presence of 20 pg/ml IL-6-neutralizing
mAb (a-IL-6), IL-10-neutralizing mAb (a-IL-10), or control IgG
(o-IgG) (red isotype control). Representative data from three inde-
pendent experiments are shown. NHL non-Hodgkin lymphoma, tM¢
tumor-associated macrophage, IL interleukin, PT patient, nM¢ nor-
mal macrophage, ELISA enzyme-linked immunosorbent assay, mAb
monoclonal antibody, /gG immunoglobulin G

B7-H4 directly inhibits the cytotoxicity of NHL-reactive
T cells

We next investigated the cytotoxic activities of various
NHL-reactive T cell lines against their target NHL cells.
CTL-ctl, CTL-a-IgG, and CTL-a-B7-H4 lines were gener-
ated against NHL cells preincubated with medium, isotype
control IgG, or anti-B7-H4 mAb, respectively. CTL-a-
B7-H4 cells were significantly more cytotoxic than CTL-
ctl and CTL-a-IgG lines (Fig. 5a, b, P<0.05 and P<0.01,
respectively). Furthermore, preincubation of NHL cells
with 20 pg/ml anti-B7-H4 mAb immediately prior to the
killing assay significantly increased their cytotoxic activity
compared with preincubation with control IgG or medium



Cancer Immunol Immunother (2017) 66:717-729

a 9 -
;
: CTL1
o 75 - ~@=CTL2
=
P CTL3
2
S 55 penCILA
=]
o
[45]
35 -
-‘
B 201 201 101
E:T ratio
b 80
~ 60 -
=
i
g 401
a.
w2
20 -
0_
<) x 2, o A
& & & & &L

Fig. 4 Generation of NHL-reactive T cell lines. a Cytotoxicity of
CTL lines 1-4. Cell lines were generated from healthy donor CD3*
cells against primary NHL cells from four patients (PT1-4) and
tested against cognate tumor cells at E:T ratios of 40:1, 20:1, and
10:1. An E:T ratio of 20:1 was used for subsequent experiments. b
Cytotoxicity of CTL4 against primary NHL cells from eight patients
(PT1-8), as well as normal B cells and PBMCs from three NHL
patients (B1-3 and PBMC1-3, respectively). K562 myelogenous leu-
kemia cells were used to assess natural killer cell activity. ¢ Suppres-

(Fig. 5c, d, P<0.05 and P<0.01, respectively). These
observations strongly suggest that NHL-expressed B7-H4
directly inhibits the cytotoxic activity of NHL-reactive T
cells.

tM@-induced upregulation of NHL B7-H4 expression
confers resistance to NHL-reactive T cell-mediated
cytolysis

To examine IFN-y production by NHL-reactive T cells, the
cells were co-cultured with primary NHL cells that were
untreated or pretreated with control IgG or anti-B7-H4
mAb. IFN-y released into the supernatants was then quan-
tified by ELISA. Pretreatment with anti-B7-H4 mAb sig-
nificantly enhanced IFN-y secretion in the co-culture sys-
tem compared with control groups (Fig. 6a, P <0.05 and
P <0.01, respectively). All of the T cell lines raised against
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sion of CTL4 killing of NHL cells by anti-MHC class I mAb instead
of anti-MHC-II or an isotype control mAbs (a-IgG). Similar results
to those in b, ¢ were obtained with T cell lines established from the
other three healthy donors. **P<0.01 compared with control T
cells. NHL non-Hodgkin lymphoma, CTL cytotoxic T lymphocytes,
CD cluster of differentiation, PT patients, E:T effector:target, PBMC
peripheral blood mononuclear cells, MHC major histocompatibility
complex, mAb monoclonal antibody, /gG immunoglobulin G

patient NHL cells produced IFN-y; however, for each donor
CTL-patient NHL pair, CTL-a-B7-H4 cells produced sig-
nificantly higher levels of IFN-y compared with CTL-ctl or
CTL-a-IgG (Fig. 6b, P <0.05).

We next explored the effects of tM@-induced upreg-
ulation of B7-H4 in NHL cells on the cytotoxic activi-
ties of NHL-reactive T cell lines, and found that pre-
treatment of primary NHL cells with supernatants from
tM@ cultures significantly decreased IFN-y secretion
by CTL, consistent with the upregulation of inhibitory
B7-H4 (Fig. 6¢, P<0.01 compared with medium con-
trol or nM@s). The addition of anti-IL-10, anti-IL-6, or
anti-B7-H4 mAbs to tM-conditioned medium partially
reversed the suppression of IFN-y production (Fig. 6d,
P<0.05 and P<0.01 compared with medium control
or control I1gG). These observations suggest that tMq-
stimulated NHL cells are more resistant to cytolysis by
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Fig. 5 Cytotoxic activity of NHL-reactive T cell lines. CTL2 and
CTL11 lines were generated against NHL cells from PT2 and 11,
respectively. NHL cells were pretreated with medium alone (ctl) or
with 20 pg/ml anti-B7-H4 mAb (a-B7-H4) or control IgG (a-IgG).
Cytotoxicity of CTL2-ctl, CTL2-a-IgG, and CTL2-a-B7-H4 against
NHL cells from PT2 (a) and CTL11-ctl, CTL11-a-IgG, and CTL11-
a-B7-H4 against NHL cells from PT11 (b). Cytotoxicity assay of

NHL-reactive T cell lines because of the IL-6 and/or IL-
10-induced upregulation of inhibitory B7-H4.

NHL-reactive T cell lines express perforin
and granzyme B

We next investigated whether NHL-reactive T cell lines
express the cytolytic proteins granzyme B and perforin.
Flow cytometric analysis indicated that CD8% T cells
obtained from a representative CTL-ctl line expressed
both perforin and granzyme B (Fig. 7a, b). Notably, no
obvious differences were observed in the expression of
either protein among CD8" T cells isolated from CTL-
ctl, CTL-a-IgG, or CTL-a-B7-H4 lines (Fig. 7c, d).
Furthermore, none of the NHL-reactive T cell lines
expressed FasL (data not shown). These data suggest
that CD8™" T cell cytolysis of tumor cells is mediated via
pathways involving perforin and/or granzyme B.
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CTLI1 (c) and CTL2 (d) lines against NHL cells from PT1 and PT2,
respectively. The killing assay was performed in medium alone (ctl)
or in the presence of 20 pg/ml anti-B7-H4 mAb (x-B7-H4) or control
1gG (a-1gG). *P <0.05, **P <0.01 compared with the control groups.
NHL, non-Hodgkin lymphoma CTL cytotoxic T lymphocytes, PT
patient, mAb monoclonal antibody, /gG immunoglobulin G

Discussion

Recent studies indicate that the growth and progression of
malignant tumors are dependent on various immune escape
mechanisms, including the downregulation of antigen-pre-
senting MHC proteins [49], the production of inhibitory
cytokines [50], the downregulation (or absence) of T cell
costimulatory molecules [51], the expression of proteins
that promote apoptosis [52], and the recruitment of immune
inhibitory cells including regulatory T cells (Tregs), tMes,
and myeloid-derived suppressor cells [53]. However, the
precise mechanisms of immune evasion by NHL remain
unclear. In the present study, we detected B7-H4 gene and
protein expression in NHL cells and tissues from NHL
patients. Importantly, NHL-expressed B7-H4 inhibited spe-
cific T cell-mediated cytolysis of NHL cells. The identifica-
tion of this novel mechanism of immune evasion may lead
to the development of new agents that enhance the efficacy
of treatment in NHL patients.
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Fig. 6 B7-H4* and tMg-conditioned NHL cells are resistant to
NHL-reactive T cell-mediated killing. NHL-reactive T cell lines
were co-cultured with various conditioned NHL cells (E:T=20:1),
and IFN-y in the supernatants was quantified by ELISA. a NHL-
reactive T cell lines against target cells treated with medium (-ctl)
or pretreated with 20 ug/ml anti-B7-H4 mAb («-B7-H4) or control
1gG (a-IgG). The mAbs were also present in the co-culture system.
b Cytotoxicity of three different NHL-reactive T cell lines against
NHL cells. ¢ tM@-conditioned NHL cells were resistant to NHL-

The function of B7-H4 in malignant tumors has previ-
ously been investigated. In cervical cancer patients, the
ratio of tumor-infiltrating CD8% T cells and the level of
IFN-y secretion were lower in patients with B7-H4" tumors
than in those with B7-H4-negative tumors [40]. Moreover,
culturing T cells with recombinant B7-H4 reduced IFN-y
secretion and increased IL-10 and transforming growth fac-
tor (TGF)-pp1 production [40]. IFN-y secretion by CTLs
co-cultured with lung cancer cells was increased when
using an anti-B7-H4 mAb [54]. Moreover, lung cancer-
expressed B7-H4 induced CTL apoptosis, and this effect
was inhibited by the addition of a B7-H4-neutralizing anti-
body [54]. Tregs have been reported to induce IL-10 pro-
duction, which in turn upregulates the expression of B7-H4
in myeloid dendritic cells and monocytes [55]. Further-
more, Treg-conditioned macrophages significantly inhib-
ited T cell immunity via the upregulation of B7-H4 expres-
sion [55, 56]. However, different results are obtained with
different experimental approaches. Indeed, other in vitro
experiments suggested that the contribution of Tregs to
antigen-presenting cell-induced T cell inhibition has not yet
been fully elucidated [57].
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reactive T cell-mediated lysis. d NHL-reactive T cell cytotoxicity
to tMg-conditioned NHL cells incubated with or without 20 pg/ml
anti-IL-10, anti-IL-6, or anti-B7-H4 mAbs or control IgG. *P <0.05,
**P <0.01 compared with medium control, control IgG, or nMgs.
tM@ tumor-associated macrophages, NHL non-Hodgkin lymphoma,
E:T effector:target, IFN interferon, ELISA enzyme-linked immuno-
sorbent assay, mAb monoclonal antibody, /gG immunoglobulin G, IL
interleukin, nM¢ normal macrophages

It was unclear whether B7-H4 is necessary for immune
evasion by NHL cells. Therefore, we examined the effect
of NHL-expressed B7-H4 on the human immune response
to NHL. NHL-reactive T cell lines were generated against
allogeneic primary tumor cells pretreated with or without
control or anti-B7-H4 mAb. NHL-expressed B7-H4 ren-
dered tumor cells less sensitive to T cell-mediated cytotox-
icity, and both killing and IFN-y secretion were increased
in the presence of anti-B7-H4 mAbs compared with control
cells. By contrast, NHL-reactive T cells generated against
NHL cells pretreated with anti-B7-H4 mAb showed greater
cytotoxicity toward their tumor cell targets and produced
more IFN-y than T cells generated against NHL cells pre-
treated with or without control IgG. The cytotoxic activity
was largely reduced by anti-MHC class I molecule mAb,
indicating that CD8" T cells played the most crucial part.
We also detected perforin and granzyme B, but not FasL,
in CD8* T cells, suggesting that NHL-reactive T cell lines
may kill NHL cells through perforin/granzyme B pathways
[58, 59]. These results reveal that B7-H4 inhibits T cell-
mediated immunity and imply that NHL-associated B7-H4
may participate in immune evasion in NHL.
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CD38

Perforin

CD38

Granzyme B

Fig. 7 Phenotype of NHL-reactive T cell lines. Representative data
showing perforin (a) and granzyme B (b) expression in CD8" T cells
of a CTL-ctl line generated from a healthy blood donor. Expression
of perforin (¢) and granzyme B (d) in CD8* T cells of CTL-ctl, CTL-

Inflammation can promote oncogenesis and facilitate
tumor growth and progression [60]. In the tumor micro-
environment, inflammatory factors including IL-6, IL-10,
vascular endothelial growth factor (VEGF), and TGF-p
impair the induction of immunity and participate in tumor
immune evasion [50]. Various factors participate in the reg-
ulation of B7-H4 expression. The expression of B7-H4 in
renal cell carcinoma cells was upregulated after stimulation
with IL-2, IFN-a, and IFN-y [34], and macrophages were
induced by ovarian cancer-related Tregs to produce IL-6
and IL-10, which then induced antigen-presenting cells to
express B7-H4 [61]. In the present study, we found that
IFN-y, IL-6, and IL-10 enhanced surface protein expression
levels of B7-H4 in NHL cells, implicating these cytokines
involve in immune surveillance evasion by NHL cells.

Growing evidence indicates that tM@s are components
of the inflammatory networks that facilitate tumor progres-
sion [54]. The percentage of tM¢s in the tumor mass can
reach as high as 80% and can predict clinical outcome in
some tumor types [61, 62]. tMes have also been confirmed
to be present in NHL. In FL, the ratio of tMes per high-
power magnification field was more than 58%, and patients
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with high tMegs levels showed a reduced median overall
survival compared with those with low tMes levels [63].
Other studies demonstrated a shorter overall survival for
FL patients with tumors expressing macrophage-associated
genes compared with T cell-associated genes [64, 65].
Large numbers of tM@s were also related to poor progno-
sis, survival, and response to treatment in cutaneous T cell
lymphoma patients [66], and a high percentage of tMqs
suggested poor clinical outcome in DLBCL patients [67].
tMes produce IL-6, IL-10, IL-12, VEGF, and TGF-f [48,
54]. Here, we detected large quantities of IL-6 and IL-10
in supernatants of tM¢@ cultures compared with nMgs.
Thus, we hypothesized that tMes affect the surface pro-
tein expression of B7-H4 in NHL cells. Indeed, NHL cells
stimulated with tM¢@ supernatants showed upregulated sur-
face protein expression of B7-H4, and this was decreased
by neutralizing anti-IL-6 or anti-IL-10 mAbs, confirming
that tMe@s induced surface protein expression of B7-H4
in NHL cells via secreted IL-6 and IL-10. These results
also revealed that tM@-induced expression of B7-H4 in
NHL cells contributed to the inhibition of T cell-mediated
cytotoxicity. NHL cells incubated with tMe-conditioned
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medium were more resistant to T cell-induced cytolysis
than cells incubated with nM-conditioned medium. Here,
too, anti-IL-6, anti-IL-10, and anti-B7-H4 mAbs were able
to partially reverse the suppression of cytolysis.

In summary, this study demonstrates that B7-H4 is
expressed by NHL cell lines, primary cells and tissues
from NHL patients, and that IL-6, IL-10, and IFN-y fur-
ther upregulate the surface protein expression of B7-H4.
NHL-associated B7-H4 protected tumor cells against kill-
ing by NHL-reactive T cells. Moreover, tM@ps augmented
the surface protein expression of B7-H4 in NHL cells via
the secretion of IL-6 and IL-10, thereby allowing NHL
cells to escape killing by T cells. Therefore, the present
study implicates NHL-expressed B7-H4 in the suppression
of anti-tumor immunity in NHL. Targeting B7-H4 may rep-
resent a new immunotherapeutic strategy for patients with
B7-H4" NHL by enhancing tumor-specific T cell-mediated
cytolysis.
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