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Cluster of differentiation 45 activation is crucial in
interleukin-10-dependent tumor-associated
dendritic cell differentiation
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Abstract. Tumor-associated dendritic cells (TADCs) are
important in tumor immune surveillance, and it has been
reported that the secretion of interleukin (IL)-10 by cancer cells
is a major factor involved in the induction of TADCs in the
tumor microenvironment. In the present study, IL-10 was found
to activate cluster of differentiation (CD)45 protein tyrosine
phosphatase (PTPase), inducing a TADC-like phenomenon.
The PTPase inhibitor, phenylarsine oxide, and a CD45
inhibitor reversed the IL-10-induced impaired differentiation
of the DCs, and also reversed the induction of the TADCs by
A549, MDA-MB-231 and SW480 conditioned media, which
thus represents a novel therapy to reduce immune surveillance
in the tumor microenvironment. The present study is the first
to identify that CD45 is involved in IL-10-activated signaling
in myeloid lineage cells.

Introduction

Dendritic cells (DCs) are antigen-presenting cells with the
unique ability to take up and process antigens in the peripheral
blood and tissues (1). Subsequent migration to the draining
Ilymph nodes then occurs, where the antigens are presented
to resting lymphocytes. Antigen ingestion and processing is
particularly efficient within immature DCs, however, for an
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efficacious T-cell response, maturation to fully activated DCs
must occur; these cells express high levels of cell-surface
major histocompatibility complex (MHC)-antigen complexes
and costimulatory molecules. Tumor-associated dendritic
cells (TADCs) are DCs that present in the tumor microen-
vironment with tolerogenic or suppressive functions, which
exhibit lower expression levels of costimulatory and MHC
molecules (2). TADCs have also been associated with a
higher expression level of tolerogenic mediators, including
indoleamine-2,3-dioxygenase, arginase and transforming
growth factor (TGF)-f (3). In addition to inducing immune
surveillance, TADCs have been reported to secrete factors
that increase cancer progression (4-6).

Previous studies have shown that tolerogenic DCs (tDCs)
may be induced by the presence of interleukin (IL)-10
in culture medium or in the tumor microenviron-
ment (7-9). The binding of IL-10 and the IL-10 receptor
has been reported to trigger several downstream path-
ways in mononuclear cells, including the Janus kinase
(JAK)-1/signal transducer and activator of transcription-3
(STAT-3) (10,12), p38 mitogen-activated protein kinase, extra-
cellular signal-regulated kinase and c-Jun N-terminal kinase
signaling pathways (12). Among the signaling induced by
IL-10, the JAK/STAT?3 signaling pathway has been reported
to be regulated by a group of protein tyrosine phosphatases
(PTPases), termed suppressors of cytokine signaling (13,14).

Cluster of differentiation (CD)45 is amember of the PTPase
family that is distributed in the plasma membrane of hemato-
poietic cells, with the exception of erythrocytes and platelets,
and exhibits a crucial function in T-cell receptor-mediated
signaling. Previous studies have shown that CD45 also regu-
lates JAK (15-17) and Src (18,19) families. In addition, the
negative regulation of cytokine receptor signaling by CD45
may explain the loss of CD45 activity observed in several
cancer types, including leukemia. CD45 has been found
to correlate with the proliferation of myeloma cells, and it
may therefore present a potential target for the treatment of
multiple myelomas (20). Despite its abundant expression, the
function of CD45 in cells of the myeloid lineage is poorly
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understood. Fulcher et al (21) reported that CD45 may be a
receptor for galectin-induced cell activation and migration via
Syk and protein kinase C signaling in DCs. Previous studies
regarding the function of CD45 in cancer have focused on
myelomas (22,23), however, none of these studies have inves-
tigated the function of CD45 in tumor immune surveillance.
The present study demonstrated that CD45 activation is
important in tumor- and IL-10-induced tDCs.

Materials and methods

Cell lines, cell cultures and condition medium collec-
tion. Human breast adenocarcinoma MDA-MB-231 cells
(HTB-26) and human lung adenocarcinoma A549 cancer cells
(CCL-185) were obtained from the American Type Culture
Collection (Manassas, VA, USA). The human colorectal
adenocarcinoma SW620 cells (BCRC 60343) and SW480
(BCRC 60249) cells were purchased from the Bioresource
Collection and Research Center (Hsinchu City, Taiwan). The
human lung adenocarcinoma A549 cancer cells were cultured
in minimum essential medium (Life Technologies, Inc.,
Grand Island, NY, USA) with 10% fetal bovine serum (FBS),
non-essential amino acids and 0.1 mM sodium pyruvate (all
Thermo Fisher Scientific, Waltham, MA, USA). The human
breast adenocarcinoma MDA-MB-231 cells were cultured
in F12K medium (Life Technologies, Inc.) with 10% FBS,
non-essential amino acids and 0.1 mM sodium pyruvate. The
SW620 and SW480 human colorectal adenocarcinoma cells
were cultured in Leibovitz's L-15 medium (Life Technologies,
Inc.) supplemented with 10% FBS. The medium was changed
once every 2-3 days and the cells were channeled once a
distinct cell density had been reached. To obtain the condi-
tioned medium, 2x10° cells/well were seeded in a 100 mm
dish and cultured for 24 h. The medium was then replaced and
the supernatants were harvested following 48 h of incubation

(Fig. 1).

Reagents and antibodies. Recombinant human granulo-
cyte-macrophage colony-stimulating factor (GM-CSF) and
IL-4 were purchased from Millipore (Bedford, MA, USA).
Recombinant human IL-10 was purchased from R&D
Systems (Minneapolis, MN, USA). Phenylarsine oxide
(PAO), CD45 PTPase inhibitor and PTPase inhibitor X VIII
were purchased from Merck Millipore (Bedford, MA, USA).
Fluorescein isothiocyanate-conjugated anti-CD16, phycoer-
ythrin-conjugated anti-CD163, anti-CDlIc, -CD80, -CDla
and -CD14, and APC-conjugated anti-CD14 monoclonal
antibodies (mAbs) were purchased from BD Pharmingen
(San Diego, CA, USA).

Monocyte isolation and differentiation. Mononuclear cells
were isolated from the blood of healthy donors using the
Ficoll-Hypaque gradient (GE Healthcare, Little Chalfont,
UK). Approval for this study was obtained from the
Institutional Review Board of Kaohsiung Medical University
Hospital (Kaohsiung, Taiwan), and informed consent was
obtained from all patients in accordance with the Declaration
of Helsinki. CD14" monocytes were purified using CD14*
mAb-conjugated magnetic beads (MACS MicroBeads;
Miltenyi Biotec, Bisley, UK) according to the manufacturer's
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Figure 1. Diagram showing the conditioned medium transfer system. A total
of 2x10° cancer cells were plated in a 10-cm dish and incubated for 48 h.
The supernatant was transferred to a 50-ml centrifuge tube and centrifuged
at 1,000 x g for 15 min. CD14* monocytes were isolated from healthy
donor peripheral blood mononuclear cells and incubated with 20 ng/ml
granulocyte-macrophage colony-stimulating factor and IL-4 alone or with
an additional 20% cancer cell-conditioned medium or 10 ng/ml IL-10 for
five days. IL, interleukin; CD14, cluster of differentiation 14.

instructions. A control group of monocyte-derived dendritic
cells was generated by culturing CD14" monocytes in
RPMI 1640 medium containing 10% FBS (Invitrogen Life
Technologies, Carlsbad, CA, USA), 20 ng/ml GM-CSF and
20 ng/ml IL-4 (Millipore) for five days. In the IL-10, A549,
SW480, SW620 and MDA groups, an additional 10 ng/ml
IL-10 (R&D Systems) or 20% cancer cell-conditioned medium
was added. The medium was replaced with fresh medium
containing GM-CSF and IL-4 on day three. Following
five days of incubation, the presence of CDI14 and other
surface markers was determined by fluorescence-activated
cell sorting array flow cytometry using fluorochrome-conju-
gated mAbs (BD Pharmingen) (Fig. 1).

Assessment of CD45 PTPase activity. CD14* monocytes
were incubated in RPMI containing GM-CSF and IL-4 with
or without IL-10 for 30 min. The activity of CD45 PTPase
was determined by a Human Active CD45 activity assay
(R&D Systems) according to the manufacturer's instructions.
Briefly, 5x10° CD14* monocytes in 200 ul lysis buffer and
100 ul lysate were applied to the assay plate. Absorbance
at 620 nm was measured using the Biotek Powerwave 340
ELISA reader (BioTek Instruments, Inc., Winooski, VT,
USA).

Statistical analysis. Data are presented as the mean + standard
deviation. Statistical analyses were performed by analysis of
variance and two-sided t-tests using Excel 2010 (Microsoft,
Tulsa, OK, USA). P<0.05 was considered to indicate a statisti-
cally significant difference between the means of the two test
groups.

Results

IL-10 may induce TADC-like DCs. The monocytes isolated
from the healthy donors were treated with 20 ng/ml
GM-CSF and IL-4 and incubated for five days for differ-
entiation into resting DCs. In the MDA-MB-231 and IL-10
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Figure 2. IL-10 induces tumor-associated dendritic cell-like surface marker expression. CD14* monocytes were incubated with 20 ng/ml granulocyte-macro-
phage colony-stimulating factor and IL-4 alone or with an additional 20% MDA-MB-231-conditioned medium or 10 ng/ml IL-10 for five days. The cells were
stained with antigen-presenting cell conjugated anti-CD14 mAb, fluorescein isothiocyanate-conjugated anti-CD16 mAb, PE-conjugated anti-CD11c mAb and
PE-conjugated anti-CD1la mAb. The fluorescence intensity was determined by a fluorescence-activated cell sorting array flow cytometry system. All results
are representative of at least three independent experiments. IL, interleukin; CD, cluster of differentiation; mAb, monoclonal antibody; PE, phycoerythrin.

groups, an additional 20% of MDA-MB-231 breast cancer
cell-conditioned medium and 10 ng/ml IL-10 was added.
Following five days of incubation, the MCF and IL-10 groups
exhibited a different expression pattern of surface markers
when compared with the control group. In the control group,
no CDI14 expression was detected, however, 25% of the cells
expressed CD14 in the MDA group. In addition, the CD14
expression was higher in the IL-10 group than in the MDA
group. CD16 and CD163 expression showed the same pattern
as CDI14 in the three groups, in contrast to the expression
of CDla (Fig. 2). However, no significant differences were
identified in the expression of CD80 and CDlIc in the three
groups (data not shown).

CD45 PTPase is involved in IL-10-induced impaired
DC differentiation. To investigate whether the PTPases
are involved in IL-10 signaling, three types of PTPase
inhibitors were used in the present study. PAO is a general A
membrane-permeable protein tyrosine phosphatase inhibitor,

and PTP inhibitor XVIII inhibits the enzymatic activity of
PTPI1B, tyrosine-protein phosphatase non-receptor type 6,
pathogenic Yersinia PTPase (YOP), T-cell protein tyrosine
phosphatase, and yeast PTP1. PTP CD45 inhibitor (CD451)
is a selective and reversible inhibitor of CD45. Prior to the
addition of IL-10 and GM-CSF/IL-4 to the culture medium,
the CD14* monocytes isolated from the healthy donors were
incubated with the different inhibitors for 1 h. Following five
days of incubation, the higher CD14 expression level medi-
ated by IL-10 was reversed by the PAO and CD45 inhibitors,
however, the CD14 expression of the DCs was not found to
be downregulated by PTP inhibitor XVIII (Fig. 3A and B).
The activation of CD45 was also confirmed by a CD45
tyrosine phosphatase assay kit (Enzo Life Sciences, Inc.,
Farmingdale, NY, USA), which showed that IL-10 activated
CD45 phosphatase activity (Fig. 3C).

PAO and CD45i reduces the number of tumor-mediated
TADCs. To investigate whether PAO and CD45i were able
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Figure 3. CD45 is involved in the IL-10 induction of tumor-associated dendritic cell-like DCs. (A and B) CD14* monocytes were treated with 10 xM PAO,
100 nM CD45 PTPase inhibitor (CD45 i.) or 50 nM PTP inhibitor XVIII (PTPi. 18) for 1 h. The cells were later incubated with IL-10 (10 ng/ml) containing
medium without or with (20 ng/ml) GM-CSF and IL-4 for five days. The surface expression of CD14 was assessed by phycoerythrin-conjugated anti-CD14
monoclonal antibody and a fluorescence-activated cell sorting array flow cytometry system. (C) CD14* monocytes were incubated in RPMI containing
GM-CSF and IL-4 with or without IL-10 for 30 min, and the activity of CD45 PTPase was determined using a CD45 Tyrosine Phosphatase assay kit. All
results are representative of at least three independent experiments. Each value is presented as the mean + standard deviation of three experiments. CD, cluster
of differentiation; IL, interleukin; DC, dendritic cell; PTP, protein tyrosine phosphatase; GM-CSF, granulocyte-macrophage colony-stimulating factor; PAO,

phenylarsine oxide.

to block the differentiation of the TADCs, the conditioned
medium of the varying cancer types, including that of the lung
(A549), breast (MDA-MB-231) and colorectal cancer (SW480
and SW620) cells, was collected. The CD14* monocytes
isolated from the healthy donors were treated with PAO or
CD45i prior to the addition of 20% cancer cell-conditioned
medium. Following five days of incubation, the surface CD14
expression was determined, and it was found that PAO and
CD45i reversed cancer cell-mediated TADC differentiation in
the IL-10, A549, MDA and SW480 groups (Fig. 4A). However,
only PAO, but not CD45i, reversed the induction of TADCs by
SW620 (Fig. 4B).

Discussion

DCs are antigen-presenting cells of hemopoietic origin with
potent effects on primary T-cell differentiation and activa-
tion, and are thus of central relevance to antitumor immune
responses and vaccine development (24,25). However, normal
DC function is usually impaired in cancer patients (26,27).
Previous studies have shown that immature or tDCs are induced

by vascular endothelial growth factor and IL-10 (28-30), which
is consistent with the results of the present study (Fig. 2). In
the current study, cancer cell-conditioned medium and IL-10
induced higher expression levels of CD14, CD16 and CD163
with normal DC markers, including CD11c and CD209. This
indicates that the TADCs or IL-10-induced DCs were similar
to the circulating tDC-10 (31).

The IL-10 receptor (IL-10R) is a receptor tyrosine kinase,
and the binding of IL-10 and IL-10R activates the JAK1
signaling pathway and its downstream factors, including
STATS3, phosphoinositide 3-kinase (PI3K) and p38 (13,32,33).
Notably, CD45 has been reported to not only regulate
the JAK/STAT3 pathway (17), but also to activate p38 in
B cells (34) and PI3K in monocytes (35). This indicates that
CD45 may regulate the IL-10-mediated signaling pathway.
The results of the present study also support the hypothesis that
CD4S5 is crucial in the IL-10 signaling pathway. The general
PTPase inhibitor, PAO, and CD45i reversed the IL-10-induced
TADCs, however, PTP inhibitor X VIII was not found to block
CD45 activity or the IL-10-mediated differentiation of the
TADC:s. These results also indicate that additional PTPases
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Figure 4. PAO and CD4S5 inhibitor reverse cancer cell-induced tumor-associated dendritic cells. (A and B) CD14* monocytes were incubated in culture medium
containing 20 ng/ml granulocyte-macrophage colony stimulating factor and IL-4 with or without different 20% cancer cell-conditioned media for 5 days. The
surface expression of CD14 was assessed by phycoerythrin-conjugated anti-CD14 monoclonal antibody and a fluorescence-activated cell sorting array flow
cytometry system. All results are representative of at least three independent experiments, one of which is shown. PAO, phenylarsine oxide; IL, interleukin;

CD, cluster of differentiation; DMSO, dimethyl sulfoxide.

may not be involved in the IL-10 induction of TADCs. In addi-
tion, PAO and the CD45i were not found to impair normal DC
differentiation (data not shown). PAO appeared to exhibit an
increased efficacy in blocking the differentiation of TADCs,
which may be due to the multiple targets of PAO, including
internalization of ligand-receptor complexes (36), protein
kinase C activity, phosphotyrosine phosphatase (37) and
formyl peptide-stimulated and phorbol ester-stimulated phos-
pholipase D (38). Therefore the present study indicates that
PAO or a novel signaling pathway of IL-10 may represent a
novel target.

Notably, PAO was found to completely block the differ-
entiation of the TADCs induced by cancer cell-conditioned
medium, however, CD45i was not found to block the induc-
tion of TADCs in SW620-conditioned medium. This suggests
that SW620 may secrete factors other than IL-10 to induce
TADCs. The comparison between SW620 and SW480 is
a well-established model used to study the metastasis of
colorectal cancer, whereby SW620 cells are isolated from

the metastatic lymph nodes of the patients from whom
SW480 cells are isolated. Furthermore, secretome studies
have revealed that SW620 cells may secrete trefoil factor 3,
growth/differentiation factor 15 (39), chemokine (C-X-C motif)
ligand 8 (40), galectin-1 (41), TGFs and platelet-derived growth
factor (42-44). Further studies to investigate the abilities of
these factors in TADC induction are required, and the path-
ways also require clarification to prevent immune surveillance
in distal metastatic organs. In conclusion, the present study is
the first to demonstrate that CD45 PTPase activity is required
for IL-10-mediated TADC differentiation, and that PAO and
CD45 inhibitors block this process, which indicates that there
is potential for the use of small molecules to modulate the
immune system in the tumor microenvironment.
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