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ABSTRACT
Tumor-associated macrophages (TAMs) play an important role in tumor progression, suppression of
antitumor immunity and dissemination. Blood monocytes infiltrate the tumor region and are primed by
local microenvironmental conditions to promote tumor growth and invasion. Although many of the
interacting cytokines and factors are known for the tumor-macrophage interactions, the putative
contribution of circulating tumor cells (CTCs) is not known so far. These specialized cells are characterized
by increased mobility, ability to degrade the extracellular matrix (ECM) and to enter the blood stream and
generate secondary lesions which is a leading cause of death for the majority of tumor patients. The first
establishment of two permanent CTC lines, namely BHGc7 and 10, from blood samples of advanced stage
small cell lung cancer (SCLC) patients allowed us to investigate the CTC-immune cell interaction.
Cocultures of peripheral blood mononuclear cells (PBMNCs) with CTCs or addition of CTC-conditioned
medium (CTC-CM) in vitro resulted in monocyte-macrophage differentiation and appearance of CD14C,
CD163weak and CD68C macrophages expressing markers of TAMs. Furthermore, we screened the
supernatants of CTC-primed macrophages for presence of approximately 100 cytokines and compared the
expression with those induced by the local metastatic SCLC26A cell line. Macrophages recruited by
SCLC26A-CM showed expression of osteopontin (OPN), monocyte chemoattractant protein-1 (MCP-1), IL-8,
chitinase3-like 1 (CHI3L1), platelet factor (Pf4), IL-1ra and matrix metalloproteinase-9 (MMP-9) among
other minor cytokines/chemokines. In contrast, BHGc7-CM induced marked overexpression of
complement factor D (CFD)/adipsin and vitamin D-BP (VDBP), as well as increased secretion of OPN,
lipocalin-2 (LCN2), CHI3L1, uPAR, MIP-1 and GDF-15/MIC-1. BHGc10, derived independently from relapsed
SCLC, revealed an almost identical pattern with added expression of ENA-78/CXCL5. CMs of the non-tumor
HEK293 cell line revealed no induction of macrophages, whereas incubation of PBMNCs with recombinant
CHI3L1 gave positive results. Thus, the specific contributions of CTCs in SCLC affect CFD/adipsin, possibly
involved in immunity/cachexia, VDBP which gives rise to group-specific component protein-derived
macrophage-activating factor (GcMAF), GDF-15/MIC-1 which enhances the malignant phenotype of tumor
cells and ENA-78/CXCL5 which attracts angiogenic neutrophils. In conclusion, CTCs are competent to
specifically manipulate TAMs to increase invasiveness, angiogenesis, immunosuppression and possibly
lipid catabolism.

KEYWORDS
Cachexia; circulating tumor
cells; cytokines; small cell
lung cancer; tumor-
associated macrophages

Introduction

Metastatic disease is the major cause of cancer death and the
SCLC variant of lung tumors is distinguished by early dis-
semination and poor survival rates.1,2 Despite excellent initial
responses to platinum-based chemotherapy, SCLC recurs
within approximately one year as chemoresistant tumor, not
amenable to effective further treatment.3 Furthermore, this
malignancy exhibits comparatively high numbers of CTCs,
an underlying cause of early tumor spread.4 It is increasingly
clear that tumor-immune effector cell interactions enhance
tumor growth and invasion as well as local immunosuppres-
sion in order to escape from antitumor immune responses
and to achieve effective extravasation at prospective meta-
static sites.5 Thus cancers and, possibly, CTCs recruit immu-
nosuppressive cells, particularly belonging to the myeloid-
macrophage lineage, which undergo functional polarization
in dependence of tumor-derived factors.6 These “tumor-edu-
cated” macrophages promote invasion, intravasation as well

as survival in the circulation and durable growth at second-
ary lesions.5,7 TAMs are recruited by various cytokines and
chemokines, suppress the activity of cytotoxic T-lymphocytes
via programmed cell death 1 ligand 1 (PD-L1) or B7-H4 and
other receptors/mediators.7,8 The mechanisms by which
macrophages acquire prometastatic abilities have not been
fully characterized.

The processes associated with tumor spread could not be
studied in detail as cells determined to disseminate the tumor,
namely CTCs, are scarce in blood and could not be kept and
expanded in tissue culture except for one case of a colon CTC
line and several breast cancer CTC lines, established
recently.9,10 We were able to set up two permanent CTC lines
from SCLC patients with extended disease, allowing us for the
first time to investigate markers, kinases, secreted cytokines/
chemokines and proteases of pure SCLC CTCs in detail in
vitro.11 Experiments showed that both cell lines were effective
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to induce monocyte-macrophage differentiation in vitro in
coculture or by exposing PBMNCs to conditioned media (CM)
derived from the CTC lines. In the present work, we studied
the CTC-induced macrophages in respect to secreted cyto-
kines/chemokines which are expected to be involved in pro-
moting invasion/extravasation of CTCs in SCLC. Since we have
previously found similar features of SCLC CTCs with other
tumors, such as highly malignant glioblastoma, the findings
reported here may potentially hold true for other malignancies
as well.12

Results

CTC-induced monocyte-macrophage differentiation and
recruitment

Application of CTC cell lines conditioned medium (CM) to iso-
lated PBMCs in tissue culture medium for 10 d resulted in
appearance of numerous macrophages, whereas in basic
medium controls only some residual lymphocytes and cellular
debris were still detectable (Fig. 1.). Similar experiments using
CM of the local metastatic SCLC26A cell line showed analo-
gous monocyte-macrophage induction but at a much lower fre-
quency (data not shown). Flow cytometric analysis of the
detached cells showed significant expression of CD14 as marker
of monocytes/macrophages and weak expression of the CD163,
a member of the B scavenger receptor cysteine-rich superfam-
ily, as well as strong expression of CD68/macrosialin (Fig. 2.).
Staining of cells with antibodies to immune checkpoint pro-
teins revealed low expression of CD274 (B7-H1/PD-L1) and
low or absent staining of B7-H4 (ratios of relative fluorescence
for antibody/isotype control: 2.0 § 0.49 for PD-L1 and 1.12 §

0.9 for B7-H4 (n.s.), respectively). The two CTC cell lines,
BHGc7 and BHGc10, express low amounts of CD274/PD-L1
and lack B7-H4 (data not shown).

Secreted cytokines by SCLC26A cell line- and BHGc7 CTC-
CM-induced macrophages

Preincubation of PBMNCs with SCLC26A-CM resulted in dif-
ferentiation of monocytes to macrophages which secreted
OPN, MCP-1, IL-8, CHI3L1, Pf4, IL-1ra and MMP-9, with
minor amounts of LPC2, CFD, RBP4, uPAR, GDF-15, soluble
CD14, IL-17A and EMMPRIN/CD147 (Fig. 3). In contrast,
preincubation of PBMNCs with BHGc7-CM induced newly
secretion of vitamin D BP (VDBP), C-reactive protein (CRP),
MIP-1 and caused marked overexpression of OPN, LPC2,
CFD, uPAR and GDF-15 concomitant with elevated expression
of MCP-1, IL-8, CHI3L1, IL-1ra, CD14, MMP-9 and EMM-
PRIN/CD147.

Secreted cytokines by BHGc10- and BHGc7 CTC-induced
macrophages

Cytokines/chemokines secreted by CTC-induced macrophages
were compared for two different donors of PBMNCs following
preincubation with tissue culture supernatants of BHGc7 and
BHGc10, respectively (Fig. 4). This comparison using different
preparations of PBMNCs from experiments described above
and the BHGc10 CTC line CM yielded an almost identical pat-
tern of the cytokines/chemokines secreted by the CTC-induced
macrophages, except for higher quantities of ENA-78, VDBP,
LPC2 and GDF-15. Comparison of BHGc7 and BHGc10
employing the same PBMNCs revealed increased secretion of

Figure 1. Induction of monocyte-macrophage differentiation in PBMNCs exposed to BHGc7-CM (A) shows the residual PBMNCs and debris in control cultures and (B) the
CTC-primed recruitment of macrophages following 10 d of incubation.
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ENA-78, VDBP, CDF and GDF-15 by BHGc10-primed macro-
phages (data not shown).

Induction of monocyte-macrophage differentiation by
chitinase-3-like-1 (CHI3L1)

In controls, PBMNCs from two healthy donors were incubated
with CM of human embryonic kidney 293 (HEK293) cells for
up to 10 d. At this time point cultures contained isolated resid-
ual monocytes and showed no signs of monocyte-macrophage
differentiation, as observed in case of the SCLC CTC lines
(Fig. 5A). In contrast, exposure of the same PBMNC prepara-
tions to 2 ng/mL recombinant CHI3L1 revealed development
of macrophages within 7–10 d of initiation of this experiment
(Fig. 5B).

Discussion

The cellular elements of tumors can include immune cells, such as
infiltrating lymphocytes, natural killer (NK) cells, macrophages,
dendritic cells, eosinophils, mast cells and myeloid-derived sup-
pressor cells which express a multitude of mediators such as cyto-
kines, chemokines, growth factors and enzymes.13 TAMs are local

macrophages recruited to solid tumors which rather promote than
suppress tumor progression.7,14 Their infiltrate, which may be as
great as half of the tumor mass, results from the so-called “cancer
education” provoked by specific microenvironmental conditions.15

These processes are reminiscent of a role of TAMs in tissue-repair
in normal organs, employing neoangiogenesis, induction of trophic
signals, tissue remodeling and immunosuppression.7 Macrophages
are divided into different phenotypes such as M1/M2 and macro-
phages with regulatory properties.7 TAMs skewed toward an M2-
altered functional profile play a crucial role in immune evasion
within tumors. These cells are marked by the expression of CD11b,
CD14, CD33 and CD68 in humans and production of lower levels
of proinflammatory cytokines, such as IL-1b, TNF-a and IL-12
but higher levels of immunosuppressive mediators, such as IL-10,
TGF-b andVEGF.16 Accordingly,M2macrophages with their sup-
pressive function form about 70% of TAM populations in NSCLC
and promote angiogenesis and release IL-10.15 The detailed investi-
gation of TAMs would require samples from resected tumors but
only a minority of NSCLC and hardly any SCLC cases are resect-
able.17 Bronchoalveolar lavage can partially substitute as source for
the examination of cellular and humoral immune responses. Data
on TAMs in SCLC are lacking and, moreover, putative contribu-
tions of CTCs at the site of their formation as well as in the vicinity
of extravasation sites are not known for any kind of tumors. We

Figure 2. Flow cytometry of cell surface markers of CTC-primed macrophages. Typical experiments showing expression of CD14, CD163 and CD68 in indirect immunofluo-
rescence staining experiments.

Figure 3. Expression of cytokines/chemokines of SCLC26A and BHGc7-primed
macrophages. The figure shows the significantly expressed cytokines/chemokines
expressed by macrophages induced by preincubation with CM of SCLC26A and
BHBc7 CTC line, respectively (mean § SD). All differences are statistically signifi-
cant, except for PF4, RBP4 and IL-17A.

Figure 4. Expression of cytokines/chemokines of SCLC26A and BHGc7-primed
macrophages. The figure shows the significantly expressed cytokines/chemokines
expressed by macrophages induced by preincubation with CM of BHGc7 and
BHBc10 CTC lines, respectively (mean § SD). All differences are statistically non-
significant, except for ENA-78, VDBP, LPC2, CRP, uPAR, MIP-1 and GDF-15.
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have recently established the first two permanent CTC lines from
different SCLC patients with advanced disease, which express typi-
cal characteristics of these tumors, and used these lines to investi-
gate markers, secreted cytokines/chemokines, tyrosine kinases and
proteases expressed (manuscripts submitted).11,12 Experiments
suggested marked effects of these CTC lines on PBMNCs which
were studied in the present work.

Secretory phenotype of SCLC CTC-induced macrophages

The two SCLC CTC lines were found to induce monocyte-mac-
rophage differentiation upon coculture with PBMNCs or prein-
cubation of these blood cells with CTC-CM with high efficacy
compared to CM from the local metastatic SCLC26A line. The

resulting macrophages are CD14-positive and express PD-L1
and low levels of B7-H4. In detail, the phenotype of the macro-
phages was further characterized using antibodies to CD163, a
member of the B scavenger receptor cysteine-rich superfamily
and CD68/macrosialin, respectively. CD163 is a highly specific
marker which is expressed primarily by M2-polarized macro-
phages, related to dissemination and poor prognosis.18 CD68,
the human homolog of macrosilin, is a pan-macrophage
marker which is widely used to identify TAMs in diagnostic
biopsy samples.19 CD68 is a 110 kD glycoprotein, predomi-
nately expressed in cytoplasmic granules of monocytes/macro-
phages, dendritic cells, and granulocytes. Thus, macrophages
detected in cocultures of the SCLC CTCs stain positively for
CD68 and weakly for CD163, typical markers of TAMs in

Figure 5. Exposure of PBMNCs to control HEK293-CM and recombinant CHI3L1. Incubation of normal PBMNCs with HEK-293 CM resulted in attachment of residual mono-
cytes (A) in contrast to exposure with 2 ng/mL recombinant CHI3l1 which resulted in appearance of differentiated macrophages (B).

Figure 6. Tumor-associated macrophages and CTCs in tumor biology. This figure depicts the role and factors contributed by CTCs in tumor-macrophage interactions.
Peripheral blood monocytes are recruited to the developing tumor (green; top, left) und undergo differentiation/polarization (yellow) under the influence of tumor-
derived factors to TAMs of M2-like type (red) which results in suppression of immune responses (top, right) and enhanced neoangiogenesis/tumor progression (bottom,
left). Inflammatory and tumor-derived cytokines/chemokines induce precursors of CTCs (light green) which secrete additional cytokines/chemokines, comprising ENA-78/
CXCL5, LNC2, CHI3L1, CFD/adipsin, VDBP/GcMAF and MMP-9. Increased neoangiogenesis and degradation of ECM by MMP-9 and possibly other proteases induce intrava-
sation of CTCs, most likely after EMT. At distant sites (bottom, right) CTCs extravasate capillaries and set up secondary lesions, possibly protected against immune system
attack by CTC-educated macrophages. Highly effective recruitment of macrophages seems to be linked to CHI3L1 expression of CTCs as SCLC tumor cells lack expression
of this pseudochitinase. CFD/adipsin may be associated with cachexia in advanced disease.
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cancer infiltration by immune cells. It is known that MCP-1/
CCL2 recruits cognate receptor-positive CCR2C blood mono-
cytes to tumors where they undergo a specific maturation
pathway to TAMs by distinct tumor type-specific microenvi-
ronmental factors.7,20 Since TAMs release a large amount of
inflammatory mediators to create an corresponding environ-
ment which promotes tumor growth we screened the CTC-
induced macrophage supernatants for presence of over 100
cytokines/chemokines.

The present work indicates that SCLC26A-induced mac-
rophages express higher levels of OPN, MCP-1, IL-8,
CHI3L1, CFD, Pf4, RBP4, IL-1ra and MMP-9. OPN
expressed by macrophages has been implicated in cytokine
expression, phagocytosis and migration.21 Furthermore,
OPN is an independent predictor of tumor recurrence and
survival in patients with NSCLC and promotes tumorigenic-
ity and clonogenicity of colorectal CSCs.22,23 OPN positivity
was around 10% in SCLC and 70% in NSCLC and chemo-
resistance in NSCLC seems to correlate with higher expres-
sion this protein.24,25 MCP-1 expression has been observed
in both infiltrating macrophages and tumor cells as signifi-
cant indicator of early relapse.26 Furthermore, cocultures of
macrophages with lung cancer cell lines revealed upregula-
tion of MCP-1/CCR2 in both cell types.27 Of the interleu-
kins found, TAM-derived IL-8 was reported to induce EMT
of hepatocellular carcinoma cells via activation of the JAK2/
STAT3/Snail pathway.28 The pseudochitinase CHI3L1/YKL-
40 was found in cancers and chronic inflammatory diseases
where it was strongly expressed by malignant cells and infil-
trating macrophages.29,30 CHI3L3 was described as typical
marker of M2 macrophages in mice.31 According to our
results, CHI3L1 pseudochitinase is the corresponding coun-
terpart in humans where it constitutes an important regula-
tor of inflammation, angiogenesis and M2 macrophage
differentiation in addition to its expression by SCLC
CTCs.12,32 Specifically, M2b macrophages are activated by
immune complexes, toll-like receptor-positive lymphocytes,
or IL-1ra.33 Pf4/CXCL4 has been demonstrated to prevent
monocyte apoptosis and to promote macrophage differenti-
ation from peripheral blood monocytes.34,35 Pf4/CXCL4-
induced polarization of macrophages as found in atheroscle-
rosis is distinct from the classical M1 and M2 phenotypes
and was therefore designated M4.35 Specific binding of Pf4/
CXCL4, resulting in the downregulation of the IL-2-release,
correlated with the inhibition of activated T cells.36 Analysis
of malignant pleural effusions demonstrated elevated levels
of proangiogenic factors VEGF-A, PF4/CXCL4 and MMP-
8.37 MMP-2 and MMP-9 secreted by M2 TAMs degrade
the matrix and promote tumor cell invasion.7 Retinol-bind-
ing protein 4 (RBP4) is an adipokine which appears during
monocytes-macrophage differentiation and is highest in dif-
ferentiated macrophages.38 CTC-induced macrophages lack
expression of TNFa, a mediator which is typical for M1
macrophages [data not shown].

Several macrophage-derived factors, such as ENA-78,
CFD, VDBP, MIP-1 and GDF-15, are specifically overin-
duced by CTC-CMs but not by the SCLC26A local meta-
static control SCLC line. The chemokine CXCL5, which is
produced in response to inflammatory cytokines IL-1 or

TNFa, is also known as epithelial-derived neutrophil-acti-
vating peptide 78 (ENA-78).39 CXCL5 stimulates the che-
motaxis of neutrophils possessing angiogenic properties and
has been implicated in connective tissue remodeling, tumor
growth, migration and invasion.40,41

Besides regulation of the coagulation system, complement
proteins stimulate cancer invasion through enhanced EMT,
degradation of ECM by proteases such as MMP-9 and
induction of chemotactic stimuli and growth factors.42–44

CFD is essential for alternative pathway activation and was
found to be identical to the adipokine adipsin which is
expressed in monocytes/macrophages.45,46 Since the CTC
lines were established from patients with advanced SCLC
characterized by large number of these cells in the circula-
tion, CFD may be involved in cancer-associated weight loss.
Cancer cachexia is a devastating syndrome that affects
around half of all lung cancer patients but the underlying
mechanisms have yet to be fully elucidated.47 Cachexia
comprises weight loss from skeletal muscle and body fat as
well as inflammation.48 Cytokines, such as TNFa (also
termed cachectin), IFNg, adipsin, and IL-1/IL-6 play a role
in cachectic processes in addition to other cytokines and
hormones.49–51 Adipsin is a novel serine protease which
modulates expression of other adipocyte-specific RNAs and
is implicated in both obesity and cachexia.52,53 The biologi-
cal activities of the adipsin include reduction of elevated
free fatty acid levels, increased fatty acid oxidation in mus-
cle cells and weight reduction.54

The functions of VDBP are still being defined, but they
include the transport of vitamin D in the circulation and a
role as the precursor of the group-specific component pro-
tein-derived macrophage-activating factor (GcMAF) which
is derived by modification of VDBP in its carbohydrate
moieties by b-galactosidase from B lymphocytes or sialidase
from T lymphocytes.55 MAFs are lymphokines involved in
cytotoxicity of macrophages to tumors.56,57 GcMAF directly
inhibits proliferation, migration, and uPAR expression of
prostate cancer cells.58 However, the enzyme a-N-acetylga-
lactosaminidase which is produced by cancer cells deacti-
vates this factor and facilitates spread of tumors.59

Lipocalin-2 (LCN2) is an adipokine/cytokine implicated in
obesity and inflammation. A variety of malignant tumors
consistently overexpress LCN2, frequently associated with
tumor size, stage and invasiveness.60 LCN2 plays an impor-
tant role in promoting cell migration and invasion in coop-
eration with MMP-9 and by inducing EMT through the
ERK/SLUG axis.61 Growth differentiation factor 15 (GDF-
15/MIC-1) belongs to the TGF-b superfamily and regulates
inflammatory and apoptotic pathways in inflammation, can-
cer and obesity and was associated with aberrant growth
and a poor prognosis.62,63 Incubation of blood monocyte-
derived macrophages with CM of an esophageal squamous
cell carcinomas cell line induced M2 polarization and over-
expression of GDF-15 as well as IL-6 and IL-8.64 Macro-
phage Inflammatory Proteins (MIPs) belong to the family
of chemotactic cytokines and the two major forms are MIP-
1a/CCL3 and MIP-1b/CCL4. They activate human granulo-
cytes (neutrophils, eosinophils and basophils) which can
lead to acute neutrophilic inflammation.65
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The unique functional properties of TAMs are directed by
tumor-derived signals which promote each step of the meta-
static cascade and thus are novel targets for therapy.5,7 TAMs
even change their phenotype to help extravasation, survival
and subsequent growth of tumor cells at secondary sites.16,66

High TAM content is generally correlated with poor progno-
sis.67 The present data indicate that CTCs in SCLC recruit mac-
rophages through monocyte differentiation with high efficacy.6

Comparison of the density of monocytes in control HEK293-
CM treated PBMNCs with recombinant CHI3L1 exposed cells
indicated that most of the monocytes differentiate to macro-
phages. The HEK293 cell line was selected since it expresses no
significant amounts of GM-CSF and G-CSF, in good corre-
spondence with the two CTC lines (R&D cytokine array; data
not shown). In contrast to HEK293 cells, the two CTC lines
express CHI3L1 at concentrations of approximately 2 ng/mL
(R&D CHI3L1 ELISA) and supplementation of this protein
induces monocyte-macrophage differentiation in PBMNC cul-
tures. Other cytokines found in supernatants of the two CTC
cell lines but not in HEK293 and possibly involved in mono-
cyte-macrophage differentiation comprise IL-4, IL-5, pen-
traxin-3 (PTX-3) and VEGF. 68-70

Recruitment of macrophages may be less important dur-
ing intravasation where the nearby tumor supports proinva-
sive factors but of significant advantage at the site of
extravasation to enhance degradation of tissue components
and to provide protection from immune defense.71 CHI3L1
was reported to promote macrophage recruitment and angio-
genesis in colorectal cancer.72 High expression of CHI3L1
may be involved in monocyte-macrophage differentiation
and polarization in protumor effectors of M2/M4-like effec-
tors.73 The role of VDBP is not clear as its derivative GcMAF
should possess antitumor effects. MIP-1 and ENA-78/CCL5
seem to attract proinflammatory cells and overexpression of
the adipokines LNC2 and CFD may be involved in cachexia
in advanced metastatic disease in presence of a large number
of CTCs. In conclusion, in SCLC CTCs seem to recruit and
“educate” a specific type of macrophages operative in inva-
sion, immune protection, establishment of a favorable
extravasation site and possibly cachexia. Thus, the well-
established role of CTCs has to be extended to specific effects
on monocyte-macrophage differentiation and specific prim-
ing, possibly overlapping with the cancer stem cell character-
istics.74-76

Materials and methods

Cell lines and culture conditions

SCLC26A was established in our laboratory from pleural effu-
sion of a SCLC patient before treatment and the two CTC cell
lines, BHGc7 and BHGc10, were grown from peripheral blood
samples of two refractory SCLC patients. Cell lines were cul-
tured in RPMI-1640 (Sigma-Aldrich, St.Louis, MO, USA)
medium supplemented with 10% fetal bovine serum (Seromed,
Berlin, Germany) and antibiotics (Sigma-Aldrich, penicillin-
streptomycin-neomycin solution). All cell lines grow in suspen-
sion or loosely attached and were regularly subcultivated by
partial replacement of medium.

Induction of monocyte-macrophage differentiation

Normal PBMCs from four healthy volunteers were prepared
using Ficoll-Paque densitiy gradient centrifugation and distrib-
uted to 75 cm2 tissue culture flasks (TPP, Trasidingen, Switzer-
land). Media were supplemented with 20% CM from SCLC26A
or BHGc7/10 CTC cell lines, respectively. Flasks were incu-
bated for 10 d under tissue culture conditions, then medium
was aspirated, the cells washed and covered with 10 mL fresh
medium. After further incubation for 3 d media were harvested
and immediately used for screening of cytokines.

Flow cytometry

For analysis of cell surface markers, macrophages were
detached using exposure to calcium- and magnesium-free
phosphate buffered saline (Ca¡/Mg¡ PBS; Life Technologies,
Paisley, UK) and cell scrapers (TPP). Antibodies used were
directed to CD14 (clone 63D3), CD163 (GHI/61), CD68 (Y1/
82A), B7-H1 (29E.2A3) and B7-H4 (MIH43), respectively
(Biolegend, San Diego, CA, USA). Anti-mouse-FITC labeled
was used for indirect immunofluorescence (Sigma-Aldrich)
and isotype controls employed from our collection of hybrido-
mas. For cytoplasmatic staining of CD68, cells were fixed in 4%
paraformaldehyde.

Western blot cytokine screening array

For assessment of the cytokines/chemokines expressed, cell cul-
ture supernatants were processed using the Human Proteome
Profiler Cytokine XL Kit according to the manufacturer’s
instructions (R&D Systems, Minneapolis, MN, USA). In brief,
this Western blot array comprises reagents to detect 102 cyto-
kines (http://www.rndsystems.com/Products/ARY022, accessed
5/04/2015). Experiments were done in duplicate and the differ-
ent arrays contain several control spots to calibrate for protein
content of the samples applied. CM of the respective cell lines
(500 mL) were used for performing the assay and the spots
detected by chemoluminescence were analyzed using Gelana-
lyzer,77 ImageJ and Origin 9.0 software (OriginLab, Northamp-
ton, MA, USA).

Statistics

Results were evaluated using unpaired t tests using Origin 9.0
software. p < 0.05 was regarded as statistically significant.
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