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M-CSF cooperating with NFxB induces
macrophage transformation from M1 to M2
by upregulating c-Jun
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Increasing evidence suggests tumor-associated macrophages (TAMs) are polarized M2 subtype of macrophage that
exerts pro-tumor effects and promote the malignancy of some cancers, but the concrete mechanism is not well defined.
Our previous research exhibited that proto-oncogene AP-1 regulated IL-6 expression in macrophages and promoted
the formation of M2 macrophages. In this study, we investigate whether extra-cellular stimulus M-CSF help this process
or nuclear factor NFkB has a synergistic role in the activation state of polarized M2 subtype of macrophage. RAW 264.7
macrophage and 4T1 mouse breast cancer cells were co-cultured to reconstruct tumor microenvironment. Being
co-cultured with 4T1 or its supernatant, the expression of c-Jun, the member of AP-1 family, has a dramatically increase
both on the level of gene and on the protein in RAW 264.7 macrophages, but the expression of c-Fos does not increase
neither on the level of gene nor on the protein. After co-cultured with 4T1, RAW 264.7 has a higher consumption of
M-CSF than RAW 264.7 macrophages alone. With the stimulation of M-CSF, the mRNA of c-Jun increased significantly, but
decreased remarkably after adding the anti-M-CSF. And at the same time, p50, the member of NFkB family, has a similar
tendency to c-Jun. WB results suggest that with the stimulation of M-CSF, p-Jun in nuclear increases heavily but decreases
after the neutralizing antibody added. Coimmunoprecipitation and immunoblotting techniques confirmed that c-Jun
and p50 NFkB coprecipitated, and c-Jun protein expression is properly enhanced with rM-CSF effect. In conclusion,
M-CSF induces macrophage transformation by upregulating c-Jun with a certain synergy of NFkB. Our study may present

a novel therapeutic strategy against cancer.

Introduction

In tumor cells, abnormal signal transduction is closely related
to tumor metastases. The activated CSF-1/CSF-1R pathway is
found critical in the growth and metastasis in breast, ovarian
and liver cancer,' and blocking the CSF-1/CSF-IR can inhibit
cancer recurrence and metastasis.” So the M-CSF/CSE-1/CSF-1R
signaling pathway has attracted much attention in recent years.
The transcription factor activator protein-1 (AP-1) isa downstream
molecule in the M-CSF/MAPK signaling pathway, which is
composed of Jun, Fos, ATF, and the JDP subfamily.? It is proved
involving in cell proliferation, differentiation and transformation,
and essential for tumor formation, metastasis and invasion.*

Our previous study reported that we could mimic the tumor
microenvironment in vitro using co-cultured murine 4T1
breast carcinoma cells and RAW 264.7 mouse macrophages.
We confirmed that 4T1 cells were able to induce RAW 264.7
macrophages from M1 to M2 macrophage in vitro. And the
transcription factor Fos family member Fra-1 induced this
transformation.’ However, the specific molecular mechanisms are
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still unclear. Many recent researches have denoted that M-CSF
has other important roles in the tumor microenvironment. It
acts as an autocrine growth factor in promoting the deterioration
of tumor cells.®” For example, it can recruit and activate M2
macrophages, which in turn contribute to promote metastasis.
Inflammatory cell infiltration has been demonstrated highly
correlating with poor prognosis in breast cancer.® The vast
majority of these infiltrated cells are macrophages, and M-CSF is
the major cytokine that attracts these cells. This is a relatively new
hypothesis and has been confirmed in molecular level recently.
It is proved that M2 transformation is triggered by upstream
M-CSF in vitro.” As an initiator, M-CSF mediates this process
through the downstream signaling pathways Fos/ERK and Jun/
JNK.! Similar to AP1, nuclear factor kB (NFkB) can mediate
the relationship between inflammation and cancer through
the upstream protein IKKB."' Active NFkB in the tumor tissue
can activate the stromal cells that produce VEGF and degrade
enzymes, promote tumor invasion and metastasis.'?

In chis study, we explore the mechanism by inquiring the
upstream and midstream of the signaling pathways. We focus
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Figure 1. Increased c-Jun mRNA and protein levels in co-cultured cells.
(A) Transcript levels of c-Jun, c-Fos, and c-fms in 4T1, RAW 264.7, and co-
culture cells were shown by RT-PCR analysis. 3-actin was used as an inter-
nal control. (B) Co-culture-indcued (RAW 264.7 macrophages: 4T1 cells =
1:4; 48 h) upregulation of c-Jun and c-Fos in mRNA in RAW 264.7 macro-
phages was verified by real-time PCR (quantitative RT-PCR). GAPDH was
used to normalize the c-Jun and c-Fos levels. (C) c-Jun immunocytochem-
ical staining in Raw 264.7 macrophages after treatment with different
time of co-culture cells. (a) Positive control. (b) Weak cytoplasticimmu-
nostaining was observed after 6 h. (c) Strong cytoplasticimmunostaining
was observed after 24 h. (d) Strong cytoplasticimmunostaining was very
pronounced after 48 h. (e) Nonspecific immunoglobulin was used as a
negative control. 400x magnification.

on two areas. First, we study whether M-CSF mediates the
downstream signaling pathways Fos/ERK and Jun/JNK to
recruit M2 macrophages. Second, we investigate whether AP-1
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facilitates M-CSF inducing M2 macrophage transformation and
whether NFkB has a synergistic role in this process.

Results

cJun participates in the transformation of M1 to M2
macrophages, but the function of c-Fos is not clear

It has been shown that after co-culture of RAW 264.7 and
4T1 cells, the number of M2 macrophages (F4/80*CD206*) in
the co-culture increased obviously with time compared with the
RAW 264.7 cells alone’ This phenomenon was also observed
when the supernatant of the 4T1 cells (TSN) and the RAW
264.7 macrophages were co-cultured. The expression of c-Fos
and c-Jun in the cells (Fig. 1A and B) is detected under the
same conditions. The mRNA levels of c-Jun were significantly
increased (-2.9-fold assessed by real-time PCR) in the RAW
264.7 co-culture group but not in that of cultured alone. This
result was further confirmed by immunocytochemistry (ICC)
staining in the cultured RAW 264.7 macrophages and 4T1 cells
(Fig. 1C). As expected, in the co-cultured group, more RAW
264.7 macrophages were immunoreactive with c-Jun-specific
antibody, indicating that the level of c-Jun protein increased in
this group.

M-CSF participates in the transformation of M1 to M2
macrophages by directly increasing the expression of c-Jun via
the MAPK signaling pathway

An ELISA assay was used to detect the content of M-CSF
in the co-cultured and cultured alone cells (Fig. 2). 4T1 cells
secreted high amounts of M-CSF. According to the standard
curve created (y = 0.0228x + 0.0312), the M-CSF levels were as
high as 6.21 ng/ml in supernatant of 4T1 cells and the RAW
264.7 macrophages secreted a certain amount of M-CSF,
which decreased with time. The M-CSF in the supernatant
of the co-cultured cells was less than that of the RAW 264.7
macrophages alone. The 4T1 cells barely express M-CSF receptor
(c-fms) mRNA (Fig. 1A), which suggests that exogenous M-CSF
(from the 4T1 cells) did not balance the survival need of the
RAW 264.7 macrophages in the co-culture.

To further study the survival effect of M-CSF on the RAW
264.7 macrophages, the supernatant from the 4T1 cells (TSN,
tumor culture supernatant) and recombinant rM-CSF were added
to the co-culture system. The mRNA expression levels of ¢-Jun,
c-Fos, p65, and p50 NFkB at 12 h, 24 h, and 48 h were detected.
At 12-48 h, the expression levels of c-Jun and p50 increased
to varying extents (Fig. 3A). Additionally, the stimulation was
neutralized with anti-M-CSF at 24 h. In the rtM-CSF-stimulated
group, the expression of c-Jun and p50 mRNA increased up
to 86.22 and 9.51 times higher than that in the tM-CSF non-
stimulated group (Fig. 3B).

Based on these data, the level of the c-Jun protein in RAW
264.7 macrophages with or without tM-CSF stimuli (Fig. 3C)
was evaluated. c-Jun is a natural substrate of JNK, and its
phosphorylation indicates that JNK is in active state. From the
nucleoprotein analysis of the RAW 264.7 macrophages with
rM-CSF stimulation, the phosphorylation of c-Jun was increased
compared with the group without rM-CSF stimulation.

Volume 15 Issue 1

©2014 Landes Bioscience. Do not distribute.



Therefore, M-CSF stimuli activate the JNK/MAPK signal
transduction pathways in RAW 264.7 macrophages. After
M-CSF stimulated, the expression of the c-Jun whether in gene
or in protein increased obviously in the nuclear of RAW 264.7
macrophages, which may be performed through activation of
the JNK/MAPK signal transduction pathways. However, the
impact of M-CSF stimulation on cytoplasmic c-Jun expression
is minimal.

NF«B may be synergistically involved in the regulation of
cJun in RAW 264.7 macrophages transformation

Simultaneously, similar to c-Jun, the mRNA expression of p50
NF«kB also increased after M-CSF stimulation. In the rM-CSF-
stimulated group, the expression of p50 mRNA increased up to
9.51 times higher than that in the tM-CSF non-stimulated group
and that dropped sharply in the anti-M-CSF group with values
of 0.18 (Fig. 3A and B). This result suggested that activation of
NFkB and JNK pathway were involved in M-CSF-mediated M2
polarization, though the expression of p65 NF«kB showed little
change. In order to prove the claim, to determine whether NFkB
cooperating with ¢-Jun induce M2 polarization, we proceed in
three phases. First, we performed immunoblotting experiments
with anti-p50 NFkB under different treatment conditions to
determine how M-CSF-mediated induction of macrophage
alternative activation is linked to the NFkB pathway. The p50 is
a subunit of NFkB, we chose this subunit randomly to stand for
NFkB. We detected a strong protein band not only in TSN, but
in M-CSF-treated group. Obviously, this strong band appeared
after pretreatment with M-CSF and TSN (Fig. 4A). Second,
we continued to perform immunoprecipitation with anti-c-Jun
and anti-p50 (Fig. 4B) to further define the interaction between
c-Jun and p50 in the absence and presence of M-CSF or a p50
inhibitor, andrographolide. After andrographolide inhibited
p50 NFkB, cJun protein expression decreased as well as the
interaction between c-Jun and p50 NFkB weakened, the results
suggested that interaction between c-Jun and p50 NFkB was
affected by M-CSF and was impaired after inhibition of p50
using andrographolide treatment. Third, to further confirm
that p50 synergistically upregulates c-Jun expression, we used
retroviral shRNA strategies to knock down c-Jun protein levels
and to assess p50 expression in RAW 264.7 macrophages
induced by M-CSE. As shown in (Fig. 4C), c-Jun protein levels
were stably knocked down, c-Jun shRNA-mediated silencing was
associated with an appropriate decrease in p50 expression. The
result suggested that c-Jun and p50 could influence each other,
and the underlying mechanism need to be elucidated in future.
However, it strengthened this agreement with the certain synergy
of p50 to upregulate c-Jun protein expression.

Next, we demonstrate that the blockade of NFkB pathway
by adding andrographolide affected M-CSF-mediated M2
polarization state including polarized cytokine production,
characteristic surface marker expression, arginase 1 (Argl)
and iNOS expression using real time-PCR. M-CSF-exposed
Raw 264.7 macrophages exhibited the classical M2 activation
pattern, such as the upregulation of CCL22, and Argl, and
an augmented production of IL-10. We further examined how
those cells responded to a NFkB pathway inhibitor by adding
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Figure 2. Production of the cytokine M-CSF in the RAW 264.7, 4T1,
and co-culture cells was determined by enzyme-linked immunosor-
bent assay (ELISA). RAW 264.7, 4T1 were cultured or cocultured for the
indicated time periods, after which the cytokine concentrations were
measured by ELISA. The data on M-CSF production represent the mean
(standard error [SE]) of 3 experiments. Statistical differences between
groups were calculated by the Student t test. P < 0.05 vs. RAW 264.7
cells.

andrographolide. In contrast, M-CSF-exposed Raw 264.7
macrophages after andrographolide stimuli induced completely
absent in the patterns that had ever been exposed to M-CSF
(Fig. 5). Additionally, Figure 5 showed the defective expression
of M1 phenotype genes (IL-12p35, TNF-a, and iNOS) in
M-CSF-treated Raw 264.7 macrophages, and the defect could be
compensated by adding andrographolide to some extent. These
results clearly indicate that NFkB may affect the regulation
of M-CSF in RAW 264.7 macrophages transformation with a
markedly altered phenotype, particularly for this phenotype
transformation process contributes to tumor progression,
blocking it could be further developed for the clinical treatment
of tumors.

Taken together, these data suggested that a cascade of
molecular events initiated by M-CSF may be the mechanism
of TAMs formation. That is, c-Jun may involve in the NFkB
activation after M-CSF treatment in macrophages. Then c-Jun
and p50 NFkB may cooperatively induce a series of events, such
as upregulating expression of the IL-6/JAK1/STATG, thereby

attenuating M2 polarization and promoting tumor growth.

Discussion

Our previous study demonstrated that co-cultured RAW
264.7 macrophages could confer a M2 macrophage phenotype.
This phenotype is characterized by high levels of IL-10, CCL2,
CCL22, and Arg-1 secretion with a decrease in secretion of
IL-12p35, TNF-a, and iNOS. AP-1 is a key molecule that
facilitates this transformation.’ Both c-Fos and c-Jun are
immediate-early genes (IEG), and their high expression and
transactivation play an important role in cell proliferation and
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Figure 3 (See opposite page). JNK and NFkB pathway were activated by M-CSF stimulation. (A) RT-PCR analysis showing that the level of c-Jun and
p50 NFkB in RAW 267.4 macrophages treated by 40% TSN (tumor culture supernatant) and rM-CSF (30 ng/ml) begin to rise gradually as incubation time
extended, control cells were treated with the same medium at 0 h. (B) Real-time PCR claiming a dramatically effect of neutralizing antibodies to rM-CSF
(anti-rM-CSF) on the mRNA expression of c-Jun, c-Fos, p50, and p65 in RAW 264.7 macrophages after 24 h incubation, and the effect occur basically
simultaneous. (C) Western blot analysis demonstrating that the expression of c-Jun phosphorylation protein (P-Jun) in RAW 264.7 macrophages nucleus
(under) was markedly reduced after anti-rM-CSF treatment, and M-CSF having little effect on c-Jun phosphorylation protein in cytoplasm (upper). The
blots were stripped and reprobed with anti-B-actin to confirm equal protein loading. *P < 0.05 vs. RAW 264.7, *P < 0.05 vs. RAW 264.7 + rM-CSF.

phenotype differentiation. In cells, c-Fos and c-Jun dimerize
to form AP-1. A co-cultured cell environment is similar to the
tumor microenvironment. Therefore, detecting c-Jun and c-Fos
expression in RAW 264.7 macrophages under co-cultured
conditions is the best way to study macrophage transformation
in vitro. Using real-time PCR, ¢Jun mRNA levels in the
co-cultured cells were found 2.9 times higher than those in
RAW 264.7 macrophages alone. In contrast, the levels of c-Fos
mRNA were almost the same in both conditions (a ratio less than
1). Otherwise the levels of c-Fos protein were hardly detected
by ICC. Some research showed that when c-Fos combined with
c-Jun, the halflife of c-Fos often shortened to 45—-120 min,
and c-Fos degraded more quickly because it contained AU rich
elements in its 3" untranslated regions and some fragments in the
protein coding region were very unstable.’*' This is perhaps the
reason we couldn’t capture the signal change of c-Fos expression.

But the question is: How does c-Jun work in the transformation
of M1 to M2 macrophages? With this question, we detected the
M-CSF content in the co-cultured cells and the supernatant
using ELISA assay. In the 4T cell supernatant, M-CSF secretion
was as high as 6.21 ng/ml. and the RAW 264.7 macrophages
could secrete a certain amount of M-CSF. The concentration
of M-CSF was reduced with the incubation time increased. In
the RAW 264.7 macrophages that were co-cultured, the levels of
M-CSF were decreased compared with that of the RAW 264.7
macrophages cultured alone, and the 4T1 cells did not express
M-CSF receptor mRNA in Figure 1A. This finding suggested
an exogenous M-CSF supply (4T1 cells secrete) is much less than
the consumption for the RAW 264.7 macrophages when the
cells were co-cultured. The results of others found that leukemia
inhibitory factor (LIF) and IL-6 promoted the conversion of
mononuclear cells to macrophages, and IL-6 promoted M2
macrophage generation, which was dependent on autocrine
M-CSF consumption.” M-CSF is known able to stimulate many
signaling pathways (including the MAPK pathway) to promote
the proliferation and differentiation of macrophages. As a central
hub, AP-1 happened to be in this molecular pathway. So, M-CSF
stimulation and neutralization were used in the study to detect
the sensitivity of c-Jun and c-Fos to M-CSF in the 4T1 and RAW
264.7 cell co-culture system.

At the mRNA level, real-time PCR revealed that c-Fos,
c-Jun, c-fms, p50, and p65 reached their highest expression
when stimulated in 24 h, on very reliable premises that c-Fos,
c-Jun, c-fms, p50, p65, c-rel, IKKa, IKKP, and IL-6 (data
not shown) were expressed to varying degrees at different time
points (12—48 h) in RAW 264.7 macrophages. At the protein
level, phosphorylated c-Jun in both the cytoplasmic and nuclear
fractions was investigated. In the resting state, phosphorylated
c-Jun was expressed at low levels in the nucleus. After the rM-CSF
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stimulus was added, the expression increased significantly, and
the growth could be suppressed by a specific antibody. However,
the phosphorylated protein in the cytoplasm did not decrease.
There are two possible reasons for this result. First, M-CSF
may not play a switching function, so the neutralizing antibody
may affect the efficiency of phosphorylation and the protein’s
ability to translocate to the nucleus. Therefore, the protein in
the cytoplasm did not change greatly, but significantly increased
in the nucleus. Second, there are other factors that influence
the production, aggregation and transfer into the nucleus of
phosphorylated c-Jun.

While choosing a phosphorylated antibody, we noticed
that ser 73 affected the formation of AP-1 and could improve
the ability to induce transcription.’® Using this antibody, our
research made a connection between the MAPK/ERK pathway
and the JNK/SAPK pathway. It is known that ¢-Fos and c-Jun
mRNA levels are controlled by the ERK pathway. This pathway
controls IEG expression and the JNK pathway. The JNK
pathway activates c-Jun and enhances its transcription activity
by phosphorylating the c-Jun protein at the N-terminal ser 63
and ser 73 phosphorylation sites could promote AP-1 dimer
formation. Therefore, JNK may regulate the activation of c-Jun
at the protein level. Thus, we can conclude that M-CSF controls
AP-1 family transcription and activation of these transcription
factors at the protein level through the MAPK pathway. This
activation facilitates the conversion of RAW 264.7 to M2
macrophages.

Recently, more research shows that malignant tumors
originated due to infection.””® Clinically, anti-inflammatory
therapy can be used in the early stage of tumorigenesis to
avoid malignant lesions, which proves the feasibility of TAMs
as a target for cancer treatment.” NFkB is closely related to
inflammation and can often promote tumor metastasis and
microvascular generation.?>* Other research evidence has shown
that TAMs accumulate a large amount p50 NFkB homologous
dimer in the nucleus when responding to the M1 macrophage
type cell signals. p50 NFkB overexpression does not only trigger
macrophages that are LPS tolerant in a mice fibrosarcoma and
human ovarian cancer,” but also inhibit IL-12 promoter activity
in RAW 264.7 macrophages.”? Our study found that expression
of the NFkB family p50 increased after M-CSF stimulation,
and IKKa, the kinase subunit that catalyzes IkB degradation
showed diverse degrees of expression.’?” Increased p50 NF«B
expression suggests that the NFkB pathway is activated after
M-CSF stimulation. other findings offers that NFkB and AP-1
can inhibit the production of MMP9 and proinflammatory
cytokine.?®® Our finding indirectly showed that NFkB might
act a synergistic role in M-CSF-MAPK-AP-1-related RAW 264.7
to M2 macrophages transformation.
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Figure 4. Andro and c-Jun shRNA damage the interaction of c-Jun and
p50 NFkB in M-CSF-stimulated cells. (A) Whole cell lysates (WCL) were
prepared for immunoprecipitation with anti-p50 NFkB. RAW 267.4 mac-
rophages were pretreated with 40% TSN and stimulated by M-CSF (30
ng/ml) for 24 h. After SDS-PAGE, Coomassie brilliant blue G-250/sliver
staining was performed. Strong brands were found with TSN and rM-CSF
treatment. (B) Coimmunoprecipitation and immunoblotting of c-Jun
and p50 NFkB, RAW 267.4 macrophages were pretreated with rM-CSF
(30 ng/ml) for 24 h and stimulated by andrographolide (Andro, 10 nM)
for another 12 h. *P < 0.05 vs. cell alone (control), *P < 0.05 vs. cell + rM-
CSF. (C) Infection of RAW 264.7 macrophages with c-Jun shRNA leads
to decreased p50 expression. Immunoblot analysis of RAW 264.7 mac-
rophages infected with pSuper.retro (vector control) or pSuper-c-Jun.
shRNA (c-Jun shRNA). B-actin was used as an internal loading control.

The co-immunoprecipitation experiments observed that
c-Jun interacted with p50 NFkB in the presence of rM-CSF.
After pretreating with andrographolide, this interaction was
impaired. However, after immunoprecipitation with ¢-Jun, p50
protein expression had no significant difference among groups
stimulated by rM-CSF. This may due to that p50 was only one
part of NFkB, c-Jun could interact with other parts of NFkB.
These results suggested that NFkB synergistically effected with
c-Jun in RAW 264.7 macrophages transformation. In addition,
our work found that andrographolide exerted its inhibitory
on M2 macrophage alternative activation, that can inhibit the
malignant, or cancerous changes of tumor microenvironment,
but have no effect on normal cells, thus it might has a better
selectivity in the treatment of cancer.

In summary, we demonstrated that M-CSF upregulates
the expression of the transcriptional factor c-Jun, which in
turn promote M2 macrophages transformation. And the
nuclear factor NFkB synergistically works with c-Jun in the
transformation of polarized M2 subtype of macrophage. What's
more, this transformation contributes to tumor progression, so
blocking M-CSF further NFkB and JNK pathway could be a
promising target for the clinical tumor therapy at a totally new
and advanced level.

Materials and Methods

Cell culture

The RAW 264.7 macrophages were purchased from the School
of Basic Medicine, Peking Union Medical College. The 4T1
cells were kindly provided by Dr Ostrand-Rosenberg (University
of Maryland). Andrographolide (Andro, a p50 inhibitor) was
purchased from Sigma-Aldrich. The RAW 264.7 macrophages
were co-cultured with 4T1 cells at 1:4 ratio for 24, 48, 72, or
96 h.’ In the cell stimulation test, RAW 264.7 macrophages were
incubated with the supernatant from the 4T1 cells (TSN, tumor
culture supernatant, diluted 1:2.5) and tM-CSF (30 ng/ml) for
24, 48, and 72 h. Anti-M-CSF (1 ug/ml) was used to quench the
action of rM-CSF.

RT-PCR and real-time PCR

RT-PCR was performed to detect c-Jun, c-Fos, c-fms, p50,
and p65 mRNA levels in the cells cultured with the 4T1 cell
supernatant (diluted 1:2.5) and tM-CSF (30 ng/ml) for 0-48 h.
The total cellular RNA (1 ug) was isolated from the cultured
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cells and reverse transcribed using oligo (dT) and M-MLV
reverse transcriptase (Promega). Real-time PCR were performed
to quantify cJun, c-Fos, p50, and p65 mRNA which was
extracted from the cells cultured among 48 h. The cDNAs were
amplified using the Real-Time PCR Detection System (Bio-Rad
Laboratories). For each sample, the AACt values were calculated
according to the derived equation 2722 (the Ct value of the target
gene minus the Ct value of the housekeeping gene GAPDH).
All real-time PCR results were expressed as fold changes in the
mRNA expression compared with the control cells. The data
represented are from three independent experiments performed
in triplicate. Primers were exhibited as below:

c-Jun (forward: 5-GTGCCAACTC ATGCTAACG-3;
reverse: 5'-GCAACCAGTC AAGTTCTCAA G-3'),

c-Fos (forward: 5'-CTCTAGTGCC AACTTTATCC C-3;
reverse: 5'-ATAGCTGCTC TACTTTGCCC-3'),

cfms (forward: 5-GCGAGGGTTC ATTATCCG-3';
reverse: 5'-ACTGTTTAGG GGGATTTCCA-3'),

B-actin (forward: 5'-~ATATCGCTGC GCTGGTCGTC-3';
reverse: 5'-AGGATGGCGC TGGTCGTC-3'),

p5SONFkB (forward:5-GCATTCTGACCTTGCCTATC-3';
reverse: 5" TTGGATGCAT TCGGGG-3'),

p65 NFkB (forward: 5-ATGTGCATCG GCAAGTGG-3';
reverse: 5" TGCTGGGAAG GTGTAGGG-3'),

IL-10 (forward: 5-GGGCCAGTAC AGCCGGGAAG-3';
reverse: 5'-CTGGCTGAAG GCAGTCCGCA-3'),

CCL22 (forward: 5'-GTGCCGATCC CAGGCAGGTC-3';
reverse: 5'-GGCGTCGTTG GCAAGGCTCT-3'),

Argl (forward: 5-AGAGACCACG GGGACCTGGC-3';
reverse: 5'"-TGGACCTCTG CCACCACACC-3'),

IL-12p35 (forward: 5-GCACCCGCGT CGTGACCATC-3';
reverse: 5'-GCCCACCAGG CCAAGACCA C-3'),

TNF-a (forward: 5-AAGGCCGGGG TGTCCTGGAG-3;
reverse: 5'-AGGCCAGGTG GGGACAGCTC-3'),

iNOS (forward: 5'-CCGCTGCCTT CCTGCTGTCG-3';
reverse: 5'-CCTCCGAGGG GGTGTGGTCC-3'),

GAPDH (forward: 5-AGGCCGGTGC TGAGTATGTC-3';
reverse: 5 "-TGCCTGCTTC ACCACCTTCT-3").

Measurement of M-CSF concentration using ELISA

The supernatants were collected from the cells which cultured
for 0,4, 8, 16, 24, and 72 h, then they were used for measuring the
murine M-CSF concentration through a mouse M-CSF-specific
ELISA kit (R&D System) according to the manufacturer’s
instructions. The results are from three independent experiments
performed in triplicate.

Immunocytochemistry

The co-cultured cells (RAW 264.7 macrophages: 4T1 cells =
1:4) were applied on slides and fixed in a 4% paraformaldehyde
solution. Endogenous peroxidase activity was blocked with 3%
hydrogen peroxide. To reduce the non-specific binding, the slides
were treated with a solution of goat serum (ZSGB-BIO). Then, the
sections were incubated overnight at 4 °C with a rabbit anti-c-Jun
primary antibody (1:200, sc-44). After reacting with horseradish-
peroxidase (HRP)-labeled goat anti-rabbit IgG (ZSGB-BIO),

the immunoactivity was detected with diaminobenzidine
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Figure 5. Phenotype identification of surface markers (M1 phenotype
genes [IL-12p35, TNF-o, and iNOS] and M2 phenotype genes [IL-10,
CCL22, and Arg1]) was determined by real-time PCR. Blocking NFkB by
adding Andro affected M-CSF-mediated M2 polarization state includ-
ing polarized cytokine production. RAW 267.4 macrophages untreated,
stimulated with M-CSF for 24 h, or stimulated with andro for another 12 h
after 24 h of M-CSF treatment and were subsequently analyzed. Results
are representative of 10 separate experiments. Statistical differences
between groups was calculated by one way ANOVA. #P < 0.05 vs. RAW

264.7,*P < 0.05 vs. RAW 264.7+rM-CSF.

(DAB; Boster). Lipopolysaccharide (LPS, 100 ng/mL)-treated
RAW 264.7 macrophages were used as the positive control, and
rabbit IgG substitute was used as the negative control. A half-
quantitative evaluation of the immunostaining was applied by
counting the immunopositive cells (identified by the presence of
brown staining) in 10 randomly selected high power fields for
each case.

Western blot analysis

The nuclear and cytoplasmic protein extraction kit was
purchased from KeyGEN Biotech. The cells (5 x 10°) were
handled according to the manufacturer’s instructions. The total
cell lysates were subjected to SDS-PAGE (10% acrylamide),
and the proteins were transferred to PVDF membranes
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(Bio-Rad Laboratories). The membranes were blocked for
2 h at room temperature and incubated overnight with rabbit
anti-c-Jun (phosphor-Ser 73) antibody (1:500, 11003-3; SAB).
After washing, the membranes were incubated for 1 h at
room temperature with HRP-conjugated goat anti-rabbit IgG
(1:15000, sc2004). Finally, the labeled proteins were visualized
using the ECL plus reagent (Millipore).

Coimmunoprecipitation and immunoblotting analyses

The cell proteins were extracted as described above. For the
coimmunoprecipitation  studies, RAW 264.7 macrophages
were cultured with tM-CSF (30 ng/ml) for 24 h. c-Jun was
immunoprecipitated and detected by western blot analysis using
either rabbit anti-p50 1:400 (Santa Cruz Biotechnology) or mouse
anti-c-Jun 1:200 (Boster). The immuno-complex was captured by
gently adding Protein A/G-Agarose Plus beads (Gendepot) and
subsequently subjected to western blotting (10% SDS-PAGE). To
investigate the mechanism of NFkB-AP-1 compound formation,
we added andrographolide (10 nM, a non-phosphorylation site
exposure blocker) to the medium for up to 12 h.

cJun knockdown using RNAi

RNAi-mediated cJun knockdown was accomplished by
shRNA produced by the DNA-based shRNA-expressing retroviral

vector (pSuper-Retro). The vectors were from GenePharma. The
knockdown experiment was conducted with Lipofectamine
(Invitrogen) according to the manufacturer’s instructions. RAW
264.7 macrophages were cultured in full medium for 48 h before
being treated under M-CSF (30 ng/ml). The c-Jun shRNA target
sequence is GAUGGAAACG ACCUUCUAUT T.

Statistical analysis

Results are mean + SE and were analyzed with SigmaStat
10.0 software (SPSS). The differences between two groups were
assessed using the Student # test. The differences among three or
more groups were evaluated using a one-way ANOVA followed by
the Dunnett test. P < 0.05 was considered statistically significant.
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