WntSA/CaMKII Signaling Contributes to the Inflammatory
Response of Macrophages and Is a Target for the
Antiinflammatory Action of Activated
Protein C and Interleukin-10
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Objective—Sepsis is a major cause of death for intensive care patients. High concentrations of inflammatory cytokines are
characteristic of severe systemic inflammation and activated monocytes are their predominant cellular source. To
identify targets for antiinflammatory intervention, we investigated the response of human macrophages to inflammatory

and antiinflammatory mediators.

Methods and Results—We profiled gene expression in human macrophages exposed to lipopolysaccharide (LPS) and
interferon (IFN)-vy in the presence or absence of recombinant activated protein C (APC) or IL-10 and identified Wnt5A
as one of the transcripts most highly induced by LPS/IFN-vy and suppressed by APC and IL-10. We confirmed regulation
of Wnt5A protein in macrophages and detected it in sera and bone marrow macrophages of patients with severe sepsis.
We established that a functional Wnt5A/frizzled-5/CaMKII signaling pathway was essential for macrophage inflam-
matory activation. To prove the essential contribution of Wnt5A we measured inflammatory cytokines after stimulation
with Wnt5A, silenced Wnt5A by siRNA, and blocked receptor binding with soluble Frizzled-related peptide-1 (sFRP1).

Conclusion—Wnt5SA is critically involved in inflammatory macrophage signaling in sepsis and is a target for
antiinflammatory mediators like APC or antagonists like sFRP1. (Arterioscler Thromb Vasc Biol. 2008;28:504-510)
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S epsis is a suspected or proven infection with a systemic
inflammatory response. In severe sepsis, organ dysfunc-
tion also occurs and it is associated with a high mortality and
morbidity. Severe sepsis still causes about 9.3% of all deaths
in the USA.'2

See accompanying article on page 400

During sepsis, the extent of plasma protein C depletion
correlates with the severity of the outcome.> In animal
studies* and clinical trials APC prevented death from severe
sepsis or septic shock.> Although this beneficial effect of
APC is mostly ascribed to its anticoagulant properties,
antiinflammatory effects of APC have also been proposed.°
The direct modulation of inflammation by APC has recently
been described in gene expression profiling studies with
human endothelial cells.”®# Recently, recombinant human
APC has been introduced as a therapeutic agent for treatment
of patients with severe sepsis because of its unique anticoag-
ulant and antiinflammatory properties; however, the exact
mechanism of antiinflammatory action is still unknown.”

Macrophages play a central role in inflammation by re-
sponding to and releasing of numerous inflammatory cyto-

kines and chemokines, leading to severe systemic inflamma-
tion and septic shock. However, the knowledge of
antiinflammatory interactions on the level of monocytes/mac-
rophages is scant. Therefore, we decided to expand our
investigations on antiinflammatory effects of APC on this
cellular system. In the present study, we were using a whole
genome expression analysis approach, to define novel targets
of APC in an in vitro model of inflammatory macrophage
activation. Using probes obtained from human macrophages
stimulated by INF-y (IFN-y) and endotoxin (LPS), we
consistently found Wnt5A to be one of the genes induced by
inflammatory stimuli and LPS which was blocked by APC at
the transcriptional level.

Wnt5A is a member of the Wnt family of secreted
signaling molecules, homologs of the Wingless proteins in
Drosophila species.!® Wnt proteins are involved in embryonic
development, in differentiation of white blood cells during
mammalian hematopoiesis, and in tumorigenesis.!' The ca-
nonical Wnt signaling pathway controls target gene transcrip-
tion via the central component (3-catenin.'? Recently, regula-
tion of [-catenin dependent gene transcription has been
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elucidated,' and in mammalian cell systems it predominantly
involves Wnt3.!'' However, in our proinflammatory activated
human macrophage cellular system, Wnt3 expression was
extremely low (see supplemental Table II, available online at
http://atvb.ahajournals.org), and the canonical signaling path-
way was not affected by either proinflammatory activation or
by APC and IL-10. Recently, a member of the Drosophila
Whnt protein family, WntD, has been linked to Toll/NF-«B
signaling and shown to be involved in antibacterial defense
against Listeria monocytogenes in a septic fly model.!'
Furthermore, in a recent study WntSA and its receptor
Frizzled-5 (FZDS5) are involved in regulation of the response
to microbial stimulation in human mononuclear phagocytes.'>

Here we show that Wnt5A acts through Ca**/calmodulin-
dependent protein kinase (CaMKII) and that this pathway
contributes to the inflammatory response of human macro-
phages. APC and IL-10 modulate Wnt5SA/CaMKII signaling in
an antiinflammatory manner. The presence of high levels of
Whnt5A in sera of patients with severe sepsis or septic shock and
in activated macrophages from the bone marrow of septic shock
patients suggests a critical role for WntSA in systemic inflam-
mation and sepsis. Taken together, our study shows for the first
time that, first, Wnt5A signaling is essential to the general
inflammatory response of human macrophages and, second,
APC acts antiinflammatory in activated human macrophages
by interfering with Wnt5A signaling.

Methods
Cell Culture

Human PBMC derived macrophages were cultured as described in
the supplement (available online at http://atvb.ahajournals.org).

Gene Array Experiments

Gene expression profiling was performed by competitive dual-color
hybridization of complementary RNA probes on human 44K 60-
meroligonucleotide microarray chips (Agilent Technologies) as de-
scribed in the supplement.

Quantitative Real Time RT-PCR
Real-Time PCR is described in the supplement.

Antibodies

The following antibodies were used for Western blotting and
immunofluorescence: goat-anti-Wnt5SA (1:1000, R&D Systems),
rabbit-anti-FZD5 (1:1000, Abcam), rabbit-anti-CaMKII (1:1000,
Abcam), rabbit-anti-active CaMKII (pT286; 1:500, Promega).

Western Blotting
Detection of FZD5 and CaMKII protein expression was performed
by Western blotting and is described in the supplement.

Immunohistochemistry and Immunofluorescence

Details about immunohistochemistry and immunofluorescence ex-
periments are given in the supplement. Fluorescent signal intensity
was quantified using SigmaScan-Pro software (Systat-Software Inc).

Quantitation of Secreted Cytokines
Measurement of secreted IL-6, IL-8, IL-13, and MIP-1p is described
in the supplement.
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Immunoprecipitation of Wnt5SA in Sera

Detection of Wnt5A in the sera of septic patients and healthy
individuals was performed by immunoprecipitation as described in
the supplement.

Generation of Small Interfering RNA (siRNA) and
Transfection of Macrophages

Wnt5A siRNA silencing experiments were performed as described in
the supplement.

Statistical Analysis

Data were analyzed with the use of Graphpad-Prism version 4.0
statistical software. We used an unpaired 2-tailed Student ¢ test or,
for comparison of data among groups, 1-way ANOVA followed by
the Newman—Keuls test. probability values <0.05 were considered
statistically significant.

Results

Identification of Targets for the Antiinflammatory
Action of IL-10 and APC by Gene

Expression Profiling

To define novel targets for antiinflammatory intervention,
preferably at an early stage of the inflammatory response, we
applied microarray based comparative transcriptome analysis
in our model of monocyte derived macrophages.

The mRNA expression profiles of macrophages incubated
with LPS/INFy with or without IL-10 or APC for 8 hours
were compared with the expression profiles of untreated
macrophages (common reference, cultured in parallel) by
competitive 2-color hybridization on human whole genome
oligonucleotide array chips. The cytokine IL-10, which has
well described antiinflammatory properties, was used to
compare its effect with the suspected but not elucidated
antiinflammatory action of APC in our setting of inflamma-
tory activated macrophages. Analysis of experiments with
macrophages from 3 different donors revealed a set of genes
induced by LPS/INFvy (see supplemental Table I). Complete
data are available in the ArrayExpress database with the
following accession number, E-MEXP-927. In addition to
several known inflammatory genes such as IL183 (87-fold
induction compared with untreated cells), IL6 (15-fold), IL8
(3-fold), CCL2 (17-fold), and CCL4 (14-fold), Wnt5A was
strongly induced by LPS/INFy (79-fold, see supplemental
Table I). Antiinflammatory stimuli reduced Wnt5A induction
2.7-fold by APC and 4.2-fold by IL-10 (supplemental Figure
I). Furthermore, the FZDS5 and CaMKII genes, which encode
proteins involved in Wnt signaling pathways, were also
differentially expressed. Both the genes for the receptor
FDZS5 and for the signaling enzyme CaMKII are not upregu-
lated by LPS/INFy in presence of APC or IL10.

IL-10 and APC Regulate the Wnt5A/Ca**
Pathway at the mRNA Expression and

Protein Level

Quantitative RT-PCR verified that the expression and regu-
lation of Wnt5A mRNA was induced by LPS/INFvy in human
macrophages and that the level of induction of WntSA
mRNA was reduced by the action of IL-10 and APC (Figure
la). Transcriptional expression of Wnt5A was maximal at 8
hours in activated macrophage and declined rapidly within 24
to 48 hours to normal levels compared with unstimulated



506 Arterioscler Thromb Vasc Biol March 2008
ac 1000 b 1000
o c
=100 L2 100 4
Q "
3 5
o Mmoo flolal
T_OJ 4 i 14 — 1R j
- ] B2« EVLOS
w Control IL-10 APC 0 01_:-30283'55“2'5
01 LPS/IFNy §0CsL P~ 250
o wg § f£7E
E £

Control LPS/IFNy
LPSAFN/IL-10 LPS/HENyAPC
e 9

e

Fluorescent intensity/cell
(%]
8 8 8 8 8

Control IL-10__APC
LPS/INFy

Figure 1. Wnt5A expression is induced by LPS/INFy and TLR
agonists and is blocked by IL-10 and APC. a and b, Wnt5A mRNA
of unstimulated (control) or macrophages treated with the indicated
stimuli. ¢, Immunofluorescence of Wnt5A protein in macrophages
treated for 24 hours with the indicated stimuli. d, Quantitative fluo-
rescence signal intensity of Wnt5A in control and activated macro-
phages. Detailed information to each figure is given in the supple-
ment (available online at http://atvb.ahajournals.org).

cells (data not shown). To test whether Wnt5A is also induced
by signals targeting Toll-like receptors (TLR), we investi-
gated a representative array of TLR agonists targeting TLR
1-9, and found that only PamCSK4 (TLR 1/2 agonist) and
Imiquimod (TLR 7 agonist) did not induce Wnt5A mRNA
transcription. All other TLR agonists induced Wnt5A expres-
sion more than 10-fold (Figure 1b). Immunocytochemistry
was used to assess the levels of accumulated WntSA protein
in activated macrophages (Figure lc). After 24-hour incuba-
tion with LPS/INFy, Wnt5A protein expression had increased
in macrophages compared with untreated control cells. In
contrast, after treatment with LPS/INF+/IL-10 or LPS/INF~y/
APC Wnt5A protein expression was unchanged in macro-
phages compared with untreated control cells (see Figure 1d).
This observation leads us to the assumption that Wnt5A
expression is induced by LPS/INFy and that this effect is
suppressed by IL-10 and APC.

FZDS5 and CaMKII Are Present and Contribute to
Wnt5A Signaling in Macrophages that Can Be
Blocked by a sFRP1

Western blot analysis showed FZDS5 and CaMKII expression
in macrophages, providing further evidence that these impor-
tant components of the WntSA signaling pathway are present
(Figure 2a). FZD5 protein was present as a single band with
a molecular weight of 250 kDa. There were no detectable
differences in the amount of protein in response to different
treatments. CaMKII was present as a single band with a
molecular weight of 60 kDa. Although it was not possible to
establish whether the amount of CaMKII protein increased in
macrophages stimulated with LPS/INFvy, CaMKII protein
expression clearly decreased because of the action of APC.
To address CaMKII activation by Wnt5A, we used a specific
polyclonal antibody that recognizes only the phosphorylated
form of CaMKII. Activation of CaMKII by Wnt5A and by
LPS/INF+y was confirmed by immunofluorescence in cultured
macrophages (Figure 2b and 2c). To corroborate our evidence
for the contribution of Wnt5A to the inflammatory response
of human macrophages, we blocked Wnt5A signaling at the
ligand/receptor stage. SFRP1 is a member of the SFRP family
that contains a cysteine-rich domain homologous to the
putative Wnt binding site of Frizzled proteins, and it can act
as a soluble modulator of Wnt signaling by specifically
binding to Wnt5A21. Incubating macrophages with sFRP1 in
addition to LPS/INFy or recombinant Wnt5A reduced
CaMKII phosphorylation, indicating that the Wnt5A signal-
ing pathway was activated by inflammatory stimuli and that
sFRP1 blocked this activation by preventing binding of
Wnt5A to its receptor, FZDS5 (Figure 2b and 2c).

WntSA Stimulates the Release of Proinflammatory
Cytokines in Macrophages, and IL-10 or APC
Block the Inflammatory Action of Wnt5A

The biologic response of macrophages to an inflammatory
stimulus is the synthesis and secretion of an array of inflam-
matory cytokines and chemokines. In a next series of exper-
iments we wanted to know whether Wnt5A itself could
account for a comparable effect on inflammatory cytokine
production as LPS/IFN-vy. To investigate the biologic re-
sponse to Wnt5A we quantified the levels of the proinflam-
matory cytokines IL-6, IL-8, IL-13, and MIP-1 in superna-
tants of macrophage cultures treated for 24 hours with
recombinant mouse Wnt5A. As shown in Figure 3, recombi-
nant Wnt5A, expressed in a mammalian cell system and
without detectable endotoxin concentrations (see method
section), did indeed stimulate the release of proinflammatory
cytokines in macrophages (black bars) in a comparable
manner to cells that were stimulated with LPS/INF-vy (data
not shown). Furthermore, IL-10 (gray bars) or APC (open
bars) prevented the inflammatory cytokine release on stimu-
lation with WntSA (Figure 3). There were again common and
distinct effects of IL-10 and APC. The antiinflammatory
effects of IL-10 and APC were comparably strong reducing
IL-1 and MIP-1 production, whereas the effect of APC on
IL-6 or IL-8 production was not as impressive as IL-10.
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Figure 2. The Wnt5A signaling pathway is active in macro-
phages and is blocked by sFRP1. a, Detection of CaMKIl and
FZD5 protein in lysates of cultured macrophages treated with
LPS, INFy, IL-10, and APC, as indicated, for 24 hours. b, Immu-
nofluorescent detection of phosphorylated CaMKII. ¢, Quantita-
tive fluorescence signal intensity of phosphorylated CaMKIl in
control and treated macrophages.

Blocking Wnt5A Signaling Influences the
Expression of Inflammatory Cytokines

To examine the Wnt5A contribution to the inflammatory
response in macrophages further, we generated small inter-
fering RNA (siRNA) against Wnt5A by transcription and
dicing of a human Wnt5A specific template and investigated
whether inhibition by siRNA of Wnt5A transcription influ-
ences the transcription and secretion of inflammatory cyto-
kines. Transfection of unstimulated macrophages with anti-
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Wnt5A siRNA decreased WntSA activity by 80%, but did not
significantly affect macrophage viability (data not shown).
However, in LPS/INF-y stimulated macrophages, knock-
down of Wnt5A significantly decreased transcription of
WntSA (Figure 4a). To ensure specificity of the observed
effect of siRNA directed against Wnt5A, we measured expres-
sion of the housekeeping gene HPRT and found no significant
change (Figure 4a). Moreover, knockdown of Wnt5A signif-
icantly decreased transcription and secretion of the inflam-
matory cytokines IL-13, IL-6, and IL-8 (Figure 4b). Trans-
fection with siRNA directed against luciferase GL3 duplex
had no effect on the response to LPS/INFy compared with
mock-transfected cells (data not shown). These results further
support a mechanism by which Wnt5A influences the tran-
scription and release of inflammatory cytokines. Because of
our previous observation that sSFRP1 blocked CaMKII phos-
phorylation induced by LPS/INF+y stimulation we incubated
stimulated human macrophages with sFRP1. We verified that
sFRP1 inhibited the release of IL-1p, IL-6, IL-8, and MIP-13
in macrophages cultured under inflammatory conditions,
which confirms that Wnt5A signaling caused secretion of
proinflammatory cytokines (Figure 4c).

Wnt5SA Protein Is Present in the Serum and Bone
Marrow of Patients With Severe Sepsis or

Septic Shock

Because of the high levels of Wnt5A induced by inflamma-
tory stimuli in vitro, we determined whether Wnt5A is
present in vivo. Because Wnt5A is secreted, we suggested its
presence in sera of septic patients. Thus we performed
immunoprecipitation in archive sera samples from patients
with severe sepsis or septic shock defined according to the
criteria set forth by the 2003 International Sepsis Definitions
Conference'® using a Wnt5A specific polyclonal antibody.
Supernatants of transfected cells expressing and secreting
large amounts of Wnt5A16 served as controls (Figure Sa).
Densitometric analysis showed a distinct difference between
the amounts of Wnt5A protein in patient samples compared
with sera from healthy individuals (Figure 5b). WntSA
concentration in sera of patients could be affected by kidney
failure or disturbances of liver function, which occur often in
patients with severe sepsis or septic shock. Serum creatinine
concentrations were normal in all sera tested. In addition,
neopterin, a marker of activated human macrophages, was
significantly elevated only in the sera of sepsis patients
(Figure 5b). The finding of elevated WntS5A in sera of patients
suggests an active role for secreted Wnt5A in the pathophys-
iology of sepsis. To confirm this observation, we demon-
strated Wnt5A expression in macrophages of bone marrow
samples of patients with fatal sepsis.!” Immunohistochemical
analysis showed that there was intense staining for Wnt5A in
hemophagocytic macrophages in these patients compared
with bone marrow from healthy individuals. Again, sections
of Wnt5A expressing cells and L-cells served as positive and
negative controls, respectively, as they were fixed and stained
in the same manner. The intensity of Wnt5A staining in the
untransfected L-cells (background staining) was comparable
to that found in bone marrow sections of healthy individuals
(Figure 5c).
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Figure 3. Induction of inflammatory cytokine secretion by
Wnt5A signaling, its modulation by antiinflammatory mediators
IL-10 and APC. Concentrations of IL-6, IL-8, IL-13, and MIP-18
protein secreted by macrophages treated with Wnt5A in the
absence and the presence of IL-10 or APC, respectively.

Discussion
In this study we found that expression of Wnt5A is pivotal
in a pathway involved in sustained inflammatory macro-
phage activation during sepsis. Our initial studies aimed to
identify novel targets of the antiinflammatory activity of APC
in pharmacological doses used in sepsis patients, in
macrophages.

Beyond modulation of coagulation activation, the pleiotro-
pic antiinflammatory activities of APC that are directed to
different cellular targets are proposed to contribute to the
uniquely beneficial activity of this agent in patients with
severe sepsis. In a genome wide transcriptional screen of
macrophages stimulated with LPS and IFN-y, we have
identified Wnt5A as one of the most highly induced genes.
Suppression of inflammation-forced Wnt5A expression by
APC and IL-10 implicated Wnt5A in an active role in the
inflammatory response. Both the inflammatory driven tran-
scriptional expression of Wnt5A and its suppression by APC
and IL-10 were confirmed by independent methods at the
mRNA and protein levels. Furthermore, high levels of im-
munoprecipitatable Wnt5A in sera from patients with severe
sepsis provided direct evidence of an active role for secreted
Wnt5A in the pathophysiology of the systemic inflammatory
response during sepsis. Although our studies did not intend to
identify the cellular source of Wnt5A secretion during sepsis,
demonstration of Wnt5A positive macrophages within the
bone marrow of patients with fatal sepsis suggests that
activated macrophages play an important role in this disease
setting.

Recently a distinct role for Wnt family members in inflam-
mation and immunity has been recognized. The Drosophila Wnt
protein family member WntD regulates the innate immune
response to infection in the fly."* In these studies, WntD
expression is shown to be controlled by Toll signaling, a highly
conserved pathway known to induce antimicrobial and inflam-
matory responses also in the human macrophage. Furthermore,
WntD signaling in the fly was independent of the common
B-catenin pathway, as it is the case in the inflammatory human
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Figure 4. Effect of blocking Wnt5A signaling with siwnt5A on
inflammatory cytokines secretion. a, Left graph, fold induction
of Wnt5A mRNA expression in LPS/INF~y stimulated macro-
phages after transfection with siWnt5A. Right graph, HPRT
mRNA expression in LPS/INFy stimulated macrophages after
transfection with siwnt5A. b, IL-6, IL-8, IL-18 mRNA expres-
sion and secretion by LPS/INFy stimulated macrophages
after transfection with siWwnt5A. ¢, Concentrations of IL-6,
IL-8, IL-18, and MIP-1p3 secreted by macrophages. Cells
were stimulated with LPS/INFy in the absence or presence
of sFRP1.

macrophage system described herein. Moreover, WntD was
identified as the first secreted regulator of Toll signaling in the
fly. This is in line with an earlier study that described WntSA
being secreted by activated antigen presenting cells and by
inflammatory synoviocytes from rheumatoid arthritis joints.'”
This was the first report of Wnt5A expression associated with an
inflammation in humans. However, it became unclear in this
study how WntSA expression was linked with inflammatory
cytokine production, because the signaling of Wnt5A through
FFZD5 was not delineated. More recently, Wnt5A expression is
shown to be induced by mycobacterial cell wall components and
endotoxin in human antigen presenting cells and is dependent on
activation of the central inflammatory regulator NF-«B.!5 In this
report it is clearly shown that Wnt5A expression required
Toll-like receptor (TLR)2 and TLR4-dependent signaling. This
finding is completely in line with the finding of TLR-dependent
WntD expression in the fly, indicating that these pathways are
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Figure 5. Wnt5A protein is present in the serum and bone
marrow of patients with severe sepsis or septic shock. a, Immu-
noprecipitation of Wnt5A in serum from patients with sepsis
(lanes 5-8) and from healthy individuals (lanes 1-4). Ln 9 shows
Wnt5A conditioned medium (Wnt5A-CM) that was immunopre-
cipitated following the same protocol. b, Left graph, densitomet-
ric analysis of bands detected by immunoprecipitation. c,
Wnt5A in sections from bone marrow biopsies of patients with
fatal sepsis and from healthy individuals'” was detected by
immunohistochemistry as described in Methods.

linked together and are highly conserved throughout species.
However, it was not elucidated whether activation of other TLRs
induce Wnt5A or other Wnt homologues.!> Our study extends
the idea that Wnt5A secretion constitutes a highly conserved
response to inflammatory macrophage activation by demonstrat-
ing that Wnt5A mRNA is not only induced by LPS and the
classical macrophage stimulator INFy, but also by a representa-
tive array of TLR agonists targeting TLR 1-9.

After secretion, WntSA is proposed to act by ligation to its
receptor FDZ5, which we and others have shown to be ex-
pressed in human macrophages.'> It was, however, not clear
which pathway of Wnt5A signaling was involved in macro-
phages in the setting of inflammatory activation. Different
signaling pathways may be triggered subsequently by Wnt5A/
FDZ5. The canonical signaling pathway acts by enhancing the
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intracellular level of B-catenin. This canonical pathway is the
most intensively studied pathway of Wnt action in cell devel-
opment and differentiation. We were unable to detect any
evidence for canonical signaling in our inflammatory activated
macrophages. The noncanonical Wnt signaling pathway eluci-
dated in the present study induced a rise in intracellular calcium
levels and activated CaMKII, which, among other effects, leads
to activation and nuclear translocation of the transcription factor
NF-AT.?° Cell specific characteristics and the coreceptor envi-
ronment in particular determine which of these pathways are
activated on ligation of a frizzled receptor with its Wnt ligand.
Ca®" release and the associated phosphorylation of CamKII are
extensively studied signaling events that are critically involved
in macrophage activation.?'>> Our finding that recombinant
Wnt5A increased phosphorylation of CamKII provides experi-
mental evidence that WntSA is capable of activating the proin-
flammatory Ca**/CamKII pathways in macrophages. This effect
is completely abrogated by sFRP1, a soluble Wnt binding
protein that specifically binds to and impairs WntSA interaction
with its cognate cell surface receptor.'® This implies that a
specific WntSA/FDZ5 interaction mediates the Wnt5SA activity
observed in our experiments and excludes nonspecific effects
imparted by small molecular contaminants such as endotoxin.
Again, this is fully in line with the findings of others that FDZ
proteins are receptors for Wnt and that Wnt signaling is
modulated by the specific cysteine-rich domain of soluble
frizzled related peptides.'® Our finding, that sSFRP1 also inhibited
the LPS/IFN-y-induced CamKII phosphorylation, implies a
causal link between Wnt5A secretion triggered by inflammation
and LPS/IFN-y—-induced macrophage activation. Again, this
Wnt5A/FDZ5 mediated activation of the noncanonical signaling
pathway may thus act as a positive regulatory mechanism that
sustains and enhances inflammatory macrophage activation
induced by exogenous proinflammatory agents. Our finding that
Wnt5A activates the noncanonical signaling pathway in macro-
phages is compatible with its capacity to exert inflammatory
effects in rheumatoid synoviocytes and in antigen presenting
cells. Furthermore, treatment of macrophages with exogenous
Wnt5A initiated secretion of inflammatory cytokines in our
study. However, the subsequent observation that Wnt5A knock-
down by siRNA significantly decreased the transcription and
secretion of inflammatory cytokines and that inhibition of
autocrine WntSA signaling by sFRP1 almost completely re-
versed LPS/INFy-induced cytokine secretion suggests that
Whnt5A is not just another inflammatory macrophage activator
but also a pivotal regulator of macrophage activation during
inflammation. In light of the findings in the septic fly model,
where Wnt is critically involved in the control of infection, the
findings of induced Wnt5A on mycobacterial infection of human
monocytes, and the identification of WntSA in inflamed syno-
viocytes of rheumatoid arthirtis, our present findings suggest that
Wnt5A is a highly specific autocrinous and paracrinous macro-
phage-derived effector molecule triggering inflammation
through a well defined pathway. Therefore, our results suggest
that the Wnt5A pathway is an attractive candidate target for
therapeutic intervention in inflammatory diseases such as sepsis
or rheumatoid arthritis. First, significant amounts of Wnt5A are
secreted in septic patients. One could well assume from this
finding and from the observations of Wnt5A being released by
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synoviocytes'® that Wnt5A is elevated also in the sera of
rheumatoid arthritis patients. Second, interference with the
Wnt5A signaling pathway acts at an early step in macrophage
activation. The data from this study together with previous
evidence'!” suggests that Wnt5A signaling constitutes a nonre-
dundant activation pathway, which might be indispensable for
sustained inflammatory macrophage activation. Third, we show
that expression of Wnt5SA constitutes a highly conserved re-
sponse to macrophage activation triggered by a wide array of
ligands involved in initiation of systemic inflammation. This in
turn implicates Wnt5A signaling in a final common pathway of
macrophage activation. Fourth, the fact that Wnt5A is a secreted
protein and that WntSA signaling involves classical receptor-
ligand interactions raises the possibility of modulation of Wnt5A
activity in vivo. Application of soluble Wnt5A neutralizing
molecules, as applied in our work, thereby represents just one
possibility for achieving in vivo suppression of inflammatory
Wnt signaling. Although our results suggest that the develop-
ment of Wnt antagonists might be a valuable strategy for
controlling inflammation at one of its critical checkpoints, partial
Whnt control during sepsis may yet be achieved by treatment with
APC, which acts by downregulation of Wnt5A expression and
thus by modulating inflammatory Wnt activity.
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