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The Wingless homolog Wnt5a stimulates phagocytosis

but not bacterial killing
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Phagocytosis is a primary defense program orchestrated by mono-
cytes/macrophages. Unregulated phagocytosis can lead to patholog-
ical conditions. In the current study we have demonstrated that Wnt5a
stimulates phagocytosis through PI3 kinase-Rac1 and lipid-raft-depen-
dent processes. Wnt5a-mediated augmentation in phagocytosis is
suppressed by blocking expression of the putative Wnt5a receptor
Frizzled 5. Enhanced phagocytosis of bacteria by Wnt5a-Fz5 signaling
increases the secretion of proinflammatory cytokines, but not the bac-
terial killing rate. Furthermore, a small molecule inhibitor of Wnt pro-
duction, IWP-2, which reduces secretion of functionally active Wnt5a,
notonly suppresses both phagocytosis and the secretion of proinflam-
matory cytokines but also accelerates the bacterial killing rate.

inflammation | E. coli | sepsis

he complexities accompanying phagocytosis by macrophages

under the influence of different intercellular milieu remain
unresolved. Although crucial for innate immune functions,
phagocytosis turned awry may enhance inflammation, thus aggra-
vating pathological conditions (1-3). The molecular mechanisms
underlying such phenomena are unclear. Because phagocytosis
involves cytoskeletal alterations, we wondered if embryonic growth
modulators such as Wnts, which influence cell polarity through
cytoskeletal modulations, could also engender phagocytosis and
thus foster inflammation (4-6). Accordingly, we addressed if
Wnt5a, an embryonic growth modulator and a potential mediator
of inflammation (7-10), stimulates phagocytosis of exogenous
antigens by macrophages, and we analyzed its effects.

Wnt5a is a member of the Wnt family of secreted glycoprotein
signal transducers. There are about 20 Wnts, which act as ligands
to the Frizzled (Fz) family of heterotrimeric G-protein-coupled
cell surface receptors. The Fz family receptors comprise about 10
members (11-16). Examples of some putative Fz receptors for
Wnt5a are Fz5, Fz2, and Fz4 (17-19).

Wnt-Fz signaling plays a significant role in cell differentiation
during mammalian development and has been broadly categorized
into two types—canonical (p catenin mediated) and noncanonical
(not P catenin mediated). During canonical Wnt signaling, the
Wnt1/Wnt3a class of canonical Wnts facilitates the transcriptional
activity of f catenin along with specific transcription factors of the
Lef/Tcf family (5, 11-15). Several reports suggest that unlike the
canonical Wnts, Wnt5a mediates f-catenin-independent signaling
and promotes Rho/Rac GTPase activity in specific cell types (15—
22). Nevertheless, a crosstalk between noncanonical Wnt5a sig-
naling intermediates and canonical signaling intermediates is not
unusual (18).

Both canonical and noncanonical Wnt signaling pathways play
important roles in health and disease (7, 11). Wnt5a-mediated
signaling is associated with inflammation in several disorders, such
as theumatoid arthritis, psoriasis, metabolic dysfunction in obesity,
and sepsis (7-10, 23-25). In vitro studies have documented that
Whnt5a not only promotes the expression of inflammatory cyto-
kines such as IL-6, IL-8, and IL-12 but also provides cues for cy-
toskeletal modulations in several cell types (7, 8, 26-28).

Here we demonstrate that Wnt5a-Fz5 signaling in macrophages
promotes phagocytosis through lipid raft clustering concomitant
with Racl-PI3 kinase-IkB kinase activation. Augmented phago-
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cytosis with no enhancement in bacterial killing rate results in
bacterial overload and elevated levels of proinflammatory cyto-
kines. Interestingly, a small molecule inhibitor of Wnt production,
IWP-2 (29), blocks both phagocytosis and the secretion of proin-
flammatory cytokines but facilitates bacterial killing.

Results

Wnt5a Signaling Stimulates the Internalization of Latex Beads by
Macrophages. Activated Rho/Rac GTPases accompany phago-
cytic events in macrophages. Interestingly, Wnt5a signaling is as-
sociated with Rac GTPase activation (22, 30). We thus investigated
if Wnt5a signaling contributes to phagocytosis using both 0.8 pm
blue-dye-filled latex beads and 2 pm red fluorescent beads and
estimated phagocytosis by absorbance and fluorescence measure-
ments, respectively. RAW 264.7 macrophages expressing Wnt5a
were either transfected with a Wnt5a expression vector (to up-
regulate Wnt5a expression) or Wnt5a-specific siRNA (to inhibit
Wnt5a expression), and the extent of phagocytosis by Wnt5a ex-
pression vector/siRNA transfected cells was compared with that of
the appropriate controls. Fig. 14 depicts uptake of red fluorescent
latex beads by RAW cells, by confocal microscopy. As demon-
strated in Fig. 1B, although Wnt5a expression vector transfected
cells phagocytosed latex beads with increased efficiency, inhibition
of Wnt5a expression resulted in a considerable decrease in
phagocytosis. Additionally, both recombinant Wnt5a and Wnt5a
conditioned medium also stimulated latex bead internalization.
Notably, Wnt3a, which belongs to the “canonical” class of Wnts,
did not display any significant effect on phagocytosis of beads (Fig.
1C). Fig. S1 shows the presence of Wnt5a/Wnt3a protein in the
appropriate conditioned media prepared from L-Wnt5a and L-
Wnt3a cells. Fig. 1 D and E describes the transfection efficiency.

Importantly, there was considerable inhibition in recombinant
WhntS5a-mediated phagocytosis by the lipid raft disrupting agents
methyl-p—cyclodextrin (MCD); n-octyl-p—D-glucopyranoside (OGP);
nystatin (nys), a Racl-specific inhibitor; the PI3 kinase inhibitor
LY294002, and the IxBkinase inhibitor BAY11-7082 (Fig. 1F).
These results suggest that WntSa-induced enhancement in phago-
cytosis occurs to a fair extent via lipid rafts through PI3 kinase-Racl—
IxB-kinase—dependent processes. Confocal microscopy of Wnt5a
pretreated cells stained with the cholera toxin B subunit (CTB),
which binds to lipid rafts, was suggestive of WntSa-mediated clus-
tering of lipid rafts at the cell surface (Fig. S2) (31-34). Unlike
phagocytosis, Wnt5a did not stimulate pinocytosis of FITC dextran
significantly (Fig. S3).

Wnt5a Signaling Promotes Internalization of Bacteria but Not
Bacterial Killing. With Escherichia coli being a causative agent
for many common diseases including urinary tract infections and
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Fig. 1. Wnt5a-mediated stimulation of latex bead uptake. (A) Demonstration of 2 um fluorescent red bead uptake by RAW 264.7 macrophages. (B) Differential
uptake of blue beads and red beads by Wnt5a expression-vector-transfected and Wnt5a siRNA-transfected cells with respect to the empty vector and control
siRNA-transfected cells. (C) Effect of Wnt5a-L cell-conditioned medium (L5a), Wnt3a-L cell-conditioned medium (L3a), and recombinant Wnt5a (r5a) on blue bead
uptake with respect to the appropriate controls L-cell-conditioned medium (L) and PBS. (D) Quantitation of reduction in Wnt5a protein (~43 kD) expression by
siRNA transfection normalized to p -actin (~42 kD) is shown above each corresponding band (J). (E) Immunoblot depicting expression-vector-specific Wnt5a
expression in Wnt5a expression vector (Wnt5aHis-pc)-transfected cells but not in the empty vector (pc) transfected cells. (F) Inhibitors to Rac1 (5 pM), PI3 kinase
(LY: 5 uM), lipid raft (Nys: 5 uM; MCD: 10 mM; OGP: 2.5 mM), and IkBkinase (Bay: 5 uM) reduce uptake of blue latex beads by 25%-50% with respect to r5a. A 46%

reduction in uptake by PBS (control) with respect to r5a is shown as a reference. *P < 0.05; **P < 0.01;***P < 0.001; n = 3. (Scale bar: 10 ym.)

sepsis and Wnt5a having been indicated as a stimulator of
phagocytosis, it was important to investigate if Wnt5a signaling in
macrophages influenced E. coli uptake and clearance. Pre-
treatment of the RAW 264.7 macrophage cell line with either
Wnt5a-conditioned medium or recombinant Wnt5a resulted in
about 2.5-fold higher E. coli uptake than the corresponding
controls in 2 h as represented by the colony-forming units (CFUs)
from internalized bacteria (Fig. 2 4 and B). Wnt3a-conditioned
medium actually decreased uptake compared with the control
(Fig. 24). Fig. S4 depicts the time-dependent increase in bacterial
uptake by Wnt5a. Wnt5a-stimulated bacterial uptake was signif-
icantly inhibited by inhibitors to lipid rafts, Racl, PI3 kinase, and
IxB kinase (Fig. 2C). The observed internalization thus operates
through a Rac1-PI3 kinase-IkB kinase-mediated pathway that is
associated with lipid raft organization at the cell surface, similar
to latex bead uptake (31-34).

To differentiate between E. coli binding and internalization by
Wnat5a signaling, GFP-E. coli uptake by RAW cells was assessed
both in the presence and absence of cytochalasin-D, an inhibitor
of actin polymerization and uptake. RAW cells pretreated sepa-
rately with recombinant Wnt5a and PBS were incubated with
cytochalasin-D before addition of GFP-E. coli. Although the
fluorescence associated with Wnt5a pretreated cells was higher
than that of the control as anticipated in the absence of cyto-
chalasin-D, in the presence of cytochalasin-D it was the same.
Additionally, upon a brief treatment with gentamycin, which is
expected to kill cell-bound bacteria, the GFP fluorescence of cy-
tochalasin-D-treated cells diminished (Fig. 2D). Taken together,
these results suggest that WntSa signaling enhances bacterial
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uptake primarily by facilitating internalization, without affecting
binding significantly.

The absolute numbers of bacteria killed within a certain period
were much higher in Wnt5a pretreated cells than in the corre-
sponding controls on account of increased rates of internalization.
The bacterial killing rate, however, always decreased slightly in
Whnt5a pretreated cells compared with the corresponding controls
(Fig. 2E). To separately validate the negative effect of Wnt5a on
bacterial killing, recombinant Wnt5a protein or PBS (control) was
directly added to RAW cells that had internalized bacteria for 2 h,
and bacterial killing was assessed after 3 and 6 h separately. Killing
was distinctly reduced in the presence of Wnt5a compared with the
corresponding control (Fig. 2F), indicating that Wnt5a signaling
not only does not support but may in fact hinder killing of in-
ternalized bacteria. The difference in cell numbers upon Wnt5a or
PBS treatment was not significant (Table S1).

Interestingly, although cell-associated DPI-inhibitable Reactive
Oxygen Species (ROS) increased with phagocytosis of bacteria as
estimated by 2',7’-dichlorfluorescein-diacetate (DCFH-DA) fluo-
rescence, there was no significant change in ROS level upon Wnt5a-
stimulated enhancement in bacterial uptake for 2 h compared with
the control (T;; Fig. 2G). Bacterial killing as documented in the
estimated 4 h after bacterial internalization (Fig. 2F) correlated
with increased persistence in DPI-inhibitable ROS in Wnt5a pre-
treated cells compared with the corresponding controls, implying
prolonged activation of the macrophage phagosome oxidase (Tj4;
Fig. 2G). The endosomal/lysosomal trafficking of GFP-E. coli in the
infected macrophages as evident from the orange-yellow hue (green
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Fig. 2. Wnt5a stimulated bacterial internalization and restricted killing. (A) Depiction of ~twofold difference in bacterial internalization by (i) L5a and L3a
vs. L and (ii) r5a vs. PBS as assessed by CFUs from internalized bacteria. (B) Separate demonstration of CFU, L5a vs. L. (C) A 50%-90% decrease in bacterial
internalization by use of the designated inhibitors along with r5a as judged by CFU, with PBS being used as a reference. (D) GFP-E. coli internalization by RAW
cells pretreated separately with r5a and PBS in the absence or presence of cytochalasin D (CyD) and gentamycin (G), as determined by fluorescence mea-
surement, with AFU depicting arbitrary fluorescence units. (E) Differential killing in r5a vs. PBS pretreated RAW cells infected with bacteria as studied by CFU.
(F) About 10%-29% more retention of bacteria 3 h (T3) and 6 h (T6) after treatment of 2-h-infected RAW cells with r5a vs. PBS. (G) Depiction of DPI-
inhibitable ROS of RAW 264.7 cells pretreated with r5a or PBS 2 h after bacterial uptake (T;) and 4 h postuptake (T;, 4) as measured by DCFDH-DA fluorescence,
with only cells being used as a reference; *P < 0.05, **P < 0.01, ***P < 0.001, n = 3. (H and /) Endosomal/lysosomal trafficking of GFP-E. coli depicting orange-
yellow hue (green of GFP-E. coli and red of LysoTracker) in r5a or PBS pretreated RAW cells 4 h after bacterial internalization. (J) Depiction of endosomal/

lysosomal stain with LysoTracker red. (Scale bar: 10 ym.)

of GFP-E. coli + red of lysotracker dye) (Fig. 2H) also correlated
with bacterial killing in the estimated 4 h after internalization.

Wnt5a-Mediated Phagocytosis Is Dependent on Fz5. Fz5, which has
homology with the heterotrimeric G protein—coupled receptors, is
a putative receptor for Wnt5a (17). It was thus important to
evaluate the involvement of Fz5 in Wnt5a-stimulated phagocyto-
sis. As depicted in Fig. 34, Wnt5a incubation of RAW cells having
partial knockdown of Fz5 with Fz5 siRNA exhibited lesser uptake
of E. coli than the appropriate control. Fig. 3 B and C demonstrate
the reduction in Fz5 mRNA and protein expression, respectively,
upon Fz5 siRNA transfection.

Wnt5a-Stimulated Phagocytosis of E. coli Is Associated with a Marked
Increase in Proinflammatory Cytokines. As demonstrated in Fig. 4 4
and B, secretion of the proinflammatory cytokines TNF-« and IL-6
increased with the internalization and killing of E. coli. Secretion
of TNF-a was heightened by about twofold upon Wnt5a-stimu-
lated increase in bacterial uptake (T;) and increased to greater
than fourfold 4 h after internalization (Tj,4). In the case of IL-6,
the corresponding fold differences with controls were about 1.5-
fold and threefold, respectively. Similar to previously published
reports (8, 35), secreted levels of TNF-a and IL-6 were higher in
Wht5a-treated cells, although to a lesser degree, even in the ab-
sence of E. coli. Changes in the levels of the anti-inflammatory
cytokine IL-10 were negligible (Fig. 4C).

IWP-2 Inhibits Internalization, Facilitates Bacterial Killing, and

Regulates Proinflammatory Cytokine Secretion. The small mole-
cule inhibitor of Wnt production, IWP-2, was discovered as an
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inhibitor of O-acylation, a posttranslational modification that is
required for Wnt secretion (29). We confirmed that IWP-2 when
added to mouse L-Wnt5a cells decreased secretion of Wnt5a in
a dose-dependent manner (Fig. 5 A4i). Furthermore, upon pre-
treatment of both L-Wnt5a and L-Wnt3a cells with 0.05 pM ITWP-2
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Fig. 3. Inhibited bacterial internalization by siRNA-mediated reduction in
Fz5 expression. (A) A 51% reduction in bacterial internalization in RAW cells
(Fz5 siRNA transfected vs. control siRNA transfected) after infection with
bacteria for 2 h. (B and C) Quantitation of decrease in Fz5 mRNA (B: RT-PCR)
and protein (C: immunoblot) by siRNA transfection normalized to GAPDH
and p-actin, respectively. ***P < 0.001; n = 3.
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Fig. 4. Cytokine profile accompanying phagocytosis. (A) Depiction of 1.8
4.2-fold increase (r5a vs. PBS pretreatment) in TNF-a produced by RAW cells
after E. coli internalization for 2 h (T;) and 4 h thereafter (T;,4) as determined
by ELISA. Increased level of TNF-a was noted in r5a pretreated cells also in
the absence of E. coli. (B) A 1.5-3-fold increase in IL6 produced by RAW cells
under similar conditions. (C) Depiction of no significant change in IL10 after
similar treatment *P < 0.05; **P < 0.01; n = 3.

for 2 d, we found that IWP-2 had a much more significant effect on
Wnt5a secretion than on Wnt3a secretion (Fig. 54ii). IWP-2 was
used accordingly both as a free drug and as liposome formulation on
RAW cells and mouse peritoneal phagocytes to test its efficacy as
a regulator of phagocytosis, bacterial killing, and cytokine secretion.

Peritoneal macrophages, harvested from the peritoneal lavage
fluid of both Balb/C and C57BL/6 mice and pretreated with IWP-
2-liposome, internalized 25% and 40% less blue-dye-filled latex
beads, respectively, than the free liposome-treated controls as
measured by Asos (Fig. SB). Likewise, incubation of similarly
prepared cultures of peritoneal macropahges with E. coli resulted
in remarkably lesser uptake in the IWP-liposome pretreated cells
than in the corresponding controls, as judged by counting CFUs
from internalized bacteria (Fig. 5C). Secretion of Wnt5a in IWP-
liposome pretreated macrophages was also clearly reduced, com-
pared with the corresponding control (Fig. 5D). Additionally,
RAW cells pretreated with IWP-2 internalized considerably lesser
number of E. coli than just DMSO (control) pretreated cells (Fig.
5E). Furthermore, in accordance with the apparently negative
influence of Wnt5a on bacterial killing rate, incubation of E. coli—
infected RAW macrophages with either IWP-2 or DMSO resulted
in a greater bacterial killing rate following IWP-2 treatment
compared with control (Fig. 5F). As analyzed by flow cytometry,
IWP-2 treatment did not cause any cell toxicity (Fig. S5).

To evaluate the efficacy of IWP-2 in vivo, 200 pL each of IWP-2-
liposome or free liposome was separately injected into C57BL/6
mice intraperitoneally about 2 h before injection of a similar vol-
ume of either blue-dye-filled latex beads or E. coli DHSa. IWP-2
caused significant reduction in the uptake of blue beads (Fig. 6 A-
C) as well as E. coli as assessed by CFUs (Fig. 6 D and E) in
peritoneal lavage cells within 2 h. In addition, the levels of TNF-a
and IL-6 in the lavage fluid of the corresponding mice were
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reduced by 2-4-fold compared with control values (Fig. 6 F and G).
Interestingly, IWP-2 even induced a considerable increase in se-
cretion of the anti-inflammatory cytokine IL-10 (Fig. 6H). IWP-2
induced reduction in E. coli CFUs (Fig. 6I) and TNF-a/IL-6 level
(Fig. 6 J and K), and a slight elevation in IL-10 level (Fig. 6L)
persisted 24 h postinjection. Equal numbers of E. coli-infected
RAW cells and peritoneal macrophages that were pretreated with
IWP yielded a similar cytokine profile (Fig. S6). To further explore
the physiological relevance of the immune regulatory activity of
IWP-2, 3-mo-old C57BL/6 mice were injected i.p. first with either
IWP-2 or DMSO and then with E. coli for 3 consecutive days based
on a previously published model of peritonitis (36). A considerable
decrease in both intracellular bacteria and secreted levels of TNF-
a and IL-6 was noticed in IWP-2-treated mice compared with
controls after 3 d, with IL-10 levels remaining almost the same.
Importantly, the secreted level of Wnt5a in the peritoneal lavage
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Fig. 5. Inhibition of phagocytosis by inhibitor of Wnt production, IWP-2, in
vitro. (A) Dose-dependent decrease in Wnt5a and Wnt3a levels in superna-
tant of L-Wnt5a and -Wnt3a cells treated with IWP-2, showing p-actin levels
in corresponding cell lysates. (B) Decrease in uptake of blue dye latex beads
by mouse peritoneal macrophages (liposome-IWP i.e., LI vs. liposome i.e., L
pretreatment for about 48 h) as determined by Asgs. (C) Decrease in E. coli
uptake by peritoneal macrophages (LI vs. L pretreatment) of C57BL/6 mice as
determined by CFU upon infection with bacteria for 2 h. (D) Reduction in
Wnt5a secretion upon treatment of C57BL/6 mouse peritoneal macrophages
with LI vs. L (control). (E) Decrease in bacterial uptake (IWP vs. DMSO) by
RAW cells after similar bacterial infection. (F) Decrease in retention of in-
ternalized bacteria by RAW cells upon treatment of E. coli-infected RAW
cells with IWP-2 vs. DMSO for 6 h, as determined by CFU. **P < 0.01; ***P <
0.001; n = 3.
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Fig. 6. Influence of IWP-2 on phagocytosis and cytokine profile in vivo. (A and B) Depiction of differential uptake of blue-dye-filled latex beads in 2 h by peritoneal

phagocytes of C57BL/6 mice injected i.p. with LI or L before i.p. injection of latex beads. (C) Quantitation of the latex bead uptake, LI vs. L. (D) Representation of
differential uptake of E. coli by peritoneal phagocytes of C57BL/6 mice injected i.p. with LI or L before i.p. injection of 108 CFU of E. coli. (E) Quantitation of the E. coli
uptake, LI vs. L, by the peritoneal cells. (F-H) Differential levels of TNF-qa, IL6, and IL10 in the peritoneal lavage fluid (LI vs. L) of the corresponding mice. (/)
Quantitation of E. coli in peritoneal cells of similarly LI vs. L-injected C57BL/6 mice, 24 h after i.p. injection of 2 x 108 CFU of E. coli as determined by CFU. (J-L)
Differential levels of TNF-o, IL6, and IL10 in the peritoneal lavage fluid (LI vs. L) of the corresponding mice. *P < 0.05; ***P < 0.001; n = 3 mice per group.

was also almost twofold lower in the IWP-2-treated mice com-
pared with controls. Bacterial CFU obtained from the cardiac
blood of IWP-2-treated mice was also significantly lower than
controls, implying that blockade of Wnt5a-mediated phagocytosis
may restrict bacterial dissemination (Fig. S7).

Discussion

The objective of our study was to ascertain how Wnt5a signaling
influences phagocytosis and its consequences. We found that
Wnt5a stimulates phagocytosis of both latex beads and E. coli
through Racl-PI3 kinase-IkB kinase-dependent processes in-
volving lipid raft clustering. Wnt5a-mediated bacterial uptake is
clearly associated with an increase in proinflammatory cytokine
secretion but not with an increase in bacterial killing. Importantly,
uptake is inhibited by a partial knockdown of the putative Wnt5a
receptor Fz5 and preincubation of cells with a small molecule in-
hibitor of Wnt production— IWP-2 (29). Administration of IWP-2
furthermore leads to markedly reduced TNF-o/IL-6 secretion and
accelerated killing of E. coll.

Whnt5a-Fz5-mediated activation of PI3 kinase and Racl perhaps
stimulates the assembly of scavenger receptors through the clus-
tering of lipid raft microdomains in macrophages, with the ensuing
cytoskeletal rearrangements setting the stage for enhanced in-
ternalization of latex beads and E. coli (31-34, 37-39). Increased
uptake of E. coli could also be contributed by the facilitated asso-
ciation of membrane lipid rafts with CD14, which promotes in-
fection by Gram-negative bacteria (40). Moreover, recruitment of
IxB kinase into lipid raft clusters could not only support in-
ternalization but also incite cytokine expression through activation
of NFkB (41). Wnt5a-Fz5-mediated high internalization rates of
E. coliflatex beads are likely to make room for additional binding of
the same, thus causing amplification of signaling. Based on the
classification of Wnt5a-induced activation of Rac1 as noncanonical
(22), one may define WntSa-induced phagocytosis through lipid
raft clustering as a noncanonical mode of Wnt signaling.

It is not clear why Wnt5a signaling restricts bacterial killing
despite enhancing internalization. It is quite likely that the levels
of phagosome oxidase activation and extent of phagosome-ly-
sosome fusion upon Wnt5a-induced bacterial internalization are
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not sufficient to increase the bacterial killing rate. Perhaps lipid
raft clustering facilitated by Wnt5a also partly inhibits phag-
osome-lysosome fusion (33). The reported involvement of TLR4
in suppression of bacterial clearance suggests that Rac—PI3 ki-
nase-mediated cytoskeletal changes induced by Wnt5a-Fz5 may
promote TLR4 signaling by bacterial components at the phag-
osome level (4, 42). The resultant surge in proinflammatory
cytokines could in turn restrict the bacterial killing rate (42—45).

As a secreted protein, Wnt5a may exert its stimulatory effects on
macrophages through autocrine and/or paracrine modes upon
binding to the Fz5 receptor. The ability of Wnt5a—Fz5 signaling to
stimulate phagocytosis of E. coli but not its killing makes it a likely
mediator of uncontrolled inflammation or sepsis during infection
(46). Such a possibility is supported by a recent report that relates
improved sepsis survival in mice to inhibition of scavenger receptor
function and thus phagocytosis (47). Moreover, the correlation of
lower-than-control levels of inflammatory cytokines in E. coli—
infected mice injected with IWP-2 with similarly lower levels of
secreted Wnt5a (Fig. S6) are in accordance with the presence of
Wat5a in the sera of patients with sepsis (24).

In light of our understanding that Wnt5a may regulate immu-
nostimulation by E. coli during sepsis, it is of interest to investigate
the interactive potential of Wnt5a and lipopolysaccharide (LPS),
a major immune regulatory component of E. coli. Although on one
hand Wnt5a facilitates LPS-induced proinflammatory cytokine
production in tissue culture cells (24), on the other hand it also
promotes a tolerogenic effect of LPS by suppressing proin-
flammatory cytokine secretion (48). Our data suggest that Wnt5a-
mediated immunostimulation is regulated by the dose of LPS. Al-
though low doses (10 ng/mL) of LPS support a Wnt5a-induced
proinflammatory cytokine profile similar to that observed by E. coli
DH5a, high doses (100 ng/mL) promote a tolerogenic effect by
Wht5a through suppression of proinflammatory cytokine secretion
(Fig. S8). The role of Wnt5a in the initiation and progression of
sepsis, however, is unclear. Our study suggests that a preponderance
of Wnt5a-Fz5-expressing macrophages at sites of infection could
trigger the beginning of sepsis through increased phagocytosis and
sustenance/dissemination of bacterial infection. The Wnt5a pro-
duction inhibitor IWP-2 mediated a decrease in phagocytosis and
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proinflammatory cytokine secretion, but an increase in bacterial
killing validates that endogenous Wnt5a has the potential to
sustain bacterial infection and a proinflammatory (M1) state
(49). It is thus important to evaluate how the influence of WntSa
signaling on phagocytosis regulates the course of sepsis.

Materials and Methods

Cells and reagents were purchased from the USA, Germany, and Biobharati,
Kolkata, India as specified in SI Materials and Methods. Procedures for mice
infection, preparation of .-Wnt5a- and L-Wnt3a—conditioned medium, RNA
isolation and RT-PCR, ELISA and immunoblotting, cell transfection, estimation
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