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ABSTRACT

Glucans are known to promote wound repair. Noncellulosic B-glucans are rec-
ognized as potent immunological activators. B-Glucans are generally safe and are
known to attenuate the rate of postoperative infection. Glyc101 is a particulate -
glucan isolated from Saccharomyces cerevisiae. In this study, the hypothesis that
Glycl01 regulates wound macrophage function was tested. Glycl01 induced
tumor necrosis factor (TNF) o transcription in macrophages isolated from
murine wound site. Multiplex assay identified interleukin (IL)-10 and TNFa as
two cytokines that are induced by Glycl01 in human blood monocyte-derived
macrophages. Glycl01-induced TNFa production was observed to be mediated
via the TLR-2 and dectin-1 receptors, receptor tyrosine kinases and NFkB acti-
vation. In murine wound macrophages, Glycl01 potentiated phorbol 12-myri-
state 13-acetate-induced respiratory burst. In vivo, implantation of Glycl01-
enriched polyvinyl alcohol-sponges at the wound-site induced TNFao expression
in macrophages. Consistently, Glyc101 induced TNFa expression in wound-site
macrophages isolated from two patients with chronic wounds. These observa-
tions establish the translational significance of the net findings of this study. Ac-
tivation of wound macrophages by Glycl0l represents one of the potential
mechanisms by which this B-glucan may benefit chronic wounds where inefficient

inflammatory response is one of the underlying causes of impaired healing.

Chronic wounds fail to proceed through an orderly and
timely reparative process to restore structural and func-
tional integrity of the injured site.! Often disguised as a
comorbid condition, chronic wounds represent a silent ep-
idemic that affects a large fraction of the world population
and poses a major and gathering threat to public health
and the economy.? In the United States alone, chronic
wounds affect 6.5 million patients.® The immense eco-
nomic and social impact of wounds in our society calls for
enhdncmg our understanding of the biological mecha-
nisms underlying cutaneous wound complications.” Such
understanding will help design improved therapeutic strat-
egies for nonhealing chronic wounds.

Dysregulated inflammatory response is a key character-
istic feature of most chronic ulcers.* During the early in-
flammatory period, macrophages in granulation tissue act
as a source of growth and inflammation-mediating cyto-
kines promoting the pr‘OllfCl‘dthH and differentiation of
various wound-related cell types.’ Noncellulosic B-glucans
are generally recognized as potent immunological activa-
tors.® The B-glucans consist of a backbone of glucose
residues linked by beta-(1 — 3)-glycosidic bonds, often
with attached side-chain glucose residues joined by
beta-(1 — 6) linkages. B-Glucans are not synthesized by
humans. The human immune system therefore recognizes
this class of compounds as being exogenous and triggers
both innate and adaptive immune responses.® Structurally
different B-glucans appear to have different affinities to-
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ward receptors of our immune systems and thus generate
markedly different host responses. Traditionally, f-
glucans have been used as vehicles for fibroblast formula-
tions or as bandage-like coverings for burns or autograft
sites. In a rat wound model, B-glucan markedly increased
leukocyte recruitment to the wound site.” Interventions
promoting early migration of immune cells into a wound
area may be helpful to mount a more effective healing
response.® Clinically, p-glucans have been reported to be
generally safe and well tolerated as well as effectlve to
attenuate the rate of postoperative infection.” The re-
sponse of wound-site macrophages to B-glucans remains
unknown.

Glucans can be short or long, branched or unbranched,
o or P isomers, and soluble or particulate.'® Current stud-
ies addressing the immune responses to f-glucans fail to
recognize the unique properties of each variety of B glucan
resulting in a somewhat confusing literature.'’ In this
work, we therefore sought to characterize the mechanism
of action of a specific B-glucan, Glyc101. Glycl01 is a par-
ticulate B-glucan isolated from Saccharomyces cerevisiae
(Figure 1). Macrophage function is known to be compro-
mised under specific conditions such as diabetes.'!!? Loss
of macrophage function impairs healing responses.'* We
were therefore led to test whether Glycl01 may promote
wound macrophage activity, a critical factor for prompt
and healthy healing. The primary objective of this study
was to investigate the mode of action of GlyclO1 in
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Figure1. GLYC101 structure and nomenclature. GLYC101
is a poly-(1,3)-pB-D-glucopyranosyl-(1,6)-B-p-glucopyranose or
(1 — 3; 1 — 6)-B-p-glucan. (A) The illustration of the structural
features and nomenclature system of GLYC101; (B) Structure
showing repeating 1,3 and 1,6 glucopyranosy! units.

modifying the function of wound-derived macrophages
from mice and humans.

MATERIALS AND METHODS

Implantation of polyvinyl alcohol (PVA) sponges

Circular (8 mm) sterile PVA sponges were implanted sub-
cutaneously on the back of 8-10 weeks old C57BL6
mice.'" In brief, following induction of anesthesia by iso-
fluorane inhalation, the dorsal area was shaved and
cleaned with betadine. A midline 1 cm incision was created
with a scalpel. Small subcutaneous pockets were created
by blunt dissection, two pockets per animal. Two PVA
sponges (8 mm) were inserted to each pocket. Incisions
were closed with skin staples (9 mm) or suture (5-0 Surgi-
lon®™, eSutures, Mokena, IL). Animals were then returned
to clean cages for the monitoring of recovery. For final
harvest of the PVA sponges, the animals were euthanized
by CO, inhalation.'" All animal studies have been ap-
proved by Ohio State University’s Institutional Animal
Care and Use Committee.

Isolation of wound macrophages from PVA sponges

Subcutaneously implanted PVA sponges were harvested
on a designated day and a single wound cell suspension
was generated from sponges by repeated compression. The
cell suspension was filtered through a 70 um nylon cell
strainer (Falcon) to remove all the sponge debris. For
macrophage isolations, magnetic cell sorting was carried
out using mouse anti-CD11b tagged microbeads (Miltenyi
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Biotec, Auburn, CA). This procedure yields a purified
(> 95%) population of wound macrophages as deter-
mined by F4/80 staining.'' Subcutaneously implanted
PVA sponges are extensively used as model for wound-
healing studies especially those addressing inflammation.'*

Human subjects and sample collection

All human studies have been approved by Ohio State Uni-
versity’s Institutional Review Board (IRB). Subjects par-
ticipating in the study were chronic wound patients seen at
the Ohio State University (OSU) Comprehensive Wound
Center (CWC) clinics and have been undergoing NPWT
(negative pressure wound therapy) therapy for their
wounds. The demographic characteristics of patients and
wound related information have been presented in Figure
9B. Protocols were approved by the Ohio State Univer-
sity’s Institutional Review Board. Declaration of Helsinki
protocols was followed and patients gave their written, in-
formed consent. The NPWT dressing (sponges) were col-
lected. Wound fluids and cells were derived from the
NPWT dressing by lavaging the wound dressing with sa-
line solution.

Human chronic wound macrophage isolation

The lavaged fluid was centrifuged to obtain wound cells.
Wound macrophages were isolated from NPWT sponge
derived wound cells using Ficoll density centrifugation
followed by plating in culture plate for 3 hours. The non-
adherent cells were washed and removed.

Macrophage treatments

p-Glucan

Glycl101 (Glycotex Inc., Rockville, MD) suspensions were
prepared by adding appropriate amounts of dry Glyc101
to the macrophage culture media. The suspension was
mixed thoroughly and then vortexed for an additional 30
seconds. The suspension was then added to macrophage
cultures directly at desired concentrations. Solutions/sus-
pensions were prepared fresh for each treatment.

Blocking antibodies

To determine significance of TLR-2, TLR-4, or dectin-1 in
GlyclOl-mediated signaling, macrophages were treated
with anti-TLR-2 (Biolegend, San Diego, CA), TLR-4 (ab-
cam, Cambridge, MA) and dectin-1 (R&D Systems, Min-
neapolis, MN) antibodies or corresponding IgG antibody
before Glycl01 treatment. For treatment, the antibodies
were directly added to the macrophage culture medium.

Cell viability

Macrophage viability was assessed by measuring lactate
dehydrogenase (LDH) leakage from cells to media using in
vitro toxicology assay kit from Slgma Chemical Co. (St.
Louis, MO) as described previously.'> Cell viability was
determined using the following equation: viability=LDH
activity of cells in monolayer/total LDH activity (i.e.,
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LDH activity of cells in monolayer+LDH activity of
detached cells+LDH activity in the cell culture media).

Wound macrophage cytokine analysis

Macrophages were seeded in 6- or 12-well plates and cul-
tured in RPMI 1640 medium containing 10% heat-inac-
tive bovine serum for 24 hours under standard culture
conditions. After 24 hours, the media was collected and
the cytokine levels in culture media were measured using
commercially available enzyme-linked immunosorbent
assay (ELISA) kits (R&D Systems).

Isolation of RNA, reverse transcription and quantitative
RT-PCR (qRT-PCR)

Total RNA was extracted using the mirVana RNA isola-
tion kit (Ambion, Austin, TX), according to the manufac-
turer’s instructions. The mRNA was quantified by real-
time or quantitative (Q) PCR assay using the double-
stranded DNA binding dye SYBR Green-I, as described
previously.'®!7

Phospho-RTK array

RTK antibody arrays were purchased from R&D Systems
(#ARY-001). Cell harvest, sample preparation and RTK
array assay were performed as recommended by the man-
ufacturer.

Western blot

Western blot was performed as described previously.''
Primary antibody against the phospho-MCSF-R
(Tyr723) antibody and MCSF-R were purchased from
Cell Signaling Technology Inc. (Danvers, MA).

Nitric oxide (NO) measurement

NO production by wound macrophages was assessed
using the Griess reaction that measures nitrite, a stable
end product of the reaction of NO and oxygen. Wound
macrophages were plated and activated with lipopoly-
saccharide (LPS; 1pg/mL). After 12 hours treatment,
supernatants from wound macrophages were collected
and NO was measured using Greiss reagent, as described
previously.'®

Superoxide anion measurement

Superox1de anion generation was measured with the
LumiMax® superoxide anion detection kit (Stratagene,
La Jolla, CA), according to the manufacturer’s instruc-
t1ons Brleﬂy, freshly isolated wound macrophages (1x
10° cells) were treated with phorbol 12-myristate 13-ace-
tate (PMA, 1pg/mL) or control solution for 10 minutes.
Superoxide was measured at 430 nm with a luminometer
(model Lumat LB9507; Berthold Technologies, Bad Wild-
bad, Germany) at 5 minutes intervals for 30 minutes.
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Assay of DNA-binding activity of NFxB by an ELISA

For the assay, a TransAm® NFkB transcription assay
ELISA-based kit (Active Motif, Carlsbad, CA) was used.
The assay uses 96-well plates to which oligonucleotide
containing the 5-GGGACTTTCC-3’ sequence is immo-
bilized. Homo- and heterodimers of members of the Rel/
NFxB family specifically recognize this sequence. The
NFxB dimers contained in nuclear extracts bind specifi-
cally to this oligonucleotide and are detected by an appro-
priate antibody. Secondary antibody was conjugated with
horseradish peroxidase. The TransAm®™ NF«xB transcrip-
tion assay is a colorimetric assay which was performed
as per manufacturer’s instructions and quantified by a
spectrophotometer.

Multiplex assay

Multiplex cytokine assay was performed using a Luminex
assay. Luminex assays are based on xXMAP technology
(multianalyte profiling beads) enabling the detection and
quantification of multiple protein targets simultaneously.
TNF-a, IL-4, IL-6 and IL-10 were simultaneously detected
from culture media using a 4-plex cytokine assay system
(Panomics Inc., Fremont, CA).

Statistics

Data are reported as mean &+ SD of at least three experi-
ments. Comparisons among multiple groups were made by
analysis of variance (ANOVA). p < 0.05 was considered
statistically significant.

RESULTS

Treatment of murine wound macrophages with varying
concentrations (5-100 ug/mL; 24 hours) of GlyclOl re-
sulted in a dose-dependent induction of TNFao with a max-
imum inducible concentration of 50pug/uL (p < 0.05;
Figure 2A). Next, the kinetics of TNFa production by
wound macrophages was determined following treatment
with Glyc101 (20 pg/mL) for 0-24 hours. Compared with
the earlier time points, the highest concentration of TNFa
was noted at 24 hours post Glyl01 treatment (p < 0.05;
Figure 2B). TNFo mRNA expression was measured in
wound macrophages treated with Glyc101 (20 pg/mL) for
0-6 hours using real-time PCR. In macrophages derived
from the murine wound, TNFoo mRNA levels were ele-
vated at 2, 4, and 6 hours posttreatment (p < 0.05; Figure
2C) demonstrating that Glycl01 increases TNFa gene
transcripts in wound macrophages. Next, to determine
the possible toxicity of Glyc101, wound macrophages were
treated with Glyc101 (20 and 100 pg/mL) for 24 hours. The
percent loss in viability of macrophages following Glyc101
treatment was determined using the LDH leakage assay.
Glycl01 was observed to be not toxic at 20ug/mL
(» > 0.05), whereas 100 pg/mL produced significant cell
death (p < 0.05; Figure 2D) in wound macrophages.

A four-plex cytokine assay was performed to simulta-
neously detect the levels of I1L-4,-6,-10 and TNFa in cul-
ture media obtained from human blood monocyte derived
macrophages (HBMM) treated with 20 ug/mL Glycl01
for 24 hours. Among the four cytokines assayed using
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Figure2. Glyc101 induced TNFa
production and gene expression in
macrophages isolated from murine
wound. (A) Murine wound macro-
phages were treated with Glyc101
at varying dosages of 5-100 pg/mL
for 24 hours; (B) Kinetics of TNFa. pro-
duction by wound macrophages in
culture media was measured follow-
ing treatment with Glyc101 (20 pg/mL)
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for 0-24 hours; (C) TNFao mRNA expression was measured in wound macrophages treated with Glyc101 (20 ug/mL) for 0-6 hours
using real-time PCR. TNFao mRNA level in cells was normalized against GAPDH (housekeeping gene); (D) Murine wound macro-
phages were treated with Glyc101 for 24 hours at the indicated dosages. The % loss in viability of macrophage following GLyc101

treatment was determined using lactate dehydrogenase (LDH) leakage assay. Data are mean + SD (n=3).

compared with control cells.

multiplex assay, Glycl01 treatment significantly induced
production of TNFa and IL-10 levels in HBMM. Glyc101
had no effect on IL-6 or IL-4 production (data not shown).
The kinetics of induction in the levels of TNFa and IL-10
was verified using standard ELISA assay (Figure 3B and
C). Similar to that observed in mouse wound macrophag-
es, a dose dependent increase in TNFa protein was noted
in HBMM treated with Glyc101 (Figure 3A). The increase
in TNFa protein was preceded by induction in TNFa
mRNA (Figure 3C).

Dectin-1 (Dendritic cell-associated C-typelectin-1;
CLECSF12, CLEC7A) is a type-II transmembrane pro-
tein and a member of the group V nonclassical NK C-type
lectin-like (NKCL) receptors.”” Dectin-1 specifically rec-
ognizes soluble or particulate f-1,3- and/or p-1,6-glucans,
which are found primarily in the cell walls of fungi, but
also in plants and some bacteria.'® In macrophages, p-glu-
cans stimulate TNFa production with costlmulatlon of
Myd88 coupled toll like receptors (TLRs)."” To determine
whether Glycl101 signals through the common innate im-
mune receptors, TLR-2, TLR-4 or dectin-1, HBMMs were
pretreated with anti-TLR-2, TLR-4 and dectin-1 antibod-
ies (or corresponding IgG antibody as control) at varying
concentrations (0.1-10 pg/mL) for 30 minutes, followed by
activation with Glyc101 (20 pg/mL) for 24 hours. Glyc101-
induced TNFa production was attenuated in anti-TLR-2
as well as dectin-1 antibody-treated cells, suggesting that
Glycl101 signals via TLR-2 and dectin-1 to increase TNFa
(p < 0.05; Figure 4).

Costimulation of dectin-1 and TLR-2 by B-glucan to
produce TNFa is mediated via signaling through the

*p < 0.05; **p < 0.001

spleen tyrosine kinase (Syk) pathway20 We determined
the role of receptor tyrosine kinase (RTK) signaling in
Glycl0l-induced TNFa production. Pretreatment of
HBMMs with the RTK inhibitors herbimycin A (5pg/
mL) or geldanamycin (1 pg/mL) for 30 minutes resulted in
attenuated production of TNFa by Glyc101 (20 pg/mL, 24
hours) (Figure 5A), suggesting a role of RTKs in Glyc101-
induced TNFa expression in macrophages.

To investigate which specific RTKs are activated as a
result of Glycl01 treatment, we used an antibody array
that allows simultaneous assessment of the phosphorylat-
ion status of 45 RTKs (human phospho-RTK Array,
ARYO001, R&D Systems). RTK array data demonstrated
that phospho-MCSF-R was specifically induced in cells
treated with Gycl01 (Figure 6A and B). RTK array data
was verified using convention Western blotting using anti-
bodies against phospho-MCSF-R and MCSF-R. A potent
induction in phosphorylation (Tyr723) of MCSF-R was
observed (Figure 6C and D). Binding of M-CSF to its re-
ceptor induces receptor dimerization, activation and auto-
phosphorylation of cytoplasmic tyrosine residues followed
by intramembrane cleavage and release of the cytoplasmic
domain into the cytosol. An increase in the cytoplasmic
MCSF-R was also observed (Figure 6C and E). Taken to-
gether, the data suggest that phosphorylation of MSCF-R
may be a potential mechanism that is involved in Glycl101-
induced NF«B activation and subsequent TNFa produc-
tion pathway.

Intracellular signaling via dectin-1 has been shown to
activate the canonical NFkB pathway in a tyrosine kinase
activation-dependent manner.”’ DNA binding activity of

D Figure 3. Glyc101 induced TNFa pro-
duction and gene expression in hu-
i g’zs man blood monocyte-derived

- macrophages (HBMM). (A) Effect
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(C) Effect of Glyc101 (20 ug/mL) treatment for 4 hours in HBMM TNFa gene expression measured using real-time PCR. TNFoa mRNA
level in cells was normalized against B-actin (housekeeping gene). Data are mean £ SD (n=3). **p < 0.001 compared with control cells.
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NF«B in nuclear extracts of Glycl0l-treated (20 pg/mL
for 1 hour) HBMM was elevated (p < 0.05; Figure 5B),
suggesting activation of NFxB mediated signaling by
Glycl01.

Phagocytosis of B-glucan particles by dectin-1 activates
production of reactive oxygen species (ROS).?* To investi-
gate the effect of Glycl101 treatment on ROS production,
superoxide generation was induced in mouse wound
macrophages by PMA (1 ug/mL) in the presence or ab-
sence of Glyc101 (20 ug/mL). Superoxide production was
detected using Lumimax, a chemiluminiscence based
assay system as described in Materials and methods. Both
PMA and Glycl01-induced superoxide production which
was sensitive to the antioxidant N-Acetyl-Cysteine
(NAC, 10 mM) treatment (p < 0.05; Figure 7A). Costim-
ulation of Glycl01 with PMA resulted in the production
of superoxide that was higher than treatment of either
of these compounds alone (p < 0.05). The effect of
Glycl01 treatment on another reactive species, i.e., NO
was determined in macrophages stimulated with IFNy and
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Figure5. Involvement of NFkB and tyrosine kinase pathway in
Glyc101 induced TNFa production by human macrophages. (A)
HBMM were treated with Glyc101 (20 ug/mL) for 1 hours.
NFxB DNA binding of nuclear extracts was assayed. Data are
mean + SD (n=3). *p < 0.05 compared with untreated cells;
(B) HBMM were pretreated with RTK inhibitors herbimycin A
(5ug/mL, HerbA) or geldanamycin (1 pg/mL, Geld) for 30 min-
utes followed by activation with Glyc101 (20 ug/mL) for 24
hours. TNFa levels were measured using ELISA. Data are
mean + SD (n=6). *p < 0.05 compared with control cells. Veh,
vehicle.
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Figure 4. TLR2 and dectin-1 receptors

mediate Glyc101 induced TNFa re-

lease from macrophages. HBMM

were pretreated with blocking anti-

TLR-2, -4 and dectin-1 or correspond-

ing IgG antibody (ab) at varying concen-

trations (0.1-10 pg/mL) for 30 minutes

T . followed by activation with Glyc101
. (20 pg/mL) for 24 hours. TNFa levels

— | were measured using ELISA. Data are
' "#® mean+SD (n=3). *p < 0.05 com-

Glye101 (20 ugiul} pared corresponding IgG-treated cells.

LPS. Glycl01 treatment did not influence LPS+IFNy-
induced NO production (Figure 7B) suggesting a specific
activation of superoxide generating systems following
Glycl01 treatment.

Next, the effect of Glycl01 treatment on macrophage
recruitment and function in whole animals was evaluated.
PVA sponges containing 30 or 50 pg Glyc101 aqueous sus-
pension were implanted subcutaneously in mice. Wound
macrophages were isolated from implanted PVA sponges
after 5 days and cultured for 24 hours. TNFa production
(Figure 8A) as well as mRNA (Figure 8B) levels were sig-
nificantly (p < 0.001) elevated in macrophages derived
from sponges treated with Glyc101 in vivo.

Finally, to establish the translational significance of
data obtained from mouse wound macrophage and cul-
tured human macrophages, we used macrophages isolated
from chronic wounds of human subjects undergoing
NPWT therapy at The Ohio State University Comprehen-
sive. Wound Center. Macrophages were isolated and
plated followed by treatment with Glycl01 (20 pg/mL)
for 24 hours. TNFa production by macrophages from
both patients was increased after Glycl01 treatment (Fig-
ure 9). These data suggest that Glycl01 is capable of en-
hancing TNFa levels in macrophages derived from human
chronic wounds.

DISCUSSION

The present study provides first evidence demonstrating
that Glycl01, a novel B-glucan, potently induces TNFa
production in wound macrophages via activation of dec-
tin-1 and TLR2 signaling pathways. B-Glucans are major
cell wall structural components in fungi and are also found
in plants and some bacteria. Among B-glucans, 6-
branched 1,3-B-glucan is the best characterized. These
polysaccharides represent a heterogeneous group of glu-
cosepolymers, consisting of a backbone of B(1 — 3)-
linked B-p-glucopyranosyl units with f(1 — 6)-linked side
chains of varying distribution and length.?* These carbo-
hydrates are considered to be classic pathogen-associated
molecular patterns (PAMPs) and are recognized by the
innate immune system of vertebrates.

Glycl01 enhanced TNFa production by wound and
cultured macrophages from humans and mice suggesting
that the recognition and signaling pathways for this com-
pound are present in wound site macrophages of both spe-
cies. TNFa is a pleiotropic cytokine that regulates the
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Figure 6. Induction in  phospho-
MCSF-R by Glyc101. (A) phos-
pho-RTK array reveals that Glyc101
treatment induced phosphorylation
of MCSF-R. In the array, hybridization
signals at the corners serve as con-
trols Each RTK is spotted in dupli-
cate: The pairs of dots in each corner
are positive controls. Each pair of
positive RTKdots is denoted by a red
numeral, with the identity of the cor-
responding RTKs listed below the ar-
rays. (B) A control and positive dot,
e., (--MCSF-R), shown as boxed in
(A) are shown side by side for better
comparison. (C) Cells treated with
Glyc101 (20 pg/uL). (D, E) Densito-

meter quantification of the blots shown in (C). Data were normalized to native MCSF-R band. Data are mean+SD (n=3).
*p < 0.05 compared with nonGlyc101-treated control (cont). (D) phospho-MCSF-R. (E) MCSF-R cytoplasmic (cyt).

inflammatory response to wounding. The overall role of
TNFo in wound healing is contradictory.> Depending
on the concentration, length of exposure, and presence
of other cytokines, the effect of TNFa can be beneficial
or deleterious, ranging from tissue remodeling to 1nﬁam-
mation, cytotoxicity, cachexia, shock, and death.”® In vi-
tro, cytotoxic and growth 1nh1b1tory effects of TNFa have
been showed in endothelial cells and fibroblasts.2® Ele-
vated levels of TNF-o has been observed in nonhealing ul-
cers and associated W1th impaired healing in type 2
diabetes mouse models.”” A human blister diabetic wound
model study recently show that elevated levels of TNFa
continued into the resolving phase in diabetic wounds sug-
gesting persistent TNFa levels in wounds may lead inflam-
matory nonhealing wounds.”® In addition to deleterious
effects of high levels of TNFua, presence of this cytokine in

wounds has also been known to have beneficial effects.
Subcutaneous injection of TNF-a increases collagen depo-
sition and enhances wound dlsruptlon strength (WDS) in
adriamycin-treated animals.?® A recent study using TNFo
null mice showed that lack of TNFa potentiates Smad-
mediated fibrogenic reaction in the healing dermis poten-
tially leading to ﬁbr051s abnormal contraction and finally
organ dysfunction.’® The functional significance of en-
hanced TNFa production by wound macrophage follow-
ing treatment with Glycl01 in chronic wounds remains to
be investigated.

The fungal B-glucan receptor, dectin-1, contains an
immunoreceptor  tyrosine-based  activation  motif
(ITAM)-like motif in 1ts cytoplasmic tail, which is involved
in cellular activation.’! Mutagenic analyses have indicated
that at least two residues, Trp221 and His223, in dectin-1,
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Figure?7. Glyc101 promoted in-
ducible superoxide production by
macrophages isolated from murine
wounds. (A) Superoxide production
was induced in murine wound macro-
phages by phorbol 12-myristate 13-
acetate (PMA, 1ug/mL) in the pres-
ence or absence of Glyc101 (20 pg/
mL). Superoxide production was de-
tected using Lumimax chemiluminis-
cence based assay system as
described in Materials and methods.
Inducible superoxide production was
sensitive to antioxidant N-Acetyl-
Cysteine (NAC, 10mM) treatment.
Data are mean £+ SD (n=3). *p < 0.05
compared with control non-PMA-
treated cells. tp < 0.05 compared

with PMA-treated cells; 1p < 0.05 compared with Glyc101-treated cells; (B) Nitric oxide (NO) level was measured in culture media
using Griess reagent. NO production was induced in mouse macrophages by activating cells with IFNy and LPS for 24 hours. Levels
of NO remained unchanged in macrophages treated with Glyc101 (20 pg/mL) for 24 hours. Data are mean + SD (n=3). *p < 0.05

compared with control (cont).
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Figure8. Murine wound macrophages harvested from
Glyc101 supplemented PVA sponges produced increased
TNFa mRNA and protein. PVA sponges containing 30 or 50 pL
of Glyc101 aqueous suspension (1 mg/mL) were implanted in
mice subcutaneously. Wound macrophages were isolated
from implanted PVA sponges 5 days after implantation. (A)
Macrophages were plated in culture plates. TNFa levels in cul-
ture medium was measured using ELISA 24 hours after plating;
(B) TNFao mRNA levels in macrophages harvested from
Glyc101-treated PVA sponges. Mean +SD (n=5); *p < 0.001
compared with untreated group.

are crucial for p-glucan binding.*® Dectin-1 lacks cysteine
residues in its stalk region, indicating that it probably does
not dimerize.”” Dectin-1 signals via a novel ITAM motif
that becomes phosphorylated by Src family tyrosine kin-
ases on receptor engagement. This allows recruitment
and activation of the spleen tyrosine kinase (Syk), which
then couples with downstream pathways, including those
leading to production of ROS and, via the adaptor caspase
recrultment domain 9 (CARD9) to the activation of
NF-xB.?! While the components of the signaling pathway
have yet to be fully elucidated, CARD?9 has been identified
as an essential downstream adaptor linking Syk-coupled
receptors to the canonical NF-xB pathway.?! Macro-
phage-colony stimulating factor (M-CSF, CSF-1) recep-
tor is an integral membrane tyrosine kinase encoded by the
c-fms proto-oncogene. M-CSF receptor is expressed in
monocytes (macrophages and their progenitors) dnd
drives growth and development of this blood cell lineage.*

subjecti] B subjectw2 [

Wound macrophages and particulate p-glucan

Phosphorylated Tyr723 binds the p85 subunit of PI3 kin-
ase. Such activation is mediated both by binding of the
PI3K p85 regulatory subunit to a site in the kinase insert
domain in MCSF-R and independently by activation of a
Src family kinase (SFK) via the phosphorylation of tyro-
sine 723 of CSF-1R.** Activation of PI3K has shown to
have results in activation of NF«kB.*> Further studies are
required to characterize a specific role of MCSF-R in
Glyc101-mediated TNFa production by macrophages.

Recent studies highlight the importance of co-operation
between Toll-like receptors, the nucleotide oligomeriza-
tion domain (Nod) protems and dectin-1 in regulating in-
flammatory responses.*® Dectin-1 co- operates with TLR2
to regulate optimal cytokine responses in macrophages.’’
Activation of dectin-1 receptor by P-glucan can induce
phagocytosis, phosphohpase A2 production and respira-
tory burst in macrophages.®’ Activation of tyrosine kinase
Syk is sufficient for the induction of the respiratory burst
in macrophages.”> Dectin-1 signaling induced ROS
production was NADPH phagocytic oxidase dependent
as the ROS production was completely abolished by
diphenyliodonium.

Glucans have been shown to promote wound repair.*®
Likewise, adding activated macrophages prepared from
blood was shown to be an efficient treatment of ulcers in
elderly patients.*® Impaired wound healing as a result of
immune suppression from trauma or other causes is com-
mon and increases the risk of infection and other compli-
cations.”™ Agents that can activate immune cells under
such conditions should promote healing. The results in this
study indicate that Glyc101 is able to stimulate TNFa pro-
duction as well as respiratory burst in macrophages de-
rived from wound. Whether Glycl01 is able to activate
macrophages from immune suppressed wounds remains to
be investigated.

In summary, Glyc101 utilizes classical B-glucan induced
dectin-1 and TLR2 signaling pathways for the activation
of TNFa transcription and protein in macrophages iso-
lated from both human as well as murine wounds. The sig-
naling pathways involve RTKs, ROS production, and
NF-kB activation. The study shows for first time MCSF-
IR phopsphorylation by a glucan. Activation of wound
macrophages by Glycl01 represents one of the potential
mechanisms by which this compound may confer benefi-
cial effects in the treatment of chronic wounds where in-
efficient immune response is one of the underlying causes
of impaired healing.

Figure9. Ex vivo treatment of hu-
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lated from chronic wounds of human
subjects undergoing NPWT therapy.
The isolated wound macrophages
were plated and then treated with
Glyc101 (20pug/mL) for 24 hours.
TNFa levels were measured from

cells using ELISA. Data from wound macrophages of two individuals are shown. Data are mean+SD (n=4) for each subject.

*p < 0.05; **p < 0.001 compared with untreated cells.
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