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Abstract

Regulating soft tissue repair to prevent fibrosis and promote regeneration is central to creating a
microenvironment conducive to soft tissue development. Macrophages play an important role in
this process. Their response can be modulated using biomaterials, altering cytokine and growth
factor secretion to promote regeneration. Electrospun polydioxanone (PDO) fiber scaffolds
promoted an M2 phenotype when macrophages were cultured on large diameter, highly porous
scaffolds, but an M1 phenotype on smaller diameter fibers. Here we investigated whether
incorporation of galectin-1, an immunosuppressive protein that enhances muscle regeneration,
could promote the M2 response. Galectin-1 was incorporated into large and small fiber PDO
scaffolds during electrospinning. Galectin-1 incorporation increased arginase-1 and reduced iNOS
and IL-6 production in mouse bone-marrow derived macrophages compared to PDO alone for
both scaffold types. Inhibition of ERK mitogen activated protein kinase did not alter galectin-1
effects on arginase-1 and iNOS expression, but reversed IL-6 suppression, indicating that IL-6 is
mediated by a different mechanism. Our results suggest that galectin-1 can be used to modulate
macrophage commitment to a pro-regenerative M2 phenotype, which may positively impact tissue
regeneration when using small diameter PDO scaffolds.
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1. Introduction

The inflammatory response plays a critical role in tissue repair and regeneration after injury.
Acute injuries result in a predictable series of events in which neutrophils and macrophages
play important roles to prepare the local microenvironment for regeneration. Within the first
two hours, Ly6G/F4/80~ neutrophils migrate into the injured tissue. These cells release
myeloperoxidase, inducing membrane damage that prompts macrophage phagocytosis and
efferocytosis. Following neutrophil invasion, distinct subpopulations of macrophages
infiltrate the area to promote regeneration. The first subpopulation are phagocytic CD68+
macrophages (M1), which clear debris and secrete pro-inflammatory cytokines such as
interleukin-6 (IL-6). The second subpopulation of macrophages is a non-phagocytic
CD163+/CD206+ phenotype (M2), which produces cytokines and growth factors regulating
tissue regeneration. This shift in macrophage phenotype is accompanied by increased
interleukin-10 (IL-10), vascular endothelial growth factor (VEGF), and transforming growth
factor-B1 (TGF-B1) but reduced 1L-6, IL-1B, and tumor necrosis factor-a. (TNF-a)1-3,
When this process is dysregulated, tissue repair and regeneration are impaired.

Soft tissue pathology and abnormal repair and regeneration are closely associated with the
immune response and macrophage polarization following injury®. Severe soft tissue injuries
caused by lacerations, blast, crush, or tumor resection alter this immune response and create
a microenvironment rich in TGF-B1 and 1L-6 that permits fibrosis®. In these types of
injuries, this environment is mostly mediated by the first subpopulation of phagocytic M1
macrophages, while the second subpopulation of M2 macrophages are suppressed, limiting
production of pro-regenerative factors and favoring fibrosis®. Modifying the
microenvironment and preventing fibrosis are central to promoting regeneration.

Galectin-1 is a small (14 kDa) non-glycosylated protein encoded by the Lectin, Galactoside-
binding, Soluble-1 (LGALSI) gene. Galectin-1 is expressed in many tissues, where it
induces cell migration, growth, angiogenesis, and immunomodulation’ 8. Several studies
collectively show that galectin-1 suppresses inflammation. These include the demonstration
that soluble galectin-1 enhances T cell IL-10 production and decreases cytotoxic T cell
survival®, reduces macrophage responses to interferon-gamma (IFN+)19, and promotes an
M2-like macrophage phenotypell. Additionally, galectin-1 regulates a wide range of
biological functions such as angiogenesis2, neuron development!3, cardiovascular
diseasel4, and muscle disease!®:16. These findings support the choice of galectin-1 as a
potential therapeutic agent for soft tissue injuries using drug delivery strategies to modulate
the immune system and promote regeneration.

Previously, we showed that mouse macrophage phenotype can be altered by controlling
electrospun polydioxanone (PDO) fiber diameter and porosity. In these previous studies,
smaller diameter fibers produced from 60 mg/ml PDO solutions by electrospinning
promoted M1 inflammatory macrophage responses, while larger diameter fibers from 140
mg/ml solutions enhanced M2 development 1819, In the present study, we took advantage of
this model to evaluate the effect of recombinant mouse galectin-1 incorporation into these
scaffolds.
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2. Materials and Methods

2.1 Animals

C57BL/6 male and female mice were purchased from The Jackson Laboratory (Bar Harbor,
ME) and were approved for use by the Virginia Commonwealth University Institutional
Animal Care and Use Committee (IACUC #AM10340). NIH guidelines for the care and use
of laboratory animals (NIH Publication #85-23 Rev. 1985) were observed.

2.2. Mouse Macrophage Cultures

Mouse bone marrow-derived macrophages were harvested from femurs and tibias of
C57BL/6 mice. The collected bone marrow extract was then cultured in RPMI 1640
(Invitrogen Life Technologies, Carlsbad, CA) containing 10% fetal bovine serum (FBS),
2mM L-glutamine, 100 U/mL penicillin, 100ug/mL streptomycin, 1mM sodium pyruvate,
and 1mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) (all from Corning,
Corning, NY), and supplemented with 30ng/mL macrophage colony stimulating factor (M-
CSF, Biolegend, San Diego, CA). Macrophages were used at passage 1 at 90% confluence
(approximately 7 days in culture at passage 0).

2.3 Fabrication and Characterization of Polymer Scaffolds

Polymer scaffolds were fabricated by electrospinning as shown in Figure 1. PDO used in this
study (RESOMER® X, (C4HgO3),, Sigma Aldrich, St. Louis, MO) was a 100-120 kDa
polymer with a 1.5-2.2 dl/g inherent viscosity, —10°C glass transition temperature, and 110-
115°C melting temperature. PDO pellets were dissolved in 1,1,1,3,3,3 hexafluoro-2-
propanol (TCI America, Portland, OR) at concentrations of 60 or 140 mg/ml to fabricate
small and large diameter fibers, respectively. Recombinant mouse galectin-1 (Gall, R&D
Systems, Minneapolis, MN) was first reconstituted from a lyophilized powder into 1%
bovine serum albumin (BSA) and was was added to the PDO polymer solution at 5 pg/mL.
Control scaffolds were fabricated using an equal volume of the 1% BSA carrier solution.
The polymer solutions were then loaded into 5mL syringes (Becton Dickinson, Franklin
Lakes, NJ) with 18 gauge blunt tip needles and electrospun while being dispensed at
6mL/hr. The needle tip was exposed to +25kV and fibers collected on a rectangular mandrel
rotating at 200rpm across a 20 cm airgap distance. 140 mg/ml scaffolds were subjected to
compression to reduce pore size using a hydraulic press as previously reported’8.

2.4 Cytokines and Reagents

The recombinant murine IL-6 ELISA kit purchased from BioLegend (San Diego, CA).
Lipopolysaccharide (LPS, Sigma Aldrich L6529, 100 ng/ml) was purchased from Sigma
Aldrich (St. Louis, MO). Mouse vascular endothelial growth factor-A (VEGF-A) ELISA kits
were purchased from PeproTech (Rocky Hill, 1L-13 was purchased from PeproTech. Anti-
galectin-1 (AF1245) was purchased from R&D Systems for immunostaining. Galectin-1
release was assessed using a galectin-1 ELISA kit purchased from R&D Systems (DY 1245),
NanoOrange (N6666) and the micro BCA assay kit (23235) were purchased from
ThermoFisher Scientific (Waltham, MA). Galectin-1 release was quantified at 0, 0.25, 1, 6,
12, and 24 hours using 10mm biopsy punches in 300 ul of 1x PBS at 37°C. Background

J Biomed Mater Res A. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Abebayehu et al.

Page 4

from protein carrier control scaffolds was subtracted. DRAQ5 dye was purchased from Cell
Signaling Technologies (Danvers, MA).

2.5 Effects of Galectin-1

We first determined the effects of galectin-1 (Gall) on macrophage response prior to
incorporating it into PDO fibers. Macrophages were cultured on tissue culture polystyrene
(TCPS) to confirm that galectin-1 had similar effects as previously shown%. Macrophages
were plated at a density of 10,000 cells/cm? and allowed to attach for 3 hours. After 3 hours,
culture media were aspirated and media containing galectin-1 in concentrations of 50, 100,
500, or 1000 ng/ml were added to the culture wells. As a positive control, 1L-13 was diluted
to a final concentration of 10 ng/ml<°,

2.5.1 Effect of Galectin-1 on Macrophage Phenotype—Western blots were used to
determine effects of galectin-1 stimulation. Cells were lysed in Lysis Buffer (Cell Signaling
Technology) with 1.5X Protease Arrest (G-Biosciences, Maryland Heights, MO). Lysate
protein concentrations were determined using the Pierce BCA Protein Assay Kit
(ThermoFisher Scientific). Lysate proteins (40ug of protein per sample) were resolved by
SDS-PAGE using 4-20% Mini-Protean TGX Gels (Bio-Rad, Hercules, CA). Samples were
transferred onto nitrocellulose membranes and then blocked for 1 hour at room temperature
with Blocker Casein in Tris-buffered saline (TBS, ThermoFisher Scientific). Membranes
were then rinsed with TBS and incubated overnight at 4°C with primary antibodies at 1:1000
(v:v) in TBS-0.1% Tween (TBS-T) mixed with Blocker Casein at equal volumes. The
following primary antibodies were used and purchased from Cell Signaling Technologies:
inducible nitric oxide synthase (iNOS), arginase-1, and macrophage chemotactic protein-1
(MCP-1). Following overnight incubation, membranes were washed with TBS-T and then
incubated with infrared-labeled secondary antibodies at 1:15,000 (v:v) final dilution. Goat
anti-rabbit DyLight800 and goat anti-mouse DyLight680 secondary antibodies were
purchased from Cell Signaling Technologies. Membranes were scanned using the LI-COR
Odyssey CLx infrared imaging system and analyzed using LI-COR Image Studio 4.0
(Lincoln, NE). Blots were normalized to a single internal reference protein using B-actin.
Groups were run in the same gel and bands compared on the same blot. Normalization
factors were calculated as a ratio of B-actin signals to scale band intensity values and
background was automatically subtracted in Image Studio 4.0 software.

2.5.2 Effect of Galectin-PDO Scaffolds—To first determine optimal concentrations of
galectin-1, macrophages were cultured on scaffolds prepared using 1 or 5 pg/ml galectin-1
and arginase-1 levels were determined. Macrophages were seeded onto PDO-Gall scaffolds
(60 mg/ml PDO alone; 140 mg/ml PDO alone; 60 mg/ml PDO + 5ug Gall; 140 mg/ml PDO
+ 5ug Gall) at a seeding density of 50,000 cells/cm? 18 and cultured for 1 day. Based on the
results (Supplemental Figure 1), all remaining scaffold experiments used galectin-1 at 5
ug/ml. Western blots were used to determine effects on iNOS, arginase-1, phosphorylated
ERK1/2, total ERK1/2, and B-actin.
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2.6 Role of ERK

To determine if the effect of galectin-1 involved extracellular-signal regulated kinase (ERK)
mitogen activated protein kinase signaling, we used the selective ERK inhibitor 328006
(CAS N0.1043738-54-68, Calbiochem, EMD Millipore, Billerica, MA) at 25 pM in
dimethylsulfoxide (DMSO) in cRPMI. Cells were seeded at 50,000 cells/cm? on PDO
scaffolds and cultured for 1 day in medium containing the ERK inhibitor or an equal volume
of DMSO. At the end of culture, scaffolds were washed with PBS, and evaluated for
arginase-1 and iNOS via western blot and 1L-6 via ELISA.

2.7 Statistical Analysis

3. Results

For all experiments, each variable was tested using N = 6 independent cultures. Experiments
were repeated 3 times. Data are presented as mean + SEM with analysis done using
GraphPad Prism 6.0 (GraphPad, La Jolla, CA). Analysis comparing only 2 groups was
performed by unpaired Student’s t-test, whereas analysis comparing more than 2 groups
used one-way analysis of variance with Tukey’s post-hoc test. All pvalues <0.05 were
considered significant.

3.1 Soluble galectin-1 increases arginase-1 and reduces pro-inflammatory cytokine
production from mouse macrophages

Soluble galectin-1 has been reported to increase arginase, while decreasing nitric oxide
(NO), IL-1B, and IL-6 production in rat peritoneal macrophages stimulated with LPS11:21,
To establish a comparison for PDO polymers, we first cultured mouse bone marrow-derived
macrophages in media +/- soluble galectin-1, and compared the effects to the known M2-
inducing cytokine, IL-13. Galectin-1 increased arginase-1 expression, and decreased IL-6
and MCP-1 secretion in a manner similar to IL-13 (Figure 2). In contrast, IL-13 suppressed
VEGF production, while galectin-1 had no effect. Galectin-1 also had no effect on iINOS
levels (data not shown).

3.2 Galectin-1 incorporation does not alter PDO scaffold characteristics

PDO scaffolds produced from 60 mg/ml solutions have fibers of less than 0.5um diameter,
while 140 mg/ml solutions yield fibers of approximately 2.5um€. 60 mg/ml PDO
concentrations resulted in beads with small diameter fibersl4. To ensure that galectin-1
incorporation did not change scaffold fiber characteristics, we assessed the effect of
galectin-1 incorporation on scaffold structure. Scaffolds were created by electrospinning
PDO at concentrations of 60 mg/ml and 140 mg/ml with galectin-1 or protein carrier, as
described in Materials and Methods. Fiber diameter and pore size were quantified. Neither
of these critical physical characteristics were altered by galectin-1 incorporation (Figure 3).

3.3 Galectin-1 release varies with fiber diameter

Release of galectin-1 from electrospun PDO fibers varied with the diameter size (Figure
4A). The initial burst release was greater from 140 mg/ml PDO scaffolds than from 60
mg/ml scaffolds. After the initial burst, however, sustained release was comparable. No
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galectin-1 was detected in releasates of the control scaffolds. We then confirmed galectin-1
specific immunostaining in galectin loaded scaffolds (Figure 4B).

3.4 Galectin-1 incorporation greatly reduces the impact of pore size on macrophage

phenotype

PDO scaffolds generated from 140 mg/ml solutions have pore radii greater than 14pum on
average, compared to approximately 1um pores produced by 60 mg/ml solutions8:22, We
previously showed that compressing a 140 mg/ml scaffold reduced pore sizes without
significantly changing fiber diameter!®. This decreased pore size reduced the M2-polarizing
effects of the polymer. To determine if galectin-1 modified the effects of scaffold
compression, macrophages were cultured on compressed and normal 140 mg/ml PDO +
Gal1l fibers. Arginase-1 was reduced by more than 50% in macrophages cultured on
compressed scaffolds compared to normal scaffolds. Addition of galectin-1 to normal
scaffolds caused a small reduction in arginase-1, but addition of galectin-1 to compressed
scaffolds increased arginase compared to normal scaffolds without galectin-1 (Figure 5A,B).
In contrast, iINOS was unaffected by compression or addition of galectin-1 (Figure 5A,C).
These results suggest that the M2-promoting abilities of galectin-1 overcome the
macrophage response to small pore size on bioresorbable polymers.

3.5 Galectin-1 incorporation into smaller diameter fibers promotes arginase-1 and inhibits
iNOS partly through an ERK-independent pathway

In addition to pore radius, fiber diameter affects macrophage phenotype. 140 mg/ml PDO
scaffolds promoted significantly more arginase-1 and less iNOS than 60 mg/ml scaffolds.
Addition of galectin-1 to the 60 mg/ml PDO scaffolds resulted in similar arginase-1 levels as
observed in macrophages cultured on 140mg/ml polymers (Figure 6B). iNOS was reduced
when galectin-1 was incorporated into 60 mg/ml fibers to levels comparable to those
observed on 140 mg/ml fibers (Figure 6C). IL-6 cytokine secretion was modestly reduced in
the presence of galectin-1, but was not affected by fiber size (Figure 6D). These data
demonstrated that macrophage sensing of small versus large diameter fibers is greatly
blunted by the presence of galectin-1.

Previous reports have shown that ERK MAPK mediates galectin-1 signaling in
macrophages?®, and this signaling is different from our previous studies showing a MyD88-
mediated pathway on PDO fibers!®. We therefore assessed the impact of ERK blockade in
our system, focusing on how galectin-1 alters the response to 60 mg/ml PDO fibers. As
shown in Figure 7A, ERK phosphorylation was unaffected by galectin-1 on 60 mg/ml fibers.
ERK phosphorylation occurred more rapidly on 140 mg/ml PDO fibers than on the small
diameter fibers (Figure 7A). Galectin-1 increased arginase-1 in macrophages grown on 60
mg/ml fibers, but not to the same extent as seen on 140 mg/ml scaffolds in the absence of
galectin-1 (Figure 7A,B). Inhibition of ERK MAPK appeared to reduce the effect of
galectin-1 on arginase-1 on western blots (Figure 7B), but quantification of multiple gels
indicated that ERK inhibition had no effect (Figure 7C). Addition of galectin-1 to 60 mg/ml
scaffolds resulted in a marked reduction in iNOS but not to the same extent as was seen in
macrophages were grown on 140 mg/ml scaffolds (Figure 7B,D). Inhibition of ERK reduced
the effect of fiber diameter and of galectin-1 on iNOS (Figure 7B,D). Addition of galectin-1
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to 60 mg/ml scaffolds blocked IL-6 produced by macrophages on 60 mg/ml fibers. IL-6
levels were unaffected by fiber dimaeter (Figure 7D). Inhibition of ERK blocked the
inhibitory effect of galectin-1 on the 60 mg/ml scaffolds.

4. Discussion

Bioresorbable fibers show promise to enhance wound healing, and provide flexibility during
their fabrication that offers an ability to tailor scaffolds to specific needs. By altering the
concentration of PDO solutions, fiber diameter and pore size are greatly varied. These
changes in topography alter how immune cells respond to scaffolds, influencing the healing
progress. Further, bioactive molecules can be incorporated during synthesis, providing a
variety of stimuli to promote angiogenesis and diminish inflammation 2326,

Galectin-1 has been shown to promote a pro-regenerative M2 macrophage response in other
systems 21027 This prompted our investigation of galectin-1’s effects on macrophage
polarization when incorporated into polymeric scaffolds. Consistent with prior publications,
soluble galectin-1 was equal to 1L-13, a known M2 inducer, in regulating arginase-1 and
cytokine production by macrophages. Galectin-1 incorporation into PDO fibers shifted the
macrophage response, generally promoting the M2 phenotype, indicated by increased
arginase-1 and decreased iNOS. Moreover, galectin-1 shifted macrophage commitment from
the M1 phenotype noted previously on small diameter PDO fiber scaffolds, to an M2
phenotype typical of large diameter PDO scaffolds. These pro-M2 effects persisted when
galectin-1 was embedded in PDO fibers and overcame the importance of pore size and fiber
diameter in regulating macrophage phenotypel8.

Our results indicate that the mechanisms by which galectin-1 alters macrophage response to
scaffold topography is partly ERK-independent. Inhibition of ERK1/2 MAPK did not affect
arginase-1 and had a minor effect on iNOS. In contrast, inhibition of ERK1/2 MAPK
completely blocked the reduction in IL-6 caused by addition of galectin-1 to small diameter
scaffolds. This indicates that this effect of galectin-1 is ERK-dependent.

Macrophage participation in soft tissue regeneration following injury is highly regulated.
Successful regeneration relies on a delicate balance of M1 macrophages to clear the wound
site and M2 macrophages to secrete factors into the local microenvironment that promote
regeneration. Elevated numbers of M1 or M2 macrophages can impair regeneration, leading
to fibrosis. This is a central problem in several soft tissue disorders, including skin, nerve,
muscle, ligament, and tendon?8-31. For example, depletion of phagocytic myeloid cells prior
to cardiotoxin-induced muscle injury blocked the removal of cell debris and impaired
normal muscle regeneration32, demonstrating the importance of phagocytic M1
macrophages in the initial stages of muscle regeneration. Controlling the ratio of M1 and M2
macrophages is critical; and modulating these events using galectin-1 could improve healing
in muscle and other soft tissues.

To begin developing a drug delivery system that could alter the immune response and aid in
regeneration using recombinant galectin-1, we needed to establish its effect on bone marrow
derived mouse macrophages cultured on TCPS. We first tested the dose-dependent response
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to galectin-1 to determine if arginase-1 increased and iNOS decreased as previously
reported1011, We confirmed increased arginase-1, decreased iNOS, and IL-6 suppression®l.

The advantage to electrospun fibers is its flexibility to incorporate molecules and
simultaneously tailor fiber morphology to regulate M1 and M2 phenotypes. Studies have
incorporated immunosuppressive proteins into electrospun fibers using IL-1033, nuclear
factor kappa-light-chain-enhancer of activated B cell inhibitors34, and cyclosporine A3® and
successfully altered immune cell phenotype. We opted to use immunosuppressive galectin-1
as opposed to another M2 inducing biologic because of its direct involvement in muscle
regeneration!®36, a focus of our group. In this study, immunosuppressive galectin-1 was
incorporated into differently sized PDO fibers to affect macrophage phenotype, where we
demonstrated enhanced M2 macrophage characteristics.

We tested the ability of galectin-1 to recover M2 macrophage qualities in electrospun
scaffolds by incorporating it into compressed large fiber scaffolds with reduced pore size
and normal small fiber scaffolds with small fibers and small pores, which were both shown
to promote M1 phenotypes!8. While compressed large fiber scaffolds lost much of their M2-
promoting capacity, incorporating galectin-1 recovered these effects. More, incorporating
galectin-1 into small fibers, generated a polymer with M2-inducing effects indistinguishable
from 140mg/ml fibers. Because galectin-1 incorporation did not affect porosity or fiber
diameter, these effects were ascribed to galectin-1 signaling. These data suggest that
galectin-1 alters how macrophages interpret small diameter pores and fibers.

Aside from intracellular iNOS and arginase-1 production, extracellular IL-6 secretion was
also measured based on its importance in regeneration and fibrosis. 1L-6 is an inflammatory
mediator that regulates M1-like macrophage phenotype and when IL-6 is secreted at low
levels it facilitates regeneration37-39, Conversely, severe soft tissue injuries elevate IL-6
production beyond normal levels, prolonging an M1 response*?41 and promoting
fibrosis#243. Here, galectin-1 was able to suppress IL-6 in macrophages cultured on small
diameter PDO fibers that normally enhance IL-6 synthesis, suggesting therapeutic potential.

Several studies have emphasized the importance of ERK in galectin-1-mediated effects. For
example, Barrionuevo and colleagues showed that soluble galectin-1 stimulated ERK-1/2
phosphorylation in human monocytes, and that inhibiting the upstream kinase MEK could
reverse the effects of galectin-1 on macrophage major histocompatibility complex Il and
fragment crystallizable gamma receptor | expressionl®. Galectin-1 stimulation has further
been shown to activate ERK in airway epithelium?#* and correlates with ERK activity in
allergic conjunctivitis*®, osteosarcoma growth?®, and lung cancer progression®’.

This ERK-mediated signaling is distinct from the myeloid differentiation primary response
gene 88-dependent signaling we have noted on PDO fibers!8. Using an ERK inhibitor, we
examined the role of ERK signaling in our galectin-1 scaffolds. Our results showed that
galectin-1 effects on arginase-1 were ERK-independent, while iNOS and IL-6 inhibition
required ERK function. Signal transducer and activator of transcription (STAT) pathways
facilitate 1L-6 signaling in monocytes*849, and ERK has been shown to antagonize STAT-
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mediated gene activation and cell differentiation®0-51, This may explain our observed IL-6
results. However, more study is needed to identify signaling intermediates.

5. Conclusion

Galectin-1 modulated macrophage polarization and protein secretion using electrospun drug
delivery strategies. These modified PDO scaffolds did not display altered fiber morphology
or pore size when galectin-1 was incorporated, and were able to stimulate arginase-1
production while suppressing the pro-inflammatory markers, iNOS and IL-6. The
macrophage response was further characterized by investigating the role of ERK MAPK.
Results showed that arginase-1 regulation was ERK-independent, while iNOS and IL-6
suppression was ERK-dependent. Future studies should determine how galectin-1 delivery
materials affect signaling pathways, and address how these materials can be used clinically.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Schematic of method used to produce electrospun fiberswith galectin-1
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Figure 2. Galectin-1 promotes arginase and reduces | L-6 cytokine production similar to the
effectsof IL-13

Bone marrow-derived macrophages were cultured in media containing soluble galectin-1
(Gall), IL-13, or no further treatment (NT) for 1 day. (A) Arginase-1 was measured by
western blotting. (B-D) VEGF, MCP-1, and IL-6 were measured by ELISA. * indicates a
difference from no treatment (p < 0.05). Data shown are means + SEM of 6 samples from a
representative experiment. Experiments were repeated to ensure validity.
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Figure 3. Fiber diameter and pore size are unaffected by galectin-1 incor poration
Representative scanning electron micrographs of 140 mg/ml and 60 mg/ml electrospun

scaffolds incorporating with 5 pg/ml galectin-1. Bar charts show the diameter and pore size
measurements of 60 fibers from 3 samples. * indicates a difference when comparing 140

mg/ml scaffolds to the corresponding 60 mg/ml scaffold (p < 0.05).
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Figure 4. Galectin-1release
Protein levels were measured at 0, 0.25, 1, 6, 12, and 24 hours using 140 mg/ml and 60

mg/ml electrospun PDO scaffolds with galectin-1 or vehicle (A). * indicates a difference
between 60+Gall and 140+Gall (p < 0.05). Data shown are means of triplicate samples.
Images of scaffolds immunostained with anti-galectin-1 antibody demonstrate a larger signal
from galectin-1 scaffolds then controls (B).
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Figure5. Galectin-1 bluntsthe effect of reduced porosity caused by compression
Bone marrow-derived macrophages were cultured for 1 day on normal or compressed

140mg/ml scaffolds +/- Gall, as described in Materials and Methods. Arginase-1 (A) and
iNOS (B) protein levels were determined by western blotting. Data shown are means + SEM
of 6 independent cultures from a representative experiment.
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Figure 6. Galectin-1 incorporation promotes M 2 phenotype on small fiber scaffolds
Bone marrow-derived macrophages were cultured as described in Figure 3. The effect of

galectin-1 incorporation into 60mg/ml scaffolds was assessed by measuring arginase-1 and
iNOS by western blotting, and IL-6 secretion by ELISA. (A) shows a representative blot,
while (B-C) are normalized values. Data shown are representative means + SEM of 6
independent cultures from one of three independent experiments. * indicates a difference
when comparing to 60mg/ml scaffolds (p < 0.05).
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Figure 7. Galectin-1 effects on arginase-1 and iNOS are ERK -independent, while | L-6 inhibition
is ERK -dependent
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