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ABSTRACT

Beta-glucans in temporary wound dressings have immuno-stimulatory capacities 
and have been shown to enhance wound healing in burn patients. However, little 
is known about the cellular mechanisms underlying the e# ect of beta-glucans 
on wound healing. Curdlan is a 1,3-linked bacterial/fungal derived beta-glucan 
that induces in$ ammatory responses via the C-type lectin receptor dectin-1 on 
dendritic cells (DCs). Here we investigated the e# ect of beta-glucan curdlan and 
the role of dectin-1 expressed by keratinocytes (KCs) in wound healing. Dectin-1 
triggering on KCs by curdlan did not induce Syk-dependent cytokine production. 
However, curdlan enhanced migration and proliferation of KCs in a dectin-1 
dependent manner. Treatment of a burn wound with curdlan in a human ex vivo 
wound healing model showed that more KC proliferation occurred in the basal 
layer of skin and enhanced closure of the wound. Preliminary results with curdlan 
did not show this pronounced e# ect in a porcine excision wound healing model. 
Nevertheless our data suggest that curdlan induces human KC proliferation and 

migration and therefore be used in creams to enhance wound healing. 

INTRODUCTION

Beta-glucans are polysaccharides composed of the monosaccharide glucose, linked with 
beta-glycosidic bonds. Beta-glucans form long polymers that mainly have been used 
in bioarti" cial skins in combination with gelatine and collagen as temporary wound 
dressing 1, 2. Collagen matrices with beta-glucans have been shown to improve burn 
wound healing and reduce pain 1, however the molecular mechanisms underlying the 
e= ect of beta-glucans on wound healing are poorly described. Dermal " broblasts respond 
to beta-glucans by producing interleukin-6 (IL-6) and increased proliferation, which 
is bene" cial for restoring the dermal extracellular matrix and wound healing 3, 4. In 
addition, beta-glucans induce cytokine production and release of reactive oxygen species 
(ROS) by macrophages and dendritic cells (DCs) 5-7, which is thought to be bene" cial 
for neutrophil in" ltration, angiogenesis and wound healing 2. Re-epithelialization of the 
wounded area is achieved by keratinocyte (KC) migration and proliferation 8. ! erefore, 
we studied the e= ect of beta-glucans on KCs in wound healing.
 Curdlan is a linear 1,3-beta-glucan of bacterial and fungal origin that is insoluble 
in water but soluble in alkaline solutions 9. Curdlan is recognized by the C-type lectin 
receptor (CLR) dectin-1, which is an important pathogen recognition receptor (PRR) 
on DCs inducing immune responses 10. Dectin-1 activates the transcription factor 
NF-P B via the tyrosine kinase Syk, resulting in anti-fungal cytokine production in 
dendritic cells 5. KCs express the CLR dectin-1 11, and produce ROS upon dectin-1 
and toll-like receptor-2 (TLR2) costimulation by Mycobacterium ulcerance 12. Here 
we show that KCs dectin-1-dependently increased proliferation and migration upon 
curdlan stimulation. We observed enhanced wound re-epithelialization and increased 
KC proliferation in a human ex vivo wound healing model 13. ! e e= ect of curdlan on
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wound healing was further investigated in an in vivo porcine excision wound healing 
model 14, 15. However, this pilot study did not reveal considerable e= ects of curdlan on 
wound healing and further research on this model is required.  Here we describe that 
the 1,3-beta-glucan curdlan induces both migration and proliferation in human KCs via 
dectin-1 and therefore could be used to develop treatments targeting dectin-1 on KCs to 
enhance and improve wound healing.

RESULTS

Human keratinocytes express dectin-1 but do not produce cytokines upon 
stimulation
Keratinocytes were freshly isolated from human skin. In order to investigate the e= ect 
of beta-glucans on KCs we " rst analyzed the expression of beta-glucan receptor dectin-1 
on human KCs by _ ow cytometry. Dectin-1 was expressed on the cell surface as well 
as intracellularly (Fig 1a). KCs were grown on cover slips and dectin-1 expression was 
visualized by confocal laser scanning microscopy. Dectin-1 expression is polarized (Fig 1b). 
We investigated the capacity of KCs to respond to curdlan by stimulating the cells for 
24 hours with the beta-glucan curdlan. Cytokine production was determined by ELISA. 
KCs did neither produce interleukin-8 (IL-8) nor TNF upon curdlan stimulation 
(Fig 1c), and no IL-1 Q , IL-6, IL-12 or IL-10 (data not shown). In contrast, KCs produced 
IL-8 and TNF in response to TLR3 agonist Poly(I:C). Curdlan was immunogenic since 
DCs stimulated with the same concentration curdlan produced IL-8, TNF, IL-1 Q , 
IL-6, IL-12 and IL-10 (data not shown), which are associated with dectin-1 
activation on DCs 5. In DCs, cytokine induction by dectin-1 triggering is dependent 
on phosphorylation and activation of Syk 5. ! erefore we investigated whether 
Syk was phosphorylated at Tyr525 and 526 after curdlan stimulation. Both KCs 
and DCs were stimulated for 15 minutes with curdlan. Cells were " xed and 
subsequently phosphorylation of Tyr525-526 was analyzed by _ ow cytometry. 
Notably, in contrast to DCs, upon dectin-1 stimulation Syk was not phosphorylated 
in KCs (Fig 1d). ! erefore, our data strongly suggest that triggering of dectin-1 
on KCs by curdlan does neither induce Syk activation nor cytokine production.

Dectin-1 induces enhanced KC migration and proliferation
Next we investigated the e= ect of dectin-1 triggering on KC proliferation in a KC 
scratch-wound healing assay. KCs were grown to 100% con_ uence in 24 well plates. A 
scratch was applied and the closure of the scratch was monitored by microscopy after 
24 hours. 20% Closure was observed in non-stimulated KCs (Fig 2a). In the presence 
of curdlan, migration of KCs was enhanced resulting in increased closure of the scratch 
(Fig 2a). ! is e= ect was dectin-1-mediated since a blocking antibody against dectin-1 
abolished the increased closure (Fig 2a). In addition we measured KC proliferation by 
DNA-incorporation of BRDU after 48 hours in vitro. KC proliferation was signi" cantly 
increased upon stimulation with curdlan (Fig 2b).
 Next we investigated KC proliferation in human skin by using an ex vivo 
wound healing model 13. In untreated human skin KC proliferation was determined by
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Figure 1: KCs express 
dectin-1 but do not 
produce cytokines. 
Dectin-1 expression 
on human KCs was 
determined by _ ow 
cytometry under non- 
permeabilizing and
permeabilizing condi-
tions (A). Dectin-1 
expression by KCs was
analyzed by confocal 
scanning laser micro-
scopy; bars represent 
25 µm (B). KCs were 
stimulated for 24 hours 
with TLR3 ligand 
Poly(I:C) or dectin-1 
ligand curdlan and 
cytokine production was
measured by ELISA; 
experiments are repre-
sentative for 2 donors; 
mean and SD are 
depicted (C). DCs and 
KCs were stimulated with 
curdlan for 15 minutes 
and phosphorylation 
of Syk- Y525- 526 
was analyzed by _ ow 
cytometry; experiment 
representative for 2 
donors (D).

Figure 2 (right page): Dectin-1 stimulation on KCs increases cell migration and proliferation
KCs were grown 100% con_ uent in 24 well-plates and a scratch was made in the middle of the well. 
Migration of KCs was monitored by making microscopic pictures of the well. Scratch closure was 
determined as percentage of cell-free surface at t=24 hours relative to t=0 hours, with 0% as no closure 
up to 100% of complete closure; 1 representative shown out of 2 donors, mean and SD are depicted (A). 
KCs were stimulated for 48 hours with curdlan and for 24 hours with BRDU and subsequently BRDU 
incorporation was determined by _ ow cytometry; mean and SD of 4 donors; paired students t-test *p<0.05 
(B). Healthy skin was stained for the proliferation marker KI67 (pink) and the LC marker CD1a (brown) 
(C). A burn wound was applied to skin and subsequently skin was cultured for 72 hours. Tissue sections 
were stained for KI67 and CD1a (D). (C,D) are representative for two independent donors; bars represent 
100 µM; arrow indicates original site of burn.

KI67 staining few KCs in the basal layer proliferated (Fig 2c). In addition, Langerhans 
cells (LCs) were present in untreated skin (Fig 2c). Skin sections of 1 square centimeter 
were burned at 95oC by applying the human ex vivo temperature-regulating machine 
(HEAT-M; 13, 16) for 10 seconds. Skin was cultured air-exposed for 3 days and we
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Figure 3: Curdlan induces proliferation of KCs in the basal layer
Healthy skin was treated with or without 100 µl curdlan dissolved in PBS and was cultured up to 14 days. 
On day 0, 3, 7 and 14 skin sections were snap frozen in liquid nitrogen and cryo sections were stained with 
hematoxylin and eosin (A). Skin was burned and cultured up to 14 days before sections were snap frozen 
and cryo sections were stained for the proliferation marker KI67 and the LC marker CD1a (B). Experiments 
are representative for two independent donors; bars represent 100 µM; arrow indicates original site of burn. 

Figure 2: legend on left page
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determined KC proliferation by KI67 staining and KC migration by outgrowth of the 
epithelial ‘tongue’. ! e arrow indicates the original place of burn (Fig 2d) and the " rst inset 
shows KC proliferation in the untreated part of the skin. No KC proliferation or LCs were 
detected in the outgrowing epithelial tongue (Fig 2d, inset 2). ! erefore, this  suggests 
that re-epithelialization of wounded skin starts with migration of KCs onto the wounded 
area. Stimulation of dectin-1 on KCs induces increased migration as well as proliferation 
(Fig 2a,b).

Dectin-1 stimulation of wounded skin increases KC proliferation and re-
epithelialization
To study the e= ect of beta-glucan curdlan on human skin we used a human ex vivo 
wound healing model 13. Skin was cultured air-exposed on grids and curdlan was 
dissolved in PBS and applied topically. Every 3 days culture medium was changed and 
curdlan was re-administered onto the skin grafts. After 3, 7 and 14 days, cryo sections 
were prepared and analyzed by haematoxylin and eosin (HE) stainings (Fig 3a). No 
di= erences in epidermal thickness were observed; suggesting curdlan did not penetrate 
the intact epidermal stratum corneum and therefore did not exert e= ects on basal KCs 
(Fig 3a). Skin sections were burned with the HEAT-M for 10 seconds at 95oC and 
subsequently cultured for 14 days. KCs in the basal layer in the epidermal tongue were 
proliferating (Fig 3b). Notably, curdlan induced KC proliferation across the entire basal 
layer, and the epidermal tongue covered a larger part of the wounded area (Fig 3b), 
strongly suggesting that enhancement of KC migration and proliferation is bene" cial 
for wound re-epithelialization. 

In vivo dectin-1 stimulation of wounded skin
! e e= ect of curdlan on wound healing in vivo was investigated in a porcine excision 
wound healing model 14, 15. Deep wounds (2.7 mm deep) and half-deep wounds 
(1.5 mm deep) were administered onto the _ anks of 2 piglets. ! e deep wounds 
were covered with a 1:3 meshed skin-graft of 0.3 mm thickness. Wounds were either 
control treated or curdlan treated. Curdlan was dissolved in PBS and applied onto the 
plaster covering the wound, or curdlan was mixed in carbopol-gel and gently rubbed 
onto the wound before coverage with bandage. After 4, 8 and 14 days biopsies were 
taken, which were analyzed by haematoxylin and eosin staining (Fig 4a). Overall, 
under all conditions skin re-epithelialized to a similar extend after 14 days. After 4 
days of wound healing, the wounds covered with curdlan were re-epithelialized to a 
lesser extend compared to wounds without treatment (Fig 5a), this was observed 
for both PBS and carbopol treatment. Interestingly, half-deep wounds covered with 
curdlan showed more hair-growth compared to the control wounds (data not shown) 
indicating hair-follicles are activated by curdlan-treatment. However, after 8 and 14 
days wound were fully re-epithelialized and no di= erences were observed between 
treatments (Fig 5a). On day 8 none of the skin-grafts was rejected, so the take of the 
skin-grafts on the deep wounds was 100% in all wounds. ! e depth of the wound 
bed is a measure of tissue generation (Fig 4b) and was scored on a scale of -5 to 5 with 
0 as ‘healthy’ skin (Fig 4b). At day 4 all wounds had a similar deep wound bed. At 
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day 8 and 14 only the deep wounds had a deeper wound bed compared to the half-
deep wounds, which suggested the subcutaneous dermal tissue was not fully recovered 
in the deep wounds. More important, none of the wounds were hypertrophic, there 
were no bulging wound beds suggesting curdlan did not induce in_ ammation of the 
wound (Fig 4b). We scored total cell density on a scale of 0 - 5, with 0 as ‘healthy’ skin. 
Cell density was equal among all conditions and all time points. Cell density appeared 
a little bit higher on day 8 in deep wounds treated with carbopol, which seemed to be 
a carbopol-mediated e= ect. No di= erences were observed between curdlan treated skin 
and control treated skin, suggesting curdlan does not trigger excessive in_ ammation 
leading to lymphocyte in_ ux. On day 8 and day 14 the thickness of the epidermis was

Figure 4: Histochemistry of porcine excision wound healing model
Deep and half-deep wounds were applied onto the _ anks of piglets. On day 4, 8 and 14 biopsies were taken 
that were subsequently analyzed by hematoxylin and eosin stainings (A). During changing the bandage, the 
depth of the wounds was macroscopically scored on a scale ranging from -5 to 5 with 0 as healthy skin (B). 
Experiments are representative for 2 piglets and wounds are in duplicates; bars represent 100 µM.
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Figure 5: Curdlan does not enhance wound healing in vivo

! e presence of epidermis was scored based on the HE stainings at day 4, day 8 and day 14 on a scale 
ranging from 0 to 1 (A). Based on the HE stainings, cell density was scored on a relative scale from 1 to 5 
(B), and the thickness of epidermis was scored on a relative scale ranging from 1-5 (C). Experiments are 
representative for 2 pigs and wounds are in duplicates.
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scored on a scale of 0 (absent) to 5. In the half-deep wounds carbopol treatment seemed 
to have a slight e= ect on the epidermal thickness (Fig 5c), whereas all wounds had 
equally thick epidermis at day 14 (Fig 5c). On day 14 several wounds appeared red. 
However, the redness could not be related to treatment with curdlan or control in PBS/
carbopol. Piglets were sacri" ced at day 56. ! e depth and the redness of the wounds 
were determined, but no di= erence could be observed between di= erent treatments. 
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In conclusion there were no bene" ts or disadvantages using curdlan during porcine 
wound healing. Remarkable is the observed hair growth on day 4 in curdlan treated 
half-deep wounds, which suggests hair follicles are triggered by curdlan in the early 
phase of wound healing. However, the concentration and the application method for 
curdlan administration need to be optimized and more research is needed on this topic.

DISCUSSION

Here, we have investigated the e= ect of 1,3-beta-glucans on proliferation and activation of 
human KCs and wound healing. Beta-glucans induced dectin-1 dependent proliferation 
and migration of KCs. In a human ex vivo wound healing model we observed that 
1,3-beta-glucans increased KC proliferation in the basal layer and enhanced outgrowth 
of the epithelial tongue after burn injury. Using a porcine excision wound healing 
model we investigated the e= ect of curdlan on wound healing in vivo. No excessive 
in_ ammation or hypertrophic skin was observed, indicating curdlan did not induce 
excessive in_ ammation in porcine DCs or macrophages. However, we could not detect 
bene" ts or disadvantages of wound healing in the presence or absence of curdlan in 
the porcine model. ! is could be due to the way we administered curdlan onto the 
wounds by dissolving it in PBS or carbopol-gel. Our data from the human model 
demonstrate that the bene" cial e= ects of 1,3-beta-glucans, such as curdlan are due to 
triggering of dectin-1 on KCs that induces migration and proliferation, facilitating re-
epithelialization.
 Beta-glucans have immuno-stimulatory capacities 5, 10 and we showed that 
KC migration into the wounded area preceded KC proliferation. ! us, the increased 
migration of human KCs we observed after beta-glucan treatment is bene" cial for 
accelerating wound closer. Previously we have shown that LCs and DCs from burned 
skin are impaired in inducing T cell activation 16. Moreover, soluble factors from burned 
skin suppressed DCs from unburned areas 16. Since LCs and DCs both express dectin-1, 
beta-glucan treatment might be bene" cial in overcoming suppression and repairing 
the function of LCs and DCs. Furthermore, beta-glucans exert e= ects on " broblasts 
and macrophages during wound healing resulting in increased restoring of the dermal 
extracellular matrix, neutrophil in" ltration, angiogenesis and wound healing 2-4, 7. We 
observed enhanced wound-closure upon beta-glucan treatment in the human ex vivo 
model. In addition to increased KC proliferation, beta-glucans probably exerted an 
e= ect on resident skin macrophages and dermal " broblasts via dectin-1 in the model.  
 ! us, dectin-1 triggering by beta-glucans is bene" cial for wound healing. 
! e human dectin-1 beta-glucan receptor is alternatively spliced into two functional 
beta-glucan binding isoforms: the full-length isoform A and the stalk region-lacking 
isoform B 17. ! e major isoform expressed in human KCs is isoform B 11, which is 
also expressed by monocytes, DCs and macrophages 17, 18. ! erefore it is remarkable 
that dectin-1 has a di= erent function on KCs compared to DCs, namely induction of 
proliferation and migration rather than cytokine production. Not much is known about 
the function of dectin-1 on human KCs. Dectin-1 expression is upregulated in skin of 
patients with psoriasis 11. Psoriasis is characterized by excessive KC proliferation and
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in_ ammation. ! e identi" cation of dectin-1 triggering on KCs being 
responsible for enhanced migration and proliferation could explain the role 
of dectin-1 upregulation observed in psoriasis. However, more research needs 
to be done regarding dectin-1 signalling and functionality in human KCs. 
 ! ere is a great similarity between human and porcine skin, therefore in 
vivo wound healing was studied in a porcine excision wound healing model 14, 15. 
! e two major isoforms of dectin-1 have been identi" ed in alveolar macrophages 
from pigs, resembling the isoforms A and B in human 19 and therefore porcine skin 
likely is an appropriate model to study the e= ect of curdlan on wound healing. In 
the human ex vivo burn wound healing model we observed enhanced wound closure 
in the presence of curdlan, which was not observed in the porcine model, which 
could be due to the type of wound. ! erefore, more research is necessary to validate 
curdlan-mediated dectin-1 activation in porcine in vivo wound healing models.
 Overall, we showed that human keratinocytes increased proliferation 
and migration upon dectin-1 triggering by the 1,3-linked beta-glucan curdlan 
and we observed enhanced ex vivo re-epithelialization. ! ese " ndings suggest that 
targeting of CLR dectin-1 on KCs might be a strategy to improve wound healing.
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MATERIAL AND METHODS

Antibodies and Reagents
! e following antibodies and reagents were used: anti-human Dectin-1 (R&D systems); anti-human Syk-Y525-526P 
(Cell Signaling); anti-human CD1a (Santa Cruz); anti-human KI67 (BD); anti-human TNF, biotinylated anti-human 
TNF, anti-human IL-8, biotinylated anti-human IL-8 (all Biosource); goat-anti-rabbit Alexa-488; Goat-anti-mouse 
Alexa-488 and -546; BRDU and BRDU reagent kit (all Invitrogen); 1,3-beta-glucan hydrate from Alcaligenes faecalis 
(Curdlan; Sigma Aldrich); Haematoxylin (Mayer); Eosin Y (Sigma Aldrich); PBA bu= er (PBS pH 7.4 supplemented with 
0.5% BSA and 0.02% Azide).
Animal study design
! e protocol was approved by the Ethics Committee of Animal Welfare of the VU University of Amsterdam. Two 
female Yorkshire white pigs were used, weighing approximately 20 kg upon arrival. ! e animals were sedated with a 
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combination of 10 mg/kg Ketamin (Alfasan), 0.5 mg/kg Dormicum (Actavis) and 0.5-1.0 mg Atropin (Pharmachemie) 
by intramuscular injection. Anaesthesia was induced by Etomidaat (B. Braun) and by intravenous injection of 15 mg 
Dormicum, 200 µg Fentanyl (Hameln Pharmaceuticals) and 6 mg Pavulon (Organon). During surgery the anaesthesia 
was maintained by intravenous injection of 0.5 mg/kg/hr Dormicum, 6.5 µg/kg/hr Fentanyl and 0.27 mg/kg/hr Pavulon. 
Arti" cial respiration with 45-50% O

2
 and 1.5-2.5% Iso_ urane was applied. Post-operative treatment was achieved 

by intramuscular injection of 0.4 mg metacam (Boehringer Ingelheim) combined with application of a Transtec 35 
transdermal patch (Grunenthal) which releases buprenorphinum at 35 µg/hr for 96 hr. For euthanasia, animals were 
treated with 6 mg/kg Zoletil 100 (Virbac Nederland) and 2 mg/kg Xylazine (AST Farma). Animals were euthanized 
by intravenous injection of 20 ml Euthasol 20% (AST Farma). Full-thickness (‘deep’) and partial-thickness “half-deep 
wounds” (3x3 cm) were excised on the back of the pigs (depth approximately 2.7 mm and 1.5 mm, respectively) using 
a dermatome. ! e full thickness wounds were covered with a 1 : 3 meshed split-skin graft (0.3 mm) obtained from 
the same wounds. Wounds were either treated with curdlan (10 µg/ml) dissolved in PBS or wounds were treated with 
curdlan (10 µg/ml) dissolved in carbopol-gel (Fagron). 1 ml of PBS was applied onto plasters which were used to cover 
the wound. Carbopol-gel was gently rubbed onto the wound before coverage with plasters and bandage. Macroscopic 
evaluation was performed at days 4, 8, 14 and 56 after wounding. At the same time, two biopsies (6 mm and 3 mm) per 
wound were taken for microscopic analysis. In total, 16 wounds divided over two pigs were evaluated for each time point. 
Porcine biopsies were " xed in kryo" x (50% ethanol; 3% PEG300) after 4, 8 and 14 days of wound healing and processed 
for para  ̂ n embedding. Sections were depara  ̂ nized and rehydrated for haematoxylin and eosin staining.
Human skin and keratinocyte isolation
Human skin tissue was obtained from healthy donors undergoing corrective breast or abdominal surgery after informed 
consent in accordance with our institutional guidelines. Split-skin grafts of 0.3 mm were harvested using a dermatome 
(Zimmer) and were cut into pieces of 1 cm2. Skin was burned by using the Human Ex vivo Adjustable Temperature 
regulating-Machine (HEAT-M; 16). ! e HEAT-M consists of a copper device (2x10 mm) attached to the tip of an 
adjustable soldering iron (HQ/Nedis; voltage converter, HQ/Nedis). ! e HEAT-M was heated up to 95oC and applied 
for 10 seconds at the epidermal site of the skin, without exerting pressure. Human skin samples were cultured in the 
human ex vivo wound healing model as described before 13. In short: skin samples were placed dermis down on a stainless-
steel grid and cultured air-exposed in Dulbecco’s Modi" ed Eagle’s Medium/ Ham’s F12 (3 : 1) (Invitrogen), 2% fetal 
calf serum, 1 µM hydrocortisone, 1 µM isoproterenol, 0.1 µM insulin, 1*10-5 M L-carnitine, 1*10-2 M L-serine, 1 µM 
DL- � -tocopherol, 130 µg/ml ascorbic acid, 25 µM palmitic acid, 15 µM linoleic acid, 7 µM arachidonic acid, 24 µM 
bovine serum albumin (all Sigma-Aldrich), penicillin/streptomycin (100 IU/ml; 100 mg/ml respectively; Invitrogen). 
Culture medium and curdlan were refreshed twice a week. Skin grafts were embedded in Tissue-Tek (Ted Pella) and 
snap-frozen in liquid nitrogen directly after burning or after 24 hours of culturing and were subsequently used for 
immuno-histochemical analysis. To isolate primary KCs, epidermis was enzymatically degraded by trypsin and DNAse 
I, and the single cell suspension was layered on a lymphoprep (" coll; Axis-shield) gradient. ! e pellet contained KCs. 
KCs were maintained in Keratinocyte-SFM COMBO medium (Invitrogen). KCs were grown to 80% con_ uence and 
splitted 1:10 once a week. 
Monocyte isolation and DC di# erentiation
Monocytes were isolated from bu= ycoats. Bu= ycoats were mixed with Hank’s Balanced Salt Solution (HBSS) and 1500 
I.U. heparin (Leo Pharmaceuticals) and peripheral blood mononuclear cells (PBMC) were isolated by a lymphoprep 
gradient step. Monocytes were isolated from the PBMCs by a Percoll (Amersham Biosciences) gradient step. Monocytes 
were cultured in the presence of IL-4 and GM-CSF (500 and 800 IU/ml; Biosource/Invitrogen) for 6 days to allow 
monocyte derived DC (moDC) di= erentiation.
Immuno-histochemical staining
5-µm human cryo sections were air-dried and " xed in acetone for 10 minutes. Sections were stained with haematoxylin 
and eosin. Or sections were blocked with En Vision dual enzyme block (Dako) and preincubated with 10% normal goat 
serum before sections were incubated with primary antibody (anti-CD1a; IgG2a) for one hour at room temperature. 
Sections were incubated with EV-goat-anti-rabbit/mouse HRP (Dako) for 30 minutes. Peroxidase labeling was visualized 
by En Vision 3,3-diaminobenzidine (EV-DAB; Dako). Next, sections were blocked with normal rabbit serum + anti-
mouse IgG2a and subsequently incubated with the second primary antibody (anti-KI67; IgG1) for one hour, followed 
by alkaline phosphatase conjugated goat-anti-mouse IgG1 (AbD Serotec). Sections were washed in 0.2 M Tris-HCl 
bu= er, pH 8.5 and alkaline phosphatase was visualized by Liquid Permanent Red (Dako). Finally, tissue sections were 
counterstained with haematoxylin for 30 seconds. Between all incubation steps, sections were extensively washed with 
PBS (pH 7.4). Matched isotype antibodies served as negative control and all controls were essentially blank.
Flow cytometry
KCs were used between passage 2 and 4, were grown 30% con_ uent and were 48 hours incubated with 10µg/ml curdlan 
or vehicle. BRDU was added 1:100 for 24 hours and cells were subsequently trypsinized and " xed in 70% ethanol. 
Cells were treated with 2M HCl for 20 minutes and neutralized with 0.1 M sodium borate pH 8.5 for 2 minutes. ! en 
samples were stained with anti-BRDU-PE (dilution 1:50) at RT for 20 minutes. 
Or KCs and DCs were preincubated for 20 minutes with 1 mM sodium vanadate to inhibit phosphatases and cells were 
subsequently stimulated for 15 minutes with curdlan (10µg/ml). ! en cells were " xed in 4% PFA and permeabilized in 
90% ice-cold methanol for 30 minutes. Cells were incubated with anti-human Syk-Y525-526P for 60 minutes followed 
by anti-Rabbit-Alexa 488 (5µg/ml) for 30 minutes. 
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Or KCs were " xed in 4% PFA and stained with anti-dectin-1 Ab for 30 minutes in PBA or PBS/BSA/0.1% saponin. 
! en KCs were stained with anti-Mouse Alexa 488 (5µg/ml) for 30 minutes PBA or PBS/BSA/0.1% saponin. Matched 
isotype antibodies served as negative control.
Confocal Scanning Laser Microscopy
Keratinocytes were con_ uently grown on coverslips. Cells were " xed in 4% PFA and permeabilized PBS with 0.1% 
saponin / 1% BSA, before cells were incubated with anti-dectin-1 antibodies for 60 minutes at room temperature. ! en 
cells were incubated with anti-mouse Alexa 546 secondary antibodies for 30 minutes at room temperature. Finally, the 
slides were counterstained with Hoechst for 2 minutes. Between all incubation steps, cells were extensively washed with 
PBS (pH 7.4). Matched isotype antibodies served as negative control and all controls were essentially blank. Cells were 
analyzed by a Confocal Laser Scanning Microscope (Leica). 
Scratch assay
Keratinocytes were con_ uently grown in 24 well plates. A scratch was applied and migration of KCs into the wounded 
area was measured after 0 and 24 hours by microscopy. ! e closure of the scratch was calculated as follows: the open area 
at t=0 hours was considered 100%. ! e area (A) at t=24 hours was divided by the area on t=0 and multiplied by 100%. 
A(% closure) = 100% - (A(t=24) / A(t=0)  * 100). ! e area of the scratch was measured by Adobe AutoCAD software. 
ELISA
Immuno-sorbant plates (Nunc) were coated with anti-cytokine antibodies. Supernatant of KCs or DCs stimulated for 
24 hours with LPS (10 ng/ml), Poly(I:C) (10 µg/ml) or curdlan (10 µg/ml) were incubated for 2 hours at RT. ! en 
plates were incubated with biotinylated anti-cytokine antibodies. Peroxidase-labeled Streptavidin was used to detect the 
biotinylated Abs and absorbance was read at 450 nm. 
Statistical Analysis
A paired student’s t-test was used to evaluate the di= erences between at least 3 skin donors with and without curdlan 
treatment p < 0.05 was considered signi" cant
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