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Abstract 

 

Atopic dermatitis is a chronic inflammatory disease characterized by an impaired epidermal barrier 

function combined with a chronic Th2-type inflammatory response and an intense pruritus. Here we 

used an experimental mouse model for Th2-type contact hypersensitivity (CHS) to fluorescein 

isothiocyanate (FITC) to investigate the potential role of cannabinoid 1 receptors (CB1) in the 

pathophysiology of mouse atopic-like dermatitis. Mice lacking CB1 receptors globally (Cnr1-/-) or 

specifically in keratinocytes (KC-Cnr1-/-) as well as wild-type (WT) control mice were sensitized and 

challenged with FITC. We examined ear swelling responses, trans-epidermal water loss, Th2 type skin 

inflammatory responses and serum IgE levels. Both Cnr1-/- and KC-Cnr1-/- showed enhanced CHS 

responses to FITC and a delayed epidermal barrier repair when compared with WT mice. mRNA 

levels for IL-4, thymic stromal lymphopoietin (TSLP) and CCL8, as well as eosinophil activity, were 

significantly increased in inflamed ear tissue of FITC-challenged Cnr1-/- and KC-Cnr1-/- mice. 

Importantly, CB1 receptor-deficient keratinocytes secreted increased levels of TSLP, a 

proinflammatory mediator that drives Th2-type skin inflammation in atopic dermatitis, under basal 

and Th2-type inflammatory conditions. Taken together, our results demonstrate that CB1 receptors 

in keratinocytes help to maintain epidermal barrier homeostasis and attenuate Th2-type allergic 

inflammatory responses. Based on our work we propose that enhanced epidermal allergen 

penetrance cooperates with increased production of TSLP and CCL8 by epidermal keratinocytes for 

the induction of Type 2 CD4+ T helper cells. Our results place keratinocytes at the cross-roads of 

outside-in and inside-out pathopyhsiologic mechanisms of atopic dermatitis. 
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Introduction 

Atopic dermatitis (AD) is a chronic relapsing form of skin inflammation characterized by a disturbed 

epidermal barrier function leading to dry, pruritic skin. A predominance of skin memory T helper cells 

that express a Th2-type cytokine profile favors IgE-mediated sensitization to food and environmental 

allergens, increased serum IgE levels, and peripheral blood eosinophilia (1,2). Originally, it was 

thought, that a genetic predisposition to Th2-type allergic inflammatory responses causes an 

impairment of epidermal barrier function as a secondary event. This view was supported by early 

genetic linkage analyses, which revealed an association with polymorphisms in genes encoding 

immune regulatory proteins which control T and B cell phenotypes as well as IgE synthesis such as IL4 

and its receptor. However, geneticists also discovered an association with genes encoding epithelial 

structural proteins which participate in epidermal barrier functions such as filaggrin or claudin. This 

suggested that a genetically predetermined epidermal barrier defect can also play an important role 

in the development of atopic dermatitis (3-6). 

 

Investigations in experimental mouse models provided valuable insights how Th2-type allergic 

inflammatory responses are regulated in the skin and how they relate to epidermal barrier 

dysfunction. Several allergens have been shown to induce Th2-type skin inflammation and increased 

serum IgE levels when applied epicutaneously in mice (7-9). An atopic-like pruritic inflammatory skin 

disease with high serum IgE was also observed in mice where IL-4, the principle cytokine produced by 

Th2 cells, was overexpressed as a transgene in keratinocytes (10). It was subsequently shown that 

the flaky-tail mouse, which represents an experimental model for the epidermal barrier repair defect 

observed in humans with a null mutation in filaggrin, showed reduced inflammatory thresholds to 

topical irritants and haptens. These mice develop a severe Th2-type allergic skin inflammation with 

elevated serum IgE levels and a further deterioration in barrier function (11-15).  
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The endogenous cannabinoid system consisting of cannabinoid (CB) receptors, their lipid ligands 

(endocannabinoids) and the enzyme system that generates these ligands participates in the 

regulation of immune responses (16,17). Cannabinoid-based drugs have been shown to inhibit the 

production of proinflammatory cytokines and chemokines. In some experimental systems 

cannabinoids also had an immunomodulatory effect and suppressed Th1 cell activity but enhanced 

Th2 cell activity (18). In an experimental mouse model of contact hypersensitivity (CHS) we showed 

that mice lacking CB receptors developed increased allergic immune responses to the obligate 

contact sensitizer 2,4-dinitrofluorbenzene (DNFB) (19). In particular, CB1 receptors on keratinocytes 

participated in the regulation of allergic skin inflammation through the regulation of pro-

inflammatory chemokine secretion (20). CHS responses to DNFB are known to be mediated primarily 

by CD8+ cytotoxic T cells and associated with the activation of type 1 CD4+ T helper cells (9). The 

objective of the present study was to analyse whether CB1 receptors also regulate CHS responses to 

FITC which share many features with atopic dermatitis including a predominace of IL4-producing, 

type 2 CD4+ T helper cells, eosinophilic infiltrates and high serum IgE (8,9). 

 

Methods 

Animals 

Mice with a genetic deletion of the Cnr1 gene encoding the CB1 receptor (Cnr1-/-) and mice with a 

tissue-specific deletion of the Cnr1 gene in epidermal keratinocytes obtained by crossing K14-Cre and 

Cnr1fl/fl mice were described previously (19,20). All mice were maintained on the C57BL/6 

background in our animal facility. All mouse experiments were conducted according to the 

institutional and national guidelines for the care and use of laboratory animals and were approved by 

the local government authorities (LANUV NRW, Germany). 
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Induction of Th2 type CHS responses to FITC 

Fluorescein isothiocyanate isomer I (FITC) was purchased from Sigma-Aldrich (Munich, Germany) and 

diluted 1:1 in acetone:dibutylphtalat immediately before use. Mice were sensitized by painting 400µl 

of 0.5 % FITC on the shaved abdomen repetitively on day 0, 1, 7 and 8. On day 14 mice were 

challenged by painting 20µl of 0.5 % FITC on both sides of the ear. Control mice were treated with 

vehicle only. Ear swelling was measured 24h after challenge. Inflammation was determined by the 

degree of ear swelling of the hapten exposed ear compared with the untreated ear with a spring 

loaded caliper.  

 

Measurement of epidermal permeability barrier function 

Transepidermal water loss (TEWL) was measured using a Tewameter TM300® (CK electronic GmbH, 

Köln) over a small area of skin (0,5cm2). Analyses were performed either on ear skin immediately 

before and 24h after FITC challenge or 3h and 6h after acute epidermal barrier disruption on the 

back skin with an acetone soaked cotton ball for 2min. Data were recorded as mean water loss (in 

g/h m2) of 5 measurements per ear and time point in at least 10 mice per group. 

Histology and immunofluorescence 

Ears were harvested 24h after FITC challenge, fixed in a zinc-based fixative (Dako), embedded in 

paraffin and stained with Wright-Giemsa stain. The number of metachromatic cells was counted 

(400X magnification, 5 high power fields (HPF) per ear, n=5mice/group). For examination of 

degranulation status, tissue mast cells (MC) were counted as either resting MC (granules clustered 

within a cell) or MC undergoing degranulation (granule contents spread throughout the cell). All 

histological preparations were analysed using a Leica DMLB microscope with a connected digital 

camera. For penetration studies, back skin was snap frozen 24h after FITC challenge and immediately 

embedded in TissueTec. Immunofluorescence was performed with a rabbit polyclonal Ab specific for 
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keratin 6 (Abcam) followed by an Alexa 594–conjugated secondary Ab. Images were acquired with an 

upright LSM780 confocal laser-scanning microscope (Carl Zeiss Microimaging) (200X magnification). 

 

Measurement of eosinophil peroxidase 

Eosinophil peroxidase (EPO) enzyme activity was measured in inflamed ear skin by first homogenizing 

fresh tissue in ice-cold buffer (0.05 M Tris±HCl pH 8.0 containing 0.1% Triton X-100) followed by 

centrifugation and harvesting of supernatants. Supernatants were then mixed with EPO substrate 

solution consisting of 10 mM O-phenylenediamine in 0.05 M Tris±HCl (pH 8.0) and 4 mM hydrogen 

peroxide, incubated at RT for 60 min and the reaction stopped through addition of 2M sulfuric acid. 

Absorbance was measured at 490 nm using a microplate reader. Untreated ears served as negative 

controls. Data were normalized to the value obtained in control groups.  

 

Measurement of serum IgE 

Total IgE-levels were determined in serum samples harvested 24h after FITC challenge by ELISA using 

standard matched antibody pairs (BD Pharmingen) according to the manufacturer protocols.  

 

RT-PCR 

For mRNA analyses fresh ear tissue samples were immediately snap-frozen in liquid nitrogen. Total 

RNA was isolated using Nucleospin RNA II kit (Macherey-Nagel) and was reverse-transcribed using 

Superscript III (Invitrogen). Quantitative PCR was performed using 3µg cDNA and Fast SYBR Green 

Master Mix (ABI). Relative gene expression was calculated using the 2-dCt method. Sequences of 

primers from 5´ to 3´:  

Il1b: GGGCCTCAAAGGAAAGAATC (forward), TTCTTTGGGTATTGCTTGGG (reverse),  
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Ccl8: CTGGGCCAGATAAGGCTCC (forward), CATGGGGCACTGGATATTGT (reverse),  

Ccl2: CTCAGCCAGATGCAGTTAACG (forward), GCTGCTGGTGATCCTCTTGT (reverse),  

Ifng: CTCTTCTTGGATATCTGGAGG (forward), CCTGATTGTCTTTCAAGACTTC (reverse),   

Il4: ACAGGAGAAGGGACGCCAT (forward), GAAGCCCTACAGACGAGCTCA (reverse),  

Tslp: GGAGCCTCTTCATCCTGCAA (forward), TTGCTCGAACTTAGCCCCTT (reverse),  

Flg: ATGTCCGCTCTCCTGGAAAG (forward), TGGATTCTTCAAGACTGCCTGTA (reverse), 

Ivl: GCCTTCTCCCTCCTGTGAGTTTGTTTG (forward), AGGTCCCTGAACCACAGCTGGA (reverse), Krt10: 

GGGGCAGATCCTCACCCTGACA (forward), TCTGGCGCAGGGTCACCTCA (reverse), Lor: 

AACAGTATCAGTGCCAGAGC (forward), TCTGACTGGTCTGCTGAGAG (reverse), Ubi: 

AGGCAAGACCATCACCTTGGACG (forward), CCATCACACCCAAGAACAAGCACA (reverse). 

 

Primary keratinocyte culture 

Primary epidermal keratinocytes were isolated from the skin of newborn mice according to standard 

procedures as described previously (20), resuspended in Keratinocyte Growth Medium 2 with 

0,05mM Ca2+ (PromoCell) and 5x106 cells were seeded in 75cm2 flasks. The medium was changed 

every 3 days. Confluent primary keratinocyte cultures were stimulated with 1000U/ml recombinant 

TNFα, 10ng/ml recombinant IL-4 (PeproTech) or were left unstimulated. Culture supernatants were 

collected after 24 hours and TSLP levels were determined using a commercial sandwich ELISA (R&D 

Systems) according to the manufacturer’s protocol.  
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Statistical evaluation 

The statistical significance of differences in ear swelling measurements were calculated with the non-

parametric Wilcoxon-Mann-Whitney U test. The statistical significance of differences in TSLP protein 

levels, EPO enzyme activities and qRT-PCR mRNA expression values were analyzed with parametric 

Student’s T-test. P values are given as follows: * p< 0.05; ** p< 0.01; *** p< 0.001. 

 

Results 

CB1 receptor-deficient mice show enhanced CHS responses to FITC and a delayed epidermal barrier 

repair. 

To examine the role of CB1 receptors for the induction of Th2-type CHS responses to FITC we 

sensitized and challenged Cnr1-/- and wild-type (WT) mice as shown in Fig. 1a. We observed 

significantly increased contact allergic ear swellings 24h after challenge with FITC in Cnr1-/- compared 

to WT mice (Fig. 1a, left). Impaired epidermal barrier functions are a hallmark of atopic dermatitis. 

Accordingly, we measured strongly increased trans-epidermal water loss in inflamed ear skin of Cnr1-

/- mice (Fig. 1a, right). Interestingly, we also observed a delayed repair response following acute 

epidermal barrier disruption with acetone in Cnr1-/- compared to WT mice (Fig. 1b). Confocal 

microscopic analyses of skin sections 24 hours after FITC challenge in sensitized mice revealed 

increased allergen penetration into the skin of Cnr1-/- mice when compared to WT control mice (Fig. 

1c). Furthermore, mRNA expression levels coding for the epidermal differentiation proteins filaggrin, 

involucrin and keratin 10 were significantly reduced in FITC-challenged ear tissues of Cnr1-/- mice 

when compared to those of WT mice (Fig. 1d). These results not only provided evidence that CB1 

receptors attenuate CHS responses to FITC but also indicated that they participate in the homeostatic 

regulation of epidermal permeability barrier functions. 
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FITC-challenged CB1 receptor-deficient mice show increased Th2-type allergic skin inflammation 

with features of atopic dermatitis. 

To gain insights in the underlying mechanisms, we further characterized the cytokine expression 

pattern in FITC-challenged, inflamed ear skin of Cnr1-/- and WT mice. Consistent with previous 

observations (8,9), we observed higher mRNA levels for IL4 than for IFNγ, which were dramatically 

increased in Cnr1-/- mice when compared to WT mice (Fig. 2a). We also detected increased mRNA 

levels of thymic stromal lymphopoietin (TSLP) and CCL8, two proinflammatory mediators that are 

produced by epidermal keratinocytes and have been associated with Th2-type skin inflammation in 

atopic dermatitis (Fig. 2b) (21,22). Furthermore, we found enhanced eosinophilic peroxidase (EPO) 

enzyme activity as an index for eosinophil accumulation in inflamed ear tissue (Fig. 2c) and elevated 

serum IgE levels (Fig. 2d) in Cnr1-/- compared to WT mice. The number and degranulation status of 

dermal mast cells in FITC challenged ear tissue of Cnr1-/- WT mice was similar (Fig. 2e). Together, 

these data support the notion that CB1 receptors participate in the regulation of Th2-type allergic 

inflammatory responses.  

 

Mice lacking CB1 receptors exclusively in keratinocytes also show increased Th2-type allergic skin 

inflammatory responses and a delayed epidermal barrier repair. 

We previously observed a role of CB1 receptors specifically in keratinocytes for the regulation of Th1-

type CHS responses to DNFB (20). To investigate whether CB1 receptors in keratinocytes also 

regulate Th2-type CHS responses to FITC we repeated our experiments in KC-Cnr1-/- mice and WT 

litter mate control mice. We also observed increased contact allergic ear swellings in KC-Cnr1-/- mice 

sensitized and challenged with FITC compared to WT litter mate controls (Fig. 3a, left). This was 

associated with strongly increased trans-epidermal water loss in inflamed ear skin (Fig. 3a, middle). 

We also observed a delayed repair response following acute epidermal barrier disruption with 

acetone (Fig. 3a, right).  
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Confocal microscopy also revealed increased allergen penetration into the skin of KC-Cnr1-/- mice 

(Fig. 3b) and qPCR analyses demonstrated significantly reduced mRNA expression levels coding for 

filaggrin and involucrin in FITC-challenged ear tissues of KC-Cnr1-/- mice when compared to controls 

(Fig. 3c). Enhanced allergic inflammation in ear tissues of FITC-challenged KC-Cnr1-/- mice was also 

associated with increased mRNA levels for IL4, IFNγ, TSLP and CCL8 (Fig. 3d,e), as well as with 

enhanced EPO enzyme activity (Fig. 3f) when compared to WT control mice. Interestingly, KC-Cnr1-/- 

mice did not show elevated serum IgE levels (Fig. 3g). Again, the number and degranulation status of 

dermal mast cells in FITC challenged ear tissue of Cnr1-/- WT mice was similar (Fig. 3h). These results 

demonstrated that CB1 receptors in keratinocytes also attenuate Th2-type allergic inflammatory 

responses to FITC and suggested that CB1 receptors on another cell type additionally contributes to 

the deregulated IgE production.  

 

CB1 receptor-deficient keratinocytes secrete increased amounts of TSLP under basal and Th2-type 

inflammatory conditions. 

TSLP, which is mainly produced by epithelial cells including keratinocytes, has recently emerged as a 

critical regulator of Th2-type inflammatory responses in the skin (23,24). We previously found that 

CB1 receptor-deficient keratinocytes produce increased levels of CCL8 (20). CCL8 was shown to 

mediate the recruitment of inflammatory Th2-type CD4+ T helper cells (22). We therefore considered 

the possibility that CB1 receptor-deficient keratinocytes also produce increased levels of TSLP. 

Indeed, we consistently observed increased levels of TSLP in the supernatants of near confluent 

primary CB1 receptor-deficient keratinocyte cultures when compared to WT keratinocyte cultures 

(Fig. 4). These differences became even more pronounced when keratinocytes were stimulated with 

TNF or IL4, two cytokines abundantly produced by allergen-specific Th2-type CD4+ T helper cells (Fig. 

4). These results indicated that CB1 receptors in keratinocytes inhibit the production of TSLP, an 

effect that is particularly prominent under Th2-type inflammatory conditions.  
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Discussion 

In our work we show that CB1 receptors not only participate in the regulation of Th1-type but also in 

the regulation of Th2-type CHS responses. This demonstrates that CB1 receptors have a more general 

role in attenuating allergic skin inflammation. We observed strongly increased trans-epidermal water 

loss in inflamed skin of CB1 receptor-deficient mice. In addition, a physiological skin stress test for 

the stratum corneum permeability barrier function also revealed a delayed repair response in CB1 

receptor-deficient mice compared to WT controls. This was associated with increased penetration of 

the allergen FITC and reduced expression of epidermal differentiation proteins such as filaggrin, 

involucrin and keratin 10 in inflamed skin. These findings are consistent with the notion that mice 

lacking CB1 receptors in keratinocytes show an impaired epidermal barrier response due to an 

altered regulation of epidermal barrier proteins under inflammatory conditions. Our results agree 

with the observations reported by Roelandt et al. (25) that mice lacking CB1 receptors show an 

altered epidermal barrier repair response following tape-stripping which was associated with 

reduced expression of filaggrin and involucrin in the epidermis. Electron microscopic studies revealed 

abnormal lipid bilayer structures in CB1 receptor-deficient mice under basal conditions that were 

enhanced following barrier perturbation, providing first insights in the ultrastructural basis of the 

observed functional abnormalities. The fact that endogenous cannabinoids influence the expression 

of epidermal differentiation related genes in human keratinocytes in a CB1 receptor-dependent 

manner (26) further supports an important role of CB1 receptors in the regulation of epidermal 

barrier functions.  

 

Our results confirm a specific role for CB1 receptors in keratinocytes, as mice with a specific CB1 

receptor deletion in this cell type largely recapitulated the phenotype of global CB1 receptor gene 

knockout mice. Consistent with our previous observations, we found that inflamed ear tissue of CB1 

receptor-deficient mice shows increased levels of CCL8, a chemokine which is produced in large 
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amounts by epidermal keratinocytes and contributes to the recruitment of Th2-type CD4+ T helper 

cells (19,20,22). In addition, we now discovered that inflamed ear tissue of CB1 receptor-deficient 

also show increased levels of TSLP and that CB1 receptor-deficient keratinocytes secrete increased 

amounts of this cytokine under basal and under Th2-type inflammatory conditions. Interestingly, we 

found that the proinflammatory cytokine TNF strongly induced TSLP production by keratinocytes 

while IL-4 had no effect. The ability of TNF to promote TSLP production was also described in the 

human system (27). A recent report in mice also demonstrated that TNF critically affects epidermal 

barrier function and induces atopic dermatitis like features on epidermal differentiation (28).  TSLP is 

highly expressed in acute and chronic skin lesions of patients with atopic dermatitis (21). It is 

upregulated in the skin of mice following epidermal barrier disruption (29) and is strongly expressed 

in several models of Th2-type allergic skin inflammation (23,24,30). Furthermore, keratinocyte-

specific overexpression of TSLP results in a Th2 type inflammatory response with features of atopic 

dermatitis including enhanced expression of IL4, IL5 and IL13, increased infiltration with eosinophils 

and elevated IgE levels (31). Importantly, genetic or pharmacologic blockade of TSLP activity 

decreases Th2-type inflammatory responses (23,28). TSLP was also shown to specifically activate 

Stat5 in dermal dendritic cells, which is required for the induction of Th2 T helper cell responses (32). 

 

Interestingly, it was recently reported that the secretion of TSLP by primary keratinocytes derived 

from filaggrin-deficient flaky tail mice is also constitutively increased (24). Based on our work we 

propose that increased production of TSLP by epidermal keratinocytes cooperates with increased 

allergen penetrance for the induction of Th2-type inflammatory responses in filaggrin-deficient and 

CB1 receptor-deficient mice. In this way keratinocytes dysfunction connects the “outside-in” and the 

“inside-out” hypotheses in the pathophysiology of atopic dermatitis (33). This concept is further 

supported by observations in mice genetically lacking the cathelicidin gene, which encodes the 

cathelin-related antimicrobial peptide (CRAMP). These mice also show abnormal epidermal barrier 
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functions, including decreased antimicrobial skin defense and delayed epidermal permeability barrier 

repair, in combination with enhanced contact allergic sensitization (34-36). 

Taken together, our work shows that abnormal epidermal barrier functions and increased production 

of cytokines and chemokines are mechanistically linked in epidermal keratinocytes, which highlights 

their important role for the regulation of allergic immune response (2,37). This includes the 

communication with cutaneous sensory neurons for the induction of pruritus, which has recently 

been shown to also involve TSLP (38). The highly complex interplay between skin barrier 

abnormalities, immunologic dysfunction, and chronic itch, which has recently been proposed as a 

“trinity” in the pathophysiology of atopic dermatitis (39), remains to be fully understood. Because 

the endocannabinoid system, and in particular CB1 receptors, are also involved in the regulation of 

peripheral sensory functions in the nervous systems (40), we propose that treatment strategies 

targeting the endocannabinoid system (18,41) have the potential to simultaneously interfere with all 

three interrelated pathophysiologic aspects of atopic dermatitis: They may help to restore defective 

epidermal barrier function, limit allergic inflammation and alleviate itch. 
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Figure Legends 

Figure 1. Enhanced CHS responses to FITC and a delayed epidermal barrier repair in Cnr1-/- mice. (a) 

Top: Experimental protocol for the induction of CHS responses. Cnr1-/- and WT mice were sensitized 

(S) with FITC on day 0,1,7 and 8. On day 14, mice were challenged (C) on one ear and the increase of 

ear swelling was measured (M) 24h later. Bottom left: CHS response to FITC 24h after challenge. 

Shown is the increase in ear swelling (mean±SEM, n=5/group). Experiments were repeated three 

times with similar results. Bottom right: Transepidermal water loss in inflamed ear tissue before and 

24h after FITC challenge (mean±SEM, n=10/group). (b) Top: Experimental protocol for the induction 

of barrier disruption with acetone. Bottom: Kinetics of epidermal barrier repair responses in Cnr1-/- 

and WT mice. Shown is the percent reduction of the maximal increase in transepidermal water loss 

3h and 6h after barrier disruption (mean±SEM, n=10/group). (c) Confocal microscopic images of skin 

sections showing the allergen FITC (green) and an immunofluorescence stain for keratin 6 (red). E= 

epidermis, D= dermis (scale bar=100µm). (d) Quantitative RT-PCR analyses for filaggrin (Flg), 

involucrin (Ivl), keratin 10 (Krt10) and loricrin (Lor). Shown is the mean expression relative to 

ubiquitin (2-ΔCT) in ear tissue of five sensitized mice (±SEM) 24h after challenge vs. naïve controls. ** 

p<0.01, ***p<0.001.  

 

Figure 2. Elevated mRNA levels for Th2-associated cytokines and increased eosinophil activity in 

inflamed ear tissue associated with increased serum IgE in FITC challenged Cnr1-/- mice. (a,b) qRT-

PCR analyses. Shown are the mean mRNA expression levels of the indicated genes relative to 

ubiquitin (2-ΔCt) in inflamed ear tissue of Cnr1-/- and WT mice 24h after challenge with FITC compared 

to normal control ear tissue (n=5/group, ±SEM). (c) Eosinophil peroxidase activity in inflamed ear 

tissue of Cnr1-/- and WT mice 24h after FITC challenge compared to normal control ear tissue 
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(mean±SEM, n=10/group). (d) Mean levels of total IgE in the serum of FITC-challenged Cnr1-/- and WT 

mice compared to serum of normal control mice (mean±SEM, n=10/group). p<0.01, ***p<0.001. (e) 

Number of resting and degranulated mast cells in inflamed ear tissue of Cnr1-/- and WT mice 24h 

after FITC challenge (mean±SEM, n=5/group) compared to normal control ear tissue. n.s.= not 

significant.  

 

Figure 3. Enhanced CHS responses to FITC, impaired epidermal barrier repair, elevated mRNA levels 

for Th2-associated cytokines and increased eosinophil activity in in mice lacking CB1 receptors 

specifically in keratinocytes. (a) Left: CHS response to FITC 24h after challenge. Shown is the increase 

in ear swelling (mean±SEM, n=5/group). Experiments were performed three times with similar 

results. Middle: Transepidermal water loss in inflamed ear tissue before and 24h after FITC challenge 

(mean±SEM, n=10/group). Right: Kinetics of epidermal barrier repair responses in KC-Cnr1-/- and WT 

mice. Shown is the percent reduction of the maximal increase in transepidermal water loss 3h and 6h 

after barrier disruption with acetone (mean±SEM, n=10/group). ** p<0.01, ***p<0.001. (b) Confocal 

microscopic image for the allergen FITC (green) and an immunofluorescence stain for keratin 6 (red) 

(scale bar=100µm). (c) qRT-PCR analyses. Shown are the mean mRNA expression levels of the 

indicated genes relative to ubiquitin (2-ΔCt) in inflamed ear tissue of KC-Cnr1-/- and WT mice 24h after 

challenge compared to normal control ear tissue (n=5/group, ±SEM). (d,e) Mean mRNA expression 

levels of the indicated genes relative to ubiquitin (2-ΔCt) in inflamed ear tissue of KC-Cnr1-/- and WT 

mice 24h after challenge compared to normal control ear tissue (n=5/group, ±SEM). (f) Eosinophil 

peroxidase activity in inflamed ear tissue of KC-Cnr1-/- and WT mice 24h after FITC challenge 

compared to normal control ear tissue (mean±SEM, n=10/group). (g) Mean levels of total IgE in the 

serum of KC-Cnr1-/- and WT mice at this time compared to serum of normal control mice 

(mean±SEM, n=10/group). * p<0.05, ** p<0.01, ***p<0.001. (h) Number of resting and degranulated 

mast cells in inflamed ear tissue of Cnr1-/- and WT mice 24h after FITC challenge (mean±SEM, 

n=5/group). n.s.= not significant.  
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Figure 4. Enhanced secretion of TSLP by CB1 receptor-deficient keratinocytes under basal and Th2-

type inflammatory conditions. TSLP protein levels determined by ELISA in supernatants of near 

confluent primary keratinocyte cultures from Cnr1-/- and WT mice under basal conditions and 24h 

after stimulation with recombinant TNFα and IL4. Shown are mean levels of 5 independent cultures 

±SEM. * p<0.05, ***p<0.001. 
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