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Abstract

:

Atopic dermatitis (AD) is a chronic inflammatory skin disease that is characterized by an impaired skin barrier and intense itchiness, which decreases the individual’s quality of life. No fully effective therapeutic agents have prevailed for AD due to an insufficient grasp of the complex etiology. Ellagic acid (EA), a natural compound, has anti-inflammatory properties in chronic diseases. The effects of EA on AD have not yet been explored. The present study investigated the effects of EA on TNF-α/IFN-γ-stimulated HaCaT keratinocytes and house dust mite-induced AD-like skin lesions in NC/Nga mice. Treatment with EA suppressed inflammatory responses in keratinocytes by regulating critical inflammatory signaling pathways, such as mitogen-activated protein kinases and signal transducers and activators of transcription. In vivo studies using a DfE-induced AD mouse model showed the effects of EA administration through ameliorated skin lesions via decremented histological inflammatory reactions. These results suggest that EA could be a potential therapeutic alternative for the treatment of AD by inhibiting inflammatory signaling pathways.
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1. Introduction


Atopic dermatitis (AD) is a chronic inflammatory skin disease accompanied by a multifactorial interplay between innate and adaptive immune responses [1]. It is characterized by an impaired skin barrier, skin lesions, and intense pruritus, which lower the individual’s quality of life [2]. As the most common inflammatory skin disease, AD affects 15–30% of children and almost 14.3% of adults [3]. The high incidence of AD causes substantial social and financial burdens on society [4]. Since the etiology of AD is complex, verified approaches to managing AD involve Janus kinase (JAK) inhibitors, corticosteroids, or regulators of the immune system such as dupilumab [5,6,7]. The critical common basis of these treatments is controlling inflammation.



An inflammatory response is shown in the impaired skin barrier and skin plays a crucial role as a protective barrier against not only the loss of moisture but also the entry of toxic or infectious factors [8]. Keratinocytes, the majority of epidermal cells, contribute to the pathogenesis of inflammatory skin diseases, including AD [9]. Keratinocytes are affected by different factors, such as environmental allergens, scratching of the area, and bacterial superimposition, leading to the production of inflammatory cytokines [10]. Keratinocytes and Langerhans cells are induced to secrete pro-inflammatory cytokines, including interleukin (IL)-6, tumor necrosis factor-alpha (TNF-α), and thymic stromal lymphopoietin (TSLP) [11]. TSLP, a crucial regulator of Th2-driven inflammation, is increased in skin lesions, leading T cell migration [12]. Activated keratinocytes produce chemokines, such as regulated on activation, normal T-cell expressed and secreted (RANTES/CCL5), thymus and activation-regulated chemokine (TARC/CCL17), and macrophage-derived chemokine (MDC/CCL22) [13]. These T helper type 2 (Th2)-related chemokines lead to the augmented infiltration of Th2 cells into inflammatory tissues [14]. Keratinocytes stimulated by a TNF-α and IFN-γ mixture (TNF-α/IFN-γ) can activate various signaling pathways, such as nuclear factor-kappa B, mitogen-activated protein kinases (MAPKs), and signal transducer and activator of transcription (STAT) pathways [15].



Ellagic acid (EA) is a natural phenolic compound found in a variety of fruits and vegetables [16]. EA has strong antioxidant and anticancer properties owing to its antiproliferative and apoptotic effects [17,18,19]. EA has anti-inflammatory effects in acute or chronic models of ulcerative colitis [20], Crohn’s disease [21], and rheumatoid arthritis [22]. Recently, an increasing number of studies have investigated EA as a potential protective agent of the liver or skin via cell proliferation, apoptosis, DNA damage, angiogenesis, and inflammatory properties [23]. Although previous studies have investigated the anti-inflammatory effects of EA on skin disease, the effects on AD-like skin lesions and underlying molecular mechanisms have not, to our knowledge, previously been considered.



In this study, we investigated the influence of EA and the available molecular plant mechanism in HaCaT immortalized human keratinocytes and NC/Nga mice. Using HaCaT cells, we studied the effects of EA on inflammation and tried to elucidate the underlying molecular mechanism, i.e., the MAPK and STAT signaling pathways.




2. Results


2.1. Effects of EA on Inflammatory Cytokines and Chemokines in TNF-α/IFN-γ-Stimulated HaCaT Keratinocytes


Epidermal keratinocytes play various roles in immune responses related to allergic dermatitis and other skin diseases [24]. To investigate whether EA suppresses the expression of TNF-α/IFN-γ-induced inflammatory cytokines and chemokines, we performed enzyme-linked immunosorbent assays (ELISA) and quantitative reverse transcription-polymerase chain reaction (qRT-PCR) assays. TNF-α and IL-6 are prominent cytokines in the pathogenesis of skin disorders [25]. We examined the production of inflammatory mediators and their mRNA expression (Figure 1A). EA inhibited the increased production caused by TNF-α/IFN-γ stimulation. EA treatment at 1000 μM significantly (*** p < 0.001) suppressed the production and mRNA expression of inflammatory cytokines. In addition, human TSLP activates CD11c (+) dendritic cells and leads to the production of Th2-attracting chemokines, including TARC, MDC, and RANTES [26,27]. Figure 1B shows the effects of EA on the mRNA expression of Th2-related chemokines in TNF-α/IFN-γ-stimulated HaCaT keratinocytes. TNF-α/IFN-γ increased the mRNA expression of the chemokines (a) TSLP, (b) RANTES, (c) MDC, and (d) TARC, as shown in Figure 1B. EA suppressed the expression of these chemokines.




2.2. Effects of EA on Inflammatory Signaling Pathways in TNF-α/IFN-γ-Stimulated HaCaT Keratinocytes


MAPKs are crucial inflammatory cytokine regulators in keratinocytes [28], and there are three well-known subfamilies of MAPKs in the mammalian system, including extracellular signal-regulated kinases (ERKs), c-Jun N-terminal kinases (JNKs), and p38 MAPKs [29]. MAPK kinases (MAPKKs), in turn, activate MAPKs through serial phosphorylation [30]. Activation of MAPKKs and phosphorylation of MAPKs was determined in HaCaT cells using western blot analysis. As shown in Figure 2A, cells treated with TNF-α/IFN-γ activated MEK1/2-ERK and SEK1/MKK4-JNK. EA treatment at 1000 μM significantly suppressed p-MEK1/2 and p-ERK expression. EA showed inhibitory effects on p-SEK1/MKK4 and p-JNK in a concentration-dependent manner. Meanwhile, another inflammatory signaling pathway, phosphoinositide 3-kinase/Akt, activates protein kinase C, MAPK, and nuclear factor κB [31]. Figure 2B shows other inflammation-related protein expression. Phosphorylation of Akt in keratinocytes treated with TNF-α/IFN-γ was suppressed by EA treatment. Additionally, augmented protein expression of periostin in TNF-α/IFN-γ-treated cells was inhibited by EA (Figure 2B). Periostin is profoundly involved in the etiology of AD and many inflammatory skin diseases [32].




2.3. Effects of EA on the JAK/STAT Signaling Pathway in TNF-α/IFN-γ-Stimulated HaCaT Keratinocytes


The Janus kinase (JAK)/STAT signaling pathway for skin inflammation is well understood in humans carrying mutations in genes encoding JAK or STAT proteins [33]. This signaling pathway is essentially involved in the pro-inflammatory action of many cytokines in AD [34]. Phosphorylated STAT1 and STAT3 on serine and tyrosine by TNF-α/IFN-γ-stimulation using western blot analysis is shown in Figure 3A. This is caused by JAK2 activation, which phosphorylates and activates STATs. EA inhibited the phosphorylation of JAK2, STAT1, and STAT3. Ligand activation of JAKs induces the phosphorylation of the receptor chains where the STATs bind. In succession, STATs are phosphorylated on tyrosine, dimerize, translocate to the nucleus, and activate transcription [35]. We studied the translocation of phosphorylated STAT1 on tyrosine using immunofluorescence analysis (Figure 3B). The translocation of phosphorylated STAT1 on tyrosine701 (Y) was detected in keratinocytes (green). The nuclei were counterstained blue with 4′,6-diamidino–2–phenylindole (DAPI). EA treatment at 1000 μM inhibited pSTAT1(Y) nuclear translocation as compared to only TNF-α/IFN-γ-stimulated cells.




2.4. Effects of EA on Dermatophagoides Farinae Crude Extract (DfE)-Induced AD-Like Skin Lesions in NC/Nga Mice


To investigate the effect of EA on AD-like symptoms, we evaluated the effects of EA on a DfE-induced AD animal model. DfE is one of the principal sources of dust mite allergens that cause allergic diseases [36]. Clinical features, including dorsal skin condition, dermatitis score, and transepidermal water loss (TEWL) were analyzed (Figure 4). We induced AD-like skin lesions by DfE for 4 weeks. EA treatment (40 mg/kg) and positive control dexamethasone (Dexa.) treatment (5 mg/kg) were administered for 3 weeks, followed by DfE administration for 1 week (Figure 4A). We found that in the AD-like skin lesions in the DfE-induced group on day 14 and 28, the severity had increased in the group comparing to the Dexa. or EA treatment groups (Figure 4B). On day 28, the final day of the experiment, AD-like dorsal lesions of the EA group exhibited amelioration as compared to the DfE group. For the 4-week experimental period, we estimated the condition using the symptom score [37] and found significant improvement in the final week (Figure 4C). One of the representative details of AD is the damaged skin barrier, which is accompanied by dry skin and augmented TEWL [38]. We found decreased TEWL by EA treatment under the DfE-induced AD-like lesion (Figure 4D). Besides the external features of AD, such as dryness, we investigated the internal features in serum. Serum immunoglobulin (Ig)E levels are extremely elevated in patients with AD and are considered an AD biomarker [39]. We evaluated the production of serum IgE after euthanizing the mice. Increased IgE production was found in the DfE-induced AD mouse models (Figure 4E). This effect was significantly inhibited by treatment with Dexa. and EA. Also, serum pro-inflammatory cytokines, TNF-α and IL-6 were measured in the DfE-induced AD animal model (Figure 4F,G). As the representative pro-inflammatory markers, TNF-α and IL-6 were reduced by the EA, indicating the anti-inflammatory effects.




2.5. Effects of EA on Skin Integrity and Mast Cell Infiltration in DfE-Induced AD-Like NC/Nga Mouse Skin Lesions


To figure out whether EA treatment reduced the DfE-induced inflammatory reaction and immune cell infiltration in AD-like skin lesions, histological assays were carried out. Thickened skin and immune cells are deeply involved in cutaneous inflammation [11]. Hematoxylin and eosin (H&E) staining indicated epidermal hyperplasia, edema, and accretion of inflammatory cells in DfE-induced AD-like skin lesions (Figure 5A). DfE induced thickness as compared to the control in both the epidermis and dermis. Both Dexa. and EA suppressed the thickening of the skin. Toluidine blue staining showed that mast cells were piled up in DfE-induced skin lesions (Figure 5B). However, treatment with Dexa. and EA suppressed the inflammatory reactions involving the infiltration of mast cells. Their suppression was significantly more effective as compared to the DfE-treated group.





3. Discussion


EA is a phenolic compound found in various fruits and vegetables, especially pomegranates, raspberries, wine, and nuts [16]. It is a dimeric derivative of gallic acid and is sporadically present in food crops, constituting part of ellagitannins. In addition, EA is found in food products conjugated with glycoside moieties [40,41]. Its potent health benefits are diverse, including antiproliferative [42], antioxidative, and anti-inflammatory [22] features, which can be beneficial for treating chronic diseases. However, the effects of EA on the representative chronic skin inflammatory disease AD have not previously been investigated. Thus, we evaluated the effects of EA in human-derived immortalized keratinocytes, HaCaT, and a specialized animal model for AD, NC/Nga mice.



Since AD has a complex pathology, there are a variety of treatment options, including symptomatic therapy, elimination of allergens, and control of immune dysregulation [43]. Among them, topical steroids are the first-line treatment; however, their abuse and misuse frequently cause side effects, such as topical steroid phobia [44]. We also identified a side effect of the steroid Dexa. as weight loss in mice (Figure S1). New treatments for AD regulate inflammatory cytokines, or are antibodies such as dupilumab [7]. In this regard, a natural compound, EA, was investigated for its effects on inflammation in AD.



EA presented a suitable concentration without cell toxicity by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (data not shown). EA treatment at 250–1000 μM was available for further experiments in HaCaT keratinocytes. For the animal experiment, since EA has an oral toxic dose low for mg/kg/28D for mouse [23], we administrated mice with 40 mg/kg of EA. For in vitro studies, we treated EA at concentrations of 250, 500, and 1000 μM. When keratinocytes are stimulated with pro-inflammatory cytokines TNF-α/IFN-γ, they play a pivotal role in the production of pro-inflammatory cytokines, which affect T lymphocyte differentiation and enlistment of leukocytes to the skin in chronic inflammatory diseases [45]. Therefore, we found increased production and mRNA expression of representative pro-inflammatory mediators IL-6 and TNF-α (Figure 1A). As a primary activator of Th2 cells, IL-6 leads to the secretion of IL-4 and IL-13, promoting the Th2 immune response, which is considered pivotal in the pathogenesis of allergy [46]. With the regulation of secretion of IL-6 under EA treatment, we figured out the mRNA expressions of Th2 chemokines (Figure 1B). Though we did not investigate the effect of EA on Th2 cytokines including IL-4, IL-5, or IL-13 in the current study, we could assume the involvement of EA in regulating Th2-related responses, which is for further study. Since one of primary new treatments for AD is dupilumab, anti-IL-4 receptor α antibody in clinical trials, it would be valuable to investigate the Th2-related immune system for chronic inflammatory diseases [14].



MAPKKs and MAPKs are generally involved in the inflammatory responses, and we found an influence of EA on the cascades, specifically in MEK1/2-ERK and SEK1/MKK4-JNK, in keratinocytes (Figure 2A) [28]. As AD is a Th2-governing disease, TSLP supports Th2 differentiation [47]. When the murine TSLP receptor signals through STAT3 and STAT5/Tec, an Src-type kinase, the human TSLP receptor, activates STAT1, STAT3, STAT4/JAK1, and JAK2 [48]. We studied the effects of EA on STAT1 and STAT3 with protein expression and translocation (Figure 3). In addition, we determined periostin protein expression in keratinocytes under EA. Periostin plays a crucial role in the amplification and persistence of allergic inflammation as an extracellular matrix protein [49]. In the capacity of a matricellular protein, periostin acts on epidermal hyperplasia, which is common in AD [32]. The involvement of periostin in inflammation and AD is assumed to be in the relationship between the MAPKs and STATs in keratinocytes (Figure 2 and Figure 3). The detailed underlying mechanism remains to be investigated further.



Based on the in vitro results of EA, we aimed to confirm the effect on the AD animal model. We used enzyme allergens in the house dust mite DfE for the induction of AD-like skin lesions in NC/Nga mice, which is a well-known animal model of AD [36]. After the first week of induction with sodium dodecyl sulphate (SDS) and DfE, we administrated Dexa. or EA. As a result, the mouse dorsal skin barriers were disrupted with AD symptoms, such as pruritus, erosion, edema, and dryness (Figure 4). Through euthanasia, we confirmed the dryness with TEWL and systemic immunological condition with serum total IgE, TNF-α, and IL-6 production levels. AD-like skin lesions were characterized by the disrupted skin barrier, loss of epidermal water, and elevated IgE levels. To determine the systemic immune activity in AD, we compared the size and weight of immune organs, such as the spleen and lymph nodes (Figure S2). DfE led to a larger size of the immune organs as compared to the smaller size in the EA-treated group under the AD-like condition. In addition, skin-specific lesions and immune responses indicated the effects of EA on the DfE-induced AD animal model with epidermal hyperplasia and mast cell infiltration (Figure 5). These results indicate that EA is effective to alleviate AD-like inflammation.



Results of this study demonstrate that EA alleviates inflammatory responses in AD-like skin lesions in keratinocytes via the suppression the pro-inflammatory mediator expressions underlying MAPK- and STAT-related pathways. Besides, it is known that these findings suggest that EA may be a potent therapeutic agent for the prevention or treatment for skin inflammation such as AD.




4. Materials and Methods


4.1. Chemicals and Reagents


Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS), penicillin, and streptomycin were obtained from Life Technologies Inc. (Grand Island, NY, USA). Dimethyl sulfoxide (DMSO) was purchased from Junsei Chemical Co., Ltd. (Tokyo, Japan) or Sigma aldrich (St.Louis, MO, USA). We obtained dexamethasone from Merk & Co., Inc. (Kenilworth, NJ, USA) via Sigma Aldrich, Inc. The enzyme immunoassay (EIA) kits for TNF-α, IL-6, and IgE were obtained from BD OptEIATM (San Jose, CA, USA). SYBR Premix Ex Taq was purchased from TaKaRa (Shiga, Japan). TNF-α, IL-6, TSLP, RANTES, MDC, TARC, and GAPDH oligonucleotide primers were purchased from Bioneer (Daejeon, Chungbuk, Korea). Primary antibodies against p-SEK1/MKK4, SEK1/MKK4, p-ERK, ERK, p-JNK, JNK, p-STAT1 (Ser727), p-STAT1 (Tyr701), STAT1, p-STAT3 (Ser727), p-STAT3 (Tyr701), p-JAK2, and JAK2 were obtained from Cell Signaling Technology (Danvers, MA, USA). Primary antibodies against p-MEK1/2, MEK1/2, p-Akt, Akt, periostin, STAT3, and β-actin as well as peroxidase-conjugated secondary antibodies were obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).




4.2. Preparation of EA


EA was purchased from Cayman Chemical (Ann Arbor, MI, USA) (Cat. No. 10569). We used EA in a concentration of 250, 500, and 1000 μM for in vitro assays and 40 mg/kg for the in vivo assay, respectively. EA was diluted in DMSO (Sigma aldrich, MO, USA) and 10% DMSO for HaCaT cells and NC/Nga mice, respectively.




4.3. Cell Culture and Treatment


Human, adult, low calcium, and high temperature (HaCaT) keratinocytes were kindly provided by Prof. Kyung-Tae Lee (Kyung Hee University, Korea) and cultured at 37 °C in DMEM supplemented with 10% FBS, penicillin (100 U/mL), and streptomycin (100 μg /mL) in a humidified atmosphere with 5% CO2 every 48–72 h. HaCaT keratinocytes were seeded at a density of 1 × 105 cells/mL. Cells were treated with EA at concentrations of 250, 500, and 1000 μM. They were then stimulated with a TNF-α and IFN-γ mixture (10 ng/mL, each) for the indicated time.




4.4. Animals and Treatment


NC/Nga female mice (18–23 g body weight, 6 weeks old) were obtained from Daehan Biolink Co. (Daejeon, Korea). Animals were kept under standard conditions according to the guidelines adopted and promulgated by Sangji University in accordance with the requirements of the National Institutes of Health. Prior to the experiments, the Institutional Animal Care and Use Committee (IACUC) of Sangji University approved all the experimental protocols (IACUC animal approval protocol No. 2018-24; approved on 30 October 2018). Mice were housed (eight mice/cage), acclimatized to the animal room, and fed standard laboratory chow. They were maintained under constant conditions of a 12 h dark/light cycle, temperature of 20 ± 5 °C, and humidity of 40–60%. After acclimatization for 1 week, the mice were randomly divided into four groups. To induce AD-like skin lesions, the back skin was topically treated with 100 mg/mouse crude extract of DfE (Biostir® AD; Biostir, Hyogo, Japan). Mite antigen was applied twice weekly for 4 weeks (Figure 4A). The skin barrier was disrupted with 150 μL of 4% SDS following the application of DfE ointment for 3 h. With the disruption application, Dexa. (5 mg/kg, per os) and EA (40 mg/kg, intraperitoneal administration) were administered after 4 h of DfE treatment. Mice were divided into four groups as follows—(1) the control group with no SDS or DfE application; (2) the DfE-treated group with DfE application (DfE-induced AD-like lesions); (3) the positive control group with DfE treatment (Dexa., 5 mg/kg); and (4) the EA-administered group with DfE treatment (EA, 40 mg/kg). Mice were euthanized by cervical dislocation 4 weeks after the first application of DfE, and blood was collected from them. Dorsal skin tissues were isolated for histological examination.




4.5. Evaluation of Dermatitis Severity


The severity of dermatitis was scored using the Merkmal of symptom score, as described by Yamamoto et al. [37]. The progress of dermatitis was evaluated once a week. The aggravation of edema, scarring/dryness, erythema/hemorrhage, and excoriation/erosion was scored as follows—0, none; 1, mild (severity < 20%); 2, moderate (severity = 20–60%); and 3, severe (severity > 60%). The total of the individual scores was used as the dermatitis score.




4.6. Transepidermal Water Loss


As a healthy skin barrier protects hydrated skin from water loss, the epidermal water loss was evaluated with gpskin barrier light (gpower, Seoul, Korea). On the final day of the experiment, TEWL was measured on the dorsal skin with the machine when the mice were alive right before euthanasia.




4.7. Histological Analysis of Skin Lesions


Skin samples from the dorsal area were isolated after euthanasia. The samples were fixed in 10% buffered formalin and then embedded in paraffin. Next, they were sectioned into 8-μM slices and stained with hematoxylin and eosin (H & E). Pathological changes, such as hyperkeratosis, dermal edema, epidermal and dermal hyperplasia, vesicular formation, parakeratosis, and inflammation were evaluated. Selected sections were stained with toluidine blue to assess mast cell infiltration. The average count of mast cells in each specimen was used to determine the mast cell density/mM2. Images were captured under an optical microscope (Leica DFC 295, Wetzlar, Germany).




4.8. mRNA Extraction and Quantification


Total RNA was isolated from the back skin tissue and HaCaT cells using the Easy Blue RNA extraction kit, according to the manufacturer’s instructions. A cDNA reverse transcription kit (Life Technologies, Grand Island, NY, USA) was used, and reverse transcription was conducted with a GeneAmp PCR System 9700 (Applied Biosystems, Foster City, CA, USA) with SYBR premix Ex Taq. The synthesized cDNAs had a size of 200 bp. StepOnePlus® Real-Time PCR system (Applied Biosystems) was used for amplification with SYBR Green PCR Master Mix. Expression data were calculated from the cycle threshold (Ct) value using the ΔCt method of quantification (2−ΔΔCt method). GAPDH was used for normalization. The primer information for qRT-PCR is listed in Table 1.




4.9. Western Blot Analysis


Protein extracts from dorsal skin and HaCaT cells were prepared using PRO-PREP™ protein extraction solution (Intron Biotechnology, Seoul, Korea) and homogenized at 4 °C. Tissue debris was removed by microcentrifugation after immediate freezing of the supernatant. The protein concentration was determined using the Bio-Rad protein assay reagent, according to the manufacturer’s instructions. After 8–12% SDS-polyacrylamide gel electrophoresis, protein from each group was electroblotted onto a polyvinylidene difluoride membrane. The immunoblot was incubated with a blocking solution (2.5–5% skim milk) for 30 min at room temperature and incubated overnight with a primary antibody (dilution, 1:1000 in Tween 20/Tris-buffered saline (TBST)) at 4 °C. After washing thrice with TBST, blots were incubated with a horseradish peroxidase-conjugated secondary antibody (dilution, 1:2000) for 2 h at room temperature. Blots were washed again thrice with TBST and then visualized using enhanced chemiluminescence (GE Healthcare Life Sciences, Chalfont, UK) and X-ray film (Agfa, Belgium). Densitometric analysis was performed using Bio-Rad Quantity One software.




4.10. Cytokine Analysis


Blood was collected from the orbital sinus of each mouse at the end of the experiment. Serum was obtained by centrifugation at 1700× g for 30 min and kept at −70 °C until analysis. The serum levels of total TNF-α, IL-6, and IgE were measured using mouse TNF-α, IL-6, and IgE ELISA kits (BD OptEIATM, BD Science, CA, USA), according to the manufacturer’s instructions. Culture media were obtained approximately 24 h after treatment with EA and stored at −70 °C. The production levels of TNF-α and IL-6 were assessed using EIA kits for humans (BD OptEIATM, BD Science, San Jose, CA, USA) according to the manufacturer’s instructions.




4.11. Immunofluorescence Assay


HaCaT keratinocytes were cultured directly on a chamber slide (Lab-Tek II chamber slide #154526, four-well) at a density of 0.5 × 105 cells/mL for 1 h to detect p-STAT1 (Tyr701) localization. After stimulation with TNF-α/IFN-γ in the presence or absence of EA, the cells were fixed with 100% methanol for 30 min at room temperature and blocked with 10% normal goat serum. The cells were incubated overnight with specific primary antibodies in 10% blocking solution. After washing the primary antibodies with 0.3% Triton X in phosphate-buffered saline for 30 min, Alexa Fluor 488 goat anti-rabbit IgG (Invitrogen, Carlsbad, CA, USA) was applied and incubated for 1 h. Cells were mounted with mounting medium containing DAPI (Life Technologies, Carlsbad, CA, USA) and observed under optical microscopy (ECLIPSE Ni-U; Nikon, Tokyo, Japan).




4.12. Statistical Analysis


Data were expressed as the mean ± SEM of three experiments (in vitro) and as the mean ± SD of animal experiment. Comparisons among groups were carried out using one-way ANOVA followed by Dunnett’s post-hoc test served in GraphPad Prisem5 (GraphPad Software, San Diego, CA, USA). P-values of less than 0.05 were considered statistically significant.





5. Conclusions


In conclusion, the present study demonstrated that EA suppressed the inflammatory responses in HaCaT keratinocytes and alleviated AD-like skin lesions in NC/Nga mice. We assumed that these inhibitory effects of EA on inflammatory responses were mediated by MAPK and STAT pathways.








Supplementary Materials


The following are available online at https://www.mdpi.com/1422-0067/22/3/1277/s1.





Author Contributions


Conceptualization, H.-J.A.; Formal analysis, H.-J.A. and T.-Y.G.; Funding acquisition, C.-H.H.; Investigation, H.-J.A. and T.-Y.G.; Methodology, T.-Y.G.; Project administration, H.-J.A.; Resources, H.-J.A. and C.-H.H.; Supervision, H.-J.A.; Visualization, T.-Y.G.; Writing—original draft, T.-Y.G.; Writing—review and editing, H.-J.A., T.-Y.G. and C.-H.H. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Basic Science Research Program of the National Research Foundation (NRF) of Korea, grant number NRF-2018R1D1A1B07044794, and the research fund from Sangji University Graduate School.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Animal Care and Use Committee (IACUC) of Sangji University (protocol code No. 2018-24; approved on 30 October 2018).




Informed Consent Statement


Not applicable.




Data Availability Statement


The analyzed data sets generated during current study are available from the corresponding author on reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




Abbreviations




	AD
	atopic dermatitis



	EA
	ellagic acid



	DfE
	Dermatophagoides farinae extract



	MAPK
	mitogen-activated protein kinase



	STAT
	signal transducer and activator of transcription







References


	



Boguniewicz, M.; Leung, D.Y. Atopic dermatitis: A disease of altered skin barrier and immune dysregulation. Immunol. Rev. 2011, 242, 233–246. [Google Scholar] [CrossRef] [PubMed]

	



Lee, K.S.; Chun, S.Y.; Lee, M.G.; Kim, S.; Jang, T.J.; Nam, K.S. The prevention of TNF-alpha/IFN-gamma mixture-induced inflammation in human keratinocyte and atopic dermatitis-like skin lesions in Nc/Nga mice by mineral-balanced deep sea water. Biomed. Pharmacother. 2018, 97, 1331–1340. [Google Scholar] [CrossRef] [PubMed]

	



Nettis, E.; Ortoncelli, M.; Pellacani, G.; Foti, C.; Di Leo, E.; Patruno, C.; Rongioletti, F.; Argenziano, G.; Ferrucci, S.M.; Macchia, L.; et al. A Multicenter Study on the Prevalence of Clinical Patterns and Clinical Phenotypes in Adult Atopic Dermatitis. J. Investig. Allergol. Clin. Immunol. 2020, 30, 448–450. [Google Scholar] [CrossRef]

	



Silverberg, J.I. Public Health Burden and Epidemiology of Atopic Dermatitis. Dermatol. Clin. 2017, 35, 283–289. [Google Scholar] [CrossRef] [PubMed]

	



Ring, J.; Alomar, A.; Bieber, T.; Deleuran, M.; Fink-Wagner, A.; Gelmetti, C.; Gieler, U.; Lipozencic, J.; Luger, T.; Oranje, A.P.; et al. Guidelines for treatment of atopic eczema (atopic dermatitis) part I. J. Eur. Acad. Dermatol. Venereol. JEADV 2012, 26, 1045–1060. [Google Scholar] [CrossRef]

	



Ring, J.; Alomar, A.; Bieber, T.; Deleuran, M.; Fink-Wagner, A.; Gelmetti, C.; Gieler, U.; Lipozencic, J.; Luger, T.; Oranje, A.P.; et al. Guidelines for treatment of atopic eczema (atopic dermatitis) Part II. J. Eur. Acad. Dermatol. Venereol. JEADV 2012, 26, 1176–1193. [Google Scholar] [CrossRef]

	



Dattola, A.; Bennardo, L.; Silvestri, M.; Nistico, S.P. What’s new in the treatment of atopic dermatitis? Dermatol. Ther. 2019, 32, e12787. [Google Scholar] [CrossRef]

	



Wikramanayake, T.C.; Stojadinovic, O.; Tomic-Canic, M. Epidermal Differentiation in Barrier Maintenance and Wound Healing. Adv. Wound Care 2014, 3, 272–280. [Google Scholar] [CrossRef]

	



Jung, M.R.; Lee, T.H.; Bang, M.H.; Kim, H.; Son, Y.; Chung, D.K.; Kim, J. Suppression of thymus- and activation-regulated chemokine (TARC/CCL17) production by 3-O-beta-D-glucopyanosylspinasterol via blocking NF-kappaB and STAT1 signaling pathways in TNF-alpha and IFN-gamma-induced HaCaT keratinocytes. Biochem. Biophys. Res. Commun. 2012, 427, 236–241. [Google Scholar] [CrossRef]

	



Hassan, Z.; Luvsannyam, E.; Patel, D.; Nukala, S.; Puvvada, S.R.; Hamid, P. Review of Prominent Cytokines as Superior Therapeutic Targets for Moderate-to-Severe Atopic Dermatitis. Cureus 2020, 12, e9901. [Google Scholar] [CrossRef]

	



Egawa, G.; Kabashima, K. Multifactorial skin barrier deficiency and atopic dermatitis: Essential topics to prevent the atopic march. J. Allergy Clin. Immunol. 2016, 138, 350–358.e1. [Google Scholar] [CrossRef] [PubMed]

	



Wallmeyer, L.; Dietert, K.; Sochorova, M.; Gruber, A.D.; Kleuser, B.; Vavrova, K.; Hedtrich, S. TSLP is a direct trigger for T cell migration in filaggrin-deficient skin equivalents. Sci. Rep. 2017, 7, 774. [Google Scholar] [CrossRef] [PubMed]

	



Albanesi, C.; Scarponi, C.; Sebastiani, S.; Cavani, A.; Federici, M.; Sozzani, S.; Girolomoni, G. A cytokine-to-chemokine axis between T lymphocytes and keratinocytes can favor Th1 cell accumulation in chronic inflammatory skin diseases. J. Leukoc. Biol. 2001, 70, 617–623. [Google Scholar] [PubMed]

	



Nakahara, T.; Izuhara, K.; Onozuka, D.; Nunomura, S.; Tamagawa-Mineoka, R.; Masuda, K.; Ichiyama, S.; Saeki, H.; Kabata, Y.; Abe, R.; et al. Exploration of biomarkers to predict clinical improvement of atopic dermatitis in patients treated with dupilumab: A study protocol. Medicine 2020, 99, e22043. [Google Scholar] [CrossRef] [PubMed]

	



Kwon, D.J.; Bae, Y.S.; Ju, S.M.; Goh, A.R.; Youn, G.S.; Choi, S.Y.; Park, J. Casuarinin suppresses TARC/CCL17 and MDC/CCL22 production via blockade of NF-kappaB and STAT1 activation in HaCaT cells. Biochem. Biophys. Res. Commun. 2012, 417, 1254–1259. [Google Scholar] [CrossRef] [PubMed]

	



Derosa, G.; Maffioli, P.; Sahebkar, A. Ellagic Acid and Its Role in Chronic Diseases. Adv. Exp. Med. Biol. 2016, 928, 473–479. [Google Scholar]

	



Zeb, A. Ellagic acid in suppressing in vivo and in vitro oxidative stresses. Mol. Cell. Biochem. 2018, 448, 27–41. [Google Scholar] [CrossRef]

	



Ceci, C.; Lacal, P.M.; Tentori, L.; De Martino, M.G.; Miano, R.; Graziani, G. Experimental Evidence of the Antitumor, Antimetastatic and Antiangiogenic Activity of Ellagic Acid. Nutrients 2018, 10, 1756. [Google Scholar] [CrossRef]

	



Ebrahimi, R.; Sepand, M.R.; Seyednejad, S.A.; Omidi, A.; Akbariani, M.; Gholami, M.; Sabzevari, O. Ellagic acid reduces methotrexate-induced apoptosis and mitochondrial dysfunction via up-regulating Nrf2 expression and inhibiting the IkBalpha/NFkB in rats. Daru J. Fac. Pharm. Tehran Univ. Med. Sci. 2019, 27, 721–733. [Google Scholar] [CrossRef]

	



Marin, M.; Maria Giner, R.; Rios, J.L.; Recio, M.C. Intestinal anti-inflammatory activity of ellagic acid in the acute and chronic dextrane sulfate sodium models of mice colitis. J. Ethnopharmacol. 2013, 150, 925–934. [Google Scholar] [CrossRef]

	



Rosillo, M.A.; Sanchez-Hidalgo, M.; Cardeno, A.; Aparicio-Soto, M.; Sanchez-Fidalgo, S.; Villegas, I.; de la Lastra, C.A. Dietary supplementation of an ellagic acid-enriched pomegranate extract attenuates chronic colonic inflammation in rats. Pharmacol. Res. 2012, 66, 235–242. [Google Scholar] [CrossRef] [PubMed]

	



Arab, H.H.; Gad, A.M.; Fikry, E.M.; Eid, A.H. Ellagic acid attenuates testicular disruption in rheumatoid arthritis via targeting inflammatory signals, oxidative perturbations and apoptosis. Life Sci. 2019, 239, 117012. [Google Scholar] [CrossRef] [PubMed]

	



Rios, J.L.; Giner, R.M.; Marin, M.; Recio, M.C. A Pharmacological Update of Ellagic Acid. Planta Med. 2018, 84, 1068–1093. [Google Scholar] [CrossRef] [PubMed]

	



Albanesi, C. Keratinocytes in allergic skin diseases. Curr. Opin. Allergy Clin. Immunol. 2010, 10, 452–456. [Google Scholar] [CrossRef] [PubMed]

	



Zampetti, A.; Mastrofrancesco, A.; Flori, E.; Maresca, V.; Picardo, M.; Amerio, P.; Feliciani, C. Proinflammatory cytokine production in HaCaT cells treated by eosin: Implications for the topical treatment of psoriasis. Int. J. Immunopathol. Pharmacol. 2009, 22, 1067–1075. [Google Scholar] [CrossRef] [PubMed]

	



Soumelis, V.; Reche, P.A.; Kanzler, H.; Yuan, W.; Edward, G.; Homey, B.; Gilliet, M.; Ho, S.; Antonenko, S.; Lauerma, A.; et al. Human epithelial cells trigger dendritic cell mediated allergic inflammation by producing TSLP. Nat. Immunol. 2002, 3, 673–680. [Google Scholar] [CrossRef] [PubMed]

	



Sung, Y.Y.; Yoon, T.; Jang, J.Y.; Park, S.J.; Kim, H.K. Topical application of Rehmannia glutinosa extract inhibits mite allergen-induced atopic dermatitis in NC/Nga mice. J. Ethnopharmacol. 2011, 134, 37–44. [Google Scholar] [CrossRef]

	



Kjellerup, R.B.; Kragballe, K.; Iversen, L.; Johansen, C. Pro-inflammatory cytokine release in keratinocytes is mediated through the MAPK signal-integrating kinases. Exp. Dermatol. 2008, 17, 498–504. [Google Scholar] [CrossRef]

	



Xiong, H.; Xu, Y.; Tan, G.; Han, Y.; Tang, Z.; Xu, W.; Zeng, F.; Guo, Q. Glycyrrhizin ameliorates imiquimod-induced psoriasis-like skin lesions in BALB/c mice and inhibits TNF-alpha-induced ICAM-1 expression via NF-kappaB/MAPK in HaCaT cells. Cell. Physiol. Biochem. Int. J. Exp. Cell. Physiol. Biochem. Pharmacol. 2015, 35, 1335–1346. [Google Scholar] [CrossRef]

	



Morrison, D.K. MAP kinase pathways. Cold Spring Harb. Perspect. Biol. 2012, 4, a011254. [Google Scholar] [CrossRef]

	



Schabbauer, G.; Tencati, M.; Pedersen, B.; Pawlinski, R.; Mackman, N. PI3K-Akt pathway suppresses coagulation and inflammation in endotoxemic mice. Arterioscler. Thromb. Vasc. Biol. 2004, 24, 1963–1969. [Google Scholar] [CrossRef] [PubMed]

	



Arima, K.; Ohta, S.; Takagi, A.; Shiraishi, H.; Masuoka, M.; Ontsuka, K.; Suto, H.; Suzuki, S.; Yamamoto, K.; Ogawa, M.; et al. Periostin contributes to epidermal hyperplasia in psoriasis common to atopic dermatitis. Allergol. Int. Off. J. Jpn. Soc. Allergol. 2015, 64, 41–48. [Google Scholar] [CrossRef] [PubMed]

	



Welsch, K.; Holstein, J.; Laurence, A.; Ghoreschi, K. Targeting JAK/STAT signalling in inflammatory skin diseases with small molecule inhibitors. Eur. J. Immunol. 2017, 47, 1096–1107. [Google Scholar] [CrossRef] [PubMed]

	



Clarysse, K.; Pfaff, C.M.; Marquardt, Y.; Huth, L.; Kortekaas Krohn, I.; Kluwig, D.; Luscher, B.; Gutermuth, J.; Baron, J. JAK1/3 inhibition preserves epidermal morphology in full-thickness 3D skin models of atopic dermatitis and psoriasis. J. Eur. Acad. Dermatol. Venereol. JEADV 2019, 33, 367–375. [Google Scholar] [CrossRef] [PubMed]

	



Haspel, R.L.; Darnell, J.E., Jr. A nuclear protein tyrosine phosphatase is required for the inactivation of Stat1. Proc. Natl. Acad. Sci. USA 1999, 96, 10188–10193. [Google Scholar] [CrossRef] [PubMed]

	



Cui, Y.; Zhou, Y.; Ma, G.; Yang, L.; Wang, Y.; Shi, W. Cloning, bioinformatics analysis, and expression of the dust mite allergen Der f 5 of Dermatophagoides farinae. Braz. J. Med. Biol. Res. 2012, 45, 746–752. [Google Scholar] [CrossRef]

	



Yamamoto, M.; Haruna, T.; Yasui, K.; Takahashi, H.; Iduhara, M.; Takaki, S.; Deguchi, M.; Arimura, A. A novel atopic dermatitis model induced by topical application with dermatophagoides farinae extract in NC/Nga mice. Allergol. Int. Off. J. Jpn. Soc. Allergol. 2007, 56, 139–148. [Google Scholar] [CrossRef]

	



Laudanska, H.; Reduta, T.; Szmitkowska, D. Evaluation of skin barrier function in allergic contact dermatitis and atopic dermatitis using method of the continuous TEWL measurement. Roczniki Akademii Medycznej w Bialymstoku 2003, 48, 123–127. [Google Scholar]

	



Czarnowicki, T.; He, H.; Krueger, J.G.; Guttman-Yassky, E. Atopic dermatitis endotypes and implications for targeted therapeutics. J. Allergy Clin. Immunol. 2019, 143, 1–11. [Google Scholar] [CrossRef]

	



Larrosa, M.; Tomas-Barberan, F.A.; Espin, J.C. The dietary hydrolysable tannin punicalagin releases ellagic acid that induces apoptosis in human colon adenocarcinoma Caco-2 cells by using the mitochondrial pathway. J. Nutr. Biochem. 2006, 17, 611–625. [Google Scholar] [CrossRef]

	



Seeram, N.P.; Zhang, Y.; McKeever, R.; Henning, S.M.; Lee, R.P.; Suchard, M.A.; Li, Z.; Chen, S.; Thames, G.; Zerlin, A.; et al. Pomegranate juice and extracts provide similar levels of plasma and urinary ellagitannin metabolites in human subjects. J. Med. Food 2008, 11, 390–394. [Google Scholar] [CrossRef] [PubMed]

	



Hosny, K.M.; Rizg, W.Y.; Khallaf, R.A. Preparation and Optimization of In Situ Gel Loaded with Rosuvastatin-Ellagic Acid Nanotransfersomes to Enhance the Anti-Proliferative Activity. Pharmaceutics 2020, 12, 263. [Google Scholar] [CrossRef]

	



Boguniewicz, M.; Alexis, A.F.; Beck, L.A.; Block, J.; Eichenfield, L.F.; Fonacier, L.; Guttman-Yassky, E.; Paller, A.S.; Pariser, D.; Silverberg, J.I.; et al. Expert Perspectives on Management of Moderate-to-Severe Atopic Dermatitis: A Multidisciplinary Consensus Addressing Current and Emerging Therapies. J. Allergy Clin. Immunol. Pract. 2017, 5, 1519–1531. [Google Scholar] [CrossRef] [PubMed]

	



Li, A.W.; Yin, E.S.; Antaya, R.J. Topical Corticosteroid Phobia in Atopic Dermatitis: A Systematic Review. JAMA Dermatol. 2017, 153, 1036–1042. [Google Scholar] [CrossRef]

	



Shimada, Y.; Takehara, K.; Sato, S. Both Th2 and Th1 chemokines (TARC/CCL17, MDC/CCL22, and Mig/CXCL9) are elevated in sera from patients with atopic dermatitis. J. Dermatol. Sci. 2004, 34, 201–208. [Google Scholar] [CrossRef] [PubMed]

	



Ochiai, S.; Jagot, F.; Kyle, R.L.; Hyde, E.; White, R.F.; Prout, M.; Schmidt, A.J.; Yamane, H.; Lamiable, O.; Le Gros, G.; et al. Thymic stromal lymphopoietin drives the development of IL-13(+) Th2 cells. Proc. Natl. Acad. Sci. USA 2018, 115, 1033–1038. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Y.; Zhou, B. Functions of thymic stromal lymphopoietin in immunity and disease. Immunol. Res. 2012, 52, 211–223. [Google Scholar] [CrossRef]

	



O’Shea, J.J.; Plenge, R. JAK and STAT signaling molecules in immunoregulation and immune-mediated disease. Immunity 2012, 36, 542–550. [Google Scholar] [CrossRef] [PubMed]

	



Izuhara, K.; Arima, K.; Ohta, S.; Suzuki, S.; Inamitsu, M.; Yamamoto, K. Periostin in allergic inflammation. Allergol. Int. Off. J. Jpn. Soc. Allergol. 2014, 63, 143–151. [Google Scholar] [CrossRef]








[image: Ijms 22 01277 g001 550] 





Figure 1. Effects of ellagic acid (EA) on inflammatory cytokines and chemokines in HaCaT keratinocytes. (A) Production of inflammatory cytokines and their mRNA expression were determined. Production of (a) interleukin-6 (IL-6) and (c) tumour necrosis factor-α (TNF-α) was determined by enzyme-linked immunosorbent assay (ELISA). Cells were treated with 250, 500, or 1000 μM of EA for 1 h prior to the addition of TNF-α/IFN-γ, and cells were incubated for 24 h. mRNA expression of (b) IL-6 and (d) TNF-α was assayed by qRT-PCR. (B) mRNA expression of pro-inflammatory chemokines. mRNA expression of (a) thymic stromal lymphopoietin (TSLP), (b) normal T-cell expressed and secreted chemokine (RANTES), (c) macrophage-derived chemokine (MDC), and (d) thymus and activation-regulated chemokine (TARC) was assayed by qRT-PCR. Cells were treated with 250, 500, or 1000 μM of EA for 1 h prior to the addition of TNF-α/IFN-γ, and cells were incubated for 6 h. Then, total RNA was isolated from HaCaT keratinocytes, and qRT-PCR was performed. Data are presented as the mean ± standard error mean (SEM) of three independent experiments (n = 3); * p < 0.05, ** p < 0.01 and *** p < 0.001 versus the only TNF-α/IFN-γ-treated group, ### p < 0.001 versus the control group by ANOVA and Dunnett’s post-hoc test. 
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Figure 2. Effects of EA on mitogen-activated protein kinase (MAPK)-related signaling pathways in HaCaT keratinocytes. Cells were treated with 250, 500, or 1000 μM of EA for 1 h prior to the addition of TNF-α/IFN-γ and incubated for 10–20 min. Phosphorylation of (A) MEK1/2-ERK and SEK1/MKK4-JNK cascades was assayed by western blot analysis. The graph shows the ratio of phosphorylated MEK1/2-ERK and SEK1/MKK4-JNK to total MEK1/2-ERK and SEK1/MKK4-JNK, respectively. (B) Phosphorylation of Akt and periostin was analyzed by western blot assay. The ratios of p-Akt to Akt and periostin to β-actin are presented. Values represent the mean ± standard error mean (SEM) of triplicate independent experiments (n = 3). *** p < 0.001 versus the only TNF-α/IFN-γ-treated group, ### p < 0.001 versus the control group by ANOVA and Dunnett’s post-hoc test. 
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Figure 3. Effects of EA on Janus kinase (JAK)/STAT signaling pathways in activated HaCaT keratinocytes. Cells were treated with 250, 500, or 1000 μM of EA for 1 h prior to the addition of TNF-α/IFN-γ and were incubated for 1 h. (A) Phosphorylation of JAK2, STAT1, and STAT3 was determined by western blot assay. The graph shows the ratio of phosphorylated JAK2, STAT1, and STAT3 to total JAK2, STAT1, and STAT3, respectively. (B) Translocation of phosphorylated STAT1 (Y) was visualized by immunofluorescence. The nuclei were counterstained with DAPI (blue). The stained cells were visualized with a fluorescence microscope at 400× magnification. Values represent the mean ± standard error mean (SEM) of triplicate independent experiments (n = 3). *** p < 0.001 versus the only TNF-α/IFN-γ-treated group, ### p < 0.001 versus the control group by ANOVA and Dunnett’s post-hoc test. 
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Figure 4. Effects of EA on DfE-induced AD-like skin lesions in NC/Nga mice. (A) Experimental scheme for the induction of AD and treatment of EA in NC/Nga mice. (B) Comparison of DfE-induced dermatitis in NC/Nga mice after EA (40 mg/kg/day) intraperitoneal administration. Representative photographs of dorsal regions of the mice from each group 14 and 28 days after AD induction. (C) Dermatitis scores over 4 weeks. The dermatitis scores were determined as the sum of scores graded as 0 (none), 1 (mild), 2 (moderate), or 3 (severe) for each of the four symptoms; erythema/hemorrhage, scarring/dryness, edema, and excoriation/erosion. (D) Transepidermal water loss (TEWL) was measured with a gpskin barrier light on day 28 after AD induction. (n = 7) (E) Serum IgE, (F) serum TNF-α, and (G) serum IL-6 levels were measured by ELISA (n = 8). Data are expressed as the mean ± standard deviation (SD). * p < 0.05, ** p < 0.01 and *** p < 0.001 versus the only DfE-treated group, ### p < 0.001 versus the control group by ANOVA and Dunnett’s post-hoc test. 
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Figure 5. Effects of EA on the histopathological features of DfE-induced AD-like skin lesions in NC/Nga mice (n = 8). Dorsal skin was excised, fixed in 10% formaldehyde, embedded in paraffin, and sectioned. The tissue sections were assayed by (A) hematoxylin and eosin (H&E) staining and (B) toluidine blue staining. ((A-a), (B-a)) The stained sections were visualized with a microscope at 100× and 200× magnifications. (A-b) Epidermal thickness was quantified as the mean of five randomly selected areas per mouse. (B-b) Mean of the number of infiltrated mast cells was determined from five randomly selected areas per mouse. Data are expressed as the mean ± standard deviation (SD; n = 8). *** p < 0.001 versus the only DfE-treated group, ### p < 0.001 versus the control group by ANOVA and Dunnett’s post-hoc test. 
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Table 1. Primer sequences.
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	Gene Name
	Forward Primers (5′-3′)
	Reverse Primers (5′-3′)





	TNF-α (h)
	CGCTCCCCAAGAAGACAG
	AGAGGCTGAGGAACAAGCAC



	IL-6 (h)
	ATTCCGGGAACGAAAGAGAA
	TCTTCTCCTGGGGGTACTGG



	TSLP (h)
	CAGGCTATTCGGAAACTCAGA
	GTAATTGTGACACTTGTTCCAGAC



	RANTES (h)
	CCGCGGCAGCCCTCGCTGTCATCC
	CATCTCCAAAGAGTTGATGTACTCC



	MDC (h)
	AGGACAGAGCATGGATCGCCTACAGA
	TAATGGCAGGGAGGTAGGGCTCCTGA



	TARC (h)
	CTTCTCTGCAGCACATCC
	AAGACCTCTCAAGGCTTTG



	GAPDH (h)
	TGCACCACCACCTGCTTAGC
	GGCATGGACTGTGGTCATGAG
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