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Purpose

Regulation of inflammation and re-epithelialization are critical for efficient wound healing. This study explores the role of human α1-antitrypsin (hAAT), an immunomodulatory protein, in modulating inflammation and promoting re-epithelialization across various epithelial cell types.





Methods

In-vitro, epithelial gap closure and migration assays were performed using two human epithelial cell lines—HaCaT and A549 cells with and without mitomycin C treatment. These cell lines were also used in an in-vitro gel-directed epithelial migration assay. Cells were treated with hAAT, and the gap area was measured using image analysis. Gene expression of inflammatory markers (IL-1β, IL-6, and TNFα) and adhesion molecules (desmoglein-1, plectin, and integrin α6β4) were analyzed using qPCR. In-vivo, corneal abrasions were induced in C57BL/6 mice using an Ophthalmic Burr. Mice received topical hAAT treatment immediately after injury and every 6 hours thereafter. Wound closure was assessed by applying the standard ophthalmic staining technique, fluorescein, and image analysis. Inflammatory markers and adhesion molecule expression were evaluated using qPCR and immunohistochemistry.





Results

In-vitro, hAAT accelerated epithelial gap closure and increased migration distance, independent of cell proliferation. hAAT-treated cells also exhibited earlier peak expressions of IL-1β and IL-6. In-vivo, hAAT treatment accelerated corneal wound closure and resulted in a preference for IL-1Ra over IL-1β expression. hAAT also enhanced the expression of desmoglein-1, plectin, and integrin α6β4, both in-vitro and in-vivo, and increased desmoglein-1 expression in the epithelial migration zone of mouse cornea.





Conclusions

hAAT enhances re-epithelialization by modulating inflammation, promoting epithelial cell migration, and regulating expression of adhesion molecules.
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Introduction

Epithelial integrity is crucial for maintaining the function of various organs and tissues. Wounds in epithelial tissues, such as skin, lungs, intestines, and cornea, might result from trauma, infection, or inflammatory conditions. These wounds trigger a complex healing process that involves two interrelated mechanisms, inflammation and re-epithelialization. During the healing process, immune cells clear debris and pathogens while simultaneously signaling epithelial cells to proliferate, migrate, and differentiate in order to restore the damaged tissue (1, 2). Inflammatory cascades and cytokines, such as IL-1β, play essential roles in promoting epithelial repair (3–6), however, uncontrolled inflammation can disrupt re-epithelialization, leading to chronic wounds, ulceration, and scarring (7, 8). In severe cases, this imbalance may cause significant tissue dysfunction and complications. Local steroid treatments are commonly used to manage excessive inflammation due to their potent anti-inflammatory effects (9), though their impact on epithelial healing varies across different tissue types.

During re-epithelialization, epithelial cells undergo significant morphological changes, as well as cytoskeletal structure and cell adhesion changes. Desmosomes and hemidesmosomes, protein complexes responsible for cell-to-cell and cell-to-extracellular matrix (ECM) adhesion, respectively, undergo dynamic modulation to facilitate epithelial cell migration. Desmosomes, composed of proteins from the desmoglein and desmocollin families, are prevalent in the corneal epithelium and play a crucial role in anchoring epithelial cells together. They provide strong adhesion and contribute to the structural integrity of migratory tissues (10). Hemidesmosomes, on the other hand, are essential for maintaining structural stability and resisting shearing forces. These structures, which contain integrin α6β4, anchor epithelial cells to the basal membrane by binding to laminin-332 and plectin (3), a protein that integrates serves as a bridge between integrins and other cytoskeletal components (10). The dynamic detachment and re-attachment of these complexes allow epithelial cells to migrate across the basal membrane, forming a leading migration zone that advances toward wound closure (11, 12).

Human α1-antitrypsin (hAAT) is a 52 kDa circulating glycoprotein from the se`rine protease inhibitor (SERPIN) protein family (13). It is the third most abundant plasma protein after immunoglobulins and albumin. hAAT levels rise physiologically during infection, inflammation and hypoxia, and are associated with accelerating inflammatory resolution, reducing bacterial burden, and advancing tissue repair (14–19). At the molecular level, hAAT directly inhibits inflammatory serine proteases, such as neutrophil elastase, thus reducing the activation of protease-activated receptors (PARs) and cleavage of pro-inflammatory cytokine precursors, like pro-IL-1β (20). Genetic hAAT deficiency (AATD) causes lung alveolar wall degradation. This clinical feature emphasizes the role that hAAT plays in epithelial integrity (21–23). Furthermore, individuals with AATD exhibit poor wound healing, which improves significantly following the initiation of replacement therapy with weekly infusions of plasma-purified hAAT (24).

Although evidence suggests that hAAT plays a role in re-epithelialization (25), its specific effects have not been thoroughly investigated, and its precise mechanism of action remains unclear. The current study investigates the effect of clinical-grade hAAT on two key processes in wound healing—inflammation, and re-epithelialization—using both in-vitro and in-vivo models.





Materials and methods




In vitro human keratinocytes gap repair assay: HaCaT cells

HaCaT cells (CLS Cell Lines Service 300493) were seeded in 12-well plates (2×105) cells per well) and incubated until sub-confluence in growth medium (DMEM supplemented with 100 U/ml penicillin, 100 μg/ml streptomycin, with or without 10% FBS where indicated, all from Sartorius). A scratch was performed using a 1000-μl tip, creating a cell-free area. Wells were washed twice with PBS before adding either hAAT 0.5 mg/ml (Glassia, Kamada LTD., Nes-Ziona, Israel), epidermal growth factor (EGF) 10 ng/ml (Sigma-aldrich, Rehovot, Israel), or PBS, as a negative control for 48 hours. To improve visualization, cells were fixed in ice-cold methanol and stained with crystal violet 0.5% in 70% Methanol). Images were acquired using Zeiss Inverted microscope Axio Observer 7 and Moticam 5 camera. The gap area between cells (scratch width) was determined using ImageJ.





In vitro human lung epithelial cell (A549 cells) migration assays

Scratch assay was performed using human A549 cells (ATCC #CCL-185). Cells were grown to confluence in 24-well plates, and uniform scratches were inflicted using a sterile 200-µl pipette tip, thus creating a cell-free area, as described elsewhere (25, 26). Cultures were washed twice with complete RPMI 1640 supplemented with 5% FCS (both from Biological Industries Inc., Beit Haemek, Israel). Treatments were introduced directly onto cells in 5% FCS. Cells were then treated with either PBS or hAAT 0.5 mg/ml. Mitomycin C, when used, was introduced prior to treatment (5 μM, CAS 50-07-7, Cayman Chemical, MI, USA). Images were acquired using Zeiss Inverted microscope Axio Observer 7 and Moticam 5 camera. The gap area between cells was determined using ImageJ.

Gel-directed epithelial migration assay was performed using human A549 cells (ATCC #CCL-185). A 100 mm plate was filled with agar that was prepared with complete RPMI 1640 medium, 2.5% FCS. Three uniformly distributed 1-mm punches were performed and introduced with PBS on one end, A549 lysate (×3 freeze-thaw cycles) with or without adenosine triphosphate (ATP; 50 μM, A2383-1G, Sigma-Aldrich) on the other end, and A549 cells (5×10 (4)) that were pretreated with either PBS or hAAT (0.5 mg/ml) in the center well. Cells were allowed to migrate from the center well to the well with injured cells for 24 hours, after which the gel was lifted, the cells fixed in methanol, and DAPI added to allow determination of migration distances. Images were acquired using a Zeiss Inverted microscope Axio Observer 7 and Moticam 5 camera. Migration distance was determined using ImageJ.





Animals

Animal studies were approved by the Institutional Animal Care and Use Committee (IL-14-03-2023D) and conducted per the Guide for the Care and Use of Laboratory Animals, 8th Edition. Eight-to-12–week old female C57BL/6 mice (Envigo+ Laboratories, Inc., Rehovot, Israel) were housed at a standard vivarium facility.





In vivo corneal abrasion model

The model was performed as described elsewhere (27, 28). Briefly, mice were anesthetized by isoflurane inhalation (2.5% for induction, 2% for maintenance), and corneal abrasions were performed using the AlgerBrush II Ophthalmic Burr Instrument (Strong Vision Technologies, #SVT14-1-2RB) under a stereomicroscope (Stemi 305, Zeiss, Germany). The ocular burr, cleaned between applications with 70% EtOH, was applied to the center of the cornea to gently abrade the epithelium (20 mild vibrations/second, back-and-forth and sideways directions), avoiding contact with surrounding non-targeted regions of the cornea. Once a corneal wound largely bare of epithelium reached 2.5 mm in diameter, it was imaged for baseline indices by adding one drop of fluorescein onto the abraded eye (Bio Fluoro Ophthalmic Strips, BioTech Healthcare, India) and then washed with saline. The excess liquid was gently removed using a soft wipe and a ruler was placed near the eye for scaling while the eye surface was documented under blue-light through a stereo microscope (Stemi 305, Zeiss, Germany). Image analysis was conducted using ImageJ software (MedCalc Software, Ostend, Belgium). Seven µl of topical treatment was applied directly to the surface of the eye immediately after imaging and consisted of either saline, hAAT (4 mg/ml), or dexamethasone (Dexamethasone Rompharm 4 mg/ml, 4 μg/eye; West-Ward Pharmaceuticals, NJ, USA). Treatments and imaging were conducted at 0, 6, 10, and 16 hours post-injury, with follow-up continuing until full re-epithelialization was achieved.





Histological analysis and immunohistochemistry

Animals were sacrificed at indicated time points, and eyeballs were excised and immediately immersed in 10% neutral-buffered formalin (Sigma-Aldrich). Samples were placed facing the microtome blade for paraffin embedding and then cut into 4-6 μm sections, mounted on slides, and stained with Hematoxylin and Eosin (H&E; Jackson ImmunoResearch, West Grove, PA, USA) (29).

For Immunohistochemistry, formalin-fixed, paraffin-embedded (FFPE) samples of mouse cornea were deparaffinized in 100% xylol, followed by dehydration in serial dilution of isopropanol (100%, 95%, and 70%, all from Sigma-Aldrich). After extensive washing in PBS, samples were incubated overnight with primary rabbit anti-desmoglein-1 antibody (1:200, Cat # BS-6725R, ENCO, Petach Tikvah, Israel). The next day, samples were washed 3 times with PBS for 10 min each and incubated with goat anti-rabbit Alexa Fluor 488 antibody (1:500, Cat # PA5-16891, Invitrogen) in PBS with 1 µg/ml DAPI for 1h. Finally, samples were washed with PBS 3 times, 10 min each, and mounted in Prolong Gold Antifade (P36930, Invitrogen). Imaging was performed using a Zeiss Celldiscoverer 7 (Zeiss), equipped with Plan-Apochromat ×20/0.95 objective and the appropriate filter set and light source. Image acquisition settings were similar for all samples. Images were analyzed in QuPath ver 04.4 software (30). Briefly, the corneal layer was segmented according to the DAPI threshold into 10-µm2 area tiles. Tiles not more than 50 µm away from the wound border were labeled as ‘migration zones’. The intensity of the desmoglein-1 channel was measured in each tile, and the resulting data was saved in CSV format.





Gene expression analysis

Scratch assay: A549 cells were harvested for gene expression at time points 6, 12, and 24 hours from scratch. Total RNA was extracted from cultured cells using Tri-Reagent (Bio-Tri Reagent, Bio-Lab, Jerusalem, Israel) according to the manufacturer’s instructions. RNA was quantified using a NanoDrop device (Wilmington, DL, USA). Concentration-normalized RNA samples were reverse-transcribed using qScript microRNA cDNA Synthesis Kit (QuantaBio, Beverly, MA, USA). Transcript levels of various gene products were analyzed using qPCR (StepOnePlus™ Real-Time PCR System, Thermo Fisher Scientific, MA, USA). qPCR reactions were performed in triplicates for each target gene, set at a final volume of 10 μl containing 5 μl Fast SYBR™Green Master Mix (Thermo Fisher Scientific) with 12.5 ng cDNA and 0.5 μM forward and reverse primers (Biological Industries).

Mouse eye: Complete mouse eyes were collected for gene expression at time points 6, 10, and 16 hours from injury. RNA extraction was performed using Gynzol® reagent (Invitrogen, Waltham, MA, USA) at 1 ml/well following manufacturer’s instructions. Subsequently, the tissue was transferred to a polytron homogenizer (gentelMACS Dissocoator, MACS Miltenyi Biotec), and the homogenized sample was loaded into a 1.5 ml RNase-free microcentrifuge tube. RNA quantification, reverse transcription, and measurement of transcript levels of various gene products were analyzed as mentioned above.

Human primer sequences (forward ‘5 to ‘3/reverse ‘5 to ‘3) for IL-1β: TCG CCA GTG AAA TGA TGG CT/GGT CGG AGA TTC GTA GCT GG, IL-6: CCA CCG GGA ACG AAA GAG AA/GAG AAG GCA ACT GGA CCG AA, Desmoglin-1: ATC CAA CCA ACT TCC GGC AT/AGT TAC GCC AGC ACC AGA AA, Plectin: CCG GGC AGT CTC TGA AGA TG/GCG TTT TCC CAA GGT TCC AG, Integrin α6β4: CTC CGC CTT CAC TTT GAG CA/TCA CCA GGT AGC CGA CGA TA and β Actin: CCT CGC CTT TGC CGA TCC/CGC GGC GAT ATC ATC ATC C for reference.

Murine primer sequences for IL-1β: CTC CAT GAG CTT TGT ACA AGG/TGC TGA TGT ACC AGT TGG GG, IL-1Ra: GAC CCT GCA AGA TGC AAG C/AGC GGA TGA AGG TAA AGC G, Desmoglein-1: GCA GTG GTG GTA ATC GTG ACC/GGA TTT TGC CTA CCG GGA GTG, Plectin: GCG GAG GAA CAG TTG CAG AA/GCC CCT TGT ACT CAT TCA GTT G, Integrin α6β4: ACT CCA TGT CTG ACG ATC TGG/GGG ACG CTG ACT TTG TCC AC and β Actin: GGT CTC AAA CAT GAT CTG GG/GGG TCA GAA GGA TTC CTA TG for reference.

Relative quantification of transcript levels was performed using the delta-delta Ct method. The variation of Ct in the reference gene across samples of a given assay was <1 cycle. The efficiency of all primer pairs was 95%-110% using a 5-point standard curve.





Statistical analysis

All quantitative data are presented as mean ± standard error of means (SEM). The statistical significance of the differences between groups was evaluated using ANOVA followed by post-hoc tests for multiple comparisons. Statistical processing was performed using GraphPad Prism software (GraphPad Software, La Jolla, CA, USA). A p-value <0.05 was considered statistically significant.






Results




Enhanced re-epithelialization and cell migration under hAAT-rich conditions in vitro

Several models were developed to assess the effect of hAAT on epithelial gap re-epithelialization. HaCaT cells were grown to confluence in a complete 10% FBS medium (Figure 1A). Following the scratch wound, cells were treated with PBS, hAAT (0.5 mg/ml), or EGF (positive control). After 48 hours, hAAT-treated cells showed a significantly reduced gap area compared to PBS control (62.1 ± 4.6% vs. 100.0 ± 7.3%, mean ± SEM, respectively; P < 0.0001). To differentiate between migration and proliferation processes, the experiment was conducted under two conditions: with and without serum. Serum-free media simulates stress conditions that inhibit cellular proliferation. Under serum-free conditions, hAAT significantly accelerated gap closure compared to PBS (74.0 ± 2.8% vs. 100.0 ± 7.3% area, respectively; P < 0.0001) (Figure 1B). In mitomycin C (MitC)-treated A549 cells, co-incubation with hAAT resulted in significantly accelerated gap closure compared to MitC alone (22.2 ± 3.1% vs 59.3 ± 2.8% area, mean ± SEM, respectively; P < 0.05), albeit not to the extent of hAAT alone (Figure 1C).




Figure 1 | In-vitro epithelial cell gap closure and migration . (A–C) Epithelial cell gap repair assay using (A) HaCaT cells (human keratinocyte cell line) in 10% serum 2×105 cells/well in 12-well plates in triplicates) and (B) HaCaT cell in 0% serum ( top , representative photomicrographs; bottom , phosphate-buffered saline (PBS) treatment set at 100% gap area, data pooled from 2 independent experiments), and (C) A549 cells (human lung epithelial cell) in 5% serum (1×105 cells/well in 24-well plates in triplicates) ( left , serial measurements, indicated time points),data pooled from 2 independent experiments. EGF , epidermal growth factor; MitC , mitomycin C. (D) Migration assay using A549 cells, set 1 mm apart from lysed A549 cells with or without added adenosine triphosphate (ATP), illustrated inset. Left , representative photomicrographs;  right , percent area from initial gap area, representative data out of 3 independent experiments). Arrow , distance marking in image analysis. Mean±SEM. * p<0.05, **** p<0.0001.



In a gel migration assay, hAAT-pretreated A549 cells exhibited substantial migration towards lysed cells, irrespective of added ATP, compared to PBS control (5-fold and 6-fold increased migration for hAAT alone and hAAT/ATP, respectively; P < 0.05) (Figure 1D).

Gene expression analysis of A549 epithelial cells subjected to a scratch assay and treated with either PBS or hAAT (0.5 mg/ml) revealed marked differences between groups. In the control group, IL-1β and IL-6 gene expression peaked at 12 hours, while in the hAAT-treated group, peak expression occurred earlier at 6 hours (Figure 2A). TNFα expression remained relatively unchanged. Desmoglein-1 expression showed a progressive increase over 24 hours in the control group, while in the hAAT group, expression peaked at 6 hours. At 24 hours, hAAT treatment significantly upregulated plectin and integrin α6β4 expression compared to the control group(Figure 2B).




Figure 2 | Gene expression profile in epithelial gap closure assay. A549 cells treated with phosphate-buffered saline (PBS) or hAAT 0.5 mg/ml in triplicates, gap inflicted at 0 hr. Cells were harvested for gene expression analysis at indicated time points. Data presented as (A) fold from sham and (B) percent from peak expression. Representative data out of 2 independent experiments. Mean± SEM; ns, not significant, *p<0.05, **p<0.01 and ****p<0.001.







Topical hAAT treatment accelerates corneal wound healing and re-epithelialization in vivo

Given that hAAT enhanced gap closure in the scratch assay of epithelial cell cultures, it was important to determine whether topical hAAT would elicit a similar effect in-vivo. In a mouse corneal abrasion model, hAAT-treated wounds showed significantly reduced wound area at 10 and 16 hours post-injury compared to saline control (25.79 ± 11.49% vs. 42.83 ± 19.56% at 10h; 4.04 ± 4.90% vs. 14.67 ± 9.94% at 16h, respectively; mean ± SEM, P < 0.05) (Figure 3). To compare AAT function to the common treatment (steroids) an additional group of dexamethasone (a steroid medication) was included. Dexamethasone (DEX) treatment slowed wound closure compared to control. The hAAT group demonstrated a significantly steeper wound area reduction between 6–10 hours compared to the control (2.6-fold; P < 0.0001).




Figure 3 | In-vivo wound area in mouse corneal abrasion model. Corneal abrasion performed at time 0, topical treatments provided at the time of wounding and then every 6 hours. CT, control (saline 7 µl, n=15); hAAT (4 μg/eye, n=12); DEX (dexamethasone, 4 μg/eye, n=10). Wound area was quantified at 6,10 and 16 hours, represented as percent of initial wound area. Data pooled from 4 independent experiments. Mean ± SEM, deviation represented by solid fill. Box and whiskers represent mean (min to max); * p<0.05, **p<0.01, ***p<0.001, ****p< 0.0001.



Histological analysis revealed a selective impact on the epithelial layer while leaving the underlying stromal layer uninvolved (Figure 4A). Immunohistochemistry showed significantly higher desmoglein-1 levels in the migratory zone of hAAT-treated wounds compared to the control group (Figure 4B).




Figure 4 | In-vivo re-epithelialization: corneal abrasion model. (A) Untreated abrasion, Hematoxylin and Eosin (H&E), 10 hrs. Representative microscopic images out of 8 samples. Radial plane. Black arrow, epithelial leading cell. (B) Desmoglein-1 immunofluorescent staining. Representative images. Migration zone, 50 µm from wound edge; corneal epithelium, adjacent corneal layer. Right, mean fluorescent intensity per 10 µm2 tiles, pooled data from 3 slides per group. Mean, ****p<0.0001.



To further examine the underlying mechanisms that allow rapid epithelization under topical hAAT treatment, gene expression analysis was performed (Figure 5; sham, normal eye). The control group showed steadily increasing IL-1β expression, while the hAAT group peaked at 10 hours and decreased thereafter (Figure 5A). At 16 hours, hAAT treatment induced a predominance of IL-1Ra over IL-1β (P = 0.042).




Figure 5 | Gene expression profile in mouse corneal abrasion model. Corneal abrasion was performed at time 0, and topical treatments were applied at the time of injury and at 6, 10 and 16 hours post-injury. Complete eyes were collected at indicated time points for gene expression analysis. (A) Expression of inflammation-related genes; interleukin-1 beta (IL-1β), interleukin-1 receptor antagonist (IL-1Ra), and IL-1Ra/IL-1β ratio. (B) Expression of genes related to adhesion molecules; Desmoglein-1, Plectin, and Integrin α6β4. Data are presented as fold change from sham or as ratio per sample. Representative results from three independent experiments. Mean ± SEM; ns, not significant; *p < 0.05, ****p < 0.0001.



In the control group, desmoglein-1 expression increased 2-fold within 6 hours post-injury and remained steady thereafter (Figure 5B). hAAT treatment induced a significant 4.5-fold surge in desmoglein-1 expression at 6 hours (P = 0.029). Plectin and integrin α6β4 expression increased at 16 hours in both groups, with significantly higher levels in hAAT-treated wounds (2.2 ± 0.5-fold vs. 1.5 ± 0.2-fold for plectin; 4.8 ± 1.3-fold vs. 2.4 ± 0.2-fold for integrin α6β4; hAAT-treated and control respectively, P < 0.05). This finding matches the scratch assay gene expression results.






Discussion

The present study investigated the effect of clinical-grade hAAT on two major processes in wound healing: inflammation and re-epithelialization. Using both in-vitro human epithelial cell lines (HaCaT and A549) and an in-vivo mouse corneal abrasion model, we demonstrate that hAAT accelerates re-epithelialization primarily through enhancing epithelial cell migration rather than proliferation. Specifically, hAAT appears to promote the migration of epithelial cells toward sites of injury and cell death. These findings were supported by the observation of a clearly defined migration zone in the in-vivo model, characterized by well-adhered epithelial cells resembling those of a healthy corneal epithelium. Moreover, hAAT administration improved the quality of wound closure at an early stage in both in-vivo and in-vitro models.

hAAT has been found to shift the inflammatory process in the cornea, resulting in an earlier, more efficient, and shorter duration of inflammation and therefore faster resolution of inflammation. Gene expression analysis in the epithelial scratch assay and the corneal abrasion model revealed that the inflammatory phase occurred earlier in hAAT-treated cells and mice than in controls, shown by an earlier peak in IL-1β and IL-6 expression in hAAT-treated cells. The faster resolution of inflammation in hAAT-treated mice, evidenced by the preferential expression of IL-1Ra relative to IL-1β, may create a more favorable environment for epithelial cell migration (14, 15, 20).

Schuster et al. reported that hAAT enhances the expression and production of IL-1Ra in LPS-stimulated murine peritoneal macrophages, requiring nuclear translocation of the NF-κB family member, p65 (26). These findings suggest that hAAT does not block inflammation, but rather it redirects the inflammatory surge toward a resolution profile characterized by the induction of anti-inflammatory gene expression. Consistent with this notion, we found that hAAT allowed a modest increase in the pro-inflammatory markers IL-1β, IL-6, and TNFα rather than completely blocking them, suggesting a regulated initiation of the inflammatory phase. Significantly, at later stages, while control mice continued to exhibit a sustained inflammatory profile dominated by IL-1β and IL-6, hAAT-treated mice exhibited significantly reduced levels of these cytokines. Notably, hAAT treatment also led to a gradual predominance of IL-1Ra, a pro-resolution cytokine that negates IL-1β activities. The comparison between hAAT and dexamethasone (DEX) treatments further underscores this phenomenon. DEX, a potent anti-inflammatory corticosteroid that blocks p65 nuclear translocation and is frequently used in corneal abrasion treatment (9), significantly delayed corneal abrasion healing in our study. The current clinical treatment with steroids seeks to reduce inflammation, lowering the risk of complications caused by inflammatory injury, at the expense of delayed epithelialization (31). This study suggests that local therapy with hAAT may allow for both early inflammation resolution and accelerated wound healing.

Interestingly, the research findings suggest that hAAT not only accelerates the migration of epithelial cells, leading to faster healing of the cornea, but also enhances the quality of the healing process in its early phases. Desmoglein-1, a key component of desmosomes, was significantly upregulated in hAAT-treated mice compared to controls at an earlier stage of wound healing. Immunohistochemical staining revealed elevated desmoglein-1 protein levels specifically within the migration zone of hAAT-treated corneal epithelium. This localized increase, relative to other regions of corneal epithelial, supports the notion that hAAT modulates the inflammatory response in a manner that promotes desmosome formation and facilitates epithelial migration. The short early inflammatory process in the presence of hAAT may promote desmoglein-1 production, facilitating cell-to-cell connection during epithelial migration and preventing epithelial detachment, a crucial factor in the overly inflamed cornea (32). Additionally, the expression of plectin and integrin α6β4, components of the hemidesmosomes that anchor the epithelium to the basal membrane, increased in the final phase of migration of hAAT-treated cells and mice. This suggests that hAAT may also facilitate hemidesmosome formation thereby enhancing epithelial stability and promoting wound closure. The wound-stabilizing properties of hAAT observed in our study are consistent with findings in other tissue types. Notably, Gimmon et al. demonstrated accelerated skin wound healing with systemic hAAT treatment, showcasing enhanced wound stability even during early suture removal when compared to controls (25). Our results extend these observations to the corneal context, suggesting that the ability of hAAT to promote wound stability in early healing stages may be a generalizable feature across different epithelial tissues.

The study invites a deeper exploration of the potential mechanisms by which hAAT may accelerate cell migration of some cell types but inhibit cell migration of other cell types. For instance, hAAT expedites immune dendritic cell migration, likely by promoting the expression of membrane CCR7, the homing receptor that senses draining lymph node–derived chemokines (16, 17). Similarly, hAAT accelerates the revascularization process in the context of endothelial cell survival, migration, and spatial organization (33). In contrast, hAAT downregulates MCP-1 expression, the chemokine responsible for the migration of monocytes and macrophages (15), and neutrophil migration, both by directly binding to their major chemokine, IL-8 (34), and by inhibiting serine proteases employed by neutrophils for extravasation and tissue degradation along their migratory path (35). Nonetheless, neutrophils can neutralize hAAT by exerting a local oxidative burst and are known to store hAAT in their granules for release upon activation (36). In this context, the observation that hAAT decreases bacterial burden (19) aligns with its reported ability to inhibit neutrophil apoptosis (37). In the setting of wound repair, the expression of chemokine receptors is as crucial as the chemokines themselves (38). Here, lysed cells were used to guide the migration of live epithelial cells, finding that cells migrated faster toward the injured focus point; since the dead epithelial cells are no longer influenced by exogenous treatments, it may be suggested that the effect of hAAT was directed at chemokine receptors on the migrating epithelial cells. Further studies should explore the potential impact of hAAT on growth factors involved in wound healing, such as EGF and TGFβ (39). Notably, Nerve Growth Factor (NGF) is recognized as a key player in corneal ulcer healing due to its role in epithelial regeneration and neural repair. Although no direct interaction between hAAT and NGF has been reported to date, this potential relationship warrants further investigation.

Importantly, hAAT enhances epithelial cell migration independent of cell proliferation, suggesting that it may be considered a therapeutic agent for promoting wound healing in conditions where cell division is significantly compromised, such as in diabetic wounds or cases of chemotherapy-treated patients (40, 41). It is possible that hAAT modifies the ECM in a manner that promotes epithelial cell migration, as in the case of the perseverance of fibronectin under hAAT-rich conditions (42).

In considering cancerous epithelial migration, study results are under debate. In some instances, hAAT was shown to facilitate lung adenocarcinoma metastasis (42–45), while others provide evidence that lung and colon metastasis are dramatically blocked by hAAT in the whole animal (46–48), seemingly by activation of anti-tumor NK cell activities (49). Brami et al. directly explored the ability of hAAT to accelerate re-epithelialization in human colonic epithelial cells exposed to immunosuppressive drugs and to sera from patients that have undergone bone-marrow transplantation under significant immunosuppression (50, 51). These findings raise the possibility that patients undergoing chemotherapy could benefit from hAAT treatment to support the restoration of epithelial barrier integrity—an effect that may also hold relevance for other protein-losing enteropathies.

In conclusion, unlike conventional steroidal treatments, hAAT promotes re-epithelialization by fine-tuning the inflammatory response—inducing an earlier onset of resolution and enabling early and efficient epithelial cell migration, independent of cell proliferation capacity. These findings underscore the multifaceted role of hAAT in orchestrating the inflammatory response, enhancing desmosome formation and hemidesmosome assembly, and ultimately accelerating epithelial migration and wound healing.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The animal study was approved by Animal studies were approved by the Institutional Animal Care and Use Committee (L-14-03-2023D). The study was conducted in accordance with the local legislation and institutional requirements.





Author contributions

IF: Conceptualization, Data curation, Formal analysis, Writing – original draft, Writing – review & editing. MW: Conceptualization, Data curation, Writing – review & editing. RS: Data curation, Writing – review & editing. LS: Data curation, Methodology, Writing – review & editing. YA: Data curation, Methodology, Writing – review & editing. NO-S: Data curation, Methodology, Writing – review & editing. AT: Data curation, Methodology, Writing – review & editing. DT: Conceptualization, Data curation, Writing – review & editing. AB: Data curation, Methodology, Writing – review & editing. NN: Data curation, Methodology, Writing – review & editing. MH: Conceptualization, Writing – review & editing. TE: Data curation, Writing – review & editing. DH: Data curation, Methodology, Writing – review & editing. BK: Conceptualization, Writing – review & editing. SC: Project administration, Visualization, Writing – review & editing. SE-S: Funding acquisition, Resources, Validation, Writing – review & editing. EL: Supervision, Writing – review & editing. ES: Supervision, Writing – review & editing. ET: Supervision, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The study was funded by The Diane Lynn Family Foundation to EL and by Israel Science Foundation (ISF 2976/20) to SE-S and EL.




Acknowledgments

The authors wish to thank Valeria Frishman for her excellent technical assistance and Hadar Eini and Dalit Galitsky for countless administrative support.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Bukowiecki, A, Hos, D, Cursiefen, C, and Eming, SA. Wound-healing studies in cornea and skin: parallels, differences and opportunities. Int J Mol Sci. (2017) 18(6):1257. doi: 10.3390/ijms18061257

2. Wilson, SE. Corneal wound healing. Exp Eye Res. (2020) 197:108089. doi: 10.1016/j.exer.2020.108089

3. Sivamani, K, Shirakawa Garcia, M, and Rivkah Isseroff, R. Cell attachments: desmosomes, hemidesmosomes, integrins 4. Keratins 5. Growth factors and cytokines 5.1. EGF family 5.2. FGF family 5.3. TGF-Beta Family 5. (2007) 12:2849–68. doi: 10.2741/2277

4. Trepat, X, Chen, Z, and Jacobson, K. Cell migration. Compr Physiol. (2012) 2:2369–92. doi: 10.1002/cphy.c110012

5. Kirfel, G, and Herzog, V. Migration of epidermal keratinocytes: Mechanisms, regulation, and biological significance. Protoplasma. (2004) 223:67–78. doi: 10.1007/s00709-003-0031-5

6. Xiao, H, Li, DX, and Liu, M. Knowledge translation: Airway epithelial cell migration and respiratory diseases. Cell Mol Life Sci. (2012) 69:4149–62. doi: 10.1007/s00018-012-1044-z

7. Martin, P, and Leibovich, SJ. Inflammatory cells during wound repair: The good, the bad and the ugly. Trends Cell Biol. (2005) 15:599–607. doi: 10.1016/j.tcb.2005.09.002

8. Wilson, SE, Mohan, RR, Mohan, RR, Ambrósio Jr Hong, R J, Lee, J, et al. The corneal wound healing response: cytokine-mediated interaction of the epithelium, stroma, and inflammatory cells. Prog Retin Eye Res. (2001) 20(5):625-637. doi: 10.1016/s1350-9462(01)00008-8

9. Dang, DH, Riaz, KM, and Karamichos, D. Treatment of non-infectious corneal injury: review of diagnostic agents, therapeutic medications, and future targets. Drugs. (2022) 82:145–67. doi: 10.1007/s40265-021-01660-5

10. Lu, X, and Watsky, MA. Influence of Vitamin D on corneal epithelial cell desmosomes and hemidesmosomes. Invest. Ophthalmol. Vis Sci. (2019) 60:4074–83. doi: 10.3791/58071

11. Rousselle, P, Braye, F, and Dayan, G. Re-epithelialization of adult skin wounds: Cellular mechanisms and therapeutic strategies. Advanced Drug Delivery Rev. (2019) 146:344–65. doi: 10.1016/j.addr.2018.06.019

12. Rousselle, P, Montmasson, M, and Garnier, C. Extracellular matrix contribution to skin wound re-epithelialization. Matrix Biol. (2019) 75-76:12–26. doi: 10.1016/j.matbio.2018.01.002

13. Lewis, E. a1-antitrypsin therapy for non-deficient individuals: integrating and mitigating cross-pathology inflammatory and immune responses to the injured cell. Internal Med Rev. (2017) 3:1–28. doi: 10.18103/imr.v3i5.451

14. Shahaf, G, Moser, H, Ozeri, E, Mizrahi, M, Abecassis, A, and Lewis, EC. α-1-antitrypsin gene delivery reduces inflammation, increases T-regulatory cell population size and prevents islet allograft rejection. Mol Med. (2011) 17:1000–11. doi: 10.2119/molmed.2011.00145

15. Abecassis, A., Schuster, R., Shahaf, G., Ozeri, E., Green, R., Ochayon, D. E, et al. α 1-antitrypsin increases interleukin-1 receptor antagonist production during pancreatic islet graft transplantation. Cell Mol Immunol. (2014) 11:377–86. doi: 10.1038/cmi.2014.17

16. Ozeri, E, Mizrahi, M, Shahaf, G, and Lewis, EC. α-1 antitrypsin promotes semimature, IL-10–producing and readily migrating tolerogenic dendritic cells. J Immunol. (2012) 189:146–53. doi: 10.4049/jimmunol.1101340

17. Ozeri, E, Rider, P, Rigbi, S, Shahaf, G, Nita, II, Sekler, I, et al. Differential signaling patterns of stimulated bone marrow-derived dendritic cells under α 1-antitrypsin-enriched conditions. Cell Immunol. (2021) 361:104281. doi: 10.1016/j.cellimm.2020.104281

18. Kaner, Z, Engelman, R, Schuster, R, Rider, P, Greenberg, D, Av-Gay, Y, et al. S-nitrosylation of α1-antitrypsin triggers macrophages toward inflammatory phenotype and enhances intra-cellular bacteria elimination. Front Immunol. (2019) 10. doi: 10.3389/fimmu.2019.00590

19. Kaner, Z, Ochayon, DE, Shahaf, G, Baranovski, BM, Bahar, N, Mizrahi, M, et al. Acute phase protein α1-antitrypsin reduces the bacterial burden in mice by selective modulation of innate cell responses. J Infect Dis. (2015) 211:1489–98. doi: 10.1093/infdis/jiu620

20. Janciauskiene, S, Tumpara, S, Schebb, NH, Buettner, FFR, Mainka, M, Sivaraman, K, et al. Indirect effect of alpha-1-antitrypsin on endotoxin-induced IL-1β secretion from human PBMCs. Front Pharmacol. (2022) 13. doi: 10.3389/fphar.2022.995869

21. Stockley, RA. Alpha-1 Antitrypsin Deficiency: Phenotypes and Quality of Life. Ann Am Thorac Soc. (2016) 13Suppl 4:S332-5. doi: 10.1513/AnnalsATS.201507-436KV

22. Strnad, P, McElvaney, NG, and Lomas, DA. Alpha 1 -antitrypsin deficiency. N Engl J Med. (2020) 382:1443–55. doi: 10.1056/NEJMra1910234

23. Sapey, E. Neutrophil modulation in alpha-1 antitrypsin deficiency. Chronic Obstructive Pulmonary Dis. (2020) 7:247–59. doi: 10.15326/jcopdf.7.3.2019.0164

24. Cathomas, M, Schüller, A, Candinas, D, and Inglin, R. Severe postoperative wound healing disturbance in a patient with alpha-1-antitrypsin deficiency: The impact of augmentation therapy. Int Wound J. (2015) 12:601–4. doi: 10.1111/iwj.2015.12.issue-5

25. Gimmon, A, Sherker, L, Kojukarov, L, Zaknoun, M, Lior, Y, Fadel, T, et al. Accelerated wound border closure using a microemulsion containing non-inhibitory recombinant α1-antitrypsin. Int J Mol Sci. (2022) 23:7364. doi: 10.3390/ijms23137364

26. Schuster, R, Motola-Kalay, N, Baranovski, BM, Bar, L, Tov, N, Stein, M, et al. Distinct anti-inflammatory properties of alpha1-antitrypsin and corticosteroids reveal unique underlying mechanisms of action. Cell Immunol. (2020) 356:104177. doi: 10.1016/j.cellimm.2020.104177

27. Kalha, S, Kuony, A, and Michon, F. Corneal epithelial abrasion with ocular burr as a model for cornea wound healing. J Vis Exp. (2018) 2018(137):58071. doi: 10.3791/58071

28. Akowuah, PK, de la Cruz, A, Smith, CW, Rumbaut, RE, and Burns, AR. An epithelial abrasion model for studying corneal wound healing. J Vis Exp. (2021) 29(178):10.3791/63112. doi: 10.3791/63112

29. Pang, J, Thomas, N, Tsuchiya, D, Parmely, T, Yan, D, Xie, T, et al. Step-by-step preparation of mouse eye sections for routine histology, immunofluorescence, and RNA in situ hybridization multiplexing. STAR Protoc. (2021) 2:100879. doi: 10.1016/j.xpro.2021.100879

30. Bankhead, P, Loughrey, MB, Fernández, JA, Dombrowski, Y, McArt, DG, Dunne, PD, et al. QuPath: Open source software for digital pathology image analysis. Sci Rep. (2017) 7:16878. doi: 10.1038/s41598-017-17204-5

31. Bachmann, BO, Pleyer, U, Maier, PC, Reinhard, T, Seitz, B, and Cursiefen, C. Perioperative/postoperative anti-inflammatory therapy during/after corneal surgery/transplantation. Klin. Monbl. Augenheilkd. (2019) 236:653–61. doi: 10.1055/a-0864-4793

32. DeSantis-Rodrigues, A, Chang, YC, Hahn, RA, Po, IP, Zhou, P, Lacey, CJ, et al. ADAM17 inhibitors attenuate corneal epithelial detachment induced by mustard exposure. Invest. Ophthalmol. Vis Sci. (2016) 57:1687–98. doi: 10.1167/iovs.15-17269

33. Bellacen, K, Kalay, N, Ozeri, E, Shahaf, G, and Lewis, EC. Revascularization of pancreatic islet allografts is enhanced by α-1-antitrypsin under anti-inflammatory conditions. Cell Transplant. (2013) 22:2119–33. doi: 10.3727/096368912X657701

34. O'Brien, ME, Murray, G, Gogoi, D, Yusuf, A, McCarthy, C, Wormald, MR, et al. A review of alpha-1 antitrypsin binding partners for immune regulation and potential therapeutic application. Int J Mol Sci. (2022) 23:2441. doi: 10.3390/ijms23052441

35. Zimmerman, BJ, and Granger, DN. Reperfusion-induced leukocyte infiltration: role of elastase. Am J Physiol. (1990) 259:H390–4. doi: 10.1152/ajpheart.1990.259.2.H390

36. Pääkkö, P, Kirby, M, du Bois, RM, Gillissen, A, Ferrans, VJ, Crystal, RG, et al. Activated neutrophils secrete stored alpha 1-antitrypsin. Am J Respir Crit Care Med. (1996) 154:1829–33. doi: 10.1164/ajrccm.154.6.8970377

37. Hurley, K, Lacey, N, O'Dwyer, CA, Bergin, DA, McElvaney, OJ, O'Brien, ME, et al. Alpha-1 antitrypsin augmentation therapy corrects accelerated neutrophil apoptosis in deficient individuals. J Immunol. (2014) 193:3978–91. doi: 10.4049/jimmunol.1400132

38. Martins-Green, M, Petreaca, M, and Wang, L. Chemokines and their receptors are key players in the orchestra that regulates wound healing. Adv Wound Care. (2013) 2:327–47. doi: 10.1089/wound.2012.0380

39. Werner, S, and Grose, R. Regulation of wound healing by growth factors and cytokines. Physiol Rev. (2003) 83:835–70. doi: 10.1152/physrev.2003.83.3.835

40. Berlanga-Acosta, JA, Guillén-Nieto, GE, Rodríguez-Rodríguez, N, Mendoza-Mari, Y, Bringas-Vega, ML, Berlanga-Saez, JO, et al. Cellular senescence as the pathogenic hub of diabetes-related wound chronicity. Front Endocrinol. (2020) 11:573032. doi: 10.3389/fendo.2020.573032

41. Payne, WG, Naidu, DK, Wheeler, CK, Barkoe, D, Mentis, M, Salas, RE, et al. Wound healing in patients with cancer. Eplasty. (2008) 8:e9.

42. Li, Y, Miao, L, Yu, M, Shi, M, Wang, Y, Yang, J, et al. α1-antitrypsin promotes lung adenocarcinoma metastasis through upregulating fibronectin expression. Int J Oncol. (2017) 50:1955–64. doi: 10.3892/ijo.2017.3962

43. Chang, YH, Lee, SH, Liao, IC, Huang, SH, Cheng, HC, Liao, PC, et al. Secretomic analysis identifies alpha-1 antitrypsin (A1AT) as a required protein in cancer cell migration, invasion, and pericellular fibronectin assembly for facilitating lung colonization of lung adenocarcinoma cells. Mol Cell Proteomics. (2012) 11:1320–39. doi: 10.1074/mcp.M112.017384

44. Shakya, R, Tarulli, GA, Sheng, L, Lokman, NA, Ricciardelli, C, Pishas, KI, et al. Mutant p53 upregulates alpha-1 antitrypsin expression and promotes invasion in lung cancer. Oncogene. (2017) 36:4469–80. doi: 10.1038/onc.2017.66

45. Zhao, Z, Ma, J, Mao, Y, Dong, L, Li, S, and Zhang, Y. Silence of α1-antitrypsin inhibits migration and proliferation of triple negative breast cancer cells. Med Sci Monit. (2018) 24:6851–60. doi: 10.12659/MSM.910665

46. Guttman, O, Baranovski, BM, Schuster, R, Kaner, Z, Freixo-Lima, GS, Bahar, N, et al. Acute-phase protein α1-anti-trypsin: diverting injurious innate and adaptive immune responses from non-authentic threats. Clin Exp Immunol. (2015) 179:161–72. doi: 10.1111/cei.12476

47. Guttman, O, Freixo-Lima, GS, Kaner, Z, Lior, Y, Rider, P, and Lewis, EC. Context-specific and immune cell-dependent antitumor activities of α1-antitrypsin. Front Immunol. (2016) 7:559. doi: 10.3389/fimmu.2016.00559

48. Al-Omari, M, Al-Omari, T, Batainah, N, Al-Qauod, K, Olejnicka, B, and Janciauskiene, S. Beneficial effects of alpha-1 antitrypsin therapy in a mouse model of colitis-associated colon cancer. BMC Cancer. (2023) 23:722. doi: 10.1186/s12885-023-11195-5

49. Guttman, O, Yossef, R, Freixo-Lima, G, Rider, P, Porgador, A, and Lewis, EC. α1-Antitrypsin modifies general NK cell interactions with dendritic cells and specific interactions with islet β-cells in favor of protection from autoimmune diabetes. Immunology. (2014) 144:530–9. doi: 10.1111/imm.12403

50. Brami, I, Zuckerman, T, Ram, R, Avni, B, Peretz, G, Ostrovsky, D, et al. Altered Serum Alpha1-Antitrypsin Protease Inhibition before and after Clinical Hematopoietic Stem Cell Transplantation: Association with Risk for Non-Relapse Mortality. Int J Mol Sci. (2023) 25(1):422. doi: 10.3390/ijms25010422

51. Brami, I, Ini, D, Sassonker, N, Zaknoun, M, Zuckerman, T, and Lewis, EC. Immunosuppressive drugs alter α1-antitrypsin production in hepatocytes: implications for epithelial gap repair. Biol Blood Marrow Transplant. (2020) 26:625–33. doi: 10.1016/j.bbmt.2019.12.764




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Farber, Wated, Schuster, Sheffer, Anav, Ogen-Shtern, Tsitrina, Tacruri, Bunin, Nagar, Hagbi Bal, Eliyahu, Halpern, Knyazer, Cohen, El-Saied, Lewis, Silberstein and Tsumi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-16-1586039-g001.jpg
A 10% FBS B 0% FBS
100 - 100 24 hrs =
— MitC
- 75 "
) 2 .- MitC/hAAT ~ 75 *
© 1 \ §
@ N — hAAT -
© 50 ‘i\ Q
o W & 50
8 LY a e
25 | 8
25
0
cT hAAT
- mm ATP .,
__ 1000 —
E *
= 800 .
[
2
S 600
_ °
[3 T
sk c 400
8o =]
SE =]
o; % 200
-

CcT hAAT

PBS EGF hAAT PBS EGF hAAT





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Alpha-1 antitrypsin promotes re-epithelialization by regulating inflammation and migration

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            In vitro human keratinocytes gap repair assay: HaCaT cells

          



          		

            In vitro human lung epithelial cell (A549 cells) migration assays

          



          		

            Animals

          



          		

            In vivo corneal abrasion model

          



          		

            Histological analysis and immunohistochemistry

          



          		

            Gene expression analysis

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Enhanced re-epithelialization and cell migration under hAAT-rich conditions in vitro

          



          		

            Topical hAAT treatment accelerates corneal wound healing and re-epithelialization in vivo

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-16-1586039-g002.jpg
IL-1B ] CT IL-6 TNFa
* x 1.5
80- * . heal ns
g ns
% 60 ,] ns 1.0
g ns
& 40 ns
2 20 I_‘
0 0.0
6 12 24 6 12 24 6 12
Time from scratch (hours)
Desmoglein-1 - Plectin Intgrin a6p4
100 s . 1007 s . 100 e
§ 80 go{ [ 7 ms 80 ns
S 60 60 I——‘ 60
[
c 40 40 40
o
& 20 20 20
0 0 0
6 12 24 6 12 24 6 12

Time from scratch (hours)

ns

24

24





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1586039-g004.jpg
Wil | /

x200

Desmoglein-1

Xk % %k

(- 2 |
(&) 'g 1500
Migration zone Corneal 2 <
epithelium ES3
¢ E 1000
&8
ke ? o
<< 500
< S~
: :
i
0

CT hAAT

x400





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu.2025.1586039_cover.jpg
& frontiers | Frontiers in Immunology

Alpha-1 antitrypsin promotes re-
epithelialization by regulating inflammation
and migration





OEBPS/Images/fimmu-16-1586039-g003.jpg
=)
2 100
oh E
(V]
2 80
2
- 60
=
10h © 40
®
T 20
3
= 0
16h 0 4 6 g8 1012 16
Time from wounding (hours)
6h 10h 16h
100 100 100
& &
S o 80 - 80 80
T g | ] 60
'§ - 60
g 2 40 40 40
S 90 20 20
0 0 0

CT hAAT DEX CT hAAT DEX CT hAAT DEX





OEBPS/Images/fimmu-16-1586039-g005.jpg
Fold from sham

Fold from sham

O hAAT

IL-18
15 . O CcT
ns
10
ns ,_|
5
0

6 10 16
Time from wounding (hours)

Desmoglein-1

M = =
3 |_||—|

O CT
1 hAAT

6 10 16
Time from wounding (hours)

IL-1Ra (16 hrs)

3
£
2
s 2
£
o
&E
1
<)
T
0
CT hAAT
Plectin »
3
2
ns ns
0
6 10 16

Ratio per sample

&
-

IL-1Ra/IL-18
0.5 N

[

o
K

=
w

o
(%)

&
=)

CT hAAT

Intgrin a6f4

* kKK





