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Abstract

After corneal epithelial injury, the ensuing inflammatory response is necessary for efficient wound 

healing. While beneficial healing effects are attributed to recruited neutrophils and platelets, 

dysregulated inflammation (too little or too much) is associated with impaired wound healing. The 

purpose of this study was to use an established C57BL/6J mouse model of corneal injury to 

evaluate the potential modulatory role of interleukin-20 (IL-20) on the inflammatory and healing 

responses to epithelial wounding. In the uninjured cornea, immunofluorescence staining for IL-20 

and its receptor, IL-20RA, was observed on basal epithelial cells at the limbus. After a 2mm 

central epithelial abrasion, IL-20 staining was also observed in stromal keratocytes and ELISA 

studies showed a significant increase (nearly 3-fold) in IL-20 expression. Injured corneas healed 

more slowly when treated with a topical application of a neutralizing anti-IL-20 antibody. While 

corneal epithelial cell division and epithelial nerve recovery measured at 24 hours post-injury were 

reduced compared to controls, neutrophil influx into the cornea was increased. In contrast, topical 

application of recombinant IL-20 (rIL-20) decreased corneal inflammation as evidenced by 

reductions in limbal vessel dilatation, platelet extravasation, neutrophil recruitment and CXCL1 

expression. In wild type mice, topical rIL-20 had a limited effect on corneal wound healing and 

resulted in only a slight increase in epithelial cell division and epithelial nerve recovery; the rate of 

wound closure was unaffected. To clarify the effect of IL-20 on corneal wound healing, rIL-20 was 

topically applied to neutropenic wild type (WT) mice and mutant mice (γδ T cell deficient mice 

and CD11a deficient mice), all of which have well characterized reductions in neutrophil 

recruitment and delayed wound healing after corneal injury. In each case, rIL-20 restored corneal 

wound healing to baseline levels while neutrophil recruitment remained low. Thus, it appears that 

IL-20 plays a beneficial and direct role in corneal wound healing while negatively regulating 

neutrophil and platelet infiltration.
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Introduction

The stratified epithelium of the cornea contains leukocytes of the innate immune system 1–9 

that reside mostly in the peripheral regions near and within the limbus 4, 5, 7. Animal models 

of epithelial injury reveal rapid accumulation of leukocytes within the avascular dense 

connective tissue stroma and the epithelium. Neutrophils migrate to corneal wounds mostly 

within the anterior stroma 3, 7, 10, lymphocytes, macrophages and dendritic cells migrate 

within both stroma and stratified epithelium 7, 11–13, and platelets after extravasation, 

accumulate in the stroma near limbal vessels 14, 15. In a mouse model, locally produced 

CCL20 attracts CCR6+ IL-17A+ IL-22+ IL-23R+ RORγt+ γδ T cells 7, 14–17 that become 

the most abundant CD3+ lymphocytes in the epithelium within 24 hours after corneal 

wounding 16. In mice deficient in γδ T cells, restoration of normal epithelial stratification 

and basal cell density is deficient even 2 weeks after a defined central epithelial lesion, 

though wildtype mice restore corneal epithelium to preinjury thickness and density within a 

few days 7, 16. IL-22 produced by the γδ T cells 15, 17 directly stimulates epithelial secretion 

of CXCL1, a chemokine that promotes recruitment of neutrophils 17, a source of important 

growth factors (e.g., VEGF-A 15). The importance of IL-22 to corneal wound healing is 

confirmed by experiments in which topical application of neutralizing anti-IL-22 antibody 

markedly diminishes neutrophil recruitment and delays epithelial wound closure. Topical 

application of recombinant IL-22 in mutant mice lacking γδ T cells, the major cellular 

source of IL-22 in the cornea, restores corneal wound healing 17. While the inflammatory 

response induced by epithelial injury directly benefits wound healing, there is potential for 

damage to corneal tissue, as demonstrated in mice 18 with dysregulated control mechanisms 

resulting in excessive neutrophil accumulation 19, 20. Modulatory influences within the 

inflammatory response are critical to effective wound healing. Haworth et al. 21 published 

evidence that NK cells are important for resolution of adaptive inflammation involving 

eosinophil and activated T cell infiltration into the lung. Liu et al. 22 demonstrated in a 

mouse model that γδ T cells are also responsible for significant accumulation of NKp46+ 

NK1.1+ NKG2D+ EOMES+ CD3− CD94− RORγt− IL-22− CD127− NK cells in the 

wounded cornea. These NK cells are important in limiting the tenure of neutrophil 

accumulation in the mouse cornea after epithelial wounding through an NKG2D-dependent 

mechanism. This function is apparently important, tipping the balance of inflammation in 

favor of wound healing. In the current study we analyzed another potential modulatory 

influence on the corneal inflammatory response to epithelial wounding. Recent evidence 

indicates that IL-22 can induce expression in epithelial cells of IL-20, a member of the IL-10 

family of cytokines that is closely related to IL-22. IL-20 is reported to exhibit effects on 

acute inflammatory processes distinct from those of IL-22 23, 24. Here we report that corneal 

tissues express IL-20, and we present evidence that IL-20 promotes wound healing at two 

levels, modulation of neutrophil influx and stimulation of epithelial recovery.

Materials and Methods

Studies were carried out at Baylor College of Medicine (Houston, TX). 8–12 week old mice 

were used for all experiments and mice were treated following the guidelines in the ARVO 

Statement for the Use of Animals in Ophthalmic and Vision Research.
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Corneal abrasion model

Female C57BL/6J wild type mice, as well as γδ T cell deficient mice (TCR−/−) mice and 

CD11a deficient mice (CD11a−/−) on the C57BL/6J background were purchased from 

Jackson Laboratory (Bar Harbor, ME). Neutropenic mice were prepared by intraperitoneally 

injecting anti-Ly6G antibody 25 (0.25mg/mouse, BD Pharmingen, San Jose, CA). A central 

corneal wound was made following an established protocol 16. Briefly, mice were 

anesthetized by intraperitoneal injection of pentobarbital sodium solution (50mg/kg) and a 2 

mm diameter central corneal epithelial region was marked by a trephine and mechanically 

debrided with a golf club spud under a dissecting microscope while taking care not to 

penetrate the basement membrane.

Topical application of IL-20

Every 4 hours over a 24 hour period, wounded wild-type, mutant and neutrophil depleted 

mice were given topical applications of 200ng/ml recombinant mouse IL-20 or neutralizing 

anti-IL-20 antibody (R&D Systems, Minneapolis, MN) dissolved in phosphate buffered 

saline (PBS). Control mice received PBS or non-immune IgG.

Analysis of wound closure

The rate of corneal wound closure was determined using an established protocol 12. Briefly, 

sodium fluorescein solution was applied to the wounded cornea to mark the size of the open 

wound. Images were obtained from time 0, 4, 8, 12, 16, 24 and 36 hours using a digital 

camera and analyzed by Optimus 6.2 software (Media Cybernetics, Rockville, MD).

Immunohistology

Dissected corneas (including limbus) were fixed for 30 minutes in phosphate buffered saline 

(PBS, pH 7.2) containing 2% paraformaldehyde. Fixed corneas were washed in PBS 3 

times, permeabilized with 0.1% Triton X-100 for 30 minutes, and then incubated for 30 min 

with PBS containg 1% bovine serum albumin followed by fluorescent-labeled antibodies 

raised against mouse antigens. Antibodies used were: anti-CD31 (BD Pharmingen, San Jose, 

CA) for detection of blood vessels; anti-β-III tubulin (R&D Systems, Minneapolis, MN) for 

detection of nerves, anti-α-tubulin (Sigma, St. Louis, MO) for detection of mitotic spindles, 

anti-Ly6G (BD Pharmingen, San Jose, CA) for detection of neutrophils and anti-CD41 (BD 

Pharmingen, San Jose, CA) for detection of platelets. For detection of IL-20 and its receptor, 

dissected corneas were incubated with labeled anti-IL-20 (Abcam, Cambridge, MA) or anti-

IL-20RA (Millipore, Billerica, MA) antibodies. Labeled non-immune isotype matched 

antibodies served as controls for non-specific staining. To evaluate IL-20 and IL20RA 

expression in human corneal epithelial cells, we cultured human telomerase human corneal 

epithelial cells (HTCEpi) for 4 hours in KBM-2 medium (Fisher Scientific, Pittsburgh, PA) 

containing 10 units/ml IL-1β (R&D Systems, Minneapolis, MN) after which the cells were 

labeled with anti-IL-20 (Abcam, Cambridge, MA) or anti-IL-20RA (Millipore, Billerica, 

MA) antibodies. Again, labeled non-immune isotype matched antibodies served as controls 

for non-specific staining.
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Microscopic imaging and morphologic evaluation

Immunostained corneas were imaged as whole mounts using a 40X oil immersion lens or a 

20X dry lens mounted on a DeltaVision Core Spectris microscope system (Applied 

Precision, Issequah, WA). Captured images were deconvolved and analyzed using SoftWorx 

software. Platelets were imaged at the limbus using a 20X lens. Deconvolved projected 

images were then used for counting intra- and extra-vascular platelets. Nerves were imaged 

after staining with anti-β-III tubulin antibody and 40X serial epithelial images of the cornea 

at the paralimbus, parawound, wound and wound center were collected at 0.2 μm Z-steps 

through the entire thickness of the epithelium, deconvolved and saved as maximum 

projected images. The projected images were analyzed using a custom nerve tracing 

program (Matlab) that quantifies linear nerve density. Neutrophil counts were made at the 

parawound region using Z-stack images taken at 40X magnification. Dividing basal 

epithelial cells with positively stained mitotic spindles were imaged and counted at the 

limbus, paralimbus, parawound, wound and wound center. For imaging the limbal 

vasculature, overlapping images recorded at 20x were deconvolved, saved as maximum 

projections and stitched together to form multipanel images detailing the entire limbal 

vasculature. Arteriole and venule diameters were measured at 50 μm intervals along the 

entire length of each vessel type and the values obtained were used to compute the average 

arteriole and venule diameters within each cornea.

Neutralization of endogenous IL-20

IL-20 function was blocked by topical application of a neutralizing goat-anti-mouse IL-20 

antibody (R&D Systems, Minneapolis, MN). Briefly, wild type mice received corneal 

epithelial abrasions and were divided into 3 groups. In one group, mice received topical 

application (10μl) of goat-anti-mouse IL-20 antibody dissolved in PBS (200μg/ml). This was 

repeated every 4 hours for 24 hours. Another group of mice received non-immune isotype 

matched IgG, and a third group received only PBS. The rate of corneal wound closure, 

epithelial nerve density, number of dividing epithelial cells and magnitude of the neutrophil 

influx were analyzed and comparisons were made between anti-IL-20 treated and control 

groups.

ELISA assays

IL-20 was analyzed in corneal extracts collected at 0, 24, 48, 72 hours and 7 days after 

epithelial injury using an ELISA kit (R&D Systems, Minneapolis, MN) and following the 

manufacturer’s instructions. Briefly, 10 corneas from each time point were dissected 

(including limbus) and pulverized in 500μL of radioimmunoprecipitation buffer containing 

protease inhibitors (Roche). All samples were stored at −80°C until needed. Mice received 

central corneal epithelial abrasions. The corneas were immediately excised, placed in RPMI 

1640 (6 corneas per ml) and incubated for 6 hours. The culture supernatants were then 

collected and stored at −80°C until analyzed for CXCL1 expression (ELISA kit (R&D 

Systems, Minneapolis, MN) in the following experimental conditions.. The following groups 

were prepared: Unwounded corneas, abraded corneas, abraded corneas incubated with 

recombinant IL-20 (200ng/ml), and abraded corneas incubated with recombinant IL-22 

(200ng/ml).
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Statistical analyses

Data were analyzed using a Student’s t-test or, for multiple comparisons, a two-way analysis 

of variance (ANOVA) followed by a Tukey post-test. Data are expressed as means ± SEM 

and P values ≤0.05 were considered statistically significant.

Results

IL-20 and its receptor subunit, IL20RA, in corneal tissues

In the uninjured cornea, basal corneal epithelial cells at the limbus exhibited punctate 

fluorescence after labeling with anti-IL-20RA while no labeling was observed with non-

immune IgG. Injured corneas gave essentially the same results consistent with the 

interpretation that after central corneal abrasion, IL-20RA was present in the regenerating 

epithelium (Figure 1A, 24 hours post-injury). The use of fluorescence microscopy also 

indicated that IL-20 was present in the basal cells throughout the epithelium after injury 

(Figure 1B, 18 hours post-injury). Additionally, viable keratocytes within the peripheral 

regions of the corneal stroma showed positive staining for IL-20 after epithelial injury 

(Figure 1C, 18 hours post-injury). This experimental approach failed to reveal labeled 

antibody binding in corneal macrophages, though macrophages in other tissues have been 

reported to contain IL-20 26.

ELISA studies indicating that IL-20 was present in the mouse cornea involved pooling 

corneas at different times after central epithelial abrasion. The values obtained in fluid 

extractions of these corneas were ~7 pg/ml from corneas injured only by removing them 

from the eye, and ~ 19 pg/ml for corneas receiving abrasions in vivo and collected for 

analysis out to 7 days post-injury (Figure 1D, 10 corneas pooled at each time point).

Using fluorescence microscopy to detect labeled antibodies against human IL-20 and human 

IL-20RA provided evidence for these antigens in a cultured human corneal epithelial cell 

line (HTCEpi cells) stimulated for 4 hours with an inflammatory cytokine (IL-1β, 10 

units/ml; Figures 1E and 1F).

IL-20 and corneal wound healing

To investigate the role of IL-20 in corneal wound healing, abraded mouse corneas received 

topical applications of a neutralizing anti-IL-20 antibody, an isotype matched non-immune 

IgG or vehicle (PBS). The rate of epithelial wound closure was reduced compared to 

controls when anti-IL-20 was applied, and in contrast to controls, the wound remained open 

at 24 hours (Figures 2A, B, n=5, p<0.001). Corneal epithelial cell division measured at 24 

hours after epithelial abrasion was reduced at the limbus, paralimbus and parawound 

compared to controls when anti-IL-20 antibody was applied topically (Figures 2C, n=5 

p<0.01, p<0.001 and p<0.001, respectively). Similarly, anti-IL-20 impaired epithelial nerve 

recovery at the paralimbus and parawound (Figure 2D, n=5 p<0.05 and p<0.01, 

respectively). In contrast to these measures of wound healing, neutrophil influx into abraded 

corneas at 24 hours post-injury was increased with topical application of anti-IL-20 (Figure 

2E, n=5 p<0.01).
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Topical rIL-20 and the inflammatory response to corneal epithelial abrasion

Topical rIL-20 (200 ng/ml) or vehicle (PBS, control) was applied to the cornea every 4 hours 

for 24 hours after epithelial abrasion before inflammatory parameters were analyzed. 

Uninjured corneas served as additional controls. Inflammatory parameters evaluated at 24 

hours post-injury were: 1) limbal arteriole and venule dilatation, 2) platelet recruitment in 

and around the limbal vessels and 3) extravasation of neutrophils into the corneal stroma. All 

three measures of inflammation were reduced (in mice receiving topical rIL-20 as shown in 

Figure 3).

In a previous study, we showed that levels of CXCL1 (a potent PMN chemoattractant) in the 

cornea increased after epithelial abrasion and this increase mirrored the increase in PMN 

infiltration12. Most cell types can produce CXCL1, including PMNs. We wished to 

determine if the reduction in PMN infiltration observed after topical application of rIL-20 

was associated with decreased corneal production of CXCL1. An in vivo experiment 

documenting reduced CXCL1 expression would not distinguish between decreased CXCL1 

levels resulting from reduced PMN infiltration and decreased CXCL1 levels resulting from 

diminished corneal production. For this reason, an ex vivo model was chosen to evaluate 

CXCL1 levels in supernatants of unwounded and wounded mouse corneas incubated in 

culture medium containing rIL-20 without the potentially confounding effects of the 

inflammatory response. Supernatants analyzed by ELISA showed that in corneas cultured 

for 6 hours without injury other than the trauma of excising the cornea, the culture medium 

contained 606 pg/ml of CXCL1. Corneas with a 2 mm diameter epithelial abrasion yielded 

1070 pg/ml CXCL1 in the medium. Abraded corneas yielded 1601 pg/ml of CXCL1 with 

rIL-22 added to the culture medium. In contrast, abraded corneas with rIL-20 added to the 

culture medium yielded 351 pg/ml.

Topical IL-20 and corneal wound healing

Wildtype mice received topical applications of recombinant IL-20 (rIL-20) or PBS after 

epithelial abrasion. At 24 hours post-injury, the rate of wound closure in corneas treated with 

rIL-20 was not significantly different from controls (Figure 4A, (n=4)) whereas there was a 

mean increase in dividing epithelial cells in the paralimbal region (Figure 4A, (n=4, 

p<0.001). There was a small influence on epithelial nerve density near the wound center at 

24 hours after abrasion following application of rIL-20 (n=4, p<0.001).

Following a corneal abrasion, the ensuing inflammatory response is necessary for efficient 

wound healing12, 14, 15. Given the limited effect of topical rIL-20 in wildtype mice, mice 

with reduced wound healing induced by specific interventions were analyzed for a possible 

influence of topical rIL-20 on healing. Three interventions that have been shown to 

significantly reduce healing of corneal abrasions were assessed: 1) systemic anti-Ly6G 

antibody administration, which results in neutropenia15, 2) TCRδ−/− mice, deficient in γδ T 

cells 7, 15, 17 and 3) CD11a−/− mice18. Each intervention shows a reduced inflammatory 

response to epithelial abrasion and a marked delay in wound healing. Topical application of 

rIL-20 compensated for the loss of beneficial effects provided by a normal inflammatory 

response and increased the rate of wound closure, numbers of dividing epithelial cells and 

extent of epithelial nerve recovery at 24 hours in these mice (Figure 5).
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Discussion

The results of this study are consistent with the conclusion that the cytokine, IL-20, is 

present in corneal tissue during wound healing and influences the reaction of corneal tissues 

to epithelial injury. This conclusion is based on interpretation of the results in this report as 

follows: 1) In the abraded mouse cornea, epithelial cells and keratocytes stained positively 

for IL-20, IL-20 levels in the cornea increased after abrasion, and the corneal basal 

epithelium was positive for the IL-20 receptor subunit IL-20RA. 2) In wildtype mice, topical 

application of a neutralizing antibody against IL-20 delayed epithelial wound closure, 

epithelial cell division and epithelial nerve recovery, and it enhanced neutrophil and platelet 

infiltration. 3) Topical application of rIL-20 to the injured corneas of wildtype mice inhibited 

neutrophil and platelet recruitment, an effect possibly linked to an associated reduction in 

CXCL1 chemokine expression demonstrated in an experiment ex vivo. 4) Topical 

application of rIL-20 to the injured corneas of neutropenic, TCR−/−, CD11a−/− mice 

enhanced wound healing as evidenced by accelerated wound closure, increased epithelial 

cell division and enhanced nerve recovery. Mutant mice deficient in γδ T cells (TCRδ−/−) 

and CD11a (CD11a−/−), and neutrophil-depleted mice each have reduced neutrophil 

recruitment and an associated delay in corneal wound healing 7, 12, 18. Thus, it appears that 

IL-20 plays a beneficial and direct role in corneal wound healing while negatively regulating 

neutrophil and platelet infiltration.

IL-20 participates in tissue repair and wound healing by inducing genes regulating cell 

proliferation 26 and promoting host protection by releasing antimicrobial peptides 27. IL-20 

induces keratinocyte proliferation and differentiation in normal skin, and activates a STAT3-

dependent pathway, promoting cell proliferation as shown in human keratinocyte and 

glioblastoma cell lines 28, 29. IL-20 apparently plays a role in diseases like psoriasis 30–32 

and rheumatoid arthritis 33, 34 through a chronically elevated expression that results in 

excessive stimulation of epithelial cell division. Our observations in the present study are 

consistent with functions of IL-20 in other tissues, promoting epithelial proliferation and 

wound healing. In that regard, IL-20 shares activity with IL-22, previously shown to 

promote epithelial proliferation and wound closure in the cornea 17 and skin 23. It appears 

that both IL-20 and IL-22 are involved in corneal epithelial wound healing since blocking 

antibodies to either inhibit healing 23, and topical recombinant IL-20 or IL-22 restores 

healing in murine models with deficient healing.

Beyond the direct effects of IL-20 and IL-22 on epithelial cells, they influence innate 

immune functions. In the present study, they exhibit distinctions that are potentially 

significant to wound healing of the cornea. Sa et al. 26 using gene expression analysis found 

that IL-20 and IL-22 induced correlated expression profiles from reconstituted human 

epidermis, but there were some important differences. IL-22 is a potent inducer of 

chemokines such as IL-8, CXCL7 and CXCL1. IL-20 exhibits very limited ability to induce 

expression of these chemokines, and in studies by Myles et al. 35, IL-20 was found to inhibit 

cutaneous production of IL-1β and IL-17A, two cytokines critical to development of an 

innate inflammatory response. It appears that these two cytokines may influence innate 

inflammation distinctly. In a dermal infection model with methicillin-resistant 

Staphylococcis aureus, IL-20 promotes infection 35. In contrast, IL-22 has been shown to 
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serve a protective role in infection models 23. Thus, observations in the current model of 

corneal epithelial abrasion are apparently consistent with the effects of IL-20 and IL-22 in 

other tissues. Recombinant IL-20 reduced the production of CXCL1, a proinflammatory 

chemokine, by abraded mouse corneas while rIL-22 enhanced its production. Further, 

topical rIL-20 reduced limbal vessel dilatation, neutrophil influx and platelet extravasation in 

abraded corneas (Figure 5). In published studies we found that topical rIL-22 restored 

corneal healing and leukocyte influx in TCRδ−/− mice 17.

A general model for the contribution of IL-22 and IL-20 to wound healing in the cornea 

appears to be that these two cytokines, derived from different cellular sources within the 

cornea, directly promote epithelial proliferation with attendant recovery of the epithelium 

including regeneration of epithelial nerves. Injury-induced innate inflammatory responses 

contribute to corneal wound healing 3, 7, 10–15, but in excess can cause tissue injury 18. In 

epithelial abrasion injury to the cornea, IL-22 induces inflammation and IL-20 inhibits 

inflammation. Their presence within the cornea in the days after wounding, along with 

immigrating NKG2D+ IL-22− NK cells 22, 36, modulates the inflammatory response, 

maintaining a healing environment.
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HIGHLIGHTS

• Interleukin-20 (IL-20) is present in the mouse cornea during wound healing

• Antibody neutralization of IL-20 delays epithelial wound healing

• Topically applied recombinant IL-20 inhibits leukocyte recruitment

• IL-20 plays a beneficial and direct role in inflammation and corneal wound 

healing
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Figure 1. 
IL-20 and IL-20RA are detected in the mouse cornea. (A) Binding of TRITC-anti-IL-20RA 

or TRITC-IgG to normal mouse corneal epithelium. (B) Binding of FITC-anti-IL-20 or 

FITC-IgG to normal mouse corneal epithelium, and (C) to stromal keratocytes. (D) ELISA 

determinations of IL-20 from extracted corneas without wounding and at various times after 

central epithelial abrasion (n=10 corneas pooled at each timepoint; ** p<0.01). (E) Human 

epithelial cell line (HTCEpi cells) stained with FITC-anti-IL-20 or FITC-IgG and (F) with 

TRITC-anti-IL-20RA or TRITC-IgG.
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Figure 2. 
Corneal wound healing in wildtype mice. (A) Representative images of open wounds 

revealed by topical fluorescein solution. (B) Percentage of open wound area over time after 

wounding (n=5, *** p<0.001). (C) Dividing epithelial cells in five regions of the cornea at 

24 hours after epithelial abrasion (n=5, ** p<0.01 and *** p<0.001). (D) Nerve density in 

the epithelium in four regions of the epithelium at 24 hours after abrasion (n=5, * p<0.05 

and ** p<0.01). (E) Neutrophil counts in the paralimbal region of the corneal stroma at 24 

hours after abrasion (n=5, *** p<0.001). L, limbus; PL, paralimbus; PW, parawound; W, 

wound margin; WC, wound center.
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Figure 3. 
Effects of topical rIL-20 on inflammatory changes induced by central corneal epithelial 

abrasion. Representative photos of limbal vessels at 24 hours after corneal epithelial 

abrasion in mice treated topically with PBS (A) or rIL-20 (B). Stained tissues showing 

vessels (red) with extravasating platelets (green) (A, B), and showing arterioles (▶) and 

venules (↓) with diameters marked (lines). Data on vessel diameters are plotted (C, D, n=4, * 

p<0.05 and ** p<0.05) and data on platelet and neutrophil extravasation are plotted. (E, F, 

n=4, *** p<0.001)
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Figure 4. 
Effects of topical rIL-20 on corneal wound healing in wildtype mice. Corneas were treated 

topically with rIL-20 and compared to controls treated with PBS. (A) Wound closure was 

evaluated as shown in Figure 2A. (B) Dividing epithelial cells were evaluated in the regions 

indicated at 24 hours after epithelial abrasion (n=5, *** p<0.001). (C) Epithelial nerve 

density was determined in the corneal regions indicated at 24 hours after abrasion (n=5, *** 

p<0.001). L, limbus; PL, paralimbus; PW, parawound; W, wound margin; WC, wound 

center.
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Figure 5. 
Effects of topical rIL-20 on corneal wound healing. Mice with reduced wound healing 

resulting from deficiency of neutrophils (anti-Ly6G treatment), γδ T cells (TCRδ−/−), or 

integrin CD11a (CD11a−/−) were treated topically with rIL-20 or PBS. Three parameters of 

healing were evaluated: closure of a 2 mm central epithelial abrasion over a 24 hour 

observation period, numbers of dividing epithelial cells in the regions indicated at 24 hours 

after epithelial abrasion, and nerve density in the recovering epithelium at 24 hours after 

central epithelial abrasion. L, limbus; PL, paralimbus; PW, parawound; W, wound margin; 

WC, wound center. (n=4, * p<0.05, ** p<0.01 and *** p<0.001).
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