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Abstract

Impaired corneal wound healing that occurs with ocular surface disease, trauma, systemic disease, 

or surgical intervention can lead to persistent corneal epithelial defects (PCED), which result in 

corneal scarring, ulceration, opacification, corneal neovascularization, and, ultimately, visual 

compromise and vision loss. The current standard of care can include lubricants, ointments, 

bandage lenses, amniotic membranes, autologous serum eye drops, and corneal transplants. 

Various inherent problems exist with application and administration of these treatments, which 

often may not result in a completely healed surface. A topically applicable compound capable of 

promoting corneal epithelial cell proliferation and/or migration would be ideal to accelerate 

healing. We hypothesize that human growth hormone (HGH) is such a compound. In a recent 

study, HGH was shown to activate signal transducer and activators of transcription-5 (STAT5) 

signaling and promote corneal wound healing by enhancing corneal epithelial migration in a co-

culture system of corneal epithelial cells and fibroblasts. These effects require an intact 

communication between corneal epithelia and fibroblasts. Further, HGH promotes corneal wound 

healing in a rabbit debridement model, thus demonstrating the effectiveness of HGH in vivo as 

well. In conclusion, HGH may represent an exciting and effective topical therapeutic to promote 

corneal wound healing.
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I. INTRODUCTION

Corneal wound healing is a highly regulated process that requires the proliferation and 

migration of epithelial cells,1 interactions between epithelial cells and stromal fibroblasts, 

and actions of various growth factors and cytokines.2,3 Rapid re-epithelialization of the 

injured area is extremely important in reducing the risk of potentially blinding microbial 

superinfection and corneal opacification. When the process is altered by ocular surface 

disease, trauma, systemic disease, and/or surgical intervention, corneal epithelial wound 

healing can be delayed, leading to corneal defects that will not “close.” These persistent 

corneal epithelial defects (PCED) result in corneal scarring, ulceration, opacification, 

corneal neovascularization, and, ultimately, visual compromise and loss of vision.1

There is an unmet need for a therapy that could help heal the cornea 

pharmacotherapeutically. Currently, “bandage” methods are used to help re-epithelialize a 

cornea. These may include aggressive lubricants, debridement and patching, application of a 

bandage contact lens,4 human amniotic membrane,5 use of autologous serum6,7 as a 

supernatant to provide necessary growth factors, and suturing of the lids via a tarsorrhaphy.8 

In severe cases, a conjunctival graft may be placed over the cornea.9 Often, PCEDs recur 

and are costly to the patients and the healthcare provider.

Agents that can accelerate wound closure by increasing the migration and proliferation of 

corneal epithelial cells are of interest because of their potential benefit for patients with 

persistent epithelial damage from dry eye, surgical or non-surgical trauma, refractive 

interventions, corneal abrasion, non-healing corneal ulcers, and neurotrophic corneas 

secondary to diabetes, cranial nerve palsies, and herpetic keratitis.1 Such patients could 

benefit significantly from a topical preparation that could stimulate the epithelial cells to 

migrate and proliferate and thus heal.

II. Characteristics of Persistent Corneal Epithelial Defects

A. Prevalence

PCED can be defined as a loss of the integrity of the corneal surface and or a defect in the 

epithelium caused by injury or disease, which does not heal within the usual timeframe of 

several days, but persists for weeks or even months. The condition generally has a duration 

of less than 1 year, but it can recur years later. Underlying disease states that may result in 

such defects include exposure keratopathy, limbal stem cell deficiency, previous herpes 

simplex or herpes zoster infection, diabetic keratopathy, neurotrophic keratopathy, and 

severe dry eye. The defects can also be associated with corneal transplant surgery or diabetic 

vitrectomy used to treat these diseases.10,11

The actual incidence of PCED is not known but can be estimated based on assumptions 

regarding the likely causes of PCED; i.e., the incidences of the underlying conditions can be 

used to estimate the number of cases of PCED. Overall, the estimated number of PCEDs per 

year in the United States (U.S.) is roughly 73,434 −99,465 cases, based on a recent U.S. 

population of approximately 314,037,169 (http://www.census.gov/population/www/
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popclockus.html). Thus, the total incidence of PCEDs is less than 200,000 in the US and is 

therefore considered an orphan disease in this region.

B. Causes

1. Exposure Keratopathy—Exposure keratopathy is the result of incomplete lid closure 

(lagophthalmos) that causes drying of the cornea despite normal tear production.12 Among 

the causes of exposure keratopathy are cranial nerve palsy, aneurysm, herpes infection, and 

lid malposition. No data have been identified concerning the prevalence of PCED in patients 

with exposure keratopathy; however, the number of cases is expected to be quite low.

2. Limbal Stem Cell Deficiency—Limbal stem cell deficiency is a disease in which the 

stem cell functions of the limbus and the barrier function of the limbus fail. LSCD can result 

from trauma or disturbance due to autoimmune processes or infectious or neoplastic 

conditions. The reduced ability of limbal stem cells to divide and repopulate the cornea as 

epithelial cells leads to an unstable epithelial surface, pain, decreased vision, and stromal 

scarring.13 Corneal epithelial defects appear and fail to heal normally.14

3. Herpes Simplex—The incidence of ocular herpes simplex in the U.S. is 20.7 per 

100,000 person-years, and the prevalence is 149 per 100,000 persons.6,15 Corneal 

complications in patients with herpes simplex are of two main types: epithelial keratitis 

involving inflammation of the cells that form the surface layer of the cornea, and stromal 

keratitis involving inflammation of the middle layer (stroma) of the cornea. The effects of 

herpes simplex keratitis include scarring, tissue destruction, neovascularization, glaucoma, 

and PCED. Of the ocular herpes simplex cases in the U.S., 72% had corneal-epithelial 

involvement.16 No more than 46,804 episodes of herpes simplex virus with corneal-

epithelial involvement are estimated to occur per year. The number of cases of PCED is 

likely overestimated, because not all ocular herpes simplex ocular infections with corneal-

epithelial involvement can be identified as PCED.

4. Herpes Zoster—Herpes zoster ophthalmicus, or ocular shingles, is a rash that involves 

the divisions of the cranial V nerve that innervates the skin around the upper and lower 

eyelid, forehead, and scalp. Neurotrophic keratitis can be the end result, with decreased 

corneal sensation from herpes zoster virus-mediated destruction, including susceptibility to 

mechanical trauma, decreased lacrimation, and delayed epithelial healing due to decreased 

corneal sensation. The incidence of herpes zoster ophthalmicus in the U.S. is 40,000–60,000 

cases per year. Ocular involvement occurs in 25%–50% of these cases, with neurotrophic 

keratopathy developing in 16%.17 An estimate of corneal involvement is roughly 1,600–

4,800 cases of herpes zoster ophthalmicus-related neurotrophic keratopathy per year.

5. Diabetic Keratopathy—Diabetic keratopathy has been estimated to occur in 47%–

64% of diabetic patients during the course of their disease,18,19 and people with diabetes 

have an increased risk of developing epithelial fragility, corneal epithelial defects, recurrent 

epithelial erosions, decreased sensitivity, abnormal wound healing, increased susceptibility 

to injury, and non-healing or infected corneal ulceration. Recurrent corneal erosions in 

patients with diabetes are usually post-traumatic and can be the result of apparently mild 
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epithelial breakdown following cataract or vitreoretinal surgery.20 Neuropathic keratopathy 

is a possible complication of diabetes, which can cause corneal epithelial defects due to a 

lack of innervation and sensation.21 No data are available on the prevalence of PCED in 

patients with diabetic keratopathy.

6. Neurotrophic Keratopathy—Neurotrophic keratopathy is a degenerative disease of 

the corneal epithelium resulting from impaired corneal innervation. A reduction in corneal 

sensitivity or complete corneal anesthesia is the hallmark of this disease and is responsible 

for producing epithelial keratopathy, PCED, ulceration, and perforation.22 It is most 

commonly due to herpes infection, chemical injury, or trauma. No data are available on the 

prevalence of PCED in patients with neurotrophic keratopathy.

7. Corneal Transplantation—The number of corneal transplants (also referred to as 

penetrating keratoplasty or corneal graft) in 2011 was 46,081 (Eye Bank Association of 

America). The incidence of corneal PCED following corneal transplants is 16.4%.23 

Therefore, 7,558 PCEDs per year are due to corneal transplant.

8. Diabetic Vitrectomy—In the U.S., 250,000 vitrectomy surgeries are performed 

annually,24 with an estimated 25%–53% performed on diabetic patients. The frequency of 

epithelial debridement during diabetic vitrectomy is estimated at 17.4%.25 Corneal epithelial 

defects were found in 22.8% of eyes at 2 weeks after corneal epithelial debridement during 

diabetic vitrectomy.26 A simple calculation of these data would estimate 2,480–5,257 

PCEDs resulting from diabetic vitrectomy per year.

9. Severe Dry Eye—PCED can occur in the setting of severe dry eye, such as mucin-

deficient dry eye in patients with Stevens-Johnson syndrome or ocular cicatricial 

pemphigoid, or in patients with lacrimal gland dysfunction (e.g., Sjogren disease). The 

prevalence of dry eye disease ranges from 8%–15% in the U.S. and 5.5%–34%, when data 

from Asia and Australia are included.27 In general, about 10% of dry eye cases are classified 

as severe.28 The prevalence of severe dry eye was reported to be 2.3% among a U.S. 

Hispanic population.29 About 5 million people over the age of 50 suffer from dry eye in the 

U.S.27

10. Corneal Burns—The incidence of ocular trauma is 3.1 cases per 1,000 person-

years,30 and chemical or thermal burns comprise 7.7%–18% of all ocular traumas.31 Limited 

data exist on the number of corneal burns that progress to development of PCED; however, 

chemical and thermal corneal burns are a leading cause of LSCD.13

III. Treatment of Persistent Corneal Epithelial Defects

A. Current Treatments

The current standard of care for PCED is variable and includes various types of “bandage” 

treatments or growth modulators, such as lubricants, patching, bandage contact lens, 

autologous serum, amniotic membranes grafts, and even corneal transplants.11,32,33 The goal 

is to cover and protect the corneal epithelial defect and allow proliferation of limbal stem 

cells and migration of mature corneal epithelial cells to heal the epithelial defects.
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Lubricants alone, although efficacious for mild dry eye and corneal abrasions in healthy 

eyes, are generally insufficient to treat PCED. Additional therapies can help create an 

environment conducive to healing by decreasing friction on the cornea from the lids and 

creating a moist environment via patching, bandage contact lenses, and amniotic membrane 

(AM). Of these, bandage contact lenses and AM grafts tend to be the most effective.

AM, the innermost layer of the placenta, contains quantities of HGH34 and growth factor 

proteins (e.g., epidermal growth factor [EGF], keratocyte growth factor [KGF], and basic 

fibroblast growth factor [bFGF]),35 along with various cytokines and proteinase 

inhibitors.36 AM may facilitate epithelial migration/healing when used as a temporary 

biologic dressing (i.e., patch) following corneal wounding, while the growth factors/

cytokines could decrease inflammatory response.37,38 However, the contradictory actions of 

some of the growth factors/cytokines contained within the AM renders a suboptimal 

approach to encourage healing. Use of human AM is also limited due to cost and to 

preparation procedures that may attenuate its healing properties. In the U.S., only processed 

and sterilized/dried AM can be used, and since fragile biologics may be destroyed during 

preparation, the extent to which these products are able to deliver bioactive cytokines and 

growth factors is questionable. Reported complications related to the use of AM include 

potential for post-operative infection, loosening or dislocation of the transplanted membrane 

due to loosening/breaking of the sutures, hemorrhage under the membrane, and early 

disintegration of the membrane.39,40

Numerous studies have been published on both preclinical and clinical use of autologous 

serum, amniotic fluid, and or umbilical cord serum. The efficacy demonstrated with 

autologous serum is of particular interest. This serum, loaded with cytokines, chemokines, 

and proteins (i.e., growth factors), has had excellent efficacy in treating numerous ocular 

surface conditions and, in particular, PCED.6,41,42 However, use of autologous serum is not 

an approved therapy, and it is costly, time- and resource-intensive, and inconvenient for the 

patient. For example, autologous serum has inherent collection, logistic and application 

issues requiring the drawing of blood, its shipment to a registered compounding facility, and 

then shipment back to the patient a week or more later in a frozen serum form to be 

defrosted and applied anywhere from 6–10 times/day.32,33

In severe cases of PCED, especially where limbal stem cells are deficient, limbal stem cell 

transplants and surgical lid closure, i.e., tarsorraphies, and even corneal transplants may be 

necessary.11 Limbal stem cell transplant is indicated when the ocular surface damage has 

reduced the number of stem cells at the limbus that are required to repopulate the cornea,13 

thus creating persistent defects. Such patients present with ocular pain and PCED. 

Autologous conjunctival limbal autografts from the healthy eye have been successfully used 

to treat the contralateral involved eye.43 These confer no risk for rejection; however, the 

process creates the risk for the contralateral eye to develop a limbal stem cell-deficient 

state.44

Because of the limitations of the currently available treatments described above, it is of great 

interest to identify compounds that can accelerate wound closure by activating epithelial 

stem cell differentiation, increasing corneal and conjunctival epithelial cell migration and 
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proliferation, and inhibiting scarring, fibrosis and adhesions. Such compounds could also 

benefit patients with epithelial damage other than PCED, such as occurs with dry eye, 

surgical trauma, refractive interventions, and simple corneal abrasions.

B. Therapies in Development

The fact that human serum contains such proteins as GH, EGF, and IGF-1 may help explain 

why therapy with autologous serum has been successful in clinical studies. It has been 

hypothesized that perhaps it is the intrinsic growth factors that are efficacious in these 

biologic fluids. Several of these growth factors have been examined individually in 

preclinical and clinical settings of PCED.

1. Epidermal Growth Factor—EGF has been shown to increase the healing rate of 

traumatic corneal epithelial defects in a randomized, double-blind, placebo-controlled, 

multicenter clinical trial.45 EGF stimulated proliferation of cultured epithelial cells and 

stromal fibroblasts, stimulated synthesis of fibronectin by epithelial cells, and was 

chemotactic for human epithelial and stromal cells.46 Basic research has demonstrated that 

the mechanism of EGF-stimulated corneal wound healing involves activation of multiple 

intracellular signaling pathways, including phosphoinositide 3-kinase (PI3K)/AKT, protein 

kinase C, and mitogen-activated protein kinase cascade, transcription factors such as nuclear 

factor kappa-light-chain-enhancer of activated B cells (NF-κB), nuclear factor κB subtype-

regulated CCCTC binding factor, and suppression of the eye-specific Pax6 expression.47–51

2. Insulin-Like Growth Factor-1—Insulin-like growth factor (IGF)-1 and IGF-1 

receptor (IGFR) are both expressed in human ocular surface tissues, including corneal and 

conjunctival epithelial cells.52,53 Topical IGF has been shown to improve corneal epithelial 

defects clinically.54–58 In terms of mechanism, IGF-1 may play a role in promoting corneal 

epithelial cell migration, corneal limbal stem cell differentiation into epithelial like cells, and 

corneal nerve regeneration.54–56,59,60 When combined with substance P, IGF-1 promotes 

corneal epithelial migration and has shown efficacy in treating patients with PCED.54–56 

Therefore, the role of IGF-1 may be in differentiation, and it may depend on other relevant 

factors and cellular interactions for corneal epithelial migration.

3. Nerve Growth Factor—NGF and NGFR proteins and mRNAs are present in the 

human cornea.61 NGF has been shown to provide trophic support after neuronal injuries, to 

reverse pathologic nerve changes, and to promote healing.62 Topically applied NGF restored 

corneal integrity in patients with corneal neurotrophic ulcers.63 The mechanism of the 

beneficial effect of NGF on corneal wound healing is thought to involve increased corneal 

epithelial cell migration, fibroblastic-keratocyte differentiation into, and increased MMP-9 

expression, in addition to its well-known neurotrophic actions on the corneal nerves.64–66

4. Human Growth Hormone—HGH is a hydrophilic anabolic protein with a molecular 

weight of 22 kDa composed of 191 amino acids.67 It is a member of the somatotropin/

prolactin family of hormones. It is produced by the anterior pituitary gland and is required 

for normal human growth and development. HGH fosters a healthy body composition 

through various physiological functions: stimulating the expression of IGF, increasing 
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muscle, reducing fat mass, maintaining normal blood glucose levels, and increasing calcium 

retention and bone mineralization.67

a. Systemic Wound Healing: Recombinant HGH (rHGH) is a manufactured protein that 

has been shown to activate cells to divide.68,69 rHGH increases muscle mass, promotes 

lipolysis, augments wound healing, and reduces liver uptake of glucose by activating HGH 

receptors as well as increasing IGF systemically and locally.70–72 It was first approved by 

the U.S. Food and Drug Adminstration (FDA) in 1985 for use in the treatment of growth 

hormone (GH) deficiency, Prader-Willi and Turner syndromes, and other specific medical 

conditions in children and adults.70 This biologic is now available generically from multiple 

sources. There is extensive clinical experience with systemic rHGH in adults and children 

administered for its indicated use in insufficient growth. Furthermore, clinical research has 

shown evidence for rHGH as an off-label therapy for epidermal wound healing in burns and 

for its anabolic affects in trauma.72,73 Clinical data suggest that rHGH may be effective in 

closing cutaneous defects of the epithelium and accelerating wound healing.71,72,74 Animal 

and cell culture studies have shown that GH activates epidermal and epithelial cell migration 

and assists wound healing.75–77

HGH exhibits crosstalk with various growth factors, including IGF-1, EGF, bFGF, and 

NGF, all of which have been shown to have some degree of efficacy in PCED both pre-

clinically and clinically.78–83 It is well established that rHGH upregulates insulin and IGF-1 

systemically, working through the IGF pathway to induce wound healing.84,85 In addition, 

GH enhances the transcription of NGFR.86 Consequently, rHGH is attractive as a possible 

agent to promote corneal epithelial wound healing, as are IGF-1 and NGF, and clinical 

studies are currently being completed to assess the role of HGH systemically for cutaneous 

epithelial wound healing (ClinicalTrials.gov identifier: NCT00673309).

b. Ocular Wound Healing: Little research has been conducted on the effect of GH in the 

cornea. A 1977 study found that GH affected lysosomal glycosidase activity of the sclera 

and cornea.87 Recently, human studies have shown altered thickness and biomechanics of 

the cornea in acromegalic patients and GH-deficient children.88–90 These findings suggest a 

role of GH in the cornea. We hypothesize that HGH can promote corneal wound healing and 

that it does so by activating phospho-STAT5 (p-STAT5) signaling and promoting corneal 

epithelial and fibroblast proliferation and/or migration.91 To test this hypothesis, we 

conducted an in vitro study on cell signaling, proliferation, and migration, using an 

immortalized human corneal epithelial cell line (abbreviated as epithelial cells) and primary 

human corneal fibroblasts (abbreviated as fibroblasts).91 We found a dose-dependent 

increase in p-STAT5 in response to HGH treatment in both the epithelial cells and 

fibroblasts. Further, we observed increased wound closure rate in a co-culture system of the 

epithelial cells and fibroblasts with two methods of co-culturing. With one method, a 

confluent fibroblast layer was grown on an insert with a confluent epithelial cell layer 

underneath on the well in a transwell system; the two cell types were allowed to exchange 

soluble factors in real-time with this method. With the second method, a confluent epithelial 

cell layer was grown directly on top of a confluent fibroblast layer; the two cell types were 

allowed to physically contact each other. Interestingly, the increased wound closure was 
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seen only when the two types of cells were cultured together, i.e., not alone or using 

conditioned media, indicating that HGH does not act on corneal epithelial cells directly to 

stimulate migration, but rather acts through an intact epithelial-fibroblast communication 

system.91 These effects were also not mediated by IGF-1, as pretreatment of cells with a 

IGF-1 receptor blocking antibody did not affect HGH’s ability to stimulate epithelial cell 

migration. Therefore, other soluble factor(s) may mediate the action of HGH on corneal 

epithelial cell migration. We also demonstrated that neither HGH nor IGF-1 has an effect on 

corneal epithelial or fibroblast proliferation.91 This is consistent with a report showing no 

effect of IGF-1 on cornea epithelial cell proliferation in the organ culture,55 but it differs 

from reports that GH promotes human foreskin fibroblast proliferation via increasing 

IGF-1.75,92 These differences may be due to the type of epithelia and fibroblasts (cornea 

versus skin) used.

The beneficial effects of HGH in the in vitro scratch wound test were consistent with 

findings of a New Zealand rabbit study.93 In this pilot in vivo study (see “Supplementary 

Information” following references for details of methods), rabbits with corneal epithelial 

debridement were treated with rHGH delivered from HyStem™, a proprietary crosslinked 

hyaluronic acid (HA) vehicle, or HyStem™ alone (which was applied as a topical drop), and 

both groups were treated with dexamethasone to mimic photorefractive keratectomy clinical 

management in standardized keratorefractive surgery (see Table 1 for experimental plan). 

This study design was partially based on previous work by Schultz et al, who showed that 

EGF, HGH, and dexamethasone delivered through a contact lens delivery system, could 

accelerate wound healing in a New Zealand white rabbit corneal debridement model.94,95 

They showed that the molecular structure of EGF and rHGH were not altered upon release 

from the contact lens hydrogel in the New Zealand white rabbit corneal debridement model. 

Such a local delivery scheme using a polymer vehicle allows a safe and sustainable release 

system translatable to clinical applications and is ideal for delivery of a protein.

Using a similar delivery scheme (HyStem™ as mentioned above), we found that the rHGH 

group healed completely (Figure 1C), whereas in the vehicle group (Hystem™ alone), one 

eye still had a 20% wound area (Figure 1B) by 7 days. The corneal epithelial healing in 

rHGH and the vehicle groups behaved significantly differently as a function of time (p<.

0001 of interaction between treatment and time in repeated measures ANOVA; Figure 1A). 

The healing was accelerated starting from 3 days, with 3 ½ and 4 days significantly 

advanced in the rHGH group (Bonferroni multiple comparisons). The trend of this 

difference was still seen after 5 days and tapered off after 6 days (Figure 1A). Of particular 

interest, the HA vehicle group showed relatively large variances among individual eyes, 

especially at later time points (after 2 days; Figure 1B), whereas the rHGH group showed 

much smaller variances in the percent wound size throughout the study (Figure 1C). In fact, 

F test statistics showed significant differences in variances between vehicle and rHGH 

groups at multiple time points, with the differences more pronounced at later time points 

(Figure 1D). This suggests that rHGH was able to accelerate the epithelial healing in steroid-

induced “slow healers,” resulting in similarly ”fast healing” in all eyes versus a wide range 

of healing speed seen in the control eyes, which received only the vehicle.
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This in vivo work has its limitations. The use of dexamethasone, which served to mimic the 

clinical PRK setting, delayed corneal wound healing, as was reported previously.96,97 

Hence, the healing rate was slow overall (7 days to completely heal instead of the 4 days 

without dexamethasone that is typically observed). The use of HA in HyStem™, a safe and 

sustainable delivery system, may complicate the effect of GH. These may be the reasons for 

the fluctuations in healing in some rabbits of the vehicle group. Nonetheless, this pilot rabbit 

study suggests that rHGH treatment of the corneal wound is safe and effective, and future 

studies without the use of dexamethasone and with more controls are warranted.

C. Future Steps in Development

To further verify the efficacy of HGH in promoting corneal wound healing in vivo, it is 

necessary to develop a local slow-release vehicle to deliver biologics such as HGH to the 

eye. Ocular drug delivery has been a major challenge to pharmacologists and drug delivery 

scientists, due to the unique anatomy and physiology of the eye. Static barriers (different 

tissue layers: cornea, sclera, and retina, including blood-aqueous and blood-retinal barriers) 

and dynamic barriers (choroidal and conjunctival blood flow, lymphatic clearance, and tear 

dilution) pose a challenge for delivery of a drug and/or protein alone or in a dosage form. 

Nevertheless, several novel delivery modifications, such as biodegradable polymers, for 

overcoming these challenges have been developed that allow the molecules to remain stable 

in the polymer and be released in its bioactive state.98,99 The HA hydrogel film developed 

by Jade Therapeutics, Inc., such as was used in the rabbit study presented here, may prove to 

be a suitable delivery vehicle in the ophthalmic space.

IV. Conclusion

PCED can lead to corneal ulceration, scarring, perforation, and loss of vision. Although 

general methods exist to treat PCED (e.g., patching, lubricants, ointments, and, in severe 

cases, amniotic membrane corneal grafting and lid tarsorraphy), no approved 

pharmacotherapy is entirely successful.11 The use of topical autologous serum (not an 

approved therapy) appears to be successful, and it is interesting to speculate that this may be 

due to the application of its inherent growth factors, including HGH. HGH is upstream to so 

many of these growth factors and has intrinsic and well-recognized systemic wound healing 

capabilities, making it an interesting agent for corneal wound healing. We hypothesize that 

HGH can promote corneal wound healing, and our in vitro and in vivo data suggest an 

efficacy of HGH in accelerating corneal wound healing. Future studies are needed to 

investigate the mechanism of HGH action in the corneal wound healing process. The 

availability of rHGH as an approved drug and as a sustained ocular surface drug delivery 

system that can be delivered and developed topically make this a viable and exciting 

potential commercial agent for the treatment of PCED.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

AM Amniotic membrane

bFGF Basic fibroblast growth factor
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EGF Epidermal growth factor

GH Growth hormone

HA Hyaluronic acid

HGH Human growth hormone

IGF Insulin-like growth factor IGFR IGF-1 receptor

KGF Keratocyte growth factor

LSCD Limbal stem cell deficiency

NF-κB Nuclear factor kappa-light-chain-enhancer of activated B cells

PCED Persistent corneal epithelial defect

P13K Phosphoinositide 3-kinase

p-STAT5 Phospho--STAT5

rHGH Recombinant HGH

STAT5 Signal transducer and activators of transcription-5
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Figure 1. 
rHGH promotes corneal epithelial wound closure in vivo. A: Percent remaining epithelial 

defect (baseline being 100%) during 7 days in the control (HyStem alone) and rHGH 

(HyStem + rHGH) groups. Repeated measures ANOVA revealed p<.0001 for the interaction 

of time and rHGH treatment, and Bonferroni multiple comparisons showed significant 

difference between control and rHGH groups after 3 ½ and 4 days (*p<.05, **p<.01). B and 

C: percent wound area during 7 days in individual rabbit eyes in the HyStem and rHGH 

groups, respectively. D: F test values between control and rHGH groups at each individual 

time point, with values <.05 in boldface.
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Table 1

Experimental scheme for rabbit corneal debridement and HGH treatment.

Corneal debridement surgery in New Zealand white rabbits

Vehicle control (HyStem): 40 µl per eye twice/day; topical 40 ul 0.1 
% dexamethasone 4 times/day. Treatment lasted 7 days.

HGH: dissolved in HyStem, with rHGH delivered 4 µg/day; topical 40 
ul 0.1 % Dexamethasone 4 times/day. Treatment lasted 7 days.

Slit-lamp biomicroscopy and fluorescein staining to assess corneal defect twice a day for 4 days and then once a day for days 5–7. Defect size was 
quantified using Image J.
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