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Purpose: To investigate the clinical outcomes of cultivated corneal limbal epithelial transplanta-

tion (CLET) using human amniotic membrane for corneal limbal stem-cell deficiency.

Methods: Prospective, noncomparative case series. Eighteen patients (19 eyes) with severe 

ocular surface diseases were chosen to undergo CLET using human amniotic membrane. 

Twelve eyes received auto-CLET, and seven eyes received allo-CLET. Clinical outcomes of 

corneal surface epithelialization, conjunctivalization, inflammation, visual acuity, graft status, 

and complications were observed.

Results: Corneal epithelium cultivated on amniotic membrane (two to four layers) was 

positive for molecular markers p63, ABCG2, CK3, and CK12. The mean patient age was 

44.7 ± 15.2 years. A successful clinical outcome, defined as corneal epithelialization without 

central conjunctivalization or severe inflammation, was obtained in 14 (73.7%) of 19 eyes (mean 

follow-up 26.1 ± 13.5 months; range 6–47). A histopathologic success, defined as absence of 

goblet cells at the central cornea, was achieved in 12 (63.2%) eyes. Clinical failures occurred 

in five (26.3%) of 19 eyes, and histopathologic failures occurred in seven (36.8%) of 19 eyes. 

Survival analysis at 1 year showed that the clinical success rate was 77.9% and the pathologi-

cal success rate was 72.3%. Fourteen of 19 (73.7%) eyes had visual acuity improvements after 

CLET. Six cases underwent penetrating keratoplasty; five of these grafts remained clear after 

20.4 ± 6.9 months (range, 12–31) of follow-up. Complications included infectious keratitis (three 

cases) and recurrent symblepharon (one case). All complicated cases had lid abnormalities. 

Factors affecting the final clinical outcomes were lid abnormalities, abnormal corneal stromal 

beds, and complications.

Conclusion: CLET can successfully restore ocular surface damage in most cases with corneal 

limbal stem cell deficiency.

Keywords: limbal deficiency, limbal transplantation, corneal epithelial stem-cell transplantation, 

cultivated corneal epithelial stem cells

Introduction
Severe ocular surface diseases, such as Stevens–Johnson syndrome (SJS), thermal 

and chemical injury, and ocular cicatricial pemphigoid, can lead to severe visual loss 

from corneal limbal stem-cell deficiency (LSCD).1–4 These conditions can result in 

an abnormal corneal surface, chronic inflammation, conjunctival epithelial ingrowth 

(conjunctivalization) invading the cornea, corneal vascularization, poor epithelial 

integrity manifested as an irregular surface, recurrent epithelial erosion or persistent 

epithelial ulceration, and destruction of the basement membrane, leading to fibrous 

ingrowth.5 The clinical presentations include photophobia, corneal opacity, corneal 

ulcer, corneal perforation, and decreased or lost vision. Patients with LSCD are poor 
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candidates for conventional penetrating keratoplasty (PK) 

due to the absence of limbal stem cells in the donor corneal 

button. A variety of surgical approaches, such as amniotic 

membrane (AM) and limbal transplantation,1,2,6–9 have 

been proposed to reconstruct the damaged ocular surface. 

In cases with total LSCD, limbal cell transplantation is 

needed. However, in vivo limbal transplantation has some 

limitations and disadvantages, such as donor size inadequacy 

in the autograft and a high incidence of graft rejection in 

allograft transplantation. Recently, cultivated corneal limbal 

epithelial transplantation (CLET) has been described as 

an interesting treatment modality for these patients.10–22 

Compared to conventional keratolimbal allografts, CLET 

requires a smaller amount of donor tissue for cultivation, 

a shorter time to achieve complete corneal epithelialization, 

and less exposure to donor immunity.22

To the best of our knowledge, no previous report has been 

published in Thailand about the treatment of corneal LSCD 

by CLET. It is interesting to investigate the outcome and 

efficacy of CLET for treating severe ocular surface diseases 

in Thai patients. In the current study, we evaluated the use 

of corneal limbal epithelium cultivated on AM.

Materials and methods
Subjects
The study was conducted in accordance with the principles 

of the Declaration of Helsinki; The Committee for the 

Protection of Human Participants in Research at the Faculty 

of Medicine, Siriraj Hospital, Mahidol University, Bangkok, 

Thailand (Siriraj ethics committee number 447/2550 [EC2]) 

approved the study. Adults with LSCD who were willing 

to comply with the protocol provided written informed 

consent before enrollment. The trial was registered with 

ClinicalTrials.gov, identification number NCT01237600.

The inclusion criteria selected for patients who had 

corneal LSCD from many causes, such as SJS, chemical or 

thermal burns, chronic keratitis, or multiple surgeries. LSCD 

diagnosis was based the absence of the limbal palisades of 

Vogt and the presence of conjunctival epithelial ingrowth 

onto the cornea (conjunctivalization), according to slit-lamp 

findings and subsequent confirmation by impression cytol-

ogy that showed goblet cells on the corneal surface. The 

parameters of degree of conjunctivalization, conjunctival 

inflammation, conjunctival scarring, and corneal opacifica-

tion were judged by the principal investigator in all cases. 

The conjunctival inflammation was graded as absent, mild 

(slight hyperemia), moderate (diffuse hyperemia), or severe 

(episcleral or scleral hyperemia). The conjunctival scarring 

was ranged from reticular subepithelial fibrosis to extensive 

symblepharon. Impression cytology was performed by 

applying nitrocellulose filter paper on the central, superior, 

inferior, nasal, and temporal corneal surfaces, followed by 

processing and staining with modified periodic acid-Schiff 

reagent and a modified Harris hematoxylin-eosin stain. 

Exclusion criteria were patients who had severe dry eye 

with total keratinization, patients unwilling to undergo sur-

gery, or patients who could not comply with the follow-up 

schedule. For patients undergoing allografting, the exclu-

sion criteria included patients who had contraindications or 

allergies to cyclosporine. Nineteen eyes of 18 patients with 

LSCD from chemical burns, SJS, multiple eye surgeries, 

drug toxicity, infectious keratitis, or idiopathic causes were 

recruited.

Cultivation of limbal epithelial stem cells
Under local anesthesia, superficial limbal tissue sections of 

2 × 2 or 3 × 1 mm were obtained from the contralateral normal 

eye (for autografting) or from a cadaveric limbal donor (for 

allografting), 2 to 3 weeks before the planned cultivated 

CLET. The limbal tissue was washed in sterile calcium and 

magnesium-free phosphate-buffered saline. The explants 

were treated with 2 IU/mL dispase (Gibco®, Life Sciences, 

Carlsbad, CA) at 37°C for 20 minutes. The denuded AM was 

carefully separated from its nitrocellulose membrane carrier 

and pulled down to adhere to the side of the bottom of the 

insert disc from which membrane was previously removed. 

The limbal epithelium was seeded onto the prepared denuded 

AM fixed on the culture insert disc, which was put on a 

sterile culture plate. The AM was obtained during elective 

cesarean sections with negative tests for infectious diseases 

and kept at −70°C before use. The culture was submerged 

in keratinocyte growth medium for 2 to 3 weeks and then 

exposed to air by lowering the level of the medium (air lifting) 

for 1 to 2 days. The cultures were incubated at 37°C in a 5% 

carbon dioxide and 95% air incubator, and the medium was 

changed on alternate days.

Histologic analysis  
and immunohistochemical study
Hematoxylin-eosin staining and immunohistochemical stain-

ing for stem-cell markers (transformation-related protein 

63 [p63]) and differentiation markers (cytokeratin 3 [CK3], 

cytokeratin 12 [CK12], and cytokeratin 13 [CK13]) were 

performed to evaluate the epithelial characteristics of the 

cultivated limbal epithelium. All immunohistochemical 

studies were stained with the autostainer Ventana XT 
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(Ventana Medical Systems, Inc, Tucson, AZ); 3,3′-
diaminobenzidine (Ventana Medical Systems) was used as 

a chromogen.

Reverse-transcription polymerase chain 
reaction (RT-PCR)
Gene expression in the cultivated limbal epithelium was 

evaluated. The RNA was quantified by its absorption at 

260  nm. Using a housekeeping gene, glyceraldehyde-3-

phosphate dehydrogenase (GAPDH ) as an internal control, 

semiquantitative RT-PCR was used to analyze the mRNA 

expression of different molecular markers: stem-cell markers 

(p63 and ATP-binding cassette subfamily G member 2 

[ABCG2]) and differentiation markers (CK3, CK12, and 

CK13). The resultant PCR product was analyzed by 1.5% aga-

rose gel electrophoresis. The fidelity of the RT-PCR products 

was verified by comparing their sizes to the expected cDNA 

bands and by sequencing the PCR products.

Surgical procedures
The procedures were performed under general anesthesia. 

After conjunctival peritomy (360  degrees for total limbal 

def iciency or less for partial limbal def iciency), all 

abnormal fibrovascular tissue that invaded the corneal 

surface and symblepharon were completely removed. 

Mitomycin C (0.02%; Daehan New Pharm, Seoul, South 

Korea) was applied to the subconjunctival space for 3 to 

5 minutes, followed by vigorous washing with a balanced salt 

solution. The cultivated limbal epithelial sheet with an AM 

carrier was then removed from the culture disc, transferred 

onto the corneal surface, and sutured with 10-0 nylon and 

tissue-adhesive glue. The tissue-adhesive glue (Thai Red 

Cross National Blood Center, Bangkok, Thailand) was made 

with 1 mL of a solution containing 250 IU human thrombin, 

2 mg gentamycin, and 40 mM calcium chloride and 1 mL 

of a solution containing a cryoprecipitate with 10–12 mg 

fibrinogen and 12.5 mg transamine. In cases 7 and 8, in which 

the central cornea was clear, AM with a cultivated epithelial 

sheet was punched out centrally with a 6 mm trephine to 

avoid haze in the visual axis area. A bandage contact lens 

was applied at the end of the surgery.

Postoperative management
Postoperatively, preservative-free 1% methylprednisolone eye 

drops were prescribed hourly during week 1, every 2 hours 

during week 2, four times daily during week 3, and then 

gradually tapered, depending on the degree of ocular sur-

face inflammation. Levofloxacin eye drops (Cravit®; Santen 

Pharmaceutical Co, Ltd, Osaka, Japan) were used four times 

daily for 2 weeks. Preservative-free artificial tears and 20% 

autologous serum eye drops were used frequently to promote 

epithelial healing. Tobramycin/dexamethasone (Tobradex®; 

Alcon  Laboratories, Inc, Fort Worth, TX) eye ointment was 

used at bedtime. The patients were examined daily during 

week 1, at week 2, every month for the first 6 months, and then 

every 2 months. Systemic cyclosporine (2 to 5 mg/kg/day) 

was prescribed after allo-CLET for 6 months and tapered 

gradually until it was stopped after 1 year.

Secondary keratoplasty
A secondary PK was performed 8.3 ±  6.2 months (range 

3–16) after CLET in patients who still had a dense corneal 

scar involving the visual axis. The full-thickness central 

cornea was excised using a Hessburg-Barron trephine with 

a diameter of 7.5 to 8 mm. A 0.5 mm oversized graft was 

secured by 10-0 nylon interrupted sutures or continuous 

sutures. Systemic cyclosporine (2 to 5 mg/kg/day) was pre-

scribed postoperatively to reduce the risk of corneal graft 

rejection.

Clinical outcome evaluation
The postoperative visual acuity (VA) was recorded, and ocu-

lar surface manifestations were examined under a slit-lamp 

biomicroscope. The outcomes were evaluated according 

to the clinical findings (clinical outcome) and impression-

cytology findings (histopathologic outcome). Clinical suc-

cess was defined as stable epithelialization with or without 

peripheral conjunctivalization and no or mild ocular surface 

inflammation. Histopathologic success was defined as the 

absence, determined by impression cytology, of detectable 

goblet cells in the central cornea. Clinical failure was defined 

as instability of the corneal surface, such as a recurrent or 

persistent epithelial defect or severe inflammation with 

total conjunctivalization of the visual axis. Histopathologic 

failure was defined as the presence, determined by impression 

cytology, of goblet cells in the control area.

Statistical analysis
Statistical analyses were performed with SPSS 15.0 software 

(IBM, Armonk, NY). Kaplan–Meier analysis was per-

formed to determine the survival of the CLETs. Factors 

contributing to the clinical outcomes of CLETs were 

determined by the Mann–Whitney test, when the factors 

were continuous data, and by Fisher’s exact test, when the 

factors were in nominal scale. P , 0.05 was considered 

statistically significant.
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Results
Histopathologic and 
immunohistochemistry results
Multiple layers of corneal epithelial cells were grown on 

AM from donor tissue that was 2  mm  ×  2  mm, or from 

3 mm × 1 mm to 2 cm × 2 cm, in 2 to 4 weeks. The aver-

age time of cultivation was 20.3 days (range 17–28) in the 

autograft group and 15.6 days (range 6–19) in the allograft 

group. This technique yielded two to four layers of epithe-

lial cells seen with hematoxylin-eosin staining (Figure 1). 

Immunohistochemistry, studied to detect the presence of 

cornea-specific keratins (CK3, CK12), showed that the 

cultivated corneal epithelial cells were positive for CK3 and 

CK12. There was positive staining for CK13, which dem-

onstrated epithelial non-keratinization. Positive staining for 

p63 indicated the stem-cell properties of these cultivated cells 

(Figure 1). RT-PCR was positive for differentiation markers 

CK3 and CK12 and for the stem-cell markers, ABCG2 and 

p63 (Figure 2).

Demographic and baseline data
Nineteen eyes of 18 patients (12 men, 6 women) were enrolled 

in this study. The mean patient age was 44.7 ± 15.2 years (range 

23–81). Diagnoses included chemical burn (13 eyes), allergy-

induced limbal deficiency (two eyes), SJS (one eye), multiple 

surgeries (one eye), chronic medicamentosa (one eye), and 

p63

H&E

Cultivated cells 

CK12

CK3

CK13

Limbal tissue 

A B

C D

E F

G

JI

H

Figure 1 Histopathologic analysis of limbal tissue (left column) compared with 
cultivated corneal epithelial cells (right column). Hematoxylin-eosin staining of 
the limbal tissue (A) and cultivated epithelial cells (B) show a stratified epithelium 
consisting of two to four layers resting on an AM. Expression of p63 is positive, 
based on immunostaining of limbal tissue (C) and cultivated epithelial cells (D), 
which indicates the cellular property of the corneal epithelial stem’s cultivated 
epithelial sheet. CK3 and CK12 indicate the corneal epithelial phenotype is in the 
limbal tissue (E and G) and cultivated epithelial (F and H) cells. CK13 is in both 
limbal tissue (I) and cultivated epithelial cells (J), indicating a nonkeratinized epithelial 
characteristic.
Abbreviations: AM, amniotic membrane; CK3, cytokeratin 3; CK12, cytokeratin 12;  
CK13, cytokeratin 13; H&E, hematoxylin and eosin.

Cornea

M = 100 bp markers 
1 2 3 4 5 1 2 3 4 5M

1 = CK3

2 = CK12 

3 = CK13 

4 = p63 

5 = ABCG2 

Limbal cultured cells 

Figure 2 RT-PCR study showing expression of differentiation and stem-cell markers 
(CK3, CK12, CK13, ABCG2, and p63).
Notes: The presence of CK3, CK12, and CK13  indicates the nonkeratinized 
corneal epithelial cell property, and ABCG2 and p63  indicate the stem-cell 
property of the limbal cultivated cells. The findings are identical to that of the 
immunohistochemistry study.
Abbreviations: ABCG2, ATP-binding cassette subfamily G member 2; Bp, base pair; 
CK3, cytokeratin 3; CK12, cytokeratin 12; CK13, cytokeratin 13; p63, transformation-
related protein 63; RT-PCR, reverse-transcription polymerase chain reaction.

cytomegalovirus keratitis (one eye). Thirteen (68%) of 

19 eyes were diagnosed with total LSCD, and the other eyes 

were affected partially. The mean postoperative follow-up 

period was 26.1 ± 13.5 (range 6–47) months. Table 1 shows 

the patient demographic data.

Clinical outcomes
Clinical success was achieved in 14 (73.7%) of the 19 eyes, 

and histopathologic success was achieved in twelve (63.2%); 

clinical failure occurred in five (26.3%), and histopathologic 

failure in seven (36.8%) (Table 2). Eyes 2 and 10 achieved 

clinical success but failed histopathologically. Both cases 

had good VA, a clear central cornea, and a smooth ocular 

surface without vascularization or epithelial defects. 

However, fluorescein staining showed a localized area of 

conjunctival staining. The clinical success rates were lower 

in the autograft group (66.7%, 8/12 eyes) than in the allograft 

group (85.7%, 6/7 eyes). However, lid abnormalities were 

more common in the autograft group than in the allograft 

group (in six eyes and in one eye, respectively). In all eyes, 

conjunctival inflammation decreased after CLET. Graft 

rejection, defined as sudden corneal epithelial damage with 

conjunctival inflammation,17 did not occur in any eye. The 

AM carrier contributed to the corneal opacification for only 

two months postoperatively (Figure 3B, H, and K). The AM 

later dissolved and disappeared without interfering with 

vision (Figure 3K and N).

The VA improved after CLET in 13 (68.4%) of 

19 eyes and remained unchanged in five eyes (cases 1, 4, 
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8, 9, 11, and 19) (Table 2). Six eyes required PK, due to 

dense corneal scars (Table  2; Figure  3D–F). Two eyes 

eventually required cataract surgery, one (case 7) after 

CLET (Figure 3G and I) and the other (case 11) after CLET 

and subsequent PK. Overall, the VA improved after CLET 

or CLET combined with another surgery in 14 (73.7%) of 

19 eyes. In case 5, however, after an uneventful keratoplasty, 

the patient developed infectious keratitis that developed 

into a central scar, resulting in finger-counting VA at 

2 feet. The mean time to complete epithelialization after 

CLET was 11.5  ±  18.4  days. However, eight eyes had 

complete epithelialization on the first postoperative day 

(Table 2; Figure 3A–C and J–L). In all cases considered 

clinically successful, not only did the VA improve, but 

also the inflammation and ocular discomfort decreased 

postoperatively. Figure  3  shows the preoperative and 

postoperative clinical manifestations of representative 

cases in the group considered clinically successful. Severe 

symblepharon improved after CLET in three (75%) of four 

eyes (cases 5, 6, 10, and 17).

The histopathologic sections from corneal buttons 

from all eyes (except case 9) that underwent subsequent 

PK had multiple layers of corneal epithelial cells (16, 7, 

16, 4, and 3 months after CLET in cases 2, 5, 6, 11, and 12, 

respectively).Those cells stained positive for p63, CK3, and 

CK12 markers. In case 9, which was considered a failure, 

a persistent epithelial defect developed after CLET and 

continued to develop after PK.

Five eyes were considered clinical failures; these were 

due to various causes, including symblepharon (n  =  1), 

a chronic recurrent epithelial defect from lid abnormalities 

(n = 3), and infectious keratitis (n = 1). Two eyes (cases 2 

and 10) were classified as histopathologic failures, based on 

the presence of goblet cells in the central corneas; but the 

corneas remained clear, with localized conjunctivalization 

staining but good VA (Table 2; Figure 4A–C).

Survival analysis
Kaplan–Meier survival analysis at 1 year showed clinical 

success in 77.9% of the eyes (Figure 5) and histopathologic 

success in 72.3% of the eyes (Figure 6). Analysis of the 

preoperative and postoperative factors affecting the final 

outcome of CLET in the allograft and autograft groups by 

the Mann–Whitney test (for continuous data) and Fisher’s 

exact test (for nominal data) considered P  ,  0.05 as 

statistically significant for all factors. Statistical analysis 

showed that an abnormal Schirmer’s test, lid abnormality 

(P = 0.02), corneal stromal bed abnormality (P , 0.01), 

and late complications (P = 0.04) were found in the clini-

cal failure group more often than in the success group. The 

type of surgery (autografting or allografting) did not affect 

the clinical outcomes.

Complications
In the current study, complications developed in f ive 

eyes during the first year. One eye had recurrent sym-

Table 1 Patient characteristics and types of cultivated limbal epithelial cell transplants

Patient Sex Age (years) Disease Lid abnormality Extent of limbal  
deficiency

Type of cultivated  
limbal transplant

1 Female 52 SJS Yes Total Allograft
2 Female 61 Multiple eye surgeries No Total Allograft
3 Male 80 MMC toxicity No Total Autograft
4 Male 53 Chemical burn Yes 6 clock hours Autograft
5 Male 42 Chemical burn Yes Total Autograft
6 Male 24 Chemical burn Yes 8 clock hours Autograft
7 Female 48 CMV keratitis s/p PK No Total Autograft (annular)
8 Female 44 Chemical burn No Total Autograft (annular)
9 Male 47 Chemical burn Yes Total Autograft
10 Male 49 Chemical burn Yes Total Autograft
11 Male 37 Chemical burn No Total Allograft
12 Male 23 Chemical burn Yes Total Autograft
13 Female 60 Idiopathic, allergic, dry eye No 8 clock hours Allograft
14 Male 35 Chemical burn No 4 clock hours Autograft
15 Male 34 Chemical burn No 9 clock hours Autograft
16 Male 25 Chemical burn No Total Allograft
17 Male 40 Chemical burn No 10 clock hours Allograft
18 Female 60 Idiopathic, allergic, dry eye No 8 clock hours Allograft
19 Female 26 Chemical burn No 9 clock hours Autograft

Abbreviations: SJS, Stevens–Johnson syndrome; MMC, mitomycin C; CMV, cytomegalovirus; s/p PK, status post-penetrating keratoplasty.
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blepharon, three developed infectious keratitis, and 

three developed a chronic recurrent epithelial defect 

due to a lid abnormality (Table  2). All cases with 

infectious keratitis also had lid abnormalities, which 

induced a recurrent epithelial defect. The CLET eyes 

that developed infectious keratitis all eventually failed  

treatment.

Figure 3 Representative slit-lamp photographs show a comparison of the eyes 
before (left column) and after (middle and right column) cultivated limbal epithelial 
transplantation (CLET) in the clinical success group. Patient 3 (A) undergoes 
auto-CLET and 1  day postoperatively the entire corneal surface is covered with 
transplanted cultivated corneal epithelium (B) confirmed by fluorescein staining, 
with no conjunctival cell contamination (C). Patient 6, who has a chemical burn 
(D), undergoes auto-CLET, with resultant decreased corneal neovascularization 
postoperatively at 10 months after CLET (E). Penetrating keratoplasty is performed for 
optical reasons 16 months after CLET and the corneal graft remains clear 18 months 
after keratoplasty (F). Patient 7 underwent a previous penetrating keratoplasty to 
treat cytomegalovirus keratitis (G) with severe inflammation. Two days after auto-
CLET with a 360-degree annular ring of CLET (arrow), the central area is spared (H).  
The corneal graft has recovered and become clear with no conjunctivalization up 
to 34 months after CLET (I). Patient 13, with idiopathic near-total limbal stem cell 
deficiency bilaterally (J), undergoes allo-CLET. The corneal epithelium becomes 
transparent 2 weeks postoperatively (K, arrow), dissolving amniotic membrane 
carrier of CLET; (star), disappeared amniotic membrane) without conjunctivalization 
up to 19 months (L). The visual acuity has improved from 20/800 to 20/40. Patient 16,  
with total limbal stem cell deficiency with upper lid symblepharon and chronic 
inflammation secondary to chemical burn (M), is markedly improved after allo-CLET. 
The clinical appearance at 4 (N) and 14 (O) months postoperatively, and the visual 
acuity has improved to 20/200 for counting fingers half a foot away. 
Note: The visual acuity remains stable up to the last follow-up examination at 
14 months.

Figure 4 Slit-lamp photographs show a comparison of the eyes before (left column) 
and after (middle and right column) cultivated limbal epithelial transplantation 
(CLET) in the histopathologic failure group. Patient 10 (top row) has total limbal 
stem cell deficiency from a severe chemical burn (A). Postoperatively, the patient 
has histopathologic failure but clinical success. Cytology shows goblet cells in the 
central cornea at 12 months, but the central cornea has remained clear with minimal 
haze and no vascularization. The visual acuity at 13 (B) and 29 (C) months remains 
20/125. Patient 9 (bottom row), with limbal stem cell deficiency from a severe 
chemical burn, has marked lid abnormality and corneal stromal destruction (D).  
The patient undergoes auto-CLET. Seven months postoperatively (E), the ocular 
surface has less inflammation and no recurrent symblepharon. However, an epithelial 
defect persists and does not heal after subsequent tarsorrhaphy surgery. The patient 
finally undergoes penetrating keratoplasty at 9 months. Complete epithelialization 
has not been achieved and the clinical course was complicated by secondary 
infectious keratitis. The corneal graft is then rejected and eventually opaque with 
complete epithelialization at 30 months (F). 
Note: A bandage contact lens is applied to protect against mechanical trauma from 
the lid and eyelashes.

Discussion
LSCD occurs after corneal limbal stem cells have been dam-

aged permanently from burns, SJS, cicatricial pemphigoid, 

ectodermal dysplasia, severe vernal keratoconjunctivitis, 

conjunctival intraepithelial neoplasia, or multiple ocular 

surgeries. The affected eyes have fibrovascular invasion onto 

the cornea, recurrent or persistent epithelial defects, and corneal 

scars. Symblepharon formation has also been reported.2,4 
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Figure 5 Survival analysis showing the clinical outcome of cultivated limbal epithelial 
transplantation. 
Note: More than three-quarters of eyes (77.9%) are considered clinical success 1 year 
postoperatively.
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and could replicate and differentiate. This was demonstrated by 

the epithelial healing after corneal abrasion from lid abnormali-

ties and the negative goblet cells in the histologically successful 

cases. Moreover, the immunohistochemical staining of the 

corneal buttons obtained from PK revealed a progenitor cells 

marker (p63) and corneal epithelial markers (CK3 and CK12) for 

as long as 16 months after CLET (cases 2 and 6).

In the current study, CLET was performed in 19 eyes 

with LSCD resulting from several conditions. Seven eyes 

received allografts and twelve eyes received autografts. This 

procedure improved the ocular surface condition, decreased 

inflammation, and reduced corneal neovascularization. Based 

on the current results, clinical and pathological success was 

achieved in 77.9% and 72.3% of the eyes, respectively, at 1 year 

and in 73.7% and 63.2% by the end of the study. The results 

were comparable to those of Rama et al,26 Pauklin et al,27 and 

Shimazaki et al,14 who reported success rates of 78%, 68%, 

and 59%, respectively. Survival analysis showed that most 

clinically failed cases occurred within 12 months. Interestingly, 

some cases that appeared clinically successful had goblet cells 

centrally (histopathologic failure). This finding suggests that 

the corneal surface could have maintained its function despite 

the mixed population of corneal and conjunctival epithelium. 

However, it might also indicate some surface conjunctival 

staining in the conjunctival epithelial area.28

Corneal peripheral neovascularization occurred slowly in 

some cases, usually during the first 3 to 6 months postopera-

tively, ceased to progress, and remained the same thereafter. 

Besides the improved corneal surface, CLET decreased 

conjunctival inflammation and eliminated symblepharon in 

all but one case. In this study, this might be due to the effect 

of the cultivation of the epithelial sheet on the AM, which 

prevents the invasion of fibrovascular tissue from the conjunc-

tival fornix over the graft. Subconjunctival tissue treatment 

with 0.04% mitomycin C for 5 minutes has been described in 

some previous studies15,18 as treating residual subconjunctival 

fibroblasts and preventing conjunctival ingrowth following 

CLET. Even though a lower mitomycin C concentration 

(0.02%) was used in this study, in order to reduce ocular 

surface toxicity, a similar favorable effect was observed.

However, the surgical results usually depended mostly 

on the preoperative condition of the eyes (stem-cell niche) 

and postoperative complications. Corneal stromal bed 

abnormalities, lid abnormalities, and postoperative compli-

cations such as corneal infection were significantly associ-

ated with the clinical failures. This finding confirmed the 

results of Shimazaki et al14 and Rama et al.26 In the present 

study, the clinical failure group included one case of SJS 
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Figure 6 Survival analysis showing histopathologic outcomes of cultivated limbal 
epithelial transplantation. 
Note: Most eyes (72.3%) achieve histopathologic success 1 year postoperatively.

In some cases, chronic surface inflammation leads to ocular 

pain or discomfort and decreased vision.1,3,4 Previously, 

there was no treatment for this condition, and keratoplasty 

usually had a very poor outcome. Attempts have been made 

to find stem-cell replacements, which may help relieve the 

symptoms and improve the ocular surface and the vision of 

these patients. Thus, limbal stem-cell transplantation was first 

introduced to treat LSCD,1,2,6–9 followed by CLET, which has 

been proposed with promising results.10–23

In the current study, we cultivated corneal limbal epithe-

lial cells using AM as a substrate without a 3T3 feeder or 

fetal bovine serum, which differed methodologically from 

most previous reports14,15,17,24 but was similar to Shimazaki 

et al13 and Sangwan et al.19,25

The autograft cell culture needed more time than the 

allograft, perhaps because the superficial limbal tissue sec-

tions obtained from the contralateral normal eyes were somewhat 

smaller than the cadaveric limbal donors’ (their smaller size 

reduced the sampling risk to normal eyes). The benefit of not 

using a 3T3 feeder is the lower chance of contamination from 

oncogenic cells and animal products. Moreover, the cultivated 

cells in the current study were positive for p63 and ABCG2, 

which indicate progenitor-cell characteristics, and stained posi-

tive for CK3 or CK12, which can be found in differentiated 

corneal epithelial cells.22 Nevertheless, using this technique, the 

cultivated corneal epithelial cells might have a rough surface, 

poor polarity, or fewer layers than when using the 3T3 feeder 

technique.14 In the current study, we obtained a few layers of 

cultivated cells, which was similar to the results of Shimazaki 

et  al,13 but more than the monolayer reported by Sangwan 

et al.19,25 The transplanted cells remained in the recipient cornea 
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and severe chemical burns. All five (100%) eyes had severe 

stromal bed abnormalities and severe lid abnormalities, 

even after lid reconstructions by an oculoplastic specialist; 

these abnormalities, complicated by postoperative epithelial 

breakdown and infection, led to the failures.

In contrast to a previous study,22 the current study found 

a higher clinical success rate in allograft cases (85.7%, 

6/7 eyes) compared with autograft cases (66.7%, 8/12 eyes), 

possibly because of associated lid abnormalities, which were 

found in more eyes in the autograft group (six eyes) than in 

the allograft group (one eye).

Conclusion
In summary, the technique of cultivating corneal epithelium 

on AM without 3T3 and fetal bovine serum provided healthy 

epithelial sheets that were transplanted successfully onto of the 

eyes of patients with LSCD. This procedure relieved symptoms, 

reduced inflammation, improved the condition of the ocular 

surface, and increased vision. Moreover, CLET provided a better 

environment for a subsequent keratoplasty and perhaps a better 

chance of corneal graft survival. However, the success rate of this 

procedure depended on the extent of previous ocular damage, 

especially lid abnormalities and corneal stromal destruction, and 

on postoperative complications. This procedure is a straightforward 

and useful treatment for patients with LSCD, especially in cases 

with adequate tear flow and normal eyelids. However, for those with 

severe ocular surface destruction or uncorrectable lid deformities, 

keratoprosthesis might be a better treatment option.
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