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ABSTRACT

Background
Approximately half of glaucoma patients have dry eye disease (DED) due to anti-glaucoma medication 
use. Herein, we evaluated the effectiveness of self-retained cryopreserved amniotic membrane (AM) in 
managing glaucoma-induced DED.
Methods
A retrospective chart review was conducted on consecutive patients treated with self-retained cryopre-
served AM (Prokera Slim, BioTissue, Miami, FL) for ocular surface disease induced by chronic use of 
glaucoma medication. Data collected included demographics, diagnosis, associated signs and symptoms, 
concomitant therapies, and benefit duration.
Results
Eight eyes of eight female patients (aged 80.0 ± 3.9 years) developed DED from chronic use (8.4 ± 2.3 
years) of glaucoma medication. DED was refractory despite use of conventional therapies, including topical 
cyclosporine (n=7), gels (n=5), artificial tears (n=5), and lifitegrast (n=2). However, after treatment with 
self-retained cryopreserved AM, SPK grade significantly improved from 3.25 ± 0.7 to 0.38 ± 0.5 (p=0.01). 
Furthermore, visual acuity (VA) improved in all patients by an average of 1.4 ± 0.5 lines (range: 1-2), with 
a significant improvement in LogMAR VA observed post-treatment (logMAR .28 to .16, p=0.01). This 
was accompanied by decreased pain (n=5), decreased foreign body sensation (n=5), and improved comfort 
(n=2) that lasted an average duration of 5.3 ± 1.0 months. 
Conclusion
This retrospective study suggests that a single placement of self-retained cryopreserved AM can restore 
corneal surface health with a lasting benefit in patients with glaucoma-induced DED who are refractory to 
conventional therapy directly or indirectly by promoting blinking and tearing reflexes. 
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INTRODUCTION

Ocular surface disease is prevalent among 
patients who are medically treated for glaucoma, 
with 40–60% of glaucoma patients affected by dry 
eye disease (DED).1 While this is partly because 
both diseases increase in prevalence with age, 
the use of glaucoma medications has been shown 
to have deleterious effects on the ocular surface 
such as reducing corneal sensitivity, tear film sta-
bility, or basal secretion.2,3 Unfortunately, patients 
who use more anti-glaucomatous medication suffer 
from worse DED, with severity directly related to 
elevated intraocular pressure.4 This causes deterio-
rated quality of life, discomfort, and visual changes 
in these patients, resulting in decreased treatment 
adherence and, ultimately, visual impairment.5

Traditional therapies for DED secondary 
to glaucoma medication include artificial tears, 
omega  3, cyclosporine A, or lifitegrast eye drops. 
However, these treatment options may fail to pro-
vide proper relief for severe forms of dry eye, 
requiring alternative treatments. One such treat-
ment includes sutureless (self-retained) cryopre-
served amniotic membrane (AM), which has been 
regarded as the standard for treating ocular surface 
disease in the United States. When used to treat 
ocular surface damage, this treatment modality has 
provided symptomatic relief in many patients with 
moderate to severe dry eye that is refractory to tra-
ditional treatment.6-10 Nonetheless, no reports have 
been published regarding its utility in managing 
DED caused by chronic use of glaucoma drops. 

METHODS

This is a retrospective, single-center, chart 
review of consecutive patients who presented 
with ocular surface damage induced by chronic 
use of anti-glaucomatous therapy and were subse-
quently treated with self-retained cryopreserved 
AM (Prokera Slim, BioTissue, Miami, FL). The 
study was conducted at a private practice (Westlake 
Eye Specialists, West Lake Hills, TX) following 

the tenets of the Declaration of Helsinki and was 
exempted under 45 CFR §46.101(b)(4) by the Sterling 
Institutional Review Board. In addition, appropriate 
measures were undertaken to protect the confidenti-
ality of study participants.

Patients were included in the study if they were 
18 years or older, had been diagnosed with primary 
open-angle glaucoma, presented with ocular sur-
face disease induced by chronic use (>3 months) 
of glaucoma medication, and were subsequently 
treated with self-retained cryopreserved AM. The 
diagnosis of DED was based primarily on clini-
cal findings, including positive corneal fluorescein 
staining, positive Schirmer test I (< 10 mm wetting 
after 5 minutes), and symptoms (dryness, irrita-
tion, foreign body sensation). Data collection was 
limited to information existing in the electronic 
medical records between January 2015 and May 
2019. It included patient demographics (age, gender, 
ethnicity), relevant medical history, prior dry eye 
treatments, duration and type of anti-glaucomatous 
therapy, visual acuity (VA), corneal staining, symp-
toms (discomfort, foreign body sensation, pain), 
concomitant therapies, and complications. 

The cryopreserved AM was thawed at room 
temperature for several minutes and rinsed with 
saline before insertion with topical anesthesia (0.5% 
proparacaine hydrochloride eye drops). While hold-
ing the upper eyelid, the device was placed into the 
superior fornix while the patient looked down and 
slid under the lower eyelid. After ensuring proper 
centration, tape-tarsorrhaphy was done over the lid 
crease to maintain centration and minimize discom-
fort. Patients returned to the office after ~5 days 
for removal of the device, and patients resumed all 
anti-glaucoma and other DED therapies. Slit-lamp 
examination with fluorescein staining was per-
formed at baseline and follow-up, which ranged 
from 4 to 6 months.

All statistical analyses were performed using 
SPSS Software version 20.0 (IBM; Armonk, NY, 
USA). Continuous outcomes were reported as mean 
± standard deviation (range), and categorical data are 
reported as frequency and percentage. In addition, 
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ordinal variables, including SPK grade and VA were 
compared between timepoints using the Wilcoxon 
Signed Rank test for non-parametric data. A P value 
less than .05 was considered statistically significant. 
TissueTech awarded an investigator-initiated grant 
for this project.

RESULTS

A total of 8 eyes (2 OD, 6 OS) of 8 patients met 
the eligibility criteria and were included for analy-
sis. All patients were female, and the average age at 
treatment was 80.0 ± 3.9 years. As summarized in 
Table 1, these patients developed DED after chronic 
use (8.4 ± 2.3 years) of glaucoma medication and 
remained symptomatic despite the use of conven-
tional DED therapies for 2 to 3 years including top-
ical cyclosporine (88%), gels (63%), artificial tears 
(63%), and lifitegrast ophthalmic solution (25%). 
The anti-glaucoma medications used by the patients 
at the time of treatment included prostaglandin ana-
logues in 4 patients (50%), fixed α-agonist/β-blocker 
combinations in 2 patients (25%), and β-blockers in 1 
patient (13%). One patient (13%) took both a prosta-
glandin analog and a fixed α-agonist/β-blocker com-
bination. The average frequency of anti-glaucoma 

medication use (drops per day) was 1.9 ± 0.8 (range: 
1-3).

At baseline visit, chief complaints included 
foreign body sensation (100%), ocular pain (75%), 
and blurred vision (25%). Slit-lamp examination 
revealed signs of DED in all 8 patients as demon-
strated by positive fluorescein corneal staining 
(Figure 1); the average SPK score at baseline was 
3.25 ± 0.7 (range: 2-4). The average intraocular 
pressure (IOP) was 14.3 ± 3.3 mmHg.

Treatment outcomes are presented in Table 2. 
Following placement of self-retained cryopreserved 
AM for 5 days, SPK severity significantly improved 
to 0.38 ± 0.5 at a median of 6 months (p=0.01). This 
was accompanied by marked symptomatic improve-
ment in 88% (7/8) of patients, with complete resolu-
tion of symptoms noted in 5 patients (63%). Only one 
patient noted unresolved dryness following treat-
ment. Furthermore, visual acuity (VA) improved 
in all patients by an average of 1.4 ± 0.5 Snellen 
lines (range: 1-2), with a significant improvement in 
LogMAR VA post-treatment (logMAR .28 to .16, 
p=0.01). The average benefit duration was 5.3 ± 1.0 
months (4-6). There were no significant changes 
from baseline in IOP following treatment (14.3  ± 
3.3 vs. 14.1 ± 3.6 mmHg, respectively; p=0.68). 

TABLE 1.  Patient Characteristics.

Pt Age 
(Years)

Sex Eye 
(R/L)

Duration of 
POAG

Glacoma Dropsa Number of 
Drops/Day

Prior DED Treatments

1 77 F L >10 years prostaglandin 1 xiidra, restasis
2 81 F L >10 years prostaglandin 1 tears, gel
3 82 F L >10 years combigan 3 gel, restasis
4 88 F R >10 years prostaglandin 1 restasis
5 76 F L 5 years combigan 2 tears, gel, restasis
6 77 F L 7 years prostaglandin 2 tears, restasis
7 79 F L >5 years β-blocker 2 tears, gel, xiidra, restasis
8 80 F R >10 years Prostaglandin & 

combigan
3 tears, gel, restasis

aCombigan contains both a β-blocker and α-agonist
DED = dry eye disease; POAG = primary open-angle glaucoma; Pt = patient.
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(A) (B)

FIG. 1  Representative Case. The patient presented with moderate dry eye disease caused by chronic usage 
of anti-glaucoma medication demonstrated by positive fluorescein staining (A). After treatment with amni-
otic membrane, the ocular surface healed completely within 4 days (B) with a clear cornea that remained 
stable for 6 months. 

TABLE 2.  Treatment Outcomes.

Pt Symptoms IOP (mmHg) VA SPK Duration of 
Effect (mos)Pre Post Pre Post Pre Post Pre Post

1 FBS, Pain None 16 17 20/80 20/60 2 0 6 
2 FBS, Pain None 19 19 20/25 20/20 3 0 6 
3 FBS, Pain dryness 9 9 20/30 20/25 3 0 4
4 FBS, BV improved 16 14 20/60 20/40 4 1 6 
5 FBS, BV improved 15 15 20/25 20/20 4 0 6
6 FBS, Pain None 12 10 20/40 20/25 3 1 4 
7 FBS, Pain None 11 12 20/30 20/25 4 1 4 
8 FBS, Pain None 16 17 20/40 20/30 3 0 6 

BV = blurred vision; FBS = foreign body sensation; IOP = intraocular pressure; Pt = patient; SPK = superficial 
punctate keratitis; VA = visual acuity.

No complications or adverse events attributed to 
self-retained AM were observed.

DISCUSSION

DED is prevalent among medically treated 
patients with glaucoma, primarily stemming from 
the cytotoxic preservatives commonly found in 
glaucoma medications, such as benzalkonium chlo-
ride (BAC).11 Topical administration of BAC breaks 
down the corneal epithelium and decreases the 

goblet cell density, adversely affecting the tear film 
stability, tear osmolarity, conjunctival hyperemia, 
and eyelid margins.12–14 In this study, all 8 patients 
presented with recurrent signs and symptoms of 
DED despite the use of conventional therapies for 
2 to 3 years. Nevertheless, using self-retained cryo-
preserved AM as an alternative DED treatment 
improved both signs and symptoms of DED with 
a lasting benefit of at least 5.3 ± 1.0 months. Such 
clinical benefits are consistent with previous stud-
ies in which self-retained cryopreserved AM was 
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restore corneal surface health with a lasting benefit 
in patients with glaucoma-medication-induced DED 
who are refractory to conventional therapy directly 
or indirectly by promoting blinking and tearing 
reflexes. 

GRANT SUPPORT

The authors would like to thank TissueTech 
for awarding an investigator-initiated grant for this 
project.

REFERENCES

1.	 Fechtner RD, Godfrey DG, Budenz D, Stewart 
JA, Stewart WC, Jasek MC. Prevalence of ocu-
lar surface complaints in patients with glaucoma 
using topical intraocular pressure-lowering medi-
cations. Cornea. 2010;29(6):618–621. http://dx.doi.
org/10.1097/ICO.0b013e3181c325b2

2.	 Actis AG, Rolle T. Ocular surface alterations 
and topical antiglaucomatous therapy: a review. 
Open Ophthalmol J. 2014;8:67–72. http://dx.doi.
org/10.2174/1874364101408010067

3.	 Terai N, Müller-Holz M, Spoerl E, Pillunat LE. 
Short-term effect of topical anti-glaucoma med-
ication on tear-film stability, tear secretion, and 
corneal sensitivity in healthy subjects. Clinical 
ophthalmology (Auckland, NZ). 2011;5:517–525.

4.	 Leung EW, Medeiros FA, Weinreb RN. Prevalence 
of ocular surface disease in glaucoma patients. J 
Glaucoma. 2008;17(5):350–355. http://dx.doi.org/ 
10.1097/IJG.0b013e31815c5f4f

5.	 Kaštelan S, Tomić M, Metež Soldo K, Salopek-
Rabatić J. How ocular surface disease impacts 
the glaucoma treatment outcome. Biomed Res 
Int. 2013;2013:696328. http://dx.doi.org/10.1155/ 
2013/696328

6.	 McDonald MB, Sheha H, Tighe S, et al. Treatment 
outcomes in the Dry Eye Amniotic Membrane 
(DREAM) study. Clin Ophthalmol. 2018; 
9(12):677–681. http://dx.doi.org/10.2147/OPTH. 
S162203

7.	 John T, Tighe S, Sheha H, et al. Corneal Nerve 
Regeneration after Self-Retained Cryopreserved 
Amniotic Membrane in Dry Eye Disease. J 

shown to improve DED with or without an immune-
mediated mechanism for as long as 3 to 6 months 
in patients who are refractory to conventional and 
systemic immunotherapies.8,9,15 

While conventional treatments such as artifi-
cial tears and gels tend to be palliative by provid-
ing lubrication and inhibiting tear evaporation, 
AM is known to exhibit anti-inflammatory and 
anti-scarring properties.16 Even though some DED 
treatments target inflammation, they generally do 
so through a single mode of action. For example, 
lifitegrast, a commonly used treatment for DED, 
inhibits T-cell-mediated inflammation by blocking 
the binding of LFA-1 and ICAM-1.17 AM, on the 
other hand, mitigates the inflammatory response 
through a multi-modal approach that extends to 
both the innate and adaptive immune responses.18-22 
This is achieved by promoting apoptosis of LPS/
IFN-γ- activated neutrophils and macrophages,18-21 
promoting polarization of M1 macrophages to the 
M2 phenotype,19,21 promoting phagocytosis of apop-
totic neutrophils,19,21 and suppressing macrophage 
infiltration19,21 as well as CD4+ T cell activation.19,22 

In addition, the anti-inflammatory properties 
of AM support a healthy environment for the adhe-
sion, growth, and differentiation of ocular surface 
cells. This is supported by studies in which AM has 
been shown to promote corneal epithelialization23 

and used as a substrate to preserve and expand lim-
bal epithelial stem cells24,25 as both conjunctival26 
and corneal27 epithelial cells. Additionally, AM 
has been shown to promote corneal nerve regen-
eration in patients with the ocular surface disease, 
which plays a vital role in epithelial stem cell pro-
liferation and corneal healing directly or indirectly 
by promoting blinking and tearing reflexes.28-31 
Collectively, these actions may explain the lasting 
benefit observed with complimentary alternative 
therapy despite failing other conservative therapies.

CONCLUSION

This retrospective study suggests that a single 
placement of self-retained cryopreserved AM can 

http://dx.doi.org/10.1097/ICO.0b013e3181c325b2�
http://dx.doi.org/10.1097/ICO.0b013e3181c325b2�
http://dx.doi.org/10.2174/1874364101408010067�
http://dx.doi.org/10.2174/1874364101408010067�
http://dx.doi.org/10.1097/IJG.0b013e31815c5f4f�
http://dx.doi.org/10.1097/IJG.0b013e31815c5f4f�
http://dx.doi.org/10.1155/2013/696328�
http://dx.doi.org/10.1155/2013/696328�
http://dx.doi.org/10.2147/OPTH.S162203�
http://dx.doi.org/10.2147/OPTH.S162203�


Management of glaucoma medication induced dry eye disease

e33

J Dry Eye Ocul Sur Dis 5(1):e28–e34; 2 November 2022 
This article is distributed under the terms of the Creative Commons Attribution-

Non Commercial 4.0 International License. ©2022 Vendal Z

Ophthalmol. 2017;2017:10. http://dx.doi.org/10.1155/ 
2017/6404918

8.	 Cheng AM, Zhao D, Chen R, et al. Accelerated 
Restoration of Ocular Surface Health in Dry Eye 
Disease by Self-Retained Cryopreserved Amniotic 
Membrane. Ocular Surface. 2016;14(1):56–63. 
http://dx.doi.org/10.1016/j.jtos.2015.07.003

9.	 Cheng AMS, Tighe S, H S, Tseng SC. Adjunctive 
role of self-retained cryopreserved amniotic mem-
brane in treating immune-related dry eye disease. 
Int Ophthalmol. 2018;38(5):2219–2222. http://dx.
doi.org/10.1007/s10792-017-0708-y

10.	 Sheppard J, Yeu E, Tseng S. Sutureless Cryo
preserved Amniotic Membrane Transplantation 
Accelerates Ocular Surface Healing and Topographic 
Stabilization for Dry Eye Patients. 2015.

11.	 Aguayo Bonniard A, Yeung JY, Chan CC, Birt CM. 
Ocular surface toxicity from glaucoma topical 
medications and associated preservatives such as 
benzalkonium chloride (BAK). Expert Opin Drug 
Metabol Toxicol. 2016;12(11):1279–1289. http://dx.
doi.org/10.1080/17425255.2016.1209481

12.	 Wong ABC, Wang MTM, Liu K, Prime ZJ, 
Danesh-Meyer HV, Craig JP. Exploring topical 
anti-glaucoma medication effects on the ocular 
surface in the context of the current understanding 
of dry eye. Ocular Surface. 2018;16(3):289–293. 
http://dx.doi.org/10.1016/j.jtos.2018.03.002

13.	 Wilson WS, Duncan AJ, Jay JL. Effect of benzal-
konium chloride on the stability of the precorneal 
tear film in rabbit and man. Br J Ophthalmol. 1975; 
59(11):667–669. http://dx.doi.org/10.1136/bjo.59.11.667

14.	 Herreras JM, Pastor JC, Calonge M, Asensio VM. 
Ocular surface alteration after long-term treatment 
with an antiglaucomatous drug. Ophthalmology. 
1992;99(7):1082–1088. http://dx.doi.org/10.1016/
s0161-6420(92)31847-0

15.	 Shafer B, Fuerst NM, Massaro-Giordano M, et al. 
The use of self-retained, cryopreserved amniotic 
membrane for the treatment of Sjogren syndrome: 
a case series. Digital journal of ophthalmology: 
DJO. 2019;25(2):21–25. http://dx.doi.org/10.5693/
djo.01.2019.02.005

16.	 Tseng SC, Espana EM, Kawakita T, et al. How 
does amniotic membrane work? Ocular Surface. 
2004;2(3):177–187. http://dx.doi.org/10.1016/s1542- 
0124(12)70059-9

17.	 Abidi A, Shukla P, Ahmad A. Lifitegrast: A novel 
drug for treatment of dry eye disease. J Pharmacol 
Pharmacother. 2016;7(4):194–198.

18.	 He H, Li W, Tseng DY, et al. Biochemical char-
acterization and function of complexes formed 
by hyaluronan and the heavy chains of inter-
alpha-inhibitor (HC*HA) purified from extracts 
of human amniotic membrane. J Biol Chem. 
2009;284(30):20136–20146. http://dx.doi.org/10. 
1074/jbc.M109.021881

19.	 He H, Tan Y, Duffort S, Perez VL, Tseng SC. 
In vivo downregulation of innate and adaptive 
immune responses in corneal allograft rejection 
by HC-HA/PTX3 complex purified from amni-
otic membrane. Investigative ophthalmology & 
visual science. 2014;55(3):1647–1656. http://dx.doi.
org/10.1167/iovs.13-13094

20.	 He H, Li W, Chen SY, et al. Suppression of activa-
tion and induction of apoptosis in RAW264.7 cells 
by amniotic membrane extract. Invest Ophthalmol 
Vis Sci. 2008;49(10):4468–4475. http://dx.doi.
org/10.1167/iovs.08-1781

21.	 He H, Zhang S, Tighe S, Son J, Tseng SC. 
Immobilized heavy chain-hyaluronic acid polarizes 
lipopolysaccharide-activated macrophages toward 
M2 phenotype. J Biol Chem. 2013;288(36): 25792–
25803. http://dx.doi.org/10.1074/jbc.M113.479584

22.	 He H, Kuriyan AE, Su C-W, et al. Inhibition 
of Proliferation and Epithelial Mesenchymal 
Transition in Retinal Pigment Epithelial Cells 
by Heavy Chain-Hyaluronan/Pentraxin 3. Sci 
Rep. 2017;7(1):43736. http://dx.doi.org/10.1038/
srep43736

23.	 Tighe S, Moein H-R, Chua L, Cheng A, Hamrah P, 
Tseng SCG. Topical Cryopreserved Amniotic 
Membrane and Umbilical Cord Eye Drops Promote 
Re-Epithelialization in a Murine Corneal Abrasion 
ModelAMUC for Promoting Re-Epithelialization. 
Invest Ophthalmol Vis Sci. 2017;58(3):1586–1593. 
http://dx.doi.org/10.1167/iovs.16-20834

24.	 Meller D, Pires RT, Tseng SC. Ex vivo preser-
vation and expansion of human limbal epithelial 
stem cells on amniotic membrane cultures. Br J 
Ophthalmol. 2002;86(4):463–471. http://dx.doi.
org/10.1136/bjo.86.4.463

25.	 Grueterich M, Tseng SCG. Human limbal progen-
itor cells expanded on intact amniotic membrane. 

http://dx.doi.org/10.1155/2017/6404918�
http://dx.doi.org/10.1155/2017/6404918�
http://dx.doi.org/10.1016/j.jtos.2015.07.003�
http://dx.doi.org/10.1007/s10792-017-0708-y�
http://dx.doi.org/10.1007/s10792-017-0708-y�
http://dx.doi.org/10.1080/17425255.2016.1209481�
http://dx.doi.org/10.1080/17425255.2016.1209481�
http://dx.doi.org/10.1016/j.jtos.2018.03.002�
http://dx.doi.org/10.1136/bjo.59.11.667�
http://dx.doi.org/10.1016/s0161-6420(92)31847-0�
http://dx.doi.org/10.1016/s0161-6420(92)31847-0�
http://dx.doi.org/10.5693/djo.01.2019.02.005�
http://dx.doi.org/10.5693/djo.01.2019.02.005�
http://dx.doi.org/10.1016/s1542-0124(12)70059-9�
http://dx.doi.org/10.1016/s1542-0124(12)70059-9�
http://dx.doi.org/10.1074/jbc.M109.021881�
http://dx.doi.org/10.1074/jbc.M109.021881�
http://dx.doi.org/10.1167/iovs.13-13094�
http://dx.doi.org/10.1167/iovs.13-13094�
http://dx.doi.org/10.1167/iovs.08-1781�
http://dx.doi.org/10.1167/iovs.08-1781�
http://dx.doi.org/10.1074/jbc.M113.479584�
http://dx.doi.org/10.1038/srep43736�
http://dx.doi.org/10.1038/srep43736�
http://dx.doi.org/10.1167/iovs.16-20834�
http://dx.doi.org/10.1136/bjo.86.4.463�
http://dx.doi.org/10.1136/bjo.86.4.463�


Management of glaucoma medication induced dry eye disease

e34

J Dry Eye Ocul Sur Dis 5(1):e28–e34; 2 November 2022 
This article is distributed under the terms of the Creative Commons Attribution-

Non Commercial 4.0 International License. ©2022 Vendal Z

29.	 Shi X, Wang L, Clark JD, Kingery WS. 
Keratinocytes express cytokines and nerve growth 
factor in response to neuropeptide activation of the 
ERK1/2 and JNK MAPK transcription pathways. 
Regulatory peptides. 2013;186:92–103. http://dx.
doi.org/10.1016/j.regpep.2013.08.001

30.	 Yang L, Di G, Qi X, et al. Substance P promotes 
diabetic corneal epithelial wound healing through 
molecular mechanisms mediated via the neuroki-
nin-1 receptor. Diabetes. 2014;63(12):4262–4274. 
http://dx.doi.org/10.2337/db14-0163

31.	 Mikulec AA, Tanelian DL. CGRP increases the rate 
of corneal re-epithelialization in an in vitro whole 
mount preparation. J Ocular Pharmacol Therapeut: 
the official journal of the Association for Ocular 
Pharmacology and Therapeutics. 1996;12(4):417–
423. http://dx.doi.org/10.1089/jop.1996.12.417

Arch Ophthalmol. 2002;120:783–790. http://dx.doi.
org/10.1001/archopht.120.6.783

26.	 Meller D, Dabul V, Tseng SC. Expansion of con-
junctival epithelial progenitor cells on amniotic 
membrane. ExpEye Res. 2002;74(4):537–545. 
http://dx.doi.org/10.1006/exer.2001.1163

27.	 Koizumi N, Fullwood NJ, Bairaktaris G, Inatomi T, 
Kinoshita S, Quantock AJ. Cultivation of cor-
neal epithelial cells on intact and denuded human 
amniotic membrane. Invest Ophthalmol Vis Sci. 
2000;41(9):2506–2513.

28.	 Okada Y, Sumioka T, Ichikawa K, et al. Sensory 
nerve supports epithelial stem cell function in 
healing of corneal epithelium in mice: the role of 
trigeminal nerve transient receptor potential vanil-
loid 4. Lab Investig; a journal of technical methods 
and pathology. 2019;99(2):210–230. http://dx.doi.
org/10.1038/s41374-018-0118-4

http://dx.doi.org/10.1016/j.regpep.2013.08.001�
http://dx.doi.org/10.1016/j.regpep.2013.08.001�
http://dx.doi.org/10.2337/db14-0163�
http://dx.doi.org/10.1089/jop.1996.12.417�
http://dx.doi.org/10.1001/archopht.120.6.783�
http://dx.doi.org/10.1001/archopht.120.6.783�
http://dx.doi.org/10.1006/exer.2001.1163�
http://dx.doi.org/10.1038/s41374-018-0118-4�
http://dx.doi.org/10.1038/s41374-018-0118-4�

	_GoBack
	_Hlk116388287
	_Hlk102647962

