
 
 

BrightMEM is Vital Tool in Tackling Some of the Most 
Complex Ocular Surface Challenges  
BrightMEM is an innovative corneal allograft that promotes corneal re-epithelialization 
and functions as a robust basement membrane with natural long-term durability. 
 
BY JOSHUA HOU, MD 
 
The corneal epithelium has many essential roles, including serving as a barrier to 
external trauma, germs, toxins, and environmental threats and providing a smooth 
refractive surface to facilitate vision. Like all epithelial layers in the body, there is 
constant turnover of epithelium, which is dependent upon proliferative cells in the limbus 
and basal layers of the epithelium. These cells mature and differentiate, regenerating 
the normal corneal epithelium throughout life (1-3). When the protective epithelial layer 
is disrupted, the eye becomes susceptible to infection, degradation of underlying 
corneal tissue (stromal ulceration), perforation, scarring, and significant vision loss (4-6). 
Persistent corneal epithelial defects (PCEDs) and limbal stem cell deficiency (LSCD) are 
two challenging diseases where there is pathologic healing of the corneal epithelium. 
While there are medical and surgical therapies to promote healing of damaged corneal 
epithelium in these cases, therapies that provide long-term resolution of these diseases 
remain limited.  
 
BACKGROUND 
Persistent Corneal Epithelial Defect  
A persistent corneal epithelial defect (PCED) occurs when there is a failure of re-
epithelialization after a corneal injury. According to recent estimates, there are 
approximately 97,000 cases of PCED a year in the United States (7). Though there is no 
consensus definition or specific time frame for when delayed healing is considered 
pathologic (5,6), any prolonged healing time for corneal epithelial defects increases the 
risk of stromal melting, vision-reducing haze or scarring, and infection. Damage to the 
epithelial basement membrane, the substrate  that supports healthy epithelial cells, can 
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lead to recurrent corneal erosions (8). Therefore, healing any corneal epithelial defect as 
quickly as possible is essential to prevent long-term complications and reduced vision. 
 
Delayed corneal epithelial wound healing may be caused by different mechanisms, 
such as active microbial infection, decreased corneal innervation (neurotrophic cornea), 
underlying      limbal stem cell deficiency (LSCD), surgical/mechanical/thermal trauma, 
and chronic exposure with resultant tear evaporation and desiccation (1).  
 
Normal corneal epithelial healing is driven by the orchestrated efforts of multiple 
biologic pathways, including cell proliferation and migration (9), cell-to-cell signaling, 
and extracellular matrix remodeling and the interplay of numerous growth factors and 
cytokines (1,3). Pathophysiologic processes that become activated in the setting of 
nonhealing corneal epithelial defects or abnormal epithelial cell turnover (as in LSCD) 
can result in disordered extracellular matrix deposition and proliferation of abnormal 
cells (e.g., myofibroblasts) with aberrant healing. This can cause the cornea to become 
opacified, resulting in reduced visual acuity (1,3). 
 
Effective treatment of abnormal (LSCD) or nonhealing corneal epithelium (PCED) across 
its various etiologies requires a multifactorial approach including both medical and 
surgical interventions. Patients with these conditions experience significant clinical 
burden and, despite treatment, may suffer sight-threatening complications. Patients 
suffer significant symptoms including pain, redness, and photophobia and often 
develop complications including corneal neovascularization, infection, opacification, 
and subsequent vision loss (1,10). Serious complications, including corneal ulcers, 
corneal perforation, irreversible scarring, melting, and lifelong recurrent corneal 
erosions impact a significant number of patients (1,11). 
 
Limbal Stem Cell Deficiency 
Homeostasis and transparency of the corneal epithelial surface are maintained by 
continuous re-epithelialization throughout a patient’s life. Stem cells located in the basal 
layer of limbal epithelium (limbal stem cells) proliferate, migrate, and differentiate to 
become mature corneal epithelial cells (12). Dysfunction (LSCD) or loss of these cells 
(e.g., from trauma, chemical, or thermal injury)      leads to the vision-threatening 
sequelae listed previously (13). LSCD is a challenging disease to diagnose, due to the 
frequent presence of comorbid diseases (e.g., eyelid abnormalities, compromised 
corneal innervation, dry eyes, ocular surface inflammation, etc.) and the overlap in 
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clinical appearance with more common diseases (e.g., pterygium, phlyctenulosis, etc.). 
This often leads to delayed treatment.  
 
According to orphanet.net the prevalence of LSCD in the U.S. is around 165,000 cases 
per year (14). A diagnosis of LSCD is mostly made clinically, based on slit lamp 
examination with the presence of whirl-like keratopathy, late fluorescein staining, 
corneal conjunctivalization, and/or superficial neovascularization. However, this method 
is highly subjective, with significant limitations, as the signs of an abnormal epithelium 
can be subtle and are not specific to LSCD. Diagnosis is aided by a combination of 
impression cytology, in vivo laser scanning confocal microscopy, and anterior segment 
optical coherence tomography.(15)  
 
LSCD can be congenital in patients with aniridia, keratitis associated with multiple 
endocrine deficiency, dyskeratosis congenita, and epidermal dysplasia. Common 
causes of acquired LSCD include chemical and thermal burns, ocular surgeries 
involving the limbal region, contact lens overwear, and chronic ocular surface 
inflammatory diseases (12,13). Immunologic diseases such as Stevens-Johnson 
syndrome and mucous membrane pemphigoid are also known to lead to LSCD. All of 
these conditions may result in direct damage to the limbal stem cells (LSC) as well as the 
stem cell microenvironment/niche. (12,13) 
 
IMPORTANCE OF THE LIMBAL NICHE 
     A healthy population of LSCs is critical for long-term maintenance of the corneal 
epithelium. The limbal niche is the microenvironment found in the limbus that surrounds 
the LSCs. The limbal niche is extremely complex and includes the extracellular matrix of 
the limbus and its microstructure, as well as the nerves, blood vessels, melanocytes, and 
mesenchymal stem cells found in the limbus. This niche microenvironment is critical for 
maintaining the LSCs’ survival and proliferative potential under physiologic conditions 
(16,17).  Extracellular signals from the microenvironment drive the normal function and 
maintenance of LSCs (18). Without the support of a niche-like microenvironment, LSCs 
on the ocular surface eventually terminally differentiate or die over time. This is 
supported by the observation that, following transplantation of cultured LSCs onto the 
ocular surface, poor long-term survival of the transplanted LSCs has been observed. 
Even in the absence of rejection, transplanted cultured LSCs on their own have been 
shown to have limited survival beyond nine months when tracked (19,20). This is 
different from results following surgeries where both LSCs and a limbal niche are 
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transplanted (e.g., keratolimbal allograft or KLAL). The limbal niche is a critical driver of 
LSC proliferation and corneal epithelial regeneration long term. 
 
CURRENT TREATMENT OPTIONS 
To treat severe ocular surface disorders such as PCED and LSCD, corneal epithelial 
cells must have an environment that supports their survival, maturation, and 
multiplication. Current therapeutic approaches have significant limitations and 
frequently fail to achieve long-term resolution of the disease. Consequently, recurrence 
of epithelial pathology is common in these disease states.                                               
 
Treatment for PCED 
The goal of treatment in PCEDs is to both regenerate the corneal epithelium and 
maintain that epithelium long term. To achieve this, favorable conditions must be 
provided for the corneal epithelial cells to proliferate, migrate, and establish a self-
sustaining corneal epithelial layer (1).  
 
Conventional medical therapies for PCEDs employ numerous strategies to achieve 
these goals, but most are not effective, long term, in correcting all the multifactorial 
pathophysiologic abnormalities that impair corneal epithelial healing (21).  
 
While there is no universally agreed-upon treatment algorithm, the following 
interventions are commonly employed in PCEDs: 

● Ocular surface lubrication. Ocular lubricants (tears, gels, and ointments) and 
punctal plugs serve to increase tear volume. Increased lubrication decreases 
mechanical stress/friction on the epithelium and reduces desiccation of the 
epithelial cells. 

● Autologous serum. Autologous serum is a more advanced ocular lubricant that 
better mimics the protein and lipid composition in natural tears and provides 
growth factors to help corneal epithelial cells proliferate in addition to lubrication. 
As a result, autologous serum is often superior to over-the-counter ocular 
lubricants. 

● Contact lenses. Soft bandage contact lenses can be applied to the ocular 
surface to reduce mechanical trauma from the eyelids blinking. Scleral contact 
lenses are particularly helpful by keeping a “reservoir” of tears on the cornea to 
bathe the epithelium (22).  
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● Amniotic membrane. Amniotic membranes provide a temporary wound covering 
and likely release growth factors to help cells proliferate. Because amniotic 
membranes are commonly short-lived and dissolve in 7-20 days, they may need 
to be reapplied numerous times. 

● Tarsorrhaphy. Partially or completely fusing the lids closed can reduce the 
surface area for tear evaporation and limit the mechanical trauma from eyelids 
blinking, but they also significantly compromise vision.  

● Conjunctival flap. Conjunctival flaps create a protective, vascularized mucosal 
surface for the cornea using the patient’s own conjunctiva. This reduces the 
likelihood of stromal melting, but corneal transparency and vision are usually 
severely compromised. 

● Limbal stem cell grafts. LSC grafts provide additional stem cells to regenerate 
the corneal epithelium, but require systemic immunosuppression when using 
donor cells. 

● Penetrating keratoplasty. Penetrating keratoplasty is generally performed only 
when all other measures have failed and corneal perforation is imminent. 
Although it can restore the corneal architecture in cases where there is melting, 
scarring, or perforation, PCEDs can easily recur in the graft unless the underlying 
disease is addressed. 

 
Treatment for LSCD      
Treatment of LSCD requires reestablishing a functional population of LSCs. In cases 
where the limbal niche is damaged, a supportive microenvironment is also needed. 
Traditional corneal transplantation with penetrating keratoplasty is ineffective (13,23). 
Without an adequate population of LSCs, corneal transplants cannot re-epithelialize or 
maintain an intact epithelial layer resulting in rapid opacification or stromal melting of 
the transplant. The international LSCD Working Group has proposed treatment 
strategies that depend on the stage of LSCD as outlined in the group’s consensus 
paper (23). According to the group, for eyes in which vision is significantly compromised 
and for severe LSCD, surgical treatment that replaces the limbal stem cell population is 
often necessary to stabilize the ocular surface and improve visual function. These 
surgeries include conjunctival limbal autograft (CLAU); cultivated limbal epithelial 
transplantation (CLET); simple limbal epithelial transplantation (SLET); keratolimbal 
allograft (KLAL); and conjunctival limbal allograft (CLAL) (26). 
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Transplantation of donor limbal tissue containing donor LSCs using KLAL has been 
shown to be an effective treatment, as it replenishes LSCs and reestablishes a limbal 
niche. However, it is a surgically challenging procedure that requires potentially toxic 
systemic immunosuppression with prednisone, mycophenolate, and tacrolimus to 
prevent rejection of the highly antigenic limbal grafts. Aggressive blood test monitoring 
is also required due to the numerous toxicities associated with the immunosuppressive 
medications (25,26). Although both SLET and CLET replenish LSCs, they do not 
reestablish limbal niche, and thus are less effective in patients with extensive damage to 
the limbus. Because of the complexity of KLAL surgery, only around 100 procedures are 
performed annually according to the Eye Bank Association of America (EBAA) (27). 
 
Artificial corneas, including the Boston keratoprosthesis (Kpro), have also been used to 
treat LSCD because they can remain clear in the absence of LSCs and healthy corneal 
epithelium (28). However, associated complications such as glaucoma, corneal melting, 
and endophthalmitis have limited the popularity of this procedure (29). In 2022, only 122 
KPro procedures were performed in the U.S. based on EBAA reports      (27). 
 
BRIGHTMEM CORNEAL ALLOGRAFT 
     Because the limbal niche is critical for corneal epithelial health and healing, any 
therapy that can regenerate or replace the limbal niche is likely to be helpful in treating 
LSCD and promoting re-epithelialization. However, the limbal niche is extremely 
complex and composed of a unique array of extracellular matrix proteins and 
supportive cells. Consequently, recreating the entire limbal niche in a diseased eye is 
nearly impossible without transplanting an entire donor limbus (i.e., KLAL).  
 
As an alternative, treatments that target isolated components of the limbal niche have 
also been explored for their therapeutic effects. By activating cell signaling pathways 
normally stimulated by the extracellular matrix and cells of the limbal niche, limbal and 
epithelial cell proliferation can be stimulated even outside of the native limbus. Several 
such therapies have already demonstrated some success. Topical application of 
mesenchymal stromal cells and mesenchymal stromal cell-derived exosomes have 
been shown to stimulate corneal re-epithelization in both LSCD and PECDs (30,31).  
 
The limbal basement membrane is the substrate that supports LSCs and is known to be 
a critical component of the limbal niche. As part of the extracellular matrix in direct 
contact with the LSCs, limbal basement membrane provides important cell signaling for 
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LSC survival and proliferation. To date, there has been no available therapeutic 
replacement for limbal basement membrane. However, recent research has found that 
DM expresses a number of limbus-specific proteins and is biochemically similar to limbal 
basement membrane.  
 
Descemet’s membrane (DM) is an acellular, naturally occurring basement membrane 
found on the posterior surface of the cornea. DM is commonly isolated and transplanted 
intraocularly with donor corneal endothelium for the treatment of corneal endothelial 
diseases such as Fuchs’ dystrophy and bullous keratopathy. Although DM is widely 
used as a transplant for treatment of endothelial disorders, its application on the ocular 
surface has not been explored (32). 
 
DM is both optical clear and highly resistant to collagenase digestion, making it 
attractive as a long-term allograft and substrate for corneal epithelium on the ocular 
surface. The anterior fetal banded layer of DM shares key compositional similarities with 
limbal basement membrane, a major component of the limbal niche. These similarities 
include limbus-specific extracellular matrix proteins such as collagen IV that is 

restricted to the α1 and α2 subtypes, vitronectin, and BM40/SPARC (33-35). Of these, 
vitronectin and BM40/SPARC are known to promote proliferation of LSCs and have 
been shown to induce pluripotent stem cells in culture (34,36).      
      
BrightStar Therapeutics’ BrightMEM, an acellular tissue product, is an innovative 
corneal allograft made from DM. BrightMEM expresses proteins that stimulate limbal 
stem cell growth while resisting degradation. In preclinical studies, BrightMEM 
supported limbal stem cell expansion and maintained a population of stem cells in the 
basal corneal epithelium.  As an acellular, human donor-derived tissue, there is 
theoretically a minimal risk of rejection. This novel treatment aims to redefine the 
standard of care for PCEDs and mild to moderate partial LSCD by providing a durable 
limbal basement membrane-like substrate for promoting LSC and epithelial cell 
proliferation on the cornea surface. It may also have clinical utility in other moderate to 
severe ocular surface diseases. The natural collagen structure of BrightMEM is 
conducive to LSC and epithelial cell survival, growth, and proliferation. It is similar to 
other therapeutic options such as human amniotic membrane while being optically 
clear and more durable (32). In vitro preclinical testing data in our labs have shown that, 
on average, 72% of cells isolated from the limbus of a donor cornea and cultured onto 
DM maintained their stem cell phenotype, in contrast to about 46% of cells cultured on 
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amniotic membrane. When cultured limbal epithelial cells on DM are induced to stratify 
and mature into corneal epithelium, cells in the basal layers in contact with DM maintain 
stem cell-like protein expression, indicating retained proliferative potential. This data 
suggests that BrightMEM allografts may create an ocular surface environment with 
improved regenerative reserve, though longer-term studies are needed to confirm this.  
 
The foundational technology behind BrightMEM was developed by Lions Gift of Sight at 
the University of Minnesota in Saint Paul. BrightMEM allografts are aseptically 
processed from tissues obtained from donated human corneal tissue according to the 
FDA’s Current Good Tissue Practices regulations. Proprietary techniques are used to 
remove endothelial cells from the isolated Descemet’s membrane without damaging 
the delicate allografts. 
 
For more information about the BrightMEM Anterior Keraplasty procedure, visit the 
surgeon training section of our website. 
 
CONCLUSION      
Treatment with BrightMEM allografts is a safe surgical procedure that may allow for 
earlier intervention in patients with epithelial dysfunction to protect against the 
depletion of LSCs and corneal epithelial cells long term. Other treatments in the toolbox 
designed to help boost LSC and corneal epithelial cell proliferation such as cenegermin-
bkbj (Oxervate; Dompe) and serum tears may be synergistic to BrightMEM allografts. 
The use of other supportive therapies to maintain the health of the ocular surface (e.g., 
lubricants, anti-inflammatories) will be needed in concert with BrightMEM. 
 
BrightMEM is not meant for patients who have a complete lack of LSCs. Although 
unlikely, it is possible for the membrane to dislodge; therefore, the surgical technique 
requires scraping a wide enough area to ensure the membrane is placed exclusively on 
the stroma to allow the epithelial layer to grow over it rather than under it. BrightMEM 
allografts are decellularized, without the endothelium layer, and are derived from older 
or lower-quality (i.e., inadequate endothelial cell counts) donor corneas that may not be 
viable for other uses and would otherwise be wasted. This allows for good stewardship 
of the tissue and fits well with the current infrastructure of eye banking. Future 
applications may include adding cultured stem cells onto the BrightMEM allograft to 
treat patients with total LSCD. Future research may extend the use of BrightMEM 
allografts as a “platform” for other regenerative cell applications in the eye.v  



BrightMEM Corneal Allograft a Vital Tool for Ocular Surface Challenges 9 

 
REFERENCES 
1. Vaidyanathan, U., Hopping, G.C., Liu, H.Y., et al. (2019). Persistent Corneal Epithelial 
Defects: A Review Article. Medical Hypothesis Discovery and Innovation in 
Ophthalmology, 8(3), 163-176. PMC6778469 
2. Eghrari, A.O., Riazuddin, S.A., Gottsch, J.D. (2015). Overview of the Cornea: Structure, 
Function, and Development. Progress in Molecular Biology and Translational Science, 
134:7-23. doi: 10.1016/bs.pmbts.2015.04.001 
3. Lu, L., Reinach, P.S., Kao, W.W. (2001). Corneal epithelial wound healing. Experimental 
Biology and Medicine (Maywood), 226(7), 653-64. doi: 10.1177/153537020222600711 
4. Katzman, L.R., Jeng, B.H. (2014). Management strategies for persistent epithelial 
defects of the cornea. Saudi Journal of Ophthalmology, 28(3), 168-72. doi: 
10.1016/j.sjopt.2014.06.011 
5. Dahlgren, M.A., Dhaliwal, A., Huang, A.J.W. (2008). Persistent Epithelial Defects. In 
Albert & Jakobiec's Principles & Practice of Ophthalmology (pp. 749-759). Elsevier 749-
759. doi: 10.1016/b978-1-4160-0016-7.50058-8 
6. Wilson, S.E., Medeiros, C.S., Santhiago, M.R. (2018). Pathophysiology of corneal 
scarring in persistent epithelial defects after PRK and other corneal injuries. Journal of 
Refractive Surgery, 34(1), 59-64. doi: 10.3928/1081597X-20171128-01 
7. Persistent Corneal Epithelial Defects Therapeutics Market Size Anticipated to Boost 
at a CAGR of 18.69% for the Study Period 2018-2030. DelveInsight. 
https://www.prnewswire.com/news-releases/persistent-corneal-epithelial-defects-
therapeutics-market-size-anticipated-to-boost-at-a-cagr-of-18-69-for-the-study-
period-20182030--delveinsight-301395916.html. Accessed June 25, 2023. 
8. Ramamurthi, S., Rahman, M.Q., Dutton, G.N., Ramaesh, K. (2006). Pathogenesis, 
clinical features and management of recurrent corneal erosions. Eye, 20(6), 635-644. 
doi: 10.1038/sj.eye.6702005 
9. Yoon, J.J., Ismail, S., Sherwin, T. (2014). Limbal stem cells: Central concepts of corneal 
epithelial homeostasis. World Journal of Stem Cells, 6(4), 391-403. doi: 
10.4252/wjsc.v6.i4.391 
10. Qazi, Y., Maddula, S., Ambati, B.K. (2009). Mediators of ocular angiogenesis. Journal 
of Genetics, 88(4), 495-515. doi: 10.1007/s12041-009-0068-0  
11. Wirostko, B., Rafii, M., Sullivan, D.A., Morelli, J., Ding, J. (2015). Novel Therapy to Treat 
Corneal Epithelial Defects: A Hypothesis with Growth Hormone. The Ocular Surface, 
13(3), 204-212 e1. doi: 10.1016/j.jtos.2014.12.005 



BrightMEM Corneal Allograft a Vital Tool for Ocular Surface Challenges 10 

12. Kate, H., Basu, S. (2022). A review of the diagnosis and treatment of limbal stem cell 
Deficiency. Frontiers in Medicine (Lausanne), 9. doi: 10.3389/fmed.2022.836009 
13. Holland, E.J. (2015). Management of limbal stem cell deficiency: A historical 
perspective, past, present, and future. Cornea, 34 (Supplement 10), S9-15. 
doi:10.1097/ICO.0000000000000534 
14. Orphanet. Limbal stem cell deficiency. https://tinyurl.com/3ryxkhpk. Accessed June 
25, 2023.  
15. Deng, S.X., Borderie, V., Chan, C.C., et al; and The International Limbal Stem Cell 
Deficiency Working Group. (2019). Global Consensus on Definition, Classification, 
Diagnosis, and Staging of Limbal Stem Cell Deficiency. Cornea, 38(3), 364-375. doi: 
10.1097/ICO.0000000000001820 
16. Mei, H., Gonzalez, S., Deng, S.X. (2012). Extracellular matrix is an important 
component of limbal stem cell niche. Journal of Functional Biomaterials, 3(4), 879-894. 
doi:10.3390/jfb3040879 
17. Tseng, S.C.G., He, H., Zhang, S., Chen, S.Y. (2016). Niche regulation of limbal epithelial 
stem cells: relationship between inflammation and regeneration. The Ocular Surface, 
14(2), 100-112. doi:10.1016/j.jtos.2015.12.002 
18. Hirata, M., Yamaoka, T. (2018). Effect of stem cell niche elasticity/ECM protein on the 
self-beating cardiomyocyte differentiation of induced pluripotent stem (iPS) cells at 
different stages. Acta Biomaterialia, 65, 44-52. doi:10.1016/j.actbio.2017.10.032 
19. Daya, S.M., Watson, A., Sharpe, J.R., et al. (2005). Outcomes and DNA analysis of ex 
vivo expanded stem cell allograft for ocular surface reconstruction. Ophthalmology, 
112(3), 470-477. doi:10.1016/j.ophtha.2004.09.023 
20. Chen, P., Zhou, Q., Wang, J., et al. (2016). Characterization of the corneal surface in 
limbal stem cell deficiency and after transplantation of cultured allogeneic limbal 
epithelial cells. Graefe's Archive for Clinical and Experimental Ophthalmology , 254(9), 
1765-1777. doi:10.1007/s00417-016-3410-2 
21. Katzman, L.R., Jeng, B.H. (2014). Management strategies for persistent epithelial 
defects of the cornea. Saudi Journal of Ophthalmology, 28(3), 168–172. 
doi.org/10.1016/j.sjopt.2014.06.011 
22. Rosenthal, P., Cotter, J.M., Baum, J. (2000). Treatment of persistent corneal epithelial 
defect with extended wear of a fluid-ventilated gas-permeable scleral contact lens. 
American Journal of Ophthalmology, 130(1), 33-41. doi: 10.1016/s0002-9394(00)00379-2 
23. Deng, S.X., Kruse, F., Gomes, J.A.P., et al. (2020). Global consensus on the 
management of limbal stem cell deficiency. Cornea, 39(10), 1291-1302. 
doi:10.1097/ICO.0000000000002358 



BrightMEM Corneal Allograft a Vital Tool for Ocular Surface Challenges 11 

24. Elhusseiny, A.M., Soleimani, M., Eleiwa, T.K., et al. (2022). Current and emerging 
therapies for limbal stem cell deficiency. Stem Cells Translational Medicine, 11(3), 259-
268. doi: 10.1093/stcltm/szab028 
25. Ballios, B.G., Weisbrod, M., Chan, C.C., et al. (2018). Systemic immunosuppression in 
limbal stem cell transplantation: Best practices and future challenges. Canadian 
Journal of Ophthalmology, 53(4), 314-323. doi:10.1016/j.jcjo.2017.10.040 
26. Cheung, A.Y., Holland, E.J. (2017). Keratolimbal allograft. Current Opinion in 
Ophthalmology, 28(4), 377-381. doi:10.1097/ICU.0000000000000374 
27. Eye Bank Association of America. Statistical Report. 
https://restoresight.org/members/publications/statistical-report/. Accessed June 25, 
2023. 
28. Sejpal, K., Yu, F., Aldave, A.J. (2011). The Boston keratoprosthesis in the 
management of corneal limbal stem cell deficiency. Cornea, 30(11), 1187-1194. 
doi:10.1097/ICO.0b013e3182114467 
29. Koo, E.H., Hannush, S.B. (2021). Challenges in management of the Boston 
keratoprosthesis type 1. Current Opinion in Ophthalmology,32(4), 385-388. doi: 
10.1097/ICU.0000000000000774 
30. Ghiasi, M., Jadidi, K., Hashemi, M., Zare, H., Salimi, A., Aghamollaei, H. (2021). 
Application of mesenchymal stem cells in corneal regeneration. Tissue Cell, 73:101600. 
31. Samaeekia, R., Rabiee, B., Putra, I., Shen, X., Park, Y.J., Hematti, P., Eslani, M., 
Djalilian, A.R. (2018). Effect of human corneal mesenchymal stromal cell-derived 
exosomes on corneal epithelial wound healing. Investigative Ophthalmology & Visual 
Science, 59(12), 5194-5200. 
32. Birbal, R.S., Sikder, S., Lie, J.T., et al. (2018). Donor tissue preparation for Descemet 
membrane endothelial keratoplasty: an updated review. Cornea, 37(1), 128-135. 
doi:10.1097/ICO.0000000000001368 
33. Dietrich-Ntoukas, T., Hofmann-Rummelt, C., Kruse, F.E., Schlötzer-Schrehardt, U. 
(2012). Comparative analysis of the basement membrane composition of the human 
limbus epithelium and amniotic membrane epithelium. Cornea, 31(5), 564-569. 
doi:10.1097/ICO.0b013e3182254b78 
34. Schlötzer-Schrehardt, U., Dietrich, T., Saito, K., et al. (2007). Characterization of 
extracellular matrix components in the limbal epithelial stem cell compartment. 
Experimental Eye Research, 85(6), 845-860. doi:10.1016/j.exer.2007.08.020 
35. Kabosova, A., Azar, D.T., Bannikov, G.A., et al. (2007). Compositional differences 
between infant and adult human corneal basement membranes. Investigative 
Ophthalmology & Visual Science, 48(11), 4989-4999. doi:10.1167/iovs.07-0654 



BrightMEM Corneal Allograft a Vital Tool for Ocular Surface Challenges 12 

36. Echevarria, T.J., Chow, S., Watson, S., Wakefield, D., Di Girolamo, N. (2011). 
Vitronectin: a matrix support factor for human limbal epithelial progenitor cells. 
Investigative Ophthalmology & Visual Science, 52(11), 8138-8147. doi:10.1167/iovs.11-
8140 
37. Hou, J.H., Bedard, P., Lee, S., Yuan, C. Comparison of Descemet’s membrane and 
human amniotic membrane as culture substrates for ex vivo expansion of limbal stem 
cells. 
2020;61:7 https://iovs.arvojournals.org/article.aspx?articleid=2767967 
 


