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Abstract 
Amniotic membrane (AM) transplantation has been used successfully worldwide in ophthalmology plastic surgery for over 100 years. This 
review presents the histological and the immunohistochemical features of AM compared to those of the conjunctiva and discusses the 
techniques of processing and preservation, its mechanism of action in ocular reconstruction, its clinical ophthalmic indications, but also 
advantages and limitations of grafting with this biomaterial. 
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 Introduction 

The amniotic membrane (AM) is the inner vascular 
layer of the three-layered fetal membrane [1]. It is located 
on the inner layer of placenta and fully surrounds the 
embryo, outlining the amniotic cavity, which is filled with 
amniotic liquid [2]. 

The first therapeutic use of AM was successfully 
achieved in 1910, by the American surgeon JW Davis, 
who used it in skin grafting in Johns Hopkins Hospital 
[3]. The first ocular therapeutic indication of AM was 
suggested by de Rötth, in 1940, for treating a chemical 
burn of the ocular surface [4]. 

Sorsby & Symons (1946) [5] and Sorsby et al. (1947) 
[6] used “dry” amniotic membrane, termed “amnioplastin”, 
as a temporary patch for treating acute ocular burns. 

In 1995, Kim & Tseng reintroduced the use of amniotic 
membrane for ocular reconstruction. They showed on a 
rabbit model that 40% of the corneas with total limbal 
deficiencies may be reconstructed by replacing the 
conjunctival surface with the preserved amniotic membrane 
[7]. 

The amniotic membrane had been used up to that time 
in ophthalmology as a graft for corneal and conjunctival 
reconstruction in a variety of ocular surface diseases, as 
a biological patch or bandage, to treat acute inflammatory 
disorders, and as a carrier of limbal stem cells [8]. 

 Comparative histology: conjunctiva 
versus amniotic membrane 

The conjunctiva is a thin transparent mucous membrane, 
which protects the eye from infection, lines the inside of 
eyelids, and surrounds the entire globe, except for the 
cornea. From the microscopic point of view, the conjunctiva 
is made up of two layers: the conjunctival epithelium and 
the subepithelial stroma (Figure 1). Under the mucosal 
surface of the conjunctiva, there are numerous patches of 
lymphoid tissue and a rich supply of blood vessels and 
lymphatics. At the limbus, the conjunctival epithelium 
becomes the corneal epithelium [9, 10]. 

 
Figure 1 – Histology of the conjunctiva: 1.a: Epithelium; 
1.b: Adenoid layer; 1.c: Fibrous layer (after Sava et al. 
[10]). 
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The conjunctival stroma is a highly vascularized 
connective tissue separated from the epithelium by an 
underlying membrane [10]. It includes two sections:  
(a) the adenoid surface layer, which is not present at 
birth, but emerges after the age of three months, is made 
up of reticular connective tissue including lymphocytes 
that in some areas comprises follicle-like structures with 
no germinal centers (Figure 2); (b) the fibrous deep layer 
consisted in connective tissue with collagen and elastic 
fibers and is, thicker than the adenoid layer, with the 
exception of the tarsal conjunctiva. The latter adheres to 
the tarsal plate and belongs rather to the subconjunctival 
tissue than to the conjunctiva. The fibrous layer stretches 
loosely over the eyeball. Nerves and glands are found in 
the conjunctival stroma [10]. 

 
Figure 2 – Microscopic aspect of bulbar conjunctiva: 
stratified squamous epithelium situated on the stromal 
adenoid layer [Hematoxylin–Eosin (HE) staining, ×100] 
(after Sava et al. [10]). 

The basement membrane of the AM closely resembles 
that of the conjunctiva and cornea especially with regards 
to its collagen composition [11]. There are similarities 
between the conjunctival graft and the amniotic 
membrane, which is why both of them can be used to 
support the weak cornea. Being a vascularized tissue, 
the conjunctival flap provides fibroblast cells and white 
cells in the cornea, supporting the healing of corneal ulcers. 
Conjunctival flaps may be used to cover the cornea in 
pterygium and conjunctival neoplasm excision and in the 
reconstruction of the injured cornea or corneal scar [9]. 

AM is made up of extra-embryonic tissue and consists 
of a fetal component (chorionic plate) and a maternal 
component (the deciduas) (Figure 3). These two parts are 
held together by chorionic villi and they are connected 
by the cytotrophoblastic shell of the chorionic sac to the 
decidua basalis. The fetal component separates the fetus 
from the endometrium. The amnio-chorionic membrane 
outlines the external borders of the sac, which encloses 
the fetus, whereas the innermost layer of the sac is the 
amniotic membrane [12]. 

Histologically, AM is represented by a single layer of 
metabolically very active cuboidal to columnar epithelium 
with microvili (Figure 4), firmly attached to a basement 
membrane, and an avascular and relatively sparsely 
populated stroma [11, 12]. The basement membrane is 

made up of type IV, V and VII collagen (also found in 
conjunctival and corneal basement membranes) in addition 
to fibronectin and laminin [11, 13]. It is one of the thickest 
membranes in the human body and can withstand current 
cryopreservation techniques. The stroma is further divided 
into three contiguous, but distinct layers: the inner compact 
layer, which is in contact with the basement membrane and 
contributes to the tensile strength of the membrane, middle 
fibroblast layer, which is thick and made up of a loose 
fibroblast network, and the outermost spongy layer [11]. 

 
Figure 3 – The human amniotic membrane lines the 
fetal environment during gestation, separating the 
developing fetus from his/her mother in utero. Black 
square: Amniotic membrane or fetal side showing a 
single layer of cuboidal epithelial cells, basement 
membrane and stromal layer. Yellow square: Maternal 
deciduas made up of trophoblasts situated on a base-
ment membrane, and a stromal layer. Black arrow: 
Between amniotic membrane and chorionic layer, there 
is the intermediate layer made up of mesechyme showing 
fibroblasts (HE staining, ×100) (private collection, 
Dr Gabriela Florenţa Dumitrescu). 

 
Figure 4 – Magnified view of the black rectangle frame 
from the previous figure, showing the microscopic 
structure of amniotic membrane (HE staining, ×400) 
(private collection, Dr Gabriela Florenţa Dumitrescu). 
EC: A single layer of cuboidal epithelial cell with 
microvilli; BM: Thick basement membrane; SM: 
Avascular stromal matrix; M: Mesenchymal inter-
mediate layer made up of fibroblasts. 

There are no nerves, muscles or lymphatic vessels in 
AM. Amnion nutrition is achieved by oxygenation from 
the chorionic surrounding fluid, amniotic fluid and fetal 
surface vessels [14]. 
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 Comparative immunohistochemical 
phenotypes: conjunctiva versus 
amniotic membrane 

Simple AM transplantation requires cells of surrounding 
healthy conjunctiva to move out and cover the surface of 
the amniotic membrane in order to achieve re-construction 
of the eye surface [15]. For serious defects of the 
conjunctiva, simple AM transplantation is challenging. 
It has been reported that successfully transplanted human 
AM can transform into conjunctival epithelia-like cells 
and that the surrounding conjunctival tissue is sufficient 
to create the microenvironment required for directional 
differentiation of amniotic epithelia [16–19]. 

AM can be obtained from donors undergoing elective 
cesarean section, and who have been previously screened 
serologically for potentially communicable diseases 
including human immunodeficiency virus, hepatitis B 
and C viruses and syphilis [7, 20]. 

AM has similar histological components as the basal 
membrane of ocular superficial epithelium and can secret 
cytokines such as alkaline fibroblastic growth factor and 
epidermal growth factor to promote epithelial adhesion, 
migration, and induced differentiation [19, 21–24]. The 
immunohistochemical staining shows that the epithelium 
of both types of tissues expresses common cytokeratins 
(CK) AE1/AE3 and CK 19 and this is the proof that  
the amniotic membrane could be used with success in 
conjunctival repair of the ocular surface (Figures 5–8). 

On the other hand, amniotic membrane stroma is 
endowed with growth factors, among which the trans-
forming growth factor-β (TGF-β) and epidermal growth 

factor are vital. The exact mechanism of its action has 
not been clearly defined yet, but in most instances, it is 
widely accepted that it acts as a substrate, which is very 
conducive to epithelial cell migration and attachment [11]. 

 
Figure 5 – Conjunctiva: epithelial cells shows immuno-
positivity for CK AE1/AE3 (Immunostaining, anti-
CK AE1/AE3 antibody, ×400) (private collection, Dr 
Gabriela Florenţa Dumitrescu). 

The structure and function of the amniotic membrane 
have been analyzed by various authors so far, who 
investigated especially the features of the pluripotent 
cells of the amniotic membrane, which allow this tissue 
to be a very good source of grafts. The amniotic membrane 
has anti-inflammatory, anti-bacterial and immunological 
features, as well as anti-angiogenic and anti-apoptotic 
features [2]. 

 

 
Figure 6 – Amniotic membrane: 
epithelial cell express CK AE1/AE3 
(Immunostaining, anti-CK AE1/AE3 
antibody, ×400) (private collection, 
Dr Gabriela Florenţa Dumitrescu). 

Figure 7 – Conjunctiva: epithelial 
cells shows immunopositivity for 
CK 19 (Immunostaining, anti-CK 19 
antibody, ×400) (private collection, 
Dr Gabriela Florenţa Dumitrescu). 

Figure 8 – Amniotic membrane: 
epithelial cells express immunopo-
sitivity for CK 19 (Immunostaining, 
anti-CK 19 antibody, ×400). 

 

 Amniotic membrane procurement, 
processing and preservation for  
ocular surface 

According to Kim & Tseng [7, 25, 26], the placenta, 
obtained under strict aseptic conditions, is rinsed using 
balanced salt solution containing a cocktail of antibiotics 
(50 μg/mL penicillin, 50 μg/mL streptomycin, 100 μg/mL 
neomycin and 2.5 μg/ml amphotericin B) under sterile 
conditions. The amnion is separated from the chorion by 
blunt dissection. The separated membranes are cut in 
different sizes and placed on nitrocellulose paper strips 
with the epithelial side up. Dulbecco’s Modified Eagles 
Medium (DMEM)/glycerol (1:1) is used for cryopreser-

vation and the tissues are frozen at -800C until further 
use [25, 27–30]. Amnion stored in 50–85% glycerol is 
reliable and effective for over a year, with the additional 
advantage of its antibacterial properties [25, 31]. Both 
fresh and preserved AM have been found to be equally 
effective when transplanted on to the ocular surface [11, 
32] (Figure 9, a–e). 

 Mechanism of amniotic membrane 
effects in ocular reconstruction 

The membrane may be used to facilitate cornea 
reepithelialization in case of cornea defects and stromal 
ulceration [33–35], and has four main effects: (1) 
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facilitation of epithelial cell migration [36, 37]; (2) 
reinforcement of basal epithelial cell adhesion [38–40]; 
(3) promotion of epithelial cell differentiation [41–43]; 
and (4) prevention of apoptosis [44, 45]. 

The basement side of the membrane is an ideal 
substrate for supporting the growth of epithelial progenitor 
cells by prolonging their life span and maintaining their 
clonogenicity [46]. 

  
Figure 9 – The preparation of fresh amniotic membrane (AM): (a) AM is the inner most layer of the placenta (private 
collection, Dr Alexandru Cărăuleanu); (b–d) The membrane is trimmed to fit the size of the underlying defect; (e) AM 
is sutured to the ocular surface (private collection, Dr Claudia Florida Costea). 

The stromal component of the amniotic membrane 
includes a unique matrix component which suppresses 
TGF-β, the proliferation and differentiation of myofibro-
blasts, of normal human corneal and limbal fibroblasts 
[46, 47] and of normal conjunctival fibroblasts and 
pterygium body fibroblasts [46, 48]. This action explains 
why an amniotic membrane graft reduces scars during 
conjunctiva surface reconstruction [46, 49, 50], prevents 
recurrent scarring after pterygium removal [46, 51–55] 
and reduces corneal haze following phototherapeutic and 
photorefractive keratectomy [56, 57]. 

The anti-inflammatory effects of the AM are deter-
mined by the inhibition of the expression of cytokines 
from the damaged ocular surface, e.g., interleukin (IL)-
1α, IL-2, IL-8 are key regulators of the inflammatory 
response [58], interferon-γ, tumor necrosis factor-β, basic 
fibroblast growth factor and platelet derived growth 
factor [59]. Shimmura et al. [60] also demonstrated a 
more mechanical effect by showing that inflammatory 
cells get trapped and undergo apoptosis in the AM matrix. 

Another characteristic of AM described in literature 
is the production of several potent anti-angiogenic 
chemicals including thrombospondin-1, endostatin and 
all four tissue inhibitors of metalloproteases (TIMP-1,  
-2, -3 and -4) [11, 61]. 

Antibacterial effects have been demonstrated against 
both Gram-positive cocci including streptococci and 
Staphylococcus aureus as well as Gram-negative bacilli 
including Escherichia coli and Pseudomonas aeruginosa 
[11, 62, 63], due to the occurrence of several antimicrobial 
factors in the amniotic fluid including bactricidin, beta-
lysin, lysozyme, transferrin and 7S immunoglobulin [11, 
64, 65]. 

Another important characteristic of the human AM 
is a lack of expression of the major histocompatibility 
antigens HLA-A, -B, or DR antigens [11, 66, 67], which 
allows amniotic membrane grafts in the eyeball. 

 Clinical ophthalmic indications 

AM graft enhances growth and differentiation of 
conjunctival epithelial cells [40, 68] and is reported to 
inhibit subconjunctival scar tissue formation [47, 68] 
and therefore it is considered to be a favorable substrate 
for ocular surface reconstruction [20, 33, 49–51, 68–
72]. 

Preserved or fresh amniotic membrane is used in the 
management of persistent epithelial defects in case of 
herpes infections, autoimmune diseases, shield ulcer, 
infectious keratitis [68]. 

It is also used as temporary biological bandage/patch. 
It is primarily aimed to suppress acute or chronic host 
tissue inflammation caused by diseases or surgery so as 
to promote healing with minimal scarring. AM can be 
sutured as a bandage (lens), dressing or patch to cover 
both healthy host tissue and the damage site in order to 
allow the healing of underneath host epithelium [11]. 

The use of AM as conjunctival graft for conjunctiva 
surface reconstruction is preferred in order to restore 
normal stroma and provide a healthy basement membrane 
for renewed epithelial proliferation and differentiation 
[46]. In addition to the clinical indications mentioned by 
Bouchard & John (2004) [73] and that could be found in 
Table 1, AM may be a better alternative than mucous 
membrane graft in plastic correction of lid abnormality 
and eye socket reconstruction [46]. Also, AM has been 
used as biological dressing in skin graft donor site in the 
treatment of skin burns [74], like other therapeutic methods, 
with an anti-inflammatory and tegument regeneration 
effect [75]. Moreover, AM is used for cornea surface 
reconstruction and as graft in case of persistent corneal 
ulcers of different etiologies [34–36, 54], as well as in 
band keratopathy [34]. 

Table 1 – Indications of AMT (according to Bouchard 
& John, 2004 [73]) 

AMT in the presence of  
stem cell deficiency 

Chemical ocular injuries 

AMT in the absence of  
stem cell deficiency 

Epithelial cornea defects 
Corneal/sclera-corneal ulcers 
Bullous keratopathy 

AMT for conjunctiva 
reconstruction 

Pterygium 
Conjunctival chalasis 
OSSN 
Limbal dermoid 
Symblepharon 
Conjunctiva lesions 
Leaking blebs 

AMT in ocular cicatricial 
diseases 

Toxic epidermal necrolysis 
Ocular cicatricial pemphigoid 
Oculopalpebral and 
reconstructive surgery 

Other indications of AM use Stem cell cultures 

AMT: Amniotic membrane transplantation; OSSN: Ocular surface 
squamous neoplasia. 
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When a limbal deficiency is diagnosed, AM trans-
plantation is designed to restore the damaged limbal 
environment, and in case of limbal stem cell trans-
plantation it is aimed to restore the limbal stem cell 
population [20, 68, 69]. 

 Advantages and disadvantages  
of amniotic membrane grafting 

The thick basement membrane of the amniotic mem-
brane facilitates epithelial cell migration and reinforces 
the adhesion of basal epithelial cells causing rapid epithe-
lization. Also, it plays an important role in epithelial 
differentiation and prevents epithelial apoptosis [68]. 

Different histopathological tests have shown that the 
integration of the amniotic membrane graft [76] in the 
host cornea can be superficial, intrastromal, intraepithelial 
or subepithelial. This generates less vascularization during 
the healing process and it is done more easily, which 
cosmetic results that do not impair on the conjunctiva and 
helps to achieve corneal transparency thus enhancing 
visual acuity [68]. 

The disadvantages of the AM use are the possible total 
loss of limbal epithelial stem cells or of conjunctival 
epithelial stem cells [46]. Also, it cannot be used for eye 
surface reconstruction in case of severe aqueous tear 
deficiency, diffuse keratinization [77], absence of blinking 
in severe neurotrophic state and stromal ischemia [46]. 

 Conclusions 

The AM is a biologically-derived material suitable for 
eye surface reconstruction, since its histological structure 
is somewhat similar to that of the conjunctiva. Furthermore, 
its procurement, processing and preservation are relatively 
easy and after transplantation, there are no histocompa-
tibility problems. The indications of its use in ophthalmo-
logical surgery are numerous, ranging from pterygium to 
neoplasia. Last but not least, the very good cosmetic results 
and visual acuity improvement are worth mentioning. 

Conflict of interests 
The authors do not have a financial interest/ 

arrangement or affiliation with one or more organizations 
that could be perceived as a real or apparent conflict of 
interest in the context of the subject of the manuscript. 

References 
[1] Rahman I, Said DG, Maharajan VS, Dua HS. Amniotic 

membrane in ophthalmology: indications and limitations. 
Eye (Lond), 2009, 23(10):1954–1961. 

[2] Mamede AC, Carvalho MJ, Abrantes AM, Laranjo M, Maia CJ, 
Botelho MF. Amniotic membrane: from structure and functions 
to clinical applications. Cell Tissue Res, 2012, 349(2):447–
458. 

[3] Davis JS. Skin transplantation: with a review of 550 cases 
at the Johns Hopkins Hospital. Johns Hopkins Med J, 1910, 
15:307–396. 

[4] de Rötth A. Plastic repair of conjunctival defects with fetal 
membranes. Arch Ophthalmol, 1940, 23(3):522–525. 

[5] Sorsby A, Symons HM. Amniotic membrane grafts in caustic 
burns of the eye (burns of the second degree). Br J 
Ophthalmol, 1946, 30(6):337–345. 

[6] Sorsby A, Haythorne J, Reed H. Further experience with 
amniotic membrane grafts in caustic burns of the eye. Br J 
Ophthalmol, 1947, 31(7):409–418. 

[7] Kim JC, Tseng SC. Transplantation of preserved human 
amniotic membrane for surface reconstruction in severely 
damaged rabbit corneas. Cornea, 1995, 14(5):473–484. 

[8] Gomes JA, Romano A, Santos MS, Dua HS. Amniotic 
membrane use in ophthalmology. Curr Opin Ophthalmol, 
2005, 16(4):233–240. 

[9] Sanford-Smith J. Surgery of the conjunctiva and cornea. In: 
Sanford-Smith J. Eye surgery in hot climates. 2nd edition 
Ulverscroft Large Print, International Centre for Eye Health, 
2001, 257–273. 

[10] Sava A, Costea CF, Dumitrescu GF. Anatomie et histologie de 
la région périoculaire. In: Sava A, Costea CF, Dumitrescu GF. 
Guide de pathologie ophtalmologique. Affections des paupières 
et de la conjonctive. Edition Universa, Wetteren, Belgique, 
2015, 2–35. 

[11] Malhotra C, Jain AK. Human amniotic membrane trans-
plantation: different modalities of its use in ophthalmology. 
World J Transplant, 2014, 4(2):111–121. 

[12] Niknejad H, Peirovi H, Jorjani M, Ahmadiani A, Ghanavi J, 
Seifalian AM. Properties of the amniotic membrane for 
potential use in tissue engineering. Eur Cell Mater, 2008, 
15:88–99. 

[13] Fukuda K, Chikama T, Nakamura M, Nishida T. Differential 
distribution of subchains of the basement membrane com-
ponents type IV collagen and laminin among the amniotic 
membrane, cornea, and conjunctiva. Cornea, 1999, 18(1):73–79. 

[14] Toda A, Okabe M, Yoshida T, NikaidoT. The potential of 
amniotic membrane/amnion-derived cells for regeneration of 
various tissues. J Pharmacol Sci, 2007, 105(3):215–228. 

[15] Xu B, Fan TJ, Zhao J, Sun A, Wang RX, Hu XZ, Yu HZ, 
Fan XY, Xu XH. Transplantation of tissue-engineered human 
corneal epithelium in limbal stem cell deficiency rabbit models. 
Int J Ophthalmol, 2012, 5(4):424–429. 

[16] Giasson CJ, Bouchard C, Boisjoly H, Germain L. [Amnion 
and ocular surface problems]. Med Sci (Paris), 2006, 22(6–7): 
639–644. 

[17] Wang M, Yoshida A, Kawashima H, Ishizaki M, Takahashi H, 
Hori J. Immunogenicity and antigenicity of allogeneic amniotic 
epithelial transplants grafted to the cornea, conjunctiva, and 
anterior chamber. Invest Ophthalmol Vis Sci, 2006, 47(4): 
1522–1532. 

[18] Fatima A, Iftekhar G, Sangwan VS, Vemuganti GK. Ocular 
surface changes in limbal stem cell deficiency caused by 
chemical injury: a histologic study of excised pannus from 
recipients of cultured corneal epithelium. Eye (Lond), 2008, 
22(9):1161–1167. 

[19] Yang SP, Yang XZ, Cao GP. Conjunctiva reconstruction by 
induced differentiation of human amniotic epithelial cells. 
Genet Mol Res, 2015, 14(4):13823–13834. 

[20] Shimazaki J, Yang HY, Tsubota K. Amniotic membrane trans-
plantation for ocular surface reconstruction in patients with 
chemical and thermal burns. Ophthalmology, 1997, 104(12): 
2068–2076. 

[21] Lee JH, Ryu IH, Kim EK, Lee JE, Hong SW, Lee HK. Induced 
expression of insulin-like growth factor-1 by amniotic mem-
brane-conditioned medium in cultured human corneal epithelial 
cells. Invest Ophthalmol Vis Sci, 2006, 47(3):864–872. 

[22] Deolinda de Oliveira Pena J, Melo GB, Gomes JA, Haapa-
lainen EF, Komagome CM, Santos NC, Souza Lima Filho AA, 
Rizzo LV. [Ultrastructural and growth factor analysis of amniotic 
membrane preserved by different methods for ocular surgery]. 
Arq Bras Oftalmol, 2007, 70(5):756–762. 

[23] Gicquel JJ, Dua HS, Brodie A, Mohammed I, Suleman H, 
Lazutina E, James DK, Hopkinson A. Epidermal growth factor 
variations in amniotic membrane used for ex vivo tissue 
constructs. Tissue Eng Part A, 2009, 15(8):1919–1927. 

[24] Wolbank S, Hildner F, Redl H, van Griensven M, Gabriel C, 
Hennerbichler S. Impact of human amniotic membrane 
preparation on release of angiogenic factors. J Tissue Eng 
Regen Med, 2009, 3(8):651–654. 

[25] Sangwan VS, Burman S, Tejwani S, Mahesh SP, Murthy R. 
Amniotic membrane transplantation: a review of current 
indications in the management of ophthalmic disorders. 
Indian J Ophthalmol, 2007, 55(4):251–260. 

[26] Tseng SC, Di Pascuale MA, Liu DT, Gao YY, Baradaran-
Rafii A. Intraoperative mitomycin C and amniotic membrane 
transplantation for fornix reconstruction in severe cicatricial 
ocular surface diseases. Ophthalmology, 2005, 112(5):896–
903. 



Elena Şapte et al. 

 

368 

[27] Burgos H, Sergeant RJ. Lyophilised amniotic membranes used 
in reconstruction of the ear. J R Soc Med, 1983, 76(5):433. 

[28] Muralidharan S, Gu J, Laub GW, Cichon R, Daloisio C, 
McGrath LB. A new biological membrane for pericardial 
closure. J Biomed Mater Res, 1991, 25(10):1201–1209. 

[29] Martínez Pardo ME, Reyes Frías ML, Ramos Durón LE, 
Gutiérrez Salgado E, Gómez JC, Marín MA, Luna Zaragoza D. 
Clinical application of amniotic membranes on a patient  
with epidermolysis bullosa. Ann Transplant, 1999, 4(3–4): 
68–73. 

[30] Kruse FE, Joussen AM, Rohrschneider K, You L, Sinn B, 
Baumann J, Völcker HE. Cryopreserved human amniotic 
membrane for ocular surface reconstruction. Graefes Arch 
Clin Exp Ophthalmol, 2000, 238(1):68–75. 

[31] Maral T, Borman H, Arslan H, Demirhan B, Akinbingol G, 
Haberal M. Effectiveness of human amnion preserved long-
term in glycerol as a temporary biological dressing. Burns, 
1999, 25(7):625–635. 

[32] Adds PJ, Hunt CJ, Dart JK. Amniotic membrane grafts, 
“fresh” or frozen? A clinical and in vitro comparison. Br J 
Ophthalmol, 2001, 85(8):905–907. 

[33] Lee SH, Tseng SC. Amniotic membrane transplantation for 
persistent epithelial defects with ulceration. Am J Ophthalmol, 
1997, 123(3):303–312. 

[34] Kruse FE, Rohrschneider K, Völcker HE. Multilayer amniotic 
membrane transplantation for reconstruction of deep corneal 
ulcers. Ophthalmology, 1999, 106(8):1504–1510; discussion 
1511. 

[35] Chen HJ, Pires RTF, Tseng SC. Amniotic membrane trans-
plantation for severe neurotrophic corneal ulcers. Br J 
Ophthalmol, 2000, 84(8):826–833. 

[36] Meller D, Pires RT, Tseng SC. Ex vivo preservation and 
expansion of human limbal epithelial stem cells on amniotic 
membrane cultures. Br J Ophthalmol, 2002, 86(4):463–471. 

[37] Meller D, Tseng SC. Conjunctival epithelial cell differentiation 
on amniotic membrane. Invest Ophthalmol Vis Sci, 1999, 
40(5):878–886. 

[38] Keene DR, Sakai LY, Lunstrum GP, Morris NP, Burgeson RE. 
Type VII collagen forms an extended network of anchoring 
fibrils. J Cell Biol, 1987, 104(3):611–621. 

[39] Sonnenberg A, Calafat J, Janssen H, Daams H, van der 
Raaij-Helmer LM, Falcioni R, Kennel SJ, Aplin JD, Baker J, 
Loizidou M, Garrod D. Integrin alpha 6/beta 4 complex is 
located in hemidesmosomes, suggesting a major role in 
epidermal cell-basement membrane adhesion. J Cell Biol, 
1991, 113(4):907–917. 

[40] Terranova VP, Lyall RM. Chemotaxis of human gingival 
epithelial cells to laminin. A mechanism for epithelial cell 
apical migration. J Periodontol, 1986, 57(5):311–317. 

[41] Guo M, Grinnell F. Basement membrane and human epi-
dermal differentiation in vitro. J Invest Dermatol, 1989, 93(3): 
372–378. 

[42] Kurpakus MA, Stock EL, Jones JC. The role of the basement 
membrane in differential expression of keratin proteins in 
epithelial cells. Dev Biol, 1992, 150(2):243–255. 

[43] Streuli CH, Bailey N, Bissell MJ. Control of mammary epithelial 
differentiation: basement membrane induces tissue-specific 
gene expression in the absence of cell–cell interaction and 
morphological polarity. J Cell Biol, 1991, 115(5):1383–1395. 

[44] Boudreau N, Sympson CJ, Werb Z, Bissell MJ. Suppression 
of ICE and apoptosis in mammary epithelial cells by extra-
cellular matrix. Science, 1995, 267(5199):891–893. 

[45] Boudreau N, Werb Z, Bissell MJ. Suppression of apoptosis 
by basement membrane requires three-dimensional tissue 
organization and withdrawal from the cell cycle. Proc Natl 
Acad Sci USA, 1996, 93(8):3509–3513. 

[46] Tseng SCG. Amniotic membrane transplantation for ocular 
surface reconstruction. Biosci Rep, 2001, 21(4):481–489. 

[47] Tseng SCG, Li DQ, Ma X. Suppression of transforming growth 
factor-β isoforms, TGF-β receptor II, and myofibroblast differ-
entiation in cultured human corneal and limbal fibroblasts by 
amniotic membrane matrix. J Cell Physiol, 1999, 179(3):325–
335. 

[48] Lee SB, Li DQ, Tan DTH, Meller D, Tseng SC. Suppression 
of TGF-β signaling in both normal conjunctival fibroblasts and 
pterygial body fibroblasts by amniotic membrane. Curr Eye 
Res, 2000, 20(4):325–334. 

[49] Tseng SC, Prabhasawat P, Lee SH. Amniotic membrane 
transplantation for conjunctival surface reconstruction. Am J 
Ophthalmol, 1997, 124(6):765–774. 

[50] Azuara-Blanco A, Pillai CT, Dua HS. Amniotic membrane 
transplantation for ocular surface reconstruction. Br J 
Ophthalmol, 1999, 83(4):399–402. 

[51] Prabhasawat P, Barton K, Burkett G, Tseng SC. Comparison 
of conjunctival autografts, amniotic membrane grafts, and 
primary closure for pterygium excision. Ophthalmology, 1997, 
104(6):974–985. 

[52] Shimazaki J, Shinozaki N, Tsubota K. Transplantation of 
amniotic membrane and limbal autograft for patients with 
recurrent pyterygium associated with symblepharon. Br J 
Ophthalmol, 1998, 82(3):235–240. 

[53] Kim JC, Lee D, Shyn KH. Clinical uses of human amniotic 
membrane for ocular surface diseases. In: Lass JH (ed). 
Advances in corneal research. Plenum Press, New York, 
1997, 117–134. 

[54] Solomon A, Pires RTF, Tseng SC. Amniotic membrane trans-
plantation after extensive removal of primary and recurrent 
pterygia. Ophthalmology, 2001, 108(3):449–460. 

[55] Ma DHK, See LC, Liau SB, Tsai RJF. Amniotic membrane graft 
for primary pterygium: comparison with conjunctival autograft 
and topical mitomycin C treatment. Br J Ophthalmol, 2000, 
84(9):973–978. 

[56] Choi YS, Kim JY, Wee WR, Lee JH. Effect of the application 
of human amniotic membrane on rabbit corneal wound healing 
after excimer laser photorefractive keratectomy. Cornea, 1998, 
17(4):389–395. 

[57] Park WC, Tseng SC. Modulation of acute inflammation and 
keratocyte death by suturing, blood, and amniotic membrane 
in PRK. Invest Ophthalmol Vis Sci, 2000, 41(10):2906–2914. 

[58] Barnea TV, Sava A, Gentimir C, Goriuc A, Boişteanu O, 
Chelaru L, Iancu RI, Avram CA, Acatrinei DD, Bogza EG, 
Răducanu OC, Cioloca DP, Vasincu D, Costuleanu M. Genetic 
polymorphisms of TNFA and IL-1A and generalized aggressive 
periodontitis. Rom J Morphol Embryol, 2015, 56(2):459–464. 

[59] Solomon A, Rosenblatt M, Monroy D, Ji Z, Pflugfelder SC, 
Tseng SC. Suppression of interleukin 1α and interleukin 1β 
in the human limbal epithelial cells cultured on the amniotic 
membrane stromal matrix. Br J Ophthalmol, 2001, 85(4):444–
449. 

[60] Shimmura S, Shimazaki J, Ohashi Y, Tsubota K. Anti-
inflammatory effects of amniotic membrane transplantation 
in ocular surface disorders. Cornea, 2001, 20(4):408–413. 

[61] Hao Y, Ma DH, Hwang DG, Kim WS, Zhang F. Identification 
of antiangiogenic and antiinflammatory proteins in human 
amniotic membrane. Cornea, 2000, 19(3):348–352. 

[62] Kjaergaard N, Hein M, Hyttel L, Helmig RB, Schønheyder HC, 
Uldbjerg N, Madsen H. Antibacterial properties of human 
amnion and chorion in vitro. Eur J Obstet Gynecol Reprod 
Biol, 2001, 94(2):224–229. 

[63] Kjaergaard N, Helmig RB, Schønheyder HC, Uldbjerg N, 
Hansen ES, Madsen H. Chorioamniotic membranes constitute 
a competent barrier to group b streptococcus in vitro. Eur J 
Obstet Gynecol Reprod Biol, 1999, 83(2):165–169. 

[64] Gusdon JP. A bactericidin for Bacillus subtilis in pregnancy. 
J Immunol, 1962, 88:494–499. 

[65] Galask RP, Snyder IS. Antimicrobial factors in amniotic fluid. 
Am J Obstet Gynecol, 1970, 106(1):59–65. 

[66] Adinolfi M, Akle CA, McColl I, Fensom AH, Tansley L, 
Connolly P, Hsi BL, Faulk WP, Travers P, Bodmer WF. 
Expression of HLA antigens, beta 2-microglobulin and enzymes 
by human amniotic epithelial cells. Nature, 1982, 295(5847): 
325–327. 

[67] Akle CA, Adinolfi M, Welsh KI, Leibowitz S, McColl I. 
Immunogenicity of human amniotic epithelial cells after trans-
plantation into volunteers. Lancet, 1981, 2(8254):1003–1005. 

[68] Vanathi M. Ocular surface reconstruction with amniotic mem-
brane grafting. In: Chaudhuri Z, Vanathi M (eds). Post-
graduate ophthalmology. 1st edition, vol. 2, Jaypee Brothers 
Medical Publishers, New Delhi, 2012, 700–705. 

[69] Tsubota K, Satake Y, Ohyama M, Toda I, Takano Y, Ono M, 
Shinozaki N, Shimazaki J. Surgical reconstruction of the 
ocular surface in advanced ocular cicatricial pemphigoid and 
Stevens–Johnson syndrome. Am J Ophthalmol, 1996, 122(1): 
38–52. 



Histological, immunohistochemical and clinical considerations on amniotic membrane transplant for ocular… 

 

369

[70] Tseng SC, Prabhasawat P, Barton K, Gray T, Meller D. 
Amniotic membrane transplantation with or without limbal 
allografts for corneal surface reconstruction in patients with 
limbal stem cell deficiency. Arch Ophthalmol, 1998, 116(4): 
431–441. 

[71] Honavar SG, Bansal AK, Sangwan VS, Rao GN. Amniotic 
membrane transplantation for ocular surface reconstruction 
in Stevens–Johnson syndrome. Ophthalmology, 2000, 107(5): 
975–979. 

[72] Tsai RJF, Li LM, Chen JK. Reconstruction of damaged 
corneas by transplantation of autologous limbal epithelial 
cells. N Engl J Med, 2000, 343(2):86–93. 

[73] Bouchard CS, John T. Amniotic membrane transplantation in 
the management of severe ocular surface disease: indications 
and outcomes. Ocul Surf, 2004, 2(3):201–211. 

[74] Eskandarlou M, Azimi M, Rabiee S, Seif Rabiee MA. The 
healing effect of amniotic membrane in burn patients. World J 
Plast Surg, 2016, 5(1):39–44. 

[75] Prisăcaru AI, Andriţoiu CV, Andriescu C, Hăvârneanu EC, 
Popa M, Motoc AGM, Sava A. Evaluation of the wound-
healing effect of a novel Hypericum perforatum ointment in 
skin injury. Rom J Morphol Embryol, 2013, 54(4):1053–1059. 

[76] Resch MD, Schlötzer-Schrehardt U, Hofmann-Rummelt C, 
Sauer R, Kruse FE, Beckmann MW, Seitz B. Integration 
patterns of cryopreserved amniotic membranes into the human 
cornea. Ophthalmology, 2006, 113(11):1927–1935. 

[77] Tsubota K, Shimazaki J. Surgical treatment of children blinded 
by Stevens–Johnson syndrome. Am J Ophthalmol, 1999, 
128(9):573–581. 

 

 
 
 
 
 
 
Corresponding author 
Claudia Florida Costea, Assistant Professor, MD, PhD, Department of Ophthalmology, “Grigore T. Popa” University 
of Medicine and Pharmacy, 16 University Street, 700115 Iaşi, Romania; Phone +40744–972 648, e-mail: 
costea10@yahoo.com 
 
 
 
 
 
 
Received: June 23, 2016 

Accepted: July 17, 2017 
 
 


