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Abstract The graft of human amniotic membrane

(HAM) contributes to the healing of corneal perforat-

ing ulcers and so to save a large number of eyes

suffering of severe chemical burns. This biological

material is used for the treatment of ocular surface

diseases because of its capacity to reduce inflamma-

tion and promote a quicker wound healing. For clinical

use, the HAM is denuded from its spongy layer, but

this layer can be an important source of growth factors

which promote re-epithelialization. The aim of our

study is to provide a general view of protein expres-

sion of the HAM and the spongy layer and therefore to

determine if the spongy layer and/or a specific part of

HAM have a beneficial role in the process of wound

healing in patients with corneal ulcers. For this study,

human placentas were obtained from healthy women

after vaginal delivery or caesarean section after

signing the consent form. Mapping of protein expres-

sion is done by dividing the placenta in 2 equal parts,

one with spongy layer and another without (conven-

tional HAM). Each part is also divided in 3 zones

depending on the distance from the umbilical cord.

The proteomic analysis was done by ELISA, targeting

growth factors (EGF, HGF, KGF, NGF and TGF-

beta1) and pro inflammatory cytokine TNF-a in the

HAMwithout spongy layer and in the spongy layer. In

this study we observed significant difference in the

total amount of protein extract between the different

donors. We do not observe a significant difference in

the growth factor level between the conventional

HAM and the spongy layer. No variation was observed

in the expression of HGF, KGF and NGF in different

zone of HAM and neither between conventional HAM

and spongy layer in each zone. (*p value \ 0.05,

**p value\0.01,***p value\ 0.001). We do detect

very low dose of TNF-a and no correlation with the

amount of growth factors. In our study we demon-

strated that keeping the spongy layer in conventional

method of handling HAM can add more GF, and so

probably have a positive affect the wound healing

process. Variation in some growth factors expression

has been observed between the placentas and therefore

this may explain the variation in clinical results. No
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indicator for the selection of placentas with a higher

rate of growth factor was found.

Keywords Amniotic membrane �Mapping �Growth
factor � Spongy layer

Introduction

The Human Amniotic Membrane (HAM) is the inner

layer of the placenta, which surround the fetus and is in

contact with the amniotic liquid. The use of this

biological material has been reported for the first time

in ophthalmology by Rötth in 1940 for conjunctival

defect and has been used widely for the treatment of

corneal ulcer since 1995 (Rötth 1940; Kim and Tseng

1995). This biological material has anti-inflammatory

and antiangiogenic properties by expressing mole-

cules like IL10 and Thrombospondin-1 (Hao et al.

2000). Its basal membrane composed of collagen III,

IV, V and VI, fibronectin and laminin plays a role as

matrix for cell growth (Schmidt 1992; Malak et al.

1993; Parry and Strauss 1998). The presence of growth

factors like EGF, HGF, KGF, NGF and TGF beta1 in

HAM, which plays an important role in promoting of

cell growth and proliferation in the process of wound

healing, is the other interesting feature of use HAM in

the process of wound healing (Koizumi et al. 2000).

TGF beta plays a regulatory role in tight junction

expression, HGF activates the proliferation of epithe-

lial cells (Pierucci-Alves et al. 2012; Miyagi et al.

2018). NGF accelerates the process of wound healing

by binding to its receptor TrkA present in the cornea

(Lambiase et al. 2000). KGF is involved in the

acceleration of wound healing process by increasing

the proliferation of epithelial stem cell in the limbus

area and EGF promotes cell migration and prolifera-

tion (Sotozono et al. 1995;Wang et al. 2013). All these

described properties make the amniotic membrane a

very interesting biological tissue for tissue therapy in

ophthalmology.

In conventional method for clinical use, the HAM is

denuded from its spongy layer and is fractionated in

different sample positioned on nitrocellulose mem-

brane and frozen at - 80 �C until graft. The results of

graft are not always constant and in certain patient

with severe ocular burns the processes of wound

healing are not effectively done in the cornea (Joseph

et al. 2001; Clare et al. 2012).

It seems to be important to understand why this

heterogeneity occurs in the response to human amni-

otic membrane graft in certain patient. For in our study

we provided a general view of this protein expression

in the HAM by making a mapping of these growth

factors in order to determine if there were sites to

privilege in the whole amnion for graft according to

the severity of the ulcer.

In addition to see if there is an intra-donor

difference in HAM growths factor expression the

variety of protein expression between different pla-

centas was also studied, the intra-donor variation

could explain the difference in the processes of wound

healing in some patient.

We also were interested in spongy layer; this layer

is an intermediate layer between the chorion and the

amnion which is removed in the process of preparing

the human amniotic membrane patch for grafts

(Mamede et al. 2012). It’s supposed that this layer

can be an important source of growth factors like it’s

already known for TGF beta (Hopkinson et al. 2006).

We think that it seems important to know if by

removing the spongy layer we deprive the HAM patch

from an important source of growth factor which was

beneficial for the process of wound healing in patient’s

cornea. A number of studies have compared the

concentration of growth factor levels between the

amnion and the chorion (Koob et al. 2013, 2015;

McQuilling et al. 2017). The aim of this study is to

compare the superficial layer of the amnion (amnion

without the spongy layer) which is grafted in ophthal-

mology with the spongy layer that is removed in

practice. Such a comparison has not been carried out to

date.

The result of the mapping of HAMwill determine if

it is better to kept the spongy layer of the amnion for

graft and also to known if a specific zone of the amnion

has higher growth factor concentration.

Materials and methods

Amniotic membrane procurement and handling:

For this study, human placentas were obtained from

healthy women, not usable for clinical use, after

vaginal delivery (n = 4) or caesarean section (n = 2)
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after signing the consent form. Local ethics committee

approval was obtained, and the study complied with

the tenets of the Declaration of Helsinki.

The placentas were handled under laminar flow

hood after being treated with antibiotic (0.2 lg/
mL ? penicillin and amoxicillin) for 24 h. The

placenta is washed with PBS and the chorion layer is

separated. Then the amnion is divided in 2 equal parts,

one containing its spongy layer and another without its

spongy layer (conventional part). Each part is turned

over and spread on a stainless steel cup of 200 mm in

diameter and divided in 3 zones depending on the

distance from the umbilical cord and 7 patches of 3

cm2 were obtained from each zone. The spongy layer

was removed easily with a scraper from the conven-

tional part and kept for protein analysis. The schema of

amnion handling is explained in Fig. 1a.

Protein extraction patches were immediately put in

precellys lysing tube (Bertin Technologie, France) pre

filled with RIPA buffer (Sigma, France) containing

protease inhibitor (Thermo fisher, France). They were

lysed mechanically using the Precellys lysing Kit

(Ozym). The lysis product was transferred into 3

Eppendorf and centrifuged at 16,000g for 7 min 30.

The supernatant containing proteins was stored at

- 80 �C for analysis.

Enzyme-linked immunosorbent assay (ELISA).

The proteomic analysis done by ELISA targeting

growth factors EGF, HGF, KGF, NGF and TGF-b1

and the pro inflammatory cytokine TNF-alpha (Bio-

techne, R&D systems, France) using the commercial

protocol. Briefly the capture antibody was coated over

night at room temperature. The capture antibodies

were incubated in blocked solution for 1 h. After that

the protein extracted from each patch were incubated 2

h and the second antibody was added. Streptavidin-

HRP was added and incubated for 20 min at room

temperature. The result is revealed by adding stabi-

lized hydrogen peroxidase and stabilized tetramethyl-

benzidine (1/1) and the reaction is stopped with 2N

sulfuric acid. The optical density is read in 450 nm by

Multiskan FC microplate reader (Thermo Fisher,

France).

Fig. 1 Schema of amniotic membrane process for protein

extraction. To simplify the dissection and have a well spread

Amnios, the HAM is turned over and spread on the convexity of

a stainless steel cup. We used a stainless steel cup of 200 mm in

diameter. The HAM has been cut in two equal parts and divided

in 3 zones depending on the distance from the umbilical cord
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Statistical analysis

Data from different experiments were analyzed using

GraphPad Prism� software v.5.00. The statistical tests

performed were two-way ANOVA with a Bonferroni

post-test. *p value\ 0.05, **p value\ 0.01,

***p value\ 0.001.

Results

Variability of total protein amount in the HAM.

We were interested to know if there is a difference

in total protein amount between donors (inter donors

difference), and are these differences seen between

caesarian and natural birth. The process of HAM

handling is schematically represented below (Fig. 1).

The mean of protein extract from the part with the

spongy layer, shows a large variation of inter donor’s

protein amount and not just between caesarean and

natural birth (Fig. 2a).

To know further about the eventually interest of

keeping the spongy layer, we compare the conven-

tional part (without spongy layer) with its spongy

layer. We observed that the spongy layer provided a

greater amount of protein; however this difference is

statically significant only in HAM5 (Fig. 2b).

Fig. 2 Total protein amount extracted in Human Amnio-
tique Membrane (HAM). Totale amount of protein in

differents HAM (n = 6, HAM 1 and 2 from caesarean and

HAM 3–6 from natural delivery) (a); Totale protein extracted in
conventional HAM (without spongy layer) and its spongy layer

(n = 5, HAM1 and 2 from caesarean andHAM3–5 from natural

delivery) (b); Total amount of protein in different zone of

conventional HAM versus spongy layer from thoses zones

(n = 5, HAM1 and 2 from caesarean andHAM3–5 from natural

delivery) (c). The data are present on average ± SEM, ANOVA

statistical test, bonferroni post test, *p value\ 0.05,

**p value\ 0.01, ***p value\ 0.001
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We also observed this same tendency of the spongy

layer to contain more protein, between the different

zones in comparison with the protein levels extract

from conventional patch in these same zones (Fig. 2c).

Taken together these results showed inter donor

difference in total protein extract; the total amount of

protein seems to be more important in the spongy layer

in one of five amnions.

Thus we investigated whatever the same variation

of total protein expression, between different donors

and zones of HAMwas also observed in the amount of

growth factors (GF) that play 4 roles in process of

wound healing. Thereafter, in order to realize the

mapping of these factors, we studied their expression

in the different zone of the HAM and the spongy layer.

We observe that there is no significant difference in the

amount of GF per mg of total protein in conventional

HAM and in the spongy layer and also that there is no

difference whether one is in the middle center or the

periphery (Fig. 3).

We also do not see a variation of HGF, NGF and

TGF beta 1 in the conventional HAM and or spongy

layer in different donors (supplementary Fig. 1). The

main GF express in the HAM are HGF and EGF, but in

the spongy layer no presence of EGF was detected in

our study. This result suggests that the spongy layer

can bring more GF of interest (excepted EGF) and it

would be interesting to keep this layer for faster and

better wound healing process.

Effect of proinflammatory cytokine TNF alpha in

the rate of HAM growth factors.

In the process of pregnancy the pro-inflammatory

cytokines rate changes (Christian and Porter 2014). So

we sought to understand if this variation of pro-

inflammatory cytokines had an effect on the rate of

Fig. 3 Growth factor expression in Human Amniotic Mem-

brane (HAM) and spongy layer. Totale amount of growth factor

of interest in different zones of HAM (n = 5). No difference in

the level of growth factors (GF) of interest is seen in HAM and

spongy layer. No significant difference of GF in different zones

is seen. The data are present on average ± SEM, ANOVA

statistical test, bonferroni post test, *p value\ 0.05,

**p value\ 0.01, ***p value\ 0.001
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growth factor in the HAM. This information is helpful

in the way that it can guide to detect one parameter that

can be chosen to help to select a HAM with more

growth factor and so a better and faster wound healing

process in severe ulcer.

In our study, we were interested in the pro-

inflammatory cytokine TNF alpha which seems to be

express in all placentas (Basu et al. 2016). We analyze

if its expression is different in placenta from caesarean

(HAM1 and 2) and natural birth (HAM 3–5) (Fig. 4a).

We observe a low expression of TNF-alpha in the

HAM and there is no difference in its expression in

HAM from caesarean and spontaneous delivery. We

also do not see any correlation in the amount of TNF-

alpha present in HAM and the growth factors of

interested (Fig. 4b). We conclude that the pro-

inflammatory cytokine TNF-alpha can’t be a marker

to choose the placenta with more growth factors in it.

Effect of different delivery and mother parameters

in the amount of HAM growth factors.

Then we were interested to know if there is any

correlation between different donor’s parameters and

the growth factor of interested. We found a correlation

between the KGF and NGF with the time of labor, this

correlation seems to be more important with NGF, and

no correlation with others GF (Fig. 5). We also do not

find any correlation between the donor age, gestational

age and the level of HGF, EGF, KGF, NGF and TGF

beta (Supplementary Fig. 2). Taken together, these

data suggest that the expression of growth factor in

placenta is variable and donors dependent.

Discussion

The graft of human amniotic membrane is a well-

known graft use for wound healing in the cornea. The

wound healing process with amniotic membrane graft

can take longer in some patients and may give less

effective results. This difference in wound healing can

be caused by difference of expression of growth factor

important in this process due to inter or intra donor

variation. For that, in this study, we were investigating

if the protein expression in the amniotic membrane is

hetero or homogenous. To our knowledge, other

studies have compared reflected amnion as a whole

and did not look at the different regions of the HAM

separately (Banerjee et al. 2015, 2018).

We also quantify the growth factor expression in

HAM handled conventionally (without spongy layer)

and the spongy layer. The importance of protein

expression in this layer is not well known. The study of

Centurione et al. proposed to evaluate the functional-

ity of reflected amnion in different zones, they

compared epithelial cells and their markers in these

different zones of the amnion but they did not look at

the growth factors expression (Centurione et al. 2018).

In this study, we observed significant difference in

the total amount of protein extract between the

different donors. We do not observe a significant

difference in the growth factors level between the

conventional HAM and the spongy layer, this result

suggest that the amount of GF in the spongy layer is as

important that in conventional HAM. This amount of

growth factors in spongy layer can potentially lead to a

better wound healing process in patient. Hopkinson

et al.2006 had shown that TGF beta1 is the most

isoform of TGF beta family found in human placenta

but its rate is less in AM than in the chorion. They also

found that there is a variation of TGF beta in different

donors. In this study, we choose to measure the TGF

beta 1 which is the most isoform expressed in

placentas as said above. In our founding the expression

of TGF beta 1 is not significantly different in

conventional HAM and the spongy layer. So in the

process of handling the removal of the TGF beta 1

present in this layer may have no effect in the wound

healing process.

The amount of TGF beta 1 found in our study was

low, the low amount of TGF beta is beneficial because

of its simulative affected on expression of some MMP

by human corneal epithelial (Kim et al. 2004), but its

presence is also important because of its role in

regulation of tight junction protein expression and

distribution (Contreras-Ruiz et al. 2012).

cFig. 4 Effect of TNF alpha on the expression of growth factors

implicated in wound healing process. Expression of TNF-alpha

in HAM from different donor (HAM 1 and 2 are from cesarean

and HAM 3,4,5 from spontaneous delivery) (a); Correlation
between TNF alpha and growth factors (b); Inter donors TNF
alpha analyze is present on average ± SEM, ANOVA statistical

test, bonferroni post test, *p value\ 0.05, **p value\ 0.01,

***p value\ 0.001. Corelation datas are present on Pearson
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We do not observe the expression of EGF in the

spongy layer, it is also interesting that the EGF is

more expressed in the amnion than the chorion layer

of the placenta (Go et al. 2016). Gicquel et al. shows

the inter donor variation of EGF and its variation of

expression in different zone of placenta (Gicquel

et al. 2009). In our results we also observe the inter

donor variation, but we do not find a significant

difference in expression of growth factor in different

zone of HAM.

No variation was observed in the expression of

HGF, KGF and NGF in different zone of HAM and

Fig. 5 Correlation between time of labor and growth factors. The time of labor is demontrated by hour. For caesarean the time of labor

is equal 0 (n = 5 placentas). Corelationdatas are present on Pearson
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neither between conventional HAM and spongy layer

in each zone.

Mitchell et al. 1990 have demonstrated that release

of TNF-alpha can stimulate the production of

prostaglandin in placenta, in our study we verified if

this cytokine can have an effect in the growth factors

of interest but the result does not show a correlation in

their expression (Mitchell et al. 1990). Lopez et al.

show that the gestational age and the donor age

influence the growth factor levels (López-Valladares

et al. 2010). In our study we also looked at different

parameters, time of labor, gestational age, age and

number of births that can play on all these GF in order

to find a criterion of HAM selection that will be richer

in growth factors. We have not seen a correlation

between these different parameters and the level of GF

expression.

In conclusion, in our study we demonstrated

that keeping the spongy layer in conventional

method of handling HAM can add more GF, and

so probably have a positive affect the wound

healing process. Variation in some growth factors

expression has been observed between the placen-

tas and therefore this may explain the variation in

clinical results. No indicator for the selection of

placentas with a higher rate of growth factor was

found.

This article does not contain any studies with

animals performed by any of the authors.
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