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Abstract

Unique properties of amniotic membrane make it a promising source for tissue

engineering and a clinically useful alternative for patients suffering from chronic

wounds including, for example, ulcers, burns, ocular surface damages and wounds

occurring in the course of bullous diseases like stevens-johnson syndrome and toxic

epidermal necrolysis. Its use has many advantages over standard wound care, as it

contains pluripotent cells, nutrients, anti-fibrotic and anti-inflammatory cytokines,

growth factors and extracellular matrix (ECM) proteins. Placental tissues can be pre-

pared as a medical component, an advanced therapy medicinal product or a tissue

graft. In addition to basic preparation procedures such as washing, rinsing, cutting,

drying and sterilisation, there are many optional steps such as perforation,

crosslinking and decellularisation. Finally, transplants should be properly stored—
in cryopreserved or dehydrated form. In recent years, many studies including basic

science and clinical trials have proven the potential to expand the use of amniotic

membrane and amnion-derived cells to the fields of orthopaedics, dentistry, surgery,

urology, vascular tissue engineering and even oncology. In this review, we discuss

the role of placental tissues in skin wound healing and in the treatment of various

diseases, with particular emphasis on bullous diseases. We also describe some pat-

ented procedures for placental tissue grafts preparation.
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1 | STRUCTURE AND FUNCTION
OF THE FETAL PLACENTA

Placenta is a specialised organ, it connects the mother's
and foetus's tissues, and its basic function is the transfer

of nutrients and various stimuli. All placental tissues,
including the umbilical cord, amniotic fluid and amnion,
nourish, protect the foetus and act as an immunologically
privileged barrier regulating the development of the new
organism. They play an important role in these processes
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by creating an appropriate environment for development.
The newly developing foetus is supplied with nutrients
through umbilical vessels and at the same time washed by
amniotic fluid, which amortises and protects
it. The placenta is made of a highly vascularized extracel-
lular matrix (ECM). The matrix includes collagens I, III,
IV and VI, with type I collagen being the main component
of this structure.1,2 Additionally, the placenta contains a
number of glycoproteins, proteoglycans and other com-
pounds, including fibronectin, fibrillin I, laminin,
thrombospondin I, heparan sulphate and elastin.3 By all-
owing the distribution of various ECM components, it can
affect cell differentiation, hormone and protein produc-
tion, proteolytic activities as well as various repair mecha-
nisms. It should be noted that collagen IV, laminin and
heparan sulphate, which are found in the basal membrane
of many organs in adults, can facilitate the basement
membrane remodelling and increase the morphogenetic
functional flexibility of different villus cell populations.1,2

Amniotic fluid is made from mother's plasma. Cross-
ing amniotic membranes, it uses osmotic and hydrostatic
pressure. During foetal development, the amniotic fluid
has a similar composition to the foetal plasma and is
absorbed by the skin, foetal membranes, the placenta sur-
face and the umbilical cord.4 Amniotic fluid plays an
important role in foetal breathing, water-electrolyte
exchange, urinary excretion and in secretory functions of
foetal organism. It mainly consists of not only water but
also contains carbohydrates, proteins, lipids, electrolytes,
foetal waste products (such as urea and meconium) and a
low number of heterogeneous populations of foetal-
derived cells. Amniotic fluid volume increases during
pregnancy up to the largest volume of 800 mL at 28th
week of pregnancy.4 The amount and composition of
amniotic fluid are highly controlled by various mecha-
nisms. One of the basic components of amniotic fluid is
hyaluronic acid. It increases the viscosity of this fluid
simultaneously supporting the transport of various compo-
nents. Hyaluronic acid may also play an important role in
foetal health, for example, by inhibiting scarring, because
it is associated with the first step of healing process in
adult tissues and influences the activity of various growth
factors and signalling molecules during wound healing.5

Amniotic fluid also contains a number of signalling mole-
cules that play a key role in the foetus development as well
as many carbohydrates, proteins, lipids, electrolytes and
other nutrients. Among growth factors commonly present
in amniotic fluid are, for example: epidermal growth factor
(EGF), transforming growth factors α and β (TGF-α and
TGF-β), insulin-like growth factor I (IGF-I), erythropoietin
(EPO), granulocyte colony-stimulating factor (GCSF) and
macrophage colony-stimulating factor (MCSF).4 Moreover,
this fluid is the main regulator of the innate immune

system, contains various enzymes, antibacterial peptides
and immunomodulatory mediators, which protect against
foetal infection.4,5

The amniotic sac consists of two separate, but con-
nected membranes—amnion and chorion. Amniotic
membrane is most commonly used for transplantation. It
is a membrane surrounding the embryo of birds, reptiles
and mammals, including humans. It is made of thin,
semi-permeable tissue and constitutes the inner layer of
the amnionic sac. It consists of several layers: epithelium,
basal membrane, compact layer and fibroblast layer. The
epithelium forms the inner lining of the amniotic sac and
consists of a single layer of epithelial cells, evenly distrib-
uted on the basal membrane. This membrane is a thin
layer made of collagens III and IV and glycoproteins, lami-
nin, fibronectin and nidogen (entactin). The compact layer
is almost completely devoid of cells and forms the main
fibrous structure of the amnion. Thanks to collagens, the
amnion provides the appropriate environment for the foe-
tus and a barrier against its mechanical damage. Intersti-
tial type I and III collagens form a compact structure,
maintaining the mechanical integrity of the amnion, while
V and VI collagens are connected filamentously with the
basal membrane.6 The fibroblast layer adheres to a loose
collagen network with glycoprotein islands.7

The placenta also includes the umbilical cord, which
consists of Wharton jelly, which surrounds the umbilical
vein and umbilical arteries. The umbilical vein transports
oxygen-rich, nutrient-rich blood from the placenta to the
foetus, whereas two arteries transport deoxygenated
blood and metabolic products from the foetus to the pla-
centa. Wharton jelly is mainly made of ECM rich in colla-
gen and hyaluronic acid and of a small number of
fibroblasts. Collagen types I, III, V and VI form an

Key Messages

• placental tissues, especially amnion, constitute
a readily available biological material for use
in medicine

• there are various methods of amniotic mem-
brane preparation depending on the type and
intended use of the final product

• thanks to their unique properties, amniotic
membrane and amnion-derived cells are
broadly used to heal different types of chronic
skin wounds

• in recent years, some new and unusual clinical
applications of amniotic membrane have been
developed
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insoluble fibrous network, which co-occurs with a glycopro-
tein microfibrillar network rich in fibrillin.8,9 Hyaluronic acid
(which is the main glycosaminoglycan in Wharton jelly) cre-
ates a hydrated gel that maintains umbilical cord tissue struc-
ture and protects umbilical cord vessels against extension
and constriction.10,11 The umbilical Wharton jelly also con-
tains chondroitin sulphate, dermatan sulphate, keratin sul-
phate, heparan sulphate as well as a population of cells
similar to stromal fibroblasts, population of myofibroblasts
and mesenchymal cells (MSCs).8,11 A relatively small num-
ber of cells in the umbilical cord, surrounded by a large vol-
ume of ECM, suggest that these cells are responsible for
secretion of large amounts of ECM, in order to maintain the
tissue structure.10 Wharton jelly also acts as a reservoir of
high molecular weight growth factors. It contains acidic
fibroblast growth factor (aFGF), basic fibroblast growth factor
(bFGF), EGF, IGF-I, insulin-like growth factor-binding pro-
teins (IGFBPs), platelet-derived growth factor (PDGF), TGF-
α and TGF-β.10,11 These growth factors and cytokines are
responsible for cell proliferation and differentiation control-
ling, as well as for protein synthesis and ECM remodelling.

2 | PLACENTAL TISSUES AS
MATERIALS FOR USE IN MEDICINE

The placenta, which is excreted in the third stage of deliv-
ery, is classified as a biological waste in most medical
units. Therefore, it is an available and a very good tissue
material from which transplants, medical components or
medicinal products can be prepared. Both amnion grafts
and those prepared from other placental tissues originate
from immunologically inert tissue, which allows them to
be prepared and transplanted as living grafts. The wide-
spread use of placental tissues (especially amniotic mem-
brane) in medicine results from their unique properties.

2.1 | Placental tissue properties
supporting wound heling processes

A very important feature of foetal tissues is their low
immunogenicity12 —they contain small amounts of human
leukocyte antigen (HLA) and do not elicit an immune
response. Therefore, it is enough to gently clean them to
remove blood and unnecessary tissue residues, while
maintaining the natural cell viability and biological activity
of the transplant. Because the amnion is rich in nutrients
and has a low immunogenicity, it is often used as a graft or
dressing for damaged skin. These grafts/dressings are of
natural origin, contain stem cells, ECM and a number of
regulatory cytokines, which provides natural functions of
tissue growth supporting and inflammation modulation.

Placental tissues have also the ability to promote cell
proliferation and migration and to modulate cytokine
secretion through various cell types involved in wound
healing, including dermal fibroblasts, microvascular
endothelial cells and stem cells.13-16 Some scientists even
claim that the usefulness of amnion in wound healing
may be due to the fact that inflammatory processes
(mediated mainly by mast cells) during healing are simi-
lar to gestational processes. That is why so-called
amnion-derived cellular cytokine solution provides most
of the necessary healing mediators.17-20 This fluid is not
only capable of promoting macrophage activity and accel-
erating epithelialisation but also improves the healing of
acute and chronic wounds.21-23

Thanks to its unique properties, the amnion protects
the organism against bacterial infections; reduces the loss
of proteins, fluids and electrolytes; reduces the pain in
burned areas and accelerates healing.14,24 Moreover,
thanks to mesenchymal cells and their ability to secrete
substances such as interleukin 6 (IL-6), interleukin 8 (IL-
8), growth-related oncogene (GRO), monocyte chemo-
attractant protein-1 (MCP-1) and intercellular adhesion
molecule (ICAM), amniotic membrane accelerates angio-
genesis.16 In addition, inhibition of neutrophils by amni-
otic cells contributes to inflammation reduction and to
collagen degradation limitation, which translates into
faster wound healing.1,15,25

The ability of placental cells to transdifferentiate into
cells of various organs (among others to cardiomyocytes,
osteoblasts, fibroblasts and hepatocyte-like cells) has
been also demonstrated. Main three placental cell types
displaying stem cell-like features are amnion-derived epi-
thelial cells (AECs), amnion-derived mesenchymal stro-
mal cells (AMSCs) and chorion-derived mesenchymal
stromal cells (CMSCs). AECs and AMSCs can be
obtained from the amnion in large amounts, which is
possible due to the fact that the amnion is avascular and
can be easily detached from the chorionic plate.22,26 It
was shown that AMSCs have the potential to induce
AECs differentiation into keratinocytes, which can be
used in tissue engineering to create skin substitutes.27,28

Other important features of amniotic stem cells are
their immunomodulatory properties—they can suppress
several types of immune cells, including T- and B-lym-
phocytes, natural killer (NK) cells and dendritic cells.29-34

The most common anti-inflammatory and anti-fibrotic
factors secreted by the placenta include hyaluronic acid,
tissue inhibitors of metalloproteinases (TIMPs), interleu-
kins, prostaglandins and migration-inhibitory factor
(MIF).22,35-39 The amniotic membrane not only contains
anti-inflammatory mediators but also induces apoptosis
of mononuclear cells, including lymphocytes and macro-
phages. The aqueous extract of the amniotic membrane
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decreases the expression of the major histocompatibility
complex (MCH) class II, inhibits the viability of the
immune system cells and enhances their apoptosis.

Mentioned anti-inflammatory effect may indirectly
contribute to the reduction of scarring. Indeed, research
into the use of amniotic membrane in ophthalmology
indicates that this membrane can indirectly reduce scar
formation by inhibiting TGF-β signalling at the transcrip-
tion level (as a result, it leads to expression inhibition of
genes responsible for scar formation).40,41 What is more,
amniotic membrane stromal matrix has the ability to
maintain (in the culture of human keratinocytes) the
expression of keratocan (KTN)—a protein involved in the
cornea development. Therefore, the impact on TGF-β sig-
nalling is important not only because of the inhibition of
scar formation but also due to the preservation of the
normal phenotype of keratinocytes. The amniotic mem-
brane also contains PDGF, which is a highly angiogenic
factor.

Finally, it exhibits analgesic activity (by acting on the
fibroblasts) that has been observed in the treatment of
chemical burns and severe bacterial keratitis, as well as in
therapies of Stevens-Johnson syndrome (SJS), toxic epider-
mal necrolysis (TEN) and epidermolysis bullosa (EB)—
genetic bullous skin diseases with severe course.24,32

The summary of amniotic membrane unique proper-
ties and its impact on different aspects of wound healing
process is shown in Figure 1.

2.2 | Classical applications of placental
tissues in wound healing

Due to the role played by the placenta in the development
of the foetus, as well as the content of nutrients, it has been
examined for its clinical use in the treatment of wounds.
Because the placenta is removed from the body and utilised
after the childbirth, it is an available source of tissues for
transplantation. Tissues such as amniotic membrane,
umbilical cord, amniotic fluid and chorion are commonly
used to prepare wound healing supporting grafts for tissue
regeneration or to replace damaged tissues. They are used
simultaneously on the wound periphery, which accelerates
its healing and prevents blood clots and scars formation.

The effectiveness of such transplants in the treatment
of chronic wounds has been demonstrated, including
wounds occurring in the course of diabetes, venous leg
ulcers (VLUs) and burns.24,42,43

Diabetic foot ulcers (DFUs) are one of the most com-
mon complications of diabetes and increase the risk of pre-
mature death, fatal stroke and myocardial infarction among
patients. The first randomised trial, which compared
human amnion/chorion membrane products with the stan-
dard of care (SOC) in the treatment of DFUs, was per-
formed in 2013. After 4 weeks of treatment, average ulcers
surface area reduction rate was over three times higher after
dehydrated amnion/chorion membrane administration,
than after SOC. Then, the same research group continued

FIGURE 1 Properties of the

amniotic membrane and its

influence on skin wound healing

process
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the study with additional patients and the third treatment
method—bioengineered skin substitute (BSS). It was shown
that at week 12, amnion/chorion membrane is more effec-
tive than both SOC and BSS in terms of proportion of
wounds achieving complete closure as well as number of
grafts required to achieve healing.43-45 In subsequent years,
other authors also reported (in their prospective randomised
control trials) the high efficacy of variously prepared
amnion-derived products in the treatment of chronic
DFUs.44,46-48 To sum up, a broad meta-analysis revealed
that DFUs healing using SOC together with human
amnion/chorion membrane is significantly faster than
healing with SOC alone.49

Similar comparisons (amniotic membrane vs SOC)
were performed in patients suffering from VLUs—the
most common type of lower extremity wound. After
4 weeks, half more patients achieved 40% wound closure
in amnion/chorion membrane treatment group than in
control group receiving SOC alone. Moreover, follow-up
study assessing healing at 24 weeks demonstrated corre-
lation of healing rate between the 4-week and 24-week
trials in most patients.42,44,50

The use of amnion in burn treatment has a long his-
tory. It was used for the first time on burned and ulcerated
skin surfaces at the beginning of the XXth century.24,51 It
is mostly used on partial-thickness burns, because in case
of full-thickness ones, there are some problems with
wound infections, amniotic membrane adherence and its
dissolution.24,52 Human amniotic membrane has been
compared with other treatment methods such as using sul-
phadiazine cream, Biobrane, Omiderm and Water Gel in
several randomised controlled trials with patients suffering
from burns. It turned out, that amniotic membrane appli-
cation (in comparison with alternative methods) signifi-
cantly reduced oozing, bacterial contamination,
hypertrophic scarring and healing time.24,52-54 It was also
shown, that irradiated human amniotic membrane is eas-
ier to applicate, provokes less pain and limits fluid forma-
tion compared with glycerol-stored membrane.55

Moreover, the efficacy of amnion treatment was also con-
firmed in paediatric patients with second-degree burns.
They received either topical antibiotic cream combined
with human amniotic membrane or antibiotic cream
alone. In follow-up study, amnion-treated patients showed
faster total healing time and needed fewer dressing
changes, than children from control group.56

It is worth mentioning that the use of amniotic mem-
brane in ophthalmic treatment is common and has been
practiced for many years.57,58 It has been shown that
amnion effectively prevents the occurrence of inflamma-
tion and scarring as well as promotes healing in patients
suffering from various ocular surface diseases.7,59-61 Amni-
otic membrane is commonly used with very good clinical

effects in eye ulcerations, eye burns or corneal epithelial
defects.62-65 Moreover, its high efficacy was shown in
patients after pterygium extended removal. This surgical
removal was followed by fibrin glue-assisted amniotic
membrane transplantation, which resulted in low compli-
cation rate, low recurrence rate and high cosmetic satisfac-
tion found during postoperative follow up.66 Amnion was
also used as an adjunct tool to improve glaucoma surgical
outcomes by reducing adverse post-operative phenomena
such as inflammation, fibrosis, scarring, bleb leakage and
hypotony.67 Another important application of amnion in
ophthalmology is preparation of amniotic membrane
extract (AME) and amniotic membrane extract eye drops
(AMEED) in order to heal different ocular surface disor-
ders, for example, dry eye, chemical burns, corneal ulcers,
neurotrophic keratitis and epithelial defects of the cornea.
Their effectiveness was confirmed both in experimental
studies and clinical trials. Finally, some commercial
amnion-derived products have been developed for oph-
thalmic use, for example, Amniotic Cytokine Extract
(ACE), Regener-Eyes, Optiserum and PDA-AF.58,68-73

Amnion transplants are also administrated (among
others) on cut skin wounds, post-excision wounds, bullous
skin diseases, pressure ulcers, wounds arising near or
around the nervous tissue, on damages to the mouth and
eye surface.

2.3 | Various types of products of
amniotic origin

Tissue obtained from the placenta can be defined as a
medical component, an advanced therapy medicinal
product or a tissue graft. Depending on the definition
and classification, there are different methods for its
preparation. The human-derived amnion in most
European Union countries is prepared at Tissue Banks.
Even if an amnion is prepared as a medical component
or a medicinal product, only the Tissue Bank or trans-
plant centre has the right to collect tissues. Such an insti-
tution can deliver tissues to the manufacturer either as a
part of its own structure or as an external supplier. Many
methods of tissue grafts preparation have been developed
as part of the activities of these units. The basic classifica-
tion distinguishes allografts (obtained from tissue donors)
and xenografts (obtained from animal tissues).

Tissues of animal origin according to the definition are
medial components, which enforce their proper legisla-
tion, specific for each country of the European Union. As
medical components, tissues of animal origin must be
completely purified from cells. The decellularisation pro-
cess aims to remove immunoreactive cellular components
and proteins, leaving the structurally intact (biologically
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inert) skeleton made of ECM. Such a procedure leads to a
reduction of the risk of xenograft rejection and ensures an
adequate safety of medical components.

Tissues of human origin are mostly prepared as trans-
plants from placental tissues in Tissue Banks. In these
banks, transplants of the amnion itself or in combination
with chorion can be prepared. Depending on the method
of preparation, properties and final predestination, bio-
static grafts (subjected to final sterilisation) or biovital
ones (maintaining their viability) can be distinguished.
Tissues for biostatic grafts are subjected to final
sterilisation in order to kill and remove living cells. They
are only biological dressings used as dead bioprosthesis.
In contrast, biovital grafts are transplants containing liv-
ing cells, and their preparation and storage must be car-
ried out so as to preserve their viability.74,75

3 | THE BASIC PROCEDURE FOR
PLACENTAL TRANSPLANTS
PREPARATION

A number of methods have been developed and patented
for the preparation of foetal tissue grafts, but the basic pro-
cedure (showed in the Figure 2) is usually the same and
starts with obtaining and purification of the material and
ends with its optional sterilisation and proper storage
procedure.

3.1 | Obtaining the material from the
donor

If it does not threaten her or the child's health, the
mother may decide to donate her placenta to the Tissue

Bank. Placentas are usually obtained during caesarean
sections, but there is a possibility to use a naturally born
placenta after carrying out all the necessary tests and
qualification procedures. However, caesarean
section allows to obtain tissue material in aseptic condi-
tions, without going through the birth canal. Regardless
of the delivery type, donors must be tested for infectious
diseases, including human immunodeficiency virus
(HIV), hepatitis B and C and syphilis, in accordance with
applicable legal requirements.

The basic procedure for amniotic transplants prepara-
tion involves (in the first stage) washing of obtained pla-
centa in a physiological saline solution and then placing
it in a precisely described, liquid-filled container for the
time of its transport. The liquid is a solution of physiolog-
ical saline and antibiotics. The composition of the antibi-
otics mixture is properly selected in accordance with the
current microbiological situation of the hospital. The
transport container with tissue material must be labelled
in a way that allows the unequivocal identification of the
donor. During its transport, the tissue material should be
stored in a special refrigerator at +4�C.

3.2 | The placenta and the amnion
purification

The next stage of placental transplants preparation is car-
ried out under sterile conditions, for example, under the
laminar chamber at the Tissue Bank. The placenta is sub-
jected to five rinsing cycles in physiological saline solu-
tion, on a shaker at +4�C. Each rinsing lasts 5 minutes.
Then, the amnion is manually separated from the chori-
onic layer, and it should be rinsed again in a physiologi-
cal saline solution at +4�C. The rinsing is repeated until

FIGURE 2 The scheme of the

basic procedure of amniotic

membrane transplants preparation
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a clean solution is obtained. After that, the amnion is laid
down on a glass plate, and the excess of blood and mucus
is removed. To purify placental tissues, mechanical
methods allowing to remove blood clots and other con-
taminations can be used.

3.3 | Creating a ready biological dressing

The next stage of preparation involves cutting off irregu-
lar fragments with a scalpel and then measuring the sur-
face of obtained transplants. Products made of at least
one layer of amnion, chorion or their combination are
dried using a device with grooves and convex edges,
which give the right shape to the graft. Such grafts are
used to treat wounds after surgeries, especially within the
mouth, nose, throat, vagina and anus [US20080046095
A1, February 21, 2008, Placental tissue grafts, MIMEDX].

Very important in the transplantation of amniotic or
amniotic-chorion transplants is their appropriate orienta-
tion in order to preserve their anatomical position. For
this purpose, the grafts are marked by making a kind of
stamp on their upper side, in the form of, for example,
embossing, staining, colouring, stamp impression or inci-
sion. Natural hypoallergenic vegetable dyes are most
often used as marking pigments. [WO201749210 A1,
March 23, 2017, Compositions derived from placenta and
methods of producing the same, STIMLABS].

When preparing a dressing from the amniotic mem-
brane, it is necessary to pay attention that the amnion
epithelial side lays directly on the net or other carrier.
After application on the wound, the epithelial side with
the basal membrane should be directed outwards because
it promotes migration, adhesion and proliferation of the
patient cells, thereby stimulating epithelialisation.76 The
dressing from at least one amniotic or chorionic layer
should be prepared in a way that ensures full fitting to
the size of the wound, and additionally it is worth to
attach it to the skin with a layer of glue. Thanks to this
construction, the outer layer of the dressing adheres only
to the skin surrounding the wound. This type of dressing
accelerates wound healing, reduces scarring, eliminates
inflammation and reduces the risk of infection.
[US20130289724 A1, October 31, 2013, Amnion and cho-
rion wound dressing and uses thereof, LIVENTA
BIOSCIENCE].

Transplants of the amniotic membrane can be fitted
to the wound by cutting them to the required size and
shape. Next, they are applied to a carrier (eg, tissue
paper), which additionally facilitate their adjustment to
the size and shape of the wound. Such a transplant can
be additionally enriched with a therapeutic agent.
[EP861839 A1, September 2, 1998, Grafts made from

amniotic membrane; methods of separating, preserving,
and using such grafts in surgeries, TISSUETECH].

Further stage is the membrane drying using the dry-
ing device, during which the membrane adheres to the
drying device surface and heating is carried out at 35�C
to 50�C. [WO200933160 A1, March 12, 2009, Placental tis-
sue grafts and improved methods of preparing and using
the same, MIMEDX]. The last stage of transplant prepara-
tion is their packing to several sterile sacs. A label with a
tissue marking code is affixed to one of these packing
sacs. Transplants can be additionally subjected to radia-
tive sterilisation (biostatic grafts) or can be stored in a
freezing medium as biovital transplants.

3.4 | Optional sterilisation of (biostatic)
grafts

Amniotic transplants can be additionally sterilised to
reduce the risk of infectious diseases originating from the
donor tissue. Although the preparation of transplants is
carried out under aseptic conditions, it does not provide a
hundred percent microbiological safety. Therefore, in
order to reduce the risk of bacterial or viral infection,
sterilisation (eg, by gamma or electron beam irradiation)
is performed. High levels of radiation can potentially
cross-link the tissue and induce protein denaturation
within it. However, the basic advantage of this process is
the preservation of biological activity of sterilised tissues,
both clinically and in in vitro studies.14,43 These data sug-
gest that sterilisation does not significantly reduce the
biological activity of amniotic transplants and addition-
ally ensures maximal safety of patients.77

3.5 | Transplants storage

After preparation, the transplants should be properly
stored to preserve their properties. The most common way
of tissue grafts preservation in order to prevent their deg-
radation is cryopreservation (freezing at low tempera-
tures). Such a freezing can prevent tissue damage by
reducing their enzymatic and chemical activity, while
inhibiting the microorganisms growth. However,
cryopreserved grafts require specialised transport and stor-
age as well as temperature control. For this purpose, it is
necessary to use liquid nitrogen, dry ice or low tempera-
ture freezers often providing temperature of −80�C or
−150�C. In cryopreservation process it is necessary to use
cryoprotectants, such as dimethyl sulfoxide (DMSO) or
glycerol, in order to reduce the effect of ice crystal forming
inside cells. The ice can destroy their membranes and
damage ECM. Nevertheless, the use of cryoprotectants
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may be cytotoxic in high concentrations or with longer
exposure times, so it is required to carefully rinse them
from the tissues before transplantation.

An increasingly popular alternative to tissues cryopres-
ervation is their dehydration (after previous purification).
Dehydration protects tissues without the necessity to
freeze them in dry ice or liquid nitrogen. However, there
is a risk that this process can change the microstructure of
tissues and their ECM properties. Chemical dehydration
involves soaking the placental tissues in a polar organic
solvent until the water is completely removed. The polar
organic solvent may be among others ethanol, ether, alde-
hyde or any combination of them. Other substances, for
example, DMSO, acetone, tetrahydrofuran, ethanol and
isopropanol can also be used. The dehydrated tissues are
lyophilised (freeze-dried) at temperatures of −50�C to
−80�C [WO201382412 A1, June 6, 2013, Placental tissue
grafts produced by chemical dehydration/freeze-drying and
methods for making and using same, MIMEDX].

4 | ADDITIONAL VARIANTS IN
THE PREPARATION OF
PLACENTAL GRAFTS

4.1 | Perforation

From the placenta not only amniotic transplants, but also
chorionic transplants or combined ones (amniotic-chori-
onic) can be obtained. Transplants of the amnion itself,
the chorion itself or the combination of both membranes
are dedicated, among others, to the treatment of chronic
wounds with exudate, supporting the process of their
healing. Therefore, these grafts can be additionally
perforated—they can contain gaps created by the tissue
perforation, in order to allow the free flow of secretions
from the wound.[WO201749210 A1, March 23, 2017,
Compositions derived from placenta and methods of pro-
ducing the same, STIMLABS].

Perforation can lead to obtaining one or more gaps
that partially pass through the amniotic and chorionic
layers. Placental tissues can be perforated in different
ways, so that the final grafts contain many gaps, often
covering over 50% of the graft area. Such a perforation
allows a significant tissue stretching, thereby increasing
its length and width from 20% to 600%. The gaps may be
arranged in the membrane in a cross pattern, and they
may have the shape of a cross, the letter X, L or H. To
facilitate the storage, the placental tissues are sticked to
the rolled up bed and placed in a vial containing solution
of amniotic fluid cells. [US20130084314 A1, April 4, 2013,
Expandable placental membrane and methods of making
and storing same, NUTECH MEDICAL].

The perforation can be performed using needles, a
roller with one or more pins, a stamp with one or
more insets, a hole punch, a blade, a scalpel or other
sharp instrument. Obtained sheet is rinsed at least
once with a washing agent in a vacuum (under pres-
sure) with simultaneous shaking. Different washing
agents are used, for example, water, sodium chloride,
sodium hypochlorite and hydrogen peroxide solutions,
Ringer's solution or phosphate-buffered saline (PBS)
solution. The amniotic-chorionic graft prepared in this
way, can be used for wound healing and tissues regen-
eration. [WO201749210 A1, March 23, 2017, Composi-
tions derived from placenta and methods of producing
the same, STIMLABS].

4.2 | Collagen membrane

From the placental tissues, the amniotic and chorionic
membranes can be obtained in order to prepare a col-
lagen membrane from them. For this purpose, the
amniotic membrane is separated from the chorionic
membrane and then the living cells are removed. It is
preferred to stick together at least two amniotic layers
in the form of a sheet, tube or microsphere. As an
adhesive, any synthetic glue or any biological (biocom-
patible, natural) glue (eg, fibronectin and fibrin) can be
used. The amniotic sheets can be made by chemical,
radiative, UV or hydrogel crosslinking or by hot
stamping. Decellularisation does not affect the flexibil-
ity of the membrane and is performed, among others,
with a weak detergent solution (pH 6-8), a solution
containing 0.01% to 1.0% of deoxycholic acid sodium
salt monohydrate, nonionic and anionic detergents, Tri-
ton X-100, sodium dodecyl sulphate or with their com-
bination. The membrane prepared in this way exhibits
very good mechanical properties (tensile strength) and
preserves tertiary and quaternary protein structures. It
has many applications, both as a transplant or as a
dressing directly applied to wounds. Additionally, the
membrane may be impregnated with antibiotics, hor-
mones, growth factors, anti-cancer agents, antifungal
agents, molecular silver and wound healing agents. It
can be also enriched with hydrogel compositions made
of polyvinyl alcohol polymers, polyethylene glycols,
hyaluronic acids, dextrans and their derivatives or ana-
logs. Such membranes have a thickness of at least
10 to 40 μm and can be used in various configurations
or in combination with other materials—either as a
single sheet or in combination with, for example, a
flexible plastic film, gauze or bandages. [EP2702871 A1,
March 5, 2014, Collagen biofabric and use thereof,
ANTHROGENESIS].
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4.3 | Crosslinking

Crosslinking of placental grafts contributes to their good
adhesion to the wound. Such grafts are prepared in sev-
eral possible forms: laminate containing two layers of
amnion, at least one of which is crosslinked, a
crosslinked chorionic layer or amnion and chorion
layers, at least one of which is crosslinked. The cross-
linking agent may contain sugars and dialdehyde, epox-
ide, hydrazide or carbodiimide. There may be additional
layers between the amnion and the chorion. Crosslinked
transplants are prepared by cleansing the placenta, sepa-
rating the layers of chorion and amnion and then the epi-
thelial cells are removed and the crosslinking agent is
applied. Next, the grafts are dried on the drying device, in
a way ensuring that the membrane adheres to the surface
of the drying device. Drying is carried out at 35�C to 50�C
for 30 minutes to several days. During dehydration, there
is the possibility of embossing marks on a graft by a dry-
ing device. In the final stage, the graft is cut, packaged
and sterilised. [CA2826359 A1, August 23, 2012, Tissue
grafts modified with a cross-linking agent and method of
making and using the same, MIMEDX) (US20080046095
A1, February 21, 2008, Placental tissue grafts, MIMEDX].

4.4 | Acellular amniotic membrane

The acellular amniotic membrane can be used to treat
humans (when it is prepared from human tissues), but it
can also be used in veterinary when dressings are prepared
from animal placenta. There is a possibility to store such a
dressing at room temperature for a common use, in particu-
lar for the treatment of burns or eye injuries. It can be used
not only as a single dressing layer on wounds or burns in
order to support the healing process but also several amni-
otic membranes can be joined under pressure (in a lami-
nate) or a three-dimensional structure can be created and
seeded by cells, for example, stem cells. After amnion and
chorion membranes separating, a mechanical dece-
llularisation is carried out by scraping the tissue on both
sides and washing it in a water or 0.9%, physiological saline
solution. Then, its drying under pressure at 45�C to 50�C for
about 60 minutes is performed. [US20030187515 A1, October
2, 2003, Collagen biofabric and methods of preparation and
use therefor, ANTHROGENESIS, CELULARITY]. Cell-
depleted, vacuum-sealed and sterilised (by electron beam
for 3-5 hours, at a dose of 3-5 kGy) amniotic membrane can
be enriched by stem cells seeding [CN105688287 A, June
22, 2016 Amniotic membrane patch for treating skin wound
and preparation method thereof, ISTEM REGENERATIVE
MEDICINE SCIENTIFIC TECHNOLOGY].

4.5 | Various unusual forms of the
amniotic membrane

Placental tissues (in particular the amniotic membrane)
can be used to prepare grafts in various forms. One of
these forms is homogenised amnion powder. It can be
embedded on the skeleton, which contains among others
a hydrogel or a biopolymer which may be, for example,
hyaluronic acid, chitosan, alginates, collagen, dextran,
pectin or gelatin. The skeleton may also include a syn-
thetic polymer consisting of oligolactide methacrylate,
polyethylene glycol, polypropylene glycol and others.
[CA2963273 A1, April 7, 2016, Amniotic membrane pow-
der and its use in wound healing and tissue engineering
constructs, WAKE FOREST UNIVERSITY HEALTH
SCIENCES].

Moreover, the amniotic membrane can be formed
as a contact lens-shaped slice. It consists of an amni-
otic membrane extract applied on a collagen-based car-
rier or filler. [US9295753 B1, March 29, 2016, Amniotic
Membrane Preparation and Device for use as a lens or
as a dressing for promoting healing, TELLO CELSO].
Amniotic fluid in a liquid form containing fragmented
amniotic membrane is also used in the treatment of
wounds. [WO2015134936 A1, September 11, 2015, Amnion
derived therapeutic compositions and methods of use,
AMNIO TECHNOLOGY]. Treatment may in particular
consist of injecting amniotic fluid along the periphery
of the wound and applying amniotic membrane sheet
to the wound, which constitutes a scaffold with many
longitudinal slots giving the amniotic membrane a
shape of a mesh. In addition, other factors necessary
for wound healing are provided to the wound, for
example, growth factors, carbohydrates, lipids, pro-
teins, amino acids, enzymes, hormones and so
on. [US2015216910 A1 August 6, 2015, Expandable
Amnion Membrane for Treating Non-Healing Wounds,
NUTECH MEDICAL].

In the treatment of wounds and in tissue regenera-
tion, other forms of amniotic transplants are also used,
among others solutions, ointments, sponges, nets, aero-
sols or foams obtained from the amniotic membrane.
[US20140342015 A1, November 20, 2014 „Amniotic mem-
brane hydrogel and methods of making”, WAKE FOREST
UNIVERSITY HEALTH SCIENCES]. Two-component
preparations containing an amniotic membrane sheet
and demineralised bone powder (DBP) are also used in
the treatment. The preparation may consist of many
layers, not integrated with each other. [US2014212390
A1, July 31, 2014, Placental membrane preparation and
methods of making and using same, NUTECH
MEDICAL].
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4.6 | Other (besides amnion) placental
tissues as transplants

Tissue grafts obtained from the placenta may contain one
amniotic layer without epithelium, they may be prepared
from two layers of amnion sticked together, but they can
additionally contain compounds such as chorion, Whar-
ton jelly, natural or synthetic polymers and others.
Amnion can be also softened by antibiotic application,
and then separated from the chorion. Therefore, not only
amnion but also chorion and Wharton jelly (being an
excellent source of stem cells) are used in medicine.
Another example is a crosslinked tissue graft containing
dehydrated placental components, such as an amniotic
membrane, chorion, Wharton jelly (or their combination)
and a crosslinking agent. It has been shown that the use
of such grafts prevents scars formation. They may have
the form of a laminate containing at least two layers of
chorion, two layers of amnion or at least one layer of
each membrane together with crosslinking agent
[CA2857636 A1, June 27, 2013, Cross-linked dehydrated
placental tissue grafts and methods for making and using
the same, MIMEDX]. [CA2826377 A1, August 23, 2012,
Laminated tissue grafts composed of Wharton's jelly and
methods of making and using the same, SNOASIS MEDI-
CAL], [WO200933160 A1, March 12, 2009, Placental tissue
grafts and improved methods of preparing and using the
same, MIMEDX].

5 | AMNION IN THE TREATMENT
OF TEN AND SJS

TEN and SJS are rare diseases considered as two variants
of the same disorder, manifested by severe states histolog-
ically characterised by apoptosis of epidermal
keratinocytes and by separation of the upper layers of the
skin. About 75% of patients develop ocular complications
in the course of these diseases.78 TEN occurs annually in
0.4 to 1.2 people per million and SJS occurs in 1 to 6 peo-
ple per million. Amniotic membrane transplantation
turned out to be effective both in the treatment of skin
lesions and in the ocular complications therapy in
patients suffering from TEN/SJS.

5.1 | Characteristics of TEN and SJS

In 1922, Stevens and Johnson described for the first time
two clinical cases of this disease, hence its name (SJS).79

Then, Lyell described TEN—a condition characterised by
extensive changes resembling epidermal burn, that is,
why TEN is now also interchangeably referred to as

Lyell's Syndrome.80 Although described separately, both
diseases are currently classified as bullous diseases of the
epidermis, in which epidermal exfoliation can be caused
by slight skin rubbing (a positive Nikolsky's sign).81 In
case of both diseases, the lesions affect both skin and
mucous membranes, and their classification depends on
the percentage of the body surface area (BSA) affected by
the disease process. In SJS lesions cover less than 10%
BSA, in TEN—over 30% BSA and in case of coexisting
diseases (SJS and TEN) 10% to 30% BSA is affected.81

The course of TEN and SJS consists of two phases.
Only after the stage of fever, headache, cough, conjuncti-
vitis and general malaise with accompanying upper respi-
ratory tract infection, bullous changes appear on the skin
and mucous membranes. The lesions first appear on the
face, neck and upper torso, and then in other places.
They have the character of large flabby blebs. The patient
may also lose nails and eyebrows. In severe cases, large
fragments of the epidermis detach themselves in places of
light pressure (above-mentioned Nikolsky's sign). These
changes are accompanied by painful scabs in the mouth,
erosions, conjunctivitis and keratitis. There is also bron-
chial oedema causing cough, dyspnoea, pneumonia,
pulmonary oedema and hypoxemia. Moreover, glomeru-
lonephritis and hepatitis are repeatedly observed.82

Although TEN and SJS are rare, they are
characterised by high probability of complications and
high mortality. Mortality is 3% for SJS and 25% to 40% for
TEN.81 The TEN pathophysiology is not fully understood,
it is believed that the patient's immune system (primarily
T-lymphocytes) is responsible for the epithelial cells apo-
ptosis, which resembles graft-versus-host disease
(GVHD).82 The presence of the HLA-B*15:02 allele is
also considered as a risk factor for SJS and TEN develop-
ment in certain ethnic groups.83,84 It is obvious that TEN
and SJS arise from the complicated interaction of many
processes and risk factors such as: genetic predisposition,
environmental factors, immune response, inflammatory
mediators activity or the aforementioned cell apoptosis
rate. However, medications are the most common cause
of TEN/SJS induction. In 77% to 94% of the cases, dis-
eases are caused by antimicrobials, anticonvulsants, anal-
gesics and nonsteroidal antiinflammatory agents. The
profile of drugs causing TEN/SJS varies, depending on
the population or popularity of a particular medicine in a
given population. The recognition of illnesses is a serious
problem. In the second phase of TEN development, after
covering over 30% of the body surface, the symptomatic
treatment is the standard. It has been proven that the
best results are obtained when it is conducted at the
intensive care unit in specialised burn centers. This treat-
ment should be based on maintaining the body's normal
temperature and appropriate water–electrolyte balance
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and on proper nutrition. Surgical interventions carried
out in case of TEN (as well as SJS) involve most of all
cleaning the necrotic epidermis and covering a large
wound surface with a biological or synthetic
dressing.85-87

5.2 | Ocular complications in TEN
and SJS

In the treatment of TEN, it is very important to imple-
ment ophthalmic treatment in the early stage of the dis-
ease, because in less than 24 hours, adhesions between
conjunctiva and cornea can occur. Therefore, ophthal-
mologic treatment should focus on prevention, adhesion
prevention and elimination of inflammatory process
effects. Ocular complications develop in 69% to 84% of
hospitalised patients in the acute phase of SJS and
TEN.78 If the inflammation and the eye surface ulcera-
tion are not eliminated in the short time, the healing
process of these lesions usually leads to scarring. Inflam-
mations and ulcerations of conjunctiva or cornea can
contribute to epithelial stem cells damage in the limbus,
leading to a pathological condition known as corneal
limbal stem cell deficiency. However, the deficiency of
these stem cells cannot be treated by a conventional cor-
neal transplantation—despite the use of allogenic limbal
stem cells, prognosis in patients is very bad.78 SJS and
TEN (especially TEN) as life-threatening diseases often
require artificial ventilation of patients. In intubated
patients, eyes are often closed, so they do not feel any
discomfort caused by inflammation or ulceration, which
may give the false impression, that the eyes are not
affected by the disease process.81 Taking into account
the high prevalence of ocular complications in TEN and
SJS, patients should be often consulted by the ophthal-
mologist and if any changes appear, ophthalmological
treatment should be implemented as soon as possible.
Rinsing the affected eyes with a sterile saline solution
that removes all inflammatory residues from the eye
surface contributes to reduction of infection risk. The
preventive use of topical antibiotics also seems justi-
fied.88 Because the treatment of long-term scarring con-
sequences is difficult and often unsuccessful, it is
necessary to implement therapeutic procedures to pre-
vent their occurrence. Among others, hard contact
lenses are used, which allows regeneration of the dam-
aged eye surface and reduction of symptoms in patients.
They also prevent scarring and reduce the effects of
acute inflammation. However, patients must be depen-
dent on lenses for the rest of their lives. Therefore, the
use of this type of treatment is particularly unsuitable
for children.

5.3 | The use of human amnion in ocular
complications in patients with TEN
and SJS

The above-mentioned inconveniences regarding the use
of hard contact lenses in the treatment of ocular compli-
cations in patients with TEN and SJS contributed to the
search for more appropriate and effective therapy in the
acute phase of the disease.88 Transplantation of
cryopreserved amniotic membrane is a very promising
treatment method. Most of all, it reduces scar formation
(mentioned influence on TGF-β) and exerts a direct anal-
gesic effect acting on the fibroblasts of the ocular sur-
face.7,41 These two properties are of particular importance
in the eye complications accompanying TEN/SJS. The
use of amnion also inhibits inflammation, prevents ulcer-
ation and stimulates healing in the acute phase of these
diseases. However, there is the need for such treatment in
the first 2 weeks after the onset of eye lesions. Then, the
amniotic membrane contributes to the rapid epithelium
healing and as a result prevents the eye surface scarring.
If the transplantation is performed later, it is possible to
heal the damaged corneal surface, but it is impossible to
stop the progressive conjunctiva scarring.78

In prospective, randomised, controlled clinical trials
involving 25 patients (50 eyes affected by disease), the effi-
cacy of standard therapy was compared with treatment
supported by amniotic membrane transplantation. Six
months after the therapy, visual acuity was significantly
better in the amniotic membrane-treatment group (com-
pared to the standard ophthalmic treatment group). The
conjunctival oedema maintained in 44% of the eyes of
patients with standard treatment, and only in 4% of the
eyes treated with amniotic membrane. Moreover, no
patient in the amnion-treated group suffered from corneal
opacity, limbal stem cell deficiency, symblepharon,
ankyloblepharon or eyelid-related complications. Among
patients undergoing standard treatment, corneal opacity
occurred in 44%, corneal vascularisation in 24%, sym-
blepharon in 16%, ankyloblepharon in 4% and ectropion/
entropion in 8%. These results clearly indicate the efficacy
of amniotic membrane transplantation in the treatment
and complications prevention in patients with ocular
lesions in the course of SJS/TEN.89 The same conclusions
were drawn by researchers describing a series of 10 cases
of patients who underwent amniotic membrane transplan-
tation in the acute stage of SJS or TEN. All patients
restored very good visual acuity and in all patients, the
severity of the dry eye was moderate or low and scarring
of the eye surface and eyelids was mild to moderate.90

These results also indicate that in the acute phase of SJS
and TEN, amniotic membrane transplantation is an effec-
tive treatment of severe eye and eyelid inflammations.
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It also significantly reduces the risk of severe ocular and
visual complications. A number of other case reports have
been published, in which the use of amniotic membrane
in the treatment of ocular complications in TEN/SJS is an
effective method.91 Various techniques of amniotic mem-
brane transplantation on eyes have also been described—
they use either several amniotic layers (simultaneously) or
single large membrane sheets (5 × 10 cm).78,92 What is
more, both the methods in which the membrane is sewn
on to the eyelids are developed, as well as the sutureless
technique using fibrin tissue glue. Special rings from rub-
ber tubes are also used, which facilitate the placement of
the amnion in the desired point and its proper adherence
to wounds.78,92

Based on the treatment analysis of seventy-nine
patients (158 eyes), a new classification system (and
related therapeutic guidelines) regarding eye complica-
tions in TEN and SJS was developed. This system facili-
tates making therapeutic decisions in case of acute ocular
symptoms occurrence in TEN/SJS. Mild and moderate
cases have a low risk of significant scarring or reduced
visual acuity, so they can be monitored and treated with
standard methods (provided that the condition does not
deteriorate). Severe cases should receive an amniotic
membrane transplant as soon as possible, in order to
reduce the risk of scarring and visual acuity reduction. It
is necessary because such cases (with extensive eye
lesions) are endangered by permanent eye surface and
eyelid damage. These patients suffer often from severe
eye pain, photophobia and visual impairment.93

5.4 | The use of human amnion in the
topical treatment of skin lesions in TEN
and SJS

The use of proper topical treatment of skin lesions in
TEN/SJS contributes to increased survival rate and accel-
erates wound healing.62 However, there are no unambig-
uous standards for topical treatment in TEN/SJS, as there
is very little scientific data describing such treatment of
skin lesions developed in the course of these diseases. In
the surgical treatment of TEN/SJS, necrotic epidermis

should be removed, leaving most skin blebs that act as
natural dressings and promote re-epithelisation
(Figure 3). Then, the cleaned wounds can be covered
with a biological or synthetic dressing, for example, Bio-
brane. When using Biobrane and similar skin substitutes,
care should be taken when covering areas larger than
40% of total body surface area (TBSA). In these cases, a
secondary infection of wounds (at the site of graft
implantation) often occurs. In addition to synthetic dress-
ings such as Biobrane, biological dressings are also used
in topical treatment of TEN/SJS. It has been proven that
both homograft (cadaveral allograft) and porcine xeno-
graft significantly reduce wound pain and loss of fluids as
well as stimulate epithelialisation in patients with TEN.
Xenograft obtained from decellularised pig skin (Xe-
Dermy) has been successfully used in topical treatment
of skin lesions in TEN, whereas the homograft use carries
the risk of its vascularisation, which may cause difficul-
ties in removing the dressing.94,95

In our hospital, after surgical purification, wounds
are treated with leaving most of the blebs on the skin,
which act as natural dressings probably facilitating re-
epithelialisation. Amnion is applicated after a very deli-
cate wound cleansing. By implementing this type of
dressing in 26 patients diagnosed with TEN, a special
clinical usefulness of the amniotic membrane in the
treatment of this disease was observed. Therefore, the use
of amnion was introduced in our hospital as a new stan-
dard of TEN treatment. Its validity was confirmed by very
good effectiveness in accelerating healing and by very
good cosmetic effects after application (Figure 4). It has
been unequivocally proven that the use of appropriate
topical TEN treatment contributes to increased survival
rate and accelerates wound healing.62

6 | NEW AND UNUSUAL
APPLICATIONS OF AMNIOTIC
MEMBRANE IN THE WOUND
TREATMENT

In recent years, as the result of increasing knowledge
about the amniotic membrane and placenta-derived stem

FIGURE 3 Removal of necrotic epidermis (A,B), leaving blebs (C,D)
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cells, new and unusual clinical applications of amniotic
transplants have appeared.

Amniotic membrane, AMSCs and AECs are often
used in skin tissue engineering as a drug reservoir or to
develop skin substitutes.27 Human amniotic cells and
amniotic membrane's matrix have the ability to store
drugs and release them in the body, which is clinically
useful, because at the same time they show resistance to
many drugs, for example, to paclitaxel (PTX).96 To form
skin substitute, AECs are cultured on de-epidermised
dermis or on AMSCs seeded fibrin scaffold, which results
in stratified epithelium formation.28,97 AMSCs alone have
also turned to be effective in wound healing. When differ-
ent types of AMSCs were topically applied to murine
wounded skin (on dermal substitute as a carrier), they
accelerated healing process and increased the number of
blood vessels in the wound in comparison to controls.98

AECs-derived exosomes (extra-cellular nano-vesicles
transferring active cargoes between the cells) are increas-
ingly used in clinic, as they were shown to exert anti-
inflammatory and anti-fibrotic properties. Moreover,
exosomes have the ability to influence different cell sig-
nalling pathways because they include microRNAs (con-
trolling, eg, the fibrosis signalling) as well as various
proteins involved in apoptosis and cell development
modulation.99,100

In addition to the classical use of amnion for the treat-
ment of skin wounds, there are examples of its effective
application in therapies of fibrotic diseases, for example,
in lungs and liver. Fragments of amnion placed on the rat
liver significantly reduced the severity of liver fibrosis in
the model of bile duct ligation,101 whereas human AECs
transplantation resulted in decreased fibrosis and collagen
deposition as well as increased collagen degradation in the
injured murine lungs.102,103 Similar results were obtained
using conditioned media from amnion-derived cells, so it
is hypothesized, that mentioned anti-fibrotic effects are
mostly due to paracrine activity of molecules secreted by
these cells.22,104 It is also possible to use amnion to treat
adhesion-related pathologies. It was proven that it reduced

adhesions, inflammation and fibrosis in experimental, ani-
mal models.105,106

Amniotic membrane has also a potential to be used in
orthopaedic, urological and periapical surgery. It was suc-
cessfully implanted together with a tendon graft during
anterior cruciate ligament (ACL) reconstruction, which
reduced pain and decreased complication rates.107 In
another study, it was effective following nerve-sparing
robot-assisted radical prostatectomy, when it was placed
around the prostatic neurovascular bundle. In patients
who received amniotic transplants, the recovery of uri-
nary continence and potency was faster than in control
group, with no adverse effect of the therapy.108 Interest-
ingly, the usefulness of amniotic membrane in regenera-
tive periapical endodontic surgery was shown when it
was combined with bone graft and platelet-rich fibrin
(PRF). Such combination enhanced the radiographic
healing outcome and decreased post-operative discomfort
in patients suffering from radicular cysts.109

There are also some reports about protective effects of
amniotic membrane proteins (AMPs) against hypoxia-
induced injuries of cardiomiocytes, which was proven on
the H9c2 rat cell line pre-treated with AMPs and sub-
jected to 24 hours hypoxia. This procedure caused
nuclear factor erythroid-2-related factor 2 (Nrf2) a heme-
oxygenase 1 (HO-1) expression upregulation with con-
comitant downregulation of inflammatory cascade-
related proteins levels. It gives hope for a new strategy to
prevent hypoxia-associated myocardial dysfunction.110

Another unusual application of amnion is its use in
vascular reconstructions, for example as a substitute in the
external jugular vein. The experiment was performed on
juvenile sheep—the amniotic membrane was rolled
around the tube and such conduits were interposed to the
external jugular vein. It turned out that after about 1 year,
amnion grafts did not show any signs of dilation. The
monolayer of endothelial cells was formed on the
explanted grafts, and there were no signs of inflammation
and fibrosis.111 Similarly, a year after wrapping the bra-
chial plexus (BP) with amniotic membrane during

FIGURE 4 Clinical effect of the use of amniotic transplants in TEN: A, condition of the patient during the first days of

hospitalisation. B, allogenic amnion transplantation. C, condition of the patient on the day of discharge from the intensive care unit
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scalenectomy, the membrane was intact, whereas BP was
protected against scar formation around it.112

Finally, amniotic membrane was proven to exert
some anti-cancer properties, as AECs produce anti-
angiogenic factors that induce apoptosis in cancer cells
(via caspase-8 and caspase-3 secretion).113-115

7 | CONCLUSIONS

Amniotic membrane and other placental tissues have the
potential for increased clinical use as a treatment option
for different types of non-healing wounds. They are also
successfully applied in growing number of other medi-
cine fields, including treatment of rare and fatal diseases.
Thus, it is very important to test and improve the
methods of placental tissue preparation and storage,
which can result in better clinical outcomes.

Recently, more and more experiments have revealed
detailed mechanisms of wound healing promotion by
amniotic membrane as well as amnion-derived cells and
proteins However, further, large-size studies are needed
in order to increase the therapeutic effectiveness of pla-
cental tissue transplants and to ensure their optimal
application methods, standardised for different medical
cases.
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