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Biotechnological application 
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The human amniotic membrane (HAM) has a long history of use in surgical diagnostic. Therefore, the 
discoveries of cell populations from HAM, which are capable to differentiate into different skin types have 
been stimulating further research in characterizing this cells and their biotechnological application. Since the 
discovery of HAM-derived cell characteristics, the interest of big pharmaceutical industry has become more 
visible in application to skin grafts. In this context, we provide an overview of the recent progress and future 
perspectives of HAM-derived cells in skin tissue reconstruction and further biotechnological application.
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Abstract

1. Human Amniotic Membrane (HAM)  
as a Dressing Biomaterial

The inner layer of the fetal membrane is HAM which 
was already used for different investigation as bioma-
terial in various purposes in transplants although until 
present, has been proven to facilitate also bone growth 
and both soft tissue and cartilage healing(1). The first 
method discovery for processing and storage of HAM 
was started at the end of the 1990s and first studies 
reported an alternative substrate for treating different 
corneal epithelial defects(2,3).

In this context, it was seen that the combination of 
HAM with other antioncogenic agents could lead to an 
innovative potential material for cancer therapy. Some 
studies showed that HAM was used together with an-
tioncogenic agents and the results concluded to be an 
innovative potential biomaterial for cancer treatment. 
In this regard, Horch and contributors have recently 
started to work on a new stem-cell technology which 
may be able to change the main role of tumor growth 
as well as tumor-related angiogenese(4).

Although different various dressing biomaterials 
were applied to cover parts of skin and becoming skin 
grafts, HAM have been used as a start for many cli-
nicians to treat infected wounds, ulcers, burns and 
different trauma. 

Based on the clinicians criticism, HAM still represents 
a good covering, accounting the angiogenic factors 
and could cover the unexplained success in surgical 
practice(5). 

In another study, the authors showed the application 
of placental membrane in the case of burns and the 
results were that HAM appears to surprisingly reduce 
the bacterial surface contamination(6).

Nowadays, regenerative medicine uses already a com-
bination of living cells to replace the normal function 

of different damaged tissues by identifying the mole-
cular pathways that lead to disease, as well as targets 
for therapy(7). Whatsoever, the source of these cells is 
becoming to be more searched and developed for the 
next therapy generation.  Although embryonic stem 
cells were highly used in the different future thera-
py, still many of them presented memory of the first 
source cells, and further showed a clear risk of tumor 
differentiation(8). 

Surprisingly, the amniotic fluid stem cells represents 
the multipotent cells part from the inner layer of the 
fetal membrane and can be maintained under undi-
fferentiated state for long-time, representing all three 
germ layers(9). In comparison with other source of stem 
cells, the amniotic-derived cells have been showed not 
to form tumors in the cases when were transplanted 
in vitro and may be a safer alternative to any other 
embryonic stem cells(10).

Therefore, the development of HAM-derived cells 
as a dressing biomaterial for different skin-grafts has 
not been yet fully investigated. Most commonly used 
dressing techniques still presented some disadvantages, 
as the accumulation of blood at the base of the wound 
which make the wound healing process very difficult, 
being also an expensive material.

Certainly, much research is still needed to better 
understand the full intimal mechanism and the role 
that HAM-derived cells plays as a dressing biomaterial 
in skin grafts. 

However, the reports reviewed until present regar-
ding the use of HAM as wound covering, showed that 
in some particularly cases, pig-skin xenografts might 
be also considered(11). The aim of the present review 
is to evaluate the usefulness of HAM-derived cells as 
an alternative dressing biomaterial with further bio-
technological applications.
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2. The Implication of HAM in Skin-Tissue 
Regeneration

HAM is the innermost fetal layer from amniotic 
cavity. In contrast, the outer layer, which is the cho-
rionic membrane, separates the fetus from maternal 
tissue. Until present, many studies have been showed 
that HAM not only provides the main support for the 
fetus, but also a metabolically active carrier through 
a direct transport of different materials, including 
growth factors, and cytokines(12). In accordance with 
these studies, it was showed that the umbilical cord 
represents also the channel for gas exchange, nutrient 
supply, and metabolites excretion(13).

These translucent, avascular and wound healing pro-
perties in particular of HAM allow this biomaterial 
function beyond its role in vivo assuming in the same 
time a wide range of application in reconstruction 
medicine and biotechnology industry(14). 

Until present, the shelf life of HAM has been extended 
by different methods like irradiation and cryo-preser-
vation which will be expected to grow and extend in 
the future therapy for the use in scars and defects by 
reconstruction of skin and other surfaces. Moreover, 
in different clinical applications, the use of HAM was 
achieved by the presence of different growth factors 
like epidermal growth factor, which may uncover in the 
future the proper mechanism of action(15).

Interestingly, it was showed that epithelial cells can 
be rapidly identified as a single layer to the amniotic 
fluid(16). Having in the view that mesenchymal stromal 
cells come from the outer layer, both cell types have 
been further investigated for their characteristics. In 
this respect, amniotic membrane has been showed to 
be a promoter of epithelialization, and was further 
applied in ocular reconstruction, genito-urinary tract, 
and skin, including head and neck(17).

When the human amnion-derived fibroblast-like cells 
were evaluated to differentiate into neural cells, it has 
been showed that pluripotency markers were present 
following the induction of differentiation, like neuron 
specific enolase, neurofilament-medium, beta-tubulin 
isotype III, and glial fibrillary acidic protein(18).

Nonetheless, it was accepted that multiple cells can be 
triggered by culturing amniotic mesenchymal stromal 
cells under the same conditions(19). Based on methods 
like immunohistochemical and genetic analysis, am-
niotic epithelial cells have the potential to differenti-
ate to all three germ layers, being capable to produce 
different cells like liver, pancreas, cardiomyocyte, and 
neural cells(20).

Human amniotic epithelial cells showed to be also 
clonogenic, and primary cultures could be induced to 
differentiate into cardiomyocytic, myocytic, osteocytic, 
adipocytic (i.e. mesodermal), pancreatic, hepatic (i.e. 
endodermal), and neural (i.e. neuroectodermal) cells in 
vitro, as defined by phenotypic and mRNA expression(21). 

The development of biological substitute’s grafts 
to replace damaged tissue may involve either the re-
placement parts in transplantation either the direct 

administration of these cells to the damages tissue(22). 
Mesenchymal-epidermal interactions are known to 

be responsible for organogenesis. On the basis of this 
mechanism, Li and contributors constructed methods 
of traditional tissue engineering skin (i.e. tissue engi-
neering skin with human fibroblasts and keratinocytes) 
and then established a new bilayered skin based on 
amniotic cells. They showed that the constructed skin 
could successfully repair full thickness skin defects 
on experimental mice(23), which could also be used in 
different skin lesions which appear during pregnancy 
period(24).

Some studies described the differentiation potential 
and beneficial use of these cells and analysed their 
role for in vitro differentiation into mesodermal cell 
lineages until present(25). These studies established the 
role of HAM in biodelivery from many compounds. In 
an attempt to discover a suitable material which can be 
used as scaffold, HAM showed in time to offer a great 
potential owing to its many desirable properties. HAM 
is inert, biocompatible, biodegradable being a compa-
tible surgical patch(26). Since its surgical use, HAM has 
been showed to be excellent tissue transplantation with 
many clinical applications, including ocular surface 
reconstruction(27) and scaffold for host tissue presen-
ting mechanical property and low immunogenicity(28).

3. Biotechnology Application  
of HAM-Derived Cells  
in Skin Reconstruction

Through different histological, biochemical and biolo-
gical techniques it was tried to isolate and determinate 
the use of HAM-derived cells in different biotechnolo-
gical industry. Cells from amniotic membrane are just 
started to be investigated and the industrial market is 
therefore premature. About 1 million people affected 
by burns and other wounds in the US have started to 
benefit from these cell products(29). 

Although the results of these studies raise higher 
expectation, many pharmaceutical companies are still in 
debate regarding the entering on the market. The most 
remarkable strategies were the signing of agreements 
between big and small biotechnology companies whose 
activity is based direct on cell therapies. Therefore, 
many HAM-derived cell bioproducts are developed first 
at many developed research institutions. Therapy based 
on HAM should be considered drugs or products for 
skin grafts reconstruction, and should follow the same 
regulation, including a strict control of manipulation.  
A regulatory framework will be required to ensure 
patient accessibility to bioproducts and governmental 
assistance for their regulation and control. In this res-
pect, HAM-derived cells bioproducts should also taking 
apart to the Current Good Manufacturing Practices, like 
quality assurance program, which basically establish 
minimum quality requirements(30). 

The key points of the Food and Drug Administration 
(FDA) regulation for cell therapy include: preclinical 
safety, no other risk for donor of transmission of in-
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fections, specific and detailed examination of the type 
of cell, and the efficacy of the product in vivo(31). Accor-
ding to FDA all human cells are considered xenogeneic 
cells(32). It should be mentioned whether these cells 
have been manipulated with biomaterials, which are 
more common used in wounds application. Moreover, 
biomaterials for cell therapy should be biocompatible to 
prevent immune rejection and further biodegradable(30).  

Whether natural or artificial, biomaterial type and 
its use should be related to the route of administration 
in different tissue regeneration. Biomaterials can be 
found mainly in a hydrogel state, forming a hydrophilic 
network, as occurs in collagen. To control the struc-
ture of the biomaterials will becomes very important 
in increasing the efficacy in biotechnology industry 
application.  Therefore, control of development, and 
quality by using stability tests should also be taken into 
account. Clinical aspects such as special dose charac-
teristics, stratification and administration should also 
be considered. Since new HAM-derived cells therapies 
develop very fast, the regulatory framework should 
also adapt and the legislation should be changed more 

rapidly at this level(32).
The future aim is to identify the factors and cytokines 

expressed during reconstruction and incorporate them 
to create a smart dressing model for use in a skin equi-
valent. Recent advances in the use of microarray and 
proteomic technology are likely to become more studi-
ed(32). HAM-derived cells, coupled with recent advances 
in non-viral gene delivery and stem cell technologies, 
may also contribute to novel approaches that would 
generate a skin replacement on which biomaterials 
technology will be based(32).

4. Conclusions
In the view of the tissues and cell transplantation, 

HAM may represent a new era in skin therapy purpose. 
In this regard, in the near future, we will be able to 
see the development of new therapies using these cell 
types isolated from HAM. Before starting to use it in 
biotechnological application, more preclinical studies 
are needed for the patient safety in designing scaffolds 
or matrices for skin reconstruction.   n


