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1. INTRODCTION

Recently, most investigations confirmed the benefits of stem cells in regenerative medicine, due to
their unique properties such as unlimited self- renewal and differentiation potential into multiple cell lineages
or more restricted progenitor’s population that can contribute to tissue homeostasis by replenishment of cells
or regeneration of tissue after injury [1]. For instance treatment of many battlefield injuries and their
complications, including treatment of injuries to the skin, nervous system tissues, sensory organs, the
musculoskeletal system, circulatory/pulmonary tissues and genitals/ testicles in addition to the acute radiation
syndrome and the development of novel biosensors [2].

Based on the origin, stem cells can be classified into two types, ESCs and adult stem cells (ASCs)
[3]. It is well known that ESCs are pluripotent cells and able to differentiate into three types of germ layer cells
however, harvesting these cells requires the destruction of human embryos, a practice associated with
substantial moral and ethical issues [4, 5]. Moreover, some studies described the tumorigenic of
undifferentiated human embryonic stem cells (hESCs) and the possibility of teratoma formation [6]. These
issues evoked the scientists to search for alternative sources of ESCs, and other sources of ESCs were ASCs,
these cells are derived from different tissues in fetuses, children and adults [7, 4, 8]. Umbilical cord blood and
bone marrow represent important sources for ASCs [9], and gradually became the tissues of increasing interest
due to their characteristics that make them potential candidates for use in regenerative medicine .It has been
reported that two types of stem cells reside in umbilical cord blood and bone marrow, hematopoietic and
mesenchymal stem cells (HSCs and MSCs) [9]. In addition to these sources, MSCs are found in all organs
having connective tissue components and in almost all types of mesenchymal tissues [ 10]. Therefore these cells
have been harvested from adipose tissue [11], human dental pulp and periodontal ligament [12]. MSCs are
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easily extracted from bone marrow, adipose tissue, and synovium, and differentiate into various cell lineages
according to the requirements of specific biomedical applications [13]. There are many characteristics that
make MSCs safe and promising candidates for use in regenerative medicine such as a broad range of
distribution, these cells are free from ethical issues, possess non- immunogenic properties, tend to migrate and
engraft at injury sites, and can be used as vehicles for gene therapy [14].

For these reasons, literature dealing with MSCs and their applications has increased dramatically,
indeed a considerable number of these cells are indispensable for treatment of diseases and according to
previous studies, harvesting of MSCs from human bone marrow is a surgical procedure that requires general
anesthesia or sedation, yields a limited number of cells as the percentage of MSCs in the bone marrow is very
low (0.001-0.01%). Furthermore, the number of these cells and their proliferation and differentiation potentials
decrease with age [8, 15, 16, 17]. Hence, perinatal stem cells have generated more professional interest than
any other sources of stem cells, they refer to stem cells derived from umbilical cord blood, Warton’s jelly, and
chorion, amniotic fluid and amniotic membrane [18, 19].

Currently, stem cells isolated from amniotic membrane (AM) have obtained growing interest because
they are isolated via noninvasive methods, free from ethical issues and assumed to exhibit multilineage
differentiation potential. Stem cells of the amnion membrane can be classified into two sorts: amniotic
membrane epithelial stem cells (AMESCs) and mesenchymal stromal stem cells (AMSSCs) [15, 16, 20, 21].
These cells have characteristics of pluripotent stem cells such as their ability to differentiate into all three germ
layers and can be obtained without any ethical concern [22]. The previous studies explained the characteristics
of each type of stem cell derived from AM in detail [23, 20, 21], such as morphological and immunophenotype
changes that occur in cultivated epithelial cells culture isolated from AM, genetic analysis that described
subpopulation of genes in these cells characteristic to hepatocytes, and their differentiation into myocytes,
cardiomyoctes ,neural cells and insulin producing cells [24, 16]. The AM and its epithelial and mesenchymal
stem cells, as demonstrated by [22] being one of the best candidates to be employed in skin tissue engineering
and regenerative medicine. There was a new trend to compare characteristics, differentiation potential and
clinical applications of AMSCs with MSCs derived from umbilical cord blood, all parts of placenta, bone
marrow and adipose tissue [25, 19, 26]. MSCs isolated from different sources have different biological
properties and genetic backgrounds, while there is a lack of genetic differences among perinatalMSCs [27].

Since both types of stem cells are derived from the AM and considered as a valuable source of stem
cells for a broad range of clinical applications, therefore this review focused on the angiogenic potential and
neural characteristics of these cells that might be important due to their therapeutic effects

2. AMNIOTIC MEMBRANE STRUCTURE AND PROPERTIes

The amniontic membrane is composed of five layers and these are a single epithelial layer, thick
basement membrane, compact layer, fibroblast layer and spongy layer (Figure 1) [28, 29, 30, and 21]. After
implantation of the human blastocyst in the endometrial stroma, the inner cell mass differentiates into two
layers, the hypoblast and epiblast, and both the developing embryo and amniotic epithelial cells derived from
epiblast [31]. At the same time, the embryonic mesoderm gives rise to AMSCs (Figure 2) [32].

The single epithelial layer of the AM includes a homogenous population of cells [33]. In contrast, the
underlying basement membrane of the epithelial cells is composed of collagen types III, IV, V, laminin and
fibronectin [30]. The immunochemical analysis has demonstrated that the epithelium is active in the production
of a mixture of basal laminal and stromal components [34]. Consequently, the structure and the unique
properties of the amnion have been investigated, particularly the amnion can be a promising candidate to
provide scaffolds necessary for tissue engineering [30, 35, 36]. The amnion possess properties such as anti-
microbial, anti- inflammatory effects and pro-apoptotic ability [37]. Beside these properties, the amnion
enhances epithelialization and exhibits anti-scar, therefore it is used for treatment of burns of face, neck and
elsewhere [38], to accelerate wound healing [39], and to improve the viability of flap in rat model of random
skin flap by using the amnion matrix scaffolds with bone marrow derived mesenchymal stem cells (BM-MSC)
[36].

2.1 Immunophenotype characterization of amniontic membrane derived stem cells

Most studies deal with cultures of amniotic epithelial cells are used cytokeratins as an informative
marker to confirm their epithelial nature [40, 41, 42, 43]. A detailed immunophenotype analysis of stem cells
surface markers present on cultured hAEcs were performed and the results demonstrated that hAEcs express
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SSA-3, SSA-4, TRA1-60 and TRA-81[ 44, 41, 43, 45], Sox-2[46] together with the expression of
45] . Moreover, hAECs express CD44, CD90, CD73, CD10, CD13,CD 29, CD49, CD117, CD105 and CD 166
[16,47],however numerous publications revealed that hAECs did not express CD34 [42],CD14, CD45 and
HLA-DR [15].

Based on several reports,cultured epithelial cells through serial passages acquired mesenchymal —
stromal morphology and this phenomennon was confirmed by down regulation of epithelial markers such as
CD49f and E-Caderin and elevation of some mesenchymal markers such as Vimentin, CD105and CD 44[48].
The immunophenotypic analysis of mesenchymal- stromal cells derived from human amnion membrane has
demonstrated that these cells express SSEA-4, OCT-4, SOX-2, CD105, C29, CD73, CD49d , CD 166 and
Vimentin[23,6] Moreover, approximately 50% of cultured hAMSC exhibited epithelial marker cytokeratin -7
beside mesenchymal marker vimentin marker[49].This would be consistent with a previous report that
displayed mesenchymal stem cells derived from human term placenta possess both epithelial and mesenchymal
ultrastructural phenotype[50].These results have been evaluated precisely and some reports suggested the
impact of trypsin which is used to release the adhesive cells to stimulate proteome changes for instance, about
36 proteins and some CD markers are expressed at different levels in the cells after treatment by trypsin , some
of these proteins are situated in the plasma membrane [41,51]. There was a lack of consensus among
investigators about the phenotype of MSCs due to their isolation from various tissues and their cultivation
under different culture conditions, which may affect the phenotype of MSCs[52].Therefore, the mesenchymal
and tissue stem cell committee of the international society for cellular therapy suggested that the fibroblast-
like plastic adherent cells is termed multipotent MSCs regardless of the tissue from which they are derived
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[53]in order to provide a sufficient approach for studying MSCs biology the international society for cellular
therapy proposed limited criteria to distinguish human MSCs (hMSCs) such as plastic adherent, expression of
CD105,CD73and CD90, must lack expression of CD45, Cd34, CD14, CD11b, CD79, CD19 and HLA-DR
surface  molecules as well as multi-lineage differentiation potential to osteoblasts, adipocytes and
chondroblasts [54]. Hence, the recommendations of the first international workshop on placenta derived stem
cells were in line with the limited criteria that proposed for identification of mesenchymal stem cells [15].

Based on the immunophenotype analysis mentioned above, identification markers of amnion
membrane derives stem cells can be summarized in Figure 3.

Human Leukocyte Antigens

Figure 3. The main negative (red arrows) and positive (green arrows) markers on human amniotic epithelial
(hAECs) and mesenchymal stromal cells (nAMSCs). The expression of Human Leukocyte Antigens and embryonic stem
cell markers on hAECs and hAMSC:s is variable (sky-blue arrows) [55].

2.2 Angiogenesis

Several cytokines were detected in amnion derived cellular cytokines including PDGF, VEGEF,
angiogenin, TGF-82 and TIMP1 and 2[56]. Furthermore, it has shown that amnion derived stem cells secret
additional angiogenic factors such as HGF, IGF-1, EGF, HB_EGF and bFGF [46] All these characterized
cytokines are associated with angiogenesis which is the first step that occur to repair injured tissue [57] thus,
these characterized cytokines may be beneficial in healing acute and chronic wounds[56]. in (2013)
investigators have demonstrated that amnion dorsal side stimulates angiogenesis, whereas the epithelial side
inhibits the process [58], taken together these results suggest that the angiogenesis potential exhibited by
amnion stromal side is dependent on the extracellular matrix (ECM) components which possibly contribute to
the production of angiogenesis microenvironment [59]. Beside the important role of amnion ECM,other
investigators have studied in detail the function of derived stem cells in promoting healing of injured tissue,[ 60]
were assessed the benefits of human epithelial cells transplantation through subcutaneous injection to improve
the wound healing rate of stage iii PUS in rat, but hAEcs were incorporated into the endothelial layer of the
arterial wall but did not improve vascular function following balloon injury of the rat carotid artery in rats [61].

There is great controversy on hAMC ability to differentiate into endothelial lineage, although
treatment of hAMC with specific media which contain angiogenesis growth factors the cells changed their
fibroblast like- morphology and acquired an endothelial-like network but they did not express mature
endothelial cell marker vWF and VE-Cadherin[49].In contrast to this result, h AMC—sorted population (hAMC-
SP) cultured under hypoxia condition differentiated into endothelial lineage and this may be attributed to
upregulation of the gene expression associated with angiogensis through activation of HIS[62]. However,
according to some reports conditioned media (CM) collected from hAMc and hAEC possess a survival —
enhancing effects on human endothelial cells and this can explain at least in part angiogenic action of amnion
derived stem cells. Therefore results of preclinical investigation has demonstrated role of hAEC to reduce
vascular stiffening in mice with induced hypertension[63] , Mesenchymal stem cells release several molecules
and extracellular vehicles responsible for their therapeutic mechanism of actions. Therefore, several strategies
were adopted for the development of a cellular therapeutic intervention through enhancing the release of
paracrine factors that have both local and distance effects such as hypoxia,pro-inflammatory stimuli and 3-
Dimensional growth [64] together with genetic modification, physiological and pharmacological
preconditioning and biomedical based approach represent selective methods to enhance the release of
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angiogenic,mitogenic, anti- inflammatory, anti-apoptotic and anti- oxidative effects of Msc[65].
Administration of hAMC-CM can exert beneficial paracrine effects on infarct rat heart with reduced infarct
size, attenuated cardiomyocytes apoptosis and ventricular remodeling and stimulated angiogenesis at the infarct
border zone [66]. These observations suggest that paracrine factors released by hAMC play a crucial role in
the angiogenic potential exhibited by amnion derived mesenchymal cells [67], on the other hand there is no
great difference in this property between hAMSc and MSCs derived from different sources such as bone
marrow, adipose tissue and umbilical cord blood as well as further studies are required to assess whether hAEC
possess this property like hAMSc [68]. [46] Demonstrated that both hAMSc and MSCs showed differences in
their soluble factor secretion and angiogenic functions, but these cells could be ideal cell sources for
regenerative medicine.

2.3 Neural differentiation potential of amnion derived stem cells

Stem cells isolated from AM have shown immunophenotypes similar to ESCs in addition to their
differentiation potential into cells of the three germinal layers. For instance, several studies were carried out to
detect the differentiation ability of AECs into neural cells and some growth factors have been suggested to
induce the differentiation of AECs into nerve cells such as, basic fibroblast growth factor (bFGF), Epidermal
growth factor (EGF), Noggin and Retinoic acid(RA) and the results of immunophenotype detection showed
the ability of stimulated cells to express neural markers such as Otx2,TBR2, B3- tubulin III, neuro specific
enolase (NSE)andNeuN [20,69]. Thereafter, AECs directed to differentiate into Schwann-like cells by an in
vitro co-culture system with Schwann cells derived from rat sciatic nerve, also immunofluorescence assay
revealed that AECs subjected to differentiation exhibited positive expression for Schwann cells marker
(S100)[70]. Moreover, the neural characteristics of AECs are not restricted to differentiation into neural-
lineage, but include the ability of AECs to release neurotrophic factors such as EGF and bFGF(FGF-2) or a
novel isoform of these growth factors that maintain survival and stimulate differentiation of chicken neural
retinal cells [71] as well as brain derived neurotrophic factor (BDNF) and neurotrophin -3[72]. Beside these
features, AECs express markers which are known to be specific for neural lineage for instance microtubule-
associated protein-2, glial fibrillary acidic protein and nestin [73,16,74] and possess immunosuppressive
property in addition to migration toward inflamed sites in the central nervous system.Generally,these
characteristics suggest that AECs could play a crucial role in the treatment of neural disorders such as multiple
sclerosis (MS) [75] and Parkinson’s disease[72].As well as these cells can promote neural cell survival and
regeneration, repair affected neurons, and reestablish damaged neural connections. It is suggested that hAECs
may be the most promising candidate for cell-based therapy of neurological diseases [76].

Accumulating evidence suggests that the capability of AMScs to differentiate toward neuronal lineage
and express neuronal specific markers [77,78, 16, 17] and under certain culture conditions,hAMSc acquired
neurogenic morphology,immunophenotype detection indicated positive expression of S100 and NSE[79]and
gene analysis emphasized the results, as the differentiated cells exhibited high levels of expression of neuron
associated genes for example NSE,neurofilament-medium, - tubulin isotype III[(TUJI)and GFAP[78]. The
differentiation protocols were performed by treatment the cells with growth factors like EGF, bFGF and RA
[79].Several studies have reported that the same growth factors can induce neuronal differentiation of MSCs
isolated from hBM-MSc [80], ASCs [81]and rat BM-MSc [82].

Like other types of stem cells[83], AMSCs are assumed to be impacted by environmental cues, as
AMSCs expressed nerve-like cells morphology when treated by mouse brain medium and immunofluorescent
assay emphasized positive Map-2 expression in AMSCs after treatment and this property besides anti-
inflammatory effects, secretion of neurotrophic factors and neuronal differentiation potential suggest that
AMSCs would be a suitable candidate for the treatment of nervous system disorders [84].

Although AMSCs possess neural characteristics, groups of researchers focused on the
AMSCs immunomodulatory property and their results demonstrated that hAMSCs inhibit the proliferation of
purified T- lymphocytes [85].Moreover, the immunomodulatory properties of stem cells derived from AM
have been discussed in detail to explain whether these properties depend on cell to cell contact or secretion of
specific molecules that exert immunosuppressive activity and according to the literatures reported this property
of AM derived stem cells, it became obvious that the therapeutic effects of these cells are attributed to secretion
of molecules with trophic and anti-inflammatory effects[86,87,88]. Subsequently, investigators have succeeded
to induce AMSCs derived from explant culture of AM into neurospheres which may employed on In ViVo
neurodegenerative model [89].
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3. CONCLUSIONS

Amnion derived stem cells ( epithelial and mesenchymal) possess similar neural characteristics regardless
of their morphology and embryonic origin, Furthermore autocrine and paracrine characteristics of these cells
can be explored as a cell free therapy in treatment of various degenerative disease specially, central nervous
system disorders and wound healing due to crucial role of AESCs and AMSCs in angiogenesis .
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