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Abstract 

Cancer is one of the important causes of mortality worldwildly. Abundance ofunsuccessful therapeutic 

methods, their side effects and the high cost of treatments, have led scientific societies to search novel 

targeting treatments. Anticancer properties of amniotic epithelial cells were emphasis previously, so in 

this study will review the anticancer factors secreted from this cell. These releasing factors including 

TNF-α, TNF-β, TGF-β, GM-CSF, NTF3, CCL18, BDNF, GCP-2, IL 2, 4, 6, and 8 induced apoptosis 

process in a variety of cancer cells. In sum up, this kind of stem cell with anticancer molecule are 

appropriated to use directly in cell therapy of cancer or indirectly use condition medium. 

Introduction 

After cardiovascular disease, cancer is the 

second mortality reason in USA, so that 1 

out of 4 people die from cancer. Cancer 

prevalence has been reported as 454.8 cases 

between 2008 to 2012, and mortality rate as 

171.2 out of 100 thousand people during the 

same years (16). Therapeutic costs for this 

disease in 2010 have been estimated about 

125 milliard dollars in 2010 which will reach 

156 milliards in 2020 (17). In spite of the 

ever-increasing advances in diagnostic 

methods and treatments for cancer, fatality 

rate is still high for this disease (1). 

Traditional therapeutic methods such as 

surgery, chemotherapy, and radiotherapy 

have not been that successful and despite 

these treatments, it is often characterized by 

relapse or metastasis because of cancerous 

cells spread by blood and lymph throughout 

the body, complexity of cancerous tissue, 

cellular heterogeneity, and presence of 

cancer stem cells. Furthermore, these 

methods have not been definitive and 

permanent cure and are accompanied by 

side effects due to their cytotoxic effects on 

normal cells (4).  Besides, the increasing 

resistance of cancers to common treatments 

has become a problematic issue that leads 

into therapeutic interventions failure. 

Therefore, considering all the mentioned 

problems and the two times increase in 

cancer occurrence during the recent decades, 

novel, efficient, and cost-effective 

therapeutic methodsis necessary. Amongst 

all the under-discussion therapeutic ideas, 

cell-therapy, using natural human stem cells 

and genetically manipulated ones for gene 

therapy, differentiation therapy and 

transplant of these cells have gotten too 

much attention and extensive studies are 

being performed with therapeutic targets 

and even for eradicating different types of 

cancers. Fortunately, promising results have 

been obtained from recent studies (5-7). 

However, despite all the advances in clinical 

cell-therapy, this technology still encounters 

various problems including preparation of 

high-quality cells with suitable 

characteristics, lack of favorable effects, 

timeconsumption and high expenses for 

commercializing. Nowadays these challenges 

have been partially resolved through 

identifying the properties of amnion and its 

cells, and using these cells as new 

candidates for different diseases including 

cancer (8-17).  
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Cell therapy  

Cell-therapy and stem cells usage are among 

novel therapeutic methods for different 

diseases which including cancer, about 

which extensive studies have been 

performed in recent years (18). Stem cells 

are capable self-renewal, and reproduce by 

cell division in the body. So they have 

become interesting during recent years for 

treating various diseases like cancer. These 

cells could be transformed into specialized 

cells with specific functions and activities in 

laboratory conditions. Stem cells are almost 

found in all the body tissues and are 

responsible for repair in fact. Based on their 

origin, these cells are categorized into two 

major groups of embryonic stem cells (ESCs) 

and adult stem cells (ASCs). ESCs are 

derived from epiblast tissue of inner cellular 

mass of blastocyst stage or the beginning of 

morula. These cells proliferate rapidly and 

spread in the culture medium. Since they 

are uniquely multipotent, they may 

differentiate into different adult tissue cells, 

and are theoretically a potent source for 

repair medicine and tissue replacement after 

injury or disease (19). Nevertheless, using 

these cells has lots of limitations these days. 

Several studies have described 

tumorigenesis of undifferentiated ESCs and 

teratoma formation after direct injection 

tothe body (20). Additionally, the method for 

collecting these cells from human embryos 

might have remarkable ethical and moral 

issues. Therefore, treatment using ESCs has 

not yet received license (21).  

 

Adult stem cells which are found both in 

children and adults are multipotent and 

have limited differentiation ability, so that 

they show their tissue origin including 

mesenchymal stem cells, fat tissue derived 

stem cells, endothelial stem cells, nervous 

stem cells, etc. Unlike ESCs, utilizing adult 

stem cells in researches or for therapy is not 

challenging. Besides, adult stem cells could 

be obtained from the intended receiver 

because they also match immunologically. 

Adult stem cells are extensively being used 

for research about different cell-based 

treatments. For example, the previous 

studies reported that transplanting multi 

potential human stem cells which are 

derived from bone marrow results in 

antitumor activity against non-hodgkin  

lymphoma (22). Nonetheless, it has been 

shown that some of these cells cause 

increased growth of large intestine cancer, 

lymphoma, and melanoma cells (23, 24). 

Thus, it is not yet clarified whether these 

cells further or suppress tumor growth.  

Problems for isolating adult stem cells and 

dangers in collecting these cells from 

different tissues such as bone marrow, blood, 

fat tissue, and brain, and spreading them in 

laboratory conditions are other limitations 

for using these cells in therapeutic methods. 

Therefore, regarding the mentioned 

challenges, many studies have focused on 

searching for new stem cells to be effectively 

used for therapeutic purpose without any 

limitation (6). Identifying amnion-derived 

cells characteristics have made them a 

suitable source for stem cells-based 

treatments (25).  

Amniotic Membrane Stem Cells 

Amnion is a transparent membrane which 

lacks nerves, muscles, and lymphatic 

vessels, and provides a safe space for fetus 

growth and development along with 

chorionic membrane. Amniotic membrane 

thickness is between 20 to 200 micrometers 

and consists of three histological layers 

including epithelial, basal layer, and 

mesenchymal tissue. Human amniotic 

epithelial cells (hAECs) are the main cell 

population of amnion and are in direct 

contact with amniotic fluid. These cells have 

been described with cubic morphology, large 

atypical nucleus, intracytoplasmic organelles 

and pinocytotic vesicles, and are 

homogeneously distributed on basal layer 

and form the inner layer of amnion (10). 

Amniotic epithelial cells have unique 

characteristics such as similarity to fetal 

stem cells, immune regulatory features, 

anti-fibrosis, anti-inflammation, anti-

angiogenesis, meanwhile not being 

tumorigenic (11). In addition, these cells 

show low to intermediate expression of 

antigens like HLA-A, HLA-B, HLA-C and 

low expression of HLA-D and HLA-QR and 

lack of HLA-G expression, and consequently 

they do not provoke immunologic reactions 

and graft rejection after transplantation to 

human and animal models due to low 

immunogenicity. Besides, this cellular 

source is easily available and using it does 

not have ethical issues like fetal stem cells  
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(12-14). Therefore, identifying these 

properties during recent years has 

introduced these cells as a suitable 

candidate for treating cancer. Based on the 

performed studies, researchers have stated 

that some factors in the supernatant of 

amnion epithelial cells culture result in cell 

cycle arrest and apoptosis induction in 

cancerous cell line (15). However, the type of 

existing effective material and its effect 

mechanism have not been clearly 

determined yet. Thus, considering the cancer 

treatment problem, little literature about 

the anticancer potential of factors derived 

from amnion epithelial cells, and the 

unknown nature of these factors, so more 

studies for identifying these factors seems to 

be necessary.  

 

One of the unique properties of these cells is 

low expression of major histocompatibility 

complex (MHC). Consequently, they could 

reduce graft rejection possibility in allogenic 

transplants due to low immunogenicity (26, 

27). These cells also have less limited 

differentiation potential and regarding this 

potency they are between multipotent ESCs 

and adult stem cells with limited lineage.  

 

One of the main concerns for applying stem 

cells for treatment is their tumorigenic 

property which limits using ESCs despite 

their high clinical potency. Although they 

are capable of active self-renewal and widely 

spread, tumorigenesis and teratoma 

formation in the body has not been recorded 

for stem cells derived from amnion (28). 

Tumorigenesis has not been observed after 

transplanting these cells to human 

volunteers which is beneficial for linical 

usage of these cells (29). On the other hand, 

spontaneous chromosome changes were not 

seen in consecutive passage of these cells 

and their chromosomal stability has been 

proved by karyotype analyses (30). 

Additionally, there is no ethical issue in 

stem amnion-derived cells applying 

programs and their origins such as amnion 

membrane and its fluid, are easily available.  

 

Thus, using this cellular population as a 

suitable candidate for cell-therapy has 

attracted much attention (31).  

 

Amnion is the membranous sac that 

surrounds fetus and amniotic fluid and is 

responsible for protecting the embryo during 

growth and development stages. This sac 

also plays an important role during delivery 

through inducing prostaglandins 

biosynthesis, which are essential for 

initiation and continuing of uterus 

contractions (29).  

Amniotic Epithelial Cells  

Amnion arises from growth of tissues out of 

embryo. It consists of three main layers, one 

of which being human amnion epithelial 

cells (hAECs), one basal layer or thick basal 

membrane and a mesenchymal layer which 

lacks blood vessels. Amnion is a tissue which 

lacks any kind of blood vessel, nerve, muscle 

or lymphatic structures, and nutritious 

material and other needed material are 

obtained directly through diffusion 

mechanism from amniotic fluid or from the 

inner layer, that is the placenta and its 

components. Amniotic epithelium is a layer 

consisting of uniform cells on basal 

membrane and in direct contact with 

amniotic fluid. Amniotic epithelial stem cells 

are derived from this layer. There is a 

condensed layer under the basal membrane 

which lacks cells and is the main fiber 

skeleton of amnion membrane and includes 

collagen clusters secreted by mesenchymal 

cells present in fibroblast layer. Stromal 

fibroblast is the thickest amniotic cellular 

layer that contains fibroblast-like 

mesenchymal cells, and amniotic 

mesenchymal stem cells are derived from 

that (28).  

 

Human amnion has special characteristics, 

among which inhibiting bacterial growth, 

preventing inflammatory reactions in 

immune system, preventing wound 

development, helping wound repair, and 

accelerating epithelialization could be 

mentioned. These properties have caused 

wide usage of amnion in medicine (9, 20). 

Studies on amnion and its clinical 

application go back to 1910, when the thin 

and almost transparent tissue of amnion 

was used for the first time by Davis as 

surgical material for skin repair (32). Short 

time after that,its application for treating 

skin and burn got extended. In 1940, 

successful use of amnion in conjunctival 

infections was reported (33). Various reports 

were then provided regarding human 

amnion transplant for corneal and 
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conjunctival renewal (34-36). Nowadays, in 

addition to ophthalmologic applications, 

amnion has wide usage in surgery and 

treatments for skin burn, bed wound, ulcers 

and artificial vagina repair (37). In 1981, 

Aike et al. transplanted amnion to some 

human volunteers in order to evaluate its 

immunogenicity, and no sign of infective 

disease, immunologic reaction and 

inflammation was seen in examinations. In 

1982, Adinolfi et al. reported lack of HLA-A-

B-C-DR antigens and beta-2 macroglobulin 

expression, and lysosomal enzymes 

expression by human amnion epithelial 

cells, and this cell population has been 

proposed as a candidate for treating genetic 

diseases of lysosomal enzymes deficiency 

(38).  

 

Pluripotential properties of hAECs were first 

stated by Tamagawa et al. in 2004. They 

produced chimer xenogeneic mouse in vitro 

using amnion cells and mouse embryo cells 

and showed differentiation of these cells into 

three embryonic layers through forming 

embroidbody. In addition, the results of their 

study were indicative of hAEC cells normal 

karyotype used after 60 passages (39). Other 

studies demonstrated characteristics such as 

the similarity between hAECs superficial 

markers and stem cells, colony forming 

ability, and differentiation into three 

embryonic layers and lack of tumorigenesis 

for these cells (12, 40, 41).  

 

hAECs express superficial protein markers 

of embryonic stem cells such as SSEA-3, 

SSEA-4, TRA-1-60, TRA-1-80, Thy-1, C-Kit 

(20, 43). Furthermore, these cells express 

other factors related to stem cells 

pluripotency and self-renewal including 

Oct3/4, SOX2, FGF-4, Rex-1, BST-1, ABCG2, 

and NANOG, and normal stem cell markers 

such as nestin, vimentin, and neuron-

specific  enolase  (12, 44). Molecules involved 

in neuronal development including 

acetylcholine and catecholamines are also 

produced and secreted by these cells. 

Besides, neurotrophic factors like neuronal 

growth factor, neurotrophic factor derived 

from brain and neutrophin-3 have been 

identified in hAECs and amniotic fluid (45). 

More researches on amnion epithelial cells 

have shown that these cells are pleuripotent 

and are capable of differentiation into all the 

three mesoderm, ectoderm, and endoderm 

layers (9). Moreover, hAECs are 

immunologically neutral and this 

phenomenon decreases the risk for graft 

rejection or immunological reactions after 

transplanting these cells. These cells do not 

express HLA-A, -B, -C or –DR antigens, so 

that they are less probable to be rejected by 

host immune system and transplanting 

these cells is easier (11, 38). The 

supernatant of these cells inhibits innate 

and acquired immune system through 

secreting soluble factors such as MIP-2, 

FasL, TRAII, TGFβ, and MIF (46). 

 

Using novel treatments including cell-

therapy and tissue engineering in various 

lesions repair and different diseases 

treatment has been ever-increasing. On the 

other hand, there is potency for employing 

amnion epithelial cells and the amnion itself 

in these treatments (11, 38). For 

example,Maronigue et al. reported that 

hACEs could be used as hepatocyte source 

derived from stem cell in transplantation 

methods for treating liver diseases. hACEs 

in this study differentiated into hepatocyte-

like cells after transplant into mouse liver. 

Therefore, hACEs are capable of 

differentiation into cells with hepatocytes 

functions both in vitro and in vivo (47). 

There are also extensive documents 

regarding hACEs differentiation to neurons, 

cardiomyocytes, myocytes, osteocytes, and 

adipocytes (15, 48, 49). 

 

In addition to all these features, amnion and 

its epithelial cells are not tumorigenic, and 

do not have the most important limitation of 

treatment by ESCs and iPSCs. In the 

performed studies about injection and 

implant of amnion and its cells in different 

human and animal organs, did not stimulate 

the host immune system and any sign of 

tumorigenesis has not been observed (50).   

Anticancer Properties of Amniotic 

Epithelial Cells 

Anticancer properties theory for amnion was 

first presented by Seo et al. in 2008. They 

proposed amnion and epithelial cells for 

treating cancer on the strength of anti-

angiogenesis activities, immunoregulatory 

effects, and pro-apoptotic properties of these 

cells (11). Afterwards, some studies were 

done in order to evaluate this hypothesis by 

research teams of Kim, Kang, Niknejad, and 
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Mamede (10, 41, and 42). Further studies on 

several cancerous cell lines confirm the 

antitumor property of amnion cells (51). The 

antitumor characteristics of these cells is 

due to releasing fatal factors and cytokines 

for tumor cells such as TNF-α, TNF-β, 

transforming growth factor-β, macrophage-

granulocyte colony stimulating factor, 

neurotrophin-3,CCL18 (chemokine), 

macrophage stimulating factor, brain-

derived neurotrophic factor, granulocytic 

chemotactic protein (GCP-2), protected 

dopamine neurotrophic factor, and 

interleukins 2, 4, 6, and 8 (9, 21, 52). It also 

seems as if there are unknown factors which 

result in these antitumor properties of 

amnion. Cancerous cells lead into formation 

of new vessels from present vessels and 

induce angiogenesis through producing and 

secreting special mediators. The molecular 

mechanism for the anticancer effect of the 

fluid resultant from human amnion 

epithelial cells is not well known, but the 

studies show that this fluid contains a 

soluble anticancer material which inhibits 

angiogenesis and could be utilized for 

preventing growth and metastasis of tumors 

(11, 53, 54). Different reports have assigned 

the anti-angiogenesis properties of these 

cells to the anti-angiogenesis factors 

secreted by epithelial cells like 

trombospondin-1, IL-1 receptor antagonists, 

IL-10, and some tissue inhibitor 

metalloprotease’s (TIMP-1, TIMP-2, TIMP-3, 

TIMP-4) (11, 53, 55).  

 

In the study of Kang et al. in 2012 the 

strategy for human stem cells transplant as 

a therapeutic method for treating different 

types of cancer including breast cancer was 

evaluated. Natural hAECs which had not 

been engineered were used as cell source for 

human stem cells transplantation. The 

results showed that co-culture of hACEs and 

breast cancer cells of MDA-MB-231with the 

ratio of 1:4 or 1:8 (tumor cells to stem cells), 

inhibits growth of breast cancer cells 67.29 

and 67.33, respectively, while it does not 

affect bovine fibroblast cells as control 

group. Moreover, these cells demonstrated 

remarkable antitumor effects without any 

side effects (such as weight loss, mortality, 

and bruise) compared to mouse that just 

received 5-FU treatment, when were 

injected to mouse with tumor of these  

cancerous cells (ratio of 1:4). Besides, breast 

tissue showed favorable survival in 

treatment by hACEs in this study (9).  

 

Niknejad et al. (2014) attributed the amnion 

anticancer properties hypothesis to secreting 

factor of amnion epithelial cells. While 

examining the effect of secretory fluid 

obtained from epithelial cells on cervix 

cancer cells (Hela cell line) and breast cancer 

(MDA-MB-231), they found that this fluid 

causes reduction in viability and 

proliferation of these cells, and this 

procedure is dose-dependent, so that 

proliferation and viability of cancerous cells 

decreases by increasing the concentration of 

condition medium for amnion and epithelial 

cells (15). Morphological and molecular 

studies also show cell death mechanism 

through apoptosis.  

 

As has previously been reported about cell 

death mechanism due to amniotic fluid, 

death occurs as a result of cell cycle arrest in 

G0/G1 stage of the cell cycle. Function 

mechanism for the fluid secreted from 

epithelial cells also shows cell cycle arrest in 

this stage. Elevated expression of caspase 3 

and 8 in cancerous cells under the effect of 

secretory fluid from epithelial cells has been 

observed (15). Niknejad et al. stated in 

another study that unknown materials in 

the culture medium resulting from amnion 

epithelial cells downregulated HSP90 and 

the related proteins, thereby led into cell 

cycle arrest, apoptosis induction, and 

angiogenesis inhibition due to HSP90 

regulatory role in these procedures (56).  

 

Mamede (2014) evaluated the effects of 

proteins secreted from amnion on metabolic 

activity of different cancerous cell lines 

regarding the anticancer effects of human 

amnion. Results of this study confirm the 

difference between effects of these proteins 

on different cell lines of a cancer type, and 

Mamede related these impacts to the genetic 

profile of these cell lines (51). The only 

present study that has evaluated the nature 

of existing materials in amniotic fluid, 

indicated that among the four studied 

fractions, just the fraction containing 

components with molecular weight of less 

than 3 kilodaltons had inhibitory effect 

against lymphocytes proliferation.  
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Additionally, mixture of the two fractions of  

less than 3 and more than 100 kilodaltons 

demonstrated more inhibitory impact. The 

results obtained from this study confirmed 

that soluble factors which were responsible 

for the anti-proliferative effect on 

lymphocytes had low molecular weight 

(under 3KDa), were heat-resistant, and 

likely non-protein. Prostaglandin was 

identified as one of the key molecules of this 

procedure in this study (57).  

Conclusion 

Hence, considering the probability of 

different soluble factors presence in the fluid 

resultant from amniotic epithelial cells 

culture and their different action 

mechanisms on cancerous cells, performing 

similar studies on cancerous cells for 

identifying the exact nature of these factors 

and clarifying their activity seem to be 

necessary. The mentioned aims could be 

achieved through performing proteomics, 

transcriptomics, metabolomics, and 

peptidomics studies on amnion epithelial 

cells-derived culture medium.  

Acknowledgment 

This study was supported by Medical 

Nanotechnology and tissue Engineering 

Research Center of Shahid Beheshti 

University Of Medical Sciences (grant NO. 

4920). 

 

References

1 Anand P, Kunnumakara AB, Sundaram C, 

Harikumar KB, Tharakan ST, Lai OS, et al. 

Cancer is a preventable disease that requires 

major lifestyle changes. Pharmaceutical 

research. 2008;25(9):2097-116. 

2 Colak S, Medema JP. Cancer stem cells–

important players in tumor therapy resistance. 

FEBS Journal. 2014;281(21):4779-91. 

3 Jemal A, Siegel R, Ward E, Murray T, Xu J, 

Thun MJ. Cancer statistics, 2007. CA: a cancer 

journal for clinicians. 2007;57(1):43-66. 

4 DeSantis CE, Lin CC, Mariotto AB, Siegel RL, 

Stein KD, Kramer JL, et al. Cancer treatment 

and survivorship statistics, 2014. CA: a cancer 

journal for clinicians. 2014;64(4):252-71. 

5 Koch U, Krause M, Baumann M, editors. 

Cancer stem cells at the crossroads of current 

cancer therapy failures—radiation oncology 

perspective. Seminars in cancer biology; 2010: 

Elsevier. 

6 Moreau P, Avet-Loiseau H, Harousseau J-L, 

Attal M. Current trends in autologous stem-cell 

transplantation for myeloma in the era of novel 

therapies. Journal of Clinical Oncology. 

2011;29(14):1898-906. 

7 7. Ahmed AU, Alexiades NG, Lesniak MS. 

The use of neural stem cells in cancer gene 

therapy: predicting the path to the clinic. 

Current opinion in molecular therapeutics. 

2010;12(5):546. 

8 De Coppi P, Bartsch G, Siddiqui MM, Xu T, 

Santos CC ,Perin L, et al. Isolation of amniotic 

stem cell lines with potential for therapy. 

Nature biotechnology. 2007;25(1):100-6. 

9 9. Kang N, Hwang K, Kim S, Kim Y, Hyun 

S, Jeung E, et al. Potential antitumor 

therapeutic strategies of human amniotic 

membrane andamniotic fluid-derived stem 

cells. Cancer gene therapy. 2012;19(8):517-22. 

10 Mamede A, Carvalho M, Abrantes A, Laranjo 

M, Maia C, Botelho M. Amniotic membrane: 

from structure and functions to clinical 

applications. Cell and tissue research. 

2012;349(2):447-58. 

11 Seo JH, Kim YH, Kim JS. Properties of the 

amniotic membrane may be applicable in 

cancer therapy. Medical hypotheses. 

2008;70(4):812-4. 

12 Miki T, Lehmann T, Cai H, Stolz DB, Strom 

SC. Stem cell characteristics of amniotic 

epithelial cells. Stem cells. 2005;23(10):1549-

59. 

13 Miki T. Amnion-derived stem cells: in quest of 

clinical applications. Stem cells. 2011;2(7):9-15. 

14 García-Castro IL, García-López G, Ávila-

González D, Flores-Herrera H, Molina-

Hernández A, Portillo W, et al. Markers of 

Pluripotency in Human Amniotic Epithelial 

Cells and Their Differentiation to Progenitor of 

Cortical Neurons. PloS one. 

2015;10(12):e0146082. 

15 Niknejad H, Khayat-Khoei M, Peirovi H, 

Abolghasemi H. Human amniotic epithelial 

cells induce apoptosis of cancer cells: a new 

anti-tumor therapeutic strategy. Cytotherapy. 

2014;16(1):33-40. 

16 American cancer society.Cancer Facts & 

figures 2015.Atlanta,Ga.2015. 



Hakimeh Zali & Ameneh Jafari : Journal of Global Pharma Technology. 2016; 12(8):22-29 

© 2009-2016, JGPT. All Rights Reserved.                                                                                                                                                                                        28 

17 Mariotto AB, Yabroff KR, Shao Y, Feuer EJ, 

Brown ML. Projections of the cost of cancer 

care in the United States: 2010–2020. Journal 

of the National Cancer Institute. 2011. 

18 Farrell A. A close look at cancer. Nature 

medicine. 2011;17(3):262-5. 

19 Gurudutta G, Satija NK, Singh VK, Verma YK, 

Gupta P, Tripathi R. Stem cell therapy: a novel 

& futuristic treatment modality for disaster 

injuries. The Indian journal of medical 

research. 2012;135(1):15. 

20 Dobreva MP, Pereira P, Deprest J, Zwijsen A. 

On the origin of amniotic stem cells: of mice 

and men. Int J Dev Biol. 2010;54(5):761-77. 

21 Antonucci I, Provenzano M, Rodrigues M, 

Pantalone A, Salini V, Ballerini P, Borlongan 

CV, Stuppia L. Amniotic Fluid Stem Cells: A 

Novel Source for Modeling of Human Genetic 

Diseases. International journal of molecular 

sciences. 2016 Apr 22; 17(4):607. 

22 Secchiero P, Zorzet S, Tripodo C, Corallini F, 

Melloni E, Caruso L, et al. Human bone 

marrow mesenchymal stem cells display anti-

cancer activity in SCID mice bearing 

disseminated non-Hodgkin’s lymphoma 

xenografts. PloS one. 2010;5(6):e11140. 

23 Karnoub AE, Dash AB, Vo AP, Sullivan A, 

Brooks MW, Bell GW ,et al. Mesenchymal stem 

cells within tumour stroma promote breast 

cancer metastasis. Nature. 

2007;449(7162):557-63. 

24 Klopp AH, Gupta A, Spaeth E, Andreeff M, 

Marini F. Concise review: Dissecting a 

discrepancy in the literature: do mesenchymal 

stem cells support or suppress tumor growth? 

Stem cells. 2011;29(1):11-9. 

25 Lai D, Wang F, Chen Y, Wang L, Wang Y, 

Cheng W. Human amniotic fluid stem cells 

have a potential to recover ovarian function in 

mice with chemotherapy-induced sterility. 

BMC developmental biology. 2013;13(1):34. 

26 Magatti M, De Munari S, Vertua E, Nassauto 

C, Albertini A, Wengler GS, et al. Amniotic 

mesenchymal tissue cells inhibit dendritic cell 

differentiation of peripheral blood and amnion 

resident monocytes. Cell transplantation. 

2009;18(8):899-914. 

27 Li C, Zhang W, Jiang X, Mao N. Human-

placenta-derived mesenchymal stem cells 

inhibit proliferation and function of allogeneic 

immune cells. Cell and tissue research. 

2007;330(3):437-46. 

28 Toda A, Okabe M, Yoshida T, Nikaido T. 

Thepotential of amniotic membrane/amnion-

derived cells for regeneration of various 

tissues. Journal of pharmacological sciences. 

2007;105(3):215-28. 

29 Phermthai T, Odglun Y, Julavijitphong S, 

Titapant V, Chuenwattana P, Vantanasiri C, et 

al. A novel methodto derive amniotic fluid stem 

cells for therapeutic purposes. BMC cell 

biology. 2010;11(1):79. 

30 Ayuzawa R, Doi C, Rachakatla RS, Pyle MM, 

Maurya DK, Troyer D, et al. Naive human 

umbilical cord matrix derived stem cells 

significantly attenuate growth of human breast 

cancer cells in vitro and in vivo. Cancer letters. 

2009;280(1):31-7. 

31 Farag MM, Sobh MA, Shalaby AA, Ewais EE. 

Isolation, characterization, and in vitro 

differentiation of osteogenic human amniotic 

fluid-derived stem cells.International Journal. 

2015; 3(12):1475-82. 

32 Davis JS. Skin transplantation. Johns Hopkins 

Hospital Reports. 1910;15:307-96. 

33 De Rötth A. Plastic repair of conjunctival 

defects with fetal membranes. Archives of 

ophthalmology. 1940;23(3):522-5. 

34 Dua HS, Gomes JA, King AJ, Maharajan VS. 

The amniotic membrane in ophthalmology. 

Survey of ophthalmology. 2004;49(1):51-77. 

35 Kim JC, Tseng SC. Transplantation of 

preserved human amniotic membrane for 

surface reconstruction in severely damaged 

rabbit corneas. Cornea. 1995;14(5):473-84. 

36 Meller D, Pauklin M, Thomasen H, 

Westekemper H, Steuhl K-P. Amniotic 

membrane transplantation in the human eye. 

Dtsch Arztebl Int. 2011;108(14):243-8. 

37 Parolini O, Alviano F, Bagnara GP, Bilic G, 

Bühring HJ, Evangelista M, et al. Concise 

review: isolation and characterization of cells 

from human term placenta: outcome of the first 

international Workshop on Placenta Derived 

Stem Cells. Stem cells. 2008;26(2):300-11. 

38 Adinolfi M, Akle C, McColl I, Fensom A, 

Tansley L, Connolly P, et al. Expression of 

HLA antigens, β2-microglobulin and enzymes 

by human amniotic epithelial cells. 1982. 

39 Tamagawa T, Ishiwata I, Saito S. 

Establishment and characterization of a 

pluripotent stem cell line derived from human 

amniotic membranes and initiation ofgerm 

layers in vitro. Human cell. 2004;17(3):125-30. 

40 Ilancheran S, Michalska A, Peh G, Wallace 

EM, Pera M, Manuelpillai U. Stem cells 

derived from human fetal membranes display 

multilineage differentiation potential. Biology 

of reproduction. 2007;77(3):577-88. 

41 Kang N, Hwang K, Yi B, Lee H, Jeung E, Kim 

S, et al. Human amniotic fluid-derived stem 

cells expressing cytosine deaminase and 

thymidine kinase inhibits the growth of breast 



Hakimeh Zali & Ameneh Jafari : Journal of Global Pharma Technology. 2016; 12(8):22-29 

© 2009-2016, JGPT. All Rights Reserved.                                                                                                                                                                                        29 

cancer cells in cellular and xenograft mouse 

models. Cancer gene therapy. 2012;19(6):412-9. 

42 Niknejad H, Deihim T, Solati-Hashjin M, 

Peirovi H. The effects of preservation 

procedures on amniotic membrane’s ability to 

serve as a substrate for cultivation of 

endothelial cells. Cryobiology. 2011;63(3):145-

51. 

43 43. Jiao H ,Guan F, Yang B, Li J, Song L, Hu 

X, et al. Human amniotic membrane derived-

mesenchymal stem cells induce C6 glioma 

apoptosis in vivo through the Bcl-2/caspase 

pathways. Molecular biology reports. 

2012;39(1):467-73. 

44 Fatimah SS, Ng SL, Chua KH, HayatiAR, Tan 

AE, Tan GC. Value of human amniotic 

epithelial cells in tissue engineering for cornea. 

Human cell. 2010;23(4):141-51. 

45 Antonucci I, Provenzano M, Rodrigues M, 

Pantalone A, Salini V, Ballerini P, Borlongan 

CV, Stuppia L. Amniotic Fluid Stem Cells: A 

Novel Source for Modeling of Human Genetic 

Diseases. International journal of molecular 

sciences. 2016 Apr 22;17(4):607. 

46 McDonald CA, Payne NL, Sun G, Moussa L, 

Siatskas C, Lim R, Wallace EM, Jenkin G, 

Bernard CC. Immunosuppressive potential of 

human amnion epithelial cells in the treatment 

of experimental autoimmune 

encephalomyelitis. Journal of 

neuroinflammation. 2015 Jun 3; 12(1):1. 

47 Marongiu F, Gramignoli R, Dorko K, Miki T, 

Ranade AR, Paola Serra M, et al. Hepatic 

differentiation of amniotic epithelial cells. 

Hepatology. 2011;53(5):1719-29. 

48 Ganatra M. Amniotic membrane in surgery. 

JOURNAL-PAKISTAN MEDICAL 

ASSOCIATION. 2003;53(1):29-32. 

49 Heiligenhaus A, Heinz C, Schmitz K, 

Tappeiner C, Bauer D, Meller D. Amniotic 

membrane transplantation for the treatment of 

corneal ulceration in infectious keratitis.  

Cornea and External Eye Disease: Springer; 

2008. p. 15-36. 

50 Quail DF ,Joyce JA. Microenvironmental 

regulation of tumor progression and 

metastasis. Nature medicine. 

2013;19(11):1423-37. 

51 Mamede AC, Laranjo M, Carvalho M, Abrantes 

A, Pires A, Brito A, et al. Effect of amniotic 

membrane proteins in human cancer cell lines :

an exploratory study. The Journal of 

membrane biology. 2014;247(4):357-60. 

52 Cho JA, Park H, Kim HK, Lim EH, Seo SW, 

Choi JS, et al. Hyperthermia‐treated 

mesenchymal stem cells exert antitumor effects 

on human carcinoma cell line. Cancer. 

2009;115(2):311-23. 

53 Hao Y, Ma DH-K, Hwang DG, Kim W-S, Zhang 

F. Identification of antiangiogenic and 

antiinflammatory proteins in human amniotic 

membrane. Cornea. 2000;19(3):348-52. 

54 Niknejad H, Paeini-Vayghan G, Tehrani F, 

Khayat-Khoei M, Peirovi H. Side dependent 

effects of the human amnion on angiogenesis. 

Placenta. 2013;34(4):340-5. 

55 Niknejad H, Khayat-Khoei M, Peirovi H. 

Inhibition of MMPs might increase anticancer 

properties of amniotic epithelial cells. Medical 

hypotheses. 2012;78(5):690-1. 

56 Niknejad H, Yazdanpanah G. Anticancer 

effects of human amniotic membrane and its 

epithelial cells. Medical hypotheses. 

2014;82(4):488-9. 

57 Rossi D, Pianta S, Magatti M, Sedlmayr P, 

Parolini O. Characterization of the conditioned 

medium from amniotic membranecells: 

prostaglandins as key effectors of its 

immunomodulatory activity. 

2012;7(10):e46956. 

 

 


