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ARTICLE INFO ABSTRACT

VendajeAC processed by Anu Life Sciences: Amnion/Chorion allograft, minimally 
manipulated via the ANUsureTech proprietary process, maintains the functions of placental tissue 
containing extracellular matrix and bioactive cytokines (growth factors, chemokines). It is the 
combination of the extra-cellular matrix (ECM), cytokines, their immunomodulatory effect and 
their anti-inflammatory, anti-adhesion and anti-scarring attributes that make their use in 
regenerative medicine highly effective and safe, providing significant value in wound care and 
surgical specialties. The bioassay results presented in this paper demonstrate that the ANUsureTech 
process is a significant advancement in placental tissue processing providing high levels of 
cytokines, growth factors and ECM after processing and sterilization. 
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1. Introduction
The purpose of this whitepaper is to highlight the background, 
science and potential uses of human amnion/chorion 
membrane. The Anu Life Science (ALS) team has developed 
novel proprietary techniques (ANUsureTech) that are well 
within minimal manipulation guidelines set forth by the FDA 
in November 2017, yet yield significantly higher 
concentrations of growth factors, exosomes and miRNA than 
reported (via literature and marketing materials) by other 
tissue banks in the placental tissue arena.

This white paper will be focused on the growth factors (GF) 
found in VendajeAC; Anu Life Sciences  Amnion Chorion 
product. Anu Life Sciences, continues to assay its placental 
tissue product line and will follow up with analysis of 
exosomes and micro RNA concentrations as well. 

2. Background: Placental tissue and its
components

Placental tissue has proven to be a very powerful, versatile and safe 
allograft therapy in a wide range of pathologies treated in the 
regenerative medicine arena (2). The human amnion is a single 
layer of epithelial cells separating the amniotic cavity from the 
vascularized chorion. The Amniotic Membrane (AM) is the 
innermost layer of the placenta and consists of a thin epithelial 
layer, a thick basement membrane, and an avascular stroma. It 
contains collagen types III, IV, V, and VII and fibronectin and 
laminin (3–5). It also contains fibroblasts and growth factors, 
cytokines, exosomes, alpha2macroglobulin, miRNA and a wide 
spectrum of growth factors at high concentrations. AM has been 
shown to have unique properties including the ability to suppress 
pain, fibrosis, and bacteria and to promote wound healing (6–10).  

The AM contains 2 cell types of different embryologic origin; 
specifically, amnion epithelial cells, derived from the embryonic 
ectoderm, and amnion mesenchymal cells, derived from 
embryonic mesoderm (2). The recommendation of the 
International Society for Cellular Therapy has been that 
mesenchymal cells derived from amnion be referred to as amniotic 
membrane-human mesenchymal stromal cells (AM-hMSCs) (3).  

Early in gestation amniocytes start off flattened and produce the 
amniotic fluid; however, as pregnancy progresses, they become 
cuboidal and have increasing numbers of microvilli on their apical 
surface. Tortuous intercellular channels exist between the tight  

junctions of amniocytes. Vascular endothelial growth factor 
(VEGF) in the fetal membranes appears to be a mediator of this 
process. VEGF promotes blood vessel development within the 
amnion and influences the permeability of the micro-vessels, 
which perfuse the fetal and placental surfaces (11). In a study, 
Moshiri and Oryan (12) demonstrated the effectiveness of FGF 
(Fibroblast growth factor) in restoring the morphologic and 
biomechanical properties of injured tendon in rabbits (13,14). The 
innate immune system is the first line of defense against pathogens 
and includes anatomic and physiologic barriers, enzymes and 
antimicrobial peptides, phagocytosis, and release of 
proinflammatory mediators by neutrophils and macro¬phages. 
Many of the substances that constitute the innate immune system 
have been identified in AM and have been shown to have 
significant antimicrobial properties, including defensins (human 
neutrophil defensins 1-3), lactoferrin, lysozyme, 
bactericidal/permeability-increasing protein, calprotectin, 
secretory leukocyte protease inhibitor, RIS-1/psoriasin (expression 
in epithelial skin cells indicates their selective role in innate 
immunity and in inflammatory skin diseases including acne), and 
a Cathelicidin (Cathelicidin-related antimicrobial peptides are a 
family of polypeptides, found in lysosomes of macrophages and 
polymorphonuclear leukocytes (PMNs) and keratinocytes)(15). 
These potent antimicrobials have shown broad-spectrum activity 
against bacteria, fungi, protozoa, and viruses. Perhaps the most 
important of these are the defensins (human neutrophil defensins 
1-3), which are found in in AM. Furthermore, lactoferrin is a
glycoprotein with 2 binding sites for ferric ions. Lactoferrin is
likely secreted by neutrophils and amniotic cells. Lactoferrin has
both bacteriostatic activity, owing to the sequestration of iron
which is then unavailable for microbial growth, and bactericidal
activity, by binding to bacterial outer membranes and triggering
release of the lipopolysaccharide lactoferricin. Lactoferricin shows
antimi¬crobial effects against viruses, protozoa, and fungi (16).

There are contributing factors that appear to minimize scarring, 
such as hyaluronic acid and the presence of hyaluronic acid-
stimulating factor. In a study of the effect of AM on proteases 
important to wound healing, human AM was shown to enhance 
collagenase activity but to inhibit activation of hyaluronidase, 
elastase, and cathepsin (17,18). 

The amnion has been used as a physiologic wound dressing and as 
a graft for skin wound coverage (7–10). Human AM has proved to 
be a versatile temporary biologic dressing in studies involving 
hundreds of patients during the past century. The first reported use 
of fetal membranes was in skin transplantation in the early 1900s 
(22,23). AM was also used on burned and ulcerated skin surfaces, 
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and clinicians reported a lack of infection, a marked decrease in 
pain, and an increased rate of re-epithelialization of the traumatized 
skin surfaces. Others have demonstrated the use of AM as a 
biologic dressing for open wounds, including burns and chronic 
ulceration of the legs (24). In traditional medicine, the first reported 
use was by Davis (22) in 1910 at Johns Hopkins Hospital for burns 
and ocular wounds in 550 cases. In 1914, Sabella (23) reported 
similar positive findings. Numerous reports were published during 
the 1940s and 1950s, until the 1970s when the human 
immunodeficiency virus/acquired immunodeficiency syndrome 
became epidemic, and its source was unclear (24). AM was no 
longer favorable as a treatment choice until 1995 when Kim and 
Tseng (25) presented their findings. Subsequently, published 
research has been increasing.  

The wounds treated with AM responded to a protocol that allowed 
coverage of tissues as diverse as exposed bowel, pleura, 
pericardium, blood vessels, tendon, nerve, and bone. Wounds 
unresponsive to standard therapeutic measures have also 
responded to application of AM, and human AM dressings have 
become a useful adjunct in the care of complicated wounds (27). 

Reports on the immunogenicity of human amniotic epithelial cells 
after transplantation into human volunteers have also been 
published (28–30). Amnion, consisting of a monolayer of 
epithelium on a basement membrane with an underlying collagen 
matrix containing a few fibroblasts (which, in theory, would 
express HLAs, although the epithelium itself lacks them), has been 
transplanted into subcutaneous pouches in normal human 
volunteers. None of the volunteers showed clinical signs of 
rejection (graft-host reaction), and amniotic epithelial cells were 
demonstrated by biopsy up to 7 weeks after implantation.  

HLA antibodies were not detected in serum samples, and no in 
vitro lymphocyte reaction to the amniotic cells was found in 2 out 
of 100 volunteers. These results suggest that acute immune 
rejection does not occur after allotransplantation of human 
amniotic epithelial cells.  

In 1979, Trelford and Trelford-Sauder (32) found that AM 
transplantation promoted epithelial healing, reduced inflammation, 
increased comfort, and decreased the severity of insufficient 
vascularization. In 2002, Ucakhan et al (33) did not find any 
infectious, inflammatory, or toxic reactions related to AM 
transplantation. Amnion surface epithelial cells do not express 
HLA-A, -B, -C, or -DR or b2-microglobulin (34, 35). Ucakhan et 
al (33) evaluated safety and efficacy of non-preserved AM 
transplantation with or without limbal autograft transplant in acute 
and chronic eye injuries. In the transplantation of human organs, 
whether skin, kidney, liver, or other tissue, the major problem has 
been rejection of the grafted tissue owing to the host immune 
response. Despite this risk, amnion has been used successfully as a 
skin graft without concern for tissue typing and matching of the 
donor to the host (32). This unique attribute (the lack of 
immunogenicity) has been described in numerous clinical studies 
and scientific journals and has led to the characterization of the 
placental organ as immune privileged. Thus, granulized AM and 
AF (gAM-AF) has been considered by many to be ideal for use in 
all patients, including the most immunocompromised, such as post-
transplant and human immunodeficiency virus-positive patients, 
and others with compromised immune systems, who could be 
adversely affected by human tissue transplantation or infection. 
The unique biologic structure of amniotic tissue, coupled with the 
low risk of an adverse host immune response, makes gAM-AF 
ideal for an in vivo wound covering. 

Experimental and clinical studies have demonstrated that AM 
transplantation promotes re-epithelialization, decreases inflamma-
tion and fibrosis, and modulates angiogenesis (35). Several growth 

factors produced by AM are involved in these processes, including 
TGF-b and basic FGF (36). Additionally, recent published reports 
have reported that specific soluble factors secreted by human 
amniotic epithelial cells into AF might be effective in ameliorating 
liver fibrosis, COPD, and chronic kidney conditions. Extracellular 
vesicles (EVs) are secreted nanosized (40-100 nm) membrane 
vesicles that may act as a novel cell-cell communicator. Anu 
Life Sciences will address this more specifically in additional 
reports to be published. 

One needs to also consider the Hyaluronic Acid component of AF. 
A study by Lockington (1) demonstrates that AM is able to remove 
reactive oxygen species (ROS) from its environment. 
Demonstrating total antioxidant capacity in AM provides evidence 
for its use as a free radical scavenger. An increased awareness of 
the role of free radicals in corneal disease may lead to treatment 
strategies utilizing antioxidant agents derived from HA or AM. 

The AM anti-inflammatory action may be mediated in part by 
interleukin-10 (IL-10), of which we detect significant amounts in 
AM extracts. IL-10 is known to suppress or counteract the actions 
of pro-inflammatory cytokines such as IL-611 and tumor necrosis 
factor-alpha (TNF-a) (12). IL-10 also suppresses amniotic cell 
production of IL-8,13 which is a pro-inflammatory chemokine 
attracting the migration of neutrophils. TCF-13 superfamily 
provides the protein substrates for production of inhibin and 
activin. Activin promotes the production of prostaglandin PGE2. 
(14,15) A low dose of activin stimulates, but a high dose of 
activin inhibits, the production of IL-6, IL-8, and PGE2 by the 
AM. (l6) No such effect is noted in the chorion or decidua. 
TNF-a is significantly inhibited by activin in the chorion and 
decidua’s (l6). The AM contains various protease inhibitors, 
including anti-trypsin inhibitor (17), which may exert an anti-
inflammatory effect (18). Future studies are needed to 
determine whether IL-10, activin, protease inhibitors, and/or a 
combination of them are responsible for the anti-inflammatory 
action of AM when it is transplanted to the ocular surface. 

The AM contains IL-1 receptor antagonist (IL-1) and helps 
transport it to the amniotic fluid.19 IL-lRA is a potent inhibitor of 
lL-1, and thus will suppress the inflammation mediated by IL-1. 
Data has shown that limbal epithelial cells cultured on the AM 
stromal matrix downregulate the expression and production of 
IL-1 but upregulate the expression and production of IL-lRA, 
resulting in a higher ratio of IL-lRNIL-1 (20). Such an effect 
withstands the challenge of lipopolysaccharide (20). These 
findings support the concept that the AM exerts its anti-
inflammatory action by suppressing the signaling pathway via 
IL-1. 

As a review of cytokines, chemokines are proteins found in 
amniotic membrane and fluid allografts. Cytokines are a broad and 
loose category of small proteins (~5–20 kDa) that are important in 
cell signaling. They are released by cells and affect the behavior of 
other cells, and sometimes the releasing cell itself. Some cytokines 
enhance or inhibit the action of other cytokines in complex ways. 
Cytokines include chemokines, interferons, interleukins, 
lymphokines, tumor necrosis factors, but generally not hormones 
or growth factors. 

Chemokines are a family of small cytokines or signaling proteins 
secreted by cells. Their name is derived from their ability to induce 
directed chemotaxis in nearby responsive cells; they are 
chemotactic cytokines. Growth factor cytokine Function 

Growth Differentiation 
factor 15 

Regulates apoptotic / inflammatory 
pathways in response to injury 

Granulocyte macrophage 
colony stimulating factor 

Immunomodulating – related to 
developing granulocytes and monocytes 

Interferon Gamma Immunomodulating 



Growth factor cytokine Function 
Interleukin 1 alpha Immunomodulating 
Interleukin 1 beta Immunomodulating 
Interleukin 1receptor 
antagonist 

Immunomodulating 

Interleukin 5 Stimulates immunoglobulin release 
Interleukin 7 Immuno cell development 
Interleukin 12 p40 Chemotactic 
Interleukin 12 p70 Immuno modulating 
Interleukin 15 Immunomodulating defense 
Interleukin 17  interleukin 17 family 
Macrophage stimulating 
factor 

 colony stimulating factor 1 (CSF1)

Osteoprotegerin Affects osteoclast activity 
Brain neurotrophic factor Growth 
Bone morphogenic 5 Bone- cartilage 
Endocrine Vascular 
Endothelial GF 

Angiogenesis 

Fibroblast GF 4 Cellular activator 
Fibroblast GF 7 Epithelial cell activity 
Growth Hormone Affects IGF-1 
Insulin like GF 1 System growth- mitogenic activity 
Insulin like GF binding 1 Stabilizes IGF-1 
Insulin like GF binding 2 Stabilizes IGF-1 
Insulin like GF binding 3 Stabilizes IGF-1 
Insulin like GF binding 4 Stabilizes IGF-1 
Insulin like GF binding 6 Stabilizes IGF-1 

3. Methods
One standard glass slide is spotted with 16 wells of identical 
cytokine antibody arrays. Each antibody is arrayed in 
quadruplicate. Detection Method Fluorescence: with laser scanner: 
Cy3 equivalent dye. It combines the advantages of the high 
detection sensitivity & specificity of ELISA and the high 
throughput of arrays. Like a traditional sandwich-based ELISA, it 
uses a pair of cytokine-specific antibodies for detection. A capture 
antibody is first bound to the glass surface. After incubation with 
the sample, the target cytokine is trapped on the solid surface. A 
second biotin-labeled detection antibody is then added, which can 
recognize a different epitope of the target cytokine. The cytokine-
antibody-biotin complex can then be visualized through the 
addition of the streptavidin-labeled Cy3 equivalent dye using a 
laser scanner. Unlike the traditional ELISA, Quantibody (Ray 
Biotech) products use array format. By arraying multiple cytokine-
specific capture antibodies onto a glass support, quantitative, 
multiplex detection of cytokines in one experiment is made 
possible. 

For cytokine quantification, the array-specific cytokine standards, 
whose concentration has been predetermined, are provided to 
generate a standard curve for each cytokine. By comparing signals 
from unknown samples to the standard curve, the cytokine 
concentration in the samples will be determined. 

Anu Life Sciences had quantification analysis completed on 
41 proteins for Amnion Chorion membrane, utilizing the Ray 
Biotech Quantibody system. 

4. Results

Target Cytokine – 
Growth Factor 

Amnion-Chorion 
Median Reported Value 

picograms per milliliter (pg/mL) 
AR 37.9 

BDNF 5.1 
bFGF 324.2 

BMP-4 0.8 
BMP-5 385.7 

BMP-7 281.3 
b-NGF 0.4 
EGF 15.8 

EGF R 4,491.9 
EG-VEGF 1,194.5 

FGF-4 20.9 
FGF-7 44.2 

GDF-15 1,474.4 
GDNF 3.7 

GH 67.1 
HB-EGF 7.2 

HGF 1,229.5 
IGFBP-1 2,533.6 
IGFBP-2 1,746.2 
IGFBP-3 32,545.4 
IGFBP-4 15,236.8 
IGFBP-6 43,931.5 

IGF-1 8.2 
IL-1ra - 
Insulin 118.5 

MCSF R 1,807.3 
NGF R 0.0 
NT-3 3.2 
NT-4 60.5 
OPG 1,031.7 

PDGF-AA 216.9 
PDGF-BB 21.8 

PIGF 7.3 
SCF 16.5 

SCF R 131.7 
TGFa 79.9 

TGFb1 4,271.6 
TGFb3 84.5 
VEGF 3.8 

VEGF R2 1,931.2 
VEGF R3 52.6 
VEGF-D 0.0 

5. Discussion
This review and study indicate that our ANUsureTech 
proprietary Amnion/Chorion allograft process is successful. 
With minimal manipulation of the Amnion/Chorion allograft, we 
dry and retain functional bioactive proteins (cytokines, 
chemokines, growth factors). The VendajeAC allografts’ 
bioactive proteins, combined with the presence of the 
extracellular matrix, lamin, and fibronectin, present a solid 
allograft that is effective in a wide array of applications. The 
applications range from topical wound healing to enhancing 
surgical repair by reducing incidence of adhesions, fibrosis and 
painful scars.  

The anti-inflammatory action appears to require contact with its 
ECM. The mechanism by which AM ECM exerts its anti-
inflammatory action plays a role in modulating balance M1 and 
M2 macrophages. Several authors have reported that human AM 
can suppress alloreactive responses suggesting that the AM may 
also suppress acquired immunity. 

The anti-fibrosis anti-scarring capacity of the AM is due to the 
presence of the anti-inflammatory cytokine, IL-10, which can 
inhibit the production of IL-6 (3,11). Diminished IL-6 production 
contributes to fetal wound repair without scarring (4,31). The 
phenomenon of fetal wounds healing without scar was confirmed 
in a study by Liechty. Three different TGF-beta (1, 2, 3) are the 



most potent cytokine, promoting myofibroblast differentiation by 
upregulating expression of alpha-SMA, integrin alpha5beta1, and 
EDA containing fibronectin Fn-46 in a number of cell types, 
including fibroblasts. These factors contribute to healthy tissue 
healing to form fully functional, flexible tissue, with strong 
anatomic layering. TGF-beta also upregulates the expression of 
such matrix components as collagens and proteoglycans, 
downregulates proteinase and matrix metalloproteinases (MMPs), 
and upregulates their inhibitors.  

The presence of neurotrophic factors that control the growth and 
targeting of sensory and autonomic nerves to the peripheral tissues 
(6) are present: nerve growth factor (NGF), brain-derived
neurotrophic factor (BDNF), and neurotrophin-3 (NT-3). The fact
that the AM contains these neurotrophic factors suggests that it has
a significant role in the development of the fetal nervous system,
enabling scarless wound healing. The presence of NGF makes it
extremely effective in treating corneal eye lesions (7, 8).

It is the combination of each of these powerful cytokines, 
chemokines and ECM present in our Amniogen Amnion/Chorion 
allografts that amplify the healing potential of the recipients. 

6. Conclusion
In this review we demonstrate our evidence that regenerative 
therapeutics require a combination of components to drive the 
healing regenerative process using healthy processed placental 
tissues. It is clear that the proprietary ANUsureTech 
processing techniques provide enhanced levels of growth 
factors to our allografts. The growth factors, cytokines, and 
ECM all need to work together to provide a safe and efficacious 
pathway to healing traumatized, injured tissue. 

Anu Life Sciences, is on a mission to increase the 
understanding and awareness of the plethora of proteins and 
extra-cellular matrix interactions in our placental tissue 
allografts. 

As we develop additional assays of exosomes, miRNA, various 
secretome vesicles, and Alpha 2 macroglobulin in our minimally 
manipulated placental allografts, we will bring this information to 
our clinical studies in multiple pathologies. Anu Life 
Sciences demonstrates that placental tissue allografts 
processed appropriately bring the whole symphonic orchestra 
to play in regenerative healing of injured, traumatized and/ or 
diseased tissue. 

ACKNOWLEDGEMENTS 
Growth factor assays performed by Ray Biotech. 

REFERENCES 
1. Horwitz EM, Le Blanc K, Dominici M, Mueller I, Slaper-

Cortenbach I, Marini FC, Deans RJ, Krause DS, Keating A.
Clarification of the nomenclature for MSC: the International
Society for Cellular Therapy position statement. Cytotherapy
7:393– 395, 2005.

2. Modesti A, Scarpa S, D’Orazi G, Simonelli L, Caramia FG.
Localization of type IV and V collagens in the stroma of human
amnion. Progr Clin Biol Res 296:459–463, 1989.

3. Fukuda K, Chikama T, Nakamura M, Nishida T. Differential
distribution of sub-chains of the basement membrane
components type IV collagen and laminin among the amniotic
membrane, cornea, and conjunctiva. Cornea 18:73–79, 1999.

4. Koizumi NJ, Inatomi TJ, Sotozono CJ, Fullwood NJ, Quantock AJ,
Kinoshita S. Growth factor mRNA and protein in preserved
human amniotic membrane. Curr Eye Res 20:173–177, 2000.

5. Trelford JD, Trelford-Sauder M. The amnion in surgery, past and
present. Am J Obstet Gynecol 134:833–845, 1979.

6. Colocho G, Graham WP III, Greene AE, Matheson DW, Lynch D.
Human amniotic membrane as a physiologic wound dressing.
Arch Surg 109:370–373, 1974.

7. Prasad JK, Feller I, Thomson PD. Use of amnion for the treatment
of Stevens-Johnson syndrome. J Trauma 26:945–946, 1986.

8. Subrahmanyam M. Amniotic membrane as a cover for microskin
grafts. Br J Plast Surg 48:477–478, 1995.

9. Cheung CY. Vascular endothelial growth factor activation of
intramembranous absorption: a critical pathway for amniotic
fluid volume regulation. J Soc Gynecol Investig 11:63–74, 2004.

10. Moshiri A, Oryan A. Structural and functional modulation of early
healing of full-thickness superficial digital flexor tendon rupture
in rabbits by repeated subcutaneous administration of
exogenous human recombinant basic fibroblast growth factor. J
Foot Ankle Surg 50:654–662, 2011.

11. Yoshio H, Tollin M, Gudmundsson GH. Antimicrobial
polypeptides of human ver-nix caseosa and amniotic fluid:
implications for newborn innate defense. Pediatr Res 53:211–
216, 2003.

12. Espinoza J, Chaiworapongsa T, Romero R. Antimicrobial
peptides in amniotic fluid: defensins, calprotectin and
bacterial/permeability-increasing protein in patients with
microbial invasion of the amniotic cavity, intra-amniotic
inflammation, preterm labor and premature rupture of
membranes. J Matern Fetal Neonatal Med 13:2–21, 2003.

13. Akinbi HT, Narendran V, Pass AK, Markart P, Hoath SB. Host
defense proteins in vernix caseosa and amniotic fluid. Am J
Obstet Gynecol 191:2090–2096, 2004.

14. Otsuki K, Yoda A, Saito H, Mitsuhashi Y, Shimizu Y, Yanaiha T.
Amniotic fluid lac-toferrin in intrauterine infection. Placenta
20:175–179, 1999.

15. Ozgenel GY, Filiz G. Effects of human amniotic fluid on peripheral
nerve scarring and regeneration in rats. J Neurosurg 98:371–
377, 2003.

16. Gao X, Devoe LD, Given KS. Effects of amniotic fluid on proteases:
a possible role of amniotic fluid in fetal wound healing. Ann Plast
Surg 33:128–134, 1994. discussion 134–135.

17. Tsai MS, Lee JL, Chang YJ, Hwang SM. Isolation of human
multipotent mesen-chymal stem cells from second trimester
amniotic fluid using a novel two-stage culture protocol. Hum
Reprod 19:1450–1456, 2004.

18. In’t Anker PS, Scherjon SA, Kleijburg-van der Keur C, de Groot-
Swings GM, Claas FH, Fibbe WE, Kanhai HH. Isolation of
mesenchymal stem cells of fetal or maternal origin from human
placenta. Stem Cells 22:1338–1345, 2004.

19. Heil M, Eitenm€uller I, Schmitz-Rixen T, Schaper W.
Arteriogenesis versus angio-genesis: similarities and
differences. J Cell Mol Med 10:45–55, 2006.

20. Davis JW. Skin transplantation with a review of 550 cases at the
Johns Hopkins Hospital. Johns Hopkins Med J 15:307–396, 1910.

21. Sabella N. Use of fetal membranes in skin grafting. Med Records
NY 83:478–480, 1913.

22. Faulk WP, Matthews R, Stevens PJ, Bennett JP, Burgos H, Hsi BL.
Human amnion as an adjunct in wound healing. Lancet 1:1156–
1158, 1980.

23. Kim JC, Tseng SC. Transplantation of preserved human amniotic
membrane for surface reconstruction in severely damaged
rabbit corneas. Cornea 14:473–484, 1995.

24. Koh JW, Shin JW, Oh JY, Kim MK, Ko JH, Hwang JM, Wee WR, Lee
JH. The expression of TIMPs in cryo-preserved and freeze dried
amniotic membrane. Curr Eye Res 32:611–616, 2007.

25. Gruss JS. Human amniotic membrane: a versatile wound
dressing. Can Med Assoc J 118:1237–1246, 1978.

26. Adinolfi M. HLA typing of amniotic fluid cells. Prenat Diagn
2:147, 1982. 

27. Adinolfi M, Akle CA, McColl I, Fensom AH, Tansley L, Connolly P,
Hsi BL, Faulk WP, Travers P, Bodmer WF. Expression of HLA
antigens, beta 2-microglobulin and enzymes by human amniotic
epithelial cells. Nature 295:325–327, 1982.

28. Akle CA, Adinolfi M, Welsh KI, Leibowitz S, McColl I.
Immunogenicity of human amniotic epithelial cells after
transplantation into volunteers. Lancet 2:1003– 1005, 1981.

29. Delo DM, De Coppi P, Bartsch G Jr, Atala A. Amniotic fluid and
placental stem cells. Methods Enzymol 419:426–438, 2006.

30. Trelford JD, Trelford-Sauder M. The amnion in surgery, past and
present. Am J Obstet Gynecol 134:833–845, 1979.

31. Ucakhan OO, Koklu G, Firat E. Nonpreserved human amniotic
membrane transplantation in acute and chronic chemical eye
injuries. Cornea 21:169–172, 2002 

32. Akle CA, Adinolfi M, Welsh KI. Immunogenicity of human
amniotic epithelial cells after transplantation into volunteers.
Lancet 2:1003–1005, 1981.

33. Solomon A, Wajngarten M, Alviano F, Anteby I, Elchalal U, Pe’er
J, Levi-Schaffer F. Suppression of inflammatory and fibrotic
responses in an in-vitro model of allergic inflammation by the



amniotic membrane stromal matrix. Clin Exp Allergy 35:941– 
948, 2005. 

34. Perin L, Sedrakyan S, Da Sacco S, De Filippo R. Characterization
of human amniotic fluid stem cells and their pluripotential
capability. Methods Cell Biol 86:85–99, 2008.

35. Zhang Y, Li C, Jiang X, Zhang S, Wu Y, Liu B, Tang P, Mao N. Human
placenta-derived mesenchymal progenitor cells support culture
expansion of long-term culture-initiating cells from cord blood
CD34þ cells. Exp Hematol 32:657–664, 2004. 

36. Pasquinelli G, Tazzari P, Ricci F, Orrico C, Vaselli C, Buzzi M,
Foroni L, Alviano F, Lucarelli E, Bagnara GP, Stella A, Conte R.
Ultrastructural characteristics of human mesenchymal stromal
(stem) cells derived from bone marrow and term placenta.
Ultrastruct Pathol 31:23–31, 2007.

37. Bailo M, Soncini M, Vertua E, Signoroni PB, Sanzone S, Lombardi
G, Arienti D, Calamani F, Zatti D, Paul P, Albertini A, Zorzi F,
Cavagnini A, Candotti F, Wengler GS, Parolini O. Engraftment
potential of human amnion and chorion cells derived from term
placenta. Transplantation 78:1439–1448, 2004.

38. Loh YH, Wu Q, Chew JL, Vega VB, Zhang W, Chen X, Bourque G,
George J, Leong B, Liu J, Wong KY, Sung KW, Lee CW, Zhao XD,
Chiu KP, Lipovich L, Kuznetsov VA, Robson P, Stanton LW, Wei
CL, Ruan Y, Lim B, Ng HH. The Oct4 and Nanog transcription
network regulates pluripotency in mouse embryonic stem cells.
Nat Genet 38:431–440, 2006.

39. Brichard SM, Delporte ML, Lambert M. Adipocytokines in
anorexia nervosa: a review focusing on leptin and adiponectin.
Horm Metab Res 35:337–342, 2003.

40. Jones KR, Fennie K, Lenihan A. Evidence-based management of
chronic wounds. Adv Skin Wound care 20:591–600, 2007.

41. Carter MJ, Fife CE, Walker D, Thomson B. Estimating the
applicability of wound care randomized controlled trials to
general wound-care populations by estimating the percentage of
individuals excluded from a typical wound-care population in
such trials. Adv Skin Wound Care 22:316–324, 2009.

42. Hunt TK, La Van FB. Enhancement of wound healing by growth
factors. N Engl J Med 321:111–112, 1989.

43. Braund R, Hook S, Medlicott NJ. The role of topical growth factors
in chronic wounds. Curr Drug Deliv 4:195–204, 2007. 

44. Werner S, Grose R. Regulation of wound healing by growth
factors and cytokines. Physiol Rev 83:835–870, 2003.

45. Barrientos S, Stojadinovic O, Golinko MS, Brem H, Tomic-Canic
M. Growth factors and cytokines in wound healing. Wound
Repair Regen 16:585–601, 2008.

46. Singer AJ, Clark RA. Cutaneous wound healing. N Engl J Med
341:738–746, 1999.

47. Everts PA, Brown Mahoney C, Hoffmann JJ, Schonberger JP, Box
HA, van Zundert A, Knape JT. Platelet-rich plasma preparation
using three devices: implications for platelet activation and
platelet growth factor release. Growth Factors 24:165–171,
2006.

48. Steed DL, Goslen JB, Holloway GA, Malone JM, Bunt TJ, Webster
MW. Randomized prospective double-blind trial in healing
chronic diabetic foot ulcers: CT-102 activated platelet
supernatant, topical versus placebo. Diabetes Care 15:1598–
1604, 1992.

49. Knighton DR, Fiegel VD. Regulation of cutaneous wound healing
by growth factors and the microenvironment. Investig Radiol
26:604–611, 1991.

50. Knighton DR, Ciresi K, Fiegel VD, Schumerth S, Butler E, Cerra F. 
Stimulation of repair in chronic, nonhealing, cutaneous ulcers
using platelet-derived wound healing formula. Surg Gynecol
Obstet 170:56–60, 1990.

51. Keyser JE. Diabetic wound healing and limb salvage in an
outpatient wound care program. South Med J 86:311–317, 1993.

52. Glover JL, Weingarten MS, Buchbinder DS, Poucher RL, Deitrick
GA III, Fylling CP. A 4-year outcome-based retrospective study of

wound healing and limb salvage in patients with chronic 
wounds. Adv Wound Care 10:33–38, 1997. 

53. Atri SC, Misra J, Bisht D, Misra K. Use of homologous platelet
factors in achieving total healing of recalcitrant skin ulcers.
Surgery 108:508–512, 1990.

54. Anitua E, Andia I, Ardanza B, Nurden P, Nurden AT. Autologous
platelets as a source of proteins for healing and tissue
regeneration. Thromb Haemost 91:4–15, 2004.

55. Prusa AR, Marton E, Rosner M, Bernaschek G, Hengstschlager M.
Oct4-expressing cells in human amniotic fluid: a new source for
stem cell research? Hum Reprod 18:1489–1493, 2003.

56. Shearer A, Scuffham P, Gordois A, Oglesby A. Predicted costs and
outcomes from reduced vibration detection in people with
diabetes in the U.S. Diabetes Care 26:2305–2310, 2003.

57. Stute N, Holtz K, Bubenheim M, Lange C, Blake F, Zander AR.
Autologous serum for isolation and expansion of human
mesenchymal stem cells for clinical use. Exp Hematol 32:1212–
1225, 2004.

58. Deans RJ, Moseley AB. Mesenchymal stem cells: biology and
potential clinical uses. Exp Hematol 28:875–884, 2000.

59. Liu L, Sun Z, Chen B, Han Q, Liao L, Jia M, Cao Y, Ma J, Sun Q, Guo
M, Liu Z, Ai H, Zhao RC. Ex vivo expansion and in vivo infusion of
bone marrow-derived Flk-1þCD31-CD34- mesenchymal stem
cells: feasibility and safety from monkey to human. Stem Cells
Dev 15:349–357, 2006. 

60. Hollander AP, Dickinson SC, Sims TJ, Brun P, Cortivo R, Kon E,
Marcacci M, Zanasi S, Borrione A, De Luca C, Pavesio A, Soranzo
C, Abatangelo G. Maturation of tissue engineered cartilage
implanted in injured and osteoarthritic human knees. Tissue Eng
12:1787–1798, 2006.

61. Lockington D, Agarwal P, Young D, Caslake M, Ramaesh K.
Antioxidant properties of amniotic membrane: Novel
observations from a pilot study. Can J Ophthalmol. 2014;49(5).

62. Ueta M, Kweon M-N, Sano Y, Sotozono C, Yamada J, Koizumi N, et
al. Immunosuppressive properties of human amniotic
membrane for mixed lymphocyte reaction. Clin Exp Immunol
[Internet]. 2002;129(3):464–70.

63. Fortunato SJ, Menon R, Swan KF, Lombardi SJ. Interleukin-10
inhibition of interleukin-6 in human amniochorionic membrane:
Transcriptional regulation. In: American Journal of Obstetrics
and Gynecology. 1996. p. 1057–65.

64. Liechty KW, Adzick NS, Crombleholme TM. Diminished
interleukin 6 (IL-6) production during scarless human fetal
wound repair. Cytokine. 2000;12(6):671–6.

65. Liechty KW, Kim HB, Adzick NS, Crombleholme TM. Fetal wound
repair results in scar formation in interleukin-10-deficient mice
in a syngeneic murine model of scarless fetal wound repair. In:
Journal of Pediatric Surgery. 2000. p. 866–73.

66. Massagué J, Chen YG. Controlling TGF-β signaling. Vol. 14, Genes
and Development. 2000. p. 627–44.

67. Ahn J-I, Lee D-H, Ryu Y-H, Jang I-K, Yoon M-Y, Shin YH, et al.
Reconstruction of rabbit corneal epithelium on lyophilized
amniotic membrane using the tilting dynamic culture method.
Artif Organs. 2007 Sep;31(9):711–21.

68. Chen HJ, Pires RT, Tseng SC. Amniotic membrane
transplantation for severe neurotrophic corneal ulcers. Br J
Ophthalmol [Internet]. 2000 Aug;84(8):826–33. 

69. Scheubel RJ, Zorn H, Silber RE, Kuss O, Morawietz H, Holtz J,
Simm A. Age-dependent depression in circulating endothelial
progenitor cells in patients undergoing coronary artery bypass
grafting. J Am Coll Cardiol 42:2073–2080, 2003.

70. Sakuragawa N, Kakinuma K, Kikuchi A, Okano H, Uchida S, Kamo
I, Kobayashi M, Yokoyama Y. Human amnion mesenchyme cells
express phenotypes of neuroglial progenitor cells. J Neurosci Res
78:208–214, 200.

ALS document: GLPdocxxx-WPap-VAC-7-8-18


	1. Introduction
	2. Background: Placental tissue and its components
	3. Methods
	4. Results
	5. Discussion
	6. Conclusion



