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Abstract: Inflammation is a complex defense mechanism characterized by leukocyte migration from the vasculature into
damaged tissues and subsequent deposition of extracellular matrix resulting in tissue repair. The inflammatory process is
generally categorized into an acute, rapid response, and a persistent but slowly evolving chronic condition, which may
progress into inflammatory diseases. An excessive deposition of extracellular matrix leads to overgrowth, hardening,
and/or scarring of tissues, defined as fibrosis.

The amnion has been used as biomaterial in medicine for over 100 years and has been proven valuable for the treatment of
different pathological conditions including wound healing. In light of recent reports, this article will review the effects of
the amnion and its cellular components within the inflammatory-fibrotic scenario and the factors described so far that
could be involved in these immunomodulatory actions. As proof of principles, we will also discuss pre-clinical and clini-
cal applications of the amnion where advantage has been taken of its anti-inflammatory and anti-fibrotic properties. It is
conceivable that the local host environment in which the amnion is placed may have a profound role in influencing the
production and function of soluble factors and the shift towards different steps in triggering healing. The healing effect
depends on time, dosage, and location of cytokine/growth factor production by the amnion, together with the influence of
the host microenvironment. Indeed, determining the specific cascade of events that may define the role of the amnion in a

given clinical situation remains a challenge.
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1. INTRODUCTION

The recent interest in placenta-derived cells displaying
stem cell-like features is based on the fact that such cells
have the potential to differentiate into certain cell types and
thus may be involved in regeneration of tissues [1, 2].

Several types of placental cells with variable plasticity
have been described [1], including amnion-derived epithelial
cells (hAEC), amnion-derived mesenchymal stromal cells
(hAMSC) and chorion-derived mesenchymal stromal cells
(hCMSC). All three cell types have been shown to differen-
tiate towards the adipogenic, osteogenic, chondrogenic,
skeletal myogenic and neurogenic lineage [1], while hAEC
and hAMSC also exhibit cardiomyogenic and pancreatic
differentiation potential, and hAEC are also able to differen-
tiate into hepatic cells [1].

The endothelial differentiation potential of hAMSC into
mature endothelial cells is controversial [3-5]. However,
hAMSC induced towards the endothelial lineage show some
angiogenic properties like endothelial morphology, LDL
uptake and network formation in Matrigel as well as expres-
sion/secretion of angiogenic factors with survival-enhancing
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effects on endothelial cells [4]. This data emphasize their
important role in promoting angiogenesis, stabilization of
blood vessels and wound healing [4, 5].

Also the umbilical cord harbors cells with multipotent
differentiation potential such as: hAEC from the cord-lining
amnionic epithelium, mesenchymal stromal cells from the
cord-lining sub-amnion (CL-MSC) and mesenchymal stro-
mal cells from the Wharton’s jelly (WJ-MSC) [6, 7]. Besides
the minimal criteria for MSC including osteogenic, adipo-
genic and chondrogenic differentiation capacities, differen-
tiation into neuronal [8, 9], endothelial [10], cardiogenic
[11], hepatic [12] and pancreatic [13] lineages have been
described for WJ-MSC. To date it is not clear whether there
are significant differences between the differentiation poten-
tial of CL-MSC and WJ-MSC [6]. The isolation of CL-MSC
is a very time-consuming process, while preparation of WJ-
MSC could lead to heterogeneous cell populations contain-
ing perivascular and vascular cells [6]. Therefore it is impor-
tant to prove the identity of the cells by absent staining with
endothelial markers. Placental MSC, CL-MSC and WJ-MSC
do not express the hematopoietic markers CD34 and CD45
or the selective macrophage marker CD163 [14, 15]. As
unique feature CL-MSC express CD14 [6, 14], and CD68
expression was detected in WJ-MSC [15]. CD14 and CD68
are commonly known macrophage markers. Their expression
on MSC seems to be responsible for immunomodulatory
functions. Soluble CD14 can downregulate T cell activation
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Fig. (1). Overview of the placenta and fetal membranes (A); modified from [5]. The amnion consists of an epithelial layer expressing cy-
tokeratin-7 (B), and a mesenchymal layer with cells stained by anti-vimentin (C). Scale bar 50um.

[16] and thus modulate immune cells. Also CD68 is sup-
posed to contribute to the hypoimmunogenic and tolerogenic
nature of MSC. Additionally, WJ-MSC constitutively ex-
press CD200, a molecule known to initiate immunosuppres-
sive and anti-inflammatory effects, in higher amounts than in
MSC from bone marrow and adipose tissue. Thus, CD200
could be exploited as a novel WJ-MSC marker [17], but a
possible expression in placental MSC has to be determined.

Compared to the umbilical cord and the placental chori-
onic plate, the placental amnion has some advantages. It is
an avascular tissue which can be easily detached from the
chorionic plate. Consequently, a homogeneous quality of
hAEC and hAMSC can be obtained in large amounts.

To date, the differentiation capacities of placenta- and
umbilical cord-derived MSC remain a debated topic, because
diverse protocols for isolation and culture conditions may
result in heterogeneity of cells and discordant data [4, 6, 7].
However, at the same time an increasing body of evidence
suggests that the regenerative effects originating from am-
nion membrane or amnion-derived cells is due to factors
released from these cells rather than cell differentiation [18,
19]. The soluble factors exert healing effects by trophic ac-
tions on cells close to the area where an injury or a defect

had occurred and modulatory functions on inflammatory
cells recruited to the injured site.

The amnion lining the fetal side of the placenta and um-
bilical cord (Fig. 1 modified from [20]) seems to be a very
special tissue, since diverse properties have been attributed
to it, including anti-inflammatory and anti-fibrotic properties
[21-25]. The mechanisms by which the amnion acts to exert
these effects are largely unknown, but could be attributed to
the multiple soluble factors released from it. Hence, the am-
nion can be considered a reservoir of cytokines and growth
factors which have been documented to have a role in the
stepwise progression of the normal tissue healing process
[26]. Amnion-derived cellular cytokine solution promotes
macrophage activity [27], accelerates epithelialization of
experimental partial-thickness burns [28] and improves the
healing of acute and chronic wounds [29, 30].

In this review, we describe the effects of the amnion as a
whole and of its cellular components within the inflamma-
tory-fibrotic scenario and the factors described so far that
could be involved in these immunomodulatory actions. As
proof of principles, we will also discuss pre-clinical and
clinical applications of the amnion where advantage has been
taken of its anti-inflammatory and anti-fibrotic properties.
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2. INFLAMMATION

Inflammation is a complex defense mechanism character-
ized by leukocyte migration from the vasculature into dam-
aged tissues to control tissue damage induced by pathogenic
(bacterial or viral), traumatic, or toxic injury [31]. Inflamma-
tion is generally categorized into an acute, rapid response,
and a persistent but slowly evolving chronic condition,
which may progress into inflammatory diseases. At sites of
injury, phagocytic cells, namely macrophages and neutro-
phils, provide innate cell-mediated immunity and initiate the
inflammatory response. Macrophages secrete cytokines that
attract neutrophils to leave the blood stream and enter the
injured area. The arrival of neutrophils initiates the inflam-
matory response, by which cells and molecules of innate
immunity are recruited into sites of wounding or infection.

At sites of bacterial infections, prominent cytokines se-
creted by activated macrophages include interleukins (IL-1,
IL-6, IL-8, and IL-12) and tumor necrosis factor-a (TNF-a)
[32, 33] as well as plasminogen activator, phospholipase C
and other enzymes. At the same time, prostaglandins, oxy-
gen radicals, peroxides, nitric oxides, and platelet-activating
factor (PAF) further contribute to inflammation and tissue
damage [34]. In the course of complement activation, the
soluble complement fragments c3a and cba recruit neutro-
phils from the blood stream into infected tissues and stimu-
late mast cells to degranulate, releasing inflammatory mole-
cules such as histamine and TNFa.

When human cells become infected by viruses, they re-
spond with the production and secretion of interferon-o and -
B (IFN-a and -B) which block the spread of viruses to unin-
fected cells. This in turn activates natural killer cells (NK) to
develop cytotoxic effector functions. Stimulation of NK cells
with IL-12 favors production of cytokines such as IFNy,
which in turn activates macrophages. The secretion of 1L-12
by macrophages in combination with the secretion of IFNy
by NK cells creates a system of positive feedback that in-
creases the activation of both cell types within the site of
infection.

Damaged epithelial and/or endothelial cells release in-
flammatory mediators initiating an anti-fibrinolytic cascade
which triggers blood clot formation. Platelets exposed to
extracellular matrix components triggers aggregation, clot
formation and haemostasis. Next, epithelial and endothelial
cells secrete growth factors and chemokines that stimulate
the proliferation and recruitment of macrophages and neu-
trophils which eliminate tissue debris, dead cells and extra-
neous organisms/materials. They also produce cytokines and
chemokines that: a) act as mitogenic and chemotactic factors
for endothelial cells which begin to surround the injured site
and also to migrate towards the center of the wound to form
new blood vessels; and b) recruit and activate T cells which
produce pro-fibrotic factors such as IL-13, transforming
growth factor-8 (TGF-B) and platelet-derived growth factor
(PDGF) which further activate macrophages and fibroblasts
[31, 35, 36].

3. WOUND HEALING AND FIBROSIS

The recruitment of inflammatory cells and the subsequent
deposition of extracellular matrix during wound repair is a
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normal response to persistent infections, autoimmune reac-
tions, allergic responses, chemical insults, radiation, and
tissue injury. During wound healing, fibroblasts differentiate
into myofibroblasts, which restored homeostasis in damaged
tissue by migration, proliferation, contraction and synthesis
of extracellular matrix [37]. However, when the synthesis
and deposition of new collagen exceeds its rate of degrada-
tion, this causes fibrosis [35, 38]. Fibrosis is defined by the
overgrowth, hardening, and/or scarring of tissues and is at-
tributed to excess deposition of extracellular matrix compo-
nents. The leading cause for fibrosis is the accumulation and
persistence of myofibroblasts during tissue repair and heal-
ing [39]. Normally, myofibroblasts get lost after re-
epithelialization of the wound by removal or apoptosis (Fig.
2, modified from [40]).

Myofibroblasts derive from a variety of cells including
mesenchymal, endothelial and epithelial cells undergoing
epithelial-mesenchymal transition, as well as from circulat-
ing fibroblast-like cells called fibrocytes that are derived
from bone-marrow stem cells [41]. Myofibroblasts are acti-
vated by a variety of mechanisms, including paracrine sig-
nals from lymphocytes and macrophages, autocrine factors
secreted by myofibroblasts, and pathogen-associated mo-
lecular patterns (PAMPS) produced by pathogenic organisms
that interact with pattern recognition receptors (i.e. TLR) on
fibroblasts. Myofibroblast recruitment to the site of tissue
damage is controlled by chemokines. Specifically, CCL3
(macrophage inflammatory protein 1o) and CCL2 (monocyte
chemoattractant protein-1) are chemotactic for mononuclear
phagocytes and were identified as profibrotic mediators [42].
Macrophages and epithelial cells are supposed to be the key
sources of CCL3 and CCL2 [43, 44].

CD4+ T cells have also been shown to play an important
role in fibrosis. Studies conducted with cytokine-deficient
mice have shown that liver fibrosis is strongly correlated
with the development of a CD4+ Th2 cell response and in-
volves IL-4, IL-5, IL-13 and IL-21 [45, 46]. Importantly,
TGFB has been linked with the development of fibrosis in a
number of diseases [47-49].

4. IMMUNOMODULATORY PROPERTIES OF THE
HUMAN AMNION AND ITS PRECLINICAL AND
CLINICAL APPLICATIONS

The amnion has been used as biomaterial in medicine for
over 100 years. Its first successful implementation was re-
ported in skin transplantation in 1910 [50]. Since then, fetal
membranes of human placenta have proven valuable for the
treatment of different pathological conditions, including
wounds of various origins (e.g. burn injuries, post-traumatic
skin wounds and leg ulcers) [51-53] and in reconstructive
surgery (e.g. urogenital and orofacial reconstructive surgery
[54, 55] and in a variety of ocular disorders [56-58]. Contra-
indications, failures, or intolerance to standard medical
treatments have paved the way for the use of the human am-
nion.

The underlining mechanisms of the effects of the amnion
and /or amnion-derived cells in disease treatment are still
largely unknown, but constitute clear evidence of the anti-
inflammatory and anti scarring capacity the amnion. Studies
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have documented the role of the amnion in the stepwise pro-
gression of the normal tissue healing process including: (1)
proliferation, migration and chemotaxis of various cell types,
such as fibroblasts, inflammatory and endothelial cells, (2)
production and remodeling of extracellular matrix, (3) inhi-
bition of apoptosis, and (4) synthesis of cytokines and
growth factors [26].

Amnion-derived mesenchymal cells (hAMSC) in the
presence of differentiating dendritic cell cultures abolished
the production of pro-inflammatory cytokines TNF-a, C-X-C
motif chemokine ligand 10 (CXCL10), CXCL9 and
chemokine C-C motif ligand (CCL5) [59]. Further, hAMSC
exerted anti-allergic effects on mast cells and eosinophils by
suppressing 1) the proliferation of activated fibroblasts and
2) the production of TGFR1l, IL-8 and granulocyte-
macrophage colony-stimulating factor (GM-CSF) by acti-
vated fibroblasts [60].

4.1. Preclinical and Clinical Applications

Examples of the successful use of the amnion in preclini-
cal and clinical setting are available for a variety of patholo-
gies, including lung, liver and ocular pathologies and others.
Fibrotic diseases represent a significant and growing burden
of disease for which there is no specific intervention today.
Only recently treatment of fibrotic diseases in the lung and
liver using amnion-derived cells has been started to be under
investigation.

4.1.1. Applications in Lung Pathologies

Amnion-derived cells, a mix of the epithelial (hAEC) and
mesenchymal cell (hAMSC) populations are able to signifi-
cantly reduce the severity of lung fibrosis along with a con-
comitant decrease in neutrophil infiltration when trans-
planted intraperitoneally or intratracheally into bleomycin-
challenged immunocompetent mice [61]. Since the beneficial
effects were observed in the presence of only a small amount
of donor cells in the host lungs, it has been hypothesized that
these effects were mostly due to the paracrine actions exerted
by soluble molecules secreted by the transplanted cells rather
than their engraftment and differentiation. Moreover, the
sole injection of media conditioned from amnion-derived
cells resulted in reduced fibrosis progression [18]. On the
other hand, hAEC exert beneficial effects in lung fibrosis
also by their differentiation into type Il pneumocytes in vivo
[62].

hAEC injection reduced levels of pro-inflammatory cy-
tokines such as IL-1, IL-6, and TNFa., and of pro-fibrogenic
cytokines such as TGFR in the lungs. TGFR plays a promi-
nent role in fibrosis. Therefore, a decrease in TGFR signaling
by human amnion cells and thus the inhibition of fibroblast
activation could be the most plausible mechanism in reduc-
ing fibrosis progression [63]. Importantly, hAEC transplanta-
tion reduced fibrosis and collagen deposition and induced a
collagen-degrading environment by altered proteases levels
in the injured lungs [62, 64].

4.1.2. Applications in Liver Pathologies

The engraftment of hAEC in the liver and their differen-
tiation towards the hepatogenic lineage in vitro and in vivo
supports the use of hAEC in restoring hepatic tissues [1, 65].
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Furthermore, the amnion is useful for treating biliary
fibrosis. Fragments of the human amnion applied as a patch
onto the rat liver surface significantly reduced the severity
and slowed down the progression of liver fibrosis in a rat
model of bile duct ligation [66]. The exact mechanism about
the beneficial effects of the amnion on bile duct ligation-
induced liver fibrosis is still unknown.

4.1.3. Applications in Ocular Pathologies

Examples of the successful use of the amnion in clinical
settings are especially available for ocular pathologies (ocu-
lar diseases and injuries) including persistent corneal epithe-
lial defects, corneal ulcers, glaucoma, pterygium, conjuncti-
val surface reconstruction, bullous keratopathy, chemical or
thermal burns, limbal stem cell deficiency, and patients with
Stevens-Johnson syndrome [24, 67-70].

Ophthalmology studies have also reported on beneficial
effects of hAEC-conditioned medium for corneal ulcers re-
sulting in fewer HLA class Il antigen presenting cells at the
site of injury and a generally reduced inflammatory process
[71]. This implies that hAEC can inhibit the chemotactic
migration of neutrophils and macrophages to the site of in-
jury, similar to studies of hAECs in lung pathologies [61, 62,
64].

Human corneal and limbal fibroblasts grown on the ma-
trix surface of the amnion down-regulated TGFR signaling,
which prevented fibroblast activation into myofibroblasts
[22]. Moreover, the de-differentiation of already differenti-
ated myofibroblasts back to fibroblasts has also been attrib-
uted to the amnion, which may help to attenuate already an
established fibrotic disease [72].

4.1.4. Applications in Adhesion Related Pathologies

Adhesion often arises as a complication after surgery. It
is generally prevented or minimized by targeting various
steps of the physiopathological process such as the use of
anti-inflammatory agents and fibrinolytics [73]. The anti-
fibrotic properties of the amnion are of great use for the pre-
vention of adhesion formation. The amnion reduced adhe-
sions in experimental intraperitoneal onlay mesh repair [74]
and served as efficient anti-adhesive in rats when used in
cecal abrasion and ligature of the adjacent parietal perito-
neum, resulting in reduced neovascularization, inflammation
and fibrosis. The constant presence of the amnion on the
damaged surface without physically changing location
played an important role in the positive effect [73]. The ad-
hesion scores increased again in animals in which the am-
nion slipped off the damaged surface [75].

4.1.5. Applications in Chronic Ulcers of Different Origins

Ulcerations secondary to e.g. diabetes or radiation ther-
apy are often chronic non-healing ulcers. The application of
cryopreserved [53], lyophilized [76], freeze-dried irradiated
[77] or decellularized amnion membranes [78] as a biologi-
cal wound dressing helped decreasing the healing time and
ulcer surface. Amnion membranes promoted proper epithe-
lialization while suppressing excessive fibrosis with release
from pain [53, 77].
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5. SOLUBLE FACTORS RELEASED FROM AMNION
IN VITRO AND THEIR PUTATIVE IMMUNO-
MODULATORY ACTIONS

The human amnion expresses various anti-inflammatory
and anti-fibrotic factors:

5.1. Hyaluronic acid

Hyaluronic acid is present at high levels in the amnion.
Hyaluronic acid mediates the entrapment of inflammatory
cells, including lymphocytes, through the binding to CD44
expressed on inflammatory cells [79]. Additionally, HC.HA,
a covalently linked complex formed by hyaluronan (HA) and
a heavy chain (HC) of inter-a-inhibitor, has been biochemi-
cally purified from extracts of amnion and was found to ex-
ert potent anti-inflammatory actions [80].

The beneficial effects of the amnion in fibrosis are most
likely associated with the release of soluble factors which in
turn act in a concerted and paracrine manner to support sur-
vival and proliferation of host cells. Hyaluronic acid sup-
pressed TGFR and inhibited the differentiation of conjuncti-
val and limbal fibroblasts into myofibroblasts [22], thus ul-
timately inhibiting collagen synthesis. TGFR protein was
decreased in Bleomycin and CCl4 injured lungs and livers of
mice receiving hAEC. This was accompanied by an increase
in collagen degrading matrix metalloproteases (MMPs) and a
decrease in their tissue inhibitors (TIMPs) [62, 81]. Poten-
tially, similar mechanisms may partly account for the reduc-
tion in scarring following patching of amnion membranes.

5.2. TIMPs and MMPs

The amnion contains various tissue inhibitors (TIMP-1, -
2, -3, -4) of MMPs [82, 83]. They regulate many crucial
processes in inflammation and fibrotic processes including
chemotactic migration of inflammatory cells, mitosis of fi-
broblasts, and synthesis and degradation of extracellular
components. This can explain, at least in part, the anti-
inflammatory and anti-fibrotic action of the amnion [84].

5.3. Interleukins

IL-1 receptor agonist and IL-10 are potent anti-
inflammatory cytokines [85]. They are expressed by hAEC
and hAMSC on the transcriptional level [82] and significant
amounts of IL-10 were also detected in extracts of amnion
membranes on the protein level [21]. IL-10 counteracts the
action of different pro-inflammatory cytokines, such as IL-6,
IL-1, IL-8 and TNF [86-89]. IL-1 receptor agonist as potent
inhibitor of IL-1 may suppress IL-1-mediated inflammation
[90]. In particular, the stromal matrix of the amnion sup-
pressed the expression of potent pro-inflammatory cytokines
IL-1a and IL-1R at both transcriptional and protein levels in
human corneal limbal epithelial cells. Further, the ratio of
IL-1 receptor agonist / IL-10 was increased [91].

5.4. Prostaglandins

The amnion produces high levels of prostaglandin E2
(PGE2) [92]. The constitutive secretion of PGE2 by hAMSC
and WJ-MSC have been shown to be responsible for the
immunosuppressive effects on lymphocytes [93-95]. PGE2
regulates the maturation and antigen presentation of den-
dritic cells and inhibits T cell proliferation and pro-
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inflammatory cytokine production [96]. PGE2 was signifi-
cantly increased in amnion-derived mesenchymal cells co-
cultured with peripheral blood mononuclear cells [95]. The
anti-proliferative effect of amnion-derived cells on periph-
eral blood mononuclear cells [95] was reversed by blocking
prostaglandin production with indomethacin (Rossi 2012).
These results suggest that the immunomodulatory effects of
amnion-derived cells are associated with PGE2 production
which, together with other soluble factors (such as TGF-j,
HGF, and 1DO), could be involved in the suppression of the
lymphocyte-mediated immunological response.

5.5. Migration-Inhibitory Factor (MIF)

hAEC secrete the macrophage migration-inhibitory factor
(MIF) [97], which inhibits migration of macrophages and
NK cell-mediated lytic activity [98].

6. CONCLUSION

The manner in which the amnion manifests the properties
exerted through the release of its bioactive, and likely
paracrine-acting, factors remains to be determined. This is
confounded by the release of molecules, which theoretically,
have contradictory roles, i.e. pro-inflammatory cytokines
(e.g. IL-6 and IL-8) versus anti-inflammatory cytokines (e.g.
IL-10 and IL-1 receptor antagonist), MMPs versus their
natural inhibitors TIMPs, and anti-angiogenic versus pro-
angiogenic factors. It is thus conceivable that the local host
environment in which the amnion is sited may have a pro-
found role in influencing the production and function of
these molecules and the shift towards different steps in trig-
gering healing. The nature of steps that are triggered thus
depends on time, dosage, and location of cytokine/growth
factor production by the amnion, together with the influence
of the host microenvironment. Indeed, determining the spe-
cific cascade of events that may define the role of the amnion
in a given clinical situation remains a challenge.
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