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Introduction

Wound healing process
Wound healing can be broken down
into three phases: inflammation,
proliferation, and maturation. The
inflammatory phase during adult wound
healing involves early infiltration of
neutrophils and macrophages, followed
by lymphocytes derived from the
innate and adaptive immune responses.
Ideally, neutrophils have a short life
span and are eventually removed by
M2 (anti-inflammatory) macrophages
via phagocytosis. This process helps
to resolve inflammation and set the
stage for proliferation.! However, under
pathological states, an extended lifespan
of neutrophils prolongs inflammation.
This activates M1 (pro-inflammatory)
macrophages, which are ineffective in
clearing apoptotic neutrophils and express
pro-inflammatory and profibrogenic
cytokines.?! Accordingly, this often results
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The birth tissue is predominantly comprised of amniotic membrane (AM) and umbilical cord (UC),
which share the same cell origin as the fetus. These versatile biological tissues have been used to
treat a wide range of conjunctival and corneal conditions since 1940. The therapeutic benefits of the
birth tissue stem from its anti-inflammatory and anti-scarring properties that orchestrate regenerative
healing. Although the birth tissue also contains many cytokines, growth factors, and proteins, the
heavy chain 1-hyaluronic acid/pentraxin 3 (HC-HA/PTX3) matrix has been identified to be a major
active tissue component responsible for AM/UC’s multifactorial therapeutic actions. HC-HA/PTX3
complex is abundantly present in fresh and cryopreserved AM/UC, but not in dehydrated tissue. In
this review, we discuss the tissue anatomy, the molecular mechanism of action based on HC-HA/
PTX3 to explain their therapeutic potentials, and the various forms available in ophthalmology.

in inflammation-mediated tissue injury
and/or scarring.®4

Contrary to the adult wound healing
process, wound healing in the mammalian
fetus is characterized as “scarless”,
as it can regenerate tissue rather than
form a scar.5®! Following injury to the
embryo, the inflammatory response is less
pronounced with decreased inflammatory
cells that enter the wound,”! as well as, the
diminished production of pro-inflammatory
cytokines.®°l In addition, scarring
responses in fetal wound healing are
downregulated.*" While this regenerative
wound healing mechanism has yet to be
fully elucidated, the birth tissue might
contribute to such a fascinating process.

Birth Tissue Anatomy and
Histology

The birth tissue includes the umbilical
cord (UC), amniotic fluid, and placenta,
the latter of which is further comprised of
the amniotic membrane (AM) (inner layer)
and chorion (outer layer). The AM is a thin,
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tensile, semi-transparent membrane that forms a sac
around the fetus and is in direct contact with the amniotic
fluid. The chorion is a membrane that is attached to
the outer surface of the AM and separates the amnion
from the uterus, maternal blood, and maternal side of
the decidua. The UC is a rope-like structure (roughly
40-60 cm long at term) that connects the placenta to the
fetus. These birth tissues nourish the fetus and protect it
from unwanted maternal immunological insults during
development.

Developmentally, these tissues are derived from different
cell types. The fertilized egg undergoes cell division
to form the blastocyst, which possesses both an inner
cell mass and an outer cell mass. The inner cell mass
subsequently develops into the fetus, the AM, and the
UC, whereas the outer cell mass forms the chorion and
decidua. Hence, both the AM and UC share the same
cellular origin with the fetus, whereas the outer cell mass
tissues come in direct contact with maternal blood.!"

Histologically, the AM has a relative thickness of
20-150 um and consists of a simple epithelium, a thick
basement membrane, and an avascular stroma rich in
hyaluronic acid (HA).'™! The epithelium consists of a
single layer of metabolically active cuboidal epithelial
cells with microvilli that protrude into the amniotic
fluid from the free surface. The epithelium is in
close contact with the basement membrane, which is
comprised of collagen (Types IV, VII, XV, XVI, XVII,
and XVIII), fibulin, fibrillin, perlecan, agrin, fibronectin,
and laminin (03, $1, B2, B3, y1, and y2 chains)."**% The
stroma is divided into three layers: the 5-20 um compact
layer (which is in contact with the basement membrane),
the fibroblast layer (thickest layer of the amnion), and
the spongy layer (which is adjacent to the chorion
membrane). The acellular compact layer is thought to be
the strongest layer of the amnion that contains collagen
Types],1II, V, and VIand fibronectin. The fibroblast layer
is composed of fibroblast cells and collagen (Types I, III,
and VI), fibronectin, laminin, and nidogen. The spongy
layer is predominantly formed of collagen Type III,
as well as a few fibroblasts, Hofbauer cells (placenta
macrophages), proteoglycans, and collagen Types I and
IV. AM also contains growth factors including epidermal
growth factor (EGF), basic fibroblast growth factor,
transforming growth factor (TGF), hepatocyte growth
factor, keratinocyte growth factor, and nerve growth
factor (NGF).l'617]

The UC contains the AM as its outer layer, which is
exposed to the amniotic fluid. Inside are two umbilical
arteries and one umbilical vein, which are embedded
within a loose, proteoglycan-rich Wharton's jelly. The
Wharton’s jelly provides vascular support and prevents
kinking of the vessels that exchange oxygen and nutrients
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between the fetus and mother, as there are no capillaries
to support UC itself. The Wharton's jelly is comprised of
collagen (Types I, 1I, VI, XII, XIX), fibronectin-I, lumican
I, glycosaminoglycans, chondroitin/dermatan sulfate
proteoglycans, and mesenchymal stem cells (SCs).l'%!!
Aside from the fibrillar content (collagen and other
proteins), many growth factors such as basic FGF,
EGF, IGF-I, PDGF, and TGF-beta are found within the
Wharton's jelly.*’!

Biological Properties of Birth Tissue

In general, AM and UC are known to provide
anti-inflammatory and anti-scarring properties to
support epithelial adhesion and differentiation.”'! AM
and UC can be used as a permanent graft or a temporary
biological bandage/ patch, which may provide additional
therapeutic actions depending on the indication. For
instance, when AM is used as a biological bandage, it can
act as a mechanical barrier to protect the ocular surface,
prevent evaporation/dryness, and maintain a stable tear
film. On the other hand, when used as a permanent graft,
these tissues may serve as a scaffold for donor-recipient
cell migration and integration.

Although the AM and UC are known to contain
multiple extracellular matrix components and growth
factors, research efforts supported by the National
Institutes of Health over the last decade have led us to
discover and characterize heavy chain 1 [derived from
inter-o-trypsin inhibitor][-HA /pentraxin 3 (HC-HA/
PTX3) as the major active tissue component uniquely
present in both AM and UC that is responsible for their
anti-inflammatory and anti-scarring properties.?! The
HC-HA /PTX3 complex is constitutively synthesized
by human amniotic epithelial and stromal cells during
pregnancy.*?! The biosynthetic pathway of HC-HA/
PTX3 is shown in Figure 1. High-molecular-weight
HA is covalently linked with HC1 from inter-o-trypsin
inhibitor through the catalytic action of tumor necrosis
factor (TNF)-stimulating factor 6 (ISG-6), which is further
complexed with PTX3 to form HC-HA /PTX3. Herein,
we discuss the predominant molecular mechanisms of
action of HC-HA /PTX3.

Anti-inflammatory

While the anti-inflammatory effects of AM can be
observed clinically by a decrease in redness, various
experiments have been performed to elucidate these
exact mechanisms. Initial experiments were performed
using preclinical animal models. In 2000, AM was
shown to trap and prevent polymorphonuclear cell
infiltration in a rabbit model of photorefractive
keratectomy.?*!l In 2001, the application of AM was
shown to further promote rapid reduction of lymphocyte
and macrophage infiltration in the corneal stroma of a
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Figure 1: Mechanism of heavy chain 1-hyaluronic acid/pentraxin 3 formation: (1) In the first step, tumor necrosis factor-stimulated gene 6 protein covalently binds heavy chain 1
of inter-oi-trypsin inhibitor and transfers it to high-molecular-weight hyaluronan, at which time heavy chain 1 becomes conjugated and tumor stimulated gene 6 gets released. (2)
In the second step, pentraxin 3 is tightly associated with the heavy chain 1-hyaluronic acid complex via binding with heavy chains

murine model of HSV-1 necrotizing keratitis.*” These
initial experiments used the AM as a dressing, which
raised the possibility that AM could act as a physical
covering and barrier to inflammatory cell infiltration.
In 2006, it was further reported that AM stromal matrix
suppressed pro-inflammatory responses in vitro by
promoting the apoptosis of interferon-a-activated, but
not nonactivated macrophages, via downregulation of
nuclear factor-kB and Akt-FKHR signaling pathways.!
Further experiments using liquid AM extract supported
the notion that the anti-inflammatory effect is more
biological rather than mechanical/structural. It was
demonstrated in 2008 that soluble AM extract reduced
macrophage expression of pro-inflammatory cytokines
such as TNF-o and interleukin (IL)-6 but upregulated the
expression of anti-inflammatory cytokine IL-10.5* One
year later, the biochemical components of AM extract
were purified in order to isolate the key components
responsible for the anti-inflammatory effects. This
research led to the identification of HC-HA /PTX3,
which was shown to promote apoptosis of activated
neutrophils and macrophages but not resting cells.[>2¢!
HC-HA /PTX3 was also shown to promote polarization
of M2 macrophages and active phagocytosis of apoptotic
neutrophils, which is a rapid process to prevent further
pro-inflammatory response.”” This indicates a seemingly
selective effect that would modulate inflammation only
in a pro-inflammatory environment.

Further experiments were also performed to demonstrate
that the aforementioned anti-inflammatory actions
extend beyond the innate response to the adaptive
immune response. The adaptive immune system
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relies on B and T cells. CD4 + T cells become activated
by contacting antigen-presenting cells, which then
differentiate into Th1, Th2, Th17, or Treg. Th1 cells are
known to promote pro-inflammatory responses!®-
but can be downregulated by Tregs.*”) In-vitro studies
evaluating AM derivatives showed that HC-HA/
PTX3 suppressed Thl CD4+ cells and promoted the
expansion of Tregs to downregulate alloreactive
responses. This notion was supported in vivo by
suppression of corneal allograft rejection following
subconjunctival injection of HC-HA /PTX3.¥! In that
study, the control group exhibited 0% corneal allograft
survival by postoperative day 21, whereas 60% of
allografts in the HC-HA /PTX3 group survived at
postoperative day 31. This was also demonstrated in a
murine model of chronic ocular graft versus host disease,
wherein subconjunctival and subcutaneous injections
of HC-HA /PTX3 significantly reduced the extent of
infiltration of CD45+ CD4+ IL-17+ cells in the lacrimal
glands.®! This broad anti-inflammatory action of AM
supports its potential in treating different types of ocular
surface inflammation caused by different insults such as
infection, " allergy,*>*! and dryness.**°!

Anti-scarring

Fibroblasts are the major cells involved in the
proliferation phase of wound healing. Their primary
function is to produce collagen that provides structural
integrity and minimizes the wound size. However,
the collagen and glycosaminoglycans produced in the
early phase of repair demonstrate an irregular fibril
arrangement and composition, likely contributing to
opacification and scarring. Inflammatory cells play an
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intricate role with fibroblasts by expressing mediators
that stimulate fibroblast migration, proliferation,
extracellular matrix production, and differentiation into
myofibroblasts, which are the principal cells responsible
for wound contraction. Fibroblasts, neutrophils, and
macrophages subsequently secrete proteases that are
responsible for collagen remodeling, ultimately replacing
granulation tissue with a fibrotic scar. Thus, in order to
prevent scarring, it is important to prevent excessive
inflammation, collagen formation from fibroblasts, and
differentiation of fibroblasts into myofibroblasts.

The anti-scarring phenomenon of birth tissue has
been demonstrated in many clinical and preclinical
studies. In rabbits, AM has been shown to reduce
keratocyte (fibroblast) necrosis and reduce their
differentiation into myofibroblasts (pro-scarring cells),
which subsequently reduces further inflammation
and prevents corneal haze after photorefractive
keratectomy.[?%031461 Further in-vitro experiments have
shown molecular understandings of this anti-scarring
mechanism, wherein human corneal, limbal, and
conjunctival fibroblasts were shown to have decreased
expression of TGF-B1-3 and TGF-f receptor within 8 h
when cultured on the stromal side of AM.#8I Such effect
was retained even if human'*! and mouse® keratocytes
were exposed to serum or TGF-P1. This is consistent with
other studies in which TGF-$1 is known to play a key
role in scar formation, and inhibition of TGF-3 can lead
to reduced scarring.

It was subsequently reported that liquid-type AM
extract prevents differentiation of fibroblasts into
myofibroblasts.’! Moreover, the myofibroblasts
reversed to the fibroblast phenotype, which further
supports the notion of a more biological action rather
than structural action.’" Further characterization was
performed to show that this effect can be attributed to
HC-HA /PTX3, which suppresses the TGF-B1 promoter
activity of human corneal fibroblasts. HC-HA /PTX3’s
anti-scarring action has also been exhibited in vivo by
mitigating excessive inflammation and fibrosis of chronic
murine graft versus-host disease in the lacrimal gland
and conjunctiva as evidenced by lack of infiltration of
CD45+CD34 + collagen I* CXCR4* fibrocytes and weak
Mallory staining. These results collectively demonstrate
the ability of AM and active component HC-HA /PTX3
to suppress TGF-f} signaling and inhibit profibrotic and
scarring actions.

Promotion of Epithelialization

The collective anti-inflammatory and anti-scarring
effects of the AM help create a healthy environment for
adhesion, growth, and differentiation of ocular surface
cells. Furthermore, like AM, the ocular surface contains a
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basement membrane, which is responsible for anchoring
the epithelial layer. AM’s basement membrane contains
Type IV collagen, laminin 1, laminin 5, and collagen
VII similar to the cornea basement membrane, and
these components are important for epithelial adhesion
and growth.["*? For instance, laminin 5 has been
shown to facilitate corneal epithelial adhesion,® and
collagen VII forms anchoring fibrils that help stabilize
the adhesion." The overall aforementioned effects
explain why AM can be used as a substrate to cultivate
cells of the conjunctiva,®®! cornea,’®®*! limbus, 56064
oral mucosa,®%>%l and endothelium!®”! in vitro. These
effects have been particularly advantageous for cases
of limbal SC deficiency (LSCD) and explain why AM
transplantation is effective in restoring vision in corneas
with partial (i.e., <360° involvement) LSCD®7% and in
augmenting the success of transplanting autologous”*”
and allogeneic”?! SCs for total LSCD. It also helps explain
why AM acts as a scaffold substrate (carrier) for ex-vivo
expansion as alluded™ and aids in-vivo expansion of
limbal SCs in “simple limbal epithelial transplantation,”
where the total percentage of limbal SCs removed from
the donor eye has been reduced to <10%.757¢!

More recently, studies have provided further insight into
the regulatory mechanism of action of the limbal niche
and how AM can act as a surrogate niche to support
limbal epithelial SCs. These studies have demonstrated
how limbal niche cells are necessary to promote limbal
epithelial stem cell proliferation while maintaining
stemness, and maintenance of this relationship on
denuded AM results in consistent, robust epithelial
outgrowth.””1 This was further verified in vitro, where SC
quiescence and self-renewal were shown to be regulated
through BMP and Wnt signaling pathways, respectively.
Using this model, HC-HA /PTX3 was shown to suppress
corneal fate decision of limbal epithelial SCs and
upregulate their expression of quiescence markers. 787!
Furthermore, HC-HA /PTX3 was shown to suppress
canonical Wnt but activate noncanonical Wnt (planar
cell polarity) and BMP canonical signaling in both limbal
niche and epithelial cells.?>”#”! Such effect helps further
explain how AM is clinically useful for both in-vivo and
ex-vivo expansion of limbal epithelial SCs.

Neuroregenerative Action

Early neurophysiologic changes after tissue inflammation
and injury may trigger the generation of peripheral and
central neuronal sensitization, leading to chronic pain.
In this regard, a well-tolerated regenerative therapy
may be invaluable in preventing the development
of chronic pain conditions. Recently, AM has been
shown to induce a neurotrophic and anti-inflammatory
environment conducive of promoting corneal nerve
regeneration, %8 and the restoration of the normal
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nerve function is postulated to be one mechanism in pain
alleviation.®® More specifically, John et al.* reported that
single use of cryopreserved AM for a period of 3-5 days
reduced pain for at least 3 months by promoting corneal
nerve regeneration in patients suffering from dry eye
disease (DED). In this prospective trial, twenty patients
with chronic, moderate-to-severe DED were equally
randomized to receive a self-retained device containing
cryopreserved AM ((PROKERA® Slim [PKS], Bio-
Tissue, Miami, FL), treatment group) or conventional
maximum treatment (control group). The results showed
that symptoms and signs such as corneal staining,
pain, discomfort, and visual disturbances significantly
improved in the study group receiving PROKERA
but remained unchanged in the control group. In-vivo
confocal microscopy was used to image the sub-basal
corneal nerves, which showed a significant increase in the
central corneal nerve density from 12,241 + 5083 um /mm?
at baseline to 16,364 + 3734 um/mm? at 1 month and
18,827 + 5453 um/mm? at 3 months (P = 0.015) in the
treatment group, which was also associated with a
significant increase in corneal sensitivity (P < 0.001).

The aforementioned results from the study by John
etal " conclude that the lasting effect (at least 3 months)
of a single placement of AM for 3-5 days may be
attributed to corneal nerve regeneration. Such hypothesis
was further supported by McDonald et al.1**! and Morkin
and Hamrah.®™ Morkin and Hamrah showed that the
placement of a self-retained, cryopreserved AM for
6.4 + 1.1 days led to 36.6% =17.6% increase in total
nerve density during a follow-up of 9.3 + 0.8 months. !

Such effect was also associated with a 72.5% +8.4%
improvement in pain severity (from 6.3 +0.8t0 1.9 £ 0.6,
scale 1-10, P = 0.0003).[5 Studies have shown a beneficial
effect in animal models as well.**"! The positive effect
AM exerts on corneal nerve regeneration may be
attributed to AM’s anti-inflammatory and anti-scarring
actions that indirectly lead to a pro-regenerative
environment (similar to fetal scarless healing) or directly
from the compositional matter of AM such as HC-HA/
PTX3, neurotransmitters, and neurotrophins (NTs),
which play significant roles in neuronal development
and survival. Potential neurotrophic factors present in
AM that may play a role include NGF, brain-derived
neurotrophic factor, NT-3, and ephrin-A2.01617

Overall, the cumulative research has demonstrated birth
tissue to exert an antipain action indirectly through
anti-inflammatory, anti-scarring, and growth-promoting
effects!?24262738781 that promote regenerative healing
including nerve regeneration [Figure 2 and Table 1].
Further investigation is underway including its clinical
application in neurotrophic keratitis and dry eye
disease.®

Processing Methods and Products used in
Ophthalmology

The biological properties of fresh birth tissue make it an
ideal tissue graft for ophthalmic indications. However,
as with any allograft tissue, the fresh tissue must be
processed before clinical transplantation to a human
recipient to prevent the introduction, transmission, and

Anti-Inflammatory
Promotes apoptosis of
activated neutrophils

Anti-Inflammatory
Polarizes M1 to M2
macrophages and
promotes apoptosis of
activated macrophages

Anti-Inflammatory

Suppresses T-cell
activation & infiltration

Fibroblast Myofibroblast

x

42

/  Anti-Scarring

Suppresses fibroblast differentiation
& promotes de-differentiation of
myofibroblasts

Pro-Regenerative

Supports stem cell
quiesence & self-renewal

Pain Alleviation

Dampens sensitization
of pain stimuli

Figure 2: Actions of heavy chain 1-hyaluronic acid/pentraxin 3 can indirectly reduce pain by exerting anti-inflammatory and anti-scarring effects. In addition, heavy chain 1-
hyaluronic acid/pentraxin 3 directly reduces pain through its ability to dampen the sensitization of pain stimuli
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Table 1: Amniotic membrane and umbilical cord action by cell type

Cell type Action Clinical implication Supporting publication
Neutrophil Promotes apoptosis of fMLP- or LPS-activated Reduces inflammation [23]
neutrophils Reduces injury to host tissue
No effect on resting (nonactivated) neutrophils
Macrophage Promotes apoptosis of LPS-, IFN-y, or LPS/ Reduces inflammation [23,26,34,38]
IFN-y-activated macrophages Reduces injury to host tissue
No effect on resting macrophages Removes inflammatory mediators and
Promotes polarization of M1 (pro-inflammatory) cell debris
macrophages to M2 (anti-inflammatory) macrophages
Promotes macrophage phagocytosis of apoptotic
neutrophils
Suppresses macrophage infiltration
T-Cell Suppresses activation of CD4+T-cells Reduces tissue inflammation in immunity [38,83]
Promotes significant expansion of CD25*/ and autoimmunity
FOXP3*T-cells Prolongs co-transplanted allograft
Suppresses infiltration of survival
CD45*CD4+IL-17*inflammatory immune cells
Fibroblast Downregulates TGF-B1, 2, and 3 and TGF-BR2 Prevents scar formation [26,39,46-50]
transcripts Prevents adhesion
Suppresses TGF-$1 promoter activity Promotes normal histologic structure and
Prevents pSMAD2/3 nuclear translocation biomechanical strength
Reduces myofibroblast differentiation Promotes range of motion and function
Suppresses CD45+CD34+collagen I*CXCR4*fibrocytes Prevents structural degradation or failure
and HSP47+activated fibroblasts
Myofibroblast Reverses differentiated myofibroblasts back to Prevents scar formation and adhesion [31,51]

fibroblasts without proliferation
Prevents expression of a-SMA

Retinal pigment
epithelium

Suppresses proliferation of EGF/FGF-2-stimulated
RPE

Suppresses migration of TGF-B-stimulated human
RPE

Prevents expression of a-SMA
Suppresses EMT of TGF-B-stimulated human RPE

Reduces scarring

Promotes normal histologic structure

Prevents proliferative vitreoretinopathy [83]
Prevents scar formation

LPS=Lipopolysaccharide, IFN=Interferon, IL=Interleukin, TGF=Transforming growth factor, pPSMAD=Phosphorylated Smad, EGF=Epidermal growth factor,
FGF=Fibroblast growth factor, RPE=Retinal pigment epithelium, SMA=Smooth muscle actin, EMT=Epithelial-mesenchymal transition, fMLP=N-Formyl-methionyl-

leucyl-phenylalanine, a-SMA=alpha-smooth muscle actin

spread of communicable disease. Therefore, effective
tissue preservation and storage procedures are essential
to maintain the structural and biological properties of
the fresh material.

To date, varying processing methods have been
developed. In general, birth tissue is processed from
donated human placental tissues following healthy, live,
cesarean section, full-term births after evaluating donor
eligibility, placenta suitability, and donor informed
consent. Birth tissue obtained from vaginal delivery is
normally avoided due to possible contamination from
normal vaginal flora. The birth tissue is gently cleansed
with agents such as saline to remove blood and potential
contamination. Outside of those parameters, the
processing methods of human birth tissue can drastically
vary depending on the method of preparation and
preservation. For example, two of the most commonly
used methods are cryopreservation and dehydration.
Cryopreservation refers to storage and transportation of
tissue at low temperatures, which devitalizes the living

8

cells but retains the natural structural and biological
characteristics relevant to this tissue.[! Contrarily,
dehydration commonly refers to subjecting the tissue
to heat to remove the moisture therein. Both methods
aid in reducing chemical reactions and inhibiting
microorganism growth, however, a head-to-head
laboratory study found that only cryopreservation retains
the HC-HA/PTX3 complex.® Further comparative
studies are needed to demonstrate the clinical superiority
of one preparation method over another, however, prior
studies have demonstrated similar outcomes using fresh
and cryopreserved AM.[%!

Cryopreserved AM was the first birth tissue product
commercially available. Cryopreserved AM (AmnioGraft;
Biotissue, Miami, FL, USA) was launched in 1997 and
designated as a 361-human cell/tissue product in 2001
by the Food and Drug Administration (FDA) when used
for ocular surface reconstruction. The FDA recognized
that "AM that has not been dehydrated or decellularized
may be used for wound repair and wound healing." The
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Figure 3: Cryopreserved birth tissue products in ophthalmology: (a) Cryopreserved amniotic membrane was the first birth tissue product on the market. (b) The cryopreserved
umbilical cord product (AmnioGuard) was available in 2010. The PROKERA family of devices comprises four models (c-f) of a biologic corneal bandage. (c) The PROKERA
is designed such that an amniotic membrane is clipped to a dual polycarbonate ring system, allowing the membrane to act as a biological bandage when in contact with the
cornea. (f) PROKERA PLUS model has two amniotic membrane layers, providing extra therapeutic benefit. (d) PROKERA SLIM and (e) PROKERA CLEAR both have a thinner,
smaller ring (less plastic), while (€) PROKERA CLEAR also provides central aperture clearance

AM sheet comes on a nitrocellulose carrier sheet that
is removed prior to transplantation. The carrier sheet
maintains the configuration of the AM graft, as the
sticky stroma side of AM readily adheres to the sheet.
To avoid suture-induced inflammation and medical costs
associated with surgery, a self-retained cryopreserved
AM product (PROKERA; Biotissue, Miami, FL, USA)
was developed and cleared by the FDA in 2004 as a
Class Il medical device under 510(k) #K032104. In 2011, a
cryopreserved UC (under the brand name AmnioGuard;
Biotissue, Miami, FL, USA) was marketed and commonly
used as a barrier graft over glaucoma shunt tubes. The
thickness of the UC product is approximately 500-900 um
compared to 75-150 um for the AM product.”®! These
cryopreserved products [Figure 3] can be stored for
2 years (from the manufacturing date) at temperatures
ranging from — 80°C to 4°C. Both cryopreserved AM
and UC have been used clinically in ophthalmology to
treat indications such as keratitis, band keratopathy,
burns, keratoconjunctivitis, ulcers, basement membrane
dystrophy, LSCD, epithelial defects, corneal erosion,
Stevens—Johnson syndrome, and toxic epidermal
necrolysis. Over the last year, publications have further
demonstrated the utility of self-retained AM for Sjogren
syndrome, filamentary keratitis, and HSV keratitis;® %)
UC grafts for repair of the ocular surface (after
excision of melanoma, carcinoma, and pterygium),
socket contracture, orbital implant exposure, forniceal
contracture, and entropion repair;*”! and AM grafts for
macular hole repair, Stevens—Johnson syndrome, and
toxic epidermal necrolysis.”%4

Dehydrated AM grafts (AmbioDry; OKTOS Surgical
Corporation, Costa Mesa, CA, USA) have been used
since 2002. The FDA recognized in 2005 that the
dehydration and decellularization of the AM graft alters
the characteristics of the original amniotic tissue. As
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such, the product should be only intended for wound
covering. Aside from the dehydrated AM grafts that
are intended to be used in surgical applications (e.g.,
Ambio2®single layer and Ambio5 multi-layered AM), an
overlay AM disc (AmbioDisk; Katena, Denville, NJ, USA)
can be placed under bandage contact lens for office-based
applications and has been used since 2011-2012. Other
dehydrated AM grafts including BioDOptix (Integra,
Plainsboro Township, NJ, USA), Aril (Seed Biotech,
Dallas, TX, USA), OculoMatrix (Skye Biologics, El
Segundo, CA, USA), VisiDisc (Skye® Biologics, El
Segundo, CA, USA), and AmioTek (ISP Surgical LLC,
Boston, MA, USA) have also been released on the market.
The dehydrated AM grafts can be stored at ambient room
temperature for 3-5 years.

Overall, there are a variety of amniotic-derived products
used in ophthalmology. Effective tissue preservation
and storage procedures are essential for maintaining the
structural and biological properties of the fresh material.
As such, only cryopreserved products have been shown
to retain the HC-HA /PTX3 complex, which has been
identified as an active matrix component responsible
for the observed anti-inflammatory and anti-scarring
properties of the birth tissue.®!

Conclusion

Of the birth tissue components, the AM and UC have
been predominantly used in ophthalmology due to
their known anti-inflammatory and anti-scarring effects,
which create a healthy environment for the adhesion,
growth, and differentiation of ocular surface cells.
Although these tissues are known to contain multiple
extracellular matrix components and growth factors,
research efforts have demonstrated HC-HA /PTX3 to
be a key matrix within these tissues that is responsible
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for the aforementioned therapeutic benefits and has
been further shown to support limbal SC quiescence
and stemness. Preservation of the HC-HA /PTX3
matrix has been shown when processing birth tissue via
cryopreservation but not dehydration. Collectively, these
data help explain why cryopreserved AM may promote
regenerative wound healing, especially in severe forms
of ocular surface damage and inflammation.
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