Aseptically Processed Cryopreserved Amnion Membrane Preserves Essential
Bioactive Components that Support the Progression of the Wound Healing Cascade
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INTRODUCTION

Amnion membranes have been employed in the treatment of wounds since
the 1910s [5,6]. They are rich in matrix proteins, growth factors and contain
stem cells capable of multilineage differentiation as well as growth factor
production and secretion [7–12]. The matrix proteins maintain the integrity
and function of the basement membrane, aid in angiogenesis and support cell
attachment during wound healing. The plethora of growth factors/cytokines
supports the healing process to improve wound closure and reduce scar
formation. Aseptically processing fresh amnion tissue and cryopreserving
the membrane can preserve these inherent wound healing attributes,
thereby providing a natural matrix scaffold, inherent growth factors and
cytokines along with preserving viable, non-immunogenic cells.
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The normal wound healing cascade consists of three overlapping phases:
inflammation, proliferation and remodeling [1,2]. However, in chronic wounds
this process can be overwhelmed by the inflammation phase due to an
imbalance, preventing advancement to the proliferation phase and leaving
the wound unable to heal. There are a number of well documented key
biological components that work together at each phase and participate in
successfully moving the wound healing cascade forward [2–4].
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Figure 3. Mixed lymphocyte reaction testing performed on cryopreserved viable
amnion membrane shows no immunogenic reaction as compared to positive
control and is below the index threshold value considered “immunogenic”.
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CONCLUSION
MATERIALS AND METHODS
Fresh amnion membranes were processed aseptically and cryopreserved,
without terminal sterilization, at the Musculoskeletal Transplant Foundation
(MTF, Edison NJ).
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Figure 1.(a) Immunohistochemical (IHC) staining of cryopreserved amnion
membrane for matrix proteins shows retention of collagens I, III, VI, VII
as well as nidogen-1 and fibronectin; (b) IHC staining for growth factors
demonstrates presence of PDGF-AA, PDGF-BB, FGF-2, VEGF, TGF-ß1,
and EGF; (c) IHC staining for cytokines demonstrates preservation of IL-6,
IL-10, and ß-defensin-1 in the cryopreserved membrane.

Cryopreserved amnion membranes were thawed and then characterized
via immuno-histochemical staining for matrix proteins, growth factors and
anti-inflammatory cytokines.
Cell viability was characterized by live/dead cell staining (LIVE/DEAD
Viability/Cytotoxicity Kit, Invitrogen) and labeled cells were enumerated
via fluorescent microscopy. In addition, cell functionality of the viable cells
was determined by tissue explant cultures to observe cell migration and cell
proliferation. Mixed lymphocyte reaction testing (Marin Biologics, CA) was
performed to assess cell non-immunogenicity.

The data demonstrates that aseptic fresh tissue processing and
cryopreservation retains critical wound healing biological components in the
amnion membrane. The synergistic interplay of the inherent matrix proteins,
growth factors, and viable cells can support the progression of the wound
healing cascade.
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RESULTS
Immunohistochemical staining revealed the retention of various matrix
proteins such as collagen I, III, VI, VII, nidogen-1 and fibronectin. Additionally,
positive staining demonstrated the preservation of wound healing growth
factors including PDGF-AA, PDGF-BB, VEGF, EGF, FGF-2, TGF-b1 and
anti-inflammatory cytokines such as IL-6 and IL-10 as well as antimicrobial
peptide ß-defensin-1 in the cryopreserved membrane.
Viability analysis showcased greater than 70% cell viability on cryopreserved
and thawed membranes and tissue explant cultures demonstrated cell
migration and proliferation from the membrane onto the well plate surface.
Immunogenicity testing of the amnion membrane was evaluated via mixed
lymphocyte reaction, revealing that the cells present in the allograft were
non-immunogenic.
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Figure 2. (a) Cells were enzymatically removed from the cryopreserved
amnion membrane and then stained using a live/dead kit. Under
fluorescent microscopy, cells with intracellular esterase activity, an
indicator of metabolic activity and viability, appear green while non-viable
cells with compromised plasma membranes appear red. (b) Explant
cultures of cryopreserved amnion membrane showed cells migrating
from the tissue onto the well plate surface and proliferating, indicating
activity and functionality of the viable cells.
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