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ABSTRACT

Diabetic foot syndrome with chronic non-healing ulcers is the most common complication and cause of limb amputation in diabetes. The
search for effective therapeutic agents and their inclusion in treatment protocols is a priority due to the increase in the number of cases of this
socially significant disease and disability among the working population every year.

THE PURPOSE of the study is to evaluate the safety and primary effectiveness of cryopreserved human amniotic membrane in the treatment
of chronic non-healing ulcers in diabetic foot syndrome.

MATERIALS AND METHODS. The pilot clinical study described 4 clinical cases of patients with diabetes mellitus type | and Il (1 woman
and 3 men aged 52 to 68 years) with chronic non-healing leg ulcers under standard therapy. After previous wound bed preparation, the ap-
plications of the cryopreserved human amniotic membrane were performed. Once a week after the application, the dynamics of ulcers healing
was assessed. Blood glucose levels were determined before amniotic membrane treatment and two hours after the procedure.

RESULTS. As results of weekly applications of cryopreserved human amniotic membrane there was a gradual decrease in the ulcer area from
the initial size and increase the healing rate. Thus, at the second visit (after 7 days) the reduction in the ulcer area from the initial size in patient
1 was 33 %, patient 2 — 25 %, patient 3 — 33 % and patient 4 — 3 %, and the healing rate — 4.7 %, 3.6 %, 4.7 % and 0.43 % per day, respec-
tively. The use of human amniotic membrane did not affect blood glucose levels when comparing values before application and two hours after
the procedure. Regular follow-up visits of patients 3, 6, 9 and 12 months after the start of the study showed no recurrence of ulcers.

CONCLUSION. It has been shown that the use of cryopreserved human amniotic membrane in patients with diabetes mellitus and diabetic foot

syndrome with chronic ulcers results in complete healing of ulcers with stable remission during the year of observation.
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Every year, the incidence of diabetes and mortality from its compli-
cations is growing worldwide, especially among working-age population.
According to the World Health Organization, between 2000 and 2016, the
number of deaths from diabetes and related complications increased by
5 % in both high-income and low-income countries [1].

It is known that diabetic foot syndrome (DFS) is the most common
symptom complex of anatomical and functional lesions in diabetes, in the
development of which a significant role is played by peripheral neuropathy,
angiopathy, osteoarthropathy, disorders of tissue metabolism. Diabetic an-
giopathy plays a major role in the pathogenesis of diabetic foot formation.
In turn, sensory neuropathy — a decrease or loss of sensitivity (pain, tactile,
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proprioceptive, temperature) in diabetic neuropathy — leads to microtrau-
mas that are not recognized in time, quickly become infected and necrotic
ulcerated lesions occurs with the possible development of gangrene and to
amputation of the legs [2]. According to Schofield et al., patients with dia-
betes not only have twice the risk of leg and foot amputations compared to
patients without diabetes, but also have an increased risk of death — survival
after 5 years was only 31.9 % [3]. According to the Center for Public Health
of the Ministry of Health of Ukraine, more than 70 % of the total numbers of
annual limb amputations are the result of diabetes [4].

Due to deregulation of the phases of normal ulcer healing in dia-
betes, the wound healing is very slow and delayed in the inflammatory
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Table 1. The list of some signaling molecules, growth factors and cytokines contained in human amniotic membrane the [25]

FUNCTION

Proteins that stimulate proliferation, differentiation of epithelial cells, promote the formation

Plays a crucial role in maintaining skin homeostasis. TGF- signaling is important for
epithelialization, inflammation, angiogenesis, and granulation tissue formation during wound

Proteins that promote cell proliferation and extracellular matrix synthesis by resident skin

Growth factor required for keratinocyte proliferation and differentiation, wound epithelialization [34].

Protein that supports the viability of neurons, stimulates their development and activity [35].
Has a pronounced angiogenic potential; involved in cell differentiation, alternative splicing [36].

By binding to the interleukin-1 receptor, it inhibits the activation of the intracellular signaling

Chemokine, which acts as a chemoattractant for immune cells, including neutrophils and other
non-hematopoietic cells, to the site of injury or infection and plays an important role in the

Provides leukocyte-endothelial adhesion and transmigration during inflammation, which promotes

Influence the processes of keratinocyte and fibroblast proliferation, synthesis and degradation of
the extracellular matrix, fibroblast chemotaxis and regulation of the immune response in the wound

One of the key chemokines that regulate the migration and infiltration of monocytes / macrophages
into the wound. Promotes angiogenesis and meets the metabolic needs of proliferating cells [42].

Provides long-term activation of signaling pathways of cell proliferation; inhibits apoptosis of many
cell types by inhibiting p53 activity. Enhances the expression of TLR4 and, accordingly, provides an

Promotes the production of pro-inflammatory molecules: TNF, IFN-y, IL-1B, IL-2, IL-6, IL-8, NO,

COX2, prostaglandins. Affects cell migration by interacting with chemokine receptors CXCR2 and

A key regulator of the tissue repair process. PAI-1 attenuates pericellular proteolysis by inhibiting
the catalytic activity of urokinase and tissue plasminogen activators (uPA and tPA) [45].

Accelerates the healing of skin wounds, promotes migration and proliferation of resident epidermal

Stimulates the growth and differentiation of hematopoietic cells, indirectly affects the strengthening

FACTOR ACRONYM
Epidermal Growth Factor EGF
Hepatocyte Growth Factor HGF of granulation tissue [28, 29, 30].
Transforming Growth

TGF-B
Factor beta healing [31].
basic Fibroblast Growth
Factor bFGE
Platelet-Derived Growth
Factor PDGF  cells [32, 33].
Vascular Endothelial
Growth Factor VEGF
Keratynocite Growth
Factor KGF
Nerve Growth Factor NGF
Placental Growth Factor PIGF
Interleukin-1 Receptor IL-1RA
Antagonist cascade of this proinflammatory cytokine [37].
S;g‘gég'r{:%”'ated Groa/CXCL1 matop :
regulation of immune and inflammatory responses [38].

Inter-Cellular Adhesion
Molecule SICAM ™ 4yound healing [39].

‘ IL-4, IL-6
Interleukins 4, 6, 8, 10 ’ :

IL-8, IL-10 [40, 41].
Monocyte
Chemoattractant Protein-1 MCP-1
Macrophage Migration MIF adequate immune response to gram-negative bacteria.
Inhibitory Factor
CXCR4 [43, 44].

Plasminogen activator
inhibitor-1 P
Stromal cell-Derived
Factor SDF-Ta giom cells [46].
Granulocyte - Golony G-CSF

Stimulating Factor

phase, as both the functional activity of neutrophils and macrophages and
the expression of growth factors are reduced. Uncontrolled proteolysis
is observed, which leads to an imbalance between the accumulation of
extracellular matrix proteins and their degradation by proteases with tis-
sue destruction in chronic ulcer [5].

There are three phases of normal wound healing: inflammatory, re-
generation (granulation process) and proliferation (epithelialization, scar
remodeling). The dynamic process of healing and transition from chronic
to reparative requires a balanced interaction of growth factors that are
present in a certain phase of normal wound healing: IL-10, IL-1ra and
a2-macroglobulin in inflammatory phase; vascular endothelial growth
factor (VEGF), platelet-derived growth factor (PDGF) and fibroblasts in
proliferative phase; transforming growth factor beta (TGF-B), keratinocyte
growth factor (KGF) and matrix metalloproteinases or tissue inhibitors of
metalloproteinases (MMPs/TIMPS) in remodeling phase. But, as a result
of the interaction of multiple, reinforcing each other, pathogenetic factors

of the antimicrobial response, activates Th1-dependent immune response, angiogenesis [47].

(peripheral angiopathy, neuropathy, microtrauma, infection), this balance
is disturbed, resulting in an increased likelihood of diabetic foot infection
with subsequent development of gangrene, sepsis, osteomyelitis. Even the
use of modern treatments for DFS including hyperbaric oxygen therapy,
collagen wound dressings, platelet-derived growth factors (PDGF), plate-
let-richplasma (PRP), negative pressure woundtherapy (NPWT) provestobe
ineffective and the number of leg amputations does not decrease [6].

The goal of healing diabetic ulcers is to promote the transition from
chronic to acute inflammation state, to balance the degradation and syn-
thesis of collagen by fibroblasts to avoid fibrosis and conditions condu-
cive to granulation and epithelialization. These processes are possible
in the presence of a number of certain growth factors and stimulation
of angiogenesis.

Thanks to modern advances in regenerative medicine, which offers a
wide range of methodological approaches using cell and tissue technolo-
gies, it has become possible for stem cells application to heal wounds
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of various origins, including diabetes [7, 8]. Significant interest in stem
cells is due to their ability to self-repair, migrate to the site of damage
and differentiate into certain cell types [9]. Their therapeutic potential is
due to the ability to secrete proregenerative cytokines that are necessary
for successful wound healing: TGF-B, VEGF, PDGF, fibroblast growth fac-
tor (FGF), hepatocyte growth factor (HGF), epidermal growth factor (EGF)
[10]. There are many types of cells used to heal wounds and regene-
rate damaged skin in experiment, including embryonic stem cells (ESCs),
induced pluripotent stem cells (iPSCs), and adult stem cells derived
from various sources: bone marrow-derived mesenchymal stem cells
(BM-MSCs), adipose-derived stem cells (ADSCs), umbilical cord-derived
mesenchymal stem cells (UC-MSCs) [11].

However, it should be noted that embryonic pluripotent stem cells
and induced pluripotent stem cells derived from the adult body, in addi-
tion to ethical limitations in some countries (in the case of ESCs), have
methodological difficulties of their obtaining (inefficient reprogramming
of cells using high-cost reagents) and the risk of malignancy due to the
use of retroviral vectors (in the case of iPSCs). Therefore, they cannot be
considered available and safe for cell therapy and require further analysis
of safety and efficacy [12, 13, 14].

Human extraembryonic organs, including the placenta and amniotic
membrane, are of particular interest, as an easily accessible, safe source
of stem cells with high proliferative and regenerative potential and the pos-
sibility of immediate use “on demand”. From the placenta, at least four
populations of stem cells or their precursors can be isolated, grown in vitro
and preserved: human amniotic epithelial cells (hAECs), human amniotic
mesenchymal stromal cells (hAAMSCs), human chorionic mesenchymal
stromal cells (hCMSCs) and human chorionic trophoblast cells (hCTCs)
[15, 16, 17]. These cells have a higher potential for self-renewal and dif-
ferentiation than multipotent mesenchymal stromal cells derived from
other sources, including bone marrow or adipose tissue [18]. Therefore,
they are successfully used for cell therapy in various diseases [19, 20].

Amniotic membrane (AM), due to its unique biological composition,
has been used in medicine for over a century, especially in the field of
ophthalmology and dermatology [21, 22, 23, 24]. AM is an avascular, thin
and very strong biological material rich in extracellular matrix proteins,
which consists of an epithelial layer, a basement membrane, a compact
layer, a fibroblast layer and an intermediate layer. Due to the unique cel-
lular composition of each layer (containing neonatal fibroblasts, epithelial
cells, mesenchymal stem cells, macrophages), the content of different
types of collagen (I, lll, IV, V), structural glycoproteins (fibronectin, lami-
nins, nidogen) and proteoglycans (chondroitin sulfate and dermatan sul-
fate, hyaluronan, decorin, biglycan) ensures the structural and mechani-
cal integrity of the membrane. And the presence in the AM of numerous
signaling molecules, growth factors and cytokines that enhance angio-
genesis and proliferation of dermal fibroblasts, inhibit the development
of fibrosis, inflammation and scarring as well as promote tissue repair
during implantation in chronic wounds, in fact, provide it with the proper-
ties of antimicrobial biological bandage (Table 1) [25, 26, 27, 80].

Due to the diverse cellular composition in the native state, as well as
the preserved privileged immune status, AM is of considerable interest for
experimental research and clinical application. In addition, a significant
advantage for the use of such material is the absence of any ethical and
legal restrictions, as postnatal tissues (placenta, umbilical cord, umbilical
cord blood) after birth are disposed of in the absence of informed consent
of the mother to preserve them.

Since the native amniotic membrane has a short lifespan and risk of
transmitting viral infections, scientists have developed a variety of tech-
niques to preserve this product. Due to advanced biotechnologies and im-
proved preservation protocols, AM is available in several versions: decel-
lularized, lyophilized [48, 49, 50] and cryopreserved form [51, 52].

Lyophilization method is a preservation technique in which water is
removed from the tissue by sublimation, which subsequently affects the
biological and physical properties of the product: the content of active pro-
teins, growth factors and membrane thickness decreases [54, 55]. It is
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an inexpensive method of preservation, as well as preservation of AM by
a method of drying in a laminar flow air cabinet. Usually lyophilized mem-
branes are sterilized by gamma irradiation, and the final product is stored
at room temperature. At the same time, it is shown that the process of steri-
lization by gamma irradiation reduces the mechanical properties of AM [56].

Decellularization of AM is used to obtain techniques based on extra-
cellular matrix [57]. The method aims to remove the main immunogenic
cellular components, membrane antigens and soluble proteins, but leads
to a significant reduction in the thickness of AM and a slight decrease in
tensile strength, elongation and elasticity [58].

Cryopreservation with cryoprotectants (glycerol, dimethyl sulfoxide)
allows to preserve the maximum cellular composition, proteins and growth
factors compared to the methods of preservation by lyophilization and
drying [53]. The biggest disadvantage of the cryopreservation method is
the need for expensive low-temperature equipment and compliance with
the cold regime during transportation to the place of the request. Modern
protocols for the storage of postnatal tissues in certain cryopreservation
medium at low temperatures of liquid nitrogen can maintain high viability
of tissues and cells after thawing, and, accordingly, make them suitable
for immediate use [59, 60].

The PURPOSE of the study is to evaluate the safety and primary ef-
fectiveness of cryopreserved human amniotic membrane in the treatment
of chronic non-healing leg ulcers in diabetic foot syndrome.

MATERIALS AND METHODS

The research was conducted on the basis of the State Institution
“V. P. Komissarenko Institute of Endocrinology and Metabolism of the
National Academy of Medical Sciences of Ukraine” in the clinical study
“The efficacy of cryopreserved nuclear umbilical cord blood cells, cryo-
preserved multipotent mesenchymal stromal cells isolated from human
placenta and cryopreserved human amniotic membrane separately and
their combinations in diabetic peripheral neuropathy, peripheral arterial

Table 2. The main criteria for inclusion and non-inclusion
of study participants.

INGLUSION CRITERIA

e Men and women aged 18 and older
 Diagnosed diabetes mellitus (type 1 or 2)
e HbA1c<12,0 %

« Unhealed ulcers that do not respond to standard treatment >
4 weeks but not more than 12 months

« Skin ulcer on the foot or toes, size > 1.0 cm?- 30.0 cm?
< No clinical signs of infection in the wound

» Adequate blood circulation in the affected foot

« Signed informed consent

NON-IGLUSION CRITERIA

« Age <18 years

- Life expectancy is less than 12 months

» Participation in another clinical trial

« Any conditions that may impair or worsen wound healing

« Patients with reduced immunity (e.g. documented HIV
infection, scleroderma, severe rheumatoid arthritis).

» Concomitant immunosuppressive therapy, including oral
corticosteroids at a dose equivalent to > 5 mg prednisolone
per day

« The history of radiation therapy of the foot
« Pregnancy or lactation

« Cancer during the last 3 years with the exception of basal cell
carcinoma and squamous cell carcinoma



disease and trophic leg ulcers” (approved by the Academic Council of the
Coordination Center for Organ, Tissue and Cell Transplantation, resolution
Neo 6, June 16, 2017). Patients who signed the “Informed Consent for Re-
search” and met the inclusion criteria (Table 2) underwent a preliminary
phase, namely: bacteriological assessment of ulcer debris and, if neces-
sary, offloading interventions for the injured foot with half boot shoes.

Four patients with type | and Il diabetes mellitus with diabetic poly-
neuropathy and angiopathy who had chronic foot ulcers with a minimum
non-healing period of 6 months were selected to take part in the study
(Table 3). All patients had impaired sensitivity up to the knee, such as:
vibration, pain and tactile ones. Patients complained of pain in the affected
leg when walking, fatigue. Under the conditions of standard therapy, tis-
sue repair could not be achieved, so after a preliminary examination, it
was decided to use the method of tissue therapy.

The study used a cryopreserved human amniotic membrane, which
was thawed and applied to the wound, previously cleaned of necrotic tis-
sue with a scalpel or debridement, once a week until complete healing.

THE CRYOPRESERVED HUMAN AMNIOTIC MEMBRANE

Amniotic membrane was obtained during a planned cesarean section
at 38-40 weeks of gestation with informed consent to collect the mother’s
placenta and meet biosafety requirements [61]. The presence of hepatitis
B surface antigen (HbsAg), total antibodies against Threponema pallidum,
hepatitis C, hepatitis B virus antigen, HIV-1/2 and cytomegalovirus was
detected in the blood plasma of women by ELISA. Hepatitis C and hu-
man immunodeficiency virus 1/2 RNA qualitative testing were determined
by PCR. Prior to cryopreservation, amniotic membrane tissue fragments
were tested for the absence of aerobic, anaerobic and fungal microflora
by microbiological examination, as well as ELISA analysis for the absence
of cytomegalovirus DNA, herpes simplex virus types 1 and 2, Epstein-
Barr virus, Chlamydia trachomatis, Mycoplasma genitalium, Ureaplasma
urealyticum Ureaplasma parvum.

AM under sterile conditions was separated from the placenta with for-
ceps and transferred to a sterile dish, incubated for 40 minutes in Hanks’
sterile solution (GE Healthcare Hyclone™, Germany) with the addition of
2.5 pg/mL amphotericin (AppliChem, Germany), 100 IU/mL benzylpenicil-
lin (Arterium, Ukraine), 50 pg/mL streptomycin (Arterium, Ukraine). The
AM was then washed in separate sterile dishes containing Hanks’ solution
(GE Healthcare Hyclone™, Germany), cut into 2x2 cm fragments.

For cryopreservation, the fragmented tissue was transferred to 4.5
mL cryovials in cryopreservation medium consisting of Hanks’ solution
(GE Healthcare Hyclone™, Germany) with 10 % dimethyl sulfoxide (Sig-
ma, USA). The material was stored and transported as required in liquid
nitrogen in cryogenic Dewar tanks at a temperature -196 ° C.

The method of cryopreservation of tissue preparation developed and
patented by the researchers of Institute of Cell Therapy provides high via-
bility and functional activity of membrane cells after thawing [59, 62, 63].

Cryopreserved amniotic membrane was thawed and washed from the
cryopreservation media immediately before the use. To do this, cryovi-

Table 4. The dynamics of the healing of foot ulcers during the application of AM.

Table 3. Characteristics of patients.
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THE PERIOD OF

# vk, welms  ormaens, MOLEANCOLNE
TREATMENT, MONTHS

1 52 Il 8 6

2 62 | 23 11

3 64 Il 22 3

4 68 Il 8 7

als with frozen amniotic membrane were removed from a Dewar tank
with liquid nitrogen, kept at room temperature for about 15 seconds and
thawed in a water bath heated to +38-40 °C. The cryovial with amniotic
membrane was thawed until the liquid phase followed by heating to room
temperature. The tissue, washed from the cryoprotectant solution in Petri
dishes in 0.9 % saline, aseptically, was applied with tweezers directly to
the wound, previously cleaned of necrotic masses, closed with a sterile
Mesoft napkin (Paul Hartmann, Germany), and then fixed with a plaster
(Molnlycke HC, Sweden) and Peha-Haft elastic bandage (Paul Hartmann,
Germany). An offloading boot was put on the affected limb.

According to the study protocol, a regular visit of patients took place
every 7 days, during which the level of glucose in the blood was deter-
mined (before the next application of amniotic membrane and 2 hours
after application); the dimensions of the wound (height, width, depth)
were visually and instrumentally measured using a ruler and wound area
was calculated (S, cm? = height x width). The percentage of ulcer area
reduction (UAR) from the original size and the ulcers healing rate (UHR)
were determined according to the formulas [89]:

UAR (%) = ((So=S)/Sp) x100 %, where S, is the initial area at the begin-
ning of treatment, S is the area of the ulcer at the time of measurement.

UHR (%/day) = UAR/T, where UAR is the percentage reduction in ul-
cer area, T —the number of days between measurements.

RESULTS AND DISCUSSION

All the patients had chronic non-healing ulcer at the start of the clini-
cal trial, with a mean non-healing period of 6.6 months. It was shown that
the participants of the study whose wounds were treated with cryopre-
served amniotic membrane significantly accelerated the healing process.
With weekly applications of AM, there was a gradual decrease in wound
area (Table 4). After the second application, all patients had granulation
tissue in the wound, a decrease in the area of the wound from the original
size and increase the rate of healing.

Thus, at the time of the second visit (after 7 days) the percentage
of UAR from the initial size of the ulcer on the foot in P1 was 33 %,

PATIENT VISIT VISIT VISIT VISIT VISIT VISIT  VISIT  VISIT VISIT VISIT  VISIT  VISIT VISIT VISIT
1 2 3 4 5 6 7 8 9 10 1 12 13 14
Ulcer area, cm?
#1 1.8 1.2 0.4 02 015 Complete healing
#2 5.0 875 2.0 20 135 0.84 0.5 Complete healing
S H S H S H
Complete healing
30 15 20 15 0.15 035
#4 9.9 9.6 6.25 50 40 36 225 225 225 10 10 10 05 Cﬁgﬁ:ﬁge

Notes: S — sole; H— hallux.
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Fig. 1. Patient 3 (male, 64 years old) with diabetes mellitus and diabetic
foot syndrome: A — ulcers before the application of AM;
B — ulcers after the 3 application of AM.
Photos provided with the patient’s permission.

in P2 -25 %, in P3 - 33 % and in P4 - 3 %, and UHR per day was 4.7 %,
3.6 %, 4.7 % and 0.43 % in P1, P2, P3 and P4, respectively.

At the time of the last application UAR in comparison with the initial
size in P1 was 92 %, for P2 — 90 %, in P3 — 95 % on the foot and 77 %
on the hallux (Fig. 1 A, B), in P4 - 95 % Fig. 2 A, B). Last visits have shown
complete wound healing in all patients.

The use of amniotic membrane did not affect blood glucose levels
when comparing values before application and two hours after the proce-
dure. Regular follow-up visits of patients 3, 6, 9 and 12 months after the
start of the study showed no recurrence of ulcers.

According to the results of a pilot clinical study, in 4 patients after the
use of cryopreserved amniotic membrane, the number of complications
of diabetic ulcers associated with their infection decreased and, accord-
ingly, the frequency of hospitalizations decreased. If in the treatment ac-
cording to standard protocols (foot unloading, betadine dressings) the
frequency of hospitalizations for each patient was at least twice a year,
then after the application of amniotic membrane and ulcer healing for 12
months, no study participant had a relapse. In addition, no side effects
have been reported with the use of allogeneic material.

Possible and infrequent side effects from the use of allogeneic AM
may be: potential risk of infection, risk of prion infection [64] and indivi-
dual hypersensitivity reaction [87, 88]. Despite the widespread use of AM
products, there are virtually no data on complications after its use [86].

The obtained results are quite consistent with those obtained in other
clinical studies in which various preparations of amniotic membranes
were used: Grafix [60], Epifix [65, 66, 67], Amnioband [68], AmnioExcel
[69, 70], EpifixApligraf [67] Grafix NEOX Cord [71], dHACM [72, 73, 83].
According to the analysis of retrospective studies on the effectiveness of
AM in the treatment of ulcers in DFS, most randomized clinical trials of
tissue therapy were completed in a much shorter period of time compared
to standard treatment groups. Chronic wounds that did not heal for a
long time with standard treatment regimens were successfully regene-
rated under the influence of AM allografts. In addition, the frequency of
recurrences after their healing decreased [81].

According to Glad P et al, the average healing time in the group of pa-
tients who received dehydrated amniotic membrane (DAM) with chronic
non-healing wounds in DFS was 24 days (95 % Cl, 18.9-29.2) versus 39
days (95 % Cl, 36.4-41.9) for the group with the use of tissue-engineered
skin substitutes (TESS). The proportion of healed wounds after the study
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Fig. 2. Patient 4 (male, 62 years old) with diabetes mellitus and diabetic
foot syndrome: A — ulcer before the application of AM;
B — ulcer after the 13" application of AM.
Photos provided with the patient's permission.

(12 weeks) was 90 % (27/30) for the group DAM versus 40 % (12/30) for
the group TESS. The average cost of the product for the group DAM was
significantly lower than for the group TESS (DAM - US $ 2,200; TESS -
USD $7,900). [84].

According to our observations, the longer the period of non-healing
of the wound is, the more applications of human amniotic membrane had
to be applied to diabetic foot ulcers (Table 4). Therefore, we believe that
existing protocols for the treatment of chronic venous ulcers, critical limb
ischemia associated with diabetes, and diabetic ulcer treatment protocols
should be revised toward earlier use of cell and tissue therapies in combi-
nation with standard treatment protocols. This approach will significantly
increase the efficiency and improve long-term treatment outcomes.

Our results can be explained by the fact that thawed living amnio-cho-
rionic membrane provides delivery to the wound of numerous regulatory
proteins, which include chemokines and cytokines, as well as angiogenic
proteins [26, 74]. The influence of growth factors, in particular EGF, KGF,
HGF, bFGF, TGFs and extracellular matrix, produced by placental tissue
cells has been shown to be crucial in wound healing and to achieve com-
plete closure [9, 80, 81, 82].

Progressive techniques of cryopreservation of human amniotic
membrane provide after thawing the preservation in the donor alloge-
neic AM of multipotent mesenchymal stromal cells capable to migrate
into the wound after the application and activate resident patient stem
cells, thereby enhancing wound healing. This property is especially im-
portant for the elderly, as with age there is a decrease in the number of
MSCs and their dysfunction, which significantly inhibits the healing of
wounds [83].

Thanks to advances in tissue treatment and preservation, more
than 16 commercial extraembryonic products (AM, umbilical cord) are
currently available in Europe and the United States for the treatment
of chronic wounds in both cryopreserved and lyophilized form (Grafix
Prime, Grafix Core, Neox, Clarix, Neox Cord, Clarix Cord, Amnio Graft,
Amnio Guard, XWRAP, BioDFence, AmnioExcel, AmnioClear, EpiFix, Re-
vitalon, ASGBarrie, Biovance [82]. Despite such progress, these products
are not represented in the medical market of Ukraine due to their high
cost. The price of such bandages per unit varies, depending on the size
and manufacturer, from 1,500 to 10,000 US dollars [85]. Therefore, the
development of domestic products from the human placenta is expedient
and promising not only from medical but also economic point of view.
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A pilot clinical trial demonstrated the efficacy and safety of cryopreserved human amniotic membrane applications in patients with diabetic
foot syndrome and long-term non-healing ulcers, resulting in complete wound healing (average 8.3 weeks) and sustained remission, which was
observed even a year after human amniotic membrane application.
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