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1 | INTRODUCTION
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Abstract

Diabetic wounds cannot undergo normal wound healing due to changes in the
concentration of hyperglycemia in the body and soon evolve into chronic
wounds causing amputation or even death of patients. Diabetic wounds
directly affect the quality of patients and social medical management; thus
researchers started to focus on skin transplantation technology. The acellular
fish skin grafts (AFSGs) are derived from wild fish, which avoids the influence
of human immune function and the spread of the virus through low-cost
decellularization. AFSGs contain a large amount of collagen and omega-3
polyunsaturated fatty acids and they have an amazing effect on wound regen-
eration. However, after our search in major databases, we found that there
were few research trials in this field, and only one was clinically approved.
Therefore, we summarized the advantages of AFSGs and listed the problems
faced in clinical use. The purpose of this paper is to enable researchers to bet-
ter carry out original experiments at various stages.

KEYWORDS

acellular fish skin, advanced bandage, diabetes, diabetic wounds, fish skin graft, wound
healing

through the sequence of coagulation, inflammation, prolif-
eration, and remodeling. However, due to the influence of

In the past 3 decades, the global prevalence of diabetes has
risen rapidly, and this trend is expected to reach 7.7% in
2030." China is one of the countries with the fastest
increase in the prevalence of diabetes in the world. As one
of its major complications, diabetic wounds greatly affect
the quality of life of Chinese diabetic patients and the oper-
ation of local medical systems.** The largest lesion of dia-
betic wounds is the foot of the human body, and its 5-year
mortality rate is even comparable to that of some cancers.*
The healing process of normal wounds usually goes

high blood glucose concentration in diabetic patients, the
wound will be in the stage of inflammation and tissue
infection for a long time. The high blood glucose concen-
tration of the body will lead to excessive glycosylation of
proteins, promote the expression of proinflammatory fac-
tors, and cause oxidative damage to local tissues. In addi-
tion, it also inhibits the proliferation of fibroblasts,
keratinocytes, and endothelial cells, making the wound
unable to heal. Peripheral neuropathy, as another feature
of diabetes, can lead to the loss of protective sensation in
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patients, especially in the foot. Inappropriate shoes or
minor injuries may induce diabetic foot.” The extensive
and prolonged impact of pathological conditions on the
acute wound will evolve into chronic wounds, eventually
forcing doctors to take passive treatment such as amputa-
tion, which will cause great harm to the patient's body and
mind.®® Therefore, researchers urgently expect to develop
an efficient treatment to alleviate the pain and burden of
patients.

Wound treatment can be adapted to different interven-
tions according to the area and depth of the wound. In the
past, collagen dressings and silver sulfadiazine cream com-
monly used in clinical practice need to be replaced fre-
quently, which is likely to cause secondary damage to the
wound surface of patients and cause some trouble to health
care providers’ (Figure 1). Many studies have shown that
skin transplantation has a significant improvement in the
treatment of diabetic wounds.'®"* Skin transplantation can
be divided into homotransplantation and xenotransplanta-
tion according to the source of substitutes. Autologous
transplantation needs to create new wounds in different
parts of the patient's own body. Primarily, this is not a pri-
ority for the treatment of large-area wounds. Second, this
attempt is obviously unlikely to be carried out in diabetic
patients. Allogeneic transplantation will face the risk of
graft rejection because the patient's own immune system is
likely to identify the allogeneic skin graft as a foreign body

and then produce a certain immune response. Xenografts
can carry viruses on animals, leading to wound infection in
the host'® (Figure 2). To encapsulate, these skin transplan-
tation methods have a certain degree of side effects on the
wound and cannot achieve the ideal healing of the wound.

KerecisOmega3 was approved by the Food and Drug
Administration in 2013 for the management of various
types of wounds and has been gradually extended world-
wide in recent years. The dressing is based on the skin of
North Atlantic cod, which is decellularized to remove the
corresponding components that can stimulate the human
immune system, and then an acellular fish skin graft
(AFSG) is obtained. It contains many regeneration-
promoting substances such as collagen and fibrin, as well
as the most significant omega-3 polyunsaturated fatty
acids, which are considered to play an important transi-
tional role in the wound healing stage. At present, some
studies have proved the essential role of AFSGs in wound
management. However, only KerecisOmega3 is currently
approved in the clinical stages, and it is no wonder what
is troubling researchers in moving it into clinical use on a
large scale. Researching the major databases, we found
there is a lack of articles extensively discussing the chal-
lenges in the use of AFSGs in the treatment of diabetic
wounds toward clinical application.

This review will systematically discuss the various
resistances we may encounter in the clinical process of
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FIGURE 1 The wound repairing process of traditional dressings. Endogenous: (A) Macrophages performed phagocytosis and released

small molecule peptides to help fibroblasts to form new collagen; (B) Neutrophils released protein hydrolases to enzymatically degrade

antigens into small molecule peptides, which in turn promoted tissue regeneration. Exogenous: (C) Silver ions and bacteria can be adsorbed

to each other due to charge difference, followed by cell wall peptidoglycan reaction, and eventually rupture, which led to bacterial death.
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AFSGs. First, we conclude a comparative review of the
advantages of AFSGs. Then, we divide the process of clin-
ical trials into two parts: the design of grafts and the limi-
tations of clinical trials. The difficulties that researchers
will face at each step and some unavoidable systematic
errors are considered in detail.

2 | THERAPEUTIC ADVANTAGES
OF AFSGs

Wound healing is a dynamic and complex biological pro-
cess, which involves many cell types, extracellular com-
ponents, and cytokines. Diabetes affects multiple
physiological mechanisms of this process, so the entire
wound is in microcirculation and macrocirculation disor-
ders. The focus of research on the treatment of diabetic
wounds should be on the implementation of understand-
ing the pathological mechanism, so as to develop targeted
interventions."* Due to the significant weakening of the

body's glucose metabolism, which cannot produce and
transform many functional proteins, the loss of wound
healing potential is the main effect of diabetes. The high
blood glucose concentration in the body also promotes
the colonization and proliferation of bacteria in local tis-
sues, induces biofilm to cover the wound, and deterio-
rates the wound environment. Advanced glycation end
products can directly catalyze the excessive production of
excessive reactive oxygen species (ROS), followed by the
imbalance of M1 macrophages that are difficult to con-
vert into M2 macrophages. ROS can also directly damage
the blood vessels of the wound, making nutrients and
oxygen difficult to transport to the wound.'® The afore-
mentioned pathological process of diabetic wounds is the
root cause of the development of wounds into chronic
wounds (Figure 3). If this is not solved, it is difficult to
obtain all the effects of endogenous tissue regeneration
factors and external intervention methods in the later
stage.” The management of general diabetic wounds is
divided into active and passive treatment. The former
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The pathological mechanism of a diabetic wound: When a diabetic wound becomes infected, the high concentration of

blood glucose in the body promotes bacterial colonization and biofilm formation, leading to uncontrollable inflammation. In addition,

biofilms are present in most ulcers, deteriorating the overall wound environment. Persistent inflammation due to reactive oxygen

species (ROS) production is also an important cause. ROS are produced by damaged inflammatory cells. Sustained hyperglycaemia in

diabetic wounds produces advanced glycation end products in the blood, which directly induces the overproduction of ROS. In addition

to causing chronic inflammation, excessive ROS impair angiogenesis,

Vascular damage makes it difficult to transport oxygen and nutrients
extremities, especially the feet.

is represented by insulin injection, negative pressure
wound therapy and hyperbaric oxygen therapy, which
are conventional treatment methods for lowering blood
sugar and increasing oxygen content in wounds. The lat-
ter are wound dressings that focus more on anti-infection
and tissue healing in the later stages of wound manage-
ment.'® A UK-based population cohort study showed that
the 5-year mortality rate of diabetic wounds was as high
as 42%, so the traditional treatment model was no longer
advantageous, and it was difficult to see how this could
be optimized.'” Thus, we need an unconventional and
innovative treatment.

2.1 | AFSGs can be used as a bridge
between active and passive treatment

The most superior feature of AFSG is its lipid characteris-
tics. The main components of many omega-3 polyunsatu-
rated fatty acids are docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA). These two substances have
antibacterial and anti-inflammatory properties and can
even fight against methicillin-resistant Staphylococcus

promote cellular senescence, and impede reepithelialization.
to the site of the wound. These wounds usually occur on the

aureus.”"® Implantable medical devices have brought rev-
olutionary breakthrough to the development of medicine,
but the risk of infection behind them is what we need to
avoid. As a new type of implantable skin substitute,
AFSG greatly avoids the spread of virus after decellulari-
zation. In addition, some recent studies have shown that
omega-3 polyunsaturated fatty acids also have certain
antibacterial abilities. Coraca-Huber et al tested the anti-
bacterial toxicity of EPA and DHA to S.epidermidis in a
study and found that high concentrations of unsaturated
fatty acids have killing activity on planktonic cells and
can cause inhibition of biofilms. They calculated that 5-
0.625 mg/L EPA could completely kill hemolytic strepto-
coccus, and the same concentration of DHA also showed
stronger activity."” Omega-3 unsaturated fatty acids can
reduce the gene expression of Staphylococcus aureus.”® At
present, research on AFSG in the treatment of diabetic
wounds has not explored its antibacterial role. Although
most of the mentioned studies are limited to the anti-
infection test in artificial joint surgery, they are all based
on the activity of omega-3, so we can assume that AFSG
can indeed play a more significant antibacterial effect. In
addition to antibacterial property, Soleimani et al



ZHAO ET AL.

Journal of Diabetes

FIGURE 4 The preparation of
acellular fish skin graft. Skin of fresh
fish was cleaned and cut into 4 x 4 cm
small pieces, placed in 4°C PBS and 1%
antibiotic mixture and treated within @
24 h. The skin was shaken in 2.5 U/mL
dispase in PBS for 3 h to detach the
epidermis. The skin was rinsed with
deionized (DI) water and shaken in 1%
sodium dodecyl sulfate (SDS) in PBS for
6 h to lyse the cells and release cellular
contents. The skin was then gently
scrapped to physically remove the
epidermis. The skin was rinsed with DI
water and shaken in 25 mL nuclease
(or Tri-HCL, trypsin) and residual
contaminants. The skin was rinsed with
DI water and lyophilized in a freeze- HIocecures
dryer for 24 h. The lyophilized skin was
further dried in a vacuum chamber for
1 h to remove any condensation. This
final product was termed AFSG.>®

evaluated the response of patients with diabetic foot
ulcers to linseed oil omega-3 unsaturated fatty acid sup-
plements in terms of anti-inflammatory regulation of dia-
betic wounds. Compared with placebo (paraffin),
omega-3 unsaturated fatty acid supplements caused a sig-
nificant decrease in the length, width, and depth of
wound ulcers after a 12-week intervention. As we
expected, not limited to wound care, regular supplemen-
tation of omega-3 unsaturated fatty acids will signifi-
cantly increase plasma total antioxidant capacity and
glutathione concentration, which closely fits the ideal
blocking treatment for ROS overproduction.”’ McDaniel
et al also demonstrated that supplementation of omega-3
fatty acids for up to 4 weeks in healthy people can lead to
an increase in proinflammatory cytokine interleukin-1
beta (IL-1p), which can regulate fibroblast proliferation
and accelerate collagen synthesis.** Therefore, we can see
that AFSG does have a significant effect on the active
treatment of diabetic wounds.

The skin of Atlantic cod is very similar to that of
humans, which has three layers: epidermis, middle layer,
and basal epithelium. Each layer of tissue has noteworthy
porous structure and an average thickness of 450 microns.
Because no chemicals and detergents are used in the
decellularization process, the Atlantic cod skin retains
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good mechanical properties'®** (Figure 4). Compared
with other wound dressings, AFSGs are more suitable for
the treatment of diabetic wounds at different depths.
Christy et al proved that AFSGs can accelerate the clo-
sure of deep wounds, which can increase the early blood
flow of wound healing. Compared with fetal bovine der-
mis, AFSGs mainly increase the hydration level of deep
wounds.** Ibrahim et al compared the efficacy of AFSGs
with other wound healing techniques in a study. They
found that AFSGs had better wound healing than algi-
nate collagen dressings, 1% silver sulfadiazine cream, and
other xenotransplantations.’® The biological activity of
omega-3 unsaturated fatty acids does not include the role
of fibroblast proliferation at the wound, but it can
increase the migration of host adipose stem cells. In the
process of wound healing, the matrix of AFSGs plays a
significant role.'"® The main content of cod skin matrix is
type I collagen, which not only has good thermal stability
and can better adapt to the wound environment, but also
has the effect of efficient combination with proinflamma-
tory cytokines.>> Lullovede et al compared the therapeu-
tic effects of standard care (collagen dressing) and AFSGs
transplantation with the percentage of wound healing in
the twelfth week as the end point of treatment. At the
sixth week, the AFSGs transplantation group reduced



soft_| \W[LEY. Jounalof Diabetes

ZHAO ET AL.

the wound area by 72.8%, which was significantly better
than the standard nursing effect (32%).® Therefore, we
can see that the AFSGs is also extraordinarily effective in
wound care therapy. The AFSGs has a good effect in both
active treatment and passive treatment. It breaks the bar-
rier of traditional treatment methods and plays a remark-
able transitional role in both aspects.

2.2 | Cost-effectiveness considerations of

AFSGs

According to statistics, nearly 40% of health expenditure
in developing countries and 12%-15% in developed coun-
tries is spent on diabetic patients. Therefore, we can see
that the treatment of diabetes has caused a significant
burden on the economy of each country.”” In the care of
diabetic patients in the United Kingdom, about 8.8%
of the expenditure is related to diabetic ulcers and ampu-
tations. Although there are no relevant data to explain
the actual expenditure of diabetes wound care in China,
combined with the aforementioned statistical trends, we
can see that diabetic wounds in China will only reflect a
more serious health financial burden.”®* A systematic
review of reviews and research papers on diabetic foot
ulcers reported in five developed countries (France,
Spain, Italy, Germany, and the United Kingdom) found
that amputations account for the highest proportion of
expenditures and are the main source of the economic
burden of diabetic wound management.’® After the dia-
betic wound develops into a chronic wound, the final
measure basically taken is amputation, not only causing
an economic burden for the family and society but also
physical and mental damage to the patient, and the qual-
ity of life in the future is extensively reduced. Therefore,
we need a good treatment to avoid the occurrence of
chronic wounds and slow down the economic pressure of
family and society.

When considering the cost-effectiveness of AFSG
transplantation, we should not only consider its produc-
tion cost but also establish a new model to evaluate the
wound healing rate, because the average wound area will
gradually decrease with time, and the production cost of
AFSGs will not change for a period. Only by accelerating
the healing rate of diabetic wounds can the overall cost-
effectiveness be improved. Compared with the use of algi-
nate collagen alone, the cure rate of diabetic foot ulcers
treated with alginate collagen combined with AFSG can
be tripled, which will save an average of $ 2818 per
patient per year (the annualized cost of AFSGs
per patient is $ 13 926; the annualized cost of collagen
alginate therapy is $ 16 744). With the increase of the
cure rate, the possibility of amputation is also reduced, so

it can be seen that the AFSG has great potential for clini-
cal application.’’ In addition, other studies have used dif-
ferent models for discussion, and the overall cost-
effectiveness of AFSGs is considered to be better.>**
However, we summarized two problems: first, we need to
find a mature wound dressing to be used with AFSG and
establish the most reasonable and economical treatment
guidelines. Second, the intervention treatment process of
AFSG requires the mediation of professional nursing
staff. This is an expenditure factor that is difficult to
incorporate into the cost-benefit model. More research is
still needed to optimize the existing statistical model. In
conclusion, AFSGs are important interventions to avoid
chronic wounds and reduce family and socioeconomic
pressures and have good prospects.

3 | CHALLENGES FACED BY
AFSGs IN THE PRODUCT
DESIGN STAGE

3.1 | There are too few mature products
on the market at present

A good dressing should have excellent biological activity
and be cost effective for various deep wounds. However,
KerecisOmega3 is the only product that has been
approved for mature AFSGs on the market, which is
thought provoking. What hinders the early research and
development of researchers? North Atlantic cod skin is
known to be rich in omega-3 unsaturated fatty acids,
which can reduce local inflammation and promote angio-
genesis. EPA and DHA are involved in changing the
main process of wound healing.”> McDaniel et al ran-
domly assigned a total of 1.6 g of EPA and 1.2 g of DHA
per day to patients aged 18-45 years. Five days later, sig-
nificant vesicular epithelialization of the patients'
wounds was observed, indicating that the improvement
of wound healing.*” In addition, studies have shown that
omega-3 unsaturated fatty acids can not only accelerate
the healing of ulcers but also prevent the recurrence of
ulcers. Although many studies have proved that omega-3
fatty acids in fish oil have a positive effect on the epitheli-
alization of wounds, they may inhibit the deposition of
collagen protein in the later stage. Therefore, the thera-
peutic effect of omega-3 on wounds is still
controversial.>*>* Alipoor et al investigated the effects of
collagen-rich beverages containing omega-3 unsaturated
fatty acids on wound healing, metabolic biomarkers, and
adipokines. The results showed that continuous supple-
mentation of collagen hydrolysates could improve wound
healing and scar quality, but the omega-3 experimental
group had no actual effect on wound healing. Therefore,
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if there is only one mature product on the market, it will
not produce market competition. First of all, it is not con-
ducive to the technical update of the product. In addition,
all clinical trials use this product, which is difficult to
avoid the subjective bias of data caused by the company's
funding. For example, Burger et al tested the effect of oral
administration of EPA-rich oil on skin wound healing in
diabetic mice and proved that EPA supplemental oil
caused a delay in wound healing by increasing IL-10, so
KerecisOmega3 still has room for optimization. The bio-
logical activity of omega-3 unsaturated fatty acids is still
in an exploratory stage. More experiments are
still needed in this field to understand the role of
omega-3 unsaturated fatty acids, and even to refine the
regulation of EPA and DHA in wound inflammation.*®**’

3.2 |
limited

The original material of AFSGs is

The low cost and biocompatibility of aquatic collagen
indicate the potential application of AFSGs in biomate-
rials.*® Presently, most of the research experiments are
based on AFSGs derived from Atlantic cod, which is
undeniably influenced by the mature product Kere-
cis®Omega3. The preparation of AFSG and the process of
extracting fish bioactive peptides are cumbersome and
expensive.” In the stage of optimizing a listed product,
more material selection will enable research and develop-
ment personnel to have more choices and design ideas.
In recent years, tilapia has often been proved to have the
potential to become a good xenograft. Li et al extracted
acid-soluble collagen and other substances in the skin of
tilapia and transplanted tilapia collagen ultrafine fiber
matrix scaffolds under the dorsal skin of 96 mice. The
implanted scaffold was completely degraded after 20 days
without any pathological inflammatory tissue reaction.
The main component of tilapia acellular products is type
I collagen.* Related experiments have also developed a
few tissue engineering products based on tilapia collagen
scaffolds.*’™** Kangning et al found that tilapia AFSGs
have low immunogenicity and risk of viral infection com-
pared with other biological materials. In the immunohis-
tochemical results, tilapia AFSGs significantly promoted
the expression of epidermal growth factor, fibroblast
growth factor, nerve growth factor, and CD31 skin-
related healing factors and induced and promoted the
proliferation of skin fibroblasts.** In addition, 250 pug/mL
silver nanoparticles is the best disinfection concentration
for xenotransplantation.*> Some researchers have also
studied grass carp to a certain extent, but unfortunately,
no research-based experiments on diabetic wounds have
been carried out in tilapia or grass carp.

3.3 | Can AFSGs be chemically modified
and drug loaded?

Although AFSG retains its collagen and natural struc-
ture, these two characteristics create a suitable microen-
vironment for tissue repair and regeneration, but its
wound healing effect still has room for improvement.

Growth factor-rich plasma, as an endogenous sub-
stance, can well promote tissue regeneration and has
been widely used in clinical practice.**™*® If the growth
factor-rich plasma is combined with AFSGs, it will better
promote the healing of diabetic wounds. For example,
Biazar et al made a corresponding attempt, and no aller-
gic and inflammatory reactions occurred throughout the
process. Growth factors accelerate wound healing by
mobilizing marginal cells. Vascular regeneration can pro-
vide oxygen and nutrition to the wound, and it is
completely closed at 28 days.*” In addition to bioactive
components, the mechanical properties of dressings are
also important, which play an crucial role in providing a
three-dimensional microenvironment for the former one
to support cell activity. Due to the similarity of the struc-
ture and function of the extracellular matrix between fish
and humans, the application of AFSGs is promising. Due
to the similarity of extracellular matrix structure and
function between fish and humans, the application of
AFSG is prospective. However, the AFSGs will undergo
different enzyme environments during the process of re-
decellularization and will undergo a certain degree of
degradation after human administration, which greatly
affects the mechanical properties of the AFSGs. Abbas-
nezhad et al reported an attempt to improve acellular fish
skin grafts by using chemical crosslinking agent 1-Ethyl-
3- (3-dimethylaminopropyl) carbodiimide in different
amounts. They found that with the increase of the con-
centration of crosslinking agent, the mechanical strength
and degradation time of AFSGs were greatly improved,
but too high concentration would cause certain
cytotoxicity.”

There is still a long way to explore the comprehensive
improvement of drug-loading capacity and scaffold
mechanical degree of AFSGs in the future. From the cur-
rent research, the drug-loading attempt of AFSG is feasi-
ble. For the treatment of a diabetic wound, an excellent
dressing can not only promote wound healing but also
achieve a reduction in local blood glucose concentration,
from the fundamental treatment of disease.”’ Therefore,
many experiments are attempting to encapsulate differ-
ent clinical first-line drugs, and even try some theoreti-
cally mature small molecule drugs. The antidegradation
ability of the fish skin scaffold affects the number of
dressing changes to a certain extent, which in turn affects
the cost-effectiveness of the excipients. Excellent
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FIGURE 5 The main challenges faced by AFSGs during the clinical phase: (a) lack of extensive RCT tests; (b) the experimental sample

is not diversified enough; and (c) poor blinding effect. RCT, randomized controlled trial.

chemical modification can improve the drug loading
capacity of the scaffold and affect the therapeutic effect of
a dressing.

4 | DISCUSSION ON THE
SHORTCOMINGS OF AFSGs IN
CLINICAL TRIALS

AFSGs will encounter different degrees of random bias
and systematic bias in clinical trials (Figure 5). The for-
mer is an unavoidable factor in clinical trials, whereas
the latter is due to the influence of subjective factors of
researchers and included patients, both of which are the
main reasons affecting the objectivity of test data.’* At
present, few clinical trials have been carried out. We
summarize that the experiments proposed by the
researchers in each trial are insufficient to carry out dia-
lectical induction and provide a reference basis for the
researchers who carry out subsequent trials.>

First of all, it is necessary to expand the scale of the
trial, which is the most important for an excellent clinical
trial data. At present, the maximum number of diabetic
wound patients included in the trial is only 102 people. If
there are not enough samples, the conclusions drawn
and the deficiencies summarized in the trial are biased.>*
Woodrow et al reported that the lack of control groups

and the randomness of the experiment made them ana-
lyze only through the control groups of other similar
studies. However, there are few similar studies in this
field, and the criteria for inclusion of samples are differ-
ent, which greatly affects the accuracy of the experiment.
It is worth noting that they conducted simultaneous
treatment interventions for patients with acute wounds
and patients with chronic wounds and found that the
early treatment intervention effect of acute wounds was
extremely obvious, and the wound area of patients with
chronic wounds was also reduced by 40% within 6 weeks.
Therefore, we believe that in future clinical trials, the
number of patients can be increased and divided into
acute and chronic wound group to better explore the
therapeutic effect of AFSGs on wounds in different
periods.'® Lantis et al mentioned that future research
needs to include more research sites, contain patients in
various stages of diabetic wounds, and carry out long-
term follow-up studies. All the current studies have
occurred in the United States, Switzerland, and Iceland.
There is no diversity in the population representation
and location of the patients, and the proportion of Black
and Hispanic population is obviously insufficient.*" If the
study of large cohorts is rather difficult to conduct, can
the result-based model assist the experiment? Zehnder
et al established a result-based model that can predict
which wounds can heal or not in advance based on
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changes in wound area after 4 weeks, in line with current
guidelines for poor wound response, to improve progno-
sis and save costs for hospitals.>*

Furthermore, it is difficult to cover the blinding dur-
ing the administration of patients®> Due to its special
treatment, patients in the double-blind trial easily know
that their intervention is the experimental group or the
control group, which has a great impact on the trial. In
the treatment of wound healing, the impact of the pla-
cebo effect is worth discussing. Mathur et al hypothesized
that under the condition of no treatment in the control
group, informing the patient in advance of the treatment
received will enable the patient to have more complete
reepithelialization after 7 days. The results showed that
the patient's subjective influence had little effect on
wound healing.>® Similar experiments have also shown
that the placebo response has little effect on wound heal-
ing.>” Although these two trials have proved that the pla-
cebo effect has little effect on it, we still need to pay
attention to the differences between diseases, because
there are still too few clinical trials on diabetic wounds.

The clinical trials of AFSGs for the treatment of dia-
betic wounds need to be carried out in a large number in
the future. The problems that can be summarized at this
stage are still not breakthrough enough, but they can
have certain relevance.

5 | CONCLUSION AND
PERSPECTIVE

After searching for a selection of databases, we systemati-
cally summarized the advantages of AFSGs in the treat-
ment of diabetic wounds. Traditional diabetic wounds
can achieve local tissue regeneration only after difficult
treatments such as hypoglycemic, antibacterial, and
inflammation regulation. AFSGs can achieve the overall
convergence of treatment and are superior to traditional
wound management methods. In addition, AFSGs belong
to xenotransplantation, but the pretreatment of acellular-
ization makes it avoid side effects such as virus and
immune system disorder. Previous studies have shown
that in the process of diabetic wound management, the
quality of life of patients is not only the risk of amputa-
tion but also the economic burden of long-term care.

Our review suggests that AFSGs have extremely high
economic benefits and can also be combined with tradi-
tional treatment guidelines to create more efficient treat-
ment interventions. However, only KerecisOmega3 is
currently available on the market, indicating that there
is a certain resistance in the design of preclinical and
clinical trials of AFSGs, so we have carried out the corre-
sponding induction. There are still some controversies in

the basic research on the bioactive components of fish
skin, which indicates that there is still room for improve-
ment in the preparation of AFSGs. The existing products
are all derived from Atlantic cod. If there are more ways
to obtain fish skin, it will be beneficial to reduce costs. In
addition, combined with the design experience of previ-
ous biological dressings, if a certain number of active
drugs are loaded in the AFSGs, it may have a more posi-
tive wound healing effect. In terms of clinical trials, more
randomized controlled trials are still needed to distin-
guish acute wounds from chronic wounds during the
inclusion of patients, expand the inclusion samples while
accurately including the conditions, and achieve the
diversity of the population, which will be a big challenge.

AFSGs have excellent therapeutic effects in other
types of wounds. We firmly believe that soon, researchers
will overcome difficulties and achieve a combination of
theory and practice to design a personalized treatment
for diabetic wounds.
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