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Background: Lysozymes and antibacterial peptides have been confirmed to protect humans against viral and bacterial
infection, and accelerate wound healing. The study aimed to evaluate the effect of lysozyme-antimicrobial pep-
tide fusion protein on the diabetic wound size reduction in streptozotocin (STZ)-induced diabetic rats.

Material/Methods: Diabetic rats were prepared via intraperitoneal injection of STZ, 70 mg/kg. A 2-cm circular incision with full
thickness was made on the dorsum skin of the rats for preparation of diabetic wound model. The wounds were
treated with the fusion protein or phosphate buffer saline.

Results: The fusion protein markedly accelerated wound healing, decreased levels of proinflammatory cytokines such
as interleukin (IL)-6 and tumor necrosis factor (TNF)-a, lipid peroxide (LPO) content, and expression of cyclo-
oxygenase-2 (COX-2), and increased activities of antioxidant enzyme including superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), and catalase (CAT) in serum, levels of pro-angiogenic cytokines such as vas-
cular endothelial growth factor (VEGF) and intercellular adhesion molecule (ICAM-1), and expression of VEGF,
FGF-2, p-ERK, and p-Akt protein in granulation.

Conclusions: The results of the present study suggested that the fusion protein accelerated wound healing by improving
anti-inflammation and antioxidant, and increasing angiogenesis in granulation tissues of diabetic rats.
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Background

Diabetes mellitus is a chronic endocrine disorder in the world.
Sustained diabetic state often results in vascular impairment
which is called diabetic vascular complications [1,2]. Diabetic
foot ulcer (DFU) is one of the most feared and costly diabetic
vascular complications. DFU is closely related to peripheral vas-
cular impairment resulting from hyperglycemia, and DFU fur-
ther develops even when hyperglycemia is under control [3,4].
It is well known that hyperglycemia leads to the production
of excessive reactive oxygen species (ROS) which impairs ves-
sels [2]. It has been thought that diabetic vasculopathy results
in peripheral microcirculation and coagulation failure, which
further causes the decrease of blood supply in peripheral limbs.
As a result, ischemic ulcers more easily occur in patients with
diabetes, and are furthermore prone to infection [5]. Ischemia
delays wound healing of DFU [6] and, together with infection,
aggravates the progression of ulcers and consequently leads
to amputation and death of many diabetic patients [7-9].
Therefore, it is beneficial to chronic diabetic wound healing
that angiogenesis and vasculogenesis restore blood supply and
provide nutrition and oxygen for wound tissues.

Lysozymes are ubiquitously basic antimicrobial enzymes which
catabolize hydrolyzation of the p1-4 glyosidic bond in pepti-
doglycans between N-acetylglucosamine and N-acetylmuramic
acid [10]. Lysozymes are widely found in various organisms in-
cluding animals, plants, and bacteria [11]. Several studies have
confirmed that lysozymes are involved in regulation of inflam-
mation, therefore they are regarded as innate non-specific im-
mune factors [12,13]. In fact, lysozymes are thought to be a po-
tent defense which protects humans against viral and bacterial
infection [12,14]. Furthermore, studies have shown that lyso-
zymes play an important role in many pathological processes,
such as alleviation of vascular disruption resulting from sep-
sis by suppressing the shedding of the endothelial cell pro-
tein C receptor [14], and the bronchodilator-based treatment
scheme for chronic obstructive pulmonary disease (COPD) [15].
Antimicrobial peptides are small cationic peptides. These pep-
tides have been found to possess powerful antimicrobial func-
tions against Gram-positive and Gram-negative bacteria, fungi,
parasites, and some viruses, and are considered as potential an-
tibiotics drugs [16,17]. Similar to lysozymes, antimicrobial pep-
tides are important constituents of the innate immune system,
but are also the first-line of protection from infection [18,19].
Increasingly, studies have documented that antimicrobial pep-
tides are implicated in many important physiological and path-
ological functions including mediation of inflammation and
improvement of wound healing [20,21]. In addition to poor
stability and lower expression, lysozymes and antimicrobial
peptides possess hypofunctions. To enhance the beneficent
effects of lysozymes and antimicrobial peptides, and their co-
operation, they have been used to construct a fusion protein.
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One study showed that the fusion protein constructed with
lysozymes and antimicrobial peptides increased anti-infection
activities [22]. A recent report suggested that the lysozyme fu-
sion protein may be useful for the future design and develop-
ment of anti-HIV-1 therapeutic agents [23].

Lysozymes and antimicrobial peptides have been reported to
improve wound healing of trauma injuries [12,21]. Previously,
we constructed a lysozyme-antimicrobial peptide fusion gene
by genetic recombination, and purified the fusion protein
product, and the results have been patented (CN104961834A).
Our results showed that the fusion protein exhibited anti-
microbial activity. In the present study, we attempted to in-
vestigate the effect of the fusion protein on diabetic wound
healing in STZ-induced diabetic rats, and further explore its
possible mechanisms.

Material and Methods

Pentobarbital sodium, STZ, and a horseradish peroxidase-conju-
gated secondary antibody were purchased from Sigma (Sigma
Chemical Co., St. Louis, MO, USA). Rabbit polyclonal antibodies
B-actin, COX-2, vascular endothelial growth factor (VEGF), FGF-2,
CD34, ERK1/2, p-ERK1/2, Akt, and p-Akt were purchased from
Bio Basic Inc. (Canada). Lysozyme-antimicrobial peptide fusion
protein was purchased from HebeiChuangyue Biotech. Co., Ltd.
(egg-white lysozyme and active fragment of Drosophila mela-
nogaster antimicrobial peptide genes were used to construct
fusion genes and subclones) (Langfang, China).

Healthy Sprague-Dawley (SD) rats weighing 220 g to 260 g
were purchased from Nanjing Qinglongshan animal breeding
ground (Nanjing, China) and raised in our standard animal fa-
cility with 22+2°C room temperature and 12-hour day/night
alternate. All experimental procedures were handled according
to Chinese Community guidelines for the use of experimen-
tal animals.

Induction of diabetes

Rats were randomly divided into 3 groups (n=12 per group):
normal control (NORM-C) group, diabetes control (DIAT-C)
group, and diabetes treated (DIAB-T) group. Rats from the
DIAB-T group and the DIAT-C group were rendered diabetic
by intraperitoneal injection with STZ (70 mg/kg freshly dis-
solved in 0.1 mol/L ice-cold sterile citrate buffer, pH 4.5; Sigma
Aldrich) after an overnight fast, and animals in the NORM-C
group were injected with citrate buffer. Three days after STZ
administration, fasting blood glucose was determined for con-
firmation of diabetes. Rats with blood glucose concentration
>300 mg/dL were diagnosed as diabetic. Rats were housed
individually with standard pellet diet and free access to water.
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Wound model and experimental design

After 2 weeks of diabetes, rats were anesthetized with 1.5%
pentobarbital sodium by intraperitoneal injection (50 mg/kg).
Wounds were created as described previously [24]. Dorsum
skin was shaved for wounding. After disinfected with 75% eth-
anol, a circular excisional wound (2.0 cm in diameter) with full
thickness was made on the dorsum skin per rats. The wounds
from the DIAB-T rats were treated with fusion protein spray
(0.05 mL/cm?, 50 ug/mL) twice per day, and the wounds from
NORM-C and DIAT-C rats were treated with vehicle. At the end
of experiment, blood samples were collected for determina-
tion of inflammatory cytokines and proangiogenic factors. The
skin tissue in the wound area was harvested, and put into 4%
paraformaldehyde for histopathological observation or pre-
served under —80°C for western blot analysis.

Wound closure

The wound area from each individual rat was traced. The wound
sizes were recorded with a digital camera on day 0, 5, 10, 15,
and 20 for measurement of wound closure. The wound area was
determined via Image-Pro Plus 4.5 software. Wound closure was
estimated in the wound from each rat. The rate of wound clo-
sure was assessed using the ratio of wound closure: the wound
closure rate (%)=(initial area-measured area)/initial areax100%.

Determination of VEGF and ICAM-1

To estimate the level of proangiogenic factors in serum, vas-
cular endothelial growth factor (VEGF), and intercellular ad-
hesion molecule 1 (ICAM 1) were measured using VEGF and
ICAM 1-specific ELISA kits (Hefei Bomei Biotechnology Co.,
Ltd., China). The levels of VEGF and ICAM 1 in serum were ex-
pressed as ng/L and pg/mL, respectively.

Analyses of inflammatory cytokines

Serum levels of inflammatory cytokines such as interleukin
(IL)-6, and TNF-o. were measured by ELISA kits (Hefei Bomei
Biotechnology Co., Ltd., China) according to the manufacturer’s
instructions. The levels of IL-6 and TNF-a in serum were ex-
pressed as ng/L, respectively.

Histopathology and Immunohistochemistry

At the end of experiment, wound samples (4 rats per group)
were harvested for pathological study. Wound tissues were
fixed in 4% paraformaldehyde. After dehydrated, fixed tissues
were embedded in paraffin, and cut at a thickness of 5 pm onto
slides for hematoxylin and eosin (H-E) and Masson trichrome
staining. Histological slides were observed under light micro-
scope. Histological features including morphology, epidermal
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regeneration, angiogenesis, and granulation tissue formation
were observed in H-E stained slides. Masson trichrome stained
slides were used to determine granulation tissue thickness.
For immunohistochemistry of wound tissues, sections were
deparaffinized for 2 hours. Then sections were immersed in
EDTA buffer for antigenic retrieval, and incubated with hydro-
gen peroxide in methanol to inhibit endogenous peroxidase.
After incubation with bovine serum albumin for blockade of
non-specific binding, the sections were incubated rabbit poly-
clonal antibodies PDGF, CD34 primary antibody (Santa Cruz
Biotechnology, USA) (1: 00) overnight at 4°C. The sections were
rinsed with phosphate buffered saline, and then incubated
with biotin-conjugated secondary antibody, washed, and in-
cubated with streptavidin-horseradish peroxidase. The sec-
tions were imbedded in DBA, and counterstained with hema-
toxylin, and mounted. The number of small blood vessels was
counted under high power field in sections stained with CD34.

Western blotting

Granulation tissues were homogenized and lysed in ice-cold
lysis buffer (20 mmol/L Tris-HCl, 150 mmol/L NaCl, 1 mmol/L
EDTA, 1 mmol/L EGTA, and 1% Triton X-100) containing protease
inhibitors (2 mmol/L sodium orthovanadate, 0.2 mmol/L PMSF,
2 pg/mL leupeptin, and 2 pg/mL aprotinin). After centrifuged at
13 000 g for 15 minutes at 4°C, the supernatant was collected.
Equal amounts of denatured proteins in the supernatants were
separated by 12% SDS-PAGE, and transferred to nitrocellulose
membranes. Then the membranes were blocked in TBS-T (10
mmol/L Tris, 150 mmol/L NaCl, and 0.1% Tween20, pH 7.5) con-
taining 5% skim milk for 2 hours. The membranes were incu-
bated with rabbit polyclonal antibodies B-actin, COX-2, VEGF,
FGF-2, ERK1/2, p-ERK1/2, Akt, and p-Akt (1: 500) (Bio Basic
Inc., Canada) in TBS-T with 5% nonfat milk overnight at 4°C.
After the membranes were incubated with anti-rabbit HRP-
conjugated antibody (1: 10 000) in TBS-T, target proteins were
determined via visualization with DAB (Bio Basic Inc., Canada).

Statistical analysis

Values were expressed as mean +SD. Statistical differences were
performed using unpaired Student t-test or one-way analysis of
variance (ANOVA) followed by Bonferroni correction/Dunn test. A
value of P<0.05 was considered statistically significant. The anal-
ysis was performed with SPSS, 18.0 (SPSS Inc., Chicago, IL, USA).

Results

Characteristics of diabetic rats

After administration of STZ, rats exhibited an increase in levels
of blood glucose, and blood glucose concentration remained
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Table 1. Effect of fusion protein on rate of wound closure.

Day 5(%) Day 10(%)

NORM-C 17.24+1.65 46.57+3.05
”””” DIABC  1236:132% 27345281
”””” DIABT  1553:195%  38.04:320%

Chen Q etal.:
Lysozyme-antimicrobial peptide fusion protein on diabetic wound healing
© Med Sci Monit, 2018; 24: 8449-8458

Day 15(%) Day 20(%)

79.2243.47 90.41+3.54

65.18+4.37* 85.53+3.94

Results were expressed as mean * standard error of the mean of the values. The number of animals per group was 8 for measure of
wound closure. The wound closure rate (%)=(initial area-measured area)/initial areax100%. NORM-C — normal control;
DIAB-C — diabetes control; DIAB-T — diabetes treated with the fusion protein. ** P<0.01 versus NORM-C; # P<0.01 versus DIAB-C.

NORM-C

DIAB-C DIAB-T

V'

Figure 1. Morphological change in the wound tissue of each group. Photomicrographs of (A) hematoxylin and eosin (H-E) staining
at 400x and (B) Masson staining at 1000x. NORM-C rats showed re-epithelialization around the wound. The wound of
the DIAB-C rats presented inflammatory cell infiltration. Re-epithelialization was observed in wounds of the DIAB-T rats.
NORM-C — normal control; DIAB-C — diabetes control; DIAB-T — diabetes treated with the fusion protein.

above 300 mg/dL in rats treated with STZ throughout the ex-
periment. Persistent hyperglycemia resulted in the typical dia-
betic characteristics including reduced body weight, increased
water consumption and urinary volume. At the end of the ex-
periment, survival rates were 12 out of 12 in the NORM-C
group, 8 out of 12 in the DIAB-C, and 9 out of 12 in the DIAB-C.

Fusion protein accelerates wound healing

The areas of wounds were measured for determining the wound
contraction rate in the diabetic rats. In this experiment, the
wounds from the diabetic rats presented with inflammatory
features, such as swelling and festering, but the contraction
rate of the diabetic wounds showed no obvious differences
in the subsequent 2 days compared with the NORM-C rats.

Treatment of fusion protein reduced inflammatory features
of the diabetic wounds, and significantly promoted wound
closure compared with DIAT-C rat wounds on day 5 (P<0.01)
and after 5 days (P<0.01) (Table 1). Wounds treated with the
fusion protein were almost healed after 21 days, and wound
reduction was up to 85%.

Histological analysis of wound tissues

Observation of wound healing showed that treatment of the
fusion protein alleviated inflammation, and improved wound
healing compared with the DIAB-C rat wounds. The skin struc-
ture was clearly observed in the wounds from the NORM-C and
DIAB-T rats, but more epidermis nipples were observed in the
wounds of the DIAB-C rats.
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Figure 2. Effect of fusion protein on inflammatory cytokines in serum, and expression of COX-2. (A) Tumor necrosis factor o (TNF-a);
(B) Interleukin 6 (IL-6); (C) western blot of cyclooxygenase 2 (COX-2); and (D) quantitative analysis of cyclooxygenase 2
(COX-2). Results were expressed as mean + standard error of the mean of the values. The number of animals per group was
8 for determination of TNF-q, IL-6 content, and 6 for COX-2. NORM-C — normal control; DIAB-C — diabetes control; DIAB-T
— diabetes treated with the fusion protein. ** P<0.01 versus NORM-C; # P<0.05, # P<0.01 versus DIAB-C.

Tissue sections indicated that stratified epithelium and hair folli-
cles were clearly observed in the wounds from the NORM-C and
DIAB-T rats. Collagen of wound tissues were regularly arranged
in the DIAB-T rats compared with the DIAB-C rats. On day 20,
epidermal cells were fully regenerated in the wounds from the
DIAB-T rats and recovered wound tissues. Features of re-epi-
thelialization, such as thicker epidermal layer and connective
tissue, were more evident in DIAB-T rats than in DIAB-C rats
(Figure 1A). Furthermore, more new capillaries and deposited
collagen fibers were observed in granulation tissue from the
DIAB-T rats when compared with the DIAB-C rats (Figure 1A).

In addition, we determined the thickness of granulation tis-
sues through Masson trichrome staining to evaluate granu-
lation tissue formation. The results showed that the granula-
tion tissues in the DIAB-T rats were thicker compared to the
DIAB-C rats (Figure 1B).

Effect of fusion protein on inflammation

These results indicated that the diabetic state significantly
enhanced serum levels of TNF-a (P<0.01) and IL-6 (P<0.01) in
DIAT-C rats when compared to the NORM-C rats after 21 days
(Figure 2A, 2B). However, treatment with fusion protein sig-
nificantly reduced levels of TNF-a (P<0.05) and IL-6 (P<0.05)

compared with DIAT-C rats (Figure 2A, 2B). In addition, histo-
logical observation indicated that infiltrated leukocytes were
scarcely observed in the granulation tissue from the DIAB-T
rats (Figure 1A).

Furthermore, COX-2, an inflammatory mediator, was determined
by western blotting. The result showed that the expression
of COX-2 protein was upregulated in DIAB-C rats compared
with the NORM-C rats, and that treatment with fusion pro-
tein downregulated the expression of COX-2 protein (P<0.01)
(Figure 2G, 2D).

Effect of fusion protein on antioxidation

Serum content of lipid peroxide (LPO) was significantly
enhanced in DIAB-C rats compared with NORM-C rats (P<0.01),
and sustained hyperglycemia reduced activities of superoxide
dismutase (SOD) (P<0.01), CAT (P<0.01), and glutathione per-
oxidase (GSH-Px) (P<0.01) (Figure 3). Treatment with fusion
protein elevated the activities of SOD (P<0.01), CAT (P<0.01),
and GSH-Px (P<0.01), and decreased LPO content compared
to DIAB-C rats (P<0.01) (Figure 3).
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Figure 3. Fusion protein improved antioxidation in diabetic rats. (A) catalase (CAT); (B) glutathione peroxidase (GHS-Px); (C) superoxide
dismutase (SOD); and (D) lipid peroxidase (LPO). Results were expressed as mean # standard error of the mean of the values.
The number of animals per group was 8 for determination of CAT, GHS-Px, SOD activity, LPO content. NORM-C — normal
control; DIAB-C — diabetes control; DIAB-T — diabetes treated with the fusion protein. ** P<0.01 versus NORM-C; ## P<0.01

versus DIAB-C.

Fusion protein stimulates angiogenesis in diabetic wounds

The small vessels were observed under a light microscope, and
counted in granulation tissues. The result showed a decrease
in the number of small vessels in DIAB-C rats compared with
NORM-C rats, and fusion protein increased the number of
small vessels in granulation tissue from DIAB-T rats (P<0.01)
(Figure 4G).

We also determined cytokines involved in angiogenesis. The
results showed an increase in serum levels of VEGF (P<0.01)
and ICAM-1 (P<0.01) (Figure 4A, 4B), and upregulation of VEGF
and FGF-2 in granulation tissues from DIAB-T rats compared
with the DIAB-C rats (P<0.01) (Figure 4C, 4D).

Analysis of immunohistochemistry indicated that the fusion
protein increased PDGF expression in the granulation tissue
(Figure 3A). CD34 characterized the angiogenic phenotypical
features, CD34 expression in the wounds was detected via im-
munohistochemistry. As shown in Figure 3B, the fusion pro-
tein increased CD34 expression in the wounds.

Effect of fusion protein on expression of p-ERK and p-Akt
proteins

To further explore the possible mechanism of fusion protein
effect, expressions of phosphorylated ERK (p-ERK) and AKT
(p-Akt) were determined in granulation tissue. The results
showed that p-ERK and p-AKT were increased in DIAB-T rats
compared with DIAB-C rats (P<0.01) (Figure 6).

Discussion

In the present study, we investigated the effects of the lyso-
zyme-antimicrobial peptide fusion protein on diabetic wound
healing. The data showed that sustained hyperglycemia de-
layed wound healing in diabetic rats. Treatment of the fusion
protein accelerated diabetic wound healing, reduced levels of
pro-inflammatory factors including TNF-a. and IL-6, enhanced
antioxidant, and improved angiogenesis in granulation tissues
from wound of diabetic rats.

It is well known that wound healing is a complex pathophysi-
ological process involving various physiological events such as
inflammation, re-epithelialization, angiogenesis, and granula-
tion tissue formation. Formation of granulation tissue plays a
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Figure 4. Fusion protein accelerated angiogenesis in wound tissue. (A) Serum levels of VEGF; (B) serum levels of ICAM-1;
(€) expression of VEGF; (D) relative levels of VEGF; (E) expression of FGF-2; (F) relative levels of FGF-2; (G) number of small
vessels, the small vessels were counted via CD34-positive staining. Results were expressed as mean + standard error of the
mean of the values. The number of animals per group was 8 for determination of VEGF, ICAM-1 content in serum, and 6
for expression of VEGF, and FGF-2. NORM-C — normal control; DIAB-C — diabetes control; DIAB-T — diabetes treated with the
fusion protein. ** P<0.01 versus NORM-C; *# P<0.01 versus DIAB-C.

critical role in wound healing, and is closely related to blood
vessels [25]. The existing evidence has shown that oxidative
stress and inflammatory response can cause vessel injury
and impair vessel formation by reducing proangiogenic fac-
tors and angiogenesis signaling [26-29]. In the present study,
we investigated the effect of the fusion protein on diabetic
wound healing, and explored its possible mechanisms including

changes in oxidative stress, inflammation, expression of pro-
angiogenic factors, and angiogenesis signaling. The results
indicated that the fusion protein promoted diabetic wound
healing, and the number of vessels was increased in wound
sections stained with H-E. Lysozymes and antimicrobial pep-
tides have been reported to improve wound healing and an-
giogenesis [15,20]. Therefore, our study results suggest that
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NORM-C
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Figure 5. Immunohistochemistry analysis of the granulation tissues (400x). (A) Staining of PDGF, PDGF-positive staining showed
expression of proangiogenic factor; and (B) staining of CD34, CD34-positive staining was used to observe the small vessels in
granulation tissues. NORM-C — normal control; DIAB-C — diabetes control; DIAB-T — diabetes treated with the fusion protein.

wound healing of lysozymes and antimicrobial peptides oc-
curred with fusion protein.

Lysozymes and antimicrobial peptides, innate non-specific
immune factors, have been reported to be involved in regu-
lation of inflammation [14]. Various studies have shown that
excessive or persistent releases of proinflammatory cytokines,
such as IL-6 and TNF-q, increase generation of proteases
which impairs wound tissue and hampers wound contrac-
tion by increasing the risk of wound infection in patients with
diabetes [26,30]; and the reduction of inflammation is benefi-
cial to diabetic wound healing [31]. In our present study, treat-
ment with the fusion protein decreased levels of proinflam-
matory cytokines, such as IL-6 and TNF-o, and downregulated
expression of cyclooxygenase-2 (COX-2) protein, an important
enzyme which mediates inflammatory response [32]. Oxidative
stress often leads to depletion of anti-oxidase including SOD,
CAT, and GSH-Px, and an increase in lipid peroxidation product.
Therefore, oxidative stress is considered to be involved in and
play an important role in diabetes and its complications [33].
In our study, we found that the fusion protein enhanced the
activity of SOD, CAT, and GSH-Px, and decreased the content
of lipid peroxide (LPO), which suggested that the fusion pro-
tein reduced oxidative stress. It has been widely known that
oxidative stress resulting from hyperglycemia is a primary
pathogenesis of diabetic vascular complications, including
DFU [27,34,35]. It has been reported that the reduction of
oxidative stress decreases inflammation [36], and improves

healing of DFU [27,35]. Our study results indicated that the
healing associated with fusion protein treatment to diabetic
wounds may be associated with its alleviation of vascular im-
pairment by reducing inflammation and oxidative stress, further
increasing the blood supply in wounds.

Angiogenesis failure and vasculopathy play a critical role in
occurrence and development of diabetes and its complica-
tions. Angiogenesis failure reduced granulation tissue for-
mation and delayed diabetic wound healing [37]. Various
studies have shown that hyperglycemia reduces VEGF and
FGF-2 expression in myocardial tissue, wound tissue, and the
peripheral limb in diabetic animals [28,29,38], which decreases
blood perfusion via impairing angiogenesis [39,40]. Key pro-
angiogenic factors, such as VEGF and FGF-2, are implicated in
angiogenesis by improving migration and proliferation of en-
dothelial cells [29,41,42], and therefore used to treat diabetic
wound [41]. Furthermore, studies have documented that sig-
naling impairment of these factors, rather than their expres-
sion, disrupts angiogenesis and diabetic wound repair [43,44].
Our results showed that the fusion protein increased phos-
phorylation of Akt and ERK1/2. Akt and ERK1/2 are activated
by phosphorylation. Activated Akt and ERK1/2 are involved in
mediation of angiogenesis by improving cell proliferation and
survival, and activity of NOS (nitric oxide synthase) [45-49].
Previous studies indicated that lysozymes and antimicrobial
peptides promote wound healing of trauma injuries [15,20],
although the mechanism was not documented. The present
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Figure 6. Effect of fusion protein on p-Akt and p-ERK1/2 expression. (A) Expression of p-AKT; (B) relative levels of p-AKT; (C) expression
of p-ERK 1/2; and (D) relative levels of p-ERK 1/2. Results were expressed as mean + standard error of the mean of the
values. The number of animals per group was 6 for expression of p-AKT, and p-ERK 1/2. ** P<0.01 versus NORM-C; # P<0.01

versus DIAB-C.

study suggested that fusion protein improved angiogenesis
by regulating angiogenesis signaling.

In the present study, we explored the effects of the fusion
protein on diabetic wound healing and some possible mech-
anisms, but the preliminary results needed to be further con-
firmed in long-term studies, and more detailed molecular
mechanisms, such as cell migration and proliferation; in ad-
dition, the changes in signaling pathway affecting angiogen-
esis should be further elucidated.

Conclusions

In conclusion, our data supported that the fusion protein pre-
sented inflammatory effects and increased anti-oxidation, and
improved angiogenesis in granulation tissue of diabetic wounds.
These beneficial effects of the fusion protein may play an im-
portant role in diabetic wound healing. However, there were
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