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Abstract: Objective: This study aims to explore the treatment effects of chronic ulcer in diabetic rats with self as-
sembling nanofiber gel encapsulated-polydeoxyribonucleotide. Methods: Diabetic skin ulcer mouse model was es-
tablished in this study. They were divided into control group, common wound group and infectious wound group. 
Human embryonic fibroblast cells and vascular endothelial cells were treated with short poly-N-acetyl glucosamine 
nanofibers and polydeoxyribonucleotide. Their effects on cell proliferation, revascularization and inhibiting infection 
were detected by RT-PCR, western-blotting, HE staining and immunohistochemical methods respectively. Results: 
The expression levels of cytokines and angiogenic factors increased in the treatment groups especially in sNAG 
encapsulated-PDRN group. HE staining results indicated that PDRN, sNAG and sNAG encapsulated-PDRN could 
improve the wound healing, immunohistochemical results showed that PDRN, sNAG and sNAG encapsulated-PDRN 
promoted cell proliferation and new vessel formation especially sNAG encapsulated-PDRN. Conclusions: sNAG en-
capsulated-PDRN may have a potential application in the treatment of diabetic ulcers and chronic wound healing.
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Introduction

Chronic soft tissue ulcer, such as diabetic ulcer 
and bedsore, brought a heavy burden to the 
patients and even threatening their life, 
because its amputation rate and disability rate 
were high. The deficiency of growth factor and 
infection on wound surface of chronic soft tis-
sue ulcer are important factors, they lead to the 
difficulty in healing of ulcer [1, 2]. Local applica-
tion of active growth factors can promote the 
healing of chronic ulcers, but half-life of foreign 
growth factor is short, it must be exploited 
repeatedly and costs much. Recent studies 
showed that the activation of adenosine A2A 
receptors can play an important role in the pro-
tection and healing of the wound [2-4]. 

Polydeoxyribonucleotide (PDRN) is a linear DNA 
sequence from human placenta, its length is 
between 50 and 2000 bp. It can effectively 
activate the adenosine A2A receptor and will 
not be degraded in vivo [5] It is widely used in 
the treatment of a series of ischemic and 

hypoxic diseases, such as myocardial infarc-
tion, cerebral infarction, peripheral arterial 
occlusive disease, etc [5-7]. PRDN could signifi-
cantly improve the speed of wound healing, this 
therapeutic effect can be blocked by specific 
antagonists of adenosine A2A receptor [2]. 
PDRN has no immunogenicity in the human 
body and will not cause allergic reactions [5]. 
Therefore, we think that PDRN could be used in 
the treatment of chronic soft tissue ulcer.

How PDRN will be released into the chronic 
ulcer wound also directly affect the treatment. 
Self-assembling peptide nanofiber scaffold 
(SAPNS) is the latest findings in the field of bio-
logical material manufacturing. It is considered 
to be an ideal material for matrix repair and 
drug release system because of its good mate-
rial cell interface compatibility and biological 
activity [8, 9]. N-acetylglucosamine is one of 
the main components of the extracellular matrix 
and has a certain antibacterial anti-inflammato-
ry and healing effects. Short poly-N-acetyl glu-
cosamine (sNAG) nanofibers were prepared 
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after the short chain poly N-acetyl glucosamine 
was modified. It was found that sNAG could pro-
mote cell proliferation and migration and accel-
erate the formation of new blood vessels, inhib-
it the growth of bacteria and control the infec-
tion [10-13].

In this study, we explored the treatment effects 
of chronic ulcer in diabetic rats with self assem-

The effects of PDRN, sNAG and sNAG encap-
sulated-PDRN on cell proliferation, revascular-
ization and inhibiting infection

The cells were treated with PDRN, PDRN+DMPX 
(3, 7-dimethyl-propargilxanthine, specific antag-
onist of Adenosine A2A receptor), sNAG and 
sNAG encapsulated-PDRN respectively. The 
cell proliferation was determined with CCK8 

Table 1. Experimental animals’ group
Group1 Group2 Group3 Group4

Diabetic mice with common wound PDRN sNAG sNAG with PDRN Control
Diabetic mice with infectious wound PDRN sNAG sNAG with PDRN Control
Normal mice with common wound PDRN sNAG sNAG with PDRN Control
Normal mice with infectious wound PDRN sNAG sNAG with PDRN Control

Table 2. Real-time PCR primers
Gene Primer (5’-3’) Length (bp)
VEGF For: GGCAAAGTGAGTGACCTGCT 112

Rev: CGGTGTCTGTCTGTCTGTCC
Angiopoietin-1 For: CACACTGGGACAGCAGGAA 136

Rev: CACAAGCATCAAACCACCAT
Transglutaminase 2 For: CTCAGCCAAGACAAGGAGGT 106

Rev: CCCAGAGAGGAGAAGGCAGT
Bax For: GGAAGAAGATGGGCTGAGG 179

Rev: TGTGTCCCGAAGGAGGTTTA
Ki67 For: TAACACCATCAGCAGGCAAA 105

Rev: GCAGGTCCAGTTTCTCCACT
inhibin b For: CAGAGCGAGAACCCTCAACT 125

Rev: ATTTGTCACCGCATCCATTT
cyclin D1 For: CCCTCGGTGTCCTACTTCA 108

Rev: CTCCTCGCACTTCTGTTCCT
cyclin E For: CTGGATGTTGACTGCCTTGA 113

Rev: ATGTCGCACCACTGATACCC
CDK2 For: CAGGATGTGACCAAGCCAGT 125

Rev: TGAGTCCAAATAGCCCAAGG
CDK6 For: GTGAACCAGCCCAAGATGAC 132

Rev: TGGAGGAAGATGGAGAGCAC
p15 For: TGATTAGCACTTGGGTGACG 130

Rev: CCCTCCTCCACTTTGTCCTC
p27 For: TATGACCCTCCCAAACCAAA 144

Rev: ACCATTTCCGTATCCACAGC
Integrin β1 For: CCGCGCGGAAAAGATGAAT 252

Rev: ATGTCATCTGGAGGGCAACC 
PECAM-1 For: GTGCTGCAATGTGCTGTGAA 133

Rev: TGCTAGCCTTCTGCTTGGTC 
Defensin For: CAATTGCGTCAGCAGTGGAG 116

Rev: GGTCACTCCCAGCTCACTTG 
β-actin For: GTCGTACCACTGGCATTGTG 291

Rev: CTCTCAGCTGTGGTGGTGAA

bling nanofiber gel en- 
capsulated- PRDN, wh- 
ich will provide basis 
for the treatment of 
diabetic ulcers, chron-
ic wound healing of 
bedsore etc.

Materials and meth-
ods

Cell culture

Human embryonic fi- 
broblast (H2EL) cells 
and vascular endothe-
lial (VE) cells were pur-
chased from American 
type culture collection 
(ATCC). They were cul-
tured with DMEM me- 
dium containing 2% 
fetal calf serum at 
37°C with 5% CO2. 

Experimental animals

Diabetic female C57- 
BL/KsJ-m+/+Lept db 
mice (db+/db+) and 
their normal litter-
mates (db+/+m) were 
used in this study. 
They were pre-feeding 
for one week with free 
access to food and 
water to adapt to the 
environment. Room te- 
mperature maintained 
at 18~25°C. Hair on 
the back was shaved 
and parallel 4-cm inci-
sion was produced on 
the back of all mice. 
They were divided into 
16 groups according 
to different treatment 
methods (Table 1). 
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detection kit according to the manual. The cyto-
kines and angiogenic factors such as VEGF, 
Bax, Bcl-2, Ki67, inhibin b, cyclin D1, cyclin E etc 
were detected by RT-PCR and Western-bloting 
methods. 

Total RNA was extracted using E.Z.N.A.® Total 
RNA Kit I (Omega Bio-Tek, Inc. Norcross, GA, 
USA) according to the manufacturer’s instruc-
tions. cDNAs were synthesized using Prime- 
Script RT Master Mix (Takara Bio, Inc. Shiga, 
Japan). The RT-PCR reaction was performed 
using ABI 7500 Fast (Applied Biosystems, 
Foster City, CA, USA) with SYBR Premix Ex Taq II 
(Takara). The cycle condition was: denaturation 
at 95°C for 30 sec, 40 amplification cycles at 
95°C for 3 sec and 60°C for 30 sec. β-actin 
was used as the control. Primer sequences 
used in this study were shown in Table 2.

Cells were lysed in RIPA buffer with 10% phenyl-
methylsulfonyl fluoride. The cell extracts were 
loaded on 10% SDS-polyacrylamide gels and 
transferred onto polyvinylidene fluoride mem-
branes. The membranes were blocked for 1 h 
at room temperature with 5% non-fat milk in 
TBST, and then incubated with primary antibod-
ies at 4°C overnight. Following incubation with 
HRP-conjugated secondary antibody (diluted  
at 1:2,000, Abcam), immuno complexes were 
visualized by an enhanced chemiluminescence 
detection under FluorChem M Systerm (Pro- 
teinSimple, San Jose, CA, USA). Endogenous 
β-actin was used for normalization.

Therapeutic effects of skin ulcer in diabetic 
mice with PDRN, sNAG and sNAG encapsulat-
ed-PDRN

The wound was contaminated with staphyloc-
cocus aureus in infectious diabetic mice 
groups. The cytokines and angiogenic factors in 
wound surface such as VEGF, Angiopoietin-1, 
Bcl-2, Ki67, cyclin D1, cyclin E etc were detect-
ed by RT-PCR and Western-blotting methods. 
They were performed as above described. The 
inflammatory cell infiltration in wound tissue 
was determined using HE stain. The samples 
were fixed in 10% formalin and embedded in 
paraffin routinely. The paraffin blocks of speci-
men were cut into continuous sections with 5 
μm respectively. The sections were dewaxed 
with xylene and washed with ethanol and water. 
They were stained with Hematoxylin after that 
and then differentiated, washed and stained 

with eosin, then dehydrated, hyalinized and 
finally mounted on slides and observed under 
microscope, pictures were taken.

The expression levels of PECAM-1 and Ki67 
were detected using immunohistochemical 
staining method to observe the situation of 
infection, newborn vessels, keratinocyte migra-
tion and wound healing. Briefly, samples fixed 
in 10% formalin were subsequently embedded 
in paraffin, and sections of 4-mm thickness 
were cut from the formalin-fixed samples. The 
sectioned tissue was deparaffinized in xylene 
and then rehydrated in a graded ethyl alcohol 
series. For increased specificity and sensitivity, 
tissues were microwaved for 10 min for antigen 
retrieval. Following cooling and rinsing in dis-
tilled water, endogenous peroxide activity was 
blocked with 3% H2O2 for 10 min, and the sam-
ples were then rinsed in 0.01 mol/l phos-
phate-buffered saline (PBS, pH 7.4) for 10 min. 
The sections were subsequently pre-incubated 
with a protein blocking solution for 10 min, 
prior to incubation with the primary antibodies 
at 4°C overnight in a humid chamber. The slides 
were then washed three times in PBS and incu-
bated with secondary biotinylated antibody for 
15 min at room temperature. The streptavi-
din-peroxidase method was used to detect the 
antigen-antibody complexes, and diaminobenzi- 
dine (DAB) was used as the chromogen sub-
strate. The sections were stained and observed 
under microscope.

Statistical analysis

Statistical analysis was performed using one-
way ANOVA or the Student’s t-test using SPSS 
17.0 software. P<0.05 was considered to be 
statistically significant.

Results

PDRN could promote cell proliferation and the 
release of cytokines and angiogenic factors

The CCK8 detection results in H2EL cells and 
VE cells after treated by PDRN showed that the 
cell proliferation significantly increased after 
the treatment of PDRN, while they decreased 
with the treatment of PDRN+DMPX. The RT-PCR 
results of expression changes of cytokines and 
angiogenic factors in H2EL cells after treated 
by PDRN showed that the expression levels of 
VEGF, Bax, Bcl-2, Ki67, inhibin b, cyclin D1, 
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cyclin E etc significantly increased after the 
treatment of PDRN, while they decreased with 
the treatment of PDRN+DMPX. The RT-PCR 
results of expression changes of cytokines and 
angiogenic factors in VE cells after treated by 
PDRN were similar with that of H2EL cells (data 
not shown). 

The western blotting results of expression 
changes of cytokines and angiogenic factors in 
H2EL cells after treated by PDRN were shown in 
Figure 1. It also showed that the expression 
levels of VEGF, Bax, Bcl-2, Ki67, inhibin b, cyclin 
D1, cyclin E etc significantly increased after the 
treatment of PDRN, while they decreased with 

sNAG encapsulated-PDRN could promote cell 
proliferation, revascularization and inhibit 
infection

The CCK8 detection results in H2EL cells and 
VE cells after treated by sNAG encapsulated-
PDRN showed that the cell proliferation signifi-
cantly increased after the treatment of sNAG 
encapsulated-PDRN. The RT-PCR results of 
expression changes of cytokines and angiogen-
ic factors such as VEGF, Ki67, Bax, Bcl-2, 
Integrin β, PECAM-1, cyclin D1, cyclin E and 
defensin etc in H2EL cells and VE cells after 
treated by sNAG encapsulated-PDRN showed 
that the expression levels of these cytokines 

Figure 1. Western blotting results of expression changes of cytokines and 
angiogenic factors in H2EL cells after treated by PDRN. They significantly in-
creased after the treatment of PDRN while they decreased after the treatment 
of PDRN+DMPX.

the treatment of PDRN+ 
DMPX.

sNAG could promote cell 
proliferation, vessel forma-
tion and inhibit infection

The CCK8 detection results 
in H2EL cells and VE cells 
after treated by sNAG 
showed that the cell prolif-
eration significantly incre- 
ased after the treatment of 
sNAG. The RT-PCR results 
of expression changes of 
VEGF, Ki67, Integrin β, 
PECAM-1 and defensin in 
H2EL cells and VE cells 
after treated by sNAG sh- 
owed that the expression 
levels of VEGF, Ki67, Inte- 
grin β, PECAM-1 and defen-
sin in H2EL cells and VE 
cells significantly increas- 
ed after the treatment of 
sNAG. The western blotting 
results of expression chan- 
ges of VEGF, Ki67, Integrin 
β, PECAM-1 and defensin in 
H2EL cells and VE cells 
after treated by sNAG also 
showed that the expres- 
sion levels of VEGF, Ki67, 
Integrin β, PECAM-1 and 
defensin significantly incre- 
ased after the treatment of 
sNAG (data not shown).
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and angiogenic factors in H2EL cells and VE 
cells significantly increased after the treatment 
of sNAG encapsulated-PDRN (data not shown).

The western blotting results of expression 
changes of cytokines and angiogenic factors 
such as VEGF, Ki67, Bax, Bcl-2, Integrin β, 

showed that the expression levels of these 
cytokines and angiogenic factors significantly 
increased after the treatment of PDRN, sNAG 
and sNAG encapsulated-PDRN and they were 
the highest after the treatment of sNAG encap-
sulated-PDRN in different groups (data not 
shown).

Figure 2. Western blotting results of expression changes of cytokines and an-
giogenic factors in H2EL cells and VE cells after treated by sNAG encapsulated-
PDRN. The expression levels of these cytokines and angiogenic factors signifi-
cantly increased after the treatment of sNAG encapsulated-PDRN.

PECAM-1, cyclin D1, cyclin 
E and defensin etc in H2EL 
cells and VE cells after 
treated by sNAG encapsu-
lated-PDRN were shown in 
Figure 2. It also showed 
that the expression levels 
of these cytokines and 
angiogenic factors signifi-
cantly increased after the 
treatment of sNAG encap- 
sulated-PDRN.

Therapeutic effects of skin 
ulcer in diabetic mice with 
PDRN, sNAG and sNAG 
encapsulated-PDRN

The RT-PCR results of ex- 
pression changes of cyto-
kines and angiogenic fac-
tors such as VEGF, Ki67, 
Bax, Bcl-2, Integrin β, 
PECAM-1, cyclin D1, cyclin 
E and defensin etc in differ-
ent groups after treated  
by PDRN, sNAG and sNAG 
encapsulated-PDRN show- 
ed that the expression lev-
els of these cytokines and 
angiogenic factors signifi-
cantly increased after the 
treatment of PDRN, sNAG 
and sNAG encapsulated-
PDRN and they were the 
highest after the treatment 
of sNAG encapsulated-
PDRN in different groups. 
The western blotting results 
of expression changes of 
cytokines and angiogenic 
factors such as VEGF, Ki67, 
Bax, Bcl-2, Integrin β, 
PECAM-1, cyclin D1, cyclin 
E and defensin etc in differ-
ent groups after treated  
by PDRN, sNAG and sNAG 
encapsulated-PDRN also 
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HE staining results showed that in diabetic 
mice group without treatment, there was poor 
re-epithelialization with partially organized 
granulation tissue, while there was moderate to 
complete re-epithelialization and well-formed 
granulation tissue in the treatment of PDRN, 
sNAG and sNAG encapsulated-PDRN groups 
especially in sNAG encapsulated-PDRN group 
without inflammatory infiltrates (Figure 3). In 
normal mice groups, dermis remodelling and 
wound closure processes were almost com-
plete, and PDRN, sNAG and sNAG encapsulat-
ed-PDRN improved wound healing (data not 
shown). 

Ki67 immunostaining results of the different 
groups were shown in Figures 4 and 5. It 
showed that there were more positive cells in 

the treatment groups than that of control 
groups especially in sNAG encapsulated-PDRN 
group, which suggested that PDRN, sNAG  
and sNAG encapsulated-PDRN promoted cell 
proliferation. 

PECAM-1 immunostaining results of the differ-
ent groups also showed that PDRN, sNAG and 
sNAG encapsulated-PDRN increased PECAM-1 
staining especially sNAG encapsulated-PDRN, 
which suggested that PDRN, sNAG and sNAG 
encapsulated-PDRN promoted neo-vessel for-
mation (data not shown).

Discussion

Diabetic patients have disturbed wound-heal-
ing process which may enhance the overall 

Figure 3. HE staining results of diabetic mice with common and infectious wound groups after treated by PDRN, 
sNAG and sNAG encapsulated-PDRN. There was poor re-epithelialization with partially organized granulation tissue 
in control group, while there was moderate to complete re-epithelialization and well-formed granulation tissue in 
the treatment of PDRN, sNAG and sNAG encapsulated-PDRN groups especially in sNAG encapsulated-PDRN group 
without inflammatory infiltrates. A: Diabetic mice with common wound control group; B: Diabetic mice with common 
wound treated by PDRN; C: Diabetic mice with common wound treated by SNAG; D: Diabetic mice with common 
wound treated by SNAG+PDRN; E: Diabetic mice with diabetic mice with common wound wound control group; F: 
Diabetic mice with infectious wound treated by PDRN; G: Diabetic mice with infectious wound treated by SNAG; H: 
Diabetic mice with infectious wound treated by SNAG+PDRN.



Treatment of chronic ulcer

3073 Am J Transl Res 2016;8(7):3067-3076

morbidity and mortality of this population [14]. 
A complicated cellular and molecular process-
es containing inflammation, cell migration, 
angiogenesis, provisional matrix synthesis, col-
lagen deposition and re-epithelization charac-
terizes the normal skin repair [14, 15]. There is 
a complex cascade of events in skin repair, 
angiogenesis and vasculogenesis played a key 
role in wound healing and is associated with 
the expression of several cytokines and angio-
genic factors, such as VEGF, Ki67, PECAM-1 etc 
[16-21]. 

The wound healing potency of an aqueous 
extract of human placenta is clinically well 
established based on its numerous applica-
tions of chronic soft tissue ulcers in the stimu-
lation of endogenous growth factors, anti 
inflammatory and anti-microbial properties [22-

23]. However, it will be highly important for the 
therapeutic efficacy using appropriate vehicles 
to maintain the biological activity of human pla-
centa extract (HPE) during the delivery process 
[24]. sNAG nanofibers gel was found to be the 
ideal vehicles [10-13]. So self-assembly sNAG 
nanofibers gel encapsulated aqueous extract 
of human placenta will be an ideal matrix mate-
rial and tools for the treatment of chronic soft 
tissue ulcers. 

Recent studies have shown that adenosine 
A2A receptor activation may play an important 
to protect and promote healing of wounds in 
ischemia hypoxia, inflammation, trauma, and 
many other pathological processes [25]. The 
A2A receptor activation can inhibit the genera-
tion of reactive oxygen species, and promote 
the release of cytokines, such as TNF alpha, 

Figure 4. Ki67 immunostaining results of diabetic mice with common and infectious wound groups after treated 
by PDRN, sNAG and sNAG encapsulated-PDRN. There were more positive cells in the treatment groups than that of 
control groups especially in sNAG encapsulated-PDRN group. A: Diabetic mice with common wound control group; 
B: Diabetic mice with common wound treated by PDRN; C: Diabetic mice with common wound treated by SNAG; 
D: Diabetic mice with common wound treated by SNAG+PDRN; E: Diabetic mice with diabetic mice with common 
wound control group; F: Diabetic mice with infectious wound treated by PDRN; G: Diabetic mice with infectious 
wound treated by SNAG; H: Diabetic mice with infectious wound treated by SNAG+PDRN.
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accelerate proliferation of the osteoblast, fibro-
blasts, fat precursor cells, promote the release 
of VEGF, angiogenin and glutamine transferase 
II, and then promote the healing of the wound. 
To selectively activate A2A receptors will awak-
en the body’s self healing mechanisms [26].

In this study, we used sNAG encapsulated-
PDRN to cure soft tissue ulcers in the back of 
diabetic mice. We found that it could activate 
adenosine A2A receptor and platelet integrin 
receptor, promote the release of many cyto-
kines and angiogenic factors such as VEGF, 
Ki67, Bax, Bcl-2, Integrin β, PECAM-1, cyclin D1, 
cyclin E and so on, stimulate the cell prolifera-
tion and angiogenesis. It also could promote 
the release of defensin and inhibit infection to 
improve the wound healing. It not only realized 
the controllable release of PDRN but also pro-
vided the environment for soft tissue repair. It 

also had certain antibacterial ability, and could 
activate the body’s self healing mechanism, 
promote angiogenesis, accelerate wound 
healing. 

In a word, the results of this study demonstrat-
ed that sNAG encapsulated-PDRN administra-
tion could ameliorate the diabetic wound heal-
ing through activate adenosine A2A receptor 
and platelet integrin receptor and promote the 
release of many cytokines and angiogenic fac-
tors. We believe that sNAG encapsulated-PDRN 
may have a potential application in the treat-
ment of diabetic ulcers and chronic wound 
healing.
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