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Background: Wound healing mechanisms is believed to 
have effects similar to wound healing disorders in diabetic 
patients, including abnormal inflammatory cells, angio-
genesis disorders, and reduced collagen synthesis. There-
fore, reestablishment of structural and promoted angio-
genesis could be beneficial to promote wound healing 
process. Objective: Therefore, we investigated whether the 
polydeoxyribonucleotide (PDRN) that was self-production 
in Korea, could be useful as an intradermal injection for pro-
moting wound healing. Also, we validate for wound healing 
effect of PDRN using healing-impaired (db/db) mice. 
Methods: In this study, we confirmed the effects of PDRN by 
creating wound models in in vitro and in vivo model. Using 
an in vitro wound healing assay, we observed that PDRN 
stimulated closure of wounded monolayers of human fibro-
blast cells. PDRN (8.25 mg/ml) or phosphate-buffered saline 
(0.9% NaCl) was injected once daily into the dermis adjacent 
to the wound for 12 days after skin injury. Results: Time 
course observations revealed that mice treated with PDRN 
showed accelerated wound closure and epidermal and der-
mal regeneration, enhanced angiogenesis. The wound area 

and depth decreased at 3, 6, 9, and 12 days after skin injury. 
Histological evaluation showed an increase of vascular en-
dothelial growth factor, CD31, and collagen fibers in the 
PDRN group compared with the control group, indicating 
that PDRN was effective in the treatment of delayed wound 
healing caused by diabetes. Conclusion: This study suggests 
that our PDRN has a wound healing effect in transgenic ani-
mal models with cells and diabetes through angiogenesis. 
(Ann Dermatol 31(4) 403∼413, 2019)
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INTRODUCTION

Wound healing is a complex process that is divided into 
three sequential but overlapping phases of inflammation, 
proliferation, and remodeling. Migration and growth of 
epithelial cells, fibroblasts, and vascular endothelial cells 
are primary components of wound healing1. Healing is 
concomitant with an increased release of angiogenic grow-
th factors from macrophages and keratinocytes, such as 
vascular endothelial growth factor (VEGF), fibroblast grow-
th factor (FGF), platelet-derived growth factor (PDGF), epi-
dermal growth factor (EGF), and transforming growth fac-
tor-β1 (TGF-β1), and impairment of this release leads to 
a delay in skin repair2. Impaired wound healing in dia-
betics is not completely understood but is believed to in-
clude abnormalities in inflammatory cells, impaired neo-
vascularization, decreased synthesis of collagen, and in-
creased levels of proteinases2,3. In particular, a chronic 
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wound tends to show decreased levels of EGF, FGF, TGF-β, 
PDGF, and VEGF, interleukin (IL)-1 and -6, and tumor ne-
crosis factor-α (TNF-α)4. Various drugs have been pro-
posed to address these problems. Currently being devel-
oped or studied as injectable wound healing agents are 
adipocyte derived interstitial cells5, growth factors such as 
EGF, PDGF6,7, and placenta injections8,9.
Polydeoxyribonucleotide (PDRN), which is produced by a 
high temperature extraction process from the proteins of 
trout sperm, is a mixture of purines, pyrimidines, deoxy-
ribonucleotides, and deoxyribonucleosides and has vary-
ing lengths of 50 to 2,000 base pairs. It consists of low 
molecular weight DNA with no more than 95% pro-
tein10-12.
PDRN has shown remarkable therapeutic efficacy by pro-
moting angiogenesis through increasing VEGF expression 
during skin flap techniques, burn wound healing, and re-
covery of diabetic wound delays2,10,13,14. Furthermore, the 
effects of PDRN were investigated in a model of diabetes- 
impaired wound healing2. PDRN improved the skin repair 
process and enhanced wound breakage strength in dia-
betic animals. Another clinical situation characterized by 
a poor skin repair process and impaired angiogenesis is 
thermal injury13,15. The effects of PDRN were investigated 
in mice with deep-dermal, second degree burn injuries, 
and the treatment enhanced burn wound re-epithelializa-
tion and decreased time to final wound closure2,3.
PDRN has been shown to activate A2A receptor16. PDRN 
exerts anti-inflammatory effects by inhibiting mast cell de-
granulation and inflammatory cytokines. A previous study 
reported that PDRN administration reduced pro-inflam-
matory mediators, such as TNF-α, IL-6, and High-mobility 
group protein 13. PDRN markedly increased upstream sig-
naling for VEGF, as well as the mature protein in wounds, 
indicating its ability to improve the healing of wounds in 
genetically diabetic mice that exhibit wound healing im-
pairment due to defects in VEGF regulation at the gene ex-
pression level2,17,18.
In this study, we used PDRN extracted (providing BR 
Beautiful Revolution Co., Ltd., Wonju, Korea) from the tes-
tis of Oncorhynchus masou and was produced in Korea 
by itself. Currently, existing PDRNs are extracted from the 
semen of O. masou or testis of Oncorhynchus keta. In pre-
vious experiments, investigators injected PDRN into the 
abdominal cavity, but we established experimental differ-
ences by injected intra-dermally around the wound at in-
jection sites. Therefore, this study was conducted to test 
whether the PDRN used in our experiment is usable as an 
injectable agent and focused on exploring the hypothesis 
that PDRN is effective in treating the delayed wound heal-
ing of diabetic mice by increasing the expression of VEGF 

and CD31.

MATERIALS AND METHODS
Cell culture

We purchased Normal Human Primary Dermal Fibroblasts- 
Neonatal (HDF-n), isolated from human neonatal foreskin, 
from GIBCOⓇ (Invitrogen, Carlsbad, CA, USA). We inject-
ed human fibroblasts into the bottom of cell-culture dishes 
and added Dulbecco’s Modified Eagle’s Medium (DMEM; 
Welgene, Gyeongsan, Korea) containing penicillin (100 
IU/ml), streptomycin (100 μg/ml), and 10% fetal bovine 
serum (GIBCOⓇ). Then, we cultivated the dishes in an in-
cubator with a 5% CO2 atmosphere at 37oC. 

Cell viability determination

HDF-n cells (5×103 cells) were seeded into a microtiter 
plate with 96 wells and cultivated for 24 hours under 
standard cell culture conditions. We removed the media 
and rinsed the plates with Dulbecco’s phosphate-buffered 
saline (DPBS). We then induced starvation and maintained 
it for 24 hours. Next, we added new media with PDRN 
(except for media supplements) into the plate and culti-
vated the cells for 24 hours. After this, we again removed 
media with PDRN and rinsed the plate with DPBS. To as-
sess cell viability, we diluted the CCK-8 reaction solution 
with media with no added supplements at a ratio of 1:10, 
added 100 μl of the diluted solution into each well, in-
cubated the cells for one hour, and measured absorbance 
at 450 nm. To assess cell proliferation, we measured cell 
viability at 24, 48, and 72 hours.

Assessment of cell migration

We seeded HDF-n cells in IbidiTM chambers in 60 mm 
dishes at a density of 1.0×104 cells/chamber and culti-
vated them for 24 hours under standard cell culture con-
ditions. Then, we removed the chambers, rinsed them 
with DPBS, each plate added 25, 50, 100, and 200 μg/ml 
of PDRN with the media, and cultivated them under stand-
ard cell culture conditions. We observed cell migration 
with an optical microscope at each time point (0, 24, 48, 
and 72 hours).

Animals

Every animal experiment conducted for this study was ap-
proved by Chung-Ang University’s Institutional Animal 
Care and Use Committee (approval number: 2014-00007). 
We purchased seven-week-old BKS.Cg-+Leprdb/+Leprdb 
and m+/+Leprdb female mice strains from The Jackson La-
boratory in Korea. Diabetic mutations are the result of 
spontaneous point mutations in the leptin receptor gene 
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(Lepr). This mouse becomes obese after 3 to 4 weeks. The 
rise in plasma insulin begins at 10 to 14 days based on the 
information provided by the vendor, and blood glucose 
begins at 4 to 8 weeks. All mice were housed in person-
ally air-conditioned animal rooms with standard environ-
mental controls of 24oC±2oC (temperature), 50%±10% 
(humidity), and a 12-hour day/night cycle. Animals were 
allowed free access to food and underwent a one-week 
stabilization period before testing.

Wound model

Mice were anesthetized with Zoletil (30 mg/kg) and 
Rompun (10 mg/kg). The back of each mouse was divided 
into two areas according to the centerline along the back. 
Each area was inflicted with a full-thickness skin wound 4 
mm in diameter using a biopsy punch (Kai Industries Co., 
Ltd., Tokyo, Japan). The size of a wound area was meas-
ured right after the wound was inflicted by a 4-mm biopsy 
punch, in consideration of skin contraction. The size of 
the wounds inflicted by a 4-mm biopsy punch was 12.56 
mm2, which is within one standard deviation of the aver-
age size of the wounds of all mice (12.83±0.83 mm2). As 
a result, each mouse had two wounds, one serving as the 
control and the other as the test. The PBS and PDRN 
group also had their wounds injected with 50 μl into the 
wound edges of each of the wound sites on each animal 
in groups of two, using a 0.5 ml syringe and a 28.5 G 
needle. Each wound was dressed, and PDRN were ap-
plied once a day. We observed mice for general symp-
toms once a day until the test was complete. Observations 
were made six hours after PDRN intradermal injection. To 
minimize contamination of the wounds and prevent the 
PDRN from migrating and dropping out, we used TegadermTM 
films (3M, St. Paul, MN, USA). When 90% of more of the 
wound was regenerated, the test was considered com-
plete, and the mice were humanely euthanized. 

Measurement of the size and depth of wounds

We observed the surface change in the wounds of every 
mouse using a DSLR (D3200; Nikon, Tokyo, Japan) and 
Folliscope (LeedM, Seoul, Korea) at days 0, 3, 6, 9, and 
12. We captured three-dimensional (3D) images of the 
wounds with a PRIMOSLITE optical 3D skin measuring de-
vice (LMI Technologies GmbH, Teltow, Germany) and an-
alyzed them with PRIMOS software version 5.7. We mea-
sured the size and depth of the wounds to assess the time 
required for wound healing.

Histological assessment

After the mice were euthanized, we extracted skin tissue 
from the wounds and fixed them with 10% neutral-buf-

fered formalin fixative. We embedded the tissues in mol-
ten paraffin wax and the embedded tissues were sectioned 
into 5-μm slices. We stained the slices with hematoxylin 
and eosin (H&E) to observe infiltration of inflammatory 
cells, location of the muscular layer, numbers of foreign 
body reactions and inflammatory cells, re-epithelializa-
tion, proliferation of fibroblasts, and formation of blood 
vessels. We used Masson’s trichrome and van Gieson’s 
staining protocols to determine whether collagen and elas-
tic fibers were created at the wound site.

Immunohistochemistry analysis

VEGF and CD31 immunostaining was performed using tis-
sue samples collected from day 12 after the surgical pro-
cedure in order to investigate angiogenesis. Using im-
munohistochemical staining for VEGF and CD31, the 
slides from each group were assessed for intensity of ex-
pressed diaminobenzidine (DAB) chromogen. CD31 rep-
resents a highly specific marker for vascular and endothe-
lial cells.
Paraffin-embedded tissues were sectioned (5 μm), and 
the slides were subjected to antigen retrieval, with endog-
enous peroxidase activity quenched using hydrogen per-
oxide. After blocking non-specific proteins with normal se-
rum in PBS (0.1% Tween-20), slides were incubated with 
rabbit polyclonal antibodies against CD31 (ab28364; Abcam, 
Cambridge, UK) or VEGF (SC-152; Santa Cruz Biotechnol-
ogy, Santa Cruz, CA) (both at a 1:50 dilution). After wash-
ing with PBS, slides were incubated with the appropriate 
biotinylated secondary antibody, followed by conjugated 
horseradish peroxidase-labeled streptavidin (Thermo Fisher, 
Waltham, MA, USA), and then washed with PBS. The 
slides were then incubated with DAB as the chromogen, 
followed by counterstaining with diluted Harris’ H&E and 
mounting with coverslips. After staining, three high-power 
fields (×400) were randomly selected in each slide, and 
the average proportion of positive cells in each field was 
counted using the true color multi-functional cell image 
analysis management system (Image-Pro plus 7.0; Media 
Cybernetics Inc., Silver Spring, MD, USA). To rule out any 
non-specific staining, PBS was used instead of the primary 
antibody as a negative control.

Statistical analysis

Data are expressed as the mean plus or minus the stand-
ard error of the mean (mean±SEM), and statistical tables 
in this document contain figures as well as the mean of 
each group for each statistical period. Comparisons be-
tween the control group and the test group were carried 
out using PASW Statistics ver. 18.0 (IBM Corp., Armonk, 
NY, USA). The Shapiro–Wilk test was used to test whether 
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Fig. 1. Effects of polydeoxyribonucleotide (PDRN) on cytotoxicity and proliferation in human dermal fibroblast neonatal (HDF-n) cells. 
(A) The cytotoxicity of PDRN was measured using CCK-8 reaction solution in on HDF-n cells. The percentage of viable cells was 
expressed as a proportion of control cell viability, which was set to 100%. (B) The cell proliferation of HDF-n cells at 48 and 72 
hours. The number of HDF-n cells treated with PDRN. (C) The cell migration of HDF-n. We observed these results with optical 
microscopes (CKX41; OLYMPUS, Tokyo, Japan) at each time point (0, 24, 48, and 72 hours). Significant differences from the control 
group are *p＜0.05, **p＜0.01.

normal distributions were present in the data. Probability 
errors were measured by the Kruskal–Wallis one-way anal-
ysis of variance (ANOVA) on ranks. In all cases, a proba-
bility error ＜0.05 was selected as the criterion for stat-
istical significance. When comparisons with the control 
group were made, the Mann–Whitney U test and Student’s 
t-test using independent samples were used. Probability 
errors are expressed as follows: p＜0.05, p＜0.01, p＜ 

0.001.

RESULTS
PDRN has no cytotoxic effects and enhances proliferation 
in human dermal fibroblast neonatal cells

We measured the cytotoxicity of the PDRN using CCK-8 
reaction solution, which can determine the viability of 
cells, in human dermal fibroblast neonatal (HDF-n) cells. 
The percentage of viable cells was expressed as a pro-
portion of control cell viability, which was set to 100%. 
The control group was comprised of untreated HDF-n 
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Fig. 2. Polydeoxyribonucleotide (PDRN) stimulates wound healing at diabetic mouse model. (A) Folliscope images (×15) (LeedM, Seoul,
Korea). (B) Digital camera images (D3200; Nikon, Tokyo, Japan). It was confirmed that the area of the wounds was reduced visually 
with time after skin damage. PBS: phosphate-buffered saline.

cells, while the other groups consisted of HDF-n cells 
treated with PDRN at a concentration of 12.5, 25, 50, 
100, or 200 μg/ml. To assay cell proliferation in the cells 
treated with PDRN, we first determined the concentration 
of PDRN at which no cytotoxicity was observed and then 
measured cell proliferation in cells treated with that con-
centration after 48 and 72 hours. When treated with 
PDRN at concentrations of 12.5, 25, 50, 100, and 200 μ
g/ml, the number of HDF-n cells increased by 98.4%, 
105.4%, 112.6%, 125.2%, and 130.1%, respectively, 48 
hours after treatment and by 100.5%, 103.7%, 107.8%, 
117.8%, and 120.4% 72 hours after treatment (Fig. 1). We 
observed migration of HDF-n cells using an optical micro-
scope at each time point (0, 24, 48, and 72 hours). 
Compared with control cells, the space between sides of 
the scratched wound became narrower after 48 hours in 
cells treated with PDRN, but this difference was not stat-
istically significant. Together, these results show that 
PDRN has no cytotoxic effect and enhances cell 
proliferation.

PDRN improves wound healing in diabetic mice

We conducted a visual inspection to assess the progress of 
wound closure. There was no significant difference be-

tween the PBS-injected group and the PDRN-injected group 
in the m+/+Leprdb mice (hetero type) however +Leprdb/ 
+Leprdb mice (db/db) showed significant increase in gran-
ulation tissue and capillary blood vessels in the PDRN in-
jected group compared to PBS injected group (Fig. 2). At 
the same time as the visual inspection, we also measured 
and analyzed the size and depth of wounds and the asso-
ciated decreases (Fig. 3). As for the m+/+Leprdb mice, 
those injected with PBS and those with PDRN showed no 
significant differences in terms of the size of wound areas 
and wound depth. However, for +Leprdb/+Leprdb mice, 
those injected with PDRN showed a significant decrease 
in wound depth compared with those injected with PBS at 
day 6 (40.33%±3.61%, p＜0.05) and day 9 (22.75%± 
1.95%, p＜0.05).

PDRN promotes wound healing with rapid re-epitheli-
zation

H&E revealed that the wounds were recovered in order of 
PDRN injected group, PBS injected group in the m+/ 
+Leprdb mice and PDRN injected group, PBS injected 
group in the +Leprdb/+Leprdb mice in the order of date 
(Fig. 4). In the m+/+Leprdb mice group, the difference be-
tween PBS injected group and PDRN injected group was 
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Fig. 3. Polydeoxyribonucleotide (PDRN) decreases wound area and wound depth in diabetic mice. (A) Color-coded surface topography 
image captured by a PRIMOSLITE optical 3D skin measuring device, (B) graph showing changes in wound area over time after injury. 
In +Leprdb/+Leprdb mice, the reduction of the wound area in the PDRN-injected group occurred more rapidly than in the phosphate- 
buffered saline (PBS)-injected group. In both m+/+Leprdb mice and +Leprdb/+Leprdb mice, the wound area decreased faster than in 
controls, but this difference was not significant. (C) Graph showing changes in wound depth over time after injury. The PDRN-injected 
+Leprdb/+Leprdb mice recovered at a rate similar to that of PDRN-injected m+/+Leprdb mice, but the recovery of the wound depth 
was delayed in the PBS-injected +Leprdb/+Leprdb mice. The wound depth of the PBS-injected group was significantly different from 
that of the PDRN-injected group on days 6 and 9 (*p＜0.05) in +Leprdb/+Leprdb mice.
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Fig. 4. Polydeoxyribonucleotide (PDRN) promotes wound healing with rapid re-epithelization. Hematoxylin-eosin (H&E) staining was 
performed on paraffin block sections of the skin tissue 3, 6, 12 days after initial wounding. H&E staining revealed that the wounds 
were recovered in order of PDRN injected group, phosphate-buffered saline (PBS) injected group in the m+/+Leprdb mice and PDRN 
injected group, PBS injected group in the +Leprdb/+Leprdb mice in the order of date. In the m+/+Leprdb mice group, the difference 
between PBS injected group and PDRN injected group was not significant in visual examination, but tissue evaluation showed a 
clear difference between PBS injected group and PDRN injected group. Scale bars=1 mm.

not significant in visual examination, but tissue evaluation 
showed a clear difference between PBS injected group 
and PDRN injected group. The proliferation of fibroblasts 
was promoted at the wound site, the epidermis with re-ep-
ithelialization thickened, and the wound quickly closed. 
Day 12 after wound, hair follicles were formed normally, 
and skin thickness was restored normally in the m+/ 
+Leprdb mice. Thus, in the +Leprdb/+Leprdb mice, the pro-
liferation of fibroblasts and keratinocytes in the PDRN-in-
jected group compared to the PBS-injected group was 
confirmed to be rapidly restored.

PDRN helps to increases collagen synthesis

In the hetero-type m+/+Leprdb mice, those injected with 
PBS and those with PDRN showed no significant histo-
logical differences (Fig. 5). However, for diabetic +Leprdb/ 
+Leprdb mice, those injected with PDRN showed epitheli-
alization of the epidermis around the wound. In addition, 
since collagen fibers (the main component of the extra-
cellular matrix) grew relatively quickly and new capillary 
networks were formed and expanded, tissues at the wound 

site rapidly achieved a normal morphology.

PDRN promotes therapeutic angiogenesis by increased 
expression of VEGF and CD31 in a diabetic mouse model

When the intensity of DAB in the VEGF antibody was ana-
lyzed, the hetero-type m+/+Leprdb mice, those PBS in-
jected group was 38.52±0.60%, PDRN injected group 
was 67.21%±4.21%, and diabatic +Leprdb/+Leprdb mice, 
those PBS injected group was 24.38%±1.55%, PDRN in-
jected group was 32.57%±1.40%. Both hetero-type and 
homozygous types mice showed a significant increase (p＜ 
0.01) in PDRN injected group compared to PBS injected 
group. Also, when the intensity of DAB in the CD31 anti-
body was analyzed, the hetero-type m+/+Leprdb mice, 
those PBS injected group was 47.36%±0.68%, PDRN in-
jected group was 58.051%±2.68%, and diabatic +Leprdb/ 
+Leprdb mice, those PBS injected group was 8.98%± 
1.60%, PDRN injected group was 13.96%±0.64%. Both 
hetero-type and homozygous types mice showed a sig-
nificant increase (p＜0.01) in PDRN injected group com-
pared to PBS injected group (Fig. 6). 
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Fig. 5. Polydeoxyribonucleotide (PDRN) promotes skin repair in diabetic mice. (A) Masson’s trichrome stain. Red: keratin & muscle 
fiber, blue: collagen & bone, pink: cytoplasm (×40). (B) van Gieson’s stain. Blue: nuclei, bright red: collagen, yellow: cytoplasm, muscle,
fibrin, and red blood cells. For the hetero-type m+/+Leprdb mice, those injected with phosphate-buffered saline (PBS) and those with 
PDRN showed no significant differences histologically. However, for diabetic BKS.Cg-+Leprdb/+Leprdb mice, those injected with PDRN 
showed faster epithelialization of the epidermis around the wound and faster formation of collagen fiber grows compared with those 
injected with PBS (×100).

DISCUSSION

Common wound healing processes consist of complex in-
teractions among many factors that work together to re-
store damaged skin. However, in a basic disease state 
such as diabetes, normal wound healing does not occur, 
which can lead to chronic wounds19. In particular, dia-
betic foot ulcers affect 15% of diabetic patients, with most 
of these cases requiring amputation20,21. Therefore, de-

layed wound healing in diabetic patients is a threatening 
and important challenge. Research on treatments for chron-
ic delayed wound healing, such as diabetic wound heal-
ing, is ongoing. There is evidence that adequate blood 
glucose control in diabetic patients can have a significant 
impact on the rate of wounding22. Especially, PDGF-BB 
has already been approved by the FDA and is currently 
used in the treatment of chronic ulcers4. Living cell ther-
apy can be considered as simultaneous multiple growth 
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Fig. 6. Polydeoxyribonucleotide (PDRN) increases expression of vascular endothelial growth factor (VEGF) and CD31 in the regenerating 
wounds of diabetic mice. Expression levels of VEGF and CD31 in the tissues of animals sacrificed at day 12 after skin injury were confirmed
by immunohistochemical staining. (A) VEGF and (B) CD31. (C) Graph of VEGF intensity. (D) Graph of CD31 intensity. In both m+/+Leprdb

mice and +Leprdb/+Leprdb mice, the PDRN treatment group showed significantly higher expression of VEGF and CD31 than the 
PBS treatment group (analysis by Image-Pro plus 7.0), one-way ANOVA (Shapiro–Wilk p＞0.05), independent t-test assay (**p＜0.01).

factor therapy. Nonetheless, there are many reports of ad-
ministering particular growth factors, cytokines, proteins, 
or hormones and achieving remarkable results in various 

models of wound healing, including all of the growth fac-
tors and further targets described above23,24.
PDRN can stimulate VEGF production under the patho-
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logical conditions of low tissue perfusion and acts through 
stimulation of the A2A receptor. In addition, acute and chron-
ic toxicity studies have shown a good safety profile. PDRN 
has been shown to be effective in experimental models of 
peripheral arterial occlusive disease, damaged wound 
healing, and thermal injury2,10,13,25,26. Based on this in-
formation, our study attempted to determine the effects of 
direct injection of PDRN on the healing of diabetic 
wound.
We confirmed that, when HDF-n cells were treated with 
200 μg/ml of PDRN, there was no cytotoxicity, and cell 
proliferation increased in a dose-dependent manner at 48 
and 72 hourrs. Then, we evaluated the proliferative ca-
pacity of dermal fibroblasts, then, we evaluated the pro-
liferative capacity of dermal fibroblasts, we confirmed the 
effect of PDRN concentration at 50 μg/ml, 100 μg/ml on 
fibroblast proliferation, and we verified that dermal fibro-
blast migration was increased compared to the control 
group. 
Therefore, we hypothesized that PDRN treatment would 
increase the proliferation of dermal fibroblasts, which would 
lead to an increase in intra-epidermal collagen fibers. For 
this test, heterozygote m+/+Leprdb mice and homozygous 
+Leprdb/+Leprdb mice were selected to eliminate the pos-
sibility that wound healing of wild-type normal mice 
through scar contraction would affect the test. And we in-
vestigated the mechanisms of this process by establishing 
a wound healing model in a diabetic mouse model. 
As a result, we found that PDRN can improve wound 
healing in diabetic mice; wound depth was significantly 
reduced in the PDRN-injected group compared to the 
PBS-injected group. In the visual evaluation, the difference 
between the wound healing groups was not significant. 
However, H&E staining showed that the wound healing of 
the PDRN injected group was faster than that of the PBS 
injected group in both heterozygous and homo mice. 
Masson’s trichrome staining and van Gieson staining re-
vealed that the epidermal layer of the wound was com-
pletely regenerated, and that the rapid growth of collagen 
fibers, the main constituent of the extracellular matrix, 
prompted the maturation of the wound tissue to normal 
tissues in PDRN-injected mice. 
Also, immunohistochemical stain results suggested that 
angiogenesis was promoted in the diabetic mouse PDRN- 
injected group through an increase in expression of VEGF 
and CD31 compared to the control group. Although vari-
ous growth factors are involved in the wound healing 
process, adequate amounts of growth factors must be se-
creted in a timely manner for proper wound healing to 
occur. Therefore, we examined VEGF and CD31 expres-
sion at the latest time point (day 12) in our study. There-

fore, in the +Leprdb/+Leprdb mice, PDRN is expected to 
induce sustained and enhanced expression of VEGF through 
stimulation of the A2A receptor, and it can be argued that 
the increased expression of VEGF and CD31 causes angio-
genesis for wound healing.
However, we need to further evaluate the expression of 
factors associated with wound healing at the protein or 
mRNA level to verify and expand our results. We also 
plan to further investigate how PDRN affects inflammation 
or remodeling during wound healing.
In conclusion, all of these results demonstrated the effi-
cacy of PDRN as an intradermal injection for the promo-
tion of wound healing. We expect that our PDRN intra-
dermal injections will be helpful in the clinical study of 
delayed or chronic wound healing, because we demon-
strated that PDRN injection led to increased expression of 
certain angiogenesis factors and supported the formation 
of collagen fibrils in mouse model. 
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