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BACKGROUND: Diabetic wounds have become one of the most challenging public health issues of the 21st cen-
tury, yet there is no effective treatment available. We have previously shown that the diabetic
wound healing impairment is associated with increased inflammation and decreased expression
of the regulatory microRNA miR-146a. We have conjugated miR-146a to cerium oxide
nanoparticles (CNP-miR146a) to target reactive oxygen species (ROS) and inflammation. This
study aimed to evaluate the consequences of CNP-miR146a treatment of diabetic wounds.

STUDY DESIGN: Eight-millimeter wounds were created on the dorsal skin of Db/Db mice and treated with PBS
or differing concentrations of CNP-mir146a (1; 10; 100; or 1,000 ng) at the time of wounding.
Rate of wound closure was measured until the wounds were fully healed. At 4 weeks post-
healing, a dumbbell-shaped skin sample was collected, with the healed wound in the center,
and an Instron 5942 testing unit was used to measure the maximum load and modulus.

RESULTS: Our data showed that diabetic wounds treated with PBS or 1 ng CNP-miR146a took 18 days
to heal. Treatment with 10, 100, or 1,000 ng of CNPþmiR-146a effectively enhanced
healing, and wounds were fully closed at day 14 post-wounding. The healed skin from the
CNP-miR146a-treated group showed a trend of improved biomechanical properties
(increased maximum load and modulus), however it did not reach significance.

CONCLUSIONS: We found that a 100-ng dose of CNP-miR146a improved diabetic wound healing and did
not impair the biomechanical properties of the skin post-healing. This nanotechnology-based
therapy is promising, and future studies are warranted to transfer this therapy to clinical
application. (J Am Coll Surg 2019;228:107e115. � 2018 by the American College of
Surgeons. Published by Elsevier Inc. All rights reserved.)
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Diabetes has reached pandemic proportions worldwide.
Complications of diabetes, such as impaired wound heal-
ing, represent a significant medical problem; the annual
cost of diabetic lower extremity ulcers alone ranges from
$9 billion to $13 billion, in addition to the cost for
management of diabetes mellitus alone.1,2 In addition,
an ulcer of the lower extremity precedes 85% of all dia-
betic lower extremity amputations, and is the primary
cause for hospitalization among diabetics.3 Despite the
enormous impact of these wounds on both individuals
and society, effective therapies are lacking. Therefore,
the modification or correction of diabetic impaired
wound healing has far-reaching consequences, both on
patient outcomes and on health care expenditures.
Normal wound repair follows an orderly and well-

defined sequence of events that requires the interaction
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Abbreviations and Acronyms

CNP ¼ cerium oxide nanoparticles
Db ¼ diabetic
IL-6 ¼ interleukin-6
IL-8 ¼ interleukin-8
miR-146a ¼ microRNA-146a
NFkB ¼ nuclear factor kappa B
ROS ¼ reactive oxygen species
STZ ¼ streptozocin
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of many cell types and growth factors, and it is divided
into inflammatory, proliferative, and remodeling phases.4

In diabetic wounds, this complex orchestration of wound
healing processes and phases are disrupted. Although the
etiology is multifactorial, increased and persistent
inflammation and increased oxidative stress have been
implicated as central features of the wound healing
impairment and complications in people with diabetes.5-10

The diabetic wound healing impairment and ulcer for-
mation starts with a predisposed susceptibility for injury
at baseline. We have previously shown that unwounded
murine diabetic skin is biomechanically inferior when
compared with skin on nondiabetic controls.11 We found
that murine diabetic skin had a much lower maximum
stress and a decreased modulus of elasticity. We also
showed that the biomechanical properties of diabetic
skin decline during the progression of the diabetic pheno-
type, which increases the susceptibility of diabetic skin to
injury.9 On the other hand, we found that at 4 weeks after
wounding, healed murine diabetic wounds showed no
significant difference in biomechanical properties when
compared with nondiabetic wounds.11 Diabetic
maximum stress and modulus were similar to those in
nondiabetic samples.
Small RNA molecules or microRNA (miRNA) have

been demonstrated to regulate the protein production of
proinflammatory cytokines at the post-transcription
level.12,13 In particular, miR-146a has been described as
one of the key regulatory molecules in the inflammatory
response, acting as a “molecular brake” on the inflamma-
tory response. MiR-146a targets and represses
interleukin-1 receptor-associated kinase 1 (IRAK1) and
tumor necrosis factor receptor-associated factor 6
(TRAF6). These 2 key adapter molecules of the NFkB
pathway increase NFkB activity, resulting in increased
expression of the genes interleukin (IL)-6 and IL-8.14-18

We recently showed that diabetic wounds have decreased
expression of miR-146a during the wound healing
response.18 We demonstrated that decreased miR-146a
resulted in increased gene expression of its target genes,
interleukin-1 receptor-associated kinase 1 and tumor
necrosis factor receptor-associated factor 6, and a subse-
quent increase in NFkB signaling. Decreased expression
of miR-146a in diabetic wounds may be responsible for
the increased gene expression of the pro-inflammatory
cytokines IL-6 and IL-8/MIP-2 and the increased inflam-
mation seen in diabetic wounds.
Some diseases, including diabetes, have been linked to

accumulation of reactive oxygen species (ROS) and their
undesired effects, such as the activation of redox-sensitive
transcription factors, especially NFkB.19,20 This resulted in
increased expression and production of proinflammatory
cytokines such as IL-6 and IL-8, which are key mediators
of inflammation. Recently, nonviral miRNA delivery stra-
tegies using nanoparticles demonstrated success. One
particular type of nanoparticles present several advantages
as an appropriate vehicle to deliver therapeutic miRNAs
to a diabetic wound site. Cerium oxide nanoparticles
(CNP) possess auto-regenerative, radical-scavenging
properties due to the nanocrystalline structure of cerium
oxide and the valence structure of the cerium atom caused
by coexistence of 2 oxidation states reversibly switchable
between 3þ and 4þ in the presence of ROS.21-23 By scav-
enging the excess of ROS, these nanoparticles may be able
to eliminate oxidative stress and correct the imbalance
between oxidants and antioxidative enzymes in diabetic
wounds.
Therefore, we propose that delivery of the anti-

inflammatory miR-146a via conjugation with the
antioxidative stress CNP (CNP-miR146a) decreases
inflammation and oxidative stress, which will result in
correction of impaired healing and improved biomechan-
ical properties of the healed skin.
METHODS

Diabetic mouse model

All experimental protocols were approved by the Institu-
tional Animal Care and Use Committee at University of
Colorado Denver - Anschutz Medical Campus and
followed the guidelines described in the NIH Guide for
the Care and Use of Laboratory Animals. For all experi-
ments, 12-week-old female mice homozygous for the
Leprdb mutation (db/db) were used (BKS.Cg-
Dock7mþ/þLeprdb/J, strain No. 000642, Jackson
Laboratory).

Cerium oxide nanoparticles synthesis and
characterization

The CNP nanoparticles were synthesized using simple
wet chemistry methods, as described previously.24 In a
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typical synthesis, a stoichiometric amount of cerium
nitrate hexahydrate (99.999% from Sigma-Aldrich) was
added to 50 mL of deionized water (18.2 MV) and stirred
for 1 hour. The cerium (III) ions in the solution were
oxidized to cerium (IV) oxide using excess hydrogen
peroxide. After that, the pH of the solution was kept
below 3.5 1 N nitric acid to maintain the synthesized ceria
nanoparticles in suspension. Crystalline nanoparticles of
cerium oxide form immediately on oxidation. Nanopar-
ticles were isolated by centrifugation at 8,000 g for 10 mi-
nutes. Ten mM of nanoceria was prepared from 5 mM of
nanoceria suspension by small aliquot dilution in pure
water. Hydrodynamic size and zeta potential measure-
ments were carried out at varying pH using dynamic light
scattering measurements from Zeta Sizer Nano (Malvern
Instruments), which uses a laser with wavelength at 633
nm. Different pH values in the suspension were adjusted
using either ammonium hydroxide or nitric acid.

Murine wound healing model and treatment

Mice were anesthetized with inhaled isofluorane. Each
mouse was shaved and depilated before wounding. The
dorsal skin was swabbed with alcohol and Betadine (Pur-
due Pharma). Each mouse underwent a single dorsal full-
thickness wound (including panniculus carnosum) with
an 8-mm punch biopsy (Miltex Inc). These wounds
were treated with 50 mL of PBS, 100 ng of CNP alone,
106 pfu of lent-imiR146a, or differing concentrations of
CNP-miR146a (1; 10; 100; or 1,000 ng) at the time of
wounding (Fig. 1A). All wounds were dressed with
Tegaderm (3M), which was subsequently removed on
postoperative day 2. Postoperatively, the mice received a
subcutaneous injection of an analgesic, buprenorphine
(Schering-Plough Animal Health Corp).

Murine wound area measurement

Photographs were obtained with a Nikon camera (Nikon)
using a ruler for each image. ImageJ software (National
Institutes of Health; http://rsbweb.nih.gov/ij/) was used
to calculate the wound area of each mouse every other
day. A blinded observer analyzed the size of each wound.
Wound area was plotted as a function of time.

Biomechanical testing of murine skin

Biomechanical testing was performed on a full-thickness
skin area from the treated mice, including the wounded
area. Biomechanical testing was done 28 days post-
healing on wounded skin treated with PBS or
CNP-miR146a (1; 10; 100; or 1,000 ng). Skin samples
immediately underwent testing after harvest; all samples
had their subcutaneous tissue removed, and a uniform,
dumbbell-shaped testing unit was stamped out using
well-established, previously described techniques.9,11 Cra-
nial-caudal orientation was preserved. Two Verhoeff stain
lines were placed on either end of the dumbbell shape,
demarcating the gauge length of the testing area. The
mean cross-sectional area of the samples tested was calcu-
lated as precisely as possible to ensure that an accurate
modulus and maximum stress were calculated. The ends
of the testing unit were fixed between sandpaper using a
cyanoacrylate adhesive to prevent slipping. The testing
unit was mounted in custom designed fixtures and tested
in tension using an Instron 5543 test frame (Instron).
Each testing unit underwent a previously established pro-
tocol. In short, the testing unit was preloaded to 0.005
Newtons (N), held for 120 seconds, and then subjected
to a constant increase in force until the sample failed (as
evidenced by tearing of the skin) and was no longer
able to hold tension. Maximum stress to failure was calcu-
lated using linear regression from the linear region of the
stress-strain curve. The modulus of elasticity was
calculated as the slope of the stress-strain curve within
the elastic region of the ramp to failure.

Swine excisional wound model and treatment

A Yorkshire white male pig was used in this study. All
procedures were approved by the Ohio State University
Institutional Laboratory Animal Care and Use Commit-
tee (ILACUC). To induce diabetes, the pig was injected
with streptozocin (STZ) (75 mg/kg body weight) only
once. To avoid hypoglycemia due to insulin released by
the destroyed beta cells, 200 mL of a 5% glucose solution
were given over a period of 1 hour after STZ application.
Four weeks after STZ injection, the pig (47 kg) was
sedated by Telazol (Butler Schein) and anesthetized by
mask with isoflurane (3% to 4%). The dorsal region
was shaved. The skin was surgically prepared with alter-
nating chlorhexidine 2% and alcohol 70% (Butler Schein)
scrubs. Under such aseptic conditions, 2 sets of 5 full-
thickness excisional wounds (1”�1”) were established
on the back of pigs with a depth of approximate 2 cm,
to reach the subcutaneous fat in all wounds. A total of
5 wounds were created on each side of the back. A scaled
plastic template was used to create the wounds at fixed
distance from each other and from the spine (4 cm), start-
ing below the lower border of the scapula on the dorsum
of the pig. Wounds from 1 side of the back were treated
with a CNP-miR146a (100 ng) followed by dressing with
Tegaderm, while the wounds from the contralateral side
of the back were dressed with Tegaderm only and received
only PBS (control). Digital photographs were taken on
days 0, 3, 7, 10, and 14 for measurement of the wound
area. The pig was maintained on 12-hour lightedark
cycles and was euthanized 14 days post-wounding.

http://rsbweb.nih.gov/ij/


Figure 1. Cerium oxide nanoparticles (CNP)-miR146a improve diabetic wound healing. (A) Graphic representa-
tion of the wounding protocol and treatment in the diabetic mouse. (B) Graphic representation of nondiabetic
wounds (PBS), diabetic wounds (PBS), and diabetic wounds treated with 100 ng CNP, 106 PFU LentimiR-146a, or
100 ng of CNP-miR146a at day 7 post-wounding. *p < 0.05 compared with nondiabetic wounds and #p<0.05
compared with diabetic wounds by Student’s t-test. (C) Representative photographs (days 12, 14, and 16 post-
wounding) of diabetic murine wounds treated with 0 (PBS), 1, 10, 100, or 1,000 ng of CNP-miR146a at the time
of wounding. (D) Graphic representation of wound closure timeline in diabetic wounds treated with 0 (PBS), 1, 10,
100, or 1,000 ng of CNP-miR146a at the time of wounding. n ¼ 3 per group; *p < 0.05 comparing 0 to 1 ng, 0 to
10 ng, 0 to 100 ng, or 0 to 1,000 ng; # p < 0.05 comparing 0 or 1 ng to 10, 100, or 1,000 ng by Student’s t-test.
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All wounds were digitally photographed in the presence of
a standard reference ruler. Wound area was calculated us-
ing the ImageJ software. The pig was maintained on stan-
dard chow ad libitum, fasted overnight before the
procedures, and housed individually in the animal facility.
The pig was maintained on 12-hour lightedark cycles
and was euthanized after the completion of experiments.

Swine wounds histologic analysis

At day 14 post-wounding, the animal was euthanized and
the wound-edge tissue (2 cm from the edge) was collected
in formalin from the control (PBS) and treated (1,300 ng
CNP-miR146a). Five-micron microtomed sections were
placed on positive charged slides. Some slides underwent
Masson’s Trichrome staining. The rest of the slides were
deparaffinized. Once sections were hydrated they were
placed in citrate buffer pH 6.0, and heat-induced epitope
retrieval was performed using the Biocare Medical’s
Decloaker. The slides were then stained using Leica’s
Bond Rx instrument, and all reagents were applied robot-
ically onto slides. The slides were incubated with primary
CD45 and CD31 antibodies (BD Biosciences) at 1:50
dilutions. They were developed with a Vectastain Elite
ABC kit with secondary antibody (Vector Laboratories).
A blinded observer analyzed the numbers of CD31-
positive and CD45-positive cells per high-power field.
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Statistical analysis

The t-test was used to analyze the data. All data were
expressed as the mean � SEM and a value of p < 0.05
was considered significant.
Figure 2. Cerium oxide nanoparticles (CNP)-miR146a maintained
the biomechanical properties of diabetic skin post-healing.
Figure 2A displays the maximum load and 2B displays the
modulus of skin samples collected at day 28 post-healing from
wounds treated with 0 (PBS), 1, 10, 100, or 1,000 ng of CNP-
miR146a at the time of wounding. Student’s t-test showed no sig-
nificant difference between the treatment groups.
RESULTS

Treatment of diabetic wounds with CNP-miR146a
accelerates healing

Figure 1B shows the percentage of original wound area at
day 7 post-wounding for nondiabetic wounds (PBS), dia-
betic wounds (PBS), and diabetic wounds treated with
100 ng CNP, 106 PFU LentimiR-146a, or 100 ng of
CNP-miR146a. The percentage of open wounds among
diabetic wounds is significantly higher than in nondia-
betic wounds at day 7 post-wounding. Treatment with
100 ng of CNP-miR146a significantly enhances diabetic
wound healing. On the other hand, CNP or miR-146a
alone did not improve healing. Treatment of diabetic
wounds with the CNP-miR146a resulted in a significant
improvement of wound healing. Diabetic wounds treated
with PBS (0 ng) were significantly larger at days 14 and
16 compared to diabetic wounds treated with CNP-
miR146a (Fig. 1C). Our data showed that diabetic
wounds treated with PBS or 1 ng CNP-miR146a took
18 days to heal. Treatment with 10, 100, or 1,000 ng
of CNPþmiR-146a effectively enhanced the rate of
wound closure, and wounds were fully closed at day 14
post-wounding (Fig. 1D).

Diabetic skin maintained its biomechanical prop-
erties post-healing

At 4 weeks after wounding, healed murine diabetic
wounds treated with (1, 10, or 100 ng) CNP-miR146a
showed a trend toward improved biomechanical proper-
ties compared with the PBS-treated wounds; however, it
did not reach significance (Fig. 2A). The average modulus
for the healed skin treated with PBS was 11.09 � 5.98
MPa (Fig. 2B). For the healed skin treated with 1, 10,
100, and 1,000 ng of CNP-miR146a, the average
modulus was 13.5 MPa, 13.71 MPa, 12.6, and 8.5
MPa, respectively (Fig. 2B).

Diabetic skin did not develop any pathologic ab-
normalities after treatment

Histopathologic microscopic examination of skin samples
from mice treated with PBS or different doses of CNP-
miR146a did not reveal any pathology or lesions
(Fig. 3). In addition, no soft tissue abnormalities were
noted in the majority of tissues; multiple soft tissues
were microscopically reviewed, there was excess adipose
tissue, but nothing appeared abnormal for this strain of
diabetic mouse.
CNP-miR146a improves healing in a clinically rele-
vant model of diabetes

To induce diabetes, the pig was injected with STZ (75mg/
kg bodyweight) only once, as shown in Figure 4A.Wounds
were created at 1 month post-STZ injection. Five of 10
wounds on the right side were treated with CNP-
miR146a at day 0, as shown in Figure 4B. Digital imaging
of the wounds was performed on days 0, 3, 7, 10, and 14 for
measurement of wound area. Figure 4C shows representa-
tive digital photographs of 2 wounds at day 14, 1 treated
with PBS and another with CNP-miR146a. These photo-
graphs show that at day 14 post-wounding, the wound
treated with CNP-miR146a is clearly smaller in size
compared with the wound treated with PBS.



Figure 3. Cerium oxide nanoparticles (CNP)-miR146a did not induce any pathologic abnormalities in the diabetic skin post-healing. Histo-
pathologic microscopic examination of skin samples from diabetic wounds treated with 0 (PBS), 1, 10, 100 ng of CNP-miR146a at day 28
post-healing.
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Figure 4D shows graphic analysis of the areas of all 10
wounds, measured by digital planimetry. At day 10, the
PBS-treated wounds had an average surface area of
6.8 cm2 � 0.46; the surface area of the CNP-miR146a
treated wounds was 4.8 cm2 � 0.24. By day 14, the
average surface areas of the PBS and CNP-miR146a
treated wounds were 4.63 cm2 � 0.21 and
3.06 cm2 � 0.28, respectively (Data expressed as
mean � SEM, *p < 0.05).

CNP-miR146a decreases inflammation and in-
creases angiogenesis in diabetic wounds

The effect of CNP-miR146a treatment on inflammation
was assessed using immunohistochemistry for CD45, the
common leukocyte antigen. Representative photos of
immunoperoxidase staining for CD45 at 14 days in
swine diabetic wounds treated with PBS or CNP-
miR146a are demonstrated in Figure 5A. Quantitative
analysis of diabetic wounds treated with CNP-
miR146a demonstrated a significant decrease in CD45-
positive cells compared with PBS-treated diabetic
wounds (Fig. 5B).
The effect of CNP-miR146a treatment on angiogenesis

was assessed using immunohistochemistry for endothelial
marker CD31. Representative photos of immunoperoxi-
dase staining for CD31 at 14 days in swine diabetic
wounds treated with PBS or CNP-miR146a are shown
in Figure 5A. Quantitative analysis of diabetic wounds
treated with CNP-miR146a demonstrated a significant
increase in the number of vessels compared with PBS-
treated diabetic wounds (Fig. 5B).
The effect of the CNP-miR146a on fibrosis was

assessed at 14 days using trichrome staining. Represen-
tative sections from both PBS- and CNP-miR146a-
treated wounds are displayed in Figure 5. Treatment
with CNP-miR146a did not result in a significant
change in fibrosis compared with the PBS-treated
diabetic wounds.
DISCUSSION
This study demonstrates the potential of a novel therapeu-
tic agent for diabetic wounds, CNP-miR146a. Local
treatment of the diabetic wound with CNP or miR146a
alone did not have an effect on the rate of wound closure
in diabetic wounds; however; treatment with CNP-
miR146a conjugate resulted in reduced time to wound
healing, with increased strength and elasticity in a murine
model (Figs. 1 and 2). This was further validated in a
porcine model in which treatment with CNP-miR146a
resulted in reduced time to wound healing, with associ-
ated decreased inflammation and increased angiogenesis
(Figs. 4 and 5). No adverse effects from treatment with
CNP-miR146a were seen in the murine or porcine model
(Fig. 3). These findings are promising for the clinical
application of this nanoparticle therapeutic in the chal-
lenging area of diabetic wound healing.
Previous studies have demonstrated the important role

of miR-146a in decreasing pathologic inflammation in
the diabetic wound and have shown that the treatment
of diabetic wounds with mesenchymal stem cells increased
miR-146a expression.18 However, application of mesen-
chymal stem cells as a therapeutic remains challenging,
highlighting the need for a different delivery mechanism,
such as conjugated nanoparticles. In another murine
wounding model, application of cerium oxide nanopar-
ticles has demonstrated accelerating wound healing
through proliferation of fibroblasts, keratinocytes, and
vascular endothelial cells.23 This is likely related to the
ROS scavenging properties of cerium oxide nanoparticles
as well as modulation of the intracellular oxygen environ-
ment.25,26 Therefore, combining these properties of
cerium oxide nanoparticles with the anti-inflammatory
properties of miR-146a, as in our study, results in
decreased inflammation, increased angiogenesis, and
improved wound healing.
Wound healing progresses through inflammatory, pro-

liferative, and remodeling phases. In diabetic wounds,



Figure 4. Cerium oxide nanoparticles
(CNP)-miR146a improves healing of
diabetic swine wounds. (A) Graphic
representation of the protocol used to
induce diabetes in the pig. (B) Graphic
representation of the wounding pro-
tocol and treatment in the diabetic
pig. (C) Representative digital photos
of diabetic pig wounds treated with
PBS (left) or 1300 ng of CNP-
miR146a. (D) Graphic representation
of wound closure with time of PBS
and CNP-miR146a treated wounds.
*p < 0.05, by Student’s t-test. Com-
parison was performed between PBS
and CNP-miR146a treated wounds.
BW, body weight; STZ, streptozocin.
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these phases are dysregulated with a prolonged inflamma-
tory phase. Treatment with CNP-miR146a decreases the
inflammation in the wound and allows the wound to
progress to the proliferative and remodeling phase
(Fig. 5). This is supported by our study; the porcine
model not only demonstrates a statistically significant
improved rate of wound closure in the treatment group,
but also, improved granulation tissue and wound appear-
ance of CNP-miR146a group at 14 days (Fig. 4). Further-
more, there is evidence to suggest dysregulation in the
proliferative and remodeling phases as well, with diabetic
skin demonstrating decreased collagen I levels and
collagen I:III ratios compared with normal skin. This is
associated with decreased strength and elasticity on evalu-
ation with biomechanical testing.9,11 Our study suggests
that this inherent dysregulation of proliferation and
remodeling, with resulting decreased strength and elastic-
ity, may be corrected with CNP-miR146a treatment, but
further testing is needed. Compared with other therapeu-
tics on the market that decrease time to wound healing,



Figure 5. Cerium oxide nanoparticles (CNP)-miR146a-treated wounds showed similar fibrosis levels, decreased
inflammation, and increased angiogenesis. (A) Masson’s trichrome, CD45þ, and CD31þ staining of represen-
tative sections of diabetic swine wounds after 14 days of treatment with treated with PBS (n ¼ 5) or
CNP-miR146a (n ¼ 5). (B) Quantitative analysis of number of CD45 positive cells and number of vessels (CD31
staining) per 20� field. *p < 0.05, by Student’s t-test. Comparison was performed between PBS and
CNP-miR146a treated wounds.
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such as platelet-derived growth factor, CNP-MiR146a has
the ability to improve both time to wound closure and ul-
timate skin strength.27

A strength of this study includes the use of a porcine
wounding model in addition to a murine model. Porcine
skin better represents wound healing seen in humans with
regard to granulation tissue and epithelialization,
providing a more clinically relevant model than mice.
The persistent hyperglycemia induced in pigs leads to
delayed epithelialization and impaired wound healing,
similar to that in human diabetic wounds.
Diabetic mice are a well-established model for

dysfunctional wound healing, but this model is limited
due to the contracture that occurs in mice during
healing. Other authors have used devices to prevent
wound contracture in mice, but this model still does
not account for granulation seen in human wound heal-
ing. Therefore, we chose to move further study to the
porcine model. Diabetic mice are a well-established
model for dysfunctional wound healing, but this model
is limited due to the contracture that occurs in mice dur-
ing healing. Other authors have used devices to prevent
wound contracture in mice, but this model still does
not account for granulation seen in human wound heal-
ing. Therefore, we chose to move further study to the
porcine model. The porcine model is limited due to
the acute nature of induced diabetes and a lack of
long-term diabetic sequela.
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CONCLUSIONS
In conclusion, CNP-miR146a improves wound healing
in a murine and porcine diabetic wound model without
compromising wound strength or elasticity. Future direc-
tions include validation in human clinical trials.
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