
O R I G I N A L  R E S E A R C H

Accelerated Wound Healing in Diabetic Rat by 
miRNA-185-5p and Its Anti-Inflammatory Activity
Kui-Xiang Wang1, Li-Li Zhao1, Ling-Tao Zheng2, Li-Bin Meng1, Liang Jin3, Long-Jun Zhang4, Fan-Lei Kong1, 
Fang Liang 2

1Department of Orthopaedics, Xingtai People’s Hospital of Hebei Medical University, Xingtai, Hebei Province, 054000, People’s Republic of China; 
2Department of Endocrinology, Xingtai People’s Hospital of Hebei Medical University, Xingtai, Hebei Province, 054000, People’s Republic of China; 
3Department of Hand and Foot Surgery, Xingtai People’s Hospital of Hebei Medical University, Xingtai, Hebei Province, 054000, People’s Republic of China; 
4Department of Plastic and Burn, Xingtai People’s Hospital of Hebei Medical University, Xingtai, Hebei Province, 054000, People’s Republic of China

Correspondence: Fang Liang, Email 1628960867@qq.com 

Aim: Addressing both inflammation and epithelialization during the treatment of diabetic foot ulcers is an important step, but current 
treatment options are limited. MiRNA has important prospects in the treatment of diabetic foot refractory wound ulcers. Previous 
studies have reported that miR-185-5p reduces hepatic glycogen production and fasting blood glucose levels. We herein hypothesized 
that miR-185-5p might play an important role in the field of diabetic foot wounds.
Materials and Methods: MiR-185-5p in skin tissue samples from patients with diabetic ulcers and diabetic rats were measured using 
quantitative real-time PCR (qRT-PCR). The streptozotocin-induced diabetes rat model (male Sprague-Dawley rats) for diabetic wound 
healing was conducted. The therapeutic potential was observed by subcutaneous injection of miR-185-5p mimic into diabetic rat 
wounds. The anti-inflammation roles of miR-185-5p on human dermal fibroblast cells were analyzed.
Results: We found that miR-185-5p is significantly downregulated in diabetic skin (people with DFU and diabetic rats) compared to 
controls. Further, in vitro upregulation of miR-185-5p decreased the inflammatory factors (IL-6, TNF-α) and intercellular adhesion 
molecule 1 (ICAM-1) of human skin fibroblasts under advanced glycation end products (AGEs). Meanwhile, the increase of miR-185- 
5p promoted cell migration. Our results also confirmed that the topical increase of miR-185-5p decreases diabetic wound p-nuclear 
factor-κB (p-NF-κB), ICAM-1, IL-6, TNF-α, and CD68 expression in diabetic wounds. MiR-185-5p overexpression boosted 
re-epithelization and expedited wound closure of diabetic rats.
Conclusion: MiR-185-5p accelerated wound healing of diabetic rats, reepithelization, and inhibited the inflammation of diabetic 
wounds in the healing process, a potentially new and valid treatment for refractory diabetic foot ulcers.
Keywords: diabetes, miRNA, wound healing, inflammation

Introduction
Diabetic foot ulcers (DFU) are one of the most debilitating complications of long-term diabetes. DFU is at least partly the 
result of infection of uncontrolled foot wounds caused by neuropathy, peripheral arterial disease1,2 and chronic low-grade 
inflammation.3 Long-term hyperglycemia promotes the activation of NF-κB,4 leading to chronic inflammation5 and impairing 
skin fibroblast activation.6 Difficult healing of foot ulcers in diabetes is a complex problem in clinical diseases. However, the 
treatment of refractory diabetic foot ulcers is insufficient, and better therapeutic interventions are urgently needed.

Chronic inflammation is involved in the onset and development of diabetic complications.7 One of the significant 
elements implicated in this inflammatory reaction is NF-κB, which is activated by many stimuli relevant to diabetic foot 
(including pro-inflammatory cytokines and AGEs).8,9 NF-κB is a crucial nexus in regulating many chemokines, cell 
adhesion proteins such as ICAM-1, and inflammatory cytokines (IL-6, TNF-α, and so on).10,11 Clinical observation 
reports that increased serum/plasma ICAM-1 level in patients with type 1 diabetes (T1DM) and type 2 diabetes is 
positively correlated with proteinuria.12 The chronic inflammatory state contributes to long-term complications of 
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diabetes, including retinopathy, cardiovascular disease, DFU, and nephropathy.7 How to improve the low-grade inflam-
matory state of diabetes so as to reduce the difficulty of diabetes foot healing needs further discussion.

Fibroblasts are primary proto-resident cells involved in diabetic wound healing, including the decomposition of fibrin 
clots, the formation of the extracellular matrix (ECM), and shrinkage of the wound.13,14 Inflammatory disorders of the 
skin are frequently associated with refractory diabetic foot ulcers.3 Studies have shown that the pathogenic phenotype 
leading to chronic inflammation in diabetic wounds is associated with the effects of the reactive glucose metabolite 
methylglyoxal,15 AGEs,16 and migration inhibitor (MIF) on dermal cells.6 Dermal fibroblasts from diabetic donors 
exhibited insulin-induced decreased glucose uptake and reduced insulin receptor expression.

In vitro culture of dermal fibroblasts from diabetic donors exhibited Increased secretion of IL-6 and MIF in fibroblasts 
from diabetic donors and decreased secretion of procollagen type I C peptide (PICP, a marker of collagen production).6 

How to improve the low inflammatory state of diabetic skin fibroblasts to facilitate the closure of diabetic foot refractory 
ulcers deserves our consideration.

Several miRNAs (miRs) have been closely correlated with the progression and severity of diabetic foot refractory 
wounds.17 Some studies have reported that miR-31-5p has been shown to improve wound healing,18 and miR-26a could 
increase the severity of DFU.19 Moreover, topical application of miR-155 inhibitors on diabetic wounds can increase the 
expression of fibroblast growth factor 7 in diabetic wounds, decreases wound inflammation, increase reepithelialization, 
and thus accelerate wound closure.20 Yanhui et al have reported that miR-145a-5p blocked M1 macrophage polarization 
while promoting in vitro M2 phenotypic activation, an anti-inflammatory effect that makes miR-145a-5p mimics to 
accelerate diabetic wound closure.21 Previous studies have reported that miR-185-5p reduces hepatic glycogen produc-
tion and fasting blood glucose levels.22 Li reported that miR-185-5p was steeply decreased in diabetic nephropathy mice 
models and high glucose (HG) state-induced HK-2 cells.2 The overexpression of MiR-185-5p significantly reduced the 
expression of pro-inflammatory cytokines in RAW264.7 macrophages and strongly inhibited phagocytosis.18 However, 
the role of miR-185-5p in the anti-inflammatory effect of the diabetic wound healing process remains elusive.

This work analyzed the differential expression of miR-185-5p and the secretion of several inflammatory cytokines in DFU 
and nondiabetic patients. In addition, to simulate the situation in the skin of diabetic patients, we analyzed the secretion of 
these inflammatory cytokines and the expression of miR-185-5p in cultured human skin fibroblasts exposed to glucose 
metabolites AGEs. Later, we further investigated the roles of miR-185-5p on wound healing in rat models of type 1 diabetes 
and human skin fibroblasts exposed to AGEs. This study may provide a new approach to treating diabetic chronic ulcers.

Methods
Animals Model for Diabetic Wound Healing
24 Male Sprague-Dawley (SD) rats (10–12 weeks old, 250–350g) were bought from Laboratory Animals of HeBei 
Medical University (HMU) (Shijiazhuang, Hebei, China). They were reared in a 22–24 degrees environment. The 
environment gave the rats free access to water and food in the pathogen-free facilities of the HMU experimental Animal 
Lab. The Institutional Animal Care Committee of HMU agreed upon all animal research.

After two weeks of adaptive feeding, the rats were accepted 40 mg/kg streptozotocin (STZ) (Sigma, USA) (100 mM 
citrate-buffered saline solution, pH 4.5) by intraperitoneal injection.23 After two injections of STZ on days 1 and 3, the 
blood glucose test (> 16.7 mmol/L) confirmed successful induction of diabetes on day 1st, day 3rd, and day 7th. The 
glucose level of all rats in wound healing remained at more than 16.7 mM within the experimental procedure. Rats were 
preserved for type 1 diabetes mellitus (T1DM) disease for 6 weeks before the wounding experiments.

The wound induction experiment was as described in previous experiments.23 Briefly, the normal and diabetic rats’ 
back hair was shaved off, and the rats were anaesthetized with isoflurane. A 1.0 cm diameter full-thickness circular 
wound of the rat was made on the dorsal skin by a round hole punch and surgical scissors. Then, the rats were randomly 
split into 3 groups, with 8 in each group, and the wound closure status was evaluated.

https://doi.org/10.2147/DMSO.S409596                                                                                                                                                                                                                               

DovePress                                                                                                                                

Diabetes, Metabolic Syndrome and Obesity 2023:16 1658

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Diabetic Wound Healing Treatments
Diabetic rat wounds were treated with miR-185-5p mimics and mimic-negative control (mimic-NC); Normal age- 
matched rats wounds were treated with mimic-NC. All injuries were treated by topical injection at the wound edge, 
once every three days post wounding (on the 1, 4, 7, and 10 days), with miR-185-5p mimics (2.5 nmol/100 ul) or with 
a negative control oligo (2.5 nmol/100 ul). A seed miR-185-5p mimic was synthesized only to target the seed sequence of 
miR-185-5p, and a seed control oligo was also synthesized (Ribobio Co., Guangzhou, China). The skin specimens from 
wounds were harvested on day eight post-wounding for further assays.

Estimation of Wound Healing Rate
The diabetic skin wound was photographed on the operation day and once every other day after the operation. On the 0th, 
2nd, 4th, 6th, 8th, 10th, 12th, and 14th days of the experiment, the Canon G9 device was used to take pictures and record. 
Wound size (wound area) was depicted and measured with ImageJ version 1.46 (NIH Image, USA). According to the 
calculation formula of wound closure rate: diabetic wound healing rate (%) = (area of the wound on day 0 - wound area 
on day n) / area of the injury on day 0× 100%.23

Isolation, Culture, and Treatment of Human Skin Fibroblasts
The foreskin was collected from healthy young children (n = 3, age 6–8 years old, sex: males). The Medical Ethics Committee 
of Xingtai People’s Hospital (Xing Tai, Hebei, China) have approved the obtained protocol for human skin fibroblasts. After 
annular resection, the foreskin was thoroughly washed with PBS (Gibco, Grand Island, USA) containing 100 μg/mL 
penicillin-streptomycin (Sigma, USA), and the subcutaneous tissue was removed as much as possible. The obtained skin 
was cut into about 1 mm x 1 mm pieces. These pieces were digested at 37 °C for 40 minutes in Dulbecco’s modified Eagle’s 
medium (DMEM; Gibco, USA) containing 0.1% collagenase I (Sigma-Aldrich Co., USA; 100mg collagenase I: PBS 
100 mL). The cell suspension obtained by centrifugation was filtered through a 75μm cell filter and then centrifuged at 
1500 rpm for 10 min. Human skin fibroblasts were collected and cultured in a DMEM high-glucose medium containing 10% 
serum (Gibco, Grand Island, USA) and cultivated at a cell incubator (37 °C, 5% CO2, 100% humidity). At 70–80% 
confluence, cells were detached with 0.25% trypsin-EDTA (Beyotime, China) and passaged a 1:3 division ratio every 3 
days. The Bioethics Committee of Xingtai People’s Hospital approved and agreed upon the research topic.

To induce cell models in diabetes states, human skin fibroblasts at 80% confluence were stimulated with different 
concentrations of AGEs (Bioss, bs-1158p, China) (100, 200, or 400 μg/mL) under a serum-free medium for 24 h. Treat 
human skin fibroblasts in the above six-well plates with different concentrations of glucose (sugar concentration: low 
glucose: 5.5 mM, HG: 33.0 mM) and hyperosmotic mannitol solutions (configuration method: 5.5 mM glucose and 27.5 
mM mannitol) for 72 h. Prepare for subsequent testing of miR-185-5p by real-time quantitative PCR (qRT-PCR).

Cell Transfection
The following procedure is transfection. Human skin fibroblasts were cultivated in 6-well plates (3 × 104 cells/well) until 
achieving 30–50% confluence. Then the fibroblasts were transfected with miR-185-5p mimic or inhibitor together with 
their corresponding NC (Ribobio Co., Guangzhou, China) (concentration: 50 nM) by Lipofectamine 3000 (Invitrogen, 
Scientific, USA) according to the manufacturer’s guidance. Collect protein and supernatant at 72 h after cell transfection 
and RNA at 48 h after cell transfection.

Wound Healing Assays of Fibroblasts
Human skin fibroblasts are seeded in 6-well plates and transfected with miR-185-5p mimics and mimic-NC for 
approximately 48 h under AGEs conditions. When human skin fibroblasts reach 90–100% confluency, ie, transfected 
miR-185-5p mimic or inhibitor for about 48 hours, the wound was established by manually scraping the cell monolayer 
with a ten μL pipette tip. After rinsing with PBS three times to remove cell debris, human skin fibroblasts were cultured 
with a serum-free DMEM culture medium for 24 h. Cell migration results were observed under a microscope and taken 
a picture at different time points (0 h, 24 h) to quantify the migration area of wound healing using Image J software.
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Diabetic Skin Tissue Collection and RNA Extraction
Foot ulcer tissues were collected from patients with diabetic foot (n = 4, age 42–60 years old, sex: males) and nondiabetic 
patients (n = 4, age: 42–65 years old, sex: male). The skin wound tissues of the diabetic rats’ wound models were also collected 
in a – 80°C refrigerator (the preparation method is as follows). Our paper was approved and agreed upon by the Bioethics 
Committee of Xingtai People’s Hospital; All patients and healthy people have obtained prior informed consent and approval.

The obtained skin tissue (50–100 mg) was homogenized, purified, and extracted RNA using TRI reagent (Ambion, 
USA), including isopropanol, anhydrous alcohol, and chloroform (according to the instructions of the RNA extraction). 
Slightly dry and dissolve the extracted RNA particles in DEPC water (20 μL) in preparation for reverse transcription into 
cDNA. All sample specimens are kept at −80 °C pending further qRT-PCR analysis.

Measurement of miR-185-5p Levels by qRT-PCR
As previously described, the total RNA was extracted from the treated wound tissues and cells using the RNA extraction 
kits (ThermoFisher Scientific, USA). Reverse transcription of RNA from different samples into cDNA using 
PrimeScript™RT Master Mix (ThermoFisher Scientific, USA) and qPCR using the CFX RT-PCR system (BIO-RAD, 
Hercules, CA, USA) using SYBR Premix Ex Taq II (BIO-RAD, USA). The expression of miR-185-5p relative to U6 was 
calculated using the 2−ΔΔCt method. Repeat at least three times per experiment.

Enzyme-Linked Immunosorbent Assay (ELISA)
DFU/diabetic rats’ tissues were accurately weighed and ground into a paste. They were added 9 times PBS at the ratio of 
weight (mg): volume (μL) = 1:9. In an ice bath environment, 10% homogenate was prepared, 2500~3000 rpm/min, 
centrifuged for 10 min, and the supernatant was taken to determine the level of IL-6, TNF-a, ICAM-1 by following 
ELISA.

The expression of TNF-a, IL-6, ICAM-1 in the acquired supernatant (human skin fibroblasts and skin tissue) was 
detected by the ELISA kit (Beyotime, Shanghai, China) according to special instructions, including human ELISA Kit 
(IL-6, TNF-, and ICAM-1) and the ELISA Kit of rat species (ICAM-1, IL-6, and TNF-α). Each experiment was 
triplicated using an Enzyme labelling apparatus (Rayto, RT-6100, Shenzhen, China).

Western Blot
The extracted proteins (cells and tissues after intervention) were electrophoresed by 10% sodium lauryl sulfate 
polyacrylamide-gel electrophoresis (100V, 1h) and transferred to a polyvinylidene fluoride membrane (300 mA, 1h) (Bio- 
Rad, USA). The above membrane was placed in 5% skim milk for blockage for 1 h. The washed membrane was exposed 
to the anti-ICAM-1 (Santa Cruz, sc-18853, USA), anti-NF-κB (Abclonal, A10609, Wuhan, China), anti-p-NF-κB (CST, 
3033S, USA), anti-GAPDH (Protein Technology, 60004-1-Ig, Wuhan, China) and anti-tubulin (Protein Technology, 
10068-1-AP, Wuhan, China) and placed overnight at 4 °C. Then, the membranes were exposed to secondary antibodies 
(Proteintech, Wuhan, China) for 1 h. The blots showed up via an enhanced chemiluminescence kit (Advansta, California, 
USA). Each Western blot experimental result has at least three replicates.

Immunofluorescence Staining and Histological Analysis
On day 8 of wound induction, wound tissue, including healthy tissue (including epidermis and dermis), about 1 cm in 
diameter, is excised, fixed with 4% paraformaldehyde, and then these specimens are buried with paraffin. The samples 
were cut into slices. The slices are stained with hematoxylin, eosin (HE), and Masson staining. It is then photographed 
under a microscope, and finally, the epithelialization of these slices was analyzed by Image J. Incubate tissue sections in 
3% H2O2 to reduce endogenous peroxidase activity. Then, these tissue sections were soaked in 10 mM sodium citrate 
buffer and microwaved for 20 min. We recover these specimen sections. After these specimens are cooled, the sections 
are blocked by 1% BSA and incubated overnight at 4 °C with CD3 and CD68 antibodies (Proteintech, Wuhan, China). 
These specimen sections were removed from the primary antibody overnight. Next day, they were washed three times 
with PBS at room temperature for 10 min each, and then infiltrated with Alexa Fluor 594-conjugated secondary antibody 
for 1 h at room temperature. We stain nuclei blue with DAPI and red with CD3 and CD68. The sections are then imaged 
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using confocal microscopes. T cells (CD3+) and macrophages (CD68+) are quantified by measuring the fluorescence 
intensity of the independent microscope field of view with 200 x magnification. The CD3 and CD68 fluorescence signal 
densities were quantified using Image J software.

Statistics
The data collected for this experiment came from at least three independent experimental results and were statistically 
analyzed using GraphPad Prism 6 (Graph Pad Software, Inc., La Jolla, CA, USA). Data from these experimental results 
are shown as mean ± standard deviation (SD). When comparing the differences between the two groups, the Student’s 
t-test was used to confirm it; When comparing data differences between three or more groups, one-way ANOVA and 
Tukey were used. P < 0.05 is considered statistically significant.

Results
MiR-185-5p Expression Was Downregulated and Inflammation Factors Were 
Increased in Wound Tissues from Diabetes
We investigated the miR-185-5p expression in wound tissues from diabetic foot patients and STZ-induced-diabetic rats to 
study whether miR-185-5p is related to poor wound healing. The results provided that in the DFU and the diabetic rats’ 
wound tissues, the miR-185-5p expression was significantly down-regulated (Figure 1A and B). Meanwhile, the 
decreased level of miR-185-5p was found in human skin fibroblasts at an HG concentration of 33.0 mM compared 
with 5.5 mM glucose (Figure 1C). We also found the levels of IL-6, TNF-α, and ICAM-1 expression were increased in 
wound tissues from DFU (Figure 1D). Those results presented that the decrease of miR-185-5p might be closely 
associated with the low-grade inflammation state of diabetic foot ulcers.

Figure 1 MiR-185-5p expression was downregulated and inflammation factors were increased in wound tissues from diabetes. (A) Relative expression levels of miR-185-5p 
in wound tissue from STZ-induced diabetic rats (n = 8) in comparison with matched normal rats (n = 8) by qRT-PCR, **P < 0.01 (B) MiR-185-5p levels were significantly 
decreased in the diabetic foot ulcer patient compared to healthy people (n = 4), ***P < 0.001. (C) Relative expression levels of miR-185-5p in HG (33.0mM) conditions 
(n = 3), **P < 0.01. Values are normalized to mRNA U6 and reported as means ± SD. (D) Inflammation factors (IL-6, TNF-α, and ICAM-1) were detected in diabetic foot 
ulcer patients and healthy people by ELISA assays (n = 3). *P < 0.05, **P < 0.01, ****P < 0.0001.
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MiR-185-5p Inhibited Inflammation Factors of Human Skin Fibroblast Under AGEs 
Conditions
The abundant evidence has elucidated the roles of miR-185-5p on cell inflammation and oxidative stress, such as 
macrophages,24 high glucose-induced human kidney tubular cells,2 and mouse mesangial cells.25 We examined whether 
miR-185-5p affects inflammation-related factors expression in human skin fibroblasts under AGEs conditions. First, we 
investigated the expression of miR-185-5p, ICAM-1, and p-NF-κB/NF-κB in human skin fibroblast under AGEs with 
different concentrations (100ug/mL, 200ug/mL, 400ug/mL). It was found that the expression of miR-185-5p was 
declined, and ICAM-1 and p-NF-κB/NF-κB proteins were increased under AGEs with different concentrations (100 
ug/mL, 200 ug/mL, 400 ug/mL) (Figure 2A), and then we also found inflammation-related factors IL-6, ICAM-1 and 
TNF-α expression levels were elevated in human skin fibroblast under AGEs (concentration 200 ug/mL, 24h) by ELISA 
assays (Figure 2B).

Whether the function of human skin fibroblasts was influenced by miR-185-5p, human skin fibroblasts were 
transfected with miR-185-5p inhibitor/mimic (Figure 2C). IL-6, ICAM-1, and TNF-α expression levels were found to 
be increased in human skin fibroblast transfected with miR-185-5p inhibitor under AGEs (concentration 200 ug/mL, 24h) 
by ELISA assays, and vice versa (Figure 2D). It was shown that the p-NF-κB/NF-κB was elevated in human skin 
fibroblast transfected with miR-185-5p inhibitor under AGEs (concentration 200 ug/mL, 24h) by Western blot assays, 
and the opposite results were found in human skin fibroblast transfected with miR-185-5p mimic (Figure 2E and F). In 
brief, these experiment results provided that the miR-185-5p upregulation could improve inflammation in skin fibroblasts 
induced by AGEs.

Figure 2 MiR-185-5p is associated with inflammation in vitro. (A) MiR-185-5p levels were significantly decreased in human skin fibroblast under AGEs conditions (100 ug/ 
mL, 200 ug/mL, 400 ug/mL) (n = 3), *P < 0.05. (B) Inflammation factors (IL-6, TNF-α, and ICAM-1) were increased in human skin fibroblast under AGEs (200 ug/mL) 
conditions, (n = 3), **P < 0.01. (C) MiR-185-5p levels were significantly detected in human skin fibroblasts transfected with miR-185-5p inhibitors/mimics under AGEs 
conditions (n = 3), *P < 0.05. (D) Inflammation factors (IL-6, TNF-α, and ICAM-1) were detected in human skin fibroblasts transfected with miR-185-5p inhibitors/mimics 
under AGEs (200 ug/mL) conditions (n = 3), *P < 0.05, **P < 0.01, ***P < 0.001. (E) ICAM-1, p-NF-κB, and NF-κB proteins were detected in human skin fibroblast under 
AGEs with different concentrations (100 ug/mL, 200 ug/mL, 400 ug/mL) by Western blots (n=3), *P < 0.05, ***P < 0.001, ****P < 0.0001. (F) NF-κB and p-NF-κB proteins 
were detected in human skin fibroblasts transfected with miR-185-5p inhibitors/mimics under AGEs (200 ug/mL) conditions (n = 3), *P < 0.05.
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MiR-185-5p Mimics Accelerated Diabetic Wound Healing Through Increasing 
Reepithelization
Whether miR-185-5p affects wound healing of diabetes deserves more attention. First, The NC or miR-185-5p mimic 
was locally injected on the back of diabetic rats after a 1 cm diameter wound on the 1st, 4th, 7th, and 10th day. The 
healing speed of diabetic wounds treated with miR-185-5p mimic was faster than that of the NC (Figure 3A and B). The 
wound tissue harvested on day 8 was used for HE and Masson. Histologic analysis displayed the epidermis and dermis 
became thicker in the miR-185-5p mimic-treated wounds compared with the NC-treated wounds within 8th days after the 
treatment (Figure 3C). We also observed that wounds treated with miR-185-5p mimic exhibited better granulation 
formation, collagen deposition, and denser alignment (Figure 3F and G). We also found the increase of miR-185-5p 
significantly repressed the migration of human skin fibroblasts under AGEs (Figure 3D and E). These results suggested 
that miR-185-5p promoted diabetic wound healing through increasing reepithelization.

Figure 3 MiR-185-5p mimics accelerated diabetic wound healing through increasing reepithelization. (A) Representative wound images taken on specific days of the 
experiment, the rate of wound closure on specific days of the experiment as indicated. N = 8 rats per group; *P < 0.05, DM miR-185-5p mimics vs DM NC; #P < 0.05, ##P < 
0.01, DM NC vs N NC. (B) The miR-185-5p mRNA levels were determined with qRT-PCR, and miR-185-5p levels were significantly increased in the wound of diabetic rats 
when direct delivery of the miR-185-5p mimics. N = 3, *P < 0.05. Normalized data are shown as mean ± SD. (C) Representative images of HE staining of wound tissues (100 
× magnification). (D and E) Migration of human skin fibroblasts transfected with miR-185-5p mimics and mimic-NC under HG (33.0 mM) conditions were assessed by 
wound healing assay (n = 3). A 100 × microscope captured the photos, and the statistics were performed by Image J (n = 3, **P < 0.01). (F) Representative images of Masson 
staining of wound tissues (scale bar = 500uM and 20uM; the blue color represents collagen; n = 3). (G) Wound tissue collagen fiber quantification using Image J (Means ± 
SEM, n = 3, **P < 0.01).
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MiR-185-5p Mimic Inhibited NF-κB and ICAM-1 Expression in Diabetic Rat Wound 
Tissue
Because miR-185-5p was involved in the regulation of inflammation, meanwhile, miR-185-5p promoted diabetic wound 
healing. To further evaluate whether miR-185-5p inhibited inflammation factor in diabetic rat wound tissue, our results 
showed that the p-NF-κB/NF-κB, ICAM-1, IL-6, and TNF-α protein expression was decreased in the miR-185-5p mimic- 
treated diabetic wounds (Figure 4). We also further evaluate immune cell infiltration at day 8 post-wounding, we 
performed fluorescent immunohistochemical staining for CD3, to identify T-cells and CD68 to identify macrophages 
(Figure 5). Macrophage infiltration in diabetes wounds treated with miR-185-5p mimic was lower than in the wounds 
treated with negative control (Figure 5). However, T cell infiltration has not been changed in the diabetic wounds treated 
with an increased miR-185-5p compared with the wounds treated with negative control (Supplemental Figure 1). These 
results all prompted that miR-185-5p overexpression suppressed inflammation in diabetic wound healing.

Discussion
A low-grade inflammatory state observed in the study is an important factor that damages the difficult healing of diabetes 
ulcer. The main reason is that tissue damage, such as granzyme and perforin, is caused by the release of various protein 
levels involved in bacterial control, thus impairing the progress of epithelization in wound healing.26 Many scholars have 
confirmed that the chronic inflammatory state of diabetes is partially controlled by miRNA. At present, miR-185-5p,24 

miR-497,27 miR-155 inhibitors28 have been found. They directly regulate inflammatory factors and exert anti- 
inflammatory effects under different conditions. Although previous studies have reported that miRNAs were valid in 
diabetic wound healing, only one is currently available in clinical trials.29 Therefore, further research is needed to 
advance the therapeutic role of miRNAs in refractory healing in diabetic wounds. This study explored the above issues 
and found that miR-185-5p was closely related to DFU and that the level of miR-185-5p in STZ-induced type 1 diabetes 
rats was higher than that in normal rats.

Figure 4 Topical administration of miR-185-5p mimic inhibited p-NF-κB and ICAM-1 expression in diabetic rat wound tissue. (A) ICAM-1, p-NF-κB, and NF-κB proteins 
were detected in miR-185-5p mimic treated-diabetic rat wound tissue by Western blots (n=3), *P < 0.05, ***P < 0.001. (B) ICAM-1, IL-6, TNF-α protein was detected in 
miR-185-5p mimic treated-diabetic rat wound tissue by ELISA assays (n = 3), *P < 0.05, **P < 0.01.
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The expression of miR-185-5p was downregulated in wound tissue of diabetes; Studies consistent with our study are: 
Zheng et al found that miR-185-5p was downregulated in diabetes liver tissue;22 Li et al found miR-185-5p is poorly 
expressed in diabetes nephropathy tissue;2 Chen et al reported that miR-185-5p level was low-expression in palmitate- 
treated insulin resistance hepatocytes and high-fat diet mice.30 These studies all suggested that miR-185-5p might be 
involved in the initiation and progression of diabetes and diabetic complications.

This paper also explores the role of miR-185-5p in diabetic wound tissue. The anti-inflammation effect of miR-185- 
5p was observed through decreasing IL-6, TNF-α, ICAM-1 and p-NF-κB/ NF-κB levels in miRNA-185-5p mimic treated 
diabetic wounds. Notably, CD68 (to identify macrophages) was significantly decreased by miRNA-185-5p treatment 
in vivo. In summary, inflammatory responses in diabetic wound tissue were restained by miRNA-185-5p mimics therapy 
in wound healing.

In order to further clarify the internal mechanism of miRNA-185-5p in the wound-healing process of diabetes, we 
selected the most important cell in the wound-healing process - human skin fibroblasts. We analyzed the expression of 
miRNA-185-5p and inflammatory factors in human skin fibroblasts under AGEs-induced inflammation conditions. The 
results showed that miRNA-185-5p expression was reduced in human fibroblasts under AGEs conditions, and inflam-
mation factors expression (ICAM-1, IL-6 and TNF-α) was increased, indicating that miRNA-185-5p may be associated 
with inflammation. A significant decrease in miR-185-5p in human skin fibroblasts under the action of AGEs (100, 200, 
400 ug/mL) was consistent with a reduction in miR-185-5p expression in rat diabetic wound tissue and DFU skin. In 
addition, we found that under AGEs conditions, adding miRNA-185-5p mimics could inhibit ICAM-1, IL-6, and TNF-α 
high expression. Especially a remarkable reduction of p-NF-κB/ NF-κB was observed following the increase of miRNA- 
185-5p. Based on the prediction of the anti-inflammatory effect of miRNA-185-5p mimic in vitro, we confirmed its 
therapeutic effect on diabetic wound healing by accelerating wound healing after miRNA-185-5p mimic injection 
treatment in diabetic rat wounds.

Figure 5 Topical administration of miR-185-5p mimics reduces macrophage wound infiltration in diabetic rats. (A) Representative fluorescence microscopy images of 
macrophages (CD68+) in wound skin tissue of diabetic rats treated with 2.5 nmol NC or 2.5 nmol of miR-185-5p mimic, collected on day 8 post-wounding (n = 3) for each 
group with one representative example per group shown. (B) Quantifications of the number of CD68+ macrophages. Blue – DAPI, Red – CD68. N = 3, ***P<0.001 vs NC.
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Previous studies have shown that miR-185-5p is associated with chronic inflammatory diseases primarily because of 
its capacity to regulate inflammatory networks in macrophages.24 A recent study showed that the high expression of miR- 
185-5p reduces hypoxia/reoxygenation-induced pyrosis and inflammatory factor expression (LDH, IL-1β, and IL-18) in 
human cardiomyocytes.31 Ma et al found that the high expression of miR-185-5p effectively reduced the expression of 
pro-inflammatory factors, overturned the phagocytosis of LPS-induced RAW264.7 macrophages, and in turn, miR-185- 
5p inhibitors enhanced the inflammatory effect of LPS in macrophages. Its mechanism of action may be partially induced 
by regulating the CDC42/JNK pathway.24 It has been reported that high expression of miR-185-5p can reduce mechan-
ical pain and thermal hyperalgesia in rats with contractile injury, inhibit the aggregation of microglia and astrocytes, and 
reduce the content of IL-1β, IL-6 and TNF-α, thereby reducing neuropathic pain induced by chronic contractile injury.32 

The mechanism may be exerted by targeting MyD88 and CXCR4.32 However, miRNA-185-5p might reduce the 
inflammation of diabetic wound and human skin fibroblasts under AGEs (200 ug/mL) by inhibiting MyD88 and CXCR4.

In addition, this study focuses on the promoting effect of miRNA-185-5p on the wound of diabetic rats. The diabetic 
wound healing process is the result of the involvement of a variety of cells, including skin fibroblasts, endothelial cells, 
stem cells, etc. Among them, endothelial dysfunction is also one of the characteristics of diabetic wounds that are 
difficult to heal. Previous studies have found that the elevation of miR-497 induces apoptosis of HUVECs by targeting 
VEGFR2 and downstream PI3K/AKT signalling pathways,33 so whether miRNA-185-5p regulates endothelial function 
damage in high glucose states is also a topic for future research.

Conclusion
MiR-185-5p accelerated wound healing of diabetic rats, reepithelization, and inhibited the inflammation of diabetic 
wounds in the healing process, a potentially new and valid treatment for refractory diabetic foot ulcers.
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