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Abstract

Background: Diabetes mellitus (DM) presents impediment to wound healing. While

ultraviolet B (UVB) exposure showed therapeutic potential in various skin conditions,

its capacity to mediate diabetic wound healing remains unclear. To investigate the

efficacy of UVB onwound healing and its underlying basis.

Materials and Methods: Male C57BL/6 mice were subjected to the high-fat diet

followed by streptozotocin administration to establish the diabetic model. Upon con-

firmation of diabetes, full-thickness wounds were inflicted and the treatment group

receivedUVB radiation at 50mJ/cm2 for 5min every alternate day for 2weeks.Wound

healing ratewas then assessed, accompanied by evaluations of blood glucose, lipid pro-

files, CD31 expression, and concentrations of ghrelin and leptin. Concurrently, in vitro

studies were executed to evaluate the protective role of ghrelin on human umbilical

vein endothelial cells (HUVEC) under high glucose (HG) conditions.

Results: Post UVB exposure, there was a marked acceleration in wound healing in DM

mice without alterations in hyperglycemia and lipid profiles. Compared to non-UVB-

exposed mice, the UVB group showed enhanced angiogenesis manifested by a surge

in CD31 expression. This trend appeared to be in harmony with the elevated ghrelin

levels. In vitro experiments indicated that ghrelin significantly enhanced the migra-

tory pace and angiogenic properties of HUVEC under HG-induced stress, potentially

mediated by an upregulation in vascular endothelial growth factor expression.

Conclusion: UVB exposure bolstered wound healing in diabetic mice, plausibly medi-

ated through augmented angiogenesis induced by ghrelin secretion. Such findings

underscore the vast potential of UVB-induced ghrelin in therapeutic strategies

targeting diabetic wound healing.
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1 INTRODUCTION

Diabetes mellitus (DM) represents a rapidly escalating global pub-

lic health crisis, with an estimated prevalence exceeding 400 million

individuals worldwide.1 This metabolic disorder frequently culminates

in a myriad of complications, including impaired wound healing.2 A

sustained hyperglycemic milieu can detrimentally affect microvascula-

ture, leading to microcirculatory disorders which diminish the delivery

of oxygen and essential nutrients to the wound site.3 Furthermore,

the immunological responses of patients are compromised, predis-

posing them to infections which, in turn, delay wound repair.4 The

chronic high glucose environment can also inflict neuropathic dam-

age, resulting in sensory deficits; thus, minor injuries or pressure

ulcers may go unnoticed.5 Additionally, it disrupts the synthesis and

deposition of skin collagen, augments oxidative stress exacerbating

cellular and tissue damage, and leads to the formation of advanced

glycation end products which impair both cellular function and matrix

proteins.6 These intricate, interplaying pathophysiological mecha-

nisms account for the wound healing deficits and chronic non-healing

wounds observed in diabetic individuals. Beyond the primary treat-

ments for diabetes itself, such as insulin administration and lifestyle

modifications, there is a fervent research focus on therapeutic inter-

ventions targeting wound healing in diabetic patients.7 Various meth-

ods, including pharmaceuticals, antibiotics, stem cell therapies, and

physical therapies, have shown promising results in wound healing.7

In the realm of physical therapy, ultraviolet B radiation (UVB) has

been employed as a therapeutic modality in dermatology since the last

century,with particular efficacy in treating conditions such as psoriasis,

eczema, and other skin ailments.8 UVB exposure is conventionally per-

ceived to attenuate skin inflammation andmodulate its immunological

responses.Consequently, thismodulates the skin’s barrier functionand

fosters the normal growth and differentiation of cutaneous cells.9 In

the text of direct clinical application ofUVB inwoundhealing, low-dose

UVB irradiation might be conducive in suppressing excessive inflam-

mation, stimulating angiogenesis, and promoting collagen synthesis,

which were vital facets of wound repair.10 For example, a previous

study based on magnetic resonance data demonstrated that UV radia-

tion produces similar anti-inflammatory effects to mid-potency topical

steroids.11 Recent studies have indicated the new development on

the mechanism that UVB-induced expansion of PENK+ skin Treg cells

plays a pivotal role in maintaining skin homeostasis and facilitating

endogenouswoundhealing, validating thepotential ofUVB topromote

skin healing.12 Separately, there have been reports on UVB exerting

differential impacts on the levels and functions of extracellularmicroR-

NAs according to radiation energy, potentially influencing diabetic

progression,13 but there is a dearth of studies directly investigating

the impact of UVB on diabetic skin wound healing in experimental

conditions, and its underlyingmechanisms remain to be elucidated.

Recent studies have elucidated a compelling phenomenon wherein

ghrelin’s p53 transcriptional activation in cutaneous adipocytes is

observed both in murine models and in human males under ultravio-

let exposure, modulating individual feeding behaviors, food intake, and

body weight.14 This reveals a potential correlation between ultravio-

let exposure and ghrelin. Ghrelin, predominantly synthesized by the

stomach, is a peptide hormone intricately involved in appetite regu-

lation, energy homeostasis, and gastrointestinal motility.15 Beyond its

canonical roles, which were previously identified as effective regula-

tors for diabetes, ghrelin, in recent years, has demonstrated potential

in augmentingwoundhealing.16 This hormone, characterized as anatu-

ral antibacterial and anti-inflammatory peptide, is ubiquitously present

across various tissues,with an especially abundant presence in physical

barriers like the skin, offering innate immunological protection andbol-

stering the defense against infections.17 Furthermore, in rodents with

combined radiological and burn injuries, ghrelin has been discerned

to expedite wound recovery via the regulation of GHS-R1a-mediated

MAPK-NF-κB/GR signaling pathways.18

In light of these findings, we postulate that UVB-induced ghrelin

might potentiate the recovery of diabetic skin wounds. This hypoth-

esis was subjected to rigorous evaluation by assessing the impact

of UVB on wound recovery metrics, angiogenic markers, and rele-

vant hormone fluctuations in a diabetic mouse model. Concurrently,

in vitro evaluations were conducted on human umbilical vein endothe-

lial cells, offering a comprehensive perspective of the positive influence

of UVB-induced ghrelin on diabetic wound healing and its underlying

basis.

2 MATERIALS AND METHODS

2.1 Ethics statement

All procedures involving animals were carried out in strict accordance

with the guidelines provided by the International Council for Labo-

ratory Animals.19 Experimental protocols were pre-approved by the

Institutional Animal Care and Use Committee of Guangzhou Twelfth

People’s Hospital. Animals were housed under controlled environmen-

tal conditions (22◦C ± 2◦C, 60% ± 10% humidity, and 12 h light/dark

cycle). All efforts were made to minimize animal suffering and they

were euthanized by injecting pentobarbital sodium intravenously at

the completion of the study.

2.2 Animal modeling and sample processing

A total of 18 male C57BL/6 mice were obtained from Guangdong

Experimental Animal Center and randomly divided into three groups

(n = 6 each) following a 1-week acclimatization period: sham, DM, and

DM + UVB. The DM and DM + UVB groups were subjected to a high-

fat diet, while the sham group received a normal diet. After 8 weeks

of dietary intervention, the DM and DM + UVB groups were adminis-

tered streptozotocin (STZ) injections for 5 consecutive days at a dose

of 50mg/kg/day, while the sham group received phosphate-buffered

saline (PBS) as control. For diabetic wound model establishment, all

mice were anesthetized by the injection of pentobarbital sodium at a

dose of 40 mg/kg intravenously prior to being shaved on their backs.

Then, residual hair was removed using depilatory cream followed by
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sterile punch tools were employed to creating full-thickness wounds

with a diameter of 10 mm on the dorsum of the mice. Subsequently,

mice in the DM+UVB group received UVB irradiation every other day

for 2 consecutive weeks, with each session delivering 50 mJ/cm2 for

5min, for therapeutic purposes.

At day 14 post-treatment, blood was collected from the mice via

orbital venous plexus puncture and transferred to serum separator

tubes until clot formation. The tubes were centrifuged at 3000 rpm for

15min to obtain serum, which were then stored at−80◦C until further

analysis. Afterwards, mice were euthanized by injecting 100 mg/kg of

pentobarbital sodium intravenously and wound skin tissues were har-

vested using a scalpel and surgical scissors. A portion of the tissue

was homogenized for subsequent molecular and protein assays, and

the remaining tissue was immersed in 10% formalin for histochemical

analysis.

2.3 Cell handling

The human umbilical vein endothelial cells (HUVECs; iCell-h110) were

purchased for iCell Research Institute (Bangkok, Thailand) and main-

tained in endothelial cell growth medium-2 (EGM-2) supplemented

with the EGM-2 BulletKit (Lonza Group Ltd, Basel, Switzerland) at

37◦C with 5% CO2.
20 For cellular experiment, HUVECs were sub-

jected to three distinct treatments: (1) control; (2) high glucose (HG):

D-(+)-glucose (Sigma-Aldrich, MO, USA) was dissolved in the culture

medium to achieve a final concentration of 33 mM; and (3) HG + ghre-

lin: HG-treated cells were supplemented with 0.1 nM ghrelin (Abcam,

Cambridge,UK). After finishing treatments, cells and supernatantwere

collected for further analysis.

2.4 Wound healing scratch assay

Following treatment, HUVECs were collected by centrifugation and

cultured until they reached approximately 80% confluence in the six-

well plate. A consistent scratchwas carefully introduced across the cell

monolayer using a sterile pipette tip. Cells were then washed gently

with PBS prior to fresh medium was added. The wound closure was

monitored at 0, 6, and 12 h post-scratching by capturing images using

an Eclipse Ti2 InvertedMicroscope (Nikon Corporation, Tokyo, Japan).

Themigration distancewas quantified using ImageJ software (National

Institutes of Health, NIH, MD, USA), considering the wound width’s

reduction over time.

2.5 Tube formation assay

Post-treatment, the angiogenic potential of HUVECs was evaluated

using a tube formation assay.21 HUVECs were harvested and resus-

pended in a serum-free medium. A total of 50 µL of Matrigel (Corning

Inc., NY, USA) was placed into each well of a 96-well plate for 1 h

at 37◦C. Subsequently, HUVECs were seeded at a density of 10 000

cells/well and incubated for 6–8 h at 37◦C with 5% CO2. The forma-

tion of capillary-like structures by cells was monitored and captured

using an Eclipse Ti2 Inverted Microscope. The number of intercon-

nected nodes was counted using ImageJ software and the angiogenic

capacity was represented as the total branch points.

2.6 Biochemical and endocrine parameter
detection

Biochemical and endocrine parameters were determined using com-

mercially available enzyme-linked immunosorbent assay (ELISA) kits.

Serum glucose levels were determined using the Glucose Assay

Kit (GAGO20, Sigma). The intensity of the pink color measured

at 540 nm is proportional to the original glucose concentration.

The concentrations of total cholesterol (TC), low-density lipoprotein

cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-

C) were assessed using corresponding assay kits (MyBioSource, CA,

USA;MBS269999,MBS706909,MBS705286, respectively). The ghre-

lin concentration was assessed using theMouse Ghrelin (GHRL) ELISA

Kit (abx154080, Abbexa, Cambridge, UK) while the leptin level was

determinedwith theMouse Leptin ELISAKit (PL696, Beyotime, Shang-

hai, China). The optical density of each well was detected within 5 min

using a microplate reader (PR 3100 TSC, Bio-Rad, Shanghai, China)

set to 450 nm and compared with the standard curve to get the

final concentration. All experiments were carried out according to the

manufacturer’s instructions.

To evaluate the secretion levels of Vascular Endothelial Growth

Factor (VEGF) from treated HUVECs, cell culture supernatants were

collected and centrifuged at 1500 rpm for 5 min to remove cell debris.

Using the Mouse VEGF ELISA Kit (Pv957, Beyotime), the samples

were processed as the manufacturer’s protocol. Absorbance was then

recorded at 450 nm.

2.7 Quantitative real-time polymerase chain
reaction (qPCR)

Total RNA from the wound skin tissues was isolated using the TRI-

zol Reagent (Invitrogen, CA, USA).22 The concentration and purity

of RNA were determined using the NanoDrop ND-1000 Spectropho-

tometer (NanoDropTechnologies,DE,USA). Subsequently, 1 µgof total

RNA from each sample was subjected to reverse transcription using

the High-Capacity cDNA Reverse Transcription Kit (Applied Biosys-

tems, CA, USA) according to the manufacturer’s instructions. For the

qPCR analysis, the primer sequences for target genes were designed

via Oligo 7 (Molecular Biology Insights, Inc., CO, USA) and listed

as follows: CD31 (Forward: ACGCTGGTGCTCTATGCAAG; Reverse:

TCAGTTGCTGCCCATTCATCA), ghrelin (Forward: CCAGAAAGCCCA-

GAGAAAGGAA; Reverse: GCCAACATCGAAGGGAGCAT), and leptin

(Forward: GTGGCTTTGGTCCTATCTGTC; Reverse: CGTGTGTGAAAT-

GTCATTGATCC). PCR reactions were set up using the SYBR Green

PCRMaster Mix (Applied Biosystems, CA, USA) and performed on the
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StepOnePlus Real-Time PCR System (Applied Biosystems). The cycling

conditions comprised an initial denaturation at 95◦C for 10 min, fol-

lowed by 40 cycles of denaturation at 95◦C for 15 s, annealing at 60◦C

for 30 s, and extension at 72◦C for 30 s. The relative expression levels

of the target geneswerenormalized toGAPDH(Forward:AGGTCGGT-

GTGAACGGATTTG; Reverse: TGTAGACCATGTAGTTGAGGTCA) and

calculated using the 2−ΔΔCT method.

2.8 Western blot analysis

The proteins of wound skin tissues collected from mice or treated

HUVECs were extracted using the RIPA Lysis Buffer (Thermo Fisher

Scientific, MA, USA), supplemented with a protease and phosphatase

inhibitor cocktail (Sigma-Aldrich). The protein concentration was

determined using the BCA Protein Assay Kit (Pierce Biotechnology,

IL, USA). Equal amounts of proteins were then separated on a 10%

SDS-PAGE gel and transferred onto PVDF membranes (Millipore, MA,

USA). After blocking for 1 h at room temperature, the membranes

were incubated overnight at 4◦C with the primary antibody against

CD31 (AF6408), VEGF (AF1309). All primary antibodies were pur-

chased from Beyotime (Shanghai, China) and diluted in 1: 1000 for

use. The membranes were then washed three times and subsequently

incubated with a horseradish peroxidase (HRP)-conjugated secondary

antibody (1:2000 dilution; AF0208, Beyotime) for 1 h at room tem-

perature. After washing, protein bands were visualized using the ECL

Western Blotting Detection System (Amersham Biosciences, Little

Chalfont, UK) and images captured with the ChemiDoc Touch Imaging

System (Bio-Rad). GAPDH (AF1186, Beyotime) was often used as

the loading control. The relative expression level of target proteins

was calculated using ImageJ software (National Institutes of Health,

Bethesda, MD, USA).

2.9 Immunohistochemical (IHC) assay

Mouse wound skin tissues were excised and promptly fixed in 10%

formalin (Sigma-Aldrich) for 24 h for IHC assay.23 Following fixation,

tissues were embedded in paraffin blocks prior sections of 5 µm thick-

ness were prepared. For antigen retrieval, the slides were immersed in

citrate buffer (pH 6.0) and heated in a microwave for 10 min. Endoge-

nous peroxidase activity was quenched by incubating sections in 3%

hydrogen peroxide for 15 min. Following a rinse in PBS, 5% normal

goat serum was used for blocking. Sections were then incubated

overnight at 4◦C with the CD31 Rabbit Polyclonal Antibody (1:100

dilution; AF6408, Beyotime) and the biotinylated secondary antibody

(1:1000 dilution; AF0208, Beyotime) for 1 h at room temperature.

Visualization was achieved using the Vectastain Elite ABC Kit (Vector

Laboratories, CA, USA) followed by exposure to 3,3′-diaminobenzidine

(DAB; Sigma-Aldrich). Finally, the sections were counterstained

with hematoxylin, dehydrated in graded alcohols, cleared in xylene,

and coverslipped with DPX mountant. All slides were examined

under the DM4000B Microscope (Leica Microsystems, Wetzlar, Ger-

many), and images were captured using the DFC295 Camera (Leica

Microsystems).

2.10 Statistical analysis

Statistical evaluations and graphical representations were conducted

using GraphPad Prism (Version 8.0; GraphPad Software Inc., CA, USA).

Data were initially subjected to normality tests, followed by one-way

ANOVA for parametric data or Kruskal–Wallis test for non-parametric

data. Post hoc tests were utilized where applicable to discern specific

group differences. For the assessment of the relationship between

CD31 and the hormones ghrelin or leptin, Pearson’s correlation anal-

ysis was conducted. Data were presented as means ± standard error

of mean (SEM). A p-value of less than 0.05 was considered statistically

significant.

3 RESULTS

3.1 Schematic representation of the diabetic
wound model establishment and UVB treatment
procedure

In this study, the diabetic model was established using 18 male

C57BL/6micewith8-weekhigh-fat diet followedby theadministration

of STZ for 5 consecutive days. Blood glucose levels were monitored

10 days post-STZ injection, and mice with fasting blood glucose levels

consistently exceeding 16.7 mM for 3 consecutive days were consid-

ered diabetic. After successful diabetes modeling for 2 weeks, a sterile

punch tool was used to create full-thickness wounds on the back. One

day after that, mice in the DM+UVB group were received UVB irradi-

ation every other day for 2 consecutive weeks before treatment effect

observation (Figure 1).

3.2 UVB exposure accelerates wound healing
without anti-hyperglycemic and anti-hyperlipidemic
effects in mice with diabetic wounds

To directly determine the effects of UVB exposure on wound healing

in DM mice, wound healing progress was observed on days 0, 3,

7, and 14 (Figure 2A). Notably, starting from the day 3, discernible

differences in wound closure rates among the groups became evident.

Specifically, on days 3, 7, and 14 post-injury, the DM group exhibited

significantly lower wound closure levels compared to both the Sham

group (p < 0.05) and the UVB treatment group (p < 0.001). On the

day 14 post-treatment, in serum of DMmice, it displayed significantly

elevated blood glucose levels (Figure 2B), TC (Figure 2C), LDL-C

(Figure 2D), and decreased HDL-C (Figure 2E) compared to the Sham

control (p < 0.001). Intriguingly, UVB treatment, while promoting

wound healing, did not exert statistically significant influence on

these parameters (p > 0.05). These results demonstrate that UVB

exposure accelerates the healing of diabeticwounds inmice, but UVB’s



FU ET AL. 5 of 10

F IGURE 1 The diabetic woundmodel building and the treatment procedure with ultraviolet B (UVB). Male C57BL/6mice were subjected to
an 8-week high-fat diet, followed by a 5-day consecutive administration of Streptozotocin. Ten days post-injection, blood glucose levels were
assessed. Post 2 weeks of successful diabetic modeling, full-thickness wounds were created andmice in the diabetes mellitus with UVB treatment
groupwere exposed to ultraviolet B irradiation on alternate days over a 2-week course prior to observational assessments of treatment effects.

F IGURE 2 Ultraviolet B (UVB) exposure accelerates diabetic wound healing without anti-hyperglycemic and anti-hyperlipidemic effects. The
wound healing progress in diabetes mellitus (DM)mice following UVB exposure was evaluated at intervals: days 0, 3, 7, and 14 (A). On day 14
post-exposure, blood glucose levels (B), total cholesterol (C), low-density lipoprotein cholesterol (D), and high-density lipoprotein cholesterol (E) in
serum ofmice were determined by corresponding ELISA kits. Statistical analyses were conducted using [specific statistical method], with p-values
denoting significance. This collective data underscores that the therapeutic benefits of ultraviolet B exposure on diabetic wound repair might be
distinct from its potential anti-hyperglycemic and anti-hyperlipidemic actions. Data were presented asmean± SEM. ***p< 0.001; ###p< 0.001.

beneficial impact on wound healing may operate independently of the

anti-hyperglycemic and anti-hyperlipidemic effects.

3.3 UVB exposure promotes angiogenesis and
ghrelin secretion in mice with diabetic wounds

Wounded skin tissues and serum from the three mouse groups (sham,

DM, DM + UVB) were harvested and analyzed. CD31 expression,

indicative of angiogenesis, was examined using PCR (Figure 3A),

Western blotting (Figure 3B), and IHC (Figure 3C), respectively. A

consistent trend was observed across these tests. Specifically, a sig-

nificant decrease in CD31 mRNA and protein levels in DM mice were

illustrated compared to the sham group (p < 0.001). Notably, these

diminished levels were significantly upregulated upon controlled UVB

exposure (p< 0.001).

Additionally, a pronounced reduction in total ghrelin levels in the

serum (Figure 3D) and its mRNA in the skin tissues (Figure 3F) of DM
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F IGURE 3 Effects of ultraviolet B (UVB) exposure on angiogenesis and hormone secretion in diabetic mice. On day 14 post-treatments, CD31
expression in wounded skin tissues determined by PCR (A),Western blotting (B), and immunohistochemistry (C). Analysis of total ghrelin (D) and
leptin levels (E) in serumwere detected by ELISA. ThemRNA of them (F and G) in skin tissues weremeasured by qPCR. Subsequently, the
relationship between CD31 and ghrelin (H) or leptin (I) gene expressions were determined by Pearson’s correlation analyses. Data were showed as
mean± SEM, with *** p< 0.001 and #p< 0.05, ##p< 0.01, ###p< 0.001.

mice compared to the shamcontrols (p<0.001)was detected, butUVB

treatmentmarkedly elevatedbothmeasures (p<0.05). Conversely, the

leptin concentration, in the serum of DM mice (Figure 3E) was signifi-

cantly elevated compared to the sham (p < 0.001), and this was effec-

tively attenuatedbyUVBexposure (p<0.001). In skin tissues, however,

no significant difference in leptin mRNA levels was found across three

groups (p > 0.05; Figure 3G). To further understand the association

between gene expressions of CD31 and ghrelin (Figure 3H) or lep-

tin (Figure 3I), the Pearson’s correlation analyses were performed.

A significant positive correlation was observed between CD31 and

ghrelin (r = 0.840, p < 0.0001), suggesting a potential synergistic role

in wound healing. However, no significant correlation was detected

between CD31 and leptin mRNA levels (r = 0.01326, p > 0.05). These

findings suggest that UVB exposure potentially promotes angiogene-

sis in diabetic wounds, and the alteration in ghrelin in response to UVB

treatment might play crucial roles in wound healing in DMmice.

3.4 Ghrelin elicits cell migratory and angiogenic
activities of human umbilical vein endothelial cells
injured by high glucose

We further assessed the influence of ghrelin on HUVECs subjected

to HG conditions in vitro. In the wound healing assay (Figure 4A), the

HG group demonstrated a significantly diminished migration distance

at 6 h post-wounding in comparison to the control group (p < 0.001).

Intriguingly, upon ghrelin administration, the HG + ghrelin cohort

exhibited a pronounced enhancement inmigration distance at 6 h rela-

tive to the HG group (p< 0.001). This trend persisted at the 12-h mark

post-wounding across the experimental groups. In the tube formation

assay (Figure 4B), therewas amarkeddecrement in the total number of

branch points in the HG group compared to the control. However, the

introduction of ghrelin ameliorated this decline, as evidenced by a sig-

nificant augmentation in branch points in the HG + ghrelin group rela-

tive to the HG-treated cells (p< 0.05). To further substantiate ghrelin’s

role in promoting angiogenesis,wequantifiedVEGFprotein expression

and secretion levels. Therewas a significant downturn inVEGF relative

protein expression in theHGgroupcompared to the control (Figure4C,

p < 0.001), which was notably elevated by the treatment with ghrelin

(p < 0.001). Consistently, results from the ELISA assay (Figure 4D)

mirrored this trend, signifying that Ghrelin treatment markedly mit-

igates the reduction in VEGF secretion levels in HUVEC subjected to

HG-induced injury (p< 0.01). As such, elevated glucose concentrations

appear to detrimentally influence HUVEC migration and angiogenesis

via lowering VEGF expression. Notably, ghrelin confers a protective

effect against these glucose-mediated adversities, underscoring its

potential therapeutic implications for post-injury healing in diabetes

contexts.
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F IGURE 4 Ghrelin protects human umbilical vein endothelial cells (HUVECs) against high glucose-induced injury on cell migratory and
angiogenic activities. Cells were addedwith 33mMglucose with or without ghrelin treatment. After treatment, wound healing assay (A)
showcasing themigration distance of HUVECs at 6 and 12 h post-wounding. Tube formation assay (B) were conducted to highlight the number of
branch points of treated cells. The protein expression (C) and secreted level (D) of vascular endothelial growth factor were determined by the
western blot analysis and ELISA, respectively. Data were presented asmean± SEM. *** p< 0.001; #p< 0.05, ##p< 0.01, and ###p< 0.001.

4 DISCUSSION

DM can precipitate a myriad of organ complications, such as imped-

iments in wound healing, augmented susceptibility to infections,

and consequent complications 2. Physical therapy emerges as a

non-pharmacological intervention, enhancing the pace and effi-

cacy of wound recovery and UVB radiation among which has

been extensively utilized in clinical settings to promote dermal

health via modulation of immune responses and attenuation of

inflammation.24 Our research delineates the pivotal role of ghrelin,

induced under UVB exposure, in ameliorating diabetic wound heal-

ing. Notably, this enhancement is mediated through the promotion
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of angiogenesis, without manifest alterations in glucose or lipid

profiles.

Recently, the European Union launched an initiative to use skin

models instead of animal testing. For example, Li et al. proposed a

framework for dynamically calculating and visualizing UVB doses on

the skin.25 However, since DM is a systemic disease, using only skin

models will not be conducive to our understanding of the mecha-

nism of action of UVB in diabetic wound healing. Thus, we established

the murine model of DM via a high-fat diet and STZ injection, which

manifested quintessential diabetic attributes, as corroborated by prior

studies.26 These included hyperglycemia, elevated total TC levels,

heightened LDL levels, and diminished HDL levels. Subsequent to

wound induction, the model presented conspicuous delays in wound

healing. However, subjecting these mice to a fortnightly regimen of

daily UVB exposure at a dose of 50 mJ/cm2 for a duration of 5 min

each proved beneficial in augmenting diabetic wound healing, as

evidenced by amarked disparity inwound closure rates betweenUVB-

exposed and non-exposed groups. UVB, a fraction of the solar radiation

spectrum, has a wavelength ranging from 280 to 320 nanometers.

Notwithstanding UVB’s plethora of benefits, injudicious or excessive

exposure can inflict dermatological damageandescalate the riskof skin

carcinomas.27 Considering the findings wherein narrow-band UVB

irradiation administered every other day, accumulating a dosage of

2000mJ/cm2, has been demonstrated to modulate the expression of

inflammatory factors and alleviate psoriatic plaques in a mouse model

of psoriasis,28 and the observation that daily exposure of 10 min for

5 days a week, over a span of 3 weeks, with each session deliver-

ing approximately 308 mJ/cm2 of UVB irradiation, could effectively

enhance the condition of mice with vitamin D synthesis disorders,29

each specific model and disease context may warrant its distinct

therapeutic irradiation dosage to ensure safety and efficacy. As UVB

utilizationmandates judicious discretion ondosage and timeof use, the

efficacious dosage of UVB without observable conspicuous adverse

effects found in the present study could provide a reference for other

basic experiments focused on treating diabetic wounds in murine

models.

Elevated glucose levels have been demonstrated to impede wound

healing via several mechanisms, encompassing HG-induce tissue dam-

age, persistent inflammation, attenuation of leukocyte functionality

leading to heightened susceptibility to infections, and alterations in

the structural and functional integrity of connective tissues.30–33 Con-

currently, dyslipidemia, commonly associated with diabetic patients,

not only induces inflammation andweakens the immune response akin

to hyperglycemia but may also promote atherosclerosis and plaque

formation.34 This results in ischemic conditions for the wound, char-

acterized by inadequate blood and oxygen supply, thereby adversely

affecting the rate of wound healing.34 It is indisputable that regulat-

ing the hyperglycemic and hyperlipidemic states in diabetic individuals

can ameliorate complications related to wound healing. Interestingly,

while UVB radiation did enhance the wound healing rate in dia-

betic mice, we did not observe any significant anti-hyperglycemic

or anti-hyperlipidemic effects of UVB. This observation raises a piv-

otal question: Does UVB possess alternative mechanisms mediating

wound healing that operate independently of the primary symptoms

associated with DM?

Ghrelin and leptin are pivotal endocrine hormones intricately linked

to appetite regulation, body weight, lipid storage, and metabolic

processes. Ghrelin functions to stimulate appetite, reduce energy

expenditure, and promote fat accumulation. In contrast, elevated lep-

tin secretion diminishes appetite and amplifies energy expenditure.35

Consistent with previous research,36 DM mice demonstrated notably

decreased ghrelin levels and elevated leptin concentrations, a trend

thatwas reversed upon exposure toUVB. This observation provides an

insight, suggesting an alternative mechanism by which UVB exposure

facilitateswoundhealing, beyond its glucose and lipid-lowering effects.

Analogously, earlier investigations have recognized ghrelin as a multi-

functional peptide, involved in diverse physiological processes, includ-

ing wound healing.16 Concurrently, our data, corroborated through

multiple methodologies, accentuates the promotional effect of UVB

exposureonCD31mRNAandprotein expression, consistentwith prior

studies.37,38 Angiogenesis, the formation of new blood vessels, is fun-

damental to wound healing, serving as the conduit for essential oxygen

and nutrients to rejuvenating tissues and CD31 is frequently utilized

as an angiogenic marker, indicating neovascularization.39 Beyond this,

CD31 plays an instrumental role in intercellular adhesion, signal trans-

duction, and augmenting cellular permeability—factors paramount to

endothelial cell interactions and new vessel formation.40 The observed

significant positive correlation between CD31 and ghrelin in this study

fortifies the hypothesis that an increase in ghrelin in response to UVB

exposure potentially aids wound healing in DM mice via promoting

angiogenesis. This also alignswith preceding findingswhereUVBexpo-

surewas confirmed tobolster angiogenesis.37 Intriguingly,while serum

leptin concentrations were markedly diminished following UVB expo-

sure, its mRNA levels in the skin tissues across the groups remained

relatively unchanged and bore no evident correlation with CD31.

Given prior studies attesting to leptin’s role in angiogenesis,35 further

investigations are warranted to elucidate whether leptin acts via sig-

naling factors independent of CD31, if Leptin is subject to negative

feedback from ghrelin, and the potential influence of UVB exposure

dosages on Leptin expression.

Subsequent in vitro analyses corroborated that ghrelin treatment

can directly ameliorate the diminished cell migration and impaired

angiogenic capabilities of HUVEC under HG conditions. This mitiga-

tion can be, at least in part, attributed to the upregulated expression of

Vascular Endothelial Growth Factor (VEGF) induced by ghrelin, which

is a pivotal signaling protein associated with vascular formation and

maturation.41 It holds the potential to stimulate endothelial cell pro-

liferation and enhance vascular permeability, thus allowing plasma and

proteins to permeate into tissues, facilitating the formation of new

blood vessels.42 A previous study has elucidated the capacity of ghre-

lin to foster cardiac protection and repair through the VEGF-related

blood vessel formation.43 Our findings, similarly, represent the inaugu-

ral evidence that ghrelin can promote angiogenesis and damage repair

in HUVEC under HG conditions via the secretion of VEGF. However,

our findings are primarily based on amurinemodel, whichmay not fully

replicate the human physiological and pathophysiological conditions.
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Therefore, translational potential in humans remains to be verified.

And, the long-term consequences, both positive and adverse, of UVB

exposure and increased ghrelin levels in diabetic individuals require

further investigation before putting it into application.

5 CONCLUSION

In conclusion, this study elucidated the instrumental role of UVB expo-

sure in enhancing diabetic wound healing, underpinned primarily by

the induction of ghrelin. While no significant alterations in glucose

or lipid profiles were observed post-UVB treatment, a pronounced

enhancement in wound healing was evident. This was seemingly con-

tributed to the promoting angiogenesis effect induced by ghrelin,

underscored by elevated CD31 expression and VEGF secretion. These

results presented herein not only offer valuable insights into themulti-

faceted mechanisms by which UVB radiation promotes wound healing

in DM mice but also lay the groundwork for future investigations

aimed at optimizing therapeutic UVB applications for diabetic wound

management.
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