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Prunus yedoensis Bark Water Extract Increases Hyaluronic Acid Synthesis 

and Skin Barrier-related Protein Levels

Ji Hyun Song1, and Yong Min Kim1,*
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Abstract – Damage to barrier function due to a loss of moisture in the skin can lead to skin diseases, such as
atopy and psoriasis. Hyaluronic acid (HA) has the ability to retain large amounts of moisture and thereby protects
the skin against moisture loss. In addition, tight junctions prevent water loss and maintain barrier functions by
restricting molecular movement through cell-to-cell connections. In this study, the effects of Prunus yedoensis

bark water extract (PYBWE) on HA synthesis and tight junction protein expression in HaCaT cells were evaluated.
In HaCaT cells, PYBWE had effects on the MAPKs, CREB, AKT, NF-κB, and CLDN-4 signaling pathways, at
25, 50, and 100 µg/mL concentrations increasing the amount of HA produced via HAS-2 and effectively improving
skin barrier function.
Keywords – Prunus yedoensis Matsumura, Tight junction, Hyaluronic acid, MAPKs, HaCaT cells

Introduction

The skin acts as a protective barrier surrounding the

body and is composed of an epidermal layer, dermal layer,

and subcutaneous tissue.1 The epidermal layer is mainly

composed of keratinocytes and contributes to protection

against external factors, such as infectious pathogens,

ultraviolet rays, and chemicals.2–4 This protective effect is

mediated by two main physical barriers, the stratum

corneum and tight junctions.5

Hyaluronic acid (HA) is a natural moisturizing factor

with important roles not only in skin elasticity and the

maintenance of moisture but also in intercellular interactions

and signaling.6 HA is a high-molecular-weight linear

glycosaminoglycan composed of repeating units of N-

acetyl-D-glucosamine and D-glucuronic acid and is

synthesized inside the cell membrane via three enzymes,

hyaluronic acid synthase-1 (HAS-1), hyaluronic acid

synthase-2 (HAS-2), and hyaluronic acid synthase-3

(HAS-3).7 Among HASs, HAS-1 has the lowest activity;

however, HAS-2 and HAS-3 play important roles in various

physiological and pathological processes.8 Water loss in

the skin leads to dryness, which enables the penetration of

external substances and can lead to allergic diseases as

well as atopic dermatitis.9 Recent findings suggest that HAS

gene expression controls HA synthesis, improves skin

moisture, and reinforces skin barrier function.10

Tight junctions are cellular connection structures that

can be classified into gap junction, desmosome junction,

and adhesive junction; they are found mainly between

epithelial and endothelial cells.11 Tight junctions in the

skin seal the gap between epithelial cells in the stratum

granulosum layer, which not only restricts material move-

ment from the outside but also prevents the evaporation of

moisture, thereby playing an important role in maintaining

moisture in the skin.12 Tight junctions consist of three types

of transmembrane proteins, occludin, claudins, and junctional

adhesion molecules (JAMs), and are linked to actin in the

cytoskeleton by the zonula occludins (ZO) protein to

strengthen the structure.13 In particular, claudin plays the

most important role among the tight junction proteins. It

is composed of four transmembrane proteins arranged

side-by-side in a linear manner to form tightly moving

strands through lateral binding.14 In skin epithelial cells,

CLDN-1 and CLDN-4 play important roles in skin barrier

function and in maintaining the water barrier.15 In particular,

CLDN-4 is frequently expressed in the stratum corneum,

and a loss of tight junctions due to a reduction in CLDN-1

can lead to an imbalance in skin barrier function, leading

to skin inflammatory diseases, such as atopic dermatitis;

therefore, strengthening the skin barrier is important.16,17

A recent study has shown that the treatment of skin

keratinocytes with HA improves skin barrier function by

increasing the levels of tight junction proteins.18 The
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expression HAS-2, which is responsible for HA synthesis

in the skin, depends on several signaling pathways, such

as mitogen-activated protein kinase (MAPK), CREB, AKT,

and NF-κB.19–21 Therefore, the expression of HAS-2 is

regulated by interactions among various signaling pathways.

These findings suggest that skin HA may play a key role

in skin barrier function.

Prunus yedoensis (king cherry) is a tree species that has

been used for traditional pharmaceutical and medical

purposes for many years; the chemical and medical

characteristics of its bark have been studied.22 The species

has immunosuppressive and anti-inflammatory effects.23

Thus, P. yedoensis has a variety of physiologic effects on

the skin.

We confirmed that the Prunus yedoensis bark water

extract (PYBWE) is effective in increasing HA synthesis

through several natural product screenings. Therefore, in

this study, the effects of PYBWE on HA production in

HaCaT cells and the corresponding signaling pathways

and tight junction-related protein expression patterns were

evaluated.

Experimental

Materials – PYBWE was purchased from Chamhanyak-

cho (Gyeongsangbuk-do Yeongcheon-si, Korea). PYBWE

was hot air dried at 50oC for 4 h and extracted by repeating

the process twice for 4 h at 120oC in a heating mantle

(MS-DM607; M-TOPS, Korea) with 200 g of PYBWE

and 2,000 mL of distilled water. The extract was filtered

through 150 mm filter paper (Advantec, Tokyo, Japan),

concentrated under reduced pressure at 47oC using an

evaporator (CH-9230; BUCHI Labortechnik AG, Flawil,

Switzerland), and lyophilized at -60oC for 24 h. The

obtained powder sample extract was 11.2 g.

Cell culture – HaCaT cells were purchased from Cell

Line Service (CLS) and cultured at 37oC and 5% CO2 in

Dulbecco’s modified Eagle’s medium (DMEM; GenDEPOT,

Baker, TX, USA) supplemented with 10% fetal bovine serum

(GenDEPOT) and 1% penicillin/streptomycin (GenDEPOT).

Cell viability – An MTT (3-(4,5-dimethylthiazol-2-yl)2,5-

diphenyltetrazolium bromide) assay was performed to

measure the viability of cells treated with PYBWE.

HaCaT cells (6 × 103 cells/well) were dispensed into a 96-

well plate and incubated for 24 h in an incubator at 37oC

and 5% CO2. After the supernatant was removed, PYBWE

(25, 50, 100, 200, and 400 µg/mL) was added, and the

mixture was allowed to react for 24 h. Then, 5 mg/mL

MTT (Bio Base, Canada) was added for 4 h, dimethyl

sulfoxide (DMSO; Bio Base) was added and absorbance was

measured at 570 nm via a spectrophotometer (SpectraMax

190; Molecular Devices, Sunnyvale, CA, USA). Cell

viability is expressed as a percentage relative to that of the

control. The average value of the three repeated experiments

was obtained, and the experiment was conducted at a

nontoxic concentration.

Enzyme-linked immunosorbent assay (ELISA) – To

determine the amount of HA produced by HaCaT cells

treated with PYBWE, HaCaT cells (2 × 105 cells/well)

were dispensed into a 6-well plate and then incubated in

an incubator at 37oC and 5% CO2 for 24 h. PYBWE was

added at various concentrations (25, 50, and 100 µg/mL)

and allowed to react for 24 h. The supernatant was obtained

and centrifuged at 4oC and 12,000 rpm for 15 min using a

Hyaluronan Enzyme-Linked Immunosorbent Assay Kit

(Echelon Biosciences, Salt Lake City, UT, USA). All-

trans retinoic acid (ATRA) (1 µM) was used as a positive

control.

Immunofluorescence staining – To determine the

amount of intracellular HAS-2 secreted by PYBWE-

treated HaCaT cells, a sterilized cover glass was placed in

a 12-well plate with 2 × 104 cells/well, and the cells were

cultured in an incubator for 24 h at 37oC and 5% CO2.

The supernatant was removed, the samples were washed

three times with PBS, the cover glass was transferred, and

PYBWE (25, 50, and 100 µg/mL) was added for 24 h.

After reacting in cold 100% methanol for 5 min at room

temperature, the samples were washed three times with

PBS and then fixed again with 4% paraformaldehyde at

room temperature for 10 min. After the cells were lysed

with 0.1% to 0.25% Triton X-100, 1% BSA and 22.52

mg/mL glycine in PBST (PBS with 0.1% Tween 20) were

added to the cells for blocking for 30 min. Cells were then

incubated overnight with the primary antibody at 4oC.

After the samples were washed three times with PBS, they

were incubated with 1% BSA and the secondary antibody

for 3 h without being exposed to light. They were then

washed three times, and mounting solution (with DAPI)

(ab104139; Abcam, Cambridge, UK) was added to the

glass slides for fluorescence observation. ATRA (1 µM)

was used as a positive control.

Quantitative real-time polymerase chain reaction

(qRT-PCR) – To determine whether PYBWE increases

the mRNA expression levels of skin barrier- and moisture-

related genes, HaCaT cells (6 × 105 cells/well) were dispensed

into 60 mm plates and incubated in an incubator at 37oC

for 24 h at 5% CO2. The supernatant was removed. Then,

PYBWE (25, 50, and 100 µg/mL) was added, using ATRA

(1 µM) as a positive control, and reacted for 24 h. After

the reaction, RNA was extracted using TRIzol (Ambion,
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Waltham, MA, USA), dissolved in diethylpyrocarbonate

(DEPC)-treated water (Sigma, St. Louis, MO, USA), and

quantified. The quantified RNA was reverse transcribed

using a cDNA synthesis kit (Revertra ACE-A-; Toyobo,

Osaka, Japan). To determine the expression levels of genes

related to the skin barrier and moisture, cDNA, TaqMan

Master Mix (TaqMan, Foster City, CA, USA), DEPC, and

primers were mixed, and qRT‒PCR was performed. The

probes used in the experiment are shown in Table 1.

Western blot analysis – HaCaT cells (6 × 105 cells/well)

were dispensed into 60 mm plates and incubated in an

incubator for 24 h at 37oC and 5% CO2. Thereafter, the

supernatant was removed, and PYBWE (25, 50, and 100

µg/mL) and the positive control ATRA (1 μM) were added

and allowed to react for 15 min. After washing once with

PBS, the supernatant was removed, and the cells were

lysed with RIPA lysis extraction buffer (Thermo Fisher,

Waltham, MA, USA). Proteins obtained by centrifugation

at 4oC and 12,000 rpm for 20 min were quantified using a

BCA Protein Assay Kit (Thermo Fisher Scientific). The

quantified proteins were stained with 5 × SDS‒PAGE

loading dye (Binoseang, Korea), loaded onto a 10%

polyacrylamide gel, and separated by electrophoresis. The

membrane was transferred, blocked with 5% skim milk

for 1 h, and incubated overnight with primary antibodies.

Protein expression was confirmed by washing three times

with Tris-buffered saline with Tween 20 (TBST) and

washing again after 3 h of treatment with the secondary

antibody. The antibodies used in the experiment are

shown in Table 2.

Table 1. Gene names and assay ID numbers for qRT-PCR 

Symbol Gene name Assay ID

GAPDH Glyceraldehyde-3-phosphate dehydrogenase Hs02786624_g1

HAS-2 Hyaluronan synthase 2 Hs00193435_m1

HAS-3 Hyaluronan synthase 3 Hs00193436_m1

CLDN-1 Claudin 1 Hs00221623_m1

CLDN-3 Claudin 3 Hs00265816_s1

CLDN-4 Claudin 4 Hs00533616_s1

F11r F11 receptor Hs00170991_m1

Table 2. Antibody names and assay ID numbers for the western blot analysis

Symbol Antibody name Assay ID

β-actin β-actin (13E5) Rabbit mAb 4970S

p-ERK Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) (D13.14.4E) XP® Rabbit mAb 4370S

ERK p44/42 MAPK (Erk1/2) (137F5) Rabbit mAb 4695S

p-p38 Phospho-p38 MAPK (Thr180/Tyr182) (D3F9) XP® Rabbit mAb 4511S

p38 p38 MAPK (D13E1) XP® Rabbit mAb 8690S

p-JNK Phospho-SAPK/JNK (Thr183/Tyr185) (81E11) Rabbit mAb 4668S

JNK SAPK/JNK Antibody 9252S

p-CREB Phospho-CREB (Ser133) (87G3) 9198S

CREB CREB (48H2) Rabbit mAb 9197S

p-AKT Phospho-Akt (Ser473) (D9E) XP® Rabbit mAb 4046S

AKT Akt Antibody 9272S

p-NF-κB Phospho-NF-κB p65 (Ser536) (93H1) Rabbit mAb 3033S

NF-κB NF-κB p65 (D14E12) XP® Rabbit mAb 8242S

CLDN-1 Claudin-1 (D5H1D) XP® Rabbit mAb 18932

CLDN-3 Claudin-3 (D7A3O) Rabbit mAb 83609

CLDN-4 Claudin-4 Polyclonal Antibody (ZMD.306) 36-4800

JAM-A JAM-A (E6Z7E) Rabbit mAb 82196
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High-performance liquid chromatography – Naringenin

was quantified using a SHIMADZU LC-2040C 3D System

and a Eurosper 100-5 C18 column (250 × 3 mm). The mobile

phases were acetonitrile (A) and water (B), the flow rate

of the mobile phase was set to 0.8 mL/min, and the column

oven temperature was set to 25oC. The UV wavelength

was set to 280 nm, and the injection volume was 10 μL.

PYBWE was used at a concentration of 10 mg/mL, and

naringenin was used after preparing a standard stock

solution of 500 µg/mL and diluting it to concentrations of

10, 62.5, 125, 250, and 500 µg/mL. The solvents were

acetonitrile for high-performance liquid chromatography

(HPLC) (Daejung Chemicals & Metals) and water for

HPLC (J.T. Baker). Naringenin, an indicator component

of PYBWE, was purchased from Sigma Aldrich. The

conditions for the naringenin analysis are shown in Table 3.

Statistical analysis – All experiments were repeated three

times and results are expressed as the means ± standard

errors. To determine the effect of PYBWE, comparisons

between groups were performed using Student’s t-tests.

The statistical significance level was p < 0.05.

Results and Discussion

P. yedoensis Matsumura is a deciduous tree belonging

to the rose family and has been used in daily life for

various practical purposes.24,25 P. yedoensis contains various

flavonoids, such as naringenin, sakuranetin, and prunetin,

of which the content of naringenin is the highest.26 Royal

cherry trees have various physiological effects, such as

vascular relaxation, anti-inflammatory, and wound healing

effects.27,28 However, studies on HA synthesis and tight

junction-related proteins are still insufficient; therefore, in

this study, the effects of PYBWE on the expression levels

and mechanisms of action of mRNAs and proteins related

to HA and tight junctions were evaluated.

HPLC was performed to analyze the content of naringenin,

an indicator component in PYBWE. A calibration curve

was created where the y-axis represents the peak area and

the x-axis represents the concentration (ppm) of the

naringenin solution. The correlation coefficient (R2) for

the prepared calibration curve (y = ax − b) was 0.997.

PYBWE and naringenin were detected at 14.372 min and

14.371 min, respectively. In PYBWE, the content of

naringenin was 12.14 µg/mL (Fig. 1).

The evaporation of moisture in the skin causes itching,

redness, scales, and other symptoms and allows external

substances to pass through the skin more easily.29,30 HA is

a natural moisturizing agent that maintains the skin barrier

by preventing the evaporation of moisture in the epidermis;

it is also involved in physiological functions, such as the

storage and diffusion of nutrients and cell migration.31,32

A decrease in HA in the skin causes damage to the skin

barrier, which facilitates the penetration of external

substances, resulting in skin diseases, such as atopy and

psoriasis. Therefore, substances that promote the synthesis

Table 3. HPLC conditions 

Item Condition

Column Eurospher 100-5 C18, column 250 × 3 mm

Flow 0.8 mL/min

Solvent A: acetonitrile

B: water

Gradient 0–8 min: A 23%
8–15 min: A 65%
15–20 min: A 70%
20–21 min: A 23%
21–22 min: A 23%

Injection volume 10 μL

Temperature 25℃

Wavelength 280 nm

Fig. 1. High-performance liquid chromatography (HPLC) chromatograms for (A) naringenin and (B) PYBWE.
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of HA or inhibit decomposition are effective in maintaining

skin moisture and improving structural stability.33 Recently,

increasing HAS gene expression to increase HA production

has been evaluated.34 A recent study has shown that the

treatment of skin keratinocytes with HA improves skin

barrier function by increasing tight junction protein levels.17

All-trans retinoic acid (ATRA), used as a positive control

in experiments, is widely used for controlling cell growth

and differentiation and for treating skin diseases; it

induces HAS-2 mRNA expression in HaCaT cells.35,36

In this study, the effects of PYBWE on HA synthesis

and tight junction function in An MTT assay was performed

to evaluate the cytotoxicity of PYBWE (25, 50, 100, 200,

and 400 µg/mL) in HaCaT cells. Setting viability in the

control to 100%, PYBWE treatment led to viabilities of

99.34 ± 10.97%, 95.90 ± 9.31%, 87.74 ± 6.82%, 76.86 ±

6.15%, and 73.22 ± 4.04%, indicating that PYBWE was

toxic at 200 µg/mL or greater. Subsequent analyses were

conducted with PYBWE at concentrations of 25, 50, and

100 µg/mL (Fig. 2). PYBWE was used at a concentration

of 10 mg/mL after dissolution in serum-free DMEM.

ELISA was used to quantify HA production induced by

PYBWE in HaCaT cells. Treatment with PYBWE at

concentrations of 25, 50, and 100 µg/mL increased the

amount of HA produced in a concentration-dependent

manner to 9.68%, 47.86%, and 139.05% respectively. In

the positive control group (treated with ATRA), HA

production also increased (Fig. 3).

HA is synthesized by HAS, a synthase that can be

divided into three forms: HAS-1, HAS-2, and HAS-3.

The latter two (HAS-2 and HAS-3) play important roles

in determining the length and structure of HA. However,

HAS-1 has a relatively weak ability to stably maintain the

HA chain in the cell membrane; thus, the conservation of

HA is limited.8,37

The HAS-2 protein expression level in PYBWE-treated

HaCaT cells was confirmed by immunofluorescence staining.

HAS-2 was expressed after treatment with PYBWE at all

concentrations (25, 50, and 100 g/mL) and after treatment

with ATRA, a positive control (Fig. 4). HaCaT cells were

treated with PYBWE to evaluate the mRNA expression

levels of HAS-2 and HAS-3 through qRT‒PCR. When

PYBWE was added at concentrations of 25, 50, and 100

μg/mL, HAS-2 mRNA expression levels increased in a

concentration-dependent manner by 1.41 ± 0.67, 1.67 ±

0.32, and 3.96 ± 1.77 times, whereas HAS-3 mRNA

expression levels decreased in a concentration-dependent

manner by 0.71 ± 0.16, 0.44 ± 0.13, and 0.25 ± 0.07 times.

ATRA clearly increased HAS-2 and HAS-3 levels (Fig. 5).

These results show a similar trend with the increase in

HAS-2 mRNA after EGF treatment. In this study, there

were no changes in the expression of HAS-1 and HAS-3,

but it was reported that the increased expression of HAS-

2 promoted HA synthesis. This result provides important

implications that HAS-2 acts as a major regulator of HA

synthesis.48 Our experimental results also confirmed that

the increased expression of HAS-2 is closely related to

HA synthesis. Thus, HA synthesis is mediated mainly by

HAS-2, emphasizing the importance of HAS-2 in the

control of skin moisture.

Since most cell surface receptors use one or more

mitogen-activated protein kinase (MAPK) pathways, this

study focused on the MAPK pathway leading to activation.38

Fig. 2. Effects of PYBWE on HaCaT cell viability. Cells were
treated with different concentrations of PYBWE (25, 50, 100,
200, and 400 μg/mL) for 24 h. Cell viability was measured using
the MTT assay, as described in the Materials and Methods
section. The results are expressed as the means ± SDs of three
independent experiments. *p < 0.05 compared with the control.

Fig. 3. Effects of PYBWE on HA production in HaCaT cells.
The cells were treated with different concentrations of PYBWE
(25, 50, and 100 μg/mL) for 24 h. ATRA (1 µM) was used as a
positive control. The results are expressed as the means ± SDs of
three independent experiments. *p < 0.05, **p < 0.01, ***p <
0.001 compared with the control.
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HaCaT cells were treated with PYBWE, and western

blotting was performed to determine whether the increase

in HAS-2 mRNA expression influences MAPK signaling

pathway protein phosphorylation. Compared with levels

in the control, the protein expression levels of ERK, JNK,

and p38 increased in a PYBWE concentration-dependent

manner (Fig. 6A–D). Cyclical AMP response element-

binding protein (CREB) is a transcription factor that is

regulated by ERK; it is important for various cellular

processes, including proliferation, differentiation, and

adaptation. HAS-2 expression is dependent on ERK and

CREB.39 Thus, the phosphorylation of CREB is expected

to increase through PYBWE treatment in HaCaT cells;

thus, HA synthesis is mediated by the MAPK and CREB

pathways. In this study, CREB protein expression levels

also increased in response to PYBWE in a concentration-

dependent manner (Fig. 6E–F). The regulation of HAS

expression through the Akt and NF-κB signaling pathways

is clearly established.40 As there is evidence that HA

synthesis involves HAS-2 expression via the AKT and

NF-κB signaling pathways, these signaling pathways

were also evaluated through western blotting using

HaCaT cells with PYBWE. AKT and NF-κB increased in

a concentration-dependent manner (Fig. 6G–J). In addition,

the role of the MAPK signaling pathway in PYBWE-

induced changes in HAS-2 expression was evaluated. In

response to treatment with the ERK inhibitor U016, p38

inhibitor SB203580, or JNK inhibitor SP600125, HAS-2

Fig. 4. Effects of PYBWE on HAS-2 protein expression in HaCaT cells. The cells were treated with different concentrations of PYBWE
(25, 50, and 100 μg/mL) for 24 h. ATRA (1 µM) was used as a positive control.

Fig. 5. Effects of PYBWE on HAS-2 and HAS-3 mRNA levels in HaCaT cells. The cells were treated with different concentrations of
PYBWE (25, 50, and 100 μg/mL) for 24 h. ATRA (1 µM) was used as a positive control. The results are expressed as the means ± SDs
of three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 versus the control.
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expression was lower than that in the group treated with

PYBWE alone (Fig. 7). These findings confirmed that

PYBWE regulates HAS-2 expression through the MAPK,

CREB, Akt, and NF-κB signaling pathways.

The epidermis of the skin plays an important barrier

function, particularly the outmost layer, the stratum

corneum. The normal skin barrier plays an important role

in maintaining the health of the skin and preventing

damage from the external environment.41

The tight junctions are located in the stratum granulosum,

the middle of the three layers.42 Damage to tight junctions

causes the destruction of the stratum corneum, thereby

increasing the mobility of external substances. This may

affect the differentiation of keratinocytes and consequently

lead to percutaneous water loss.43 Tight junctions are

composed of three main proteins: claudins, occludins, and

functional adhesion molecules (JAM). They play an

important role in forming a hydrophilic space through the

cell membrane. In particular, claudin accounts for the

largest proportion of these proteins and is expressed in all

epithelial tissues.44 There are 23 known claudin types, of

which deficiencies in CLDN-1 and CLDN-4 may cause a

decrease in skin barrier function, thereby increasing the

likelihood of developing inflammatory diseases, such as

atopy.14 These tight junction proteins interact with tight

junction cytoplasmic proteins, such as ZO-1, ZO-2, ZO-3,

Fig. 6. Effects of PYBWE on MAPK, CREB, Akt, and NF-κB protein expression in HaCaT cells. The cells were treated with different
concentrations of PYBWE (25, 50, and 100 μg/mL) for 24 h. ATRA (1 µM) was used as a positive control. (A–D) PYBWE increased the
phosphorylation of MAPK, CREB, Akt, and NF-κB. Data were analyzed using ImageJ. The results are expressed as the means ± SDs of
three independent experiments. *p < 0.05 compared with the control.
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Fig. 6. Continued.
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multiple PDZ domain protein (MUPP)-1, and PALS1-

associated tight junction protein (PATJ), to maintain and

stabilize tight junctions.45 HaCaT cells were treated with

PYBWE for analyses of the mRNA expression levels of

CLDN-1, CLDN-3, CLDN-4, and F11r using qRT‒PCR. In

particular, after treatment with PYBWE at concentrations

of 25, 50, and 100 µg/mL, CLDN-1 levels did not differ

significantly from those in the control group (1.20 ± 0.48,

0.77 ± 0.32, and 1.00 ± 0.43, respectively). Additionally,

CLDN-3 levels did not differ significantly (1.44 ± 0.23,

1.18 ± 1.13, and 1.46 ± 0.33, respectively). The expression

levels of CLDN-4 were 0.97 ± 0.23, 1.13 ± 0.33, and 1.72

± 0.38 times higher in the PYBWE treatment groups than

in the control group, indicating that the expression level

increased only at a concentration of 100 µg/mL PYBWE.

F11r levels were reduced in a concentration-dependent

manner to 0.85 ± 0.3, 0.59 ± 0.43, and 0.45 ± 0.28 (Fig. 8).

In the positive control group, CLDN-1 expression was

lower than that in the other groups, consistent with

previous results showing that ATRA inhibits the activity

of CLDN-1.46 Western blotting confirmed that ATRA

Fig. 7. Inhibitory effects of the MAPK signaling pathway on
PYBWE-induced HAS-2 expression in HaCaT cells. The cells
were treated with different concentrations of PYBWE (25, 50,
and 100 μg/mL) for 24 h. U0126 is an ERK inhibitor. SB2023580
is a p38 inhibitor. SP300125 is a JNK inhibitor. The results are
expressed as the means ± SDs of three independent experiments.
#p < 0.05 compared with the control. *p < 0.05 compared with
the PYBWE.

Fig. 8. Effects of PYBWE extract on CLDN-1, CLDN-3, CLDN-4, and F11r mRNA levels in HaCaT cells. HaCaT cells were treated
with different concentrations of PYBWE (25, 50, and 100 μg/mL) for 24 h. ATRA (1 µM) was used as a positive control. The results are
expressed as the means ± SDs of three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 compared with the control.
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treatment resulted in higher CLDN-4 phosphorylation in

HaCaT cells were treated with PYBWE than that in the

control (Fig. 9). According to the results of previous

studies, claudin recruits occludin to tight junctions, and a

decrease in occludin does not affect the formation of tight

junctions. In addition, tight junctions can be formed in

fibroblasts without tight junctions via claudin.47 These

results suggest that claudin plays a central role and occludin

plays an auxiliary role in the formation of tight junctions.

The results of this study demonstrated that HA is

synthesized via HAS-2 expression in HaCaT cells treated

with PYBWE, and these effects on HA synthesis are

mediated by CLDN-4, thereby improving tight junction

function and enhancing the moisture barrier of the skin,

with the potential to improve skin diseases.
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