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Introduction

Various environmental stressors, including smoking and

ultraviolet (UV) radiation, induce skin damage, resulting in

skin aging [31, 36]. Out of the stressors that induce skin

aging, direct exposure to UV radiation, especially its UVB

component, is tightly related to a particular type of skin

damage called photoaging, which is characterized by

coarse and fine wrinkles, dryness, laxity, pigmentation,

and increased skin thickness [11, 20, 24]. 

Ultraviolet irradiation causes alterations in skin collagenous

tissues caused by the breakdown of collagen, a major

structural protein in the dermis. Collagen destruction by

chronic sun exposure is one of the key factors contributing

to the aged appearance of the skin. A large number of

studies regarding UV-induced molecular mechanisms and
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Ultraviolet (UV) irradiation alters multiple molecular pathways in the skin, thereby inducing

skin damage, including photoaging. In recent years, probiotics have gained interest due to

their beneficial effects on skin health, such as inhibiting atopic dermatitis and improving skin

immunity or inflammation. However, little is known about the effects of probiotics on UVB-

induced photoaging. In this study, we evaluated the effect of Lactobacillus plantarum HY7714

against UVB-induced photoaging in human dermal fibroblasts and hairless mice. The results

showed that L. plantarum HY7714 treatment effectively rescued UVB-reduced procollagen

expression through the inhibition of UVB-induced matrix metalloproteinase (MMP)-1

expression in human dermal fibroblasts. Data from a western blot showed that L. plantarum

HY7714 inhibited the phosphorylation of Jun N-terminal kinase, thereby suppressing the

UVB-induced phosphorylation and expression of c-Jun. Oral administration of L. plantarum

HY7714 clearly inhibited the number, depth, and area of wrinkles in hairless mouse skin.

Histological data showed that L. plantarum HY7714 significantly inhibited UVB-induced

epidermal thickness in mice. Western blot and zymography data also revealed that

L. plantarum HY7714 effectively inhibited MMP-13 expression as well as MMP-2 and -9

activities in dermal tissue. Collectively, these results provide further insight regarding the

skin biological actions of L. plantarum HY7714, a potential skin anti-photoaging agent.
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signal transduction have been reported [1, 36].

The overriding factor in collagen loss is the activation of

the collagenase matrix metalloproteinase (MMP)-1 by UVB

exposure [25, 30]. UVB triggers cellular signaling pathways

through cell surface receptors or secondary messengers,

such as reactive oxygen species, to phosphorylate kinases,

including Jun N-terminal kinase (JNK), p38, and extracellular

regulated kinases (ERKs) [8, 15]. These kinases eventually

stimulate transcriptional activities, thereby contributing to

the regulation of target genes involved in skin photoaging,

such as MMPs. Activator protein (AP)-1 is the major MMP

transcriptional factor in UVB-induced skin. AP-1 is a homo-

or heterodimer of Jun or Fos in mammalian cells, and the

activity or expression of each subunit is stimulated by an

upstream kinase such as MAPKs [2, 27]. MMPs are a family

of zinc-dependent endopeptidases expressed in several cell

types that degrade macromolecules from the extracellular

matrix (ECM) [28]. Among these enzymes, MMP-1 (interstitial

collagenase) plays an important role in the degradation of

native types I and III collagen in human skin [25]. Once

cleaved by MMP-1, collagen can be further broken down

into small peptides by MMP-9, resulting in ECM degradation.

Reduction in collagen fibers is an important mechanism

involved in the development of skin aging [16].

The role of probiotics in regulating intestinal health has

been widely studied for over a century [9]. After ingestion,

probiotics exert their biological effects through adhesion to

intestinal epithelial cells, and contribute to a decrease in

harmful bacteria and intestinal inflammation. Modulation

of the intestinal microbiota is one of the important

functions of probiotics, which is deeply associated with the

modulation of the intestinal immune system, improving

bowel movement and decreasing allergy [13, 21]. However,

in recent years, several lines of evidence suggest that some

bacterial probiotics can modulate the skin immune system

[3, 12, 31]. In human clinical trials, probiotic supplementation

showed potential in the relief of atopic dermatitis and dry

skin [7, 10, 14, 26]. Dietary supplements containing a specific

probiotic with several components from natural plants

protected against the early damage induced by UV exposure,

through regulating immune cells and inflammatory cytokines

in humans [3]. In addition to protecting against cutaneous

photo damage, it has been suggested that a specific strain

of lactic acid bacteria showed anti-aging effects such as

reduction in wrinkle formation and improved elasticity in

hairless mice [31]. However, only a few studies were designed

to determine the anti-photoaging effects and mechanisms

of probiotics on UVB-irradiated skin. Thus, the present study

was designed to investigate the anti-photoaging activity

and molecular mechanisms of Lactobacillus plantarum HY7714

on UVB-irradiated skin, both in vitro and in vivo. 

Materials and Methods 

Preparation of Bacteria for In Vitro and In Vivo Experiments 

The four lactic acid bacterial strains used in the present study

were isolated from healthy infant feces or breast milk. For the in

vitro assay, these strains were inoculated in Man Rogosa Sharpe

(MRS; BD; Sparks, MD, USA) broth, cultured at 37°C for 24 h,

harvested using centrifugation (1,500 ×g, 10 min), washed twice

with sterile phosphate-buffered saline (PBS), and resuspended to

a final concentration of 1010 CFU/ml. The bacteria were then heat-

treated (100°C, 15 min) and stored at -20°C until use. For the in

vivo assay, L. plantarum HY7714 was harvested as described above

and resuspended at a final concentration of 1 × 109 CFU/ml in

sterile PBS.

Reagents 

Antibodies against MMP-1, MMP-13, and β-actin were purchased

from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The

antibodies against phosphorylated extracellular regulated kinases

(ERKs), total ERKs, phosphorylated p38, total p38, phosphorylated

JNKs, total JNKs, phosphorylated c-Jun, and c-Jun were purchased

from Cell Signaling Technology (Danvers, MA, USA). All other

chemicals were purchased from Sigma-Aldrich (St. Louis, MO,

USA).

Cell Culture 

Hs68 human dermal fibroblasts were purchased from the

American Type Culture Collection (Manassas, VA, USA) and were

cultured in monolayers at 37°C in a 5% CO2 incubator in Dulbecco’s

modified Eagle’s medium containing 10% fetal bovine serum.

UVB-Exposure of Hs68 Cells

Hs68 cells were seeded on a six-well plate at a density of

2 × 105 cells per well and grown in a culture medium for 24 h to

reach 80% confluency. The cells were starved in serum-free

medium for another 24 h and exposed to UVB at 50 mJ/cm2 dose.

The cells were then immediately treated with the test materials.

UVB treatment was performed using Ultraviolet Crosslinkers

(UVP; Upland, CA, USA) with a peak emission at 302 nm, and the

distance from the UVB source to the plates was about 12.7 cm.

Following irradiation, the cells were incubated for 15 min or 48 h

and harvested for in vitro studies.

Enzyme-Linked Immunosorbent Assay (ELISA) 

Hs68 cells were cultured in a 24-well plate (5 × 104 cells/well)

for 24 h. They were then treated with several lactic acid bacteria at

5 × 108 CFU/ml for 24 h. The cell culture medium was collected,

and type I procollagen was quantified using a procollagen type I

C-peptide enzyme immunoassay kit (Takara, Shiga, Japan).
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Western Blot Analysis 

For in vitro western blotting, cells were grown to confluence in

6-well plates or 100 mm plates, washed two times with PBS, and

lysed in radioimmunoprecipitation assay (RIPA) buffer. The protein

concentration was determined using a DC assay kit (Bio-Rad

Corp., Hercules, CA, USA). Lysate protein (10 µg) was subjected to

10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE) and then electrophoretically transferred to a

polyvinylidene difluoride membrane. After blotting, the membrane

was incubated with the specific primary antibody at 4°C overnight.

Protein bands were visualized using a chemiluminescence detection

kit after hybridization with a horseradish peroxidase-conjugated

secondary antibody. For the in vivo test, to isolate proteins from

the mouse skin, the dorsal skin of each mouse was excised and

blended in RIPA buffer using a homogenizer. Proteins were

analyzed as described above for the in vitro western blot assay.

The relative amounts of proteins associated with specific antibodies

were quantified using Image J software (National Institutes of

Health, Bethesda, MD, USA).

Animals and Experimental Design 

Five-week-old female hairless mice were purchased from

Central Lab Animal Inc. (Seoul, Korea). The mice were maintained

in climate-controlled quarters (at 24°C, 50% humidity) with a 12 h

light/12 h dark cycle. The animal protocol used in this study was

reviewed and approved based on ethical procedures and scientific

care by the Ethics Committee at the R&BD Center of the Korea

Yakult Company Limited (KYIACUC-11-04-0231-Y). The mice were

divided into a control group (n = 8), a UVB-only treatment group

(n = 8), and a UVB plus L. plantarum HY7714 treatment group (n = 8).

The mice in the control and UVB-only treatment groups were

orally administered 100 µl of PBS. The mice in the UVB plus

L. plantarum HY7714 treatment group were orally administered

100 µl of PBS containing 1 × 109 CFU of L. plantarum HY7714/mouse

daily, 1 h prior to UVB irradiation.

Mouse UVB Irradiation 

The distance from the UV source to the skin was about 12.7 cm,

irradiation and performed using Ultraviolet Crosslinkers (UVP;

Upland, CA, USA) with a peak emission at 302 nm. UVB radiation

was applied to the back of the mice three times per week for

12 weeks. The starting dose of UVB radiation was 25 mJ/cm2

(1 minimal erythematous dose [MED]) during the first week, and

the dose was increased weekly by 1 MED (25 mJ/cm2) until reaching

4 MED (100 mJ/cm2), which was maintained until 12 weeks. Body

weights were recorded weekly. Replica preparation was performed

at the 12th week of radiation exposure. 

Production of Replicas and Image Analysis 

Replicas of mouse dorsal skin were constructed using SILFLO

(CuDerm Corporation, Dallas, TX, USA). The impression replicas

were set on a horizontal sample stand, and wrinkle images were

obtained using a CCD camera and analyzed with Skin VisioLine

650 software (Courage & Khazaka Electronic GmbH, Cologne,

Germany).

Gelatin Zymography 

The dorsal skin of each mouse was blended in RIPA buffer

using a homogenizer, and equal amounts of the protein extract

were then mixed with non-reducing sample buffer, incubated for

15 min at room temperature, and then resolved on 12% SDS-

PAGE gels containing 1 mg/ml gelatin. The gels were washed

twice with 2.5% Triton X-100 for 30 min, rinsed three times for

30 min with a 50 mM Tris-HCl buffer (pH 7.6) containing 5 mM

CaCl2, 0.02% Brij-35, and 0.2% sodium azide, and incubated

overnight at 37°C. The gels were then stained with a 0.5%

Coomassie brilliant blue R-250 solution containing 10% acetic acid

and 20% methanol for 30 min, and were destained with a 7.5%

acetic acid solution containing 10% methanol. Areas of gelatinase

activity were detected as clear bands against the blue-stained gelatin

background. Gelatinase activity was quantified by densitometric

analysis of the clear bands (as scanned JPEG images) using Image J

software (NIH). 

Statistical Analysis 

Where appropriate, data are expressed as means ± SD values,

and the Student’s t-test was used for multiple statistical comparisons.

A probability value of p < 0.05 was used as the criterion for

statistical significance.

Results

Lactic Acid Bacteria Increase Procollagen Production in

Hs68 Cells 

Decrease in type I collagen, the primary component of

the ECM, which supports the skin dermis, is a main cause

for photoaging [36]. Thus, we first examined the activity of

various probiotics isolated from healthy infant feces or

breast milk on procollagen production in Hs68 cells to select

the probiotic that presented the strongest anti-photoaging

activity. Among the probiotics tested, L. plantarum HY7714

potently increased procollagen secretion by 32% in the

cells, whereas other probiotics had no significant effect

(Fig. 1). All of the probiotics tested showed no cytotoxic

activities with 10-fold more concentration in the Hs68 cell

line (data not shown).

L. plantarum HY7714 Rescues UVB-Reduced Procollagen

Expression and Suppresses UVB-Induced MMP-1 Expression

in Hs68 Cells 

UV radiation degrades collagen fibers and causes the

collapse of the dermal structure, followed by an acceleration

of the aging process. Because the induction of interstitial

collagenase (MMP-1) by UVB exposure is a prominent
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factor in the loss of collagen fibers, resulting in coarse

wrinkles, MMP-1 has been considered as the primary

marker for skin photoaging [5]. Thus, to evaluate the

effects of L. plantarum HY7714 on procollagen or MMP-1

expression in UVB-irradiated dermal fibroblasts, we

performed western blot analysis. The result showed that

UVB irradiation clearly inhibited procollagen expression in

Hs68 cells, and that L. plantarum HY7714 effectively rescued

procollagen expression in a dose-dependent manner (Fig. 2A).

UVB exposure also induced a 2-fold increase in MMP-1

expression compared with that of normal cells. In contrast,

L. plantarum HY7714 notably suppressed UVB-induced

MMP-1 expression in a dose-dependent manner (Fig. 2B).

L. plantarum HY7714 Suppresses UVB-Induced Phosphorylation

of JNK/c-Jun, but Not ERK and p38, in Hs68 Cells 

Numerous reports suggested that UVB irradiation

activates MAPKs, including ERK, JNK, or p38, resulting in

the induction of MMP-1 expression in dermal cells.

Therefore, to elucidate the mechanisms involved in the

effects of L. plantarum HY7714 on UVB-induced MMP-1

expression, we examined whether L. plantarum HY7714

blocked the activation of the ERK, JNK, or p38 pathways

stimulated by UVB in Hs68 cells. Western blotting data

showed that L. plantarum HY7714 considerably inhibited

UVB-induced phosphorylation of JNK at doses of 5 ×

107 CFU/ml and 5 × 108 CFU/ml. On the other hand,

L. plantarum HY7714 had no effect on the phosphorylation

of p38 expression, and the phosphorylation of ERKs was

rather gradually increased dose dependently (Fig. 3A).

These results indicate that the inhibition of UVB-induced

MMP-1 expression by L. plantarum HY7714 was mainly

caused by the inhibition of JNK phosphorylation. MMP-1

expression is strongly regulated by the transcription factor

AP-1, which is rapidly induced and activated by UV exposure

in human skin in vivo. To examine this mechanism, we

Fig. 1. Effects of several probiotics on procollagen expression

in Hs68 cells.

The cells were treated with several probiotics at 1 × 109 CFU/ml for

24 h. The culture supernatants were harvested, and type I procollagen

protein levels in the supernatants were determined by ELISA. Data

are representative of three independent experiments. LP 7714,

L. plantarum HY7714; LR 24, L. rhamnosus 24; LR 25, L rhamnosus 25; LP

26, L. plantarum 26. Asterisks (*) indicate significant differences (p <

0.05) between the control group and the probiotics-treated groups.

Fig. 2. Effect of L. plantarum HY7714 on UVB-reduced procollagen expression or UVB-induced MMP-1 expression in Hs68 cells.

The cells were treated with L. plantarum HY7714 at 5 × 108 CFU/ml or 1 × 109 CFU/ml, and simultaneously exposed to UVB (50 mJ/cm2) for 48 h.

The level of procollagen or MMP-1 was determined by western blot analysis. Data are representative of three independent experiments. The

protein levels were quantified using an image analysis program to evaluate the density of each band on the immunoblot, and the fold-change

value was calculated. 

HY
강조
결과는 UVB 조사가 Hs68 세포에서 프로콜라겐 발현을 명확하게 억제했으며, L. plantarum HY7714가 농도 의존적 방식으로 프로콜라겐 발현을 효과적으로 회복(rescue)시켰음을 보여주었다. (그림 2A). ... 대조적으로, L. plantarum HY7714는 UVB로 유도된 MMP-1 발현을 농도 의존적 방식으로 현저하게 억제했다 (그림 2B).

HY
강조
웨스턴 블롯 데이터는 L. plantarum HY7714가 5 x 107 CFU/ml 및 5 x 108 CFU/ml 농도에서 UVB로 유도된 JNK의 인산화를 상당히 억제했음을 보여주었다.
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evaluated the expression and the phosphorylation of AP-1

subunits. The results showed that c-Jun phosphorylation and

expression were significantly diminished after treatment with

L. plantarum HY7714 in Hs68 cells. However, L. plantarum

HY7714 did not inhibit c-Fos expression (data not shown).

L. plantarum HY7714 Attenuates UVB-Induced Skin

Wrinkle Formation in Hairless Mouse Skin 

In order to confirm the anti-photoaging activity of

L. plantarum HY7714 in vivo, we orally administered

L. plantarum HY7714 at a dose of 1 × 109 CFU in 100 µl of

sterile saline, or vehicle alone, to hairless mice for 12 weeks.

In the UVB-only group, diamond-shaped thick and deep

wrinkles were observed on the dorsal skin of the mice. In

contrast, oral administration of L. plantarum HY7714 strongly

reduced the wrinkle formation. To quantitatively analyze

the number, area, and depth of wrinkles, we obtained the

replicas from mouse dorsal skin at 12 weeks after UVB

irradiation. The skin replicas were photographed and the

three parameters were estimated using the skin VisioLine

650 system. These photograph data showed that wrinkle

formation was alleviated by oral administration of

L. plantarum HY7714 prior to UVB irradiation (Fig. 4A). The

number of wrinkles in mice from the UVB-only-treated

group was increased by 2.5-fold compared with that of

mice from the control group. However, L. plantarum

HY7714 administration inhibited wrinkle numbers by 56%

(Fig. 4B). Moreover, the total area and depth of wrinkles

was suppressed by 48% and 83%, respectively, compared

with that of the UVB-only-treated group (Figs. 4C and 4D).

L. plantarum HY7714 Inhibits UVB-Induced Epidermal

Hyperplasia in Hairless Mice Skin 

Since UVB irradiation induces the epidermis to become

significantly thicker, we further evaluated the effect of

L. plantarum HY7714 on UVB-induced epidermal thickening.

To measure the thickness of the epidermis, biopsied skin

specimens were stained with hematoxylin and eosin. The

results showed that UVB-induced epidermal thickness of

the dorsal skin was dramatically increased by 2.3-fold, due

to chronic UVB exposure. On the other hand, oral

administration of L. plantarum HY7714 strongly inhibited

UVB-induced epidermal thickness by 65% (p < 0.01 vs.

UVB-only treated group) (Fig. 5). 

L. plantarum HY7714 Inhibits UVB-Induced Activity or

Expression of MMPs in Hairless Mouse Skin 

MMP-13, but not MMP-1, functions as a collagenase in

mice, and is primarily induced in the epidermis before

diffusing into the dermis and degrading collagen. To

understand how L. plantarum HY7714 suppressed UVB-

induced wrinkle formation, MMP expression and activities

were examined using western blotting and zymography. In

this study, repetitive UVB irradiation on mouse dorsal skin

induced MMP-13 expression, and L. plantarum HY7714

administration significantly attenuated it (Fig. 6A). Because

Fig. 3. Effect of L. plantarum HY7714 on UVB-induced signaling pathway in Hs68 cells.

(A) Effect of L. plantarum HY7714 on UVB-induced MAPK phosphorylation in Hs68 cells. (B) Effect of L. plantarum HY7714 on UVB-induced c-Jun

phosphorylation or expression in Hs68 cells. For A and B, the cells were co-treated with L. plantarum HY7714 at 5 × 108 CFU/ml or 1 × 109 CFU/ml

and UVB (50 mJ/cm2) for 15 min. Western blotting was conducted using the indicated specific antibodies. Data are representative of three

independent experiments.

HY
강조
UVB 단독 처리군 마우스의 주름 수는 대조군 마우스에 비해 2.5배 증가했다. 그러나 L. plantarum HY7714 투여는 주름 수를 56% 억제했다 (그림 4B). 또한, 주름의 전체 면적과 깊이는 UVB 단독 처리군과 비교하여 각각 48%와 83% 억제되었다 (그림 4C 및 4D).

HY
강조
결과는 만성적인 UVB 노출로 인해 등 피부의 표피 두께가 2.3배로 극적으로 증가했음을 보여주었다. 반면에, L. plantarum HY7714의 경구 투여는 UVB로 유도된 표피 두께를 65% 강력하게 억제했다 (UVB 단독 처리군 대비 p < 0.01) (그림 5).

HY
강조
본 연구에서 마우스 등 피부에 대한 반복적인 UVB 조사는 MMP-13 발현을 유도했으며, L. plantarum HY7714 투여는 이를 유의하게 감소시켰다 (그림 6A).

HY
강조
과는 Hs68 세포에서 L. plantarum HY7714 처리 후 c-Jun의 인산화 및 발현이 유의하게 감소했음을 보여주었다
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gelatinase, MMP-2, and MMP-9 degrade the interstitial

collagen and basement, which results in skin wrinkling

[18], we next evaluated whether L. plantarum HY7714 could

affect UVB-induced MMP-2 and MMP-9 activities.

Zymography results showed that oral administration of

L. plantarum HY7714 effectively inhibited MMP-2 and

MMP-9 activities in hairless mouse skin (Fig. 6B). Therefore,

these results indicated that L. plantarum HY7714 could

improve skin wrinkles by reducing collagen-degrading

MMP expression or activities.

Discussion

There is growing interest in the dermal benefits of

probiotics, such as for inhibiting atopic dermatitis [14, 29]

and atopic eczema [6, 19] and improving skin immunity

[3, 12]. In addition, recent studies revealed that oral

administration of some probiotics can suppress skin damage

through inhibiting skin inflammation and improving

wrinkle formation or skin elasticity in mice [31]. These

activities are diverse and depend on different strains.

Although identification of the bioactive components of

probiotics are very important to better understand their

physiological functions on human health, this area of

research remains poorly understood and needs to be

Fig. 5. Effect of oral administration of L. plantarum HY7714 on

UVB-induced epidermal thickening in hairless mouse skin.

(A) Hematoxylin and eosin-stained skin tissue sections. Images are

representative of results from eight tissue samples (×100). (B) Bars

represent the mean thickness (µm) of the epidermis from eight

animals (three measurements/section). Results are presented as

means ± SD (n = 8). The ## indicates significant differences at p < 0.01

between the control group and the group exposed to UVB. The **

indicates significant differences at p < 0.01 between the group treated

with UVB alone and the group treated with L. plantarum HY7714.

Fig. 4. Effect of oral administration of L. plantarum HY7714 on UVB-induced wrinkle formation in hairless mouse skin.

(A) Photomicrographs of representative replicas taken from the dorsal mouse skin at the end of the study (×100). Number (B), total area (C), or

total depth (D) of wrinkles calculated from the replica by image analysis. Results are presented as the mean ± SD of eight mice per group. The hash

symbol indicates significant differences in wrinkle formatition between the control group and the group exposed to UVB (##, p < 0.01). The

asterisks indicate a significant decrease in wrinkle formation between the group treated with UVB alone and the group treated with L. plantarum

HY7714 (**, p < 0.01; *, p < 0.05).

HY
강조
자이모그래피(Zymography) 결과는 L. plantarum HY7714의 경구 투여가 생쥐 피부에서 MMP-2 및 MMP-9 활성을 효과적으로 억제했음을 보여주었다 (그림 6B).
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investigated further. There is increasing evidence that cell

wall components of lactic acid bacteria can inhibit MMP-1

expression in fibroblasts [37] or skin carcinogenesis in

hairless mice [35]. The metabolites and heat-treated bacteria

from probiotics can also cause certain immune responses in

the skin and improve atopic dermatitis in the NC/Nga

mouse model [29, 32, 34]. In this study, we used live

bacteria in the hairless mouse model. Thus, further studies

are necessary to identify the probiotic components such as

lipoteichoic acid or other metabolites responsible for the

biological functions observed.

Numerous studies have shown that the MAPK signal

transduction pathways are responsible for regulating a

variety of cellular functions, such as cell inflammation,

MMP expression, and type I collagen synthesis [38]. Among

these, JNKs and p38 are generally considered as stress-

activated MAPKs [5]. Several MMPs, especially MMP-1,

MMP-2, and MMP-9, are known to be activated by AP-1.

Upon UV irradiation of human skin, c-Jun protein is

activated and combines with c-Fos to form an active form

of the transcription factor AP-1 [17]. This UV-induced AP-1

initiates the transcription of MMP genes, encoding collagenase

and gelatinase in both keratinocytes and fibroblasts [23,

33]. In particular, the protein c-Jun is a well-known nuclear

substrate of JNK1, and c-Jun is an important component of

various AP-1 subunits that bind to AP-1/ 12-O-tetradecanoyl-

13-phorbol-acetate-responsive element enhancer elements in

gene regulatory sites [22]. In this study, the JNK/c-Jun

pathway was markedly increased by UVB, and L. plantarum

HY7714 treatment subsequently prevented this JNK/AP-1

activation.

Collagen is the major structural component of the dermal

tissue, and its degradation and degenerative changes cause

wrinkle formation and aging appearance [4]. UV irradiation

increased MMP expression in human skin, including

MMP-1, MMP-2, and MMP-9 [16]. MMP-1 stimulates the

cleavage of fibrillar collagen, and MMP-9 further degrades

the cleaved collagen [15]. The gelatinases MMP-2 and MMP-9

can specifically degrade components of the epidermal

basement membrane such as types IV and VII collagen [16].

It was reported that instant UV stimulation of the dermal

tissue only increased MMP-9 levels, whereas constant UV

exposure caused increases of both MMP-2 and MMP-9

levels in hairless mice [16]. Thus, MMP-2 as well as MMP-9

may play an important role in the photoaging process.

Collagen-degrading MMP-2, -9, and -13 are primarily

induced in the epidermis by UV irradiation, as shown by

zymography (Fig. 6). Specifically, MMP-2 is highly expressed

in the hairless mouse epidermis. These results show that

MMP-2 might be one of the important markers of chronically

induced photoaging.

In the present study, we found that L. plantarum HY7714

had a strong inhibitory effect on UVB-induced MMP-1

expression by inhibiting the JNK/c-Jun pathway in Hs68

cells. Oral administration of L. plantarum HY7714 also

suppressed UVB-induced MMP-13 expression and MMP-2

and MMP-9 activities, thereby inhibiting wrinkle formation

and epidermal thickening in the dorsal skin of hairless

Fig. 6. Effect of oral administration of L. plantarum HY7714 on UVB-induced MMP-13 expression and MMP-2/-9 activities in

hairless mouse skin.

(A) MMP-13 protein levels were determined by western blot analysis. (B) MMP-2/-9 activities were determined by zymography in mouse skin.

The protein levels were quantified using an image analysis program to evaluate the density of each band on the immunoblot or zymography, and

the fold-change value was calculated. Data are representative of three independent experiments. Results are presented as means ± SD (n = 3). High

symbols (# and ##) indicate a significant difference (p < 0.05 and p < 0.01, respectively) between the control group and the group exposed to UVB.

Asterisks (* and **) indicate a significant difference (p < 0.05 and p < 0.01, respectively) between the group exposed to UVB and the group treated

with L. plantarum HY7714.
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mice. These results demonstrate that L. plantarum HY7714

might be a good candidate as a skin anti-photoaging agent.

However, the detailed molecular mechanisms and bioactive

compounds responsible for the increased anti-photoaging

effects of L. plantarum HY7714 remain to be elucidated.

Acknowledgments 

This work was supported by the Interrelated Development

Program (R-0000452) of Inter-Economic Regions, Ministry

for Knowledge Economy, Republic of Korea.

References

1. Amano S. 2009. Possible involvement of basement membrane

damage in skin photoaging. J. Investig. Dermatol. Symp. Proc.

14: 2-7.

2. Berneburg M, Plettenberg H, Krutmann J. 2000. Photoaging

of human skin. Photodermatol. Photoimmunol. Photomed. 16:

239-244.

3. Bouilly-Gauthier D, Jeannes C, Maubert Y, Duteil L, Queille-

Roussel C, Piccardi N, et al. 2010. Clinical evidence of

benefits of a dietary supplement containing probiotic and

carotenoids on ultraviolet-induced skin damage. Br. J.

Dermatol. 163: 536-543.

4. Chung JH, Seo JY, Choi HR, Lee MK, Youn CS, Rhie G, et

al. 2001. Modulation of skin collagen metabolism in aged

and photoaged human skin in vivo. J. Invest. Dermatol. 117:

1218-1224.

5. Cuenda A. 2000. Mitogen-activated protein kinase kinase 4

(MKK4). Int. J. Biochem. Cell Biol. 32: 581-587.

6. Eigenmann PA. 2013. Evidence of preventive effect of

probiotics and prebiotics for infantile eczema. Curr. Opin.

Allergy Clin. Immunol. 13: 426-431.

7. Elazab N, Mendy A, Gasana J, Vieira ER, Quizon A, Forno

E. 2013. Probiotic administration in early life, atopy, and

asthma: a meta-analysis of clinical trials. Pediatrics 132: e666-

e676.

8. Fisher G, Voorhees JJ. 1998. Molecular mechanisms of

photoaging and its prevention by retinoic acid: ultraviolet

irradiation induces MAP kinase signal transduction cascades

that induce Ap-1-regulated matrix metalloproteinases that

degrade human skin in vivo. J. Investig. Dermatol. Symp. Proc.

3: 61-68.

9. Foligné B, Daniel C, Pot B. 2013. Probiotics from research to

market: the possibilities, risks and challenges. Curr. Opin.

Microbiol. 16: 284-292.

10. Foolad N, Brezinski EA, Chase EP, Armstrong AW. 2013.

Effect of nutrient supplementation on atopic dermatitis in

children: a systematic review of probiotics, prebiotics,

formula, and fatty acids. JAMA Dermatol. 149: 350-355.

11. Grether-Beck S, Marini A, Jaenicke T, Krutmann J. 2014.

Photoprotection of human skin beyond ultraviolet radiation.

Photodermatol. Photoimmunol. Photomed. 30: 167-174.

12. Guéniche A, Philippe D, Bastien P, Blum S, Buyukpamukcu

E, Castiel-Higounenc I. 2009. Probiotics for photoprotection.

Dermatoendocrinology 1: 275-279.

13. Guéniche A, Bastien P, Ovigne JM, Kermici M, Courchay G,

Chevalier V, et al. 2010. Bifidobacterium longum lysate, a new

ingredient for reactive skin. Exp. Dermatol. 19: e1-e8.

14. Han Y, Kim B, Ban J, Lee J, Kim BJ, Choi BS, et al. 2012. A

randomized trial of Lactobacillus plantarum CJLP133 for the

treatment of atopic dermatitis. Pediatr. Allergy Immunol. 23:

667-673.

15. Hwang BM, Noh EM, Kim JS, Kim JM, You YO, Hwang

JK, et al. 2013. Curcumin inhibits UVB-induced matrix

metalloproteinase-1/3 expression by suppressing the MAPK-

p38/JNK pathways in human dermal fibroblasts. Exp.

Dermatol. 22: 371-374.

16. Inomata S, Matsunaga Y, Amano S, Takada K, Kobayashi K,

Tsunenaga M, et al. 2003. Possible involvement of gelatinases

in basement membrane damage and wrinkle formation in

chronically ultraviolet B-exposed hairless mouse. J. Invest.

Dermatol. 120: 128-134.

17. Janulis M, Silberman S, Ambegaokar A, Gutkind JS, Schultz

RM. 1999. Role of mitogen-activated protein kinases and c-

Jun/AP-1 trans-activating activity in the regulation of

protease mRNAs and the malignant phenotype in NIH 3T3

fibroblasts J. Biol. Chem. 274: 801-813.

18. Kim JA, Ahn BN, Kong CS, Kim SK. 2012. Protective effect

of chromene isolated from Sargassum horneri against UV-A-

induced damage in skin dermal fibroblasts. Exp. Dermatol.

21: 630-631.

19. Kuitunen M. 2013. Probiotics and Rebiotics in preventing

food allergy and eczema. Curr. Opin. Allergy Clin. Immunol.

13: 280-286.

20. Lee KE, Mun S, Pyun HB, Kim MS, Hwang JK. 2012. Effects

of macelignan isolated from Myristica fragrans (Nutmeg) on

expression of matrix metalloproteinase-1 and type I procollagen

in UVB-irradiated human skin fibroblasts. Biol. Pharm. Bull.

35: 1669-1675.

21. Lew LC, Liong MT. 2013. Bioactives from probiotics for

dermal health: functions and benefits. J. Appl. Microbiol. 114:

1241-1253.

22. Meng Q, Xia Y. 2011. c-Jun, at the crossroad of the signaling

network. Protein Cell 2: 889-898.

23. Poulalhon N, Farge D, Roos N, Tacheau C, Neuzillet C,

Michel L, et al. 2006. Modulation of collagen and MMP-1

gene expression in fibroblasts by the immunosuppressive

drug rapamycin. A direct role as an antifibrotic agent. J.

Biol. Chem. 281: 33045-33052.

24. Pyun HB, Kim M, Park J, Sakai Y, Numata N, Shin JY, et al.

2012. Effects of collagen tripeptide supplement on photoaging

and epidermal skin barrier in UVB-exposed hairless mice.

Prev. Nutr. Food Sci. 17: 245-253.



AC
CE
PT
ED

Probiotics and UVB-Induced Skin Photoaging 9

A 2014⎪Vol. 24⎪No. 0

25. Quan T, Qin Z, Xia W, Shao Y, Voorhees JJ, Fisher GJ. 2009.

Matrix-degrading metalloproteinases in photoaging. J. Investig.

Dermatol. Symp. Proc. 14: 20-24.

26. Raone B, Raboni R, Patrizi A. 2013. Probiotics reduce gut

microbial translocation and improve adult atopic dermatitis.

J. Clin. Gastroenterol. 48: 95-96.

27. Rittié L, Fisher GJ. 2002. UV-light-induced signal cascades

and skin aging. Ageing Res. Rev. 1: 705-720.

28. Ropke CD, da Silva VV, Kera CZ, Miranda DV, de Almeida

RL, Sawada TC, Barros SB. 2006. In vitro and in vivo

inhibition of skin matrix metalloproteinases by Pothomorphe

umbellata root extract. Photochem. Photobiol. 82: 439-442.

29. Sawada J, Morita H, Tanaka A, Salminen S, He F, Matsuda

H. 2007. Ingestion of heat-treated Lactobacillus rhamnosus GG

prevents development of atopic dermatitis in NC/Nga mice.

Clin. Exp. Immunol. 37: 296-303.

30. Staniforth V, Huang WC, Aravindaram K, Yang NS. 2012.

Ferulic acid, a phenolic phytochemical, inhibits UVB-induced

matrix metalloproteinases in mouse skin via posttranslational

mechanisms. J. Nutr. Biochem. 23: 443-451.

31. Sugimoto S, Ishii Y, Izawa N, Masuoka N, Kano M, Sone T,

et al. 2012. Photoprotective effects of Bifidobacterium breve

supplementation against skin damage induced by ultraviolet

irradiation in hairless mice. Photodermatol. Photoimmunol. Photomed.

28: 312-319.

32. Tobita K, Yanaka H, Otani H. 2009. Heat-treated Lactobacillus

crispatus KT strains reduce allergic symptoms in mice. J.

Agric. Food Chem. 57: 5586-5590.

33. Vincenti MP, White LA, Schroen DJ, Benbow U, Brinckerhoff

CE. 1996. Regulating expression of the gene for matrix

metalloproteinase-1 (collagenase): mechanisms that control

enzyme activity, transcription, and mRNA stability. Crit.

Rev. Eukaryot. Gene Expr. 6: 391-411.

34. Watanabe T, Hamada K, Tategaki A, Kishida H, Tanaka H,

Kitano M, Miyamoto T. 2009. Oral administration of lactic

acid bacteria isolated from traditional South Asian fermented

milk ‘dahi’ inhibits the development of atopic dermatitis in

NC/Nga mice. J. Nutr. Sci. Vitaminol. 55: 271-278.

35. Weill FS, Cela EM, Paz ML, Ferrari A, Leoni J, Maglio DH.

2013. Lipoteichoic acid from Lactobacillus rhamnosus GG as

an oral photoprotective agent against UV-induced carcinogenesis.

Br. J. Nutr. 109: 457-466.

36. Yu BC, Lee DS, Bae SM, Jung WK, Chun JH, Urm SH, et al.

2013. The effect of cilostazol on the expression of matrix

metalloproteinase-1 and type I procollagen in ultraviolet-

irradiated human dermal fibroblasts. Life Sci. 92: 282-288.

37. You GE, Jung BJ, Kim HR, Kim HG, Kim TR, Chung DK.

2013. Lactobacillus sakei lipoteichoic acid inhibits MMP-1

induced by UVA in normal dermal fibroblasts of human. J.

Microbiol. Biotechnol. 23: 1357-1364.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




