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Abstract. Photoaging is a consequence of chronic exposure 
to ultraviolet (UV) radiation and results in skin damage. In 
this study, whether tyndallizate of the probiotic bacterium 
Lactobacillus acidophilus Idcc 3302 (AcT 3302) can protect 
against UVB-induced photodamage to the skin was investigated. 
For this, HacaT keratinocytes were used as a model for skin 
photoaging. HacaT cells were treated with AcT 3302 prior to 
UVB exposure and skin hydration factors and matrix metallo-
proteinase (MMP)-1, MMP-2, and MMP-9 levels in the culture 
supernatant were evaluated by ELISA. The protective effects of 
AcT 3302 against UVB-induced oxidative stress in HacaT cells 
was also assessed by measuring superoxide dismutase and cata-
lase activity and detecting the expression of pro‑inflammatory 
cytokine-encoding genes and mitogen-activated protein kinase 
(MAPK) signaling components by reverse transcription-quantita-
tive polymerase chain reaction and western blotting, respectively. 
UVB exposure increased MMP expression and MAPK activa-
tion; these changes were attenuated by pretreatment with AcT 
3302. Treatment with AcT 3302 prior to UVB exposure also 
attenuated inflammation. These results demonstrate that tyndal-
lized AcT 3302 can mitigate photodamage to the skin induced 
by UVB radiation through the suppression of MMPs and could 
therefore be used clinically to prevent wrinkle formation.

Introduction

Extrinsic aging is caused by environmental oxidative factors 
that can be primarily attributed to exposure to ultraviolet (UV) 

radiation (1). A variety of environmental stresses including 
UV light can damage sun-exposed areas of the skin including 
the face and neck, and accelerate wrinkle formation (2), which 
is a cumulative process that depends on the frequency, dura-
tion, and intensity of UV exposure and the degree of natural 
protection offered by skin pigmentation (3). In addition to 
wrinkling, skin aging manifests as solar elastosis and pigment 
irregularities (4).

UVB radiation alters the thickness of the stratum corneum 
of the epidermis and consequently, the permeability barrier, 
leading to increased transepidermal water loss (TEWL) (5). 
Several factors control skin moisturization and elasticity, 
including the content of hyaluronan (HA), an extracellular 
matrix (EcM) component and transforming growth factor 
(TGF)-β, in addition to regulators of the expression of EcM 
macromolecules (6). collagen has been used as a functional 
ingredient in skin products based on its efficacy in moistur-
izing and enhancing elasticity. Furthermore, involucrin and 
filaggrin are major proteins that serve an important role in the 
formation of the epidermal skin barrier (7). changes to the 
dermal EcM during photoaging involve the abnormal produc-
tion of matrix proteins by dermal fibroblasts and increased the 
activity of matrix-degrading enzymes such as matrix metal-
loproteinases (MMPs) by resident skin cells and infiltrating 
inflammatory cells (8). Also involved is decreased procollagen 
synthesis, resulting in the loss of skin elasticity, which leads to 
wrinkle formation (9).

Reactive oxygen species (ROS) produced in the skin 
upon UV irradiation cause oxidative damage to the skin (10) 
by mediating impaired cellular and EcM functions (11,12). 
UVB radiation induces cellular damage, leading to activation 
of ROS-sensitive signaling pathways including the mitogen- 
activated protein kinase (MAPK) pathway (13), which 
mediates inflammatory cytokine production (14). Accordingly, 
antioxidants can protect the skin from UVB radiation-induced 
skin damage (15).

Probiotics have been widely used to regulate intestinal 
health and treat medical conditions including allergic diseases 
and atopic dermatitis, as well as to prevent dental caries and 
respiratory infections (16). The most common microorgan-
isms used as probiotic bacteria, which include Lactobacillus, 
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Bifidobacterium and Streptococcus, mainly affect health and 
improve gastrointestinal tract homeostasis in the host by modu-
lating the balance in the gut environment (17). Tyndallized 
probiotics, which are processed in their culture media, contain 
bacterial walls; moreover, the products released during their 
cell death have been demonstrated to positively affect human 
health and maintain their immunological effect on the gut 
barrier (18). It has been reported that probiotic bacteria may 
be highly effective in protecting the skin from photoaging, 
as oral supplementation prior to UVB exposure was demon-
strated to prevent TEWL, increase epidermal thickness, and 
alleviate damage to tight junction structures and the base-
ment membrane in a mouse model (19,20). The probiotic 
gram-positive bacterium Lactobacillus acidophilus inhabits 
the intestines and serves an important role in the maintenance 
of gut health; however, it is not known whether it can protect 
against photoaging induced by UV radiation.

This was addressed in the present study using HacaT 
keratinocytes treated with Lactobacillus acidophilus Idcc 
3302 tyndallizate (AcT 3302) prior to UVB exposure. 
Lactobacillus acidophilus Idcc 3302 (GenBank accession 
number KP325412.1) was originally isolated from the feces 
of a Korean breast-fed infant after obtaining oral consent 
from the parents. The materials used in the present experi-
ments were not directly separated from human feces, but 
were commercially available materials produced by Il-dong 
Pharmaceutical. The results of the present study indicated that 
AcT 3302 treatment can prevent photodamage to the skin by 
inhibiting MMP activation through the modulation of MAPK 
signaling.

Materials and methods

Materials. dulbecco's modified Eagle's medium (dMEM) 
and fetal bovine serum (FBS) were purchased from Gibco 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
 The cellTiter AQueous One Solution cell Proliferation Assay kit 
and 3-(4,5-dimethylthiazol- 2-yl)-5- (3- carboxymethoxyphenyl) 
-2-(4- sulfophenyl)-2H- tetrazolium (MTS) were purchased 
from Promega corporation (Madison, WI, USA). Human HA 
and MMP-1, MMP-2 and MMP-9 ELISA kits were obtained 
from R&d Systems, Inc., (Minneapolis, MN, USA). Antibodies 
targeting MAPK kinase (MEK), phosphorylated (p)MEK, 
extracellular signal-regulated kinase 1 and 2 (ERK1/2), 
pERK1/2, p38, pp38, c‑Jun N‑terminal kinase (JNK), pJNK, 
procollagen, and β-actin were purchased from cell Signaling 
Technology, Inc., (danvers, MA, USA). Secondary antibodies 
were purchased from Santa cruz Biotechnology, Inc., (Santa 
cruz, cA, USA).

Tyndallization process. Bacterial cells were anaerobically 
cultured in yeast extract‑based medium at 37˚C overnight and 
then centrifuged at 12,500 x g for 1 h at room temperature using 
a continuous filter (Alfa Laval, Lund, Sweden). Thereafter, the 
pellets and the supernatant were concentrated 5 times using a 
vacuum concentrator (dong Yang Machine Industry, Seoul, 
Korea) under reduced pressure at 80˚C and then mixed with 
dry-sterilized cornstarch powder. The cornstarch was not 
effective on wrinkle reduction. The mix was then frozen at 
‑45˚C and lyophilized to obtain ACT 3302 powder.

Total bacterial cell numbers. AcT 3302 cell samples were 
diluted 103-fold in PBS and cell particles in 25 small squares 
were counted using a Neubauer counting chamber (Paul 
Marienfeld GmbH & co., KG, Lauda-Königshofen, Germany), 
with 2.5x10-4-mm3 squares, at a magnification of x400. The 
number of cells was calculated as follows: Bacterial cell 
number per ml=average number of counted cells per square 
x4,000 squares per mm3x103 mm3 per mlx103 (dilution). 

Cell culture and UVB irradiation. HacaT cells (cell lines 
service, 300493)-an immortalized, non-tumorigenic human 
keratinocyte cell line were maintained in dMEM supplemented 
with 10% FBS and 1% antibiotics (Penicillin-Streptomycin; 
Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a humidified 
incubator with 5% cO2. cells were seeded (1x104), allowed to 
adhere for 24 h and treated with various concentrations (1x105, 
1x106, 1x107 and 1x108) of AcT 3302 prior to UVB irradiation 
at a dose of 20 mJ/cm2. Normal cells received no AcT 3302 
and were not exposed to UVB radiation. Vehicle cells received 
no AcT 3302, but were exposed to UVB radiation. 

Cell viability assay. HacaT cells (1x104) were seeded in 
96-well culture plates and exposed to 20 mJ/cm2 UVB 
in the presence or absence of AcT 3302 for 24 h. The cell 
culture medium was replaced with PBS prior to UVB treat-
ment and cell viability was assessed immediately following 
this by incubating cells with MTS (Promega corporation) 
containing serum free medium for 1 h. MTS containing serum 
free medium was measured according to the manufacturer's 
protocol; specifically, sample absorbance was measured at 
490 nm using a microplate fluorimeter (Molecular Devices, 
LLc, Sunnyvale, cA, USA). 

Determination of HA, MMP‑1, MMP‑2 and MMP‑9 
secretion by ELISA. HA (cat. no. dHYAL0), MMP-1 
(cat. no. dMP100), MMP-2 (cat. no. MMP200) and MMP-9 
(cat. no. dMP900) levels in HacaT cell culture supernatant 
(5x104), following UVB irradiation, were determined using 
ELISA kits according to the manufacturer's protocol. Briefly, 
the cells were seeded in 96-well plates and treated with AcT 
3302. After cells were treated with AcT 3302 for 24 h, the 
medium was removed and then replaced with new medium 
for ELISA analysis. After UVB irradiation, the culture 
supernatant was collected and centrifuged at 18,928 x g for 
5 min at 4˚C and HA, MMP‑1, MMP‑2, and MMP‑9 levels 
were quantified colorimetrically. 

Antioxidant enzyme activities. Total protein was extracted 
from HacaT cells, which were homogenized in cold lysis 
buffer, superoxide dismutase (SOd) and catalase (cAT) activi-
ties were measured using colorimetric assay kits (cayman 
chemical, Ann Arbor, MI, USA) according to the manufac-
turer's protocol. SOd and cAT activities were determined by 
measuring the absorbance at 450 and 540 nm, respectively, 
using a plate reader (Molecular devices, LLc).

RNA extraction and Taqman multiplex PCR assay. Total RNA 
was extracted from UVB-irradiated HacaT cells, using TRIzol 
reagent according to the manufacturer's protocol (Invitrogen; 
Thermo Fisher Scientific, Inc.). RT‑qPCR was performed using 
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TaqMan assays (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) specific for involucrin, filaggrin, TGF-β, interleukin 
(IL)-1β, IL‑8, and tumor necrosis factor (TNF)‑α (involucrin; 
Hs00846307_s1, filaggrin; Hs00856927_g1, TGF‑β; 
Hs00998133_m1, IL‑1β; Hs00174097_m1, IL‑8; Hs00174103_
m1 and TNF-α; Hs01113624_g1) with a QuantStudio 6 Flex 
Real-Time PcR system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The thermocycling conditions were as follows: 
95˚C for 10 min, 40 cycles of denaturation at 95˚C for 15 sec, 
followed by annealing and extension at 60˚C for 1 min. Each 
sample was assayed in triplicate and relative mRNA expres-
sion levels were calculated using the ΔΔcq method (21) and 
normalized to that of β-actin in each sample. 

Western blotting. To extract total protein, HacaT cells were 
homogenized and lysed in RIPA assay buffer containing a 
protease inhibitor (ATTO corporation, Tokyo, Japan). Protein 
(15 µg) was separated by SdS-PAGE on a 10% polyacryl-
amide gel and then transferred to a polyvinylidene difluoride 
membrane, which was then incubated overnight at 4˚C with 
the following primary antibodies (all, 1:1,000): Procollagen 
(cat. no. 84336), pERK (cat. no. 9101), ERK (cat. no. 9102), 
pMEK (cat. no. 9154), MEK (cat. no. 9126), pp38 (cat. no. 9215), 
p38 (cat. no. 9212), pJNK (cat. no. 9251), JNK (cat. no. 9252), 
and β-actin (cat. no. 4970). The membrane was washed three 
times for 10 min each with PBS containing 0.1% tween 20, 
which was followed by incubation for 2 h at room tempera-
ture with appropriate horseradish peroxidase conjugated 
anti-rabbit secondary antibodies (1:10,000; cat. no. 7074; cell 
signaling Technology, Inc.). Protein bands were visualized 
using an enhanced chemiluminescence kit (Thermo Fisher 
Scientific, Inc.) and analyzed using ImageQuant LAS 4000 
(GE Healthcare).

Statistics. Measurements were performed in triplicate and all 
data are presented as the mean ± standard error of the mean. 
The significance of differences between groups was evaluated 
by performing an analysis of variance with Tukey's multiple 
comparisons test with GraphPad Prism version 7.03 software 
(GraphPad Software, Inc.). P<0.05 was considered to indicate 
a statistically significant difference.

Results

ACT 3302 increases cell viability and protects against 
UVB‑induced cell damage in keratinocytes. The effect of 
AcT 3302 on HacaT cell proliferation following exposure 
to UVB was investigated first. Cell viability was reduced to 
49.4% of normal levels by UVB irradiation. In cells preincu-
bated with 1x108 ACT 3302 cells, cell viability was 81.4% of 
normal levels following irradiation in dose-dependent manner 
and this difference was significant (P<0.001; Fig. 1). 

Effect of ACT 3302 on UVB‑induced secretion of skin 
hydration factors. The effect of AcT 3302 on UVB-induced 
secretion of skin hydration factors, namely epidermal EcM 
components was also determined. UVB irradiation decreased 
HA levels, as determined by ELISA (Fig. 2A), indicating that 
EcM breakdown induced by UVB radiation contributes to 
skin aging. HA levels were increased significantly (P<0.001) 

in a dose dependent manner. In addition, it was demonstrated 
that the expression of involucrin, filaggrin, and TGF‑β was 
decreased by UVB. The mRNA expression of involucrin, 
filaggrin, and TGF‑β in UVB-induced cells treated with AcT 
3302 increased in a dose-dependent manner, as compared to 
that in UVB-exposed cells (Fig. 2B-d). 

ACT 3302 protects HaCaT cells from oxidative stress and 
suppresses inflammation in response to UVB radiation. To 
determine whether AcT 3302 can promote radical scavenging, 
the activities of antioxidant enzymes in HacaT cells exposed 
to UVB were examined. SOd activity in vehicle group was 
reduced compared with the untreated normal group (0.53 vs. 
4.96 U/ml; Fig. 3A). Also, cAT was significantly reduced 
in UVB-induced cells compared with normal cells (P<0.01; 
Fig. 3B). However, SOd and cAT activity were enhanced 
by AcT 3302 but SOd was saturated at 1x108 of AcT 3302. 
Therefore, AcT 3302 stimulates the activity of antioxidant 
enzymes that scavenge free radicals and thereby prevents 
UVB-induced oxidative stress damage. It was also demon-
strated that mRNA levels of the pro‑inflammatory cytokines 
IL-1β, IL‑8, and TNF‑α were significantly upregulated in 
keratinocyte cells upon UVB exposure (P<0.05), which 
was reversed by AcT 3302 treatment (Fig. 4). This suggests 
that AcT 3302 exerts a protective effect by reducing the 
inflammatory response to UVB irradiation.

ACT 3302 prevents UVB‑induced damage to keratinocytes by 
inhibiting MAPK signaling. To clarify the mechanism through 
which AcT 3302 protects keratinocytes from UVB-induced 
damage, MMP levels in the culture supernatant were detected 
by ELISA following UVB irradiation. UVB irradiation 
significantly increased MMP‑1, MMP‑2, and MMP‑9 levels in 
HaCaT cells (P<0.001), but this effect was significantly abol-
ished by pre-treatment with AcT 3302 in a dose-dependent 
manner (P<0.001; Fig. 5A-c). Also, AcT 3302 treatment 
reversed this trend and increased procollagen phosphorylation 
(Fig. 5d).

Additionally, the increase in p38, JNK, and MAPK/ERK 
phosphorylation induced by UVB irradiation was significantly 

Figure 1. Viability of human keratinocytes following UVB exposure. 
HacaT cells were pretreated with various concentrations of Lactobacillus 
acidophilus Idcc 3302 for 24 h and then irradiated. The normal group is 
the vehicle group with no UVB treatment. data are presented as percentages 
relative to the normal group. ###P<0.001 vs. the normal group; *P<0.05 and 
***P<0.001 vs. the UVB vehicle group. UVB, ultraviolet B.
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decreased by AcT 3302 (P<0.001). These data indicate that 
AcT 3302 protects HacaT cells from UVB-induced damage 
by inhibiting the activity of EcM-degrading proteins, and this 
occurs through the modulation of MAPK signaling (Fig. 6).

Discussion

The present study demonstrated the protective effect of 
L. acidophilus Idcc 3302 tyndallizate on HacaT keratinocyte 
damage induced by UVB exposure. Tyndallizate was analyzed 
for its nutrients including carbohydrate, crude protein, crude fat, 
moisture, and ash (22). For small molecule analysis, lactic acid 
was detected as a major chemical component and it is reported 
that topical lactic acid has cosmetic benefit (22). In previous 
studies, beneficial effects of short‑chain fatty acids and vita-
mins produced by probiotics have been reported (23,24). In 
this study, tyndallizate was hypothesized to be helpful in skin 
rejuvenation. The detailed mechanisms regarding anti‑wrinkle 
activity require further study. 

Skin aging is mainly caused by repeated sun exposure (25). 

Intrinsically aged skin is characterized by fine wrinkling and 
reduced elasticity, whereas extrinsically aged skin exhibits 
deep wrinkles, pigment irregularities, and a substantial loss 
of elasticity (26,27). Exposure to UV radiation leads to the 
deposition of abnormal elastin complexes and the denatur-
ation of collagen fibers (28), as well as increased epidermal 
thickness and alterations in connective tissue organiza-
tion (29,30). Involucrin is a differentiation marker normally 
expressed by irreversibly differentiated keratinocytes in the 
stratum corneum; in a previous study, downregulation of 
filaggrin was demonstrated to be involved in skin reconstruc-
tion in vitro following UVB exposure (31,32). In this study, 

Figure 2. Effects of Lactobacillus acidophilus IDCC 3302 on skin hydration factors. (A) HA levels in UVB‑induced HaCaT cells. (B) Involucrin, (C) filaggrin 
and (d) TGF-β mRNA expression levels were evaluated by reverse transcription-quantitative polymerase chain reaction. Normal means the vehicle group with 
no UVB treatment. #P<0.05, ##P<0.01 and ###P<0.001 vs. normal group; *P<0.05, **P<0.01 and ***P<0.001 vs. UVB vehicle group. TGF, transforming growth 
factor; UVB, ultraviolet B; HA, hyaluronan.

Figure 3. Effects of AcT 3302 on antioxidant enzyme activity in human 
keratinocytes. (A) SOd and (B) cAT activities were examined in HacaT 
cells exposed to UVB following pretreatment with AcT 3302. Normal means 
the vehicle group with no UVB treatment. ###P<0.001 vs. normal group; 
**P<0.01 and ***P<0.001 vs. UVB vehicle group. SOd, superoxide dismutase; 
cAT, catalase; UVB, ultraviolet B; AcT 3302, Lactobacillus acidophilus 
Idcc 3302.
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Figure 5. Effects of AcT 3302 on MMP expression and pro-col levels in UVB-irradiated human keratinocytes. HacaT cells were treated with AcT 3302 
for 24 h before UVB irradiation. (A) MMP-1, (B) MMP-2 and (c) MMP-9 levels in the culture supernatant were detected by ELISA. (d) Pro-col protein 
levels were determined by western blotting. Normal means the veh group with no UVB treatment. ###P<0.001 vs. nor group; ***P<0.001 vs. UVB veh group. 
MMP, matrix metalloproteinase; UVB, ultraviolet B; AcT 3302, Lactobacillus acidophilus Idcc 3302; Nor, normal; Veh, vehicle; pro-col, pro-collagen.

Figure 4. Effects of Lactobacillus acidophilus IDCC 3302 on pro‑inflammatory cytokine levels in UVB‑irradiated HaCaT cells. (A) IL‑1β, (B) IL‑8 and 
(c) TNF-α mRNA expression levels were evaluated by reverse transcription-quantitative polymerase chain reaction. Normal means vehicle group with no 
UVB treatment. #P<0.05 and ###P<0.001 vs. normal group; *P<0.05, **P<0.01 and ***P<0.001 vs. UVB vehicle group. IL, interleukin; TNF, tumor necrosis 
factor; UVB, ultraviolet B.
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the upregulation of HA, involucrin, filaggrin, and TGF‑β, an 
epidermal EcM component that serves an essential role in 
supporting tissue architecture in the skin and epidermis and 
protects skin from dryness caused by UVB exposure was 
observed. 

collagen protects skin from photodamage (33). Type I 
collagen, which forms the bulk of skin connective tissue in the 
dermis, is gradually lost during the aging process (34). Exposure 
to UV radiation can cause collagen breakdown, fragmentation, 
and disorganization, as well as the inhibition of procollagen 
biosynthesis (35). In this study, western blot analysis revealed that 
the downregulation of procollagen expression, relative to that in 

the normal group, upon UVB irradiation was also reversed by 
AcT 3302.

Increased activity of MMPs due to chronic sun exposure 
promotes dermal EcM fragmentation, causing the aged 
appearance of skin (36). Multiple MMPs including MMP-1 
and MMP-9 in the human skin dermis are upregulated during 
aging, but this is exacerbated by exposure to UV light from the 
sun (37). In particular, MMP-1 serves an important role in the 
degradation of dermal collagens in the ECM (38). Indeed, in 
this study it was observed that MMP-1, MMP-2, and MMP-9 
levels were increased in HacaT cells upon UVB irradiation, it 
was reversed by AcT 3302.

Figure 6. Effects of ACT 3302 on ERK, MEK, p38 and JNK phosphorylation in the UVB‑irradiated HaCaT cells. (A) ACT 3302 inhibited the phosphorylation 
of ERK, MEK, p38 and JNK as determined by western blotting. (B) Relative intensity of data from western blot analysis was analyzed. Normal means the 
vehicle group with no UVB treatment. ###P<0.001 vs. normal group; ***P<0.001 vs. UVB vehicle group. JNK, c-Jun N-terminal kinase; ERK, extracellular signal 
regulated kinase; MEK, dual specificity mitogen‑activated protein kinase kinase 1; UVB, ultraviolet B; ACT 3303, Lactobacillus acidophilus Idcc 3302.
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ROS are involved in a variety of physiological processes 
including intracellular signaling, cell proliferation, tumor 
suppression, immune defense against pathogens, and oxygen 
homeostasis (39). Following UVB irradiation, SOd and cAT 
activities were suppressed; however, AcT 3302 stimulated anti-
oxidant enzyme activity and thereby prevented UVB-induced 
oxidative stress.

Exposing the skin to UV radiation can induce immune 
suppression and can lead to inflammation (40). In keratino-
cytes, UVB induces the synthesis of various pro‑inflammatory 
cytokines including TNF-α, IL‑1, IL‑6, IL‑8, and IL‑10, 
leading to the activation of nuclear factor-κB signaling (41). In 
the present study, UVB irradiation increased IL-1β, IL‑8, and 
TNF-α levels in HacaT cells, it was abolished by AcT 3302.

UVB irradiation induces the production of ROS and acti-
vates cell surface receptors, leading to the activation of MAPK 
signaling, which involves JNK, ERK and p38 (42). MAPK 
transmits extracellular signals to the nucleus and is one of the 
most important signal transduction pathways activated by UVB 
radiation (43). The present study identified that ACT 3302 inhib-
ited the UVB‑induced activation of JNK, p38, MEK and ERK. 

In conclusion, it was demonstrated that AcT 3302 
reduces skin damage caused by UVB radiation by increasing 
the activity of antioxidant enzymes and skin hydration 
factors, as well as by suppressing MMP levels along with 
pro-inflammatory cytokine production through the inhibi-
tion of MAPK signaling pathway. The results of the present 
study provide evidence that probiotics are not only important 
for maintaining gut health but can have additional (cosmetic) 
benefits such as preventing skin aging. 
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