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Livin is protective in UVB-induced skin photodamage by
regulating keratinocyte activation and inflammatory responses
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induced by UVB. To explore the involvement of Livin in UVB-triggered skin photoda-
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mage and in mice treated with UVB radiation. KC-specific Livin knockout (Livin

of Livin in regulating KC activation induced by UVB radiation. Additionally, the impact
of Livin on the NF-kB cascade during KC activation was confirmed via western blot
analysis. In patients with skin photodamage, UVB-treated mice and HaCaT cells, Livin

K

expression was reduced in KCs. Livin®*® mice displayed heightened sensitivity to UVB

radiation, resulting in more pronounced skin damage and inflammatory responses
compared to the control Livin™™ mice. Following UVB exposure, both Livin®*® mice
and Livin-knockdown HaCaT cells released elevated levels of cytokines compared to
their respective controls. Moreover, the UVB-induced activation of NF-xB in HaCaT
cells was significantly enhanced following Livin knockdown. Our findings propose
that Livin within KCs could contribute to reducing UVB-induced skin photodamage by

regulating the NF-xB pathway.
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1 | INTRODUCTION skin damage, among which ultraviolet (UV) damage stands out as a

prevalent factor in everyday experiences.i*2 Excessive UV light can
The skin acts as the primary defence against a variety of external result in various skin injuries, including sunburn, erythema, photo-
stimuli. Numerous factors, including physical and mechanical in- aging and photocarcinogenesis.>* Ultraviolet light-induced patho-
sults, chemical agents, and pathogenic microorganisms, can induce logical processes encompass apoptosis, the activation of numerous
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inflammatory signal transduction mechanisms and irregularities in
genes regulating cytokine activity.”

The primary spectra that induce skin photodamage encompass
Type A (315-340nm) and Type B (280-320nm) ultraviolet radiation.
UVA radiation is capable of strong penetration and can reach the
subcutaneous tissue, affecting the structures of both the dermis and
epidermis.® Although possessing a shorter wavelength, UVB radia-
tion is primarily taken in by KCs situated in the epidermis; however, it
can lead to rapid skin redness and swelling, ultimately culminating in
skin photodamage. The degree of damage caused by UVB radiation
is hundreds of times more potent than that induced by an equivalent
dose of UVA radiation.” Prolonged exposure to UVB radiation can
lead to thickening and roughening of the epidermis and dermis. In
severe cases, the skin becomes lax, folds deepen and coarsen, lo-
calized hyperpigmentation arises, and various benign or malignant
tumours may develop.8 Hence, type B ultraviolet radiation is a sig-
nificant contributor to skin photodamage.

The Livin gene, which is associated with the inhibitor of apopto-
sis protein (IAP) family, is 4.6 kb in size and encodes a protein with a
weight of 31kDa. It is situated on chromosome 20q13.3 in humans.
Its expression has the potential to directly impede the proliferation
and spread of cancer cells.”'® A recent investigation has shown that
Livin plays a role in KC activation during the inflammatory response
to psoriasis. Decreased Livin expression has been linked to the in-
creased release of cytokines in KCs.!! Nevertheless, there have been
limited investigations into the role of Livin in keratinocytes and its
impact on the development of UVB-induced skin photodamage.

Keratinocytes are the primary targets of UVB radiation within
the epidermis. Nearly all UVB radiation is absorbed by epidermal
KCs,'? and an excess of UVB radiation can induce gene mutations,
DNA damage, oxidative stress, inflammation and other effects.t314
Exposure to UVB radiation can initiate the stimulation of KCs by trig-
gering NF-xB (Nuclear factor kappa B), which subsequently prompts
the release of cytokines including interleukin (IL)-1p, IL-6 and tu-
mour necrosis factor-a (TNF-a). This process triggers skin inflam-
mation and consequently results in skin photodamage.15 However,
whether NF-xB is engaged in KC activation regulated by Livin re-
mains uncertain.

This study aimed to explore how Livin functions in the regulation
of KC activation and the release of cytokines during UVB-induced
skin photodamage. Our findings could offer valuable targets for ad-
dressing UVB-induced skin photodamage.

2 | MATERIALS AND METHODS

2.1 | Immunoassays

Anti-Livin antibody and anti-Ly6G antibody were acquired (Thermo
Fisher Scientific, Inc.). ELISA kits for mouse and human Livin, IL-1p,
IL-6, TNF-a, S1I00A3, S100A7, BD1, keratin 14 and keratin 17 were
acquired (Enzyme-linked Biotechnology Co., Ltd). Both companies
are situated in Shanghai, China.

2.2 | Examination of Livin protein levels in
UVB-treated HaCaT cells and human skin specimens

Samples of photodamaged skin (n=_8) and healthy skin derived from
normal skin adjacent to keloid lesions (n=8) were gathered from the
Department of Dermatology at The Second Affiliated Hospital of
Xi'an Jiaotong University. The collection of human skin specimens
adhered to our institutional protocols and was endorsed by the
Ethics Committee of Xi'an Jiaotong University (ref. no. 2022-1040).
Within this research study, all enrolled patients provided informed
consent. Subsequently, cross sections (4pum) of the photodamaged
skin were labelled by immunofluorescence staining utilizing an anti-
Livin antibody. Under UVB exposure, Livin mMRNA expression lev-
els in HaCaT cell samples were analysed using RNA-seq data sets
(GSE198792 and GSE201850), which downloaded from the GEO
database. Additionally, HaCaT cells encountered different levels of
UVB radiation (25, 50, 100 mJ/cm?), and Livin protein concentrations
were evaluated using an ELISA kit and western blotting.

2.3 | Mice

flox/flox mice (Livin™f; C57BL/6 background; Stock No. S-
CKO-10628) and K5-CreERT2 transgenic mice (C57BL/6 back-

ground; Stock No. C001054) were procured from Cyagen
ERT2+/

Livin

Biosciences (Suzhou, China) and crossbred to yield K5-Cre
Livin™® mice. The generation of mice with a KC-specific Livin knock-
out (K5-Cre®RT2*/jvin™", referred to as Livin®*®) was achieved
through tamoxifen induction. Livin expression in mice was evaluated
using ELISA and RT-gPCR (real-time quantitative). Figure S1 presents
the corresponding data. Approval for the experimental procedures
concerning the mice was granted by the Animal Ethics Committee
at Xi'an Jiaotong University in Xi'an, China (Approval Number: XJTU

2023-1538).

2.4 | UVB-induced skin photodamage mice

The backs of Livin™ and Livin®*¢ mice were shaved, and the skin
on their backs was divided into two sections using light-tight tape.
Following exposure to 250 and 500 mJ/cm? UVB radiation, the mice
were euthanized 24h later by CO, inhalation. Skin tissue samples

(n=8/group) were obtained.

2.5 | RNA-seq

Total RNA from UVB-treated skin samples of Livin™f and Livin®*® mice
was extracted using TRIzol following the manufacturer's instructions.
RNA-seq analysis was conducted by Berry Genomics Corporation
in Beijing, China. The viability of this configuration for experimen-
tation was calculated using DESeq2 based on NCBI BioProject ID
PRINA993569. Utilizing R, the analysis of sequencing data and Gene
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Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)

assessments were undertaken (https://www.r-project.org/).

2.6 | Histology

Following fixation in 4% paraformaldehyde, mouse skin samples
were embedded in paraffin. Neutrophils were labelled using im-
munohistochemical staining with the anti-Ly6G antibody. Thin
cross-sections (4pum) of the photodamaged skin were stained using
haematoxylin and eosin (H&E).

2.7 | Cytokines and keratin assay

Skin samples from mice were collected in a chilled conditions using
RIPA buffer supplemented with a mixture of phosphatase inhibitors
and 10% protease inhibitors from Roche Diagnostics. Subsequently,
the protein content was assessed utilizing NanoDrop Microvolume
Spectrophotometers (Thermo Fisher Scientific Inc., Shanghai, China).
ELISA kits for mouse IL-1B, IL-6, TNF-a, ST00A3, SI00A7, BD1, kera-
tin 14 and keratin 17 were utilized to assess cytokine release and
changes in keratin levels. The protein levels of cytokines and keratin
were normalized by dividing by the total protein concentration.

2.8 | Celllines

Livin-knockdown HaCaT cells and Livin-overexpressing HaCaT
cells were derived from our prior experiments; HaCaT refers to a
keratinocyte cell line.tt Negative control (NC-HaCaT), knockdown
HaCaT and overexpression HaCaT cells were produced through
the utilization of lentiviral vectors based on HIV-1. The three cell
types were cultured in RPMI 1640 medium with a 1:100 concentra-
tion of penicillin-streptomycin and enriched with 10% FBS. Livin
expression was evaluated through ELISA and RT-gPCR analyses
(Figure S2).

2.9 | Cytokine release and keratin
expression analysis

In a 12-well plate, a total of 1x10° NC HaCaT cells, knockdown
HaCaT cells and overexpression HaCaT cells were seeded and incu-
bated at 37°C with 5% CO, for 24 h. Afterwards, the medium was re-
moved, and 300 L of PBS was placed in the 12-well plate, followed
by exposure of the three cell types to 25, 50 and 100mJ/cm? UVB
radiation. After removing the PBS, 1 mL of RPMI 1640 medium was
added to each well. Cells were then cultured for an additional 24 h at
37°C with 5% CO,. Subsequently, cell cultures were harvested, and
total proteins were isolated using the RIPA method. Human IL-1p,
IL-6, TNF-a, S1I00A3, S100A7, BD1, keratin 14 and keratin 17 were
quantified using ELISA kits.

2.10 | Signalling pathway analysis

The protein concentrations were detected using NanoDrop micro-
volume spectrophotometers from Thermo Fisher Scientific, Inc.
(Shanghai, China). In a six-well plate, 1x 10> NCHaCaT and Livin
knockdown HaCaT cells were inoculated and cultured at 37°C
with 5% CO, for 24h. Subsequently, the cells were subjected to
100mJ/cm? UVB radiation. Untreated cells were employed as the
negative control. Total proteins from various groups of cells were
isolated using RIPA buffer supplemented with a mixture of phos-
phatase inhibitors and 10% protease inhibitors. After denatura-
tion through boiling with the sample buffer, the protein lysates
underwent 10% SDS-PAGE and were then transferred to PVDF
membranes. The membrane-blocking step involved incubating
the membranes in a blocking solution (5% skim milk in TBS-T) for
2h at room temperature. The primary antibodies, which included
anti-P-P65, anti-Pé65, anti-IKK, anti-P-IKK, anti-P-1xB, anti-1xB and
anti-GAPDH and were obtained from OriGene Technologies, Inc.
(Rockville, MD, USA), were incubated on the membranes at 4°C
overnight. The dilution ratios of the primary antibodies strictly fol-
lowed the provided instructions. After washing thrice with TBS-T,
the were incubated with secondary antibodies at a dilution of 1:
20,000 in TBS-T for a duration of 1h at 37°C. To visualize the pro-
tein bands, an enhanced chemiluminescence kit was employed. The
outcomes were then assessed using the Image-Pro Plus 5.1 soft-
ware in conjunction with a Lane 1DTM transilluminator.

To demonstrate the effect of Livin on NF-xB activation, an NF-xB
inhibitor was used in vivo (30pM) and in vitro (100mg/kg). After treat-
ment with 100mJ/cm?, both NC HaCaT cells and knockdown HaCaT
cells exhibited decreased levels of IL-1p, IL-6, TNF-a, STO0A3, SI00A7
and BD1 release, as well as reduced expression levels of keratin 14 and

keratin 17, compared to the conditions without the NF-kB inhibitor.

2.11 | Statistical analysis

The data are displayed as the mean+SEM. For two-group compari-
sons, data were assessed through a nonpaired Student's t-test. For
data from more than two groups, one- or two-way ANOVA followed
by multiple group comparison was used. Statistical significance in the
data comparisons was evaluated through an independent-samples
analysis of variance using the SPSS software. A p value below 0.05

was considered indicative of statistical significance.

3 | RESULTS

3.1 | Excessive UVB radiation significantly
downregulated Livin expression

Livin expression was assessed through immunofluorescence stain-
ing in skin lesions from patients with skin photodamage (case group)
and healthy individuals (control group). The findings pointed to a
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notably reduced Livin concentration in the case group in compari- exhibited more severe pathological changes and inflammatory re-
son with the control group (Figure 1A). In mice, following exposure actions during UVB-induced skin photodamage. After treatment
to 500mJ/cm? UVB radiation, which induced skin photodam- with 250mJ/cm? UVB, Livin™f mice did not exhibit significant
age in Livin™f mice (Figure 1B), Livin expression was decreased pathological changes whereas Livin®*® mice exhibited obvious
in the epidermal tissues of the group exposed to UVB radiation, phenotypic and pathological changes, and neutrophil infiltration
in contrast to the control group (Figure 1C). Moreover, analysis of (Figure 2A,B). Moreover, 500mJ/cm? UVB treatment induced sig-

RNA-sequencing (RNA-seq) data from UVB-treated HaCaT cells nificant pathological changes and neutrophil infiltration in Livin™"

AKC

revealed that UVB radiation reduced Livin mRNA levels in these mice, while Livin®™ mice were significantly more severely affected

cells (Figure 1D,E). The level of Livin in HaCaT cells exhibited a (Figure 2C,D). These results indicate that Livin expression pro-

dose-response relationship with UVB exposure. To determine tected the skin against the pathological changes caused by UVB
Livin protein expression, HaCaT cells were subjected to three dif- radiation.

ferent doses of UVB radiation. As the UVB dose increased, there UVB-induced skin photodamage also results in the elevation
was a notable reduction in Livin protein levels (Figure 1F). of IL-1p, IL-6 and TNF-a expression levels. This study examined

the levels of the aforementioned cytokines in Livin®*¢ and Livin/

mice. UVB exposure did not lead to significant releases of IL-1p,

3.2 | Livin®%® mice were more sensitive to skin IL-6 and TNF-a in Livin™" mice, whereas there were substan-
damage caused by UVB exposure tial releases in Livin®*® mice (Figure 2E). Furthermore, following
500mJ/cm? UVB exposure, low-level releases of IL-1p, IL-6 and

To further analyse the function of Livin in skin photodamage, TNF-o were detected in Livin™ mice in comparison with Livin®¢
Livin®*© and Livin™" mice were used to induce photodamage by mice, which exhibited significantly higher levels than Livin™® mice
exposure to UVB radiation. The results showed that Livin®*¢ mice (Figure 2F).
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FIGURE 1 Livin expression was downregulated in KCs following UVB treatment. (A) Livin expression was significantly decreased in

skin photodamage (Case) patient skin samples compared to healthy samples (Control), as demonstrated through immunofluorescence
staining (n==8, 200x). (B) UVB exposure of 500 mJ/cm? induced skin photodamage in Livin™® mice, as evidenced by pathological analysis
using haematoxylin and eosin staining (200x). The division between the treated and control areas is indicated by the blue dashed line. (C)
Following treatment with 500 mJ/cm? UVB, Livin expression in the epidermis of the treated group was downregulated in comparison to the
control group, as indicated by immunofluorescence staining (=8, 200x). (D, E) The amount of Livin mRNA was analysed by RNA-seq in
UVB-treated HaCaT cells. mRNA fragment quantities were standardized using the fragments per kilobase of transcript per million mapped
reads (FPKM) (n=3/group, biological replicates). (F) Livin protein levels significantly decreased after UVB treatment and were assessed using
ELISA and western blotting (n=3/group, biological replicates). **p <0.01.
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FIGURE 2 Livin®® mice exhibited more pronounced pathological changes and inflammatory reactions during UVB-induced skin photodamage.
(A, B) Following exposure to 250mJ/cm? UVB, Livin™® mice displayed no significant pathological changes. In contrast, Livin® mice showed
evident phenotypic alterations, pathological changes, and neutrophil infiltration. (C, D) Upon exposure to 500mJ/cm? UVB, Livin™f mice
experienced notable pathological changes and neutrophil infiltration. However, the impact was much more severe in Livin® ¢ mice, as observed
through haematoxylin and eosin staining and immunohistochemical staining at 200x (Panel B) and 400x (Panel D) magnification. (E) The exposure
to 250mJ/cm? of UVB did not induce significant releases of IL-1B, IL-6, and TNF-a in Livin™™ mice. In contrast, there were significant elevation in
the release of all these cytokines in Livin®*€ mice. (F) Exposure to 500 mJ/cm? UVB resulted in the release of IL-1B, IL-6, and TNF-a in Livin™™ mice.
However, Livin®*® mice exhibited significantly elevated levels of these cytokines compared to Livin™f mice, as assessed through ELISA analysis.
Data are presented as mean+SEM (n=8/group) and were assessed using two-way ANOVA. Statistical significance is denoted as ** for p<0.01.
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3.3 | Analysis of Livin in a mouse
model of UVB-induced skin photodamage using
KEGG pathway enrichment

Our previous research has shown the significant involvement of
Livin in the development of psoriasis. However, the precise contribu-
tion of Livin to KCs in the context of skin photodamage pathogenesis
remains unclear. Hence, we employed RNA-Seq techniques to eluci-
date the function of Livin in skin photodamage. We examined gene
expression differences in UVB-induced skin photodamage between
Livin®%¢ (n=5) and Livin™™ mice (n=5). Livin®*® mice exhibited 1170
upregulated and 509 downregulated genes in comparison with

ff mice (Figure 3A). KEGG pathway enrichment analysis re-

Livin
vealed significant associations between Livin and epidermal barrier
functions, encompassing Staphylococcus aureus infection, cytokine-
cytokine receptor interaction and cell adhesion proteins (Figure 3B).
Moreover, GO enrichment analysis indicated that Livin influenced
the functions of the epidermis and KCs (Figure 3C).

Current research suggests that IL-1p, IL-6 and TNF-a play im-
portant roles in UVB-induced damage. However, the study of the in-
flammatory response in UVB-induced damage is not complete. After
analysing the RNA-seq data, we discovered that Livin expression
influenced the release of antimicrobial peptides such as S100A3,
S100A7, and BD1 from KCs, which have been demonstrated to
play important roles in many inflammatory skin diseases and could
be increased following UVB exposure [16, 17]. UVB exposure at
250mJ/cm? did not induce significant releases of SI00A3, S1I00A7
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or BD1 in Livin™f mice. Conversely, the releases of these peptides

were significantly elevated in Livin®® mice (Figure 4A). Upon in-

creasing the UVB dose to 500mJ/cm?, S100A3, S100A7 and BD1

fl/fl C

mice. However, Livin®*® mice ex-

fl/fl

releases were observed in Livin
hibited notably higher levels of these peptides than Livin™" mice, as
determined by ELISA analysis (Figure 4B).

Furthermore, the analysis of protein interactions indicated that
Livin expression influenced the expression of keratins (Figure 5A).
Keratin 14 and 17 are known to be elevated in UVB-induced skin
photodamage, impacting epidermal barrier function.?®'’ In this
study, UVB exposure at 250mJ/cm? did not result in elevations in

fl/fl

keratin 17 and keratin 14 levels in Livin™" mice. In contrast, these

levels were significantly elevated in Livin®*® mice (Figure 5B). With

an increased UVB dose of 500 mJ/cm?, keratin 14 and keratin 17 lev-

' mice, whereas Livin®®

fl/fl

els rose in Livin mice displayed substan-

tially higher levels than Livin™" mice (Figure 5C).

3.4 | Livin mediated the release of
cytokines and the expression of keratin in HaCaT cells
damaged by UVB exposure

We used NC HaCaT cells, knockdown HaCaT cells and overex-
pression HaCaT cells to elucidate the role of Livin in HaCaT cells
treated with UVB radiation. We examined distinctions among the
three groups under standard culture conditions. When not exposed

to UVB irradiation, the three groups of cells exhibited minimal
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FIGURE 3 Effects of monomethoxypolyethylene glycol-chitosan nanoparticle-mediated dual silencing of livin and survivin genes in

prostate cancer PC-3M cells GO and KEGG pathway enrichment analyses of Livin. (A) When compared with UVB-treated Livin
mice exhibited 1170 genes with increased expression and 509 genes with decreased expression. (B) KEGG pathway enrichment
mice. (C) GO enrichment analysis was performed on Livin

Livin2K¢

analysis was conducted on Livin®K®

fl/fl mice,

AKC mice.
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(250mJ/cm?) did not induce significant releases of SI00A3, $100A7 and BD1 in Livin™™ mice, whereas there were significant increases in the
release of S100A3, SI00A7 and BD1 in Livin®*® mice. (B) A higher dose of UVB (500 mJ/cmZ) led to the release of SI00A3, S100A7 and BD1
in Livin™f mice, while the releases from Livin®*® mice were notably higher than in Livin™" mice, as assessed through ELISA analysis. Data are
presented as the mean+SEM (n=8/group) and were assessed using two-way ANOVA. Statistical significance is denoted as * for p<0.05 and

**for p<0.01.
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FIGURE 5 Keratins were significantly upregulated in UVB-treated Livin®k® mice. (A) Protein interaction analysis of UVB-treated Livin™/f

and Livin®*® mice. (B) A lower dose of UVB radiation (250 mJ/cm?) did not induce increases in keratin 14 and keratin 17 levels in Livin™ mice,
while there were significant increases in keratin 14 and keratin 17 levels in Livin®*¢ mice. (C) A higher dose of UVB (500 mJ/cm?) induced
increases in keratin 17 and keratin 14 levels in Livin™ mice, while Livin®*® mice exhibited significantly higher levels than Livin™ mice, as
assessed through ELISA analysis. Data are presented as the mean+SEM (n=8/group) and were assessed using two-way ANOVA. Statistical
significance is denoted as * for p<0.05 and ** for p<0.01.

differences in the release of IL-1f, IL-6, TNF-a, SI00A3, S100A7 expression levels increased in NC HaCaT cells, with the exception of
and BD1, as well as in the expression of keratin 14 and keratin 17 S100AS. Significantly, the levels in knockdown HaCaT cells showed
(Figure $3). However, following exposure to 200mJ/cm? UVB, IL-1p, marked increases, whereas those in overexpressing HaCaT cells ex-
IL-6, TNF-a, SI00A7 and BD1 releases and keratin 14 and keratin 17 hibited decreases, except SI00A3 (Figure 6A,B).
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FIGURE 6 Livin affected cytokine release and keratin expression in HaCaT cells. (A, B) After treatment with UVB radiation (100 mJ/cm?),
the levels of IL-1p, IL-6, TNF-a, SI00A7 and BD1 release, as well as keratin 14 and keratin 17 expression, except SIO0A3, were increased in
Livin knockdown HaCaT cells compared with NC HaCaT cells. Conversely, these indicators were mitigated in Livin overexpressing HaCaT
cells compared with NC HaCaT cells, except SI00A3. Data are presented as the mean+SEM and were assessed using one- or two-way

ANOVA. Statistical significance is denoted as * for p <0.05, **p <0.01.

3.5 | UVB exposure-induced damage in HaCaT
cells and Livin™" mice involves the mediation of
NF-kB activity by Livin

In knockdown HaCaT cells, UVB exposure triggered the activation of
NF-xB, a process examined through western blot analysis. UVB treat-
ment activated the NF-xB cascade, leading to an increase in the phos-
phorylation level of p65, as well as enhanced phosphorylation of 1xB
and IkB kinase (IKK). However, after Livin knockdown, in HaCaT cells,
the phosphorylation levels of pé5, kB and IKK were notably increased
compared to those in NC HaCaT cells (Figure 7A-C). The knockdown of
Livin heightened NF-kB activation. However, an NF-kB inhibitor (NF-xB-
IN-11) was used to inhibit NF-xB activation in vivo and in vitro. The data
showed that after treatment with NF-kB-IN-11, the levels of IL-1p, IL-6,
TNF-a, SI00A3, S100A7, and BD1 release and the expression of keratin
14 and keratin 17 were significantly decreased compared with those in
the control group both in vivo and in vitro (Figure 7D-F).

4 | DISCUSSION

In our research, we observed a downregulation of the Livin protein
in the lesions of patients with skin photodamage. To investigate the

function of Livin in the context of skin photodamage, we conducted

KC mice, which have been found to exhibit

experiments using Livin®
heightened sensitivity to UVB radiation. UVB exposure amplified
the release of inflammatory factors in the mice. Comparatively,
Livin®K® mice showed more severe skin damage and a greater re-
lease of inflammatory factors when exposed to the same UVB dose

Il mice. The reduction in Livin contributed to an increase

C

than Livin
in keratin expression in Livin®® mice. Livin knockdown induced
the stimulation of NF-kB, subsequently promoting the liberation of
inflammatory agents and modulating keratin levels in HaCaT cells.
These outcomes suggest that Livin might be involved in the patho-
genesis of UVB-induced photodamage by modulating the NF-«xB sig-
nalling cascade in keratinocytes.

Epidermal KCs, the primary target cells of UVB radiation, have
a pivotal function in the development of skin photodamage. The
exact mechanisms behind skin photodamage induced by UVB ra-
diation are not yet clear and are not completely understood. Past
research on these mechanisms has primarily focussed on subjects
such as cell apoptosis, DNA damage and repair, and oxidative
stress.’®! Nevertheless, while the inflammatory response gov-
erned by KCs plays a role in various skin conditions, its contribu-
tion to skin photodamage remains uncertain. Furthermore, in our

findings, Livin deletion influenced the initiation of NF-kB. Prior

FIGURE 7 Livin has the potential to trigger NF-xB activity. (A-C) The phosphorylation levels of p65, IkB, and IKK were significantly
higher in Livin knockdown HaCaT cells than in negative control HaCaT cells. (D-F) After treatment with NF-xB-IN-11, the levels of IL-1p,

IL-6, TNF-a, SI00A3, S100A7, and BD1 release and the expression of keratin 14 and keratin 17 were significantly decreased compared with
those in the control group both in vivo and in vitro. The results are displayed as the mean+SEM and were assessed through one- or two-way
ANOVA. Significance levels are marked as * for p <0.05 and ** for p<0.01.
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investigations have identified the involvement of the IAP family in
both the innate immune response and the stimulation of NF-xB.?°
As a recent addition to the IAP family, Livin has been recognized
as a participant in regulating inflammation through the NF-xB cas-
cade in KCs. It is widely acknowledged that NF-kB has a crucial
function in regulating inflammatory responses, and inflammation
plays a role in skin photodamage. Our study has substantiated that
UVB radiation can induce inflammation in KCs, consequently in-
tensifying the release of cytokines, such as IL-18, IL-6 and TNF-a.
Among these cytokines, TNF-a, once released by KCs, can poten-
tially trigger neighbouring KCs to enhance their responses. Upon
binding with their respective receptors, these cytokines can ac-
tivate NF-kB, thereby regulating downstream gene expression.?!
At the same time, these cytokines can heighten the reaction of
skin cells to UV radiation. Inhibiting NF-kB can diminish the re-
lease of cytokines, which serves as a protective measure against
UV radiation-induced skin damage.?? Inhibiting the NF-xB path-
way could enhance skin health. Nevertheless, Livin knockdown led
to an intensified stimulation of NF-kB, which could mediate the
increased sensitivity of Livin-deficient mice to UVB-induced skin
photodamage. Likewise, our cellular experiments confirmed the
role of Livin in regulating inflammatory responses.

The conclusions drawn from this current study suggest that Livin
demonstrates a certain level of safeguarding impact against UVB
radiation-induced skin photodamage. Livin deficiency heightened the
inflammatory response in KCs following exposure to UVB radiation in
mouse skin photodamage models. Based on the current study, Livin
could serve as a target for the development of novel drug therapies for
managing skin photodamage. In future, experiments aimed at upregu-
lating Livin expression in animals could offer insights into the transla-

tional significance of Livin in the context of skin photodamage.
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