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[Abstract] Objective Ultraviolet B radiation (UVB) in sunlight is classified by the WHO as a Group 1 carcinogen.
UVB is readily absorbed by the epidermis, and excessive exposure causes skin injury and photoaging. Peroxisome
proliferator-activated receptor a (PPARa), a key member of the nuclear receptor family, plays a central role in lipid
metabolism. This study aims to observe and investigate the effects of PPARa deletion on the progression of UVB-induced
damage and changes in the skin lipid profile using PPARa-knockout (PPARa~'~) and wild-type mice. Methods A
mouse model of ultraviolet-induced skin damage was established using excessive UVB exposure (2 J/cm®) administered
for a single time. C57BL/6] mice were divided into PPARa”'~ and wild-type groups. Qualitative and quantitative analyses
were performed using skin photodamage scoring, hematoxylin-eosin (HE) staining, and Western blotting. A photoaging
model was established using repeated low-dose UVB exposure, and the C57BL/6 mice were again divided into PPARax™"~
and wild-type groups for qualitative and quantitative analyses through HE staining and Western blotting. Skin samples

collected from PPARa ™'~ and wild-type mice either sham-irradiated or exposed to a single dose 2 J/cm® UVB irradiation
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were subjected to lipidomic analysis. Results In the photodamage model, PPARax™'~ mice exhibited significantly higher
skin photodamage scores and delayed wound healing than wild-type controls on days 0-32 after a single excessive UVB
exposure. In the photoaging model, the expression levels of senescence-associated proteins were markedly up-regulated in
the skin of PPARx™"~ mice compared with wide-type mice (wild-type vs. PPARx™'") (p16: 0.11 + 0.02 vs. 0.82 £ 0.18, P <
0.05; p21: 0.54  0.03 vs. 1.29 * 0.07, P < 0.01; p53: 0.54 + 0.04 vs. 1.33 + 0.06, P < 0.01; -galactosidase: 0.80 + 0.06 vs.
1.20 % 0.15, P < 0.05). In addition, PPARa™'~ mice exhibited reduced numbers of hair follicles and follicular atrophy.
Lipidomic analysis revealed that PPARa deletion aggravated UVB-induced skin lipid metabolic disturbances, involving
aberrant expression of multiple lipids, including Cer(d18:1/30:2), OAHFA(44:4), PE(50:1), LPC(19:1), LPS(44:11), and
PC(19:1/20:1). Conclusion PPARa plays a protective role in UVB-induced skin damage and photoaging. Its deficiency
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aggravates skin damage and lipid metabolic disturbances.
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Fig 1 Experimental design of single high-dose UVB irradiation in mice and genotyping of mice

A, Experimental design: Male C57BL/6] mice aged 6-8 weeks were divided into PPARa~'~ and wild-type groups. After dorsal hair removal, the mice received a single

dose of 2 J/cm® UVB irradiation. Skin photodamage scoring and body mass recording were performed every 2 days, and the experiment was terminated on day 32. B,
Genotyping results of PPARa""", PPARx™'", and PPARa" ™ mice. C, Western blot analysis of PPARa protein expression in skin tissues of PPARa""", PPARx™'~, and
PPARa’’™ mice, with quantitative analysis of band gray values. = P < 0.01.
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Fig 2 PPARa alleviates skin photodamage in mice after single high-dose UVB irradiation

A, Relative body mass changes of mice in the Wild-type group (1 = 9) and PPARa ~ “group (1 = 6) from day 0 to day 32 (relative to each mouse's pre-irradiation
body mass). B, Skin photodamage scores of mice in the Wild-type group (# = 9) and PPARa ~ “group (n = 6) from day 0 to day 32. C, Representative dorsal skin

photographs of mice in the two groups from day 0 to day 32. D, HE staining of dorsal skin tissues of mice in the two groups on day 32. " P < 0.05.
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Fig 3 PPARa alleviates skin photodamage in mice after repeated low-dose UVB irradiation

/

A, Experimental design: Male C57BL/6] mice aged 6-8 weeks were divided into PPARa™ '~ and wild-type groups. After dorsal hair removal, the mice received daily

UVB irradiation at 150 mJ/cm’ during the first week, followed by 300 mJ/cm® every other day in the second week. The experiment was terminated on day 22.

B, Representative dorsal skin photographs of mice in the two groups from day 0 to day 18. C, HE staining of dorsal skin tissues of mice in the two groups on day 22, with

the red dashed boxes marking the areas with dense hair follicle distribution (original magnification x 100).
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Fig4 PPARareduces the expression of senescence- and apoptosis-related proteins in mouse skin tissues after repeated low-dose UVB irradiation

!

A, Western blot results of senescence- and apoptosis-related proteins in dorsal skin tissues of PPARa™"~ and Wild-type mice on day 22. B, Quantitative analysis of the

gray values of Western blot bands for senescence- and apoptosis-related proteins in dorsal skin tissues of PPARa™
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Fig 5 Lipidomics analysis of the effect of PPARa knockout on skin lipids in mice after UVB irradiation

A, Schematic diagram of the experimental protocol: A mouse skin UV damage model was established using 2 J/cm® UVB irradiation. C57BL/6 mice were divided into

three groups, including wild-type non-irradiated control group (WT-CON), wild-type irradiated group (WT-UVB), and PPARa™'™ irradiated group (PPARa ™ —-UVB).

Mouse skin tissues were collected on day 4 post-irradiation for lipidomics sequencing analysis. B, The number of differentially expressed lipids in the skin tissues of the

three groups. C, Principal component analysis (PCA) results of the lipidomics data. D, Partial least squares-discriminant analysis (PLS-DA) results of the lipidomics data.

E, Statistical chart of the composition of lipid species classified by class and sub-class.



1058

PR A=A (B 2D

5 5745

IR B (KI5C, 5D) o A B2 A8 i 73 1,
Him#hg (glycerophospholipids, GP) i EZE FiZE 7, =
Ik H ¥ (triacylglycerol, TG) Ay Hodp 2L A (KI5E) o

FET R BT 2 VR BRI (K6 A) Lo 22 SR
JRW R E SN . 45 R W/R, ZE“WT-UVB vs. WT-
CON” b YA 2H rp e S M A0 38 8 JIR B M. 288, 73+ 591) Ay ¥ 1T
WMt 22 & 1R (Iysophosphatidylserine, LPS) | ¥ i AR Mt
H il (lysophosphatidylglycerol, LPG) . B 5t 2 B i
(phosphatidylethanolamine, PE)fiTA: 4 . ¥ 1l — H JE @A
It £, 5 i (Iysodimethylphosphatidylethanolamine,
LdMePE) . % Il W BEBEAL K (lysophosphatidylcholine,
LPC) ., ¥ I BEARME . MM (lysophosphatidylethanolamine,

Lipid subcl

1

d Lipid subcl

p-

up

after UVB irradiation

1
upon PPARa knockout

PPARa"-UVB vs WT-UVB up-regulated metabolites (Top 20)

LPE). TG. % IfiL#% A5 % TP 15K (lysophosphatidylmethyl
ester, LPMe); fE“PPARa~'"-UVB vs. WT-UVB L4 7,
ASCASE 00 3 10 4 S P i BT S, B H il (diacyl
glycerol, DG); PHZH [ A A BT M2 S8 fh, 40455 N- &
T 1 M Je e —Hf BE o 22 e (glucosylceramide with N-
acetylglucosamine trisaccharide moiety, CerG3GNAcl) ,

SEENUEEWE R (phosphatidylinositol phosphate, PIP) | .
Fi% H 3 (monoacylglycerol, MG) | ¥i# i R Wi i2 (free fatty
acid, FFA) . #§# /5 (sphingomyelin, SM) . B 5 iR
(phosphatidic acid, PA) . i FEph £ it i (disaccharide
ceramide, CerG2) M O-it - w-F2HEAR N FR ([ (O-acyl)-w-
hydroxy fatty acid, OAHFA ), [£l6BJEE/r T WT-UVB4L 5

PPARa*-UVB vs WT-UVB down-; regulaled metabolites (Top 20)

(WT-UVBvs WI-CON)  (PPARa’-UVB vs WT-UVB) GO

1 Cer <0, X 1
2 SM(d20:1) SP SM 3969 11201020 <0001 <0001 2 P\(«s:«/ma) GP Pl 4331
3 SW(d32:5) SP SM 3344 1205335 <0001 <0001 3 PI(18:0122:4) eP Pl 4327
l 4 PGMBONS0)  GP PG 2917 417791 <0001 <0001 4 PIP2(38:1p) P PPz 4215
5  OAHFA@38:1)  FA  OAHFA 2209 83011 0008 0017 5 PI(16:0120:4) eP Pl 3940
6 (34:3) GL MG 2208 48126 0002 O 6 PI(17:0120:4) ep Pl 4121
3GN 7 PG(31:0) GP PG 2373 35983 <0001 <0001 7 PI(18:0p/20:4) = Pl 4007
LPS. LPG. cl. PIP. 8 CerG2(d440)  SL  CerG2 2052 34704 0003 0007 8 PI(18:1/22:6) eP Pl 3957
PELLAMEPE: MG EA o 9 PEI(547) e PR 1 342 0005 0011 9 PI15:0/226) P P 37
LPC. LPE. gy pa € 10 PC(21:1) GP  PC 1788 26553 0019 0035 10 LPE(24:1) P LPE 3281
TG. LPMe  “Cargas 1 DG(120182) GL DG 2340 26138  <0.001 <0001 1 PI(18:1118:1) =3 Pl 3348
OAHFA 12 MGDG(332)  SL  MGDG 2287 25627 <0001 <0001 2 PI(16:0/16:1) e P 3031
13 MG(20:0) GL MG 2217 23638 <0001 <0001 13 LPE(17:1) GP  LPE 2507
14 PEI(54:4) GP PRt 2207 23067 <0001 <0001 14 PC(100616:0) e Pc 203
15 PGUSOMSY)  GP PG 2156 19932 0001 <0001 15 TGE0160216)  GL TG 2848
7 DG(18:4/120)  GL DG 2035 12466 <0001 <0001 16 PI(18:0116:0) eP Pl 2710
18 OAHFA(2134:1) FA  OAHFA 2032 11963 <0001 <0001 17 cL(1B218:1204182) GP  CL 2622
Common lipids 19 DG(160M40)  GL DG 2029 11816 <0001  <0.001 18 PI(18:0120:4) eP Pl 2998
20 OAHFA40:2)  FA OAHFA 1958 11597 <0001 <0001 19 LPC(14:1) GP LPC 2673
o further elevated by Q PG(15:0/160)  GP PG 1887 11520 <0001 <0001 20 SQDG(47:2) GP_ SQDG 2413
UVB in PPARa”’

Class _Sub Class _VIP

FoldChange _p-value

g-value

Volcano plot: p-value<0.05 & [log, FC|>1

- Significant up
. Slgmﬂcam down

Dbwn

—log, p-value

log, FoldChange

WT-UVB vs WT-CON

Volcano plot: p-value<0.05 && [log, FC|>1

- Significant u
. blgmﬁcam low

Down

~log, p-value

0
log, FoldChange

WT-UVB vs WT-CON

B 6 BERAESF 2 HTPPARaFRKF

roeo 1ns2182)

rous 2209

rous 1ns2226)

rous2n02220)

WT-UVB vs WT-CON (Total)
Top KEGG terms

Choline metabolism in cancer
Insulin resistance-

I
S

Kaposi i pe:
Leishmaniasis
AGE-RAGE signaling pathway in di i

Amoebiasis
Diabetic cardiomyopathy

‘Systemic lupus erythematosus{

EGFR tyrosine kinase inhibitor resistance

= —1
—
—
—

Fat digestion and absorption-
Regulation of ipolysis in adipocytes-
Thermogenesis-

Th1 and Th2 cell differentiation{

phingolipid

—
e
—
—

NF-kappa B signaling pathway

Efferocytosis{

Autophagy - other

—
=]
—

2 4
-log10(P-value)

PPARa/--UVB vs WT-UVB (Total)
Top KEGG terms

Choline metabolism in cancer
Insulin resistance-
infect

I
=

Kaposi 2
Leishmaniasis

AGE-RAGE signaling pathway in diabetic complications {
Amoebiasis {

Diabetic cardiomyopathy-

—
—
—
—

Fat digestion and absorption
Regulation of lipolysis in adipocytes
‘Thermogenesis

Thi and Th2 cell differentiation {
Necroptosis {

Efferocytosis-
Autophagy - other

—
—
—
—
—
—
—

‘Sphingolipid metabolism

—

NF-kappa B signaling pathway

SN BN B B AR B R AR oK 188 B
Fig 6 Lipidomics analysis of mouse skin lipids and related pathways affected by PPARa deficiency
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A, Venn diagram showing the upregulated lipid subclasses in UVB-irradiated wild-type mice vs. non-irradiated wild-type mice, upregulated lipid subclasses in UVB-

irradiated PPARa ™"~

mice vs. UVB-irradiated wild-type mice, and their intersection. B, Volcano plot, heatmap, and KEGG pathway enrichment analysis of differentially

expressed lipids between UVB-irradiated wild-type mice and non-irradiated wild-type mice. C, Volcano plot, heatmap, and KEGG pathway enrichment analysis of

differentially expressed lipids between UVB-irradiated PPARx™'~

irradiated PPARx ™'~ mice and UVB-irradiated wild-type mice.

mice and UVB-irradiated wild-type mice. D, List of differentially expressed lipids between UVB-
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