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Mechanism of skin aging induced by cigarette
smoke extract via the Klotho-CHRNAS axis
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Abstract: Objective To investigate how cigarette smoke accelerates skin aging by focusing on the interaction between
the anti-aging protein Klotho and the tobacco-associated receptor CHRNAS, and explore potential targets for skin rejuve-
nation strategies. Methods HaCaT cells were treated with CSE( cigarette smoke extract). Cellular senescence and the
expression of CHRNAS and Klotho proteins were assessed by (3-galactosidase staining and Western blotting. Subsequently,
skin samples from mice aged 3-5, 6-7, and 14 months were analyzed using H&E staining, immunohistochemistry,
Western blotting, and RT-qPCR to determine age-dependent changes in CHRNAS, Klotho and senescence-associated

markers. Furthermore, in Klotho-knockdown mice, we assessed the efficiency of Klotho silencing and the effects of
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Klotho on both CHRNAS expression and senescence markers using immunohistochemistry, Western blotting and
RT-qPCR. Finally, HaCaT cells were transfected with siRNAs targeting Klotho or CHRNAS, and the expression of both
genes and related senescence markers was measured by Western blotting and RT-qPCR to verify their regulatory relation-
ship. Results CSE exposure induced senescence in HaCaT cells, as evidenced by a significant increase in (3-galactosi-
dase-positive cells (P=0.0004), accompanied by the upregulation of CHRNAS5 (P=0.0002) and the downregulation
of Klotho (P=0.0025). In 14-month-old mice, compared with 3-5-month-old controls, the epidermis was thinner ( P<
0.000 1) , CHRNAS was elevated (P=0.0009), and Klotho was markedly decreased (P=0.000 1). In Klotho-knock-
down mice, accelerated skin aging phenotypes were observed along with increased CHRNAS expression ( P=0.0107).
Similarly, Klotho-knockdown HaCaT cells exhibited enhanced senescence markers and elevated CHRNAS expression

(P=0.0347). In contrast, CHRNAS knockdown significantly reduced the expression of senescence-associated markers

pl6 and p21 in HaCaT cells (P =0.002 3; P =0.005 4). Conclusion CSE downregulates Klotho and upregulates

CHRNAS, thereby promoting keratinocyte senescence andaccelerating skin aging.
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Figure 2  Expression levels of CHRNAS5, Klotho, p16, and p21 in HaCaT cells after treatment with CSE
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Figure 3  Quantification of CHRNAS5, Klotho, pl16, and p21 protein levels in HaCaT cells treated with CSE ( “"P<0.01,
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2.2 HEEZBINRFREESHME Klotho T 5 CHR-

NAS 75

S LSS /IS BB R Bt A 0% 1B 2S84k, X 3~ 5
At 6~7 A K 14 H i HedE CSTBL/6) /N R
Hl B B B K AT HE B (5 (&1 4A) . 45 R R, B
3~5 ¥ 4H (24.3420.80) wm,6~7 AL (15.31+
0.17) wm HI 14 H #3420 (8.43+0.11) wm F fZ B3
AR (P=0.007 5;P<0.000 1) (¥l 4B) ;14 H X4
HIZEER 6~7 H A B[ (456.6+88.91)
pm vs. (545.5£51.31)um,P=0.0193] (& 4C),
A, Western blotting 452 (& 4D) B/, 14 H i

A

3~5H kA

6~7 A4

INERBZ R pl6 Al p21 BYEE & 48 3~5 H iR/
B (P=0.008 9;P=0.0012)

RT-qPCR Fa Il 2558 (B 5A) R ,6~7 H ik
J 14 A& A%/ ik CHRNAS mRNA /K-
KT 3~5 Hi4H (P=0.0274;P=0.0009) , T
Klotho mRNA 7KV £ &L (P=0.004 95 P=0.0001) ,
Western blotting 255 ( €] 5B) /R, FAF 4 K |
CHRNAS # 1 32 15 7} =, Klotho £ 1 3R i85 T K,
gi b, /R R K 23 CHRNAS mRNA 5
HHF IR N Klotho mRNA 5 2& [ #3518 /0 1Y
FRAE

1474

sokokok

H
(3]
(=1
(=]
T




EE T, A A S B U T Klotho-CHRNAS BlliZs & F2 ik 22 2 ML

93

D *k -
20 6 *
s I
X o5} A
® ® o4t
o =
Z 10} £
T pil
o o o2
2 05t Q
p21 2 ]x10¢ = =
eri—
0 0
Tubulin | ous ou— — -5 5x]10* %fv%’ %A“%’ %2%’ ngf‘%’% X’%’%%ﬁ%’
,,)b% b.:\ '\b?s ’bb :\ \b‘

Fl 4 ARE A CSTBL/6 /NRITH R HEE Yett T p16.p21 5 HFEIEFE I ( P<0.05; *P<0.01; ****P<0.000 1)

AN TR B HE Qe UK IE R B R BRI ; C:
Figure 4
0.05; *"P<0.01; "**"P<0.000 1)

HRZJRPEIE ; D:pl6 p21 HHERKIKF,

H&E staining of dorsal skin and relative expressions levels of pl6 and p21 in C57BL/6J mice of different ages ( "P<

A: Representative H&E-stained images of dorsal skin; B: Quantification of epidermal thickness; C: Quantification of

dermal thickness; D. Protein levels of p16 and p21.
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Figure 5 Expressions of Klotho and CHRNAS mRNA(A) and protein levels(B) in the dorsal skin of C57BL/6J mice at different

months( P<0.05, *"P<0.01, ***P<0.001)
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