82

a3 EyesOn

02

REMRELICEWT

AR » iEH D R7- 7123 DFZEA

RREMKFEIEETER i Bl

1. %8

RATZ 7 FINnA 72— (PI) 3R 2
32 ) VIREOUVEOTHY, 7Y tmr—v
HEZY VEBEEALTA /2 P—=BAEE LT
W5, PIOA 7 > b —nBRD 347, 4fi% & U85
MOKBIEDRIL 32— D) VL% 5
LY THEDO Y Y BALERSHEAEL TH Y,
Z #1513 Phosphatidylinositol phosphates (PIPs)
Lighrans V. PIPSO—DThHhorHRAT 7 F
WAy b —n4a5-2) Vg [PI(4,5) Pl .
PID A /& b —WERD AN E SHLDKIEIEN Y
Bibshre) VIRETH 2. ek, DETL Y,
PI (4,5) P, MK 2 BEE A AR Y oS—&
C(PLC) DRH i1 2RIV THIZE 247 -
TaTHY >, 2OWET, PLCORETH 2
PI (4,5) P, HZICBEIFEAETH I L2 A
LT ERY, dh, BRI E G 7o 3oL
T, bt MEEANE R HaCa AR IZTE LD PT
(4,5) P, WP BECHAET D 2 L ARERL T 375

AR, EALD BB 2> TOWFZEN R IC
HEDHLNTIRY., BILPHET 52K A Hallmarks
of Aging & L T20234F 1 CelliEiz i S T
% 7, Hallmarks of Aging!Zix% / 2 DNA, %
VORI, 2T AT S 507 E121H
DERDPZETONTV 25, JREICHT 2 ERI

Cosmetic Science 2026.8

BFEINTHL T, BRI B0 2 IREOBHEC
WAL % oo FE 8 RO 2 M Bl Bl
N5, EEEALORIEIG RGBS A TS
(L HAMEED» S b ERELRETHY . HFHE
(L2 2 710D ORETHN L ITEORFH K
5N b, FHOEIIIE, M & 2 NEPEE
L L BB 2 & AR B LY D 50 Fex i,
HHRPEZALD E 20 GEN & 7 2 DNAEB A P v A
T FEANLC 5 2 72 B3 ICPI (4,5) P, D& A5 R
ToIERBERLI, d7c. PI (4,5 P, 240
% T R A R T BL S eI, Al
AL e BRI SHES N Lo I MR e
BTV, 8612, PI(4,5) P, ¥ k%
FER AL E B IEBL L 2o, MR A
DNAH A b v 2 & 2 M LFAE ISR L T
EHMEE RS L BRI T AR BT S, 2
NHDIZEH»G, PI(4,5 Pld &ML EAL
VORF L CHPEI o < TTRETEASR < PI(4,5) P,
PRONS €2 2 L3, RKEARLOMIE % Hii
L. B EALO T UG5 (403 5 W REYED % 1
SNb, LALLHE, 2N TOHIIIEEER
Bz O ICZE - L VB oIt DThH Y,
AR 350 T & P (4,5) P, O v 22 il a
DEALBIG-T 2 AR TH %, 272, P1(4,5)
P, DA 13 R AN EAL % 3535 9 2 HERE A
Thb, £ T KEFFETIX. PI (4,5 P23~V



AR FEZALOHIE - D 5 D50 TH
LT HIERHME LIS, 72, PI(4,5) P,
WSRO E L U CERIR @< 451
B2 O35 2 L S HIRLIG
2. Fi&
2.1.PI (4,5 P,REBERIF RV =y o=
) ZDERL & R
K15::Lyn-INPP5Ecat-GFP TG~ 7 A3, &
W T LT 2 K15 7 r € — 4 —D it
CLynONK WAL % & 'GFP L RlL& & € 1C
INPPSEDEERIGME F A 4 > % 32— N9 5 cDNA
(Lyn-INPP5Ecat-GFP) %3 A L 7c#{a ¥ % H
WL 7o, REBRTIZ9 7 HiD A 2D~
AR U, B85 7 4 O 2V ICHES:
fo b B SR 2 > e s R Y
1172

2.2. iZEEER{LPar3 3 L UPI (4,5) P,/ figE:
FEREA L7-HaCaTHl DR

HaCaT#fiflii=Lyn-INPP5Ecat-GFP ¥ & O
Lyn-hPar3 (710-1089) -V5% 1 [} © 7 4 v AN
72— MHCTHRBE LI, IhLOMdcse
TR OME, SA- B -galifitk Z /R 3 Hilfao
B, eI & 2 p21 ORI 2475 72,

3. iR

3.1. Pl (4,5) P, REBFELTFRET Y RADMEH

FML 3610 5 PI (4,5) P,D A h ~ T 2
DERIZED L S LB e RIETH»EIAHTH -
7o 22T, PI(4,5) P,O5HDY VEIEZHLY
YHALT & IR R ORER ORERIGIE N A £
I EB 5Bl S ¥ 72K15:Lyn-INPP5Ecat-
GFP TG~V A2 L1co BAEDEZA95 H
W TOMBXIT-oTV 5, SNLDRTADRE
JEOMBII T 2 BIE L, #2, BEDES LY

DREM~ICE 2A, T, FREOIFE S 122U
Ronkr o1 d OD, K15:Lyn-INPP5Ecat-
GFP TG~V A TR BLOKOMP»BIE S h
(M) 72, BROEBLEES T2 2 EHH
HENTCR17Ha S —r v ORPHPBEIE
WTBIg s NI,

3.2. Pl (4,5) P, I & 2 REZ ML HIEE D
fEtT

2k, DLEl. TBEIEPI (4,5) P, D KA 13 PI
(4,5) Pyf& & v 282 TH 5 Par3 DILHENRIE
PHIHIL. 22 EHPI (4,5) Pk RO Mz
HREZ b L2 LT, EE
DPar3 ¥ =F VI A F =2 AN EICHFET S
TV PAMIGREEGL, X VHA =
AN ERA~MRE L, =X V%A b= 2%
T 2% 25> %, 22T, Par3D s vy
A ARG 2 TR AR L L THBLS
22 LT, Pl (4,5 P, f#i#F#E AT & 5 PI
(4,5) P Ao 5 Ml B ALAE 2 P T & 5 0]
REME 2% % 720 Par3 #PI (4,5) P, ORIAKAEE T
ORRBUCIEBLE ¢ 572012, Par3D T Y 2 A b
AR GO O RUBRELECE £ V5 % 27 %4
ML 7238457 T & % Lyn-hPar3 (710-1089)-V5 %
Fwv12, PI(4,5) P53 RS £ L TIEPIL (4,5) P,
D50 Y VIR VRILT & 2 SRR
B DORERTNE ¥ A 4~ 2B R L 72
Lyn-INPP5Ecat-GFP % i\~ 72 A% b 45
b U AR D R TG 5 AR O B 23554
LN ICOMBBHRC OV THITLICE 25,
Lyn-INPP5Ecat-GFPD A % 531 & € 7l & 1t
# L C Lyn-INPP5Ecat-GFP & [f]li {2 Lyn-hPar3
(710-1089)-V5 2 J5BL & ¥ 72 M T (3 MR TRk
DOEMAPIE B 2 LD 570, F
THTEALR I Bi%E S M 5 SA- B-gallfitk 7R ¢
AMLOBMA RS Mo ME LICE 25, Lyn-

Cosmetic Science 2026.8

83



84

Control

TN
‘ - : f‘h ‘i
&

K15 INPP5E

T —

. T

__.,.p--"\l‘-
—

S

- |‘-_-‘\ » 2 . ‘:\“" " .
[E Control
] K15 INPP5SE
REDEH(F19) HEDEH(F) FEIDH
25= 400 = 4m *
20 - 300 al® = 3]
=
: A
B 10 & & ]
= i)
100 W
5_
0= 0= 0=

N1 EaRMERICHEITBPIL,5)P,ABERRRIIELOKERIIES
9 7 BEH® K45:Lyn-INPPSECat-GFP TG 2 (K15 INPPSE) IR D HE e & k2, ER OEH £ EE DO, *p<0.05,

INPP5Ecat-GFP D & #7681 & £ 7oflfilld & e L
TLyn-INPP5Ecat-GFP t [i] I (ZLyn-hPar3
(710-1089)-V5 # 581 & ¥ 7ofllli T1X SA- B -gal
e 2 RO BGORm »IH s v s 2 La
BIOm 27 5720 Hee T MEALIR (2 S8 n Y
294 29 ARAHER F— LHERFp21 0O

Cosmetic Science 2026.8

Mt #47>72 L 2 A, Lyn-INPP5Ecat-GFP O &4
5P S ¢ 7R & B L T Lyn-INPP5Ecat-
GFP t [{] {2 Lyn-hPar3 (710-1089) -V5 % 3§
BHERIHETIEp2l D> 7 F v 2RO

BT LI 51 (K2),



400+

350
3001
250
200+ :
150 *
100+

50

0

BEFEA (*)
INPP5E - Par3

MR EE (um?2)

INPP5E

INPP5E

INPP5E -
Par3

BE2 REEFNLPar3i3PI(4,5) P, 2 EERORRICLIRFREZMETS
Lyn-INPP5Ecat-GFP 8% (INPPSE) & 7= ¥ Lyn-INPPSEcat-GFP & Lyn-hPar3 (710-1089) -V5 0 K5

(INPPSE - Par3) #ii2IC W CHIfETE, SA-B-galEEz md a0 E &, p21 BIEMREORIEEME L/ ALY 7
LOROBELFEAL SN TOEWRIEE (-) BEFEAN SN TLEHIEZ (+) L LT ZNENTAEZT> 7,

*p<0.05. **p<0.01,
4 ER
TR PI (4,5) P MRS & B S ¢

72K15:Lyn-INPP5Ecat-GFP TG~V A T3
WOBDWAEEES NI, 7 OREPEITRERE 7
bDTHo, AUIFEHHNTIERLIC>T A
P RUIMEGIE L TEEi~ 7 AR50 LT OIS
FTRESR oD, S MELIC~Y A

PROCIRIT 2470, Alal, 8152 S ekl ys
LD B0

ORI ONS L9
ERbHLEEZT S,
AWFZETIX. EBEW LPar3 D =2 v & A

50
45 .
40
35
30
25
20
15
10+

0 L

e [F]
(+) () (+)
INPP5E - Par3

INPP5E

p21 (+)#AE2 (%)

BrFEA ) (+) (-) (+)
INPP5E INPP5E - Par3

MEERE AT 2RS¥ 2 L TPI (4,5) P,
WA &Y FE S N2 MR LB R B O —Ef
PUHITS 2 2 EARIRE NI, BOTIZ VY IRY
DGl L 28T 2 2 L an T
W5 Y BIBRZEC C L UZPI (4,5) P, R S ¥
M T, MBI P O O MR AR 2
LA~ DRADEINT 2 7 £ TREERE 2
ﬂ%TVé:k%ﬁ@Téiﬂm%ﬁg§hfv
%o %72, PI (4,5) P,i3Par3 DI RTELC

T%%:k%‘l$7#4b—yxuiéﬁhﬁ
WILEBAEG OGRS L L TEETHL I L Y
Z 25 L, Pl (4,5 P,0WA 2 & 5 Par3 DI

Cosmetic Science 2026.8

85



86

HRAEA DT RS % A U TRl 2 LA
Db WREE S E X OB, SR PL(4,5) P,
DA, Par3 DILENERAE, MMLBRS. Mg
ZACDBIHEIZ DT 2 LD 2 WEPDH 5,

ARRfFEIZ & Y PI (4,5) P,Ad = 2K B0
THREOZALHIE D B 2 L 2RIES i,
PI (4,5) P, & % HlHa-Z ALl < (X Par3 DI
W RIAE D B D B W RELEA SR & N7, 4. PI(4,5)
P, it DAL Par3 O TEEIEAEAT 23 KB Ml AL
PRl D rcH ORER & 72 2 R E 2 s,

e
ARWFFEDBITIZH I Y BB TIHRP IS
3 UICARMBIEAT—t—a 2 £ v —f5e
B 9 OB B LU & . K15:Lyn-
INPP5E-GFP TG~V A & 1B 721i v f:ﬁ
SO R A E R AT IET ANIEFIEAE 2
L 29,

Cosmetic Science 2026.8

51 FASTHR - fib

1) Sasaki T, Takasuga S, Sasaki J, Kofuji S, Eguchi S, Yamazaki
M, Suzuki A. Mammalian phosphoinositide kinases and
phosphatases. Prog. Lipid Res. 48, 307-343(2009)

2) Nakamura Y, Fukami K, Yu H, Takenaka K, Kataoka Y,
Shirakata Y, Nishikawa S, Hashimoto K, Yoshida N, Takenawa
T. Phospholipase Cdeltal is required for skin stem cell lineage
commitment. EMBO J. 12, 2981-2991 (2003)

3) Nakamura Y, Ichinohe M, Hirata M, Matsuura H, Fujiwara
T, Igarashi T, Nakahara M, Yamaguchi H, Yasugi S,
Takenawa T, Fukami K. Phospholipase C-41 is an essential
molecule downstream of Foxnl, the gene responsible for
the nude mutation, in normal hair development. FASEB J.
3, 841-849(2008)

4) Kanemaru K, Nakamura Y, Sato K, Kojima R, Takahashi S,
Yamaguchi M, Ichinohe M, Kiyonari H, Shioi G, Kabashima K,
Nakahigashi K, Asagiri M, Jamora C, Yamaguchi H, Fukami K.
Epidermal phospholipase Co1 regulates granulocyte counts and
systemic interleukin-17 levels in mice. Nat. Commun. 3, 963
(2012)

5) Kanemaru K, Nakamura Y, Totoki K, Fukuyama T, Shoji M,
Kaneko H, Shiratori K, Yoneda A, Inoue T, Iwakura Y,
Kabashima K, Fukami K. Phospholipase Co1 regulates p38
MAPK activity and skin barrier integrity. Cell Death Differ.
24(6),1079-1090(2017)

6) Kanemaru K, Shimozawa M, Kitamata M, Furuishi R,
Kayano H, Sukawa Y, Chiba Y, Fukuyama T, Hasegawa J,
Nakanishi H, Kishimoto T, Tsujita K, Tanaka K, Itoh T,
Sasaki ], Sasaki T, Fukami K, Nakamura Y. Plasma
membrane phosphatidylinositol (4,5) -bisphosphate is critical
for determination of epithelial characteristics. Nat. Commun.
13,2347(2022)

7) Lopez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer
G. Hallmarks of aging: An expanding universe. Cell 186, 243~
278(2023)

8) Ahmed SM, Macara IG. The Par3 polarity protein is an
exocyst receptor essential for mammary cell survival. Nat.
Commun. 8, 14867 (2017)

9) Suda K, Moriyama Y, Razali N, Chiu Y, Masukagami Y,
Nishimura K, Barbee H, Takase H, Sugiyama S, Yamazaki Y,
Sato Y, Higashiyama T, Johmura Y, Nakanishi M, Kono K.
Plasma membrane damage limits replicative lifespan in yeast
and induces premature senescence in human fibroblasts. Nat.
Aging 4, 319-335(2022)

10) Andrews NW, Corrotte M. Plasma membrane repair.

Curr. Biol. 28, R392-R397(2018)

Title : Elucidating the Role of Plasma Membrane Phospholipids
in Cellular Senescence of Keratinocytes

Author : Yoshikazu NAKAMURA
Department of Applied Biological Science, Faculty of
Science and Technology, Tokyo University of Science



Abstract : Aging research has increasingly focused on molec-
ular mechanisms, with the 2023 “Hallmarks of Aging” listing
twelve key factors but omitting lipid-related contributors. The
role of lipids in aging remains unclear, particularly in skin ag-
ing, which has both medical and social implications. Our
study investigates the role of phosphatidylinositol 4,5-bis-
phosphate [PI(4,5)P,] in epidermal aging. We previously ob-
served that DNA damage stress, a primary factor in extrinsic
aging, reduces PI(4,5)P, levels in keratinocytes. Overexpres-
sion of PI(4,5)P,-degrading enzymes induces cellular senes-
cence phenotypes, while increasing PI(4,5)P, synthesis en-
hances resistance to stress-induced senescence. However, in
vivo evidence remained limited. Here, we generated transgen-
ic (TG) mice expressing a P1(4,5)P,-degrading enzyme under
the K15 promoter (K15:Lyn-INPP5Ecat-GFP TG). At 9
months, these mice exhibited a reduction in hair follicles and
decreased type XVII collagen expression, suggesting potential
premature hair follicle aging. Additionally, in vitro analysis
using HaCaT cells revealed that PI(4,5)P, depletion disrupted
plasma membrane localization of the scaffold protein Par3,
which interacts with the exocyst complex to regulate exocyto-
sis. By expressing a plasma membrane-targeted Par3 exo-
cyst-binding domain (Lyn-hPar3(710-1089)-V5), we partially
rescued PI(4,5)P, depletion-induced cellular senescence phe-
notypes, including increased cell area, SA-f-gal activity, and
p21 expression. Our findings suggest that PI(4,5)P, plays a
critical role in cellular senescence of keratinocytes by modu-
lating exocytosis through PAR3. While in vivo phenotypes
were mild at 9 months, long-term studies are needed to deter-
mine the full extent of PI(4,5)P,’s role in epidermal and hair
follicle aging in mice. These results highlight PI(4,5)P, as a
potential target for interventions against skin aging and pro-
vide novel insights into lipid-mediated aging mechanisms.
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