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Human skin is exposed to outer environment, which always suffers from outer stimuli. Mechanical stimulus
is one of such stimuli, which could be the most frequent stimulus affecting skin, however, the effect of mechanical
stimulus on human skin has not been adequately investigated. In order to clarify the effects of mechanical stimuli on
human epidermis, we employed the equipment that utilized in the investigation of cardiac muscles, and stimulated
keratinocytes by stretching cells. Mechanical stretch induced BrdU incorporation, which was inhibited by inhibitors
for EGF receptor, MEK1/2, PI3K, and calcium channel. Mechanical stretch induced ERK phosphorylation, which
was also inhibited by inhibitors for EGF receptor phophorylation, MEK1/2 and PI3K. Mechanical stretch induced
phosphorylation of Akt, which is known to inhibit cellular apoptosis, and it was also dependent on MEK1/2, PI3K,
and EGF receptor. DNA microarray experiment revealed a set of genes regulated by mechanical stretch. These
results indicate that mechanical stretch causes activation of signaling molecules, resulting in regulation of a variety
of gene expression, some of which induce proliferative and anti-apoptotic phenotype in keratinocytes.
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PURIZEI L Cid anti phospho-ERK1/2, anti phospho-
Akt (Ser 473) , anti Akt & Cell Signaling (Beverly,
USA) # 5. anti PCNA, anti ERK2, anti EGFR, anti
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phosphotyrosine (PY-20) , anti mouse IgG HRP
conjugate, anti rabbit IgG HRP conjugate ¥ Santa Cruz
(Santa Cruz, USA) #*5. anti phospho-EGFR antibody
1% Calbiochem (San Diego, CA) »HiEA L7z, RAIRIZO
W T & MEK inhibitor U0126 & Promega (Madison,
USA) & 9. PI-3 kinase inhibitor wortmannin, EGFR
kinase inhibitor AG1478 & negative control SB202474 1%
Calbiochem X 0 B A L7z
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HaCaT #l J2 1& Deutsches Kresforschungszentrum,
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(modified Eagle's medium) TH#EL, 70-80% 3 > 7 )V
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FORMESY A 71 25— (Sigma) I2CTIa—54 ~
7L (002mg/ ). #®#% NHK 7% \» L HaCaT %= 1 x
105 cells/ cif @B EEICCTHEFE L. 37C. 5% CO:2 FIZTH;
#BL7Zo YV AVEMESELLOICIEAT Y LVARDT
Y o — (BFIRHE B0 23 ) T UREEIZ 25 L T
FlEELCHEET A, L) T +10, +20, +30% @
Bl 5 1 O MR 2 R i I RE & L7z MERTE +20%
EHOREEEZ (K1) 1IRL7,

4) BrdU7 vt41

EH e MBS X O HaCaT Mg % 20 % Al %
Iz 24 WEEEZE L 72s it 3R %2 100uM @ BrdU T
VAL, A7 L—r38—% v CHiieZ PBS IZHEXL 72
bOE Y67z IVT L — ML TEl L7z, 7z 96
7z V7L — b®BrdU LY iA%A % Cell Proliferation
ELISA, with a BrdU colorimetric system (Roche,
Mannheim, Germany) % AW Cilll%E L7z
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NHK B & O HaCaT #ifa7 & 0o &AMB B L O = 2 ¥
y7ay Mi, DFO XL 5147572 V) YBB(LERK, V) ¥
Bt EGF. V) VMt Akt OMHIZIX. Lysis buffer & LT
RIPA buffer (20mM Tris (pH 75) , 150mM NaCl, ImM
EDTA, ImM EGTA, 1% Triton X-100, 25mM sodium
pyrophosphate, ImM b-glycerophosphate, ImM sodium
orthovanadate, ImM PMSF, 1mg/ml leupeptin) %= H\ 72,

WHL2EAIZY > 7Ny 77— [50mM Tris (ph74)
/0.14 % sodium dodecyl sulfate (SDS) / 1 %
b-mercaptoethanol (vol/vol) |H' TH& b L. 125% SDS
polyacrylamide gel % Ji v» T & & ¥k @) L 72o PVDF Ji
(Immobilon-P) B L7z, Bix7ay o 71Ny 77
— [ 5% BSA in 25mM Tris/0.02% KC1/08% NaCl (pH74)
] T4C2-8HfM A v Fax—Yarl, ik vrsFv
E Z7u—F VPR, HDH0IEPLY) Y BEE ERK. BLY VR
1t Akt, 9tV Y BIL EGFR & 4TC 16 FEfii £ > F 2 X—
g v L7z BIESEE R, kPR e 1 IR RS S8, b5
HOGHUAREIC TR 38720 PVDFRIZZA MY v B2 7N
v 77 —ICCAMY) v ¥y 7%, HLERK., Pt AKT. ¥t
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DNA~XAzua7LAF vy 7EHWT, ALy FOHE
X BBIETRBAOEREZR L,
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KM% 20%. 24 REFIFIE 2 2 & 12X D, BrdU
WY A, IEH e M EBEMILT 22204 5. HaCaT
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Z O M E R O X 5 BrdU Y A A o #j11x. ERK.
PI3K. EGF Z&M&, ANV I AF ¥ FIVIHKEL TV A
ZEERLTWVD,

2) REMBICHBREEMZ S EICLY. ERK
Y CERIET B,
FMICER A I A2, 15%. 25%. 549%,
15 404, 30 40 th. 60 I ifa % L, Y= A% ¥ 7
Oy MECTY YBALERK # I L7z & 2 A, (IR
&) 25#H XD ERKDY YBIEARD Sh. 5 45#,
155 %ICE =2 &2 0, 30 50, 60 550tk & REBICIRA L
TWL OPIERENT2e ZTDRX VT L ¥ & HIEH ERK #T
KizT7ay bLABL. ERK &AL NIV OZELE M
ALz Ah, HIRT L) ICERK O&FH L ANIVIRIZIE
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Wortmannin (Z& VY EEEHh 3,

FP AR A 2 % 1 RERTET IS, MEK1/2 BH
R TH HUNW., B L OCPBKMHEHXHTH 5
Wortmannin Z 1z ffE#. FiBO X5 ISHEZE B L,
A7y MEIZTERK DY) YL EMKRIE L7 &
A, MR B X 5 ERK @) ¥ AL & U0126.
Wortmannin (2 & » CTHEX N/ —F, B>y to—
V& LTHW EGF #illi#ic X 5 ERK U v ER{bix, U0126
WX ) I S 7z AS, Wortmannin 12 & o TEEIH S e
Motz (K4), bbb, MEHIIZKLS ERK Y V&
fbid. MEK1/2 BXU'PIBK D FRICHBHEEZON D,

4) HERBICE S ERK ) CEMEIE. Gadolinium $

SV AG1478 ICLVBEHE XN B,

R L RERIRT D AV A F % R VEHERITH 5
Gadolinium & %\ & EGF &K F 1 ¥ > % — L HEH]
TH b AGIAT8 &z MERE. mikou < Az B L.
TrAYry7uy MEICTERK OV Y bz ki L7z,
fRERIHIZ X 5 ERK V) »Bfkix. Gadolinium & %\ i
AG1478 12 & b B EARAE R I S vz (W 5ab). EGF
12 & % ERK U YL Gadolinium Tkl ko
7o AGIAT8 IZ Xk o Tl & 7z L7225 T, AU
MIZL 5 ERK Y YBBLIZ EGF B KB I A VY 7 A
FXRNVDFRICHDEEZ SND,

5) {BERISIE AKT &1 > EET 3,
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LZENS, Mo TR M= ZIHIAIZE &, PISK @
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THiZHdEEZLNDS Akt DY) Y BILZWRET L7z, A
BRI X0 50, 15 0%, 30 70fRIC Akt D) V&AL
MRSz (6),

6) MERIEICES AKT U > E#biZ. MEK1/2 #&k¥F
HTdH 5,

fRIERNRIC X 5 Akt V Y ER{EIZ MEKL/2 2B 5-5 % 7
Bk MET %720, MEKL/2 BLE# T 5 U0126 % il
ARSI REER E VM 2 A, MERBC X5 Akt
) YERALIZ V0126 12 X Y Bl Sz Thabh, MR
¥IZ X B Akt VU Y BEIE MEKL/2 IREIICTH B EH 25
s (X7).

Gd3+ 150 uM 50 uM 15 uM (-)
p-ERK1/2 B =B :ﬁ; =
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Mechanical stretch phosphorylated Akt
in keratinocytes
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U0126, the MEK inhibitor, inhibited
phosphorylation of Akt by mechanical
stretch

V0126 © [¢]
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N=no stretch. S=stretch for 15 minutes.
E=EGF (50ng/ml) stimulation for 15 minutes
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7) HERIBICK S AKT U BblE. PIBKKFET

H5,

PI3K A%, fHEMIEIC X 5 Akt VU Y BILD LD 5 )
LR 5729, PI3K BERITH % Wortmannin %
A, MBI X 2 Akt YBILEZ R E 2 5,
Wortmwnnin (2 & 0. HERIC L 2 Akt U BEAH
flShzze §hbb, MERBIICXS Akt V) ¥ BiLiE
PIBK O Fitichb 2615 (X&),

8) HMERIMICE S Akt U U EMLIZ. EGF ZB#ED

THRICH D,

PRI X 5 Akt V) YERILIZ, EGF 28805 L Tw»
ANED TGS 5720, EGF 285K Y BALIHERTH 5
AGIAT8 ZMA 72 25, MIBHIEIC X % Akt V) > ERILIZHD
flE iz L7zhs> T MERIBIC L % Akt V) Y ER{biX EGF
ZERRDIGHALIE L T B EE2 65 (K9),

9) DNAVA/7O7 LA L3 HBERBOETFHRE
X9 21EH
DNA~A 7 a7 LA, FBECEHOEET BN
HiZMErd 2 DICKREENTETH 5. MBI X -

Wortmannin, the PI3K inhibitor, inhibited
phosphorylation of Akt by mechanical stretch

Wortmannin (1 ¢ M) ) ()

p-Akt

N=No stimulation. S=Stretch for 15 minutes.
E=EGF (50ng/ml) stimulation for 15 minutes

X8

AG1478, the EGFR tyrosin kinase inhibitor,
inhibited phosphorylation of Akt by
mechanical stretch

AG1478 200 ng/ml O]

N=No stimulation. S=Stretch for 15 minutes.
E=EGF (S0ng/ml) stimulation for 15 minutes

X9

TED X9 HBIRF DOFEBIATHE STV 2 D H % L HPH
WS 5 720, Affymetrix 4D DNA F v 7% W C.
12000 M D BIZFTDOWT, MRS X 2 %83 o"
HEMRE L7ze 22 TIRZO—EZRT (K10), LA
TIZHHOBEDOONDLE T I =V 5D 3 DDA T
(laminin alpha 3. beta 3. gamma 2). Bullous pemphigoid
antigen 1. Integrin alpha 6 OFEBIAMMPERIIC L Y #HE s
. b LR MIICRM oGS 5 N 5 Filaggrin,
Loricrin, Keratin 1. Keratin 9 ®ZHUIHIH STz,
ZDH)H, FIZVDIDOMEGFITONT T =AY ¥
7y MITHEALVANVTOREHZRE L2 A, M1
IZRT X 912, alpha 3. beta3 OEBUIMHEIEIZ X b F
BENTzAHS, gamma 2 OFEBUIEH T H AL BO SNk
o7z,

Markers of basal and proliferating
keratinocyte

* Laminin alpha 3 chain 0.70 1.50

* Laminin beta 3 chain 0.85

¢ Laminin gamma 2 chain 0.83

* Bullous pemphigoid antigen 1 0.72 0.68
* Integrin alpha 6 0.69 1.41

¢ Keratin 15 0.97 0.30
¢ Keratin 6A 0.76 0.41
4h 18h 48h

X 10a

Markers of differentiating

kerastinocyte
¢ Keratin 1
¢ Keratin 9 1.61 0.64
* Filaggrin 0.99
¢ Loricrin 0.70 0.64
10b

Induction of laminin S subunits
by mechanical stretch

Laminin alpha 3 S —
- —

Laminin beta 3

el
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Stretch  (-) (+)

Laminin gamma 2

24 hours

X 11
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MRS LD, $FREMICHS 7 F VAT S
CEE TA T A=Y AR T =T X o TIRE AR
KT 5T LR, RKEEHNIES OB b %
)R ILKHWHTE D, TOBIZ, EGF A& KoM
Lz ML CTw5b 2 e, M FEmMiae . MmE ML
Mife® 72 & oML B 2 M ERLO 2R L 8T
LIVGEiRTH L, S0, MERHEIZEIY Br d UORD
AADTLHEL, S HIZT R b= ZPHIICIZ 725 < Akt
ML L7221, ShODHEZEMNTLLDEEZ
bhb, FADFEBICED, MERMICLS ERKOY ¥
At B X O Akt © Y ¥ AL © B A5 EGF % % 1K,
MEK1/2, PIBK D F#ilCH b T ENXMbnE ol &
i, SREYF s 7aryra—ne LTHWE EGE 12
X % ERK @Y 1t MEK1/2 T 575, PISK @
THICIZRWwS e 2E2 5L, MERBICX S EGF %%
KOTMEAL2S, EGF I2 & % EGF ZHAROEHAL & 13 R 7%
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