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O. Alg 9 9y

1. HDMEC®] uj<%

I A 22 HDMEC (Cambrex, Walkersville, MA, USA)& 7
&to ARG-ekaitt. HDMECe &HIgY] 0.1 %ddd e Aed 2 wjek
£7]o4] human epidermal growth factor, hydrocortisone acetate,
vascular endothelial growth factor (VEGF), human fibroblast growth
factor—B, gentamicin, amphotericin B, 5% fetal bovine serum,
R’—insulin growth factor—1, ascorbic acid’} &% microvascular
endothelial cell medium—2 (Cambrex, Walkersville, MA, USA)E A}
g3}y 37C, COy 7] A passage HHE passage 307FA AlchafoF

sttt

2. Lenti—virus #|Z @ HDMEC 4l 33 &4

7}. Lenti— virus A&

Moesing 23

o

218 Lentiviral vectori LentiM1.4 vector
(Macrogen Inc., Seoul, Korea) &= EcoR I-Cla I site Al°]¢] moesin
cDNA2] dHo] Adx A}t Moesin ¢cDNAQ] primer sequencer U
R

Forward : 5'-CGGAATTCGCCACCATGCCCAAAACG—-3'

Reverse : 5'—ATATCGATTTACATAGACTC—-3'

LentiM1.4 lentiviral vectorsi= mCMV promoter® ZZ3 ¥ moesin

FAAE AAstESE YARlE 1, IRES kel puromycind]l WS Zb=



Lenti—virus® %=7] Y3t9  lipofectamine plus (Invirogen,

Carlsbad, CA, USA)E A}&3}o] transfer vector® VSV-G

expression vector, gag—pol expression vectorE 1:1:1% H| &= #j<F
H 293T Axze] TAAFHY. 79 481 & 293T AMxe A5

0.45 pm membrane filter (Nalgene, Rochester, NY, USA)o] o]3}A]7]
I, A -70% deep—freezerd] W% By Atk Titer: 1077

transduction unit (TU) o]t}

|
s
T
PSV4D b
RRE

\
\ SA 2071

ColE1 pLentiM1.4-MSN

8877 hp <PPT

EcoR 13095

Clal4842

1% 1. LentiM1.4 vector® T%. Moesin® &S 3% lentiviral
vector®Z LentiM1.4 vectorg AFE-3l3 2™, EcoR 1-Cla I site Afo]e]
moesin ¢cDNA2] A#AS A¢lste] W= LentiM1.4  lentiviral
vectorsi= mCMV promoter® 2% moesin F4AE A ES HA};

¢18to], IRES 3}ell puromycin A &-§Ax}7} w3 Hc,



G AT Y FAEY
a7 Aol 6—well #ik3te] wiekd HDMEC®] 60-80% d% 2 ujol
N7t mock FAA7F 4l ® lenti—virus® moesin §-AA7F Al
lenti—virusE  Z4zte]  AM¥Xe] 1 ml® Y1 6-8 pg/mle FTEE
polybrene (Hexodimethrine bromide, Sigma, St. Louis, MO, USA)<
golE 5, 20A%te] B3 wiAE wEeidin. dEEo] @ AEE A
el & 5 mpolgio] FFAE AlS

)= i

B3] $)%Fe] puromycin

(Sigma, St. Louis, MO, USA) o2 A& Rz 39S AR

~—

MSN-pOTBT vector MSN-LentiM 1.4 vector

Lipofectamin l % Oéo
o ;
VSV-G B OQQ

hi

) { Mock gene \
j | S cell )

o>

dtotod

H=
L =

48hr
tEoHZ of
0°C 23

-

h 4

MSHN Lenti-virus  Mock Lenti-virus

1% 2. Lenti—virus® A2 2 AXd FAES]] A4, lenti—virusE
lipofectamine plusE AF&3}o] transfer vector2} VSV—-G expression

vector, gag—pol expression vectorE 1:1:12] H]&= vjE 293T A



Eo Az 28 7Y $ 48A1%to] AEW 293T Axe] AT
AS 0.45 um  membrane filtero] AF{A|F|Z, FA -70%
deep—freezered] W&R# Atk JFAEsH7] sHF do HDMECE
6-well wjekstel] wiFstal, AlxE7E wiekde] 60-80% Hx= 2 wiel
DMEM¥} mock F8dX7F A ¥ lenti—virus$t moesin A7 A€
lenti—virus® 229 AXo] 1 ml® Y3 6-8 pg/mle FE9
polybrenes o] WolFUth 20A7te] A3 F wiAE wEata Ay

g b, 1 opg/ml EE9] puromycine ARESHe] whEdE AEE

ol

3. 9913 duAE AL

7} wpo]lg ~7F AHel® HDMECY w315 #Felsta e stz Wats
st vlwelr] §ste] ZF HDMECS 9 94=F €vlH
Tokyo, Japan) .2 3#2-&}9 o}

(Olympus,

4. 337 ¥ o)A @v]A (confocal laser microscopy) AA}

Moesin®] AlZ2 W x5 &<1st7] sleto] AHAI G A4 (direct
immunofluorescent stain: DIF stain)& A3 s $ 324 #o]x dv|7d o
2 #ekglth Lab—Tek chambere] moesin®] #24dE 53 HDMEC
7} Yz HDMEC 1813 mock F8AE 38 nlo]yAEs A A8 o
Z7 HDMECE 2x10"% wjekst th& methanol® 10 ¥3F g2 F
moesin FAE 1:2002.2 3|43t H7bst & 30 &3t Ao WA 33T

PBS® 33] A% & FITC7} F&4 o]z} &A= H 713t 3 tha] A 2ofA 30
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o
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3 A B Al A eIt Mountingdh ths 74 @ o] o
73

=
(Leica TCSNT, Heidelberg, Germany) < o] &

ol
L
&
ry
Y

Moesin®] #}#H-& F%=3 HDMEC¥ oz HDMEC 123l mock
genes XS HlolHAE AAT tixw HDMECE 2H2F 60 mm wi<)
ol A 24A13F wljeFst &, WX E A A & RNeasy mini kit (Qiagen,
Maryland, USA) & ©o]&3te] & RNAE #at3lth RNAS FE& 260
nm el UV-1601 PC 3 FEAE o|&sto] FAAth ¢
3t & RNA 1 gl 2HE cDNAZE oligo dTE ©| &35t AccuPower PT
PreMix (Bioneer, Seoul, Korea)& ©]83}9 first strand cDNAE 3
gtk

Moesin, pl6, actin Z+Z} 20 pmole primer pair 1 w®3} ¢cDNA 1
W= =33k thS AccuPower PCR PreMix (Bioneer, Seoul, Korea) =
ojgate] F 20 wE FTHAMNTES AFESATE PCR A= 5 e 2%
agarose gelelA 7|95 d § W= F55 BESIHh

Moesin®] sense primer® 5'—= CCA CCA TGC CCA AAA CGA
TC—-3', anti—sense primer= b'— GGT GCC CAT TAC ATA GAC
TC—-3'5 AFE39 a1, p162] A% sense primere= 5' —AGC ATG GAG
CCT TCG GCT GAC—3', anti—sense primer+ 5'—CTG TAG GAC CTT
CGG TGA CTG AT-3'E o] &3}t T3t cyclin D19 sense primer®
5'-CTA GCC ATG AAC TAC CTG GA-3' anti—sense primer=E
5'-GTC ACA CTT GAT CAC TCT GG—-3'& AH&at3la, cdk4 el 7

_10_



sense primer= 5'—CCA AAG TCA GCC AGC TTG ACT GTT-3',
anti—sense primer®= 5'—CAT GTA GAC CAG GAC CTA AGG ACA-3'

2 o] g3t
6. WYY FATEY

Moesing #ZIES S%3 HDMECS oz HDMEC 183 mock
FAAE X3 nvpolH AE A X3 thx++ HDMECS 5 mM EDTASM
1% BSA7} 348 HBSSE Y1 %Z wdaog R E AXE 5735}

E
FAANE S A4 AgHeR i

o
O

HBSS=Z  33] AlH
BSA—-PBSE 243] 34 gt & Ax} FAZ ¥ moesin GEE FA| &, o] #}
A2 FITC—conjugated goat anti—mouse [gGE AF&3lo] G4 & HA

o
Y FAZEALS AGsach AEA GAS 24 MFBORTE XS
]_

sto] 2o A A 1023 Agsitt. 2t AZTS Al T 5738
0.5%2] BSA7} gri-¥ PBS=E A3 3A3%F AxFsHAS zF A& o] 10 wl
A YL T g5 Lo 30F7F WES-A]7|a1, BSA-PBS® 33 AZ# 3,

Ol AT Y 3087 WL A7

£l

001'

-

BSA—-PBSE ©] &3t 1:200.% 3|43k
t}. BSA-PBSZ t}A] 33] A& 3 & fluorescence activating cell sorter
(FACStar, Becton—Dickinson, Lincoln, NJ, USA) & ©]£3}4 moesin &

Aol e SRk,

- 11 -



7. Senescence—associated— 8 —galactosidase (SA— B8 —gal) 4

Hlol# 2 A2 A Fo Az w3 EE vlwsly] $15ke] Dimri™® Fol Ab
4% SA-pB-gal assay®E WEFs] ARl AlxE pH7.09]
phosphate buffered saline (PBS) 2.2 23] A& 3t & 3% formaldehyde®
agste] AelA 3% AT F vA] PBSE AFHSE] 5 mMe
potassium ferrocyanide®} potassium ferricyanide, 150 mM NaCl, 2
mM MgClz, 500 pf X—galo] 3£ g —gal &= 7bsto] 37 T wiF7]
o A 1213 %A - dnlgd o2 ekl

8. MTT (3—(4,5—dimethylthiazol—2—yl) —2,5—diphenyl tetrazolium

bromide) assay

96 well Wjekste] zt welld 1 X 10° A% moesin® LS F%
HDMEC# iz 78]3 mock #A2HE 233 vpolg| A5 A3 tix
e 27 9o AR iAol A 37°C, COz wik7]el vieke of= Al
A5 AAS & ZF welld] 0.5 mg/mle] MTT £9& 200 wA 715t
of 31 wiekeRgith. ohA] ek Az e] wiAE A|AE = dimethyl
sulfoxide €92 ZF welld 200 wA H7}3t b ELISA reader®

570 nmoll A optical densityE =745} t}.
9. FAEZ £4

MTT assay® ZA3elA moesin®] #FLHAS =3 HDMECH
277 mock SHAZ X3S uvlolgAS A e o)z

- 12 -



passage 6°] WiFZ7]e} passage 279 HYF-7]e] AolE HluLsh
7] $138Fo] SPSS (statistical package for the social science)
version 11.0 ZZI1#AE o]43}al ANOVAE Alg3ste] 548
A T e dotrtorn FoE2 0.05v7| vtz AA skl

_13_



m. 2 3

1. HDMEC®] lenti—virus A XY F 934 Av]3 S 53 HDMECS
ey 22

Passage 62] At Z7] o] HDMEC®| moesin 2 %}2] #itd S &
Lok lenti—virusE A=Y 1 ul/ml 52 puromycin© = 24 A 7F
Al g ¥ moesin HLA FHAAT FAEY D AEvES Ffsto] dFUgE
HjeFato] o 1At Avl B o2 wEst A3t moesin®] LA R AE

M= mock FAARE FAEYGS Aze] v AEZF7E Wol HEE S
, lenti—virusE A2 ahA] &2 tlZ2 - A3 H]3] mock—lentivirus Fi=
moesin— lentivirusE 28 Al Z oAM= Feied Helrt fAbskA B2

Ak (29 3)

g

(A

CTR CTR-¥ Moesin-v

19 3. HDMEC®] lenti—virus @& %% ¥ passage 6 HDMEC2] 9 ¢4
2 A m| 7 A7, Passage 62 AltiueE =7]o] HDMECe®| moesin -4 AF2]
e

J
mlo

E3HE lenti—virusE ARS8 1 ul/ml 5% 2] puromycin

- 14 -



2 24X A e & moesin A FAAI SAE]E A XS s
of AUzt wjkate] Ak Avld ez A3 A3 moesin®] HTHS
=3k A3 (Moesin—v) oA+ mock geneWt F2ZA %3 A3 (CTR-V)

o vla AXEF7) wol] #EHEHJQ O Y lenti—virusE A8l oHA] &2 2+
ME (CTR) ] v]a] mock— lentivirusE g3t A+ (CTR-V) &=
moesin— lentivirusE * 23t A7 (Moesin—v) oA+ FEfsHd W37}

FAksH B g

2. Lenti—virusZ 3dAEYA71 HDMECA moesing &4

7}. DIFY)A] moesing #HTd 424

HDMEC®] lenti—virus®| gAEo] &4 oz =3 =4 DIFE ol
sto] glskelty. 1 A¥, lenti—virusel EA 9> HDMEC(Z1d
4A) ¥ mock FAAS] HIHS {FEsShE lenti— virus7bF FAEYE
HDMEC (29 4C) oA moesin®] s¢d FEE T35SI, moesin
Axe] HES FE8Hs lenti—virus7h FHEQ]E HDMEC (23 4D)
|4 moesing WEHH= FF= UEl= AE7E S7FE o] i
Ty S Z2 Q] passage 272 w=3tE AE(TZE 4B) oA = moesin
= YEhdl= g3l Ao #EEHA et

_15_



.
.

(&) CTR (p12)

(B) agedcell (p27)
(Cy  CTR-V (p12)
(D7 Moesin-v (pl12)

19 4. Lenti—virusE FAEYAZ] HDMECOIA moesin d&o] ot
DIF 4. Lenti—virusel Z9% A &2 HDMEC (A) 3 mock A<
E-s 528 lenti—virus7t 3 E=9d HDMEC (C) ¢4l moesin©]
A FdeA LHEHAL, moesin FHAY  FIHAS FLEE

A E]d® HDMEC (D)ellA+= moesino] & ® A7}
7kl #EHAT R Td p27e w=3tE AX B)olA=

moesin®] WA H AE7}F Aol B R Agrth
Y. RT-PCR ZAAMA moesin®] #F2dA 274

HDMEC®|  lenti—virus®] FAEY oAFE  &sty]  £sto]

1 Lenti—virus®l 79 =xA k&

o

5
*

RT-PCRZ moesin mRNAZ ##3}
HDMEC¥ mock ##x}e] zatds

53 lenti—virus7F A=
HDMEC®A moesin mRNAZ}F A9 A& @& ¥ 23, moesin 4

_16_



28] HEE fEske lenti—  virus7t A EYE HDMECOA =
moesin®] o] FaA S/ = Ak (27 5) = passage 279 wjFE
714 kAl moesin mRNAS] @&dS #zst A3 moesin®] Frdo]

WFBAN A AE A ¥ = 2ol FlE it (1" 6)

CIR CTR-Y DMoesin-v Aged

Moesin ——

Actin — T N  —

1% 5. Lenti—virus® 82 %3 passage 62] HDMEC|A] moesin %
gof thsk RT—PCR A& 7. Passage 62 Althufekx7]2] lenti—virusel 7
A=A 92 HDMEC (CTR)# mock #dAE ¥ lenti—virus® ¥4
E4%k HDMEC (CTR-V) ¢ moesin® @& %7} H]5=319] lenti—virusell
gt AEZE AT #HEHA A%ow, moesin FAFE HS
lenti—virusE P2 %= HDMEC (Moesin—v) & WH&dE7F =7 Hol=
Z moesing FLHo] FEEHJSS & 4 AT} Passage 279 =3td

HDMEC (Aged) olA1 = moesin® wW3lo] 7FA= <t}
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CTR CTR-V Moesin-v Aged

Moesin

Actin — — — —

1% 6. Lenti—virus® F A =3 passage272 HDMECe®|A moesin %
ol sk RT—PCR £ 7. Passage 279 7z} M3E++S RT-PCR3 A,
moesin FAAE €& lenti—virusE FAE¢$ HDMEC (Moesin—v)
A= moesin®] Wdo] A ¥EE ] vk BV|7HA AE o] moesin
o] Iprdlo] Aol ¥z
o AP FAEENHALNA moesing FHLH &3

HDMEC®] lenti—virus® A =glo] Aoz =HA=A moesin &
Wodds sty 9l
Lenti—virusel 7 A &2 HDMEC¥ mock F+3d#ke] AEdES
St lenti—virus7t A XY E HDMECeA moesin®] @Wdo] A Fd
3} 31, moesin AR FEAS FE5F= lenti—virus’/t A EYH

HDMEC®| A= moesin®] Wdo] dAs] S7FE Ak (2™ 7)
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64

mlgl

Events

Moesin-v

109 T 102 107 To¢
Empty

A}

% 7. Lenti—virusE ¥ AEY3E passage 62 HDMECO|A moesin
Be] et W9y FAEEA &7, HDMEC lenti—virus®] A%
dol FFAoE HAEA moesin Y BHE FRIsHr] 98] WA F
FAEEHS o] g3t Lenti— virusol #AAEHA 92 HDMEC
(CTR)Z mock FA=Fe] &S FEste lenti—virus7b FHAE]]E
HDMEC (CTR-=V)olA moesin® ®&o] 72 A3}, moesin 7
Zke] HAHE [FEske lenti—virus7F AU E=YE HDMEC (Moesin—v)
o},

o 5= moesin® Wdo| dAA3] F7HEA
3. Moesing #2343 A) 71 HDMEC x3}% W3}

7h 93 A du) B S T8 Al X FEHSE As)
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w3t FAEE vlwaluAt th2Eel ol AT A X EHA] & HDMEC

A Eel3l nlo)g] A 7+

i

¥} mock F3A2] cDNAS ¥ lenti—virus
of gt thx <l HDMEC, moesin®] #@d ¥ HDMECH A & 9174} &n
e ol gate] FEA WsE v dAEGTh MY 27de dEx2T
HDMEC# Bl w3}e] lenti—virusell 2% ¥ HDMEC©] Al E2] F.qFof okt
o] AR O 7F 7 7he] Apoli= AL FaE A okgheh, Aldiu) ek 3
ahe B tlxwQl Wk HDMECe] v]sto] upol#] A tjzwt <l HDMECS
SHAEEE =9A L, A2 A% AR, AE7 G2l HA = o]
1A, moesin®o] @ ¥ HDMECS thx3} vl wsto] vjek 7]
Ha] W WaE wolx ok FErt A AT (19 8)

mlo
o

ol

21_:‘
i

s

13 8. Moesin®] Za® HDMECS] A=) dv) A A, wjoF x7]9
= AHEA &S HDMEC (CTR)™ B &l lenti—viruse] #d=

_20_



HDMEC (CTR—-V)©o] A|3Z9] Fofoll of3te] Widdo] AR o 7 1 ke 2t
017} ALl B A kokrt. At kS W8 sto] passage 270] HAF 2T
HDMEC (CTR) |l vla}o] vo]g] A thx"<1 HDMEC (CTR-V)& 52%
T =fAa, AEe] a7|E AR, A7 FAeA A= Zo] e
HEH | moesin®] #E ¥ HDMEC (Moesin—v) < t 273} B wsko] vjof

Z710l vlal] @& WskE HolA| ¢ka FErt f2H = Flo] IR

jus)

. SA- B —gal @45 T 3% W3

Passage 6 HDMECo|A = x=3t9 HDMEC¥ v wsto], HDMEC¥ <
passage?l wlol#i A t =+ HDMEC¥ moesin®] @& ¥ HDMEC©o] &5
A A kskeh (2 9) wiF 27] (passage 27) o= thxwroll A SF=7
dAaE AEZ7E wol #EEdN, FY passage?l moesino] I

ol B]&to] FEA AME SA— B —gal A AMEL F

i

HDMECo| A=

[eXie) =
7t Aee v

i)
S LN
30
¥Q
o
I
o
5
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{a)  CTR (p8)

(B)  aged cell (p27)
{C)  CTR-V (p6)
(D)  Mossin-v (p6}

9. Wekx7] (passage 6)2] moesin®] 2 ¥ HDMECS SA-8
—gal 94 A7, Passage 279 =38 HDMEC (B) ¥} H] w3}, passage
6] thza* HDMEC (A) ¥ 59 passage?l volgl 2 oz HDMEC (C)
7} moesin®] I}¢HE HDMEC (D) o] 25 A= %] ook},

CTR CTR-V Moesin—v

I3 10. weFd7] (passage 27) 2] moesine] ¥}&3 ¥ HDMECS SA-8
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—gal 94 27, Passage 272 thZ7 (CTR, CTR=V) oA |AH A7}
3, =2 passage?l moesin®] FEHAHFH  HDMEC
(Moesin—v) & thxwel vlsto] GAe Az +71 255 A2 5 QI3

=
t}. :=3l#4d g9l pl6, cyclin D1, cdk49] d@ o st RT-PCR &7

RT-PCRE ©o]&3t% pl163} cyclin D1, cdk4®] mRNAS w3 AEE
HEstdTt wiekx7] (passage 6) HDMECS] mRNAe|A&= tizx=T
HDMEC#} wtol#| A dfjzxy* HDMEC, moesino] %@ ® HDMEC|A|
pl63 cyclin D1, cdk47F WA HAHAT (I 11) 28y vk 27
(passage 27) HDMECo®| A &= tj &+ HDMEC®] p163} cyclin D1, cdk4 9]
wo] F7hskelth R, moesino] #E A ¥ HDMECS] mRNACIAM = %
2] 3k passage o E &3, p163 cyclin D1, cdk4 2] ¥alo] &
A BN (14 12)

M
a=h
offt

S,
[-l (

CTR CTR-V Moesin-v aged

p16

CyclinD1

cdk4

B-actin
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1% 11, vwjeF 7] (passage 6) 2] moesin®] ZFE&AE HDMEC|A =3}
7 F77ke] dédof tfg RT-PCR 471, Passage 6 HDMECS] mRNA®]
M+ "z HDMEC (CTR)¥ vpolglA tixw HDMEC (CTR-V),
moesin®] ZHHAE HDMEC (Moesin—v)olA EF %3t HDMEC
(aged) ol H]&] p16%} cyclin D1, cdk4 2] 23 o] vtA #2x 9t}.

CTR CTR-V Moesin-v aged

cdk4

B-actin

[
uich

2. 8]k 2+7] (passage 27) 2 moesin®] F2dd HDMECo|A =3}
7 F32ke] o] ti$k RT-PCR 427, Passage 27 HDMEC®] mRNA
A= tlzw HDMEC (CTR)©] p16% cyclin D1, cdk42] Hdo] F7hat
At whA | moesine] a3 HDMEC (Moesin—v) 2] mRNAo|A &= oz
assage¥ o= E+3a, pl63 cyclin D1, cdk4 2] 23o] o
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2t pl169] &) LH ) T WY FF FAX £Y &3

FACSE o] £3l% moesin®] #9&#¥ passage 279 HDMECo| A
pl6o vl uk3E Ar= el wjek @]9l passage 279 x| &}
A o8& HDMECH Hlol#] A thx++ HDMECS pl62 ¢l digo] =7}

5909 moesine] A E HDMECO|A = pl69] vl wrgo] A
2 ek (29 13)

Events

&

oft
[‘-E _1% Ole, UE
Jo
X
kel

13. Moesin®e] #3E HDMECo|A] pl162] whill waof] st H

- w7

w4 27, U3 passagedd thEa  HDMECeIA pl69]

1o

_25_



4. Moesin®] I}2d ¥ HDMECHA MTT AA} &4

oft

96 well plate°l] passage 277FA Ald] wjokst A XEE 7} wel

e

1X10°702 ¥ vjekst & MTT assayS Al 8ste] Al tjal &5<
A3t A3}, moesino] FdE ¥ HDMECE %7 HDMEC¥ vlo] &) A o %
- HDMECe®] H]&to] tjalgs 4o A7t 74 #2Ho (19 14)

0.3b 1
0.3 |
0.26 r

015 r
a1 r

0.05 r [ Jells]
0 EHp 27

CTR CTR-Y Moesin—v

1% 14. Moesin®] Z#&d® HDMECo|A MTT ZAAF &7, 96 well wlj st
ol passage 621 Alt] Wk 7] AXE2} passage 2720 Alt) wjF T A
T2 ZF well G 1X10°708 @11 wjeksto] MTT assay S Al 3ato] A9
A G 54 23 moesine] A E HDMEC (Moesin—v) &

HDMEC (CTR) # upo]#f A tjx= HDMEC (CTR-V)el H]3te] o
AtgE A A7 AA AE AT (Passage 69 H]8ko] passage 27
27 v FA EAA MTT 2 7F A A 02 728k Afo]& Kl A5 + P <

0.05% 3EA| &)
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V. 1 &

dol 92 3 A AR AT a) Az B, ok A} RE
Ak ofAE T el ok i A W e s WAool vl Au

ZolA A e v AWM Ee] w3 A7 T st uhebd d
WA 32 eghe]l dofshs frdztel @ o] - dao] w8k el S
1 4] g 7|27} "o

=2
T8 Aol dAWIAELE weste] Bojet= AR TEs fle)
of kst FwstAlE dRlIAEe A v ZERH SIS o8-8t
of zfo]l&E Hole WS sl o, o] FolA thekdt e siAlE A
st Aol FEEHA AOlE Kol @2 moesin®} Rho GTP

. . C e 20
dissociation inhibitor ©] it}

o

71 %o moesin ERM ©® 9] slup=Z A 3Euta} BEl A EZA Alo]of
$1A3h ERM @ijo] FEA o7 Zh= ~300 7/f9 ofv|wAito g A H

FERM (four point one ezrin, radixin, moesin) domain= 2zi+=t], o]&|3st
FERM domain¥} F—actine 3% % 7 75% 2 A543 7HA a1 Qo] Al
) NEAQ 75g e Ao oAt ¥ wak %39 apical domain©]
morphogenesis®] #oIsta, AXxw @l =& FA3= g4 7|5 % b
202728 Rho kinaseZ %380 Rho wlo] &Ad3slu|o] 712 07 tf2 A%
U A A Eol M phagosomeo] ZEEE 2o BuHJQu, WE o
A A% (diapedesis) o 2ol o]FA] B3 Rho GTPased %
A= o Q3 oz 2 el Ao 7 Ay QP wal fasS E38t
AZIAFE et ? AT A moesing FAaAA AZIALE 5
AT A% 9o, ol moesin® AEL] w3t A¥E B QAN
moesin®| A3 =3}e] 7] H ol ol 7hs/d & AlAFSIT

=
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wEhA] B AT moesino] AT AL wmste] ojuwdt JFL i
A GrotR Al 8k AL HH O &k, AE U] moesin®] WA A7} Al
39 w57t 7)o fieE A Falek Ao A8 ]

2 moesin® Zutalo] -3} oA

Moesin®] @& Slste] lenti-virus ol &3t oi7]) AHga

K
i
(1
ol
o
2
o

nTgL'
+

NEAE Flet

LentiM1.4 lentiviral vectorst mCMV promoter® ZZ ¥ moesin
AAE AAsEE t)xkels 1, IRES stoll puromycin A8 §Ax}7 W
gt WA AE el lenti-virusE FAEIE o wlolejie] 7t
AE o] moesin® S FESE AXER St A8 By apg oA
puromycing Agatle W, FAHA 2 AxEs BF APESHA "
Yy mlelH AE AL
TR, o A wpolgi Al FE e wEAIZY, puromycin® §E T
45 stgele B stal AlE7F 2 passages |74 FeEtal AbdEs
Atk ol= dHHIAAETE b2 Aol W]k puromycin®] =
ko] AlE7E AY A Xskar ARESE Folglar, MlAE] ti$t puromycin
EEALRE 71 219 1/38 F0jFo], ulolgae] AdE AE= A,
vpo] e A5 ZFAAIZIA b AET7E B AMESHE Zle STz o
A &g = AT ol A A I A E lenti—virusE T4 EY
AL ol g3ty deyg oz #AEAS W, lenti—virus
of gt Mz EdEE Ao AxES AME Aue Y F Ao,
moesin A2 2 E lenti—virus7F HE AEZE] F24 SE7} viol
2 2T A3l Hlsto] whE Zlo] ¥ E it DIF9 RT-PCR, FACSE
&t AEZ WelA moesin®] FEo] AFAoE FE Flo] gRlskad
o}, vlo]E At 7ol H]3FY] moesin A =919 lenti— virus7F A4

g A T2 Srrb A BEE 22 AE e moesin®] HEE S QG

>

3



goletal A7,

Moesin®] o] wm3lo] mjA]= JF2 Lot 7] slto], Fefs vz
9 SA- B —gal 98E& AT SA- B —gal> w3t 2AFEA %
Az ARGE I Qlom QA AobMlE, ZHAFAAEERE ofYe},
AR MZY BE AZA AldH W T A W =stel] digh £4
AR I gl Ha ® oubrh ok B A3 Avbo e w3d
HDMEC¥ 8v]w3d}o], ek 27]2] HDMECH %< passage?l Hfo]#] A o
- HDMEC# moesin®] #4& ¥ HDMECe] 27 e ZQl Wyt &
Bl A A ek Skal, SA— B —gal M E HA AUTE o]= lenti—viruse] AT
Yol HDMECS] w=3}ell @3 T4 ehota< AT T1gfa vk @] el
+ HDMEC# &% passageql vtolei X tiz= HDMECe A A4 A7t
wol #AHAT, T passageol ] moesino] I HDMECS oz

of vjsto] | ALe] F7) A S-S HEE F AU WEbA moesine]
Tl A o A= AREA QD Dol Al 9} vl sk v w3t X188

TEe o

S5t Fadtd e s & Ak ol A A8 elA] moesing] HHE o
AstR e w AE] BoFo] AXx, 7)o wdtE AE7F BEEHE AP
FAot oJu] o] A3 E A moesin®] 3} 3 £ 5O Ao st A&
ghldt 4= Sl

A28 wgkel AlE F7)= P Bdo] Qled vy A oA =
37 dojyd A 7] F G171 FdEo] Gl cyclin®! cycelin D1
o|t} cyclin E1, 2813 pRB, pl6, p21, p27 5o W7} Yehdr} 8 o]
= pl16<& RbE hypophosphorylated form .2 FA A S 24 CDK4/6=
oA 8F+=4] hypophosphorylated Rb+ E2F &AL At AE F7]9
THE FEae oz A Ak wEirt daE e Azl
pl6el F7keo] QlaL, pl6S HEAAY A FM e AX =317 =gt



E AolM B Aol AL w3 THE F YAk wE cyclin D1&
cyclin—dependant kinase 4 (cdk4)29} ZAgstel AlxE F7]19 G1/S
transition ol 7] gk} *?

B AHE moesin®] AXEFT7)o] FoJEE=H el oRHEZE Flstux
moesin®] LA F A NI AME pl6, cyclin D1, cdkd mRNAE Z+
skl th Al =3k EAIARR] pl162] 2Jv] Q1= W37 #EE Sl
st AU A E e} FY 3 passage?! moesin IEE A EZoj|A pl169]

T A cyclin D13} cdk4 9 A
diA R Aasiias SAY F AT T3 FACSE ol&3te] G1/S
transitions 9Alsk= pl69] MdA-S #Eet A3 moesino] LA AE

oA p162] Wdo] thxeol Hlste] FfA o® FHAaH UAa=

AR o= moesing] TS JA S wol MEF7] #AA dH F pl6
ol T7HE FIAA ATV s Y st ol AT A9E AW
& Ae ZAE AR T

olefgt A== & W, moesin®] L@ o] AL FejERE ol e}, 7]

-

L

8

i)

M EA A Bdo] STHEvE B
o 1 shRNAE ©]€3l% moesing knockdownA|Zl 745 A3 AP} 2
ke Bzt 9le]4,% moesino] ety Ho] #oid 7hsA] rEE 9l o

2,85 FoF B vhsAdel et Ad % A e moesing Y EAAF =

L
~
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V.43 &

Lenti—virusE ©]€3}%] moesin?] H}U4H-S fF%=35t0] HDMEC?] Al E -3}
2 A Z o] A} 7] Eol v A= JEFS dolR 3, moesin®] w3} 2HE-9] 7}
TS HEstA E AFE Al e 2 AyE Al

1. tiZ7 HDMEC¥ ®lw3te] lenti-virus7t =¥ HDMECIA
moesin® W3 o] A #ZE I, passage 2794 E A S E moesin
o] =7 a5 o] lenti—virusel 23+ moesing o] wjek L7|7kA
A&EE = g 4T 5 Ak

2. WMk 2] (passage 27)° moesin ZEd HDMECOHAM = dojd o=
FeHlAd wWgo] Hglon, SA-B—gal GAE Mx % A #HZHS
}.

3. HDMECS passage 277FA] wjeFald e w, Al w3} ZA]2<l pl6
o] W& o] moesin H}E4dE HDMECS mRNAS @@ wm%: iz
HDMECe] Hlal] &As] wtA a2 3l

4. HDMECS passage 277FA wgetds o, Wz ¥ wshy
moesin ¥ HDMECIA thAbE 9] Ha7F A4 o2 23l

ol4e] AFE moesing FEFo] I ML w3} WS AA s
S golgk = vt Wb moesing AlE =30 TAA @ 3 A
=R el A
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Abstract

The Effect of Moesin Overexpression on Aging
of Human Dermal Microvascular Endothelial Cells

In Ae Hong

Department of Medical Science
The Graduate School Yonser University

(Directed by Professor Kwang Hoon Lee)

Senescence of endothelial cells seems to have a
significance in the pathophysiology of age-—related wvascular
disease. However, the precise mechanism for senescence and
implicated genes have not been known clearly.

A high—throughput screening in variety of aging—related
proteins resulted from proteomics and major candidates for
aging such as moesin, Rho GTP dissociation inhibitor, and actin
were disclosed by bioinformatics. Among them, moesin was the
most promising protein for aging, because the expression
amount of moesin was the most significantly changed after aging
and was recovered rapidly by an anti—aging agents.

Moesin 1s one of cytoskeleton proteins, but its role 1in
senescence has not been known yet. To ascertain it, moesin
knock—down in dermal microvascular endothelial cells

(HDMEC) resulted in the induction of senescence caused by the
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increase of pl16 and arrest of cellular cycle.

In this study, overexpression of moesin in HDMEC was
realized using lenti—virus in order to investigate the functional
usage of moesin. Aging retardation in moesin—overexpressed
HDMEC was displayed and monitored using SA-— S —gal
staining. Moreover, aging—related proteins such as pl6,
cyclin D1, and cdk4 were low—expressed In moesin—
overexpressed HDMEC. This result revealed that moesin
could suppress functionally the progress of senescence.

On the basis of these results, we could conclude that the
expression of moesin influenced the senescence of HDMEC
and this fundamental discovery would be used as a basis for
understanding the mechanism of aging and age-related

diseases.

Key Words: Human dermal microvascular endothelial cells (HDMEC),

aging, moesin, lenti—virus, overexpression
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