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(57) Abstract: The present invention relates to a composition for detecting senescent tonsil-derived mesenchymal stem cells, and a
use thereof. By using a marker according to the present invention, cellular senescence of tonsil-derived mesenchymal stem cells may
be accurately detected. In addition, by treating cells or a culture medium with the composition according to the present invention,
senescence of tonsil-derived mesenchymal stem cells may be inhibited and the multipotency thereof may be maintained, even throughout
a long culture period, and thus tonsil-derived mesenchymal stem cells cultured as such may be usefully employed as a therapeutic
application resource or a therapeutic resource in the field of regenerative medicine.

(57) LA B 2R nwshE WE 9 09 E7HE A5 4B 9 oo $xe] B Aol ¥ wuw
WE rAE olggoEM BE fd T ZVIAES AEwstE A AET ¢ ok Ee, W de
W 2ES AE SO wjgle] Aeidel ueh grI7e MR AE o FHA 7 AEe] w8}
AR GrFse FAT ¢ o), oA NFH ABE fo TN F/MEE AN o8 Hoplx A=
Mg A9 e A DAY 02 A 8310 ol 89 F gk

[ohe % A%



WO 2025/005572 A |00 00 0T 010 O 00O

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

0
—  FAFZALE A &} A (FoF A21%(3))
—  HAA AEEF 0 3 (13 5.2(2)



PCT/KR2024/008376

WO 2025/005572

% ole] §5

R

"0

A

£z

N
cul

=R

A

8 Hofo] 4 X

A4

T
T .

(Mesenchymal stem cells, MSCs)

Ay
s ol

714

| 47 &

wK

B

W (in vitro) A7} A AY, Th A& #-2,

}

A
-

Aol Al Ha1¥] 51 it HE g MSCsell A

o A4 A%

A W (in vivo) A A8 7

B
L

(BM-MSCs)

Ay
s ol

T T4 =714

ol
o
3r

2EeAY

Bl

)

J 0]

S
a3

wl

3] o

2 shgol o}, A %

1

o
o

A

T

o 0]
o -

=

T

[¢]

a7 7rastol AaA 0% AT w3l ol AT}

5

< @A
A 3 o] A

1

A
)

=
[e)
R

o] &) MSCs:= A A o] 8ol X g w e B o] ol

I ZHVEGF)Z & A st

Z 7| M 329
A 3 =3}

[3]

23!

Wi

7]

T .

T

1= vk, s gk, Al

T

W3} Z7FE ROS ®
o

=

0

iy
oy
B

- O
1 o

=

T .

o] MSCs 9]

=

(UC-MSCs)

Ay
s ol

714

12 2 WA Z e 18
= vehdt) e A7

<

T

)
F 2} A

[E]
ko)

T

Eil

YA
ar

3} Aol o

-
T

o A

9l

Ay
s ol

RYA
i

714

ISCT(International Society for Cellular Therapy) 4 2| ol| .= B35}l

= 7] Al

MSCs<] %3} 7} MSCs

==
=

[4]



PCT/KR2024/008376
3FaL CD264-}

ALAY 5

T .

t}. CD264+%=
H] 13} o] ¢17F BM-MSCsoll 4] 221 2 )4

il

A

WO 2025/005572

i
oy
it

=
&)

o}
HA
o}

Ay
W

(NANOG, OCT4 ¥ S0X2)¢] & 9 pl6, p21, p537 2-& %3}

(tonsil-derived

Ay
s ol

714

il

¥

ol

],

D

2} (podoplanin, PDPN)& 2-§-

5T
=

=
(transmembrane glycoprotein)¢! 3 %=

MSCs, TMSCs)7} t}

TMSCs

ol

=

=

Bl

= 2} (podoplanin) T

b o,

[e)
(senescence) A= WH &

o Y&
714 A
(podoplanin) <]
(podoplanin) <]

(senescence)

N

wK

A7)+

==

=)
Ce

!

N
Ko

X

23!

st o] A
o] A

RYA
i

714
714

==
=

=
g

fite]
Ho

ol

= 3}(senescence) & A A 2~ 2] WA

Ay Ay
3o 3o

==
=

5 ol

3

T
LI 5.

15}

kel
=]

=2} (podoplanin)S- 3

Ho



PCT/KR2024/008376

WO 2025/005572

bl
= o — o oo o i
ml ﬁo ﬁo ml - > T H ﬁo —_ Wi m o ﬂo%. 63 3/ EE Z..# '~ A O_E
o o E e A A BEES STmA e mgy gmT PR g
= Pl TNl ERpEH TN SN TR 2 Wagm Lx g
B N 2 i BN 5 N O e N XD m
oF .- QuﬂAmﬂ X O g o) N o~ N Bn 2 o S Mo~ No 1 B S
T R m i EXNE o ow S SO 3 i Z
Hs @ EERE Ewmwo P An gEHMTZ oy g =% &%
B o T NN Bgg oo~ HET R E e 8 G R
W T ambiwm SHgTTRhe mPaWg @l g wWoR g
LY owee X R & N g W = T M BN s A S
o oo TR DN A= GRS < ) 2 m g
= N0 o T — o ) o Z B oF =1 N I B S
ﬁw Mo — o Ty R Ne ® ,WVI N o =R A o o mrw 17? il ) S ﬂ.m S
PN — N O TS — — = g ’ X _ i
T qormoWEﬂ_sW %%xﬂP%% zﬂ%zﬂoﬂg w A %Hw_mlﬂ
Moy gmeTHIT pPgNEFss .~ g FUH T E S
= En o go N 9o M1 s #iAoE idﬂo_uﬂﬂﬂl7E#ﬂ_:W = 20 6 X ]_,Wn_Alw.Hﬂ_.
Wik L uFTWeRT Tezgopaulsedt Saoe ZRT o
T P%gmudw Ternmipamn Fand®W W e B
G B e Bt 2 R dog PR o 2y o0 ) Temr TR
N T N ol %0 o o = Mool ™ oy B omm O o X o5 P
i M9 oy B T o wl mr Mo mn Lo 2o N ~ P o R
50 = = BN E T g BT g § UMW T W ol N QT
TE SoTHPdl TAVgERLAT 5 Rp = w22
5 0o of e THo — H oo ) oF & = iy G s xroRE = o B
Ww u%ﬂﬂ% ™ N zngiP,XLWﬂoH = Y ﬂﬂmru o BT
9 ﬂwﬂo_eﬁ,ﬂﬂa% mﬂwuu:wﬁ,_;%ﬂﬂ%c._wﬁuio_u o N mﬂﬁmlmﬂ
-8 ML Temr TReHECI LT g R = —~ % &S
Er@\ ﬂ;lﬁo#b}_u_m ZT_HA .#i;ouA 5§ O ) o mmoﬂll/loxa
BB o L E W0 g g o doewpd ey pUT wp o osw
TAM LT TR PTA T RTENRE T RE® SRK T T oy T Sy
R e re A BReT o bad ™4 8T @y Pu gl g
SR@Wrx PR Mg ERH o™ 22 gy 2 cpd £V
HHm el m o g Pl BB Ry 2~ g M - By w5 5w
TT_m B PTTRN S TR DT AW A T~ 0D AT ElE
RN R T RABEANH G ANETIH TN ERT MO0 ROy HT 50
W TR RR WA O HHeRT AT T ETRT S OSHT T HEME
= ) i) =) ) )



PCT/KR2024/008376

} o 52 ER, 153] o) 4] Althnj <ol A PDPN

>

Hcl— A

WO 2025/005572

o [l o T
s B w ol 0 3
K o= T T o ) ol = o o
= o oy O] N ™~
G I TN L ! NS w g %o M o 3
~ -] 50 X ‘UIA —1 Y e bo —_
™o, No ™ il on
K T o W N Sy T g N B R 4o ol N R
MﬁmﬁMﬂ WrLﬂu:szmﬂmAﬂ ﬂIWiMAi ﬂﬂm_xﬂlﬂﬁﬂﬂS\MIﬂ_lﬂowﬂ Mmrﬂzoiii
PPl s lrly TTgzT AxfaxXan® ) YIags
R o= S e Y mr e N M T oS
ﬂuﬂhﬂ“ﬂl‘ulﬂmLtlﬂjﬁﬂo_E .ﬁTﬂOﬂﬂ%Aﬁ mdﬂMoWﬂﬂiﬁoqu,ﬂh mOUJﬂWW@
P osRy= ™D Mo g oo it T I i - OS ) IS
K QO Wy WX O T gy B mrﬁﬂa_f%ofi%%ﬂml W T oy W
o EHE T T T T oy TN Yo wm T g B mH L B
- 7 7UEH]1IUH o} 7ﬂ>i ,I1/IL.] ‘UI dﬂ& B K~
PLT ol =T n et T e T iy gan CHT AR BE R
PHRL Pl e sl EERETY w5 oy g
TT ARV m L, ~ T E g E R G b WU M EFLT A
ST Qo T uw LT o N LT T T B g FX
EH ST m s TR E PETe o RE L gy T ouT
R R = S e« i P do A %o m
‘UIM%ﬂﬂLﬂOﬂW_MMMoMmmoviMEHWLHMOEPQHWLL?W/IHE@MM%bo‘.klAodm ‘Olm_x_oﬁﬂamnm
B ﬂo% 0 = =i o Lf TN Jvo_ ‘ul o i~y bo % ]1ro_ Ll,._
= o M= R e DY rg Xm0 o4 Hogr TN T ool N =  m N N
i} ) s —_—
b AT T Tan T e mhlognlibas PEE A0t ek
aﬁmwr%wg%5%%&%%%%ﬂm;ﬂﬁLW%&%H@E%M%E%MH
Er oK e =N e S X g ax PR MmO :
&E n,M.xE@aVELMlMoﬂouﬂoEdlmﬂﬁM@Dujﬂ_aa #owoihioﬂl_%. Tn_A]IP,HtLo )
EEN T N PR R LTI g ST g LT py o e VT
dEM oMb pT L N s ST P F NN EB P ar e B
ﬂumlﬁ%gwa@umn%V%%%mﬂﬁn@%wmﬂi@NﬁﬁruExmafﬂﬂfr%ﬂﬂ%
_,4WM%wrfr,_\wﬂo%wmru%ﬂlg%ma%ua%o#%D,moﬂﬂﬂ%mﬂ_/%alﬂmmﬂ_b,q_olma
TSN FIR RToENT R g T F g™ L T TT T g5 o d
I R R i R R R A o e
T PR AR AN AT P T 2T e R IH N T BT oy o g P
TUF T T T R r R FE® s TR N ox wE AN ST T oo
U B T o NN N R N gy BT Mok T ol MM Ml RO gy N Mol B R
M B OF wEMmEMN T ESTRPET T T IT KT RN OET T
% = = = =
= = S D al



WO 2025/005572 PCT/KR2024/008376

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Vo of w7 = A EBtol] thEk A3 7F E ¢ glow, Al ste] A |
tﬂ-do 74%01] ]_9.51 2= o1q_'

A Ao A gof “HE S BESHA A REA oA, A, Al E v g
= A 3] W vA S, 25 =21 (podoplanin) T 2ol 4252

4719] B4 % g s e shtel FERA, 2oy
ATwsl 45§ 24T T
I EE A

-3} (senescence) &= &

=
of\
=
r
)
N
=
Hil

-
E = WY A (immunoassay)8 7| EY O]U}
J] 3 =

¥ = 3}(senescence) A& S AT = Q) o] H g, Bk
7401] Eo] 3 o;l_ﬁ?sL 3= 8 A = OLE]_u-]g o] gk = 9t}

A= Eiﬁi‘* 6*?4] 14 f% ] ?jﬁ] NA & ”—LO—E

WHHE, o & 9, §3 "W (Kohler and Milstein, European Journal

of Immunology, 6:511-519(1976)), A} %3} DNA " (1] = 53] #4,816,56%.)

= ol A] g4 glo] H.& ¢] BHH (Clackson et al, Nature, 352:624-628(1991)

2 Marks et al, J. Mol. Biol., 222:58, 1-597(1991))°ll 2] 8}l #A|z== 4= It} A

Azl tf gk AHEA Q1 1} 2 Harlow, E. and Lane, D., Using Antibodies: A

Laboratory Manual, Cold Spring Harbor Press, New York, 1999; Zola, H., Monoclonal

Antibodies: A Manual of Techniques, CRC Press, Inc., Boca Raton, Florida, 1984; 2t

Coligan, CURRENT PROTOCOLS IN IMMUNOLOGY, Wiley/Greene, NY, 1991¢]]

A A 71 A E o 9}
Ef&iﬂ“ﬁiﬂﬂiﬁﬂﬂbﬂﬂEﬂE

AETS A YR HAA ol ol ¢

ﬁd
g
L
é
&
ols
i
Rl
ik}
o

2]
immunosorbent assay), ] 1-ELISA, & A| == 75' A FA A= H 2] H-AT

A 3 74 (flow cytometry), 1S3 g3 2 L WA AA & E3HslA] gk
olof] ¥ = A2 of YT} 7] W itA s H AN S Enzyme
Immunoassay, E. T. Maggio, ed., CRC Press, Boca Raton, Florida, 1980; Gaastra, W.,
Enzymelinked immunosorbent assay(ELISA), in Methods in Molecular Biology, Vol.



WO 2025/005572 PCT/KR2024/008376

[30]

[31]

[32]

[33]

[34]

1, Walker, J.M. ed., Humana Press, NJ, 1984; ¥ Ed Harlow and David Lane, Using
Antibodies:A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1999¢]]

ZIAIE o Sle], Fagd 5= 3

o & &0, ¥ g o Wy ol HWE A Al ol whe AAI ¥ = A
AL s B A (ol AT, Cl14, 1125, P32 L S35) & dlol &3 8 &) 7} B uhg o]
A E2E AEskE ol 84 5 2l

Vg of Wi o] ELISA WA o= *Wﬂ = A, 2 g o] 52 A=
(i) A shaal shi= v A o] Al Eal A (= Al E Gl E)S A 7129
FHol Ay sk @A (i) A2 A 2= A o] w7 ol ek kA 2k 7] Al FEul
(E= AE 3l E)e T8 A 7= &AL (if) 7] DA (el A3te g a47t
A ol AgHA o} whE A 7] = il R (v) V] B 24 S SAH S
A& Eghei

71 A 1A= AR A2 @A el A, HeaEd B
S Z 2, {d, 34 B Aoy, 7HE vl A 8 = vhol A 2 e H
o] Eolt},

271 ol E A o] AR AT SNk, &g kg = A9
HhE-& Sushs A4S E3EH olol] A H A o, o & 5o, dEd
S 2TteLob A, B-A B EA Tl A, 3 22 w5 ﬁi%/« opAl, FA| ¥ holA|
2 AFo| EFE P450S EFHeteh Y] ol Abak A o] At A ARA
Az F 2 afEtolA| 7t 1%ﬂ% 7ol 1=, 7121;%*1 HEFIZ 05
E 290l E(BCIP), HE R &F HEHE2 % (NBT), WZE-ASBI-F 23| o] E

(naphthol-AS-B1-phosphate) ‘;’-l ECF(enhanced chemifluorescence)®} -2
MAES 7] o] o] 5], &2 Av]2] B8 A choA| 7 o] 85132 7 5ol =
S22}, obu] ol 8l 7hlE, Tlohu] wul A |, DA 2, FA
(812N Eok el el L Eelo]£), el %al W ol el 2, #0i, kel
A = Al 2f(10-0} A E-3,7-H] 5 o] =5 A 3] =A%), HYR(p-phenylenediamine-
HCI and pyrocatechol), TMB(tetramethylbenzidine), ABTS(2,2- Azine-di[3-
ethylbenzthiazoline sulfonate]), o-¥ 'd N T] o} TI(OPD) 2 W E/3fo] 2,
=532 A oL A 2} t-NBT(nitroblue tetrazolium) 2 m-PMS(phenzaine
methosulfate) &} -2 7] 2 o] o] 85 4=t}

- g o] HhH o] A4 A-ELISA A & 8 A H = 4§, g o] 54
A A= (i) 328 3 A (capturing antlbody)iﬁ B kg o] mlA o it A E
A 71 e ol ' sk WA, (i) ZE A o Al E A EE RFEAT] =
A (i) A1 @A (i) 292 11%% HAYA] 7] = w o] &o] A 7HE o
N1, EEZehd gl A o] So] & o & Hha-5hi= 7 & A (detecting antibody) 2}
WA 7] = A 2 (iv) 7] dol 25 HAlshE Al 1d S SA st GAE
DA =



WO 2025/005572 PCT/KR2024/008376
(35 AV AE FA= AE Fs e Al g%%@ﬂﬂbﬂﬂ%&ﬂﬂﬂ%
7] wlol g et R A 2T, uto] 9. ¥), 5 AL F22vtEbo}A],

ﬂ»

! Aol EALE P450), WA B
C14,1125, P32 & 835), 3 =2 (1A, SF 244, T3 =4,

3} 8}k 42 A (chemiluminescent) 2 FRET(fluorescence resonance energy

transfer)& ¥ 316k}, ofof] H A = A2 ol th thFEE dlo] & H ol &1
WHH -2 Ed Harlow and David Lane, Using AntibodieS‘A Laboratory Manual, Cold
Spring Harbor Laboratory Press, 1999 7] Al = o] )

[36] F7] ELISA ¥H 2 78 A -ELISA %R ol A & <& 4] 01 aird gd 5d =
N1l Z e B Ao) B4 H chog whlel whzk AN 5+ ek o2l @
Alrd o] AEe g o] mpr) o G A e A A 7]’6‘0}71]

ek wh, ol 5B A el klo] o] 8 Aol ~EREHHOR,
. ]J{E}O}xﬂ ol & Ao FAAMOZ A 1L S GolstA A5

B-ZEEATIolA|, & 2 efr] 4 A%/ﬂ ﬂ
A

°]
7}

[37] g el o w2, Al thalel] ¥ g o] Ao Soldor

£ ol-&e 5= st ?JEPDJ% 2] adit = el =

o] dukA] 9l -8+ Bock LC et al., Nature 355(6360):5646(1992);
Hoppe-Seyler F, Butz K "Peptide aptamers: powerful new tools for molecular
medicine”. J Mol Med. 78(8):42630(2000); Cohen BA, Colas P, BrentR . "An
artificial cell-cycle inhibitor isolated from a combinatorial library". Proc Natl Acad Sci
USA. 95(24):142727(1998)°ll A 3HA] 7| A1 = o] 9L

[38] FEdd A el o g HE AN A1 ] AV E BT RA,

]Ei@re AEE 7 Aok S, A RN 2 E o] npF ol thd Al1d o] 4
L= 75‘%01] Al w32 g gkt
A

[39] —P:E%UM FIE= 71t A ol oo, & Auas F7H o' x8s
At ol & 5o, A 9] uhg 528 Ak S VA F AR} hHAE LR
3z g} )

X %0
o

:
=
>
r

e ALEY, B EY ARG T E YGRS 48
A Zolrh, Shul A= FE = AekA] Gl ek ),
R R HEDEAR DR EL
, Yt ol A7) A S Fal A TEE GRS Eia,
[0] el mpA walE A o B0 E71AENA AU B

=) =



PCT/KR2024/008376

2} (podoplanin) 2]

AL
=

AE W EL

WO 2025/005572

BN o
il = H s A ol )
! ) T N o U:an_: N oF oF ) = iy T = _L.E,Liﬂmo X0 ATQIMI#
B o AU T o MW 7 =T o Wﬂ =eowm o om N W 2 N
R ) Eﬂ%%%ﬂﬂu%mﬁmﬂ%ﬂ, T M e o
m e o N = Ex_ﬂﬁéa ) o_elﬂl o e _ML Law Hy = 0 :iw_m
S = = T ooy M % O e = M o RO I B~ B
N R MLH] @Huﬂﬂuwa@a]o@ﬂ% N e Mo ﬁio#n_,_ﬁu
N o- o o E‘._dﬂ HoﬂaAmHodVl_ﬁu i ] "o
H ol o= M = X ol o) H T o K
B BT EWWM@%VW%%MW%%i%% Boow T O Ew
[ 1 R _— g o) L.E —_— JJ.UH
Ho P o N~ A L ) o N e T o B ER
e N g e I A o sy 2 S Es
g Npp V7 TRy T el T T = = X
BN mTLIMmeEERs LT Rw TgH ph by
PoE omsBzzabTeoTraa® Le< gl TES
2 CE g s B my o 5 TdRw SR T N T FRW
~J ol o T 0 Cum ﬂ Llﬂo%] o il ~o ﬂu .ﬂﬂlﬁa
WaLs =F g ggn®d Exndl< K Lo T N 2o
N X N i Rl A v B L ERE L
pgchi oF Tor iy o £ P X 2 w < oK o= oo = o
U T pHhHomPieagX e L PR<Z e PR i
o o Jul,._ O]er/.(.\,] ‘m_ISA 1AnD H_Al 0 1FLO i ~
S M A Yo oy o & o WU = —_ — = = "o 3]
O E = N dﬁuﬂoﬂﬂ%ofﬂjld.7c s 90 R i o g0
N I EaE M L0 %0 g S * 2
o N No— — & 23! ~ < O BN — ) NS
5 %o & Nl O EPr oA BB R g ! ) ) E W
2% MIHFAILVIMMUETFT LT E TAT OB e EE T
B e AT T R AT R ELERBEZTHERF pp LB
AT b T U g T g s PEETETOTEY e TP
HERND o5 B g AWMy mPT o d Eo XM I S
o ol X ~ ol JHE g £ — ol _
= = W T = % " B R BT T m N OEL e o 2 o)) N o o AN
~ BT " 5 ~ N~ o Moo o N = = Ne
mﬂ7mr1_|n_A|,_tmﬂomEﬁu1ma§c77mﬂ uoxN7§Wzﬂ_ Mg T
NP s o M W me oo o R ORe AR S omo T M
. ~ Zdﬂ ]D_K o = N o = -
Tl le - Fox Rl EEanFTRT S Tadw  ~ Ewwo Fy
N BRWBIT D 2n PENNPHATMBEX IR T D g0 3 Mg B U =
R m T mae T T e Bk WA BmE E R &% o E

3] A vrEh

BT} 48 4| 7Foll A

o] @A

T

[¢]

X
=

= PDPN- A
| 3

1
A

Ay
s ol

-2 of o] 4], PDPN+ 4]l



PCT/KR2024/008376

o
T

o 47124 2 A o F3 2

Ay
s ol

= 7] Al

(o= ]

v o) 2

WO 2025/005572

oF

M
!

-

!

2} (podoplanin) 9] =&

AL

(podoplanin)®] & 7

gy
Hiu

23!

714

(podoplanin)<

[52]

7R 2

-

P

%5} v}

A Al

A

H

M| 3 53} (senescence) & A HHH S
[e]

Ay
s ol

oy
it

A ) vl F Al Al TH

1, SA B-

A 57k %7}

ks)

3 AE7F vEbd A el A Sl g, AlTh

=
=

9l

mTRF(mean telomere restriction fragment) o7} 7+ 4

RIS =
[e)

T .

T .

s

Al 71

2

al

—_
fite]

T
T .

gal(senescence-associated -galactosidase) @ 3 A %]

B
I

fite]

i
‘_ﬂ
il

23!

4
1

ko)
-

5

[e)

&
H

[e)

=

24

=
=

°|

L Aol5 13, 28], 38, 43,

) (multipotency)

T

©
o

r}
¥ A

1

ko)
-

7t ol 77] 9]

o

Ay
s ol

[e]

T

R ER !

A

O

~r

T .

+ v}o)

T

2} (podoplanin)

7] v A

5T
=

-
U

Ay
s ol

HAL 7871 Alth vl <

e
,103] == 71 o]

5

Ay
s ol

o)
s

[56]

M
s

)

No

wK



10

WO 2025/005572 PCT/KR2024/008376

[58]

[59]

[60]

[61]

Frefl S SVIAE AGRJAE A g T 71 A E o] & 7

Atk ol wl 7] E A= 1 A o =2 A sho] AREe L ]l A o2 Ay
7hs et 3}sk o g 1 ¥ vl X (chemically defined medium)E AF-&-3F 4=

ATt A A o2 A 2 ¥ ¥l A= DMEM(Dulbecco's Modified Eagle's Medium),
MEM(Minimal Essential Medium), BME(Basal Medium Eagle), RPMI 1640,
DMEM/F-10(Dulbecco's Modified Eagle's Medium: Nutrient Mixture F-10), DMEM/
F-12(Dulbecco's Modified Eagle's Medium: Nutrient Mixture F-12), a-MEM(a-
Minimal essential Medium), G-MEM(Glasgow's Minimal Essential Medium), 2t
IMDM(Isocove's Modified Dulbecco's Medium) & ©| 7}&3Ft}.

AL Foff A S71A ] wl Foll A& ¥ 1= WA= Al 2] ml & 23 el A

A E/HAEAG HABES AAD 5 A sz v S E

Fr 1Al 32 o wjj kel 24 gk sl & F-ofoll A A& 3=
B F9hghty, F7bA o 2 b g o), wgo] 5o e Y
%l & of7] &bz wol E ekt o] g o et=
F&3ohs =2 & A o v A R =

A5 FAA R A FEaf ol A E = A B

A B, whol & e z=vl A A A 2=

.

k1
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-
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=
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oo 2
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=
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2

k1
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k1

do

1r o MN' —\E'

o
B

e
2
by et

L
uls

B o
%o,

5 2
©

o O‘lm
=
o
0,
mat}
)
k1
do
=
of\
=
r

b
o
Z 3

iy
oo N,
ol 2
.
32,
aw)
=

fr

u)

o

o

g

ok

o

el T S 71AE(TMSCs)oll A Al 3 =31 54 &
Hj kel wh & M EAAGAIZE SA A3 B: AT 9 &
: C: w3} 73 p- 2 E A THA|(SA-

=
A AT 3 A2 ST, D:

B-gal) A4 Aip(algk o2 2 A
d2ujo] do] 54 A3}, Barly(Z71)= 3~73] Al 4k 32 TMSCso] 2L,
Late(F7])i= 153] o] A A thnl &3t =315 TMSCsY. Dttl+= H o + SDE

o7 5% 2ol = #p<0.05 R #p<0.001 % FAIEH bl
3
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[62]

[63]

[64]

[65]

[66]

Aw- = e 249 ¥9 vl7(CD14, CD34 2 CD45) 2 A A] A n}A
(CD73, CD90 ¥ CD105)9} &2 MSC 50] 4 ¥ ntAE H715h7] 93
FSC(Forward Scatter) 2 SSC(Side Scatter) -3 #2413t 54| 3 ¥4 A3}, B:
737 3}5 (pluripotency) #Hd Z AL QIZHNANOG, OCT4 2 SOX2)9] f-7 =}
vkd B A3 ¢ Al A A A (adipogenesis), 91 & Ad (condrogenesis) 2 & & A
(osteogenesm)a EeehE thE As W3 o 37 A W= Hd £ SDE
el oL, B8 02 523 a}o] = #p<0.05 L #4p<0.001 Z FA| 3} n.s.i=
T Q6] F e

T3S B4 =315 £33 PDPNO & W3S 018 Aafolth (A: 4 H3)
mRNA %¢l =74 A3} B: PDPN 2 GAPDH®| @il d =5 =4 A3p C: 27| ¥
7] PDPNS] W 83 4 Aah), W= F o £ SDE YR Az, ol
A 15 e 7o gk Apeol & YEFHE (*p < 0.05).

5= 4= FACSE ¥ ¥ PDPN+ TMSCs 3= PDPN- TMSCsoll A MSC 54 -
2185k A 3fo] ) (A: PDPN+ A3 9 PDPN- Al 30| T gt PDPN9| W 2 dH
2 Ax B T/S B & S0l w2 dgujo] o] A4 A3}, C: MSC 50| 4]
#H wpA gke] Apol E” 754 D: A&-3)5 vhA A 2 1} E: PDPN+ Al 3
PDPN- Al 9] THA| & #3815 4 A3, &= H 1 £ SDE Ve aL,
AX 07 F Q3% 2po] = ###p<0.001 Z FA| S ns.i= T A 2.
% 53= PDPN7} Al 54, Al 527] 2 A EolE 5o v x]3= &S
ZA3bo|t} (A: PDPN+ Ml 3£ Z PDPN- A| 32 9] Al 2] 4]
2 PDPN- Al Z 9| M3 7] &4 A7}, C: PDPN+ Al 3 ‘;—l PDPN- Al| 3£ 9] GO/G1
WA A vlA, CDK4 2 Alol &+ D19 @A 5 54
_]_rt_L
A]

-

oHﬂ WE B

rUhL
[
— g
)ﬁ
o
)ﬁ
Z
+
g

=
2 PDPN- M 9] M X o] &% #-A] A (~AHA I HE S 27
HA 3 Blalete] W& Ao ] WA o] MR A, = 7 £ SDE
VER a2, B A o2 F Q8 2Fo] = #p<0.01 E ###p<0.001 2 T A F

% 6 PDPNsiRNAZ A2 F A £ 7] R A X o553 H7HeE
Aot} (A: A mRNA 0 & 5 =4 7éﬂr B: PDPN % GAPDH/]
A S = A C: A X F7] FA1

CDK4 2 Alo] Z& D1g] vl =3 =
A

—'1—‘
Wi

(=29 Sl mEE 27] 244
W82 AL = 7 £ SDE
#p<0.01 B *4p<0.001 2 FAI 3 nsaz T 23HA &8

499 4N E ¢ 3

3}7]91 "a‘/‘hﬂ%—“&%%%iﬂrﬁ | o3l ,
AAlefol] of e - g o] o] g H = AL ofrt
Ag D 4k
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[68] L% 8 9 F3 $39 71 A E(TMSCs)] 38 2 &3

[69] TMSCst= 3h=r o] o] 2}t 8t ol &% 1 9 ol AFAL A9 < 3] (EUMC-2019-
08-030)9] %91-S Wk 3 & E 5 (Cytotherapy. 2012;14(10):1193-202)¢]) tw}a}
FHE AT T3 HEA A eS = 104 1 REY #hxlE 1 A HS A2 R
AHo A2e A sl 5 ATt TAH R, 49 9 7]2?<}?-—T51 T3] g
AL 2245 7k & AFRato] 22 270 & Adsigith Add 2242
210 U/mé =2} Al YA 18 (Thermo Fisher Scientific, Waltham, MA, USA) 2 10
mg/m¢ DNase(Sigma-Aldrich, St. Louis, MO, USA)E 37°Coll 4] 30+ &<t a4
A2 ek &, 2218 o] 35}l Ficoll- Paque(GE Healthcare, Piscataway, NJ, USA) 2
A E-gste] @il QxS AL G A EE g Edlo| Bl =detar
481 3k FF M ek H, 2 H A 2 /‘ﬂi% B 2] 31 -2 A F(TMSCs) Z 871
Aol AE-3E3A T

[70] sh7] 2 g ol A TMSCsi= 10% Effo} 4~ & *J(FBS; Young In Frontier, Seoul,
Korea), 100 U/mé #| LA &, 100 U/ml ~E ] Enjo] 21, 0.25 ug/ml L3 H 2] 4]
BE H.Z ¥ A EX(1,000 mg/L)& 3 H5H= DMEM (DMEM-LG; Welgene
Inc.)oll A 37°CE] 7k CO, Q1o Bl ol A vl @F B 24 At ¥ A&
3l TMSCsE Al tl(passage) A 7F t}& F 215 o2 Uil 27] At

TMSC(Z=71; Early)+= 3-73] Alt) Alolel] 9la, 571 Al TMSCs(-%71; Late)+=
153] o]/2f At o] .

[71] 2H7FAI TR AE A7) EA

[72] A F3 £ S 714 E(TMSCs)S 724 F 3= 964 1F F<F vl k3t t}-&-

80~90% 2| 715 F A 2=(confluence) ol 4| E HA-EDTA(trypsin-ethylenediaminete
traacetic acid) -8 2%(Thermo Fisher Scientific)& A}-8-3te] 2859l v}, Eg] ¢
£ F(trypan blue) &} =3+ B A o] AE A EE AL E ALE-SH
A58t R Th TMSCs o] 2 Al oll A 271 M X 579 H& A% 5 318 v+
8t7] g5k 19] ¥4 2 AF&-3te] vl 7F Al Zh(doubling time)& A 4F8} 3 T

[73] 5=+ 1]

[74] W 7F A1 Zk(h) = [{T-To}(logo)/(logN-logNy) }]

[75] A5 o] Aol A, TMSCsi= A | Al oll A vl @ FAlell &525 ¢laL
4ot A1l 4 (Olympus, BX51, &) sholl M 24413t - - 2p 9l 2 A e # 4
570l Hol X 7hA| st vk, Z2be] Al A o) of g 9
J 23 E 9] o] (National Institutes of Health, Bethesda, MD, USA)&
A sk

¢
S
=
ofo
Ot
i
£

[76] 3 A A HEAITA 24
77l 53} # B EAI A (SA-B-gah o] 240> SA-B-gal 94 7] E(Cell

Signaling Technology, Boston, MA, USA)E A3}l A=) A 2] %] %] o
up} TMSCs®] Alth M 7F vh& F 25l AEstalvh. hefs] A b,
TMSCsE A 204 154 &<t Ix 1A N o= 3174 g TF8 Dulbecco?] 14H
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[78]
[79]

[80]
[81]

[82]
[83]

[84]

5 2 4 5(DPBS; Welgene Inc.)Z 7 H M X3} th 14 ¥ A2 E CO,7F
gl 37°C 212 A5t ol Bl ol A 244171 & SF B-gal §1 4] & 9 (pH 6.0)3F 17
Aol Attt =3} Al = spek o 2 Ayl o 5164“]730?-—
Az gtat st

4. QAAL TF 54 A4 ¥E(RT-PCR)

TMSCS/] A RNAT TR1Z01®7\] ¢F(Thermo Fisher Scientific)< AF-&3}o]
F23190 31, 2 ugol F RNAE Al 2d A o] A1 3ol uha} Superscript & AAF 8.4,
dNTP 2 oligo-dT 3~ g}o] ™ & ¢cDNAE Al 3t =) AF8-3 It PCR 3% 9] HH-%-
Z71-& 94°Cel A 23-1E 1 ALl &, 94°Cel| A 303, 56°Cell 4] 303, 72°Coll Al 133t
72°Col A 533k 36 Abol 22 X skl

5. 4270 o] A

A2z A 2] %ol u}2} DNeasy Blood & Tissue 7] E(Qiagen, Hilden,
Germany) & AF-&-3l9] TMSCsZF-E A5 DNAE F=81th. #5499 A+
DNA & €2 njo e} vl 73] F-d 2ke] vl &(T/S Bl & )0l t gk & %<1
g 2 ujo] do| & AA st = AFEEFSE ) 1Hds] 2aEl, Power SYBR™ Green
PCR Master Mix(Thermo Fisher Scientific), B 2 1] o] Z glo] ™ Z(telg L telc) &=
G Iy AR SE S Y% 36B4 Zfo] i A& ALE51o] Al DNA(200 ng/
w)E FASEA T & PCR HHE2 QuantStudio 3 Real-time PCR ] 2~ ¥l (Thermo
Fisher Scientific)oll 4] 4=3l 5} 1 t}-.

6. Zzto|m A4

2 A3l o] &8 AR I xﬂ/\} 212}, PDPN, €& 1o} I 7] 7}3]

o

FAAe] ZZS g3

913 Zajoln) AL 517 I 19] JER YT
3t1]

(o

Primers Sequences {5-3)

C

NANOG F: 5~ ATG GTG TGA CGC AGG GAT G -3' (M9
R 5% 166G TTG CTC CAG GTT GAATIG -3 r’d

r.%
fort
~:\:§ S

e g -
OCT4 F: 5= CTT GAA TCC CGA ATG GAA AGG G -3 (M 88z 3
R: 5~ GTG TAT ATC CCA GGG TGA TCC TC -37 ( i% Hy 4)
<OX2 F: 5= AAC CAA GAC GCT CAT GAA GAA G -3 Ai%%f_ﬁ 5)
R: 5= CAT GTG CGC GTA ACT GIC € -3 {}% BT 6
POPN 5 AGG TGC CGA AGA TGA TGT GG -3 (MEHz 7)
R 5~ AGT TGG CAG ATC CTC GAT GC -3 { Mz g)

GAPDH F: 5'- GGA GCG AGA TCC CTC CAA AAT -3' (A ZHIZ 9)
R: 5= GGC TGT TGT CAT ACT TCT CAT GG -3 (M8 E 10)

Telg: 5'- GGA GCG AGA TCC CTC CAA AAT -3' (A
Telomere | 112 5. GGA GCG AGA TCC CTC CAA AAT -3’ (M

3684 F: 5= CAG CAA GTG GGA AGG TGT AAT CC-3 (M Yd
: R: 5 CCC ATT CTA TCA TCA ACG GGT ACA A -3 {
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[85]

[86] 7. F A EEA

[87] MSCs2] H 733
v A xS
(PE) 113 &9

[}

FF AE AZUL AHE ool AT TMSCs S
D14, CD34, CD73 2 PDPNeo] th &t 3] Fo 2] E

= CD45, CD90 ¥ CD105°] tf ¢+ FITC(fluorescein
GAE 4°Col| A 303t A8 14 F- ACEA
71(Agilant Technologies Inc., Santa Clara, CA, USA)&
St} 2.+ 4= BD Biosciences(San Jose, CA,

Oro

N,
ot
o

—_—

-

& ot
1ot 2 111
PF‘(

rO
Fi

isothiocyanate)-
NovoCyte Al
AL-gsko] Al 3
USA)oll A 7-<18}

[88] 8. 3% 24 A X EF(FACS)

[89] MSCsE @ Al E = FH|skal PE-3 & %1 PDPN O = 4°Cof| 4 30+
& AT M EE FBS7F 23 Al A ehsol o = 23] Al X gk &
70 um Al 3 ] 2} 7](Corning Inc., Corning, NY, USA)E A}-8-35}o] o 181Gl T,
o]y T M EZE S3e™ A 3 F-577](Bio-Rad Laboratories Inc., Hercules,
CA, USA)°| Al PDPN+ %-5= PDPN - Al £ & FF3lSth ¥/ &, Al X E vl
ZHolEd E58taL F7F A 8l vl skt

[90] 9. TMSC®| tAS &3}

[91] UAE I3F 758 2AFSH] 918l TMSCsE Al T oll A bl 5= A1
w3}, A= 3} 2 = ¥-3} vl X](Thermo Fisher Scientific)oll 4] 257 &<t
W Fah T 7} -8k A3z 342wt A sl ek 8k El TMSCs & 4%
vte} £ gl slo] =& 30% F¢ 224 3kal DPBSE A 2 3%t} Oil red O,
Alcian blue 3 Alizarin red S 9 45 o] &35to] 7z At A, A= A E =
P W3 AR TS HF AT 308 Fet G e T A E DPBSE

23] Ml Aetal A g o2 e

mm Hil o

;& M ofr o

o 1>
. O‘l'
ﬂd

R

(). A4 370 e] B9 R Qe oA B

A
RGB =8 © & W 315}¢] Image ] A E Qo] & AL-&-31o] 2Pl sle =&
Azttt
[92] 10. 12" B 4

[93] 20 mM Tris-HCI(pH 7.5), 1% Triton X-100, 150 mM NaCl, 1 mM EDTA, 1
mM EGTA(ethylene glycol-bis ($-aminoethyl ether)-N, N, N’, N’-tetraacetic acid)
2 Protease Inhibitor Cocktail™E ¥ &5t 83 v H & o] &3] TMSCs=
FE3ATE T L e 7920 pg)l T A-S SDS-PAGESN A €] 3t 3L Trans-Blot
Turbo A] 2=l (Bio-Rad Laboratories Inc.) & Al83to] HEZAEZ QA0 7
HAT Ed A S 5% 22§ 2 2174 831 PDPN, CDK4(cyclin-dependent
kinase 4) & cyclin D1(1:1000 8] 4]; Cell signaling Technology, Boston, MA, USA),
GAPDH(glyceraldehyde 3-phosphate dehydrogenase; 1:5000 dilution; AbFrontier,
Seoul, Korea)oll th gk 12} & A 2 zhat k7 v Fsh vk, 2] oL 21 AF&sh=
22} glA| <} vl ¢Fsl Sl oh, vl A 2 )8} bk A] oF (Amersham, Buckinghamshire,
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UK)S AF-8-3Fo] w3 olu] 2] ¥-4]7] (Cytiva, Marlborough, MA, USA)°l 4]

e13} ¥ 9 th(developed).

[94] 1. N X BS54 4

[95] PDPN+ 2 PDPN- M| 322 M3 E 78 5, 2Fgke] A4S 7hslo] A3
LIS AAS A s, i E Al E 240 S o ol 1x10°

cells/well & -3} 2L MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli
um bromide) & N (Sigma-Aldrich)-& #| ¥ A]{}ol] (0, 24, 48 2 724 {F) 2+2F
A7FeFATE. 37°C, 7hE CO, 1l o Bl ol A 2] 7F &<t ulj kg 5 ¢ A
A=A 5 2 vl 2k-E dimethyl sulfoxide (Sigma-Aldrich) & AF-8-38he] €3l Al 7] a1
T &allE A& 96-¥ ol ER HKHTH nlo] AR ZH ol E A5V 2
540mmell A FF 55 S 8kar AL ool A 9] ghell tial Aol Al gle s

¥R
[96] 12. A X 7] £4

[97] TMSCs(1x10’ cells)i= E HA-EDTA § & Al-8-3fo] @ Al E =2 1319 1,
4oCol A 1A ZF B 70% ol gHe gl o 7 u Qs ATt g E A £ E 2% FBS7}
39 2}7EE DPBSE AHE-3o] Al & 8haL of 5= 3ol A 37°C, 7+ CO,

o1 5w o] B o)) A 30%- & <F RNase A(Sigma-Aldrich) 2 & @ =3} 3 & 3] H(PI;
BD Biosciences) 2.2 48} t}, M 3E 7] F-3E 2] ¥4 ACEA NovoCyte
FrAE JA 7S AR sl el sl

[98] 13. A &] A X o] F &4

[99] TMSCsE 6-4 Zd| o] El 3x10° cells/well 2] -5 5= =2 #5831 T} 244 3¢
% 80~90% 2] AZFA ~(confluence)dll Y= A EE 37°C, 75 CO,

N o B o] A 24 ZF & 2F 10 pg/ml 2] mitomycin C2 A 2] 3T A2 &
DPBS & F= 9 Al Al & 8taL vl & v %] & 3-8t itk 20040 3] 3§ 0 2 570 A
MY 2GR A5 HEJT 2TEA 38 A5 2 A HO E 244 ol A
An) A& AFE5Fe] oln| X g}l l ) AR A~ R ol MEE-2 27
2 A #H A F A of] vl #ste] SA 8T

[100] 14. ¥ 274 (transfection)

[101] 80% 715 Al(confluency)®] TMSCsE 242} 100 nM 9] control siRNA(small
interfering RNA)(siCON; Santa Cruz Biotechnology, Santa Cruz, CA, USA) 2 PDPN
siRNA(Bioneer Inc., Oakland, CA, USA)Z, A 2 A 2] A %l ol w2} Lipofectamine
3000(Thermo Fisher Scientific)s ©|-&38te] A AAA AT A0 A XE
244k 5k ISt o) A jF 5 F7F A o] AREaE3T

[102]  15. 5A ¥4

[103] BEZA%E Fd+ 33 AAKSDHE FAIEC BAA Fode d¢ Eat
A (ANOVA) S AL-E-3le] AA3HSI T} 0.05 YRk p-gh2 A H o2 §-2] gt
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[104]
[105]
[106]

[107]

[108]

[109]

[110]
[111]
[112]

[113]

[114]

2 itk RE A9 A Awi Avke AR S AFE] 98] o

[,
z
:
o,

. Evﬂ S8 E7AE] EAT -3 1 W3 gt
.TMSCs®] H5A| =3} 45

A3 ok = At 4ol wE TMSCs 9] Al 3 A&

a2} & QAT ol & A5t 47 9] thE 71%X}ETE1 ctTMSCs-%

H 7}s)
o124 o & wljekstar Alth 4ol A Alth 167FA] 2] w7} Al 7F& Alsbel i) & 1
Aol VERL v} o), AlTh 1400 A o w7} Al 7ko] 37.42 + 5.30 ho| v}, AlTH 15

ool A 48.41 £5.70 h&E A A TV} &S WA o

$HA, M o] Zolef -8 SAete] Feje4] HstE #Eslolth & 1B
LeRY Bk}l ko), ATl 590 A 318.67 +75.30 um, Al TH 1000 A 338.46 +57.13
pm, AT 15914 307.28 + 62.57 yumZ YFEFLE, TMSCE] A 3E Aol = Al 15714
oh 2 A VeRA] eEsktt, 1, Al E o] E-& Al 50 A4 22.61 +6.73 m, Al
10914 25.52 +9.50 gm, Al 159014 36.21 + 13.50 im 2.2, At 5.t} Al of
15041 @ x38] YA Ve Aol whet F7hsks )

g, A7 AHE V)R E TMSCs | At & &4 =315 g<lstr] f18teo,
TMSCsE F 135 2 2 W rEdth: 7] Alth Al 3 (Barly 5= E; 812 Al )2 A

A 3 WA 7 WHell A vl k" TMSCs 2 7] Al th Al 3 (Late B3 L; =319
A3y 2 A Al 15 o] el A il & E TMSCs.

5 1Col HERH vEe) o], SA-B-gal A Li}lﬂ Al E (Late)7} 22 Al 3
(Barly) .t} 3] =2 A3 =3} 455 el S B¢ 51, 5 1Dl YERd
upel gho] A w3} o} | "R n] o] Z o] 9 %n{g Al AFsh= T/S H] £ o]
=3hE Al A A ] A &= Felsk it

ol2] g A=, At 15 o] TMSCE w=3He Al E1-& Al AFghTt,

2.MSC EH«] A =3 3@ AT

HASA 3 19y, AW v 2 E}Z AE w3} 583 &2 MSC
EAol HA =315 T3 A A=A AFE AT

5 2A00 yrER vEe} 3ol A X 7] R =5 HIFe] H g A AFRHESC)
2 S5 AEEHSSC) ah-2 # -2 Al vl &l =3t E Al 32 A Frkekgith e v
F 713§ Abol ol ISCT H & 7]&ol of 8l At Wl A np7l, 28 19
"F(CD14, CD34 3L CD45)°l th 3t =4 2 Bl oA Al & wA(CD73, CDI0 R
CD105)°l] t gt ¥/ d& ol = 2ol 7F gl
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