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FAGEe 1 AGHe] oFF As 343 AnEs] wiel MA 7oA
= Ade] Bre B slal AARAALS Agsn Ak webd TAGe
el whe AR NeEIAL 4RAA, A AS, WAl $)sh B ol
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A el waje] We ueli o=eldl 20016l 6507 vyl o]4e] 7+E
o] makwlo] of 169 AAlA &4 Yotk Sutetel = 19359 o]
TFAGEA] gloA SFE FAY FAAGOR oJAX vty 20004 S
Z|doz FAge] WAsL7] AlZste]l 2002360 16270 F A 16%HF<]

AAE AR 5 2 AAH £4L A

FA e S 2] PAAE Asd Aol dAHojop k. TA 2

ol 7hd A R F shue Aol B2 AlXdd AxARE HES
Eil

of FAIGutole~s HEdE Aot A FAIGutelg s e E A HA
AsHAlE tol e 2= A A frE AEFIB-RS-2), & 2 7]ek wEF f
g ovholei~s F2E AEFBHK-2DY & Z0AGALE &85t e

P2 AL FAutolg 2o Ulg Ayl WelHth vhold gl

O 2O AEge] Bad NG 2zAe] gl solokaihs EAM ol
= qlste] Aol A&ats] ool A7 ojdrh: FAHEL X3 k. olel
g dlda) Sdatel afe FAduold e BeE A9 Azé
AE o] Flre] A,
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U2 s ek dolth 4 BEel 4] frel FuAE] ZuuFe A
£ B4 2AS J15A A el el ze] Bl 9 454 HAE B
o wol Ahge] ¥ ATk 58 ASAEE AfobEst G wpole zo o
@ el wobd uMY A aA she FH AZERS shtelrh. wE
Fol et Aol 2ol e oL & A% 4 =

AfrobA Lol ol 43 glold AL w4 el aHr

A9 FolAdl A9 o]t W2 (Civiale &, 2003; Leung &, 2007)
A7t Hol o AHelE: o] &% A W AAo|th HlolE o] &%
Zofu g L7l de AE7F FHE Zduld Al o 7z AETE A
E3ln BEE&EET A 28 AH(Strange 5, 2007)S AYa Aok =4
Wk Al AFEEE B2 845 7124l collagenase$} dispase: trypsind 2
g AE FA] HolA FAZF Fek xHolut Aol A&o] 7he(Crabtree
5, 1989; Benya &, 1991; Panja &, 1994)8laL MEZIe] AZES ayfAo
2 A9 3 F glon Fet AAtE & AW dIAETE By @
T Aol 2l d AlEA AfretAEe 23S FHas F F ook =1F %
o

v Al RBC7F th 23=o] 9lo® RBC7F Alxe] F2-& As)stA Hrl.

10
)

gEAE gl QoM A BAL = A F sk AfopAEe
£qolek ¥ 4 Arh AfobAEE YA Zne AXiie AFe] Fsum

AU A ERT Bdo] wWE EAL X3 ), olgld BEA wjio| AuAE
oF AfolMErE 7 Agta QoW ATt FoluwA AIAE HES
AA Folsal AfobdE & JA Solus AfotdEsdaddel T

A3} a(Sato, 2008) oleldt - &g oldte] AVAMILEL 2 7] A}
dalA @rhiModéer &, 1988). L3 oo Zojujek Wyo] AfolAE
o} Ay AEe Byt vste) AuAEst AAEeA 2ys AfolAl Lo
Sl oel du AL wholgi o] tE Aoy AAH MEH &
Aol FHXAl HelA A = A A%E d& F ¢A ®BrhModéer
S, 1988). BE9 7t A7)olM AWAELE ZduY T 5 dE WHE ¥

o] A% A TH(Sashikumar 5, 2008; Cao &, 2009) o}&7t=] 2+d 317
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FHAERRS 2 5 e R ok A e Hog AejAEst
7 FeEEE AfrotAEe] HlES wRAY 49 L AfokAEE Al

b= Aol

ol

Zdwlg A b BAZE ®e

MGolAEe] AAZS 935t edetate

disodium dihydrate (Na:EDDA)E o] &3l o] A= 3l=d, NazEDDA
B AfrobdEe] AME 7+ Ade] sp 2 uFS AAGE Ca¥ A Aol

Hol7b Mol EE 1o AT

aRdo g A & + JdAdt(Drewa T,

2006). B2 AIAE =T Ca¥ AFS 7L YA AFopA Lo ) a}o]
oouEo] wom®E Ca¥te] AFS A FH AfolAEe ®rEsr WA

Aol ", ol AfrobAlz et FI AL w7l o] Fol A= AR

Aol olgelm EIHOR Alfiol

o

AES POAEE BT 5 Ak 9

G AE L A fobAE Ol A g g1l £7) 98] Wad HH

Zk9] ol = Aol 7} 9lth(Niederaue

r %, 1994; Vasioukhin %, 2000). A

SN EE uAlxoel Hld] Z7] vl &7]d H-FIE 9 ¢ B2 fetal

bovine serum (FBS)& ZL=Z %A
] Aol hEsith. ol gk A2

AR EE AAT + U Aow

FAG ol el 2ol Relg flste]l A= AEF Awe] Es a7

R

A= HE, 2 ATolAE Al ubelE el @ Aol A E AL ALl ol

300 oI’ Tbsekel A& Holeze] HEel SFAEE AEE S Ut B

F5hE AT AETE TES) Aste] & 2Afd uPdRAEE 5
At vhelels AFAE fAst: BASE fEstel FAduteldx 1)

o
3
= Hoﬁ]_ 7l-_/’:/H =S A ‘lToﬂ



2532 ool &9 ol Fusty PRAon AT AF @ ¥ B
HEEA e ol gatel WAHel A% YA o Fakel 2
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ATt sE 3 29 93] (Animal  Care and U
National University, ACUCC)2] %29l 3&loll 523 %2 A3 A (standard

operation procedures, SOP)dl| w2} =3 = At}

se Committee of Cheju

2) %A o7 XE RBCY A7)

Fadowr AE¥ 7+ Z7] %2& Dulbecco’s modified essential medium
(DMEM) #j#] ol 2 & Fg719] Fo= Fg Hlo]7] telA 7Heg 2
Z}2 31 (mincing) 50 ml conical tube® #AT. 1~2% A A1 & RBCE
AAs7] st 22 Ade] o sietgkod AF NS vtk ¥ Aol i
o}l 50 ml conical tubeel DMEM (GIBCO, New York, USA) H]#A| & 30
ml A7bete] AE F3E AMgsle] A AWS HA FRAID F
AA ZA L] ZtEer|E Zvkd F AT ds vtk olek #E A E
2~33] WkE3sle] RBCE w3 AlA33 5 =
RBC7} el EgEo] glo] 4 Bl
g7 #9s FF AA wEE Hwshy] skl NHCI/HEPES (0.
NH4Cl, 0.01 M HEPES)&<& AR&sgich. F7124S& diEe st 45

o)
w
R
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S AlAS T NHCI/HEPES &9 4.5 mlE mincing® ZF ol A3 Qo] ¥
FA 712 387 AAA AT M ZL 15 ml conical tubeo] 7 HFHHS 4
I 160 x g& 5% ¢ ARSI HAE5HE #d F 5 mle] DMEM Hj
AZ A7 e RBC7F AlA® A AH] trypsin/ EDTA (0.05%/ 0.53
M, GIBCO, New York, USA)E 2 ml H7}8l 36TColA 3% &<k Agsn
203 A3 IAHE M ddAEE 23 F 10% FBS (GIBCO,
USA)7} % 7F¢l DMEMHI A(DMEM-10)E 30 ml #7}8la 160 x g2 3% &

oF YIRS & dAdAMEE FASNL. FA"E GAAEE 24-well cell
culture clustere] 1X10'708 B33 2 10% FBS7F #7t9 DMEMu|A] &
ml H7Fsta 36°C, CO: JAFHIo]Hel A 12A1ZF wjkgt $ wpeto] F-2e A
X9 v &S T3

3) 249 g

2 Elolo) 7} 2AS A dHsta RBCZF AARE 1 g9 72F 23S Al
ALEsSith 7 23S gdAER FEstr] Yste] 139} 2 TEte] a4

A
10~60% <+ 37T, COz SltHlolE oA A elslal, collagenase2] A&7}
25H 0.01%9 dispase® H7tete] 102 ~ 608 =9 vreS A7 5 AH
3] 208 71 MY & stoiA AEE 2 sk dEdS 433 DMEM

WA S 10 ml H7FeE F 160 x gol A 323t A4EE a3tk shekeke AlE

e A= Aol HEFAI7)aL T25 Al EE flaskol W Fsk3ict.

Trypsinel o3 &AAT = v Zo] AASIATE  trypsin/EDTA
(0.05%/ 0.53 M) 1 mlg =& 7k 383k 37C AsFHlolH A
WS- A7l % 10% FBS7F €-7%¥ DMEM #HiAZ 10 ml #7}38le] trypsing]
285 AAAAT 160 x goll A 3®3F AT & Theheke AlERhS Al
FHA7IAL T25 AEm s ZepaTo] sl & Hfofo

Hj %
27 2AL A 248 A9M AXE Zdske T 24 d9d F

E2E Adsts W mustdn. & dob &% £4L 4 Cm o2 P
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A3% ¥ PBSE ol §tol ¥ Atk WA A

45 2o vzl

0.25% collagenase 500 S #7}3Fe] 10%~60% &<t 37C, CO2 <iFHI9]
Bl A2 dtar, collagenased A7t <4m5=E™W  0.001%

dispase & #7184 10 ~ 60% ZoF WA
7yl DMEM WiAZ Zenuld oa ATz
160 x gol A 387 QAR @
o wjskarsie.

GIRY
2}z

M
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i
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5L A~ A
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2% mincing3d ¥

i

|Z+5 M T2

Z& 37C DMEM ®l#] 5 mlell 0.25% collagenaseZ
60% &<t 37T, CO; clifHlolE oAl *2]3}aL, collagenase?] A 77} a5
W 0.01%9 dispaseE H7}ste] 108 ~ 60% HoF ¥kgS

ol gsto] M 209 7t AAYE dto] AEE 2

wrgo] By

H dAErs B
5 AEvlds Fobx
RBCE AlATL 1 g9 &
A7kske 108 ~

Skl

0.05%<]
23 )

O

rlo

M ot

5y HA

5 IS

23t tH(Table 1). &

A AEZE 2oy 95tel DMEM WA E 20 ml ¥7ista 45 160 x g
ol 3EZ AR F AEFE JHE skal T25 AEZwj g flaskol Wl
paalet
Table 1. Enzyme treatments for tissue digestion
1 treatment n
treatment
Organs (collagenase)
Concentration ~ Time" B Concentration Time"
NZY K
@) (min) e @) (min)
dispase 0.01 10~30
Kidney 0.25 10~60
trypsin/EDTA  0.05/0.53 M 3
Oral cavity 0.25 10~60 dispase 0.01 10~30
Lung 0.25 10~60 dispase 0.01 10~30
Brain 0.25 10~60 dispase 0.01 10~30
Small dispase 0.01 10~30
o 0.25 10~60
intestine trypsin/EDTA  0.05/0.53 M 3

" Reaction time of enzyme treatment
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4) zod AE] BES v

FxAEe vhAA 9dA xR 2o 74 g AEE wgste] g4
HAA Ag 21 Lolrgtrh T25 AZFE Zepadd] 1x10°02 Zo)
dE AEe P HEuYG 3Y F AWNYE A ATEE AEFE v
STk AES HE gl st 1247ke] A F RAE Axe] 5 4
ngoez BEste] FAE AEse FAS g Reta F2 AEe] WEs
TStk Ay g § 724130l AubA AEZE AL 9= T26 Al YE
a5 AMEAHE PBSE ol&dte] 23] AIAE StI trypsin/ EDTA
(0.05%/0.53 M) 500 W% °]§3tdq MEE EA7]aL FBS7t 10% H7hd
DMEM %] 10 ml #7k8e] 160 x g, 287 Q4Reste] AEs wath,
5 mio] WiAE Hrbsta IS o] &ate] & BfHAN F 100 el wWiAE
%3519 trypan blue(Sigma-Aldrich, Saint Louis, USA) §%& 3718}l
Jolog & 42 F yAMR e F dvder YNEE I EF
AEe] 5 T3ttt

o

4) =i Axo Alde =4

A9 A20e Aol Poinl WS MFow 7 FrlolA FIAE
£ Bt guAE} RS W X AL AN AA " AiA
A7 b5 @A sdolnn HEEA7IZNE Al o

st

SHAN A 24
FakiTh. 1x10%719)
A EZ 6-well plate 670(36well)ell FF stz 1Y, 29, 49, 6¥, 8Y, 10¥,
129 MEFE ZAHarr. PBSE QAAHsL AEE crystal violet
(Sigma—-Aldrich, Saint Louis, USA)o. & <
2 Z4ste] 3719 welle] H& T3t

BA0 R ghel 3719 welldlAl HAbatel F2 548 3

>.

!
1

1AF FAZEEE YT

Ao FA%HS AAEHY] ste] 44 1, 4, 8, 12, 16, 20, 24 Al A
Wk Qe AEES dAC®  tritium EA thymidineS H58A st

scintillation counter@ WAlsS olgfe} o] FAHE}E 7z} A swit} T25 2



NE AN i gsta W gds e & AEF2 ASAE 0.01 ml F748h
At 1AIZF wjokelk 3 tritium ¥ A thymidine (0.5 pCi/mD)< #H7}ste] 4 ~
24 A1 wjFeldet, ofo] 2wk ~e A 1% NaNj 0.01 ml& F7}3] w38 A
.2 N NaOH 0.5 mlZ AZE §sA At 55
%713, 0.5 mle] 0.2 N NaOH & o= Ao
Awellol A F& AE FA) Algdded F718 & 2 N 94k 0.2 mlZ2 $314)
FAtt. 50% trichloroacetic acid (TCA) 0.15 ml< 73| 4ColA 30%1F A4
gk & AR A M-S 5% TCAR dHH AT HAE glass filterell
#7131 5% TCAol 29, Zeja P23} opAlES o]&dto] Az AUt
Glass filterg vialol ¥ il scintillation 10 ml& A7FsE F WEFEE New

England Nuclear Co, Boston, USA)ol| A WAls FA s

RS

M

I
=)
3

A gal Az Ao

2. AFolAE AAS B3 =AM E] A
1) NagEDDA s w& AfolrE AAES

U § AE] B FEHE SISt AfoAE AA A AldsE)
Atk & Hele] A, AFFA, ), A, 2Eal 2R FE ZUu Y
2AHHS AZEES 247 3709 T25 Al E8) %R flaskol] 2447+ v gsle] Al Egk
Zo] 70%7F H=% 31, DMEM-10& ©]-&3}o] 24A17F Fot wjstsict. ul
FE flaskell AfrotAEet Ao AE7F EAEt e A AvAH SR A3
i, AEAAHE PBSE 4 ml H7kstel AXE AAESAT AlH $ 7z
flaskell 0.01%<F 0.05% —12]a 0.5%<2 Na:EDDAE 1 ml¥ #H71kelth
Na;EDDAE 78t 3~54 F<F dAn|A S F3te] Afoldxrt vl
E #ESAT. Aol X7 BrElEY] AASHE flaskE E7FEto 2 TFH A
AFAaA A AEZE v =y ARAA AEE slvh Al ES] Alxdo
F5& A Z8h NaEDDA &g Fste] $hxs] vl ¥ 20% FBS7F &
f¥ DMEMHIA(DMEM-20)5 1 ml 37bate] A3 F FYste] v g2
tHAl DMEM-20% 1 ml H7kate] AlH35i. AlHE 8383 DMEM-10&
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5 ml& A7hsto]l wigstal 6417 F AfolAlErt AAE Frs dAvA

sol w ST,

o
of

D)AN G} W F Azbel e AfolHE A EE

g om 24zt 244%F

i

AG7E 19, 49, 8, Z2e]al 12¥Q A4 AlE
T 0% AEGETE o|FLEF MNESFE XAt platingshirh. 1#al Z}
a1 48A1ZHEQE w3t & 0.01% Na.EDDAE ©] &3

FrotAlEe AA AdS AAGE w2 wjkE flaskol Al-fobAlE e}

%
A AL EAete] 9t A4S Ao B9 u, AEAHE PBSE

¢

o

o
o

=)

ml #7lste] AEES AFath. AH F 7zt flaskel 0.01% Na;EDDAS
1 m¥ H7bshar 3~58 §¢ dAnAS Tkl AfolAErt vy HeEAE
Stk AfotAE7E B H7] AlFEd flaskE E7Ftes JPEA A

A AT v E 7] A7k A s shlvh A AEe] AEde] F5<
AlZtebH Na:EDDAS Fdte] 9443 vl ¥ 1 ml9 DMEM-20& #7}
o] = W AHsTE. AHS $EEa 5 mle] DMEM-10S 3 718ke] wl okat

m
36N T AROHIE AAR AEE ArRe Bl B S

i

F_E

n.lo

_(‘)L

3) Hlx 9] FBS ol w2 Aae] 23k Na,EDDAA 2 23

2

0.01% Na;EDDAE A& AHgdta 222 A7 74A] AEE wjekad
ARS8 WiA o] FBSEESt Hl Aol NaEDDAS] 22 Ae] Al AfobAlE
o AARE VA= FBFE =AY 2t Ao 49 A E
100%2] AEET] HEE 2443 & Mg, g AxE AX
A8 4 mle]l PBSE AlH% ¥ 0.01% NaEDDAE 1 ml¥ #H7iste] 3%
b #FuAS Sote] Aot weHeAE w48 ARl Aol
A7} ahgE 7] A#std DMEM-20 WAE 5 ml @748k flaskE 7PEA
ATl Aot s FiAZT MiAE FA8] 160 X g2 33 44
trypsin/EDTA (0.05%/0.53 M)E 500 xt 3
7betel 123t g AA SAHSE ARotAEE ddAER ZYsidlth. 1%

¥ 5 ml9] DMEM-10& #7138t} W8S AXAZ F 160 X g& 383+ 9

e

.1
L)
ol
2
>
O
_,CL
X
Hel
ult
rlo
o



At gdAxE= FElE AfolHEE Btk 24-well AXHSE
plated] Aot EE 1x10%unit/mho] HEE EF383 2z} FBS7F d7ts
A ¢S DMEM ®i# 9} 2% FBS7} ¥3¥ DMEM®= A (DMEM-2), 5% FBS7}
239 DMEM#| A (DMEM-5) 28] DMEM-10 wWiA & wjalgdet, gkl A
ol A AfolMEsE AAE M E] trypsin/ EDTAE 500 ub 7 7}shod
12 A & ddAxz ZE7F 5 DMEM-10€ 5 ml #7F8 15 ml
tube® 713 160 X g& 38 dAREEste] FYAHAEE AT 24-well
AEujgg plateell AIMEESE 1x10%unit/mho] HES 383 242k FBS
7} #7bEA @& DMEM 1A 9} DMEM-2, DMEM-5 =1#] 3 DMEM-10 ®j
A& skt 24-well MEv] 48 platecl Al BlFHR A= 2Hzhe] A fof
M} JIAEE 6412, 12A1%F, 18A17F 183l 24412 (HA o2 BEshe
W gg o] B &S Fata, AZPEE 0.01% NaEDDAE A2ste] A

b s AR ee A

\-(U

>
LY
2
Lo
Z
S
o
=
=)
>
2
L
-

ANA AFE AR vEoR e F AfoEE AAG 9
HA o] 21 Yotr7] AT AIAEES AskanFig. 1 zHzte] Z7lelA A
gxas B 2du g Aderr 49 ZF Y] fHe AEE AR
0.01% Na;EDDAE A €|s}al DMEM-2 HlAZ Z7F 6A17F, 12417+ 182
2407 Mj¥ F 222 0.01% NaEDDAZ AgZ skt 22k Az 24
% DMEM-2 wWix2 ZtZ} 67, 12A12F Z18)al 24412 wj<9k& 8ka 0.01%
NapEDDAE 322 Aglatglvh 2 Ae] dAdlA 9 Adfre
I A EZL vhE E 7] Albske AlRe AIREE Eskql
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15t treatment 2nd treatment 31d treatment
24h 6h, 12h, 24h 6h, 12h, 24h

10% FBS 2% FBS DMEM

DMEM 21

Fig. 1. Schematic diagram of NasEDDA treatments for the separation of
fibroblasts from epithelial cells. DMEM containing 10% FBS was used
for primary culture and DMEM containing 2% FBS was used just after

first treatment. Hours of cell culture before treatment were indicated.

AEe] Bz 2 BUIAE AE
1) A= zubolel s e A2

JE&Zntol#] 2~ WE = Michile Sakamoto (Department of Pathology,
Keio University School of Medicine, 35 Shinanomachi, Shinjuku-ku
160-8582, Tokyo)=-E] &o] wol Ao ARgstirt. WE o] A%AA L
o5 3

7}. pCLXSN-ACC-hTERT

(1) poly(A)+RNA : HeLa Cell& ©¢]&3t9] RT-PCR (Thermoscript
reverse transcriptase(Invitrogen, California, USA) ¢ KOD polymerase

(TOYOBO, Osaka, Japan)2 %3l RNA F&3}ch & AgtolA A&
primere o3 #&t}

forward primer GGAATTCGCCGCGCGCTCCCCGCTGCCGAGCC
reverse primer GCTCTAGATTAGTCCAGGATGGTCTTGAAGTCT



(2) recombining two clones

AAAAAGCAGGCTCCACCATGCCGCGCGCTCCCCG
CTGCCGAGCC
AGAAAGCTGGGTTAGTCCAGGATGGTCTTGAAGT

forward primer

reverse primer
CT

adaptor primers

forward primer GGGGACAAGTTTGTACAAAAAAGCAGGCT
reverse primer GGGGACCACTTTGTACAAGAAAGCTGGGT
(3) pDONR201¥E] & BP reactiond %&38}°] cDNA cloningd} it}

(4) pCLXSN WE(Imgenex, San Diego, CA)¢] multicloning site] attR,
ccdB (Invitrogen)7} E0]71%2 A28t pDEST-CLXSNS A 2F&}4) t}.

(5) pDEST-CLXSNell hTERT (cDNA)AFIete] pCLXSN-ACC-hTERTE

Al 2kl o
1}, pCMSCV-puro-hBmi-1

(1) K526 celleld RT-PCR (Thermoscript reverse transcriptase
(Invitrogen, California, USA) ¢} KOD polymerases %3} RNA F&3}%]

o,

forward primer ACGCGTCGACCGCCATGCATCGAACAACGAGAAT
reverse primer CGGATCCTCAACCAGAAGAAGTTGCTG

(2) pDONR201®™E] & BP reactiong %3}o] cDNA cloning3}ith.

(3) pMSCVpuro vector?] 5LTR ¢ xo] CMV/LTR fusion promoterZ 4t
Q1] pCMSCV-puro vectorgs A &+3}3ith.

(4) pCMSCV-puro vector®? MCSe| hbmi-1 (cDNA)E 4}3]3&te]
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pCMSCV-puro-hBmi-1 ®ElS A= 3}¢]t).
2) HEZulolgi2 gt A2t

dFHoR AEUE FHAE =YAT7I7] st Edste] AHEE HER
vlo]l#] 2~ QA= Retrovirus Packing System (TAKARA Bio, Osaka, japan)
S ARSI co-transfectione B3l AFEItHFig.  2).  293celldll
recombinant retrovirus vector2} pGP vector Z1#]i pE-ampho vectorZ
Calcium phosphate transfection method® co-transfection® 3t}
co-transfection & 7~11A1ZF&¢t 5% CO2, 37 CE incubatingdt §& A =& 1l
A2 w3 F=3r). Transfection 48A1ZF & Y4l@el=2 AFdS AL
0.45 m sterilized filterS AF&3}o] filter$ -80TCol] X

AH-8-3F Tt

HCMV IE promoter

pCLXSN-ACC-hTERT \

pCMSCV-puro—hBmi-1

HCMV |E promoter

pE-ampho
6319 bp

Ecotropic |,
env_/

Fig. 2. Diagram of total process for retrovirus particle production.

Co-transfection
293 Cell



3) Telomerase ¥& A X2 cloning

Telomerase”} HE AEE A7) A8l G418 (geneticin)s #iA 9
500 ug/mlZ H7}sla mld G418 H7lEl WX = ZolFur 23d An
HlE A&k Aobde AEE G418 FEE o g E2l HAE o g3}
o wigstHA EEst o E A5t

4. AIEZSA &1 8 A utol e s A HAL

1D AENG Fs Avse] 54

AEE Adugste] 300 o1 AU AsA, aeln 5FHA R

B AFol o FAAsAA 29 Ao @) /] well A A

AT, 1x10°%<36(0)

o] AEE 6-well plate 67191(36wel) ¥F a3 19, 29, 494, 6%
1

10

JH

A

o

m]o

I h527] olF confluent® ¥ T F4

o]

Q)
) =5

o 120l AlEE FA3Fe] PBSAIZ & crystal violet 4S54

IE5EE 47 Adwon S4su el 3719 welle] BT TeHALh

>

M ZAFES HASH] Y389 tritium ¥A] thymidine s # 53 AlE
= scintillation counter® WAbs S =43} tl. T25 AlFEw g flask 271l

4N 7w FEte] vt de wEsta A ESA AFAE 0.01 ml F7Fska 14

N

3t & tritium EA] thymidineS(0.5 pCi/mDS 3 7}t 4~24A17F nj

2

stk ofolxsubzol A 1% NaNs 0.01 ml F7}el ®b-3- A=A A17]a PBS 2
W AlA, 0.2 N NaOH 0.5 mlZ M¥Z gl ATk 58 5 &3] AT A
2 %7131, 0.5 ml9 0.2 N NaOH & o2 Rojx(welllH @& AE
FA) Al F713 F 2 N g4k 0.2 mZ F3A A 50% TCA 0.15
ml Z7b8 4ColA 302 AR AAS A7 A & F JHE 5

H AT HAE FeadEe %7]al 5% TCAel 29, Z2lal 9
HaZ3 oA ES o] &3t el A ATt Glass filterE vialol €31 10 ml

A7he A e R PA S s

o2
)
o
=

N

b

9] scintillation&

Collection @ jeju

2) Telemerase W& Y A}

2Hst A4 AN AEES SAUNER U0l telemerase SHIFE
TRAPeze®RT Telomerase Detection Kit, FAM detection (Chemicon
international, California, USA)S A}83}¢] Real-Time PCR (iQ5
Real-Time PCR Detection System, Bio—RAD, California, USA)S £33}
ZAF STk 77 AR AZF AEE <1008 AT EE Fesian
TSR& quantitation control, 1000 cell equivalents of telomerase positive
extract control, minus telomerase control, no template control (NTC),
experimental sample control (and heat treated)2 #|2}3}e] real-time PCR

S 433}l Real-Time PCRS 9138k t]#}212 Table 29+ ).



Table 2. Real-time PCR assay design for the telomerase detection

1 4 7 10
2 5 8 11
6 9 12

Sample 1

Sample 1 +TSK”
Heat Treated

A TRS8" 40 amoles Sample

—

Sample 2
B TRS8 4 amoles Sample 2 Sample 2 +TSK
Heat Treated
Sample 3
C TRS8 0.4 amoles Sample 3 Sample 3 +TSK
Heat Treated
Sample 4
D TRS8 0.04 amoles Sample 4 Sample 4 +TSK
Heat Treated
. R Sample 5
E  Positive Extract Sample 5 Sample 5 +TSK
Heat Treated
Minos telomerase Sample 6
F Sample 6 e, Sample 6 +TSK
control Heat Treated
o Sample 7
G NTC Sample 7 Sample 7 +TSK
Heat Treated
Sample 8
H Sample 8 Sample 8 +TSK

Heat Treated

to the TS primer extended with 8 telomeric repeats AG (GGTTAG)

" Inhibition/normalization control, 0.2 amole/ul. TSK template

¢ Telomerase positive cells (10° cells)

4 No template control

3) AA A}

243 HAHS A AEES 24412 T mdste] oF 70% 8% @5l
FAEEE 3139, Colchicine (Sigma-Aldrich, California, USA)S 0.1
ug/ml E A wiAo] Ao} AMEel Hr7istar 24A17 <t Wi, trypsinX g 1

o e s S5t AZE st Fad AXE AFN0.075 M

Collection @ jeju

Control template, TSR8 is an oligonucleotide with a sequence identical

KCDell 20% F<F wkS-3 & jce-cold acetic acid/methanol(1:3, v/v)Z 174
sttt s Fdte] AEE Ista 149 1 mlE H7bete] AIEE oA

BHAAG. FHE AEAS 30 em EoldA EFo= Fehaol @ we

dropAlZl $ 80TolA 3A1ZF Az 3 F A AA(Giemsa stain)& stal &
v7AS Sa A3 AE vtk 107089 dAA FEE #Este] A ok

oFeli& HAste] AEF GdAESE HA=A s

ofj

MAEZE AiuFstes gaAxe] 29 4], contact inhibition &4,

(multi-layer) 0. & S8t #4 Fol AeAE #F3to] AZ7F oA Es)

i

fed aem geAEe) BAS fA%E Ag Festad,

nlo]zZ e}t =nl ZFHoli = PCR kit (Mycoplasma PCR detection Kkit.

iNtRON, seoul, Korea)< &8l <15}l tt. PCR -2 Table 33 #t}.



Table 3. PCR conditions for the detection of mycoplasma

PCR condition Temp. Time

Initial denaturation 94T 1 min
Denaturation 94T 30 sec

35 Cycles Annealing 60T 20 sec
Extension 72T 1 min

Final extension 72T 5 min

. wholel 2 FA AR

Azl Aol A PCRE FAAE TFHAZ T, ol7t22 Aol A7) 9%
3}o] bovine herpesvirus (Table 4), bovine viral diarrhoea virus (Table
5) Z2#]3l bovine parainfluenza virus type 3 (Table 6)2] FHx} &4 o] F-

Ak

it
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Table 4. PCR primers and conditions for the detection of bovine herpes

virus (BHV)

. Amplicon
Sequence Position .
size
Forward
BHV-P4(F) . GCCGCAAGTTTATGCTGTAT
o mer 706~849 144
Reverse
BHV-P4(R) i CATCGAGGCAGTGTAGGTCT
Primer
PCR conditions
Pre-denaturation: 95C, 2 min 1 cycle

Denaturation: 95C, 30 sec

Annealing: 52T, 30 sec 45 cycle

Extension: 72T, 1 min

Post-extension: 72T, 5 min 1 cycle

Final-extension: 30C, 3 min

Table 5. PCR primers and conditions for the detection of bovine viral

diarrhoea virus (BVDV)

= Amplicon
Sequence Position K
size
Forward
BVDV 4(F) Pri GGAAGTGACGGAAAGCTGTA
fumer 752~892 122
Reverse
BVDV 4(R) . AGAGGGCAGTCAAGCCTATT
Primer
PCR conditions
Pre-denaturation: 95C, 2 min 1 cycle

Denaturation: 95T, 30 sec

Annealing: 58°C, 30 sec 45 cycle

Extension: 72C, 1 min

Post-extension: 72T, 5 min 1 cycle

Final-extension: 30C, 3 min




Table 6. PCR primers and conditions for the detection of bovine

parainfluenza virus type 3 (BPIV3)

N Amplicon
Sequence Position 1
size

Forward
BPIV-3(F) . ATGTTCAAAACTATATCCCACT

Primer 7113~ 124

Reverse 7263
BPIV-3(R) . CTATCATGAGTCATTCTCTGTA

Primer

PCR conditions

Pre-denaturation: 95C, 2 min 1 cycle

Denaturation: 95T, 30 sec

Annealing: 52T, 30 sec 45 cycle

Extension: 72C, 1 min

Post-extension: 72C, 5 min 1 cycle

Final-extension: 30C, 3 min

6) Al Gulolel 2 ZHard HAKE S ek o )

Fogetg g dol A A Gulo]H el ek A HALE s A%
T2 MEFe A% T3 AEF a2l vzl & JAFHAEE IBRS-2
A EF9} FAGulo] 8 ~(AS/SKR/2002, IBRS-2 A Eo A 4 Adajokd -

ASGutel el z) A Ald S skl
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m. 2 3%

S ELEEL D

—

—

) ZF A A9 RBC AlA

dolalE RBC A= A%

7, 2%, | e Hel SlejM 7z

NH,CI/HEPES &5 AR A% A%, 74, 2%, 7 283 =] gloA
77} 34£7x10% 15£5x10% 50£6x10% 78+8x10° 1e]i 6+8x10°°%

t} o]x ¥ RBCY #AAH &&S
3kl 3Ael 93 RBCO AARE FH3] RBCY AA &%=

o
t}. RBCZ AlAs FAY SGAAEE 24-well AlEv]%E plateo] 12

H] w3k

U

i)

3} wolgli RBCS| 74 A= ]

ne
tlo
ol

Al Bl e & owige] RFE AEe W&E #FS A NHCI/HEPES £

RBCY AAE a&# o= o]Fo|Ax|rt 3] <3 RBC Al

Aol wlaste] zoiml Al AES AEEe vobd: AL wEsdn
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80 -
L DMEM

™ NH4CI/HEPES

50
40

30" =

Survival rate (%)

20 -

10 r

Kidney Lung Brain Small intestine

Fig. 3.
removing RBC either by dilution method or by lysis method. Dilution of

Survival rate of digested cells from different organs after
minced tissues with culture medium (DMEM) and discard supernatant 2

minutes after sedimentation. Treatment of minced tissues with 0.83%
NH,CIl in HEPES.

2)

N

b7 ZaAe o Axe] F&

Collagenase @] % 30% 71X+ &&= AlEo 71 53] F7F59A

w508 o FREE © o)d AEF Frhe wold wgteh 4G A% Al

X5 ®ol 47 Y= 30% o] collagenaseE Al AHElsh= Fo] £o
v 30%te] AU AfolMirt A EElEe vl FRHoR FILEHA

Aot b AfeldEe BaE Hadtslel FUAEE o
£ oUE Agshs 3ol fHth e BrIEE 40~5027A] Al
BeHe Mz %S S/ collagenase®] A El7h 2080 +
oML o] e nlgol F7etAl ¥ AtH(Fig. 4). Dipase?l A @Ak A7

= g5ie] W Wl A FAHE A FFEe AL Frhskedth A4 9

Aud A

s

herigl

7
£
S 6
z
=
© 5
2
9]
o
2 4
w
(0]
=)
S 3
>
(o]
3 2
=
3
P
1
0

3) EaAF el A AxEe

# the T25 AlE

o=

F43 299 4§ 15% a3 W9 A3E 20

S7HA A (Fig. 4). &%

Fo] wejnlEe] dA3]
st W

.

H 3} mincingel

o 7

o
87

g EaAEe] WelN wE

—®Kidney
—*—lung

—*—Small intestine
—¥—Brain

—#—Oral cavity

10 15 208 251 30

AEE

A7 HolE HAe] GFRAYEAL e

g EehaTel] 1x

Bepol Axe] RAFL Balsa

35 40 45 50 55
Time of collagenase treatment (min)

as well as low survival of digested cells after plating.

Fig. 4. Digestion of minced organs by collagenase treatment.

time of collagenase treatment was about 30 minutes since
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T Zpol 7k QAR T 55% - 70% AR =HAL AFFa Al
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Time of dispase treatment (min)

Fig. 5. Digestion of minced organs by dispase treatment. Proper time of
dispase treatment was about 10-15 minutes since longer treatment than
15 minutes resulted in more contamination of fibroblasts as well as low

survival of digested cells after plating.
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HHo] maAe xS APstd Table 73 2t} o] 2UOZ AlfolAE

7F A8 gl w5 AuAEs de A2 ouda 7 AriERE HAHY

Table 7. Determination of optimal digestion conditions for fetal bovine

tissues using two-step enzyme treatments

1™ treatment 2™ treatment
Organs (collagenase) (dispase)
Concentration(%) Time(min) Concentration(%)  Time(min)
Kidney 0.25 30 0.01 10
Oral cavity 0.25 20 0.01 15
Lung 0.25 20 0.01 10
Brain 0.25 20 0.01 20
Small
W 0.25 20 0.01 15
intestine

2. AFolAE AAE B3 uldIAxze] A
1) Na:EDDA X9 A2

& dobel A, AT, S, AR, T 2ol o 24l A%
= Zbzb wjdstar 0.01%9F 0.05% 1213l 0.5%°] Na:EDDAE 1 ml® #7}sh
o AfroldEE AAT A3t Aot e se] ot A FulAEst
U] AAse A AA Aol NaEDDAS] BE7F Foldss
ZojEgloy BeHE Afolixe olt ol Aol ATk AW

e FEAA AT A5 AROAEG ALY Bk o)A E A
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Aot ZolEA Hol YA AT AANAW FLE ALH Af7 P A
$7h WA E Stk webd o) Fo APl MNE AHA o f7t F

A AQelA ThE ATATE AMSE 0.01% NaEDDAZ A< A@shs
o

2) Ao wjE Aztel e A3

2 Bope] ArlE UG F Aldigst wijE Aldel] mE AfrolAlEe] Al
7 aEe A Al Adsrt SrketEA AfobAl Tt A=
WEe A4 A2t (Fig 6). 2dMYg AxE 49 AR o 7A= Afol
AL A7 Ee] AR 8 AE & A71EL 50% olde] AAEE B
w3k A7 1298 Hol7b NaEDDAA el o] g Afobalxe] &ajoh 4
Az Fe7b A o] oA AL #FE T 5 AT 129 AdE
& MM NaEDDAE ol&sto] AfotAlEnts syl AR s st
Aol E27F NapEDDAE A 2lsto] e Al o] ¢hds] 538k Fknt. Al
7F 49 o]kl A $-& NaEDDAE Azlsta dv|z oz #AZsw Fig. 79 B
AR A Hzuteh o] AfrobAlae] Aol mEA FHde] N2 YA =
T EEFS #E @ 5 AdAT, Adsrt 1299 A5 AfrolMEe] Axd
o] 50% AERt FHeta o o £HE A sk

A wFAI e w2 AfotAEe] EHEE R8T Atoldeo] AN Fig

6). vl 12A12k3 244 7bel] 0.01% NaxEDDAZ @]t AdfolAlze 27}t

ZH St hAIRE 24A7k0] Ay A fotM 2] R A7 BE AE F
8= 3t ojo upelA FHAEr} o] By = d4S 3 & 4 Ut u
24 NaEDDAE Hl F 1241204 24417 Alololl ALg3t= Ao 2313

=3
Zl g A7 S71eke] B 014 NapEDDAZ A 2lE B3 AfolAlE9
71thatA] $3 Al NayEDDAS} trypsin/EDTAS &7 Ab&-ato] Al frobAl
EE AAZ A4 109 o Auivt ® ZoiGAEES 2443 WG &
PAH LS wlFstar, Wl 24~48A1%F  Alele]l  0.01%

2
il
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NazEDDAZ 3%7t A& ¥ AfotAze AEAL 50% 3% 5 3

Ha W Fg71E 7PEA A Fol= MEE A welvt B4 = et

olwl trypsin/EDTAE

- A ZAY A AFREE

36 ColAl A& kil trypsin/EDTA A7 2uH

48 ¥ AfobAEs vhels e,

sto] WA E W AfotAlEe] 70% ~ 90%E

100 -
90 1 M
80 -
70 A
60 -
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40
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20 4
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Cell separation rate (%)
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SR w g7l 7
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12

Fig. 6. Effects of culture

24 36

Time of cell culture (hours)

time and number

separation of fibroblasts by NasEDDA treatments.
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Fig. 7. Separation of fibroblasts from epithelial cells by treating with
NasEDDA. A: Cultured cells before NagEDDA treatment. Empty arrow
indicates fibroblasts and filled arrow indicates epithelial cells. B:
Fibroblasts were rounded and detached from culture-flask by the first
NasEDDA treatment. C: Fibroblasts were detached from culture—flask by
the second NasEDDA treatment. D: Fibroblasts were completely
removed from the flask by the third NasEDDA treatment. Scale-bar: 40

nm.

3) #iA 9 FBS ¥k whE Axo ¥ NaEDDAAME ¥

AfobdEe} AuAEE Pelsha FBS sRo we Amel R A7)
NaEDDAE Azl A AE7t Belsle A vwstedn 484% 647
ek DMEM-2 i 2 W Afoba s 45 60% % ¥

7o QA oFstel NaEDDAS Ael@ 4% oF 30~402H s Az ¥
st7] A&kl th(Table 8). 6A17H&F DMEM-2 HIX| 2 wijekslt o] A o]

]
4
A5E 80% A% PAEL Sgovt MfoldEd wwshy AEel Azl
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webate] oF 50~60%3F Na;EDDAE A elstofof A7 k48] F-#3akgich. 12
ARHEE M e A frobAl et AFAEE BF 90% oo FAES HWSich
34T NasEDDAE A 2] Al AlE7} Hfahes Alzbel = abol”

]_
¥t 28 30% AE AU BHar] AFstn AAEE3E 30 A

=7} A
g 257 Aeach. AEE WEn 1847ke] A AsAEsh A%
OFAMIE BT 100% 7H7ke]l FEE kglal I AEe Mxde FEE FAN

Aot el AEAL Ao A uate] FRsEA] 39Tk Na:EDDAE A
3 A9 Afrobdzet AHAEe Bt AFEE A AolE 30% AR
ok 24A%ke] AU Al folAl et AWAEE BT 100% 7H7tol ¥z st
o} A %F NaeEDDAE A @] Alele A folxl el Aoz & Azt Al
20% AL AolE mITh DMEM-55 Ahgdto]l wjkst 45 64)3to] 74
AEe] BHEL 80% o]4olor NaEDDAS A Ale] AEE7} o F

AR AfolAl 2zt 38 AEdth AHAEE AfolA et vk 4
= B3on NaEDDAHE Al A7t B85 7] Al&eks A7 3% Hoh
ROt T Aeol= gtk 12A13F o] wid et A fretAlzel Az B35
2 100%%th. Na;EDDAS A3 A5 Adfoprxet oAz 27t A%
HE Aol fod e Aol 9tk MDCK-10S AM&3sho] wlgah 44
°] A= DMEM-5HlAIE ARG A -9-oF w523k A4S vl Z3dH o
DMEM-2& A&3te] kg sl =W Adfobdzel Foaze Rt Az
H= AIZEA zpol7t AA R NapEDDAE A elste] 7 579 AXE ess
g ol% faskict
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o 32

I
Q2

A

i

fz
)

e
i)

L.
y.

29



Table 8. Cell attachment rate and optimal time of Na2EDDA treatment

to separate fibroblasts and epithelial cells

6 hours® 12 hours 18 hours 24 hours
Using attachment attachment attachment attachment
medium  rate(%) Time”  rate(®%) Time  rate(%) . rate(%) Time
Time
(sec) (sec) (sec)
Fe E¢ F E F E F E

DMEM-2° 60 80 30 90 90 60 100 100 30 100 100 20

DMEM-5" 80 80 20 100 100 10 100 100 0 100 100 0

DMEM-10* 80 90 20 100 100 10 100 100 0 100 100 0

# Time of cell culture before Na,EDDA treatment

> Optimal time of Na;EDDA treatment to separate fibroblast and epithelial
cells

¢ Fibroblasts

¢ Epithelial cells

¢ DMEM medium containing 2% fetal bovine serum

" DMEM medium containing 5% fetal bovine serum

¢ DMEM medium containing 10% fetal bovine serum

4) 74 Z71E A 9

i

ERTIRL

A ddd At

il

Hgo g Zojuge 7t A7l A AdfoEE AA
371 91ek =AU (Fig. DS A48tk 2dlmSS st Al57F 43l A Zo
A 24X o]Fo] AEZWEFol 100%7F HEE wjgdstum 1AZ 0.01%
NazEDDA A g3t DMEM-2uiA & wdste] GAIZHseE s & 23
Na:EDDAE Helshs zloldeh. 22k A7 § Aotz AA7 ghxshA|
oW DMEM-2uiA]& 12A12F wiket § 32k A& sho] AfrofAdlxe dii&

f

&2
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S AAY = AAHFig. 7). 12ke}k 22k 18 Al 33744 NaEDDAE A 234
ARG} 48 o)8kel A Aol AEE 90% ol AA} 7Hsstdn A3 A
2o 24% A9 Utk AW AdF7t F71E Aol Na;EDDAA @& 3}
A=A A fretd e AAEE Yol FI AL £4E%E TUHHA =AU
olglgt Adte =dimiY 7]l AfoldlEel AATE o]Fojxor drte H&
HolEn

ZHFAEE Edstety] AT dERbo2YEE ATELE A

M [2 L[ 14 L5 16 M L3 [9: 110

Fig. 8. PCR detection of retrovirus vector. M: 1kb Marker, lane L2:
hTERT (Xba I, Hind III), lane L3: hTERT (Xcm I, Xba I), lane L4:
hTERT (Afl II, Xba 1), lane L5: hbmi-1 (Cla I, Hind III), lane L7: hbmi-1
(EcoR I, Cla D, lane L8: hbmi-1 (BamH I, Cla D), lane L9: hbmi-1 (Xba
D, lane L10: hbmi-1 (Nde I, Xho 1)
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2) B3} Ao AEy AEZ9 cloning
2d3 A TS AEEl7] 98] G418 (geneticin) g A9l 500 ug/ml&E H7}ah
I v G4180] H7FHE Wi R ZolewA 23U AZ mIE A&k 2

obge MEE G418 ¥EE Wwoz 9l uiAE o] &35t wigslHA B3
AR5 sttt EEsy gld Axe Axe 4FEAAYR RES VFES
47182 AE typed TE3 cloning 3t AZE Adiuldstd duA
X9 Bk 4], contact inhibition €%, H3F(multi-layer) &2 23} A4

ol AEAE HES NEF GAE HAEA A FIAEe] E4E
frA ke AE 283t Fig. 9v 2493t &f8 AES] EFU Fig. 99
a" Av AR ET AR type-1 EFOoRE 2ulg Ede 390 ARt
a¥ BE AR A9 AE type-2 EFow 2ujF 29 2de] H3x
Na:EDDA H# Al 7b¢ ZstA 528 fA8 e 18 Ce Adfe 33 A
E9 type-39] BEFoR A ¥ AEE Jted P E AEAES BHA S
om 2ug Edo] 2de] Ao HAvh ¥ DeE JAFFA fFHe AEE 2uF
B 3~490] 28 U NaEDDA A Aol o5

B 2% fFUo Axz 2w Bdel 2~-3¥e] 225 %3 NaEDDA A o] =

Y HHEE we R

Collection @ jeju

Fig. 9. Immortalized primary bovine epithelial cell lines. A: kidney

type-1 cell line, B: kidney type-2 cell line, C: kidney type-3 cell line,
D: oral cavity cell line, E: small intestine cell line. Scale-bar: 40 pm.



4. AEEA A g FAgEtelH A A AAL

o T v

D Axug 7ks Adae 53
AEE Adivgate] 30T ol AUzt 7bs @A, 2Eal 3¢ 1A 1:3 W&
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Fig. 10. The growth curve of immortalized bovine kidney cell lines.
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Fig. 11. The growth curve of immortalized primary bovine epithelial cell

lines.
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Fig. 12. The population doubling time of immortalized primary bovine
epithelial cell lines.
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Fig. 13 Real-time PCR analysis of telomerase expression in immortalized
primary bovine epithelial cell lines.

3) @44 24}
s AHe AN AEES SAUER AN FAE oA HAEE) o
QA AASA Az SrkshE A GAAS ek FoeA vehtd e

th. Fig. 14%= E43}¥ A% Type-2 AXFT AAA x|

o
tlo
P

37



1 2 3 4 5] 6
EF R5 B8 €% HKp me

T 8 9 10 11 12
w& g UB MY EE sk

13 14 15 16 17 18

NPR PR Lg mE &K &Ea

19 20 21 22 23 24

ME e MW e e 3'
25 26 27 28 29 30

Fig. 14. The chromosome specimen of a immortalized primary bovine
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Fig. 15. PCR analysis of mycoplasma contamination in established cell
lines. M: 100bp DNA marker , lane PC: positive control, lane NC:
negative control, lane L4: kidney, lane L5: lung, lane L6: small intestine,
lane L7: oral cavity.
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Fig. 16. PCR analysis of virus contamination in established cell lines. A:

bovine herpesvirus (BHV), B: bovine viral diarrhoea virus (BVDV), C:
bovine parainfluenza virus type 3 (BPIV3)
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Fig 17. Susceptibility test of established cell lines for foot—and-mouth
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Abstract

Immortalization of bovine primary epithelial cells

for isolating foot—and—-mouth disease virus

Kyong-Leek Jeon

(Supervised by Professor Kyu-Kye Hwang)

College of Veterinary Medicine,
Graduate School, Jeju National University,

Jeju, Korea

Immortalized primary bovine epithelial cell lines which were sensitive to
detect foot—and-mouth disease virus (FMDV) have been established by
primary culturing of bovine fetal kidney, thyroid gland and
laryngo—-pharyngial tissues. Epithelial cells were separated after removing
fibroblasts by NasEDDA treatment because fibroblast were not
susceptible for the detection of FMDV. Each cell lines have been tested
for normality by chromosome analysis, culturing patterns, shape,
microorganism contamination test, and propagation potency by checking
population doubling time until 25 passages. T2 and T3 cell lines (kidney
epithelial cells) were continuously grown without remarkable decreasing

of growth rate and steadily expressed telomerase reverse transcriptase.
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T2 and T3 cell lines were about 100-times more sensitive to produce
FMDV than IBRS-2 (control cell line) at 24 hours post infection.
Conclusively, T2 and T3 cell lines have been proved as immortalized
primary epithelial cells with normal features and high susceptibility for

FMDV.

Keywords: Foot-and-mouth disease, primary cell, immortalization,

epithelial cell, susceptibility, cattle
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