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ABSTRACT

Attenuated varicella-zoster virus (VZV) was propagated in human lung fibroblast (HLF) cells.
Among media tested in this work, DMEM was the best medium for the growth of HLF cells. Because
HLF was a normal finite cell line, cell growth rate was dependent on the age of HLF cells. When the
population doubling level (PDL) was higher than 46, apoptosis of HLF cells started and cell growth
rate decreased. The optimum temperature for the cell growth and virus propagation in the T-flask cul-
ture was 37°C. In a microcarrier culture system in which Cytodex-3 was used for the VZV propagation
in spinner vessels, the yield of plague forming cells was lower than that in the T-flask culture. The rela-
tively high shear environment near microcarriers was thought to cause the low yield of VZV in the
microcarrier culture system.
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TF Hpolg|aE Al o]ejo] AdFrin ozl

L oA gloH, HUHE Yehs SEx g
< 712 48A Qo gekx fE wlolyaHY
ARETE g vlolzia AFH 1 B4 moto)
olgctn dA o} F njolg{a9] FAd of
g Ao 2= 19530l Weller7} ZAlujoke o) &
st Aoz FF Hlo]yAE Redglon,
Caunt$} Taylor-Robinson, 223 Brunell So]
29 vk AREY A AEY A we &
ME AL SoFHE Ako) wlo]z|A(cell-free
virus) & 4¢ 4 Ach(1-3). 19793 Schmidtet
Lennettetx A AT zAujokoll4] nlo)a|A
(cell-free virus) & A=l (4), 19799 Grose
52 A melanoma HZE o]48tof wlo|gjAE
A, EEh(5).
T Aol tigk ATl M VZVE wild type
Hio|g|2 & Abgh 1l guinea pigo| 2u] A4 Zo| A
thufekg 753t 9k=3}(attenuation)d Oka =
£ o] &3 AFulale] 19749 dEofA stsg
2(6), PlgollAe KMcC 55 Ap43g wizlo]
19683 o] FHe] od7Eqich(7, 8). Hayakawa =
2 pFalolg|a DNAS A3tz 42 Aeigh &
7145 ¢ AATo RN FE3IE nlol2aF 719
ApolE dofE T AEdlelnh. Fyelde Hzg
o, glsl #F wlolziast #a) £5F Agujolz
2 WAFE AHE3LT glE Oka F, Fo|of|A] Bof
2 Ellen F, Webster F2}¢] afo]x g wlw o
& ub 9lem(9), =3 Fy Fzyy Hagh
TF Blo]3AE guinea pig A Lo} AFZHA| Lo A
o wjeFire 24 ok=3) (attenuation) AHL 44|
(10) 3 qct.

5 vlolgja= Al E 344 (Cell-associated) b
olg|2~Z A nlelpjae] ZA)E YA HET A
o (Cell-to-cell transfer)7} o3l ujolg)r g
et Ae] g ol djakaiabo] of2f wlo] o]
ok A7 A Fulelza] djggArS 98ty
AA e (Cell Factory)t} == 349 (roller bot-
tle) & AHE-3R Qledl ol 71&9 A wpye
7wz} gho] E3 2FfA|7bo] Wol 4 E o] ok
Aol A3etx] Ealoh wlehi] B A7 A ok
=3} (attenuation) ¥ VZVE Ap&3}od $-Fnjo)g
2 WAl AAEE 1F wloleix ik 2 spinner
flask& |8 vlolejx dhakulok 7h5Adol thalod
ZAF3H o}
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MzEF F volg|A F

FF vloles L R ALY SFATRE
Aol el A falg Aol E(MRC-5, ATCC
CCL 171, human lung fibroblast, diploid)24)
American Type Culture Collection(ATCC, Mary-
land, US.A.)ell4] Eokulo} TF dpolgjre
Oka vpole 2324 ATCColA Boplol ALashel
th. Oka wlo|HAE HAsHA 242k S5 Zo) 7
42171 & HA 33} (cytopathic effect, CPE)7} 50
% HAE dojts o AZE FHgeie] FINEE
Molels HE &2 2 AHEasch,

Bl 3 B

B} 2] = powder AFelel Minimum essential medi-
um(MEM, Sigma Chemical Co., St. Louis, MO, U.
S.A.), Dulbecco’s modified Eagle’s medium
(DMEM, 4.5g/¢ glucose, Gibco BRL, Gaithers-
burg, MD, U.S.A.), RPMI-1640(Sigma), DMEM/
F-12(1:1 mixture) (Sigma)& AF&slodx, z2be)
i 2]l sodium bicarbonate 2.0g/¢, 4-2-hydroxy-
ethyl-1-piperazineethane sulphonic acid(HEPES)
2.38g/0, pyruvic acid 0.11g/¢ & ¥ 33}=3 2=
£ A7}stod wiz] 1 Liter® whE 3 =g7(1217C,
25min.) ¥ o332+ 3] (0.224m pore size membrane)
S AEste] Agslgot. ¥AL fetal bovine
serum(FBS, Gibco)& 56 Co|4 308 = als}e]
AAdA 23S BEAATY T 10%(v/v) ¥
T2 wfoFollel Hrlslo] Algaheiry.

SFMEL| £ MEMIX| MK

=FAEY FAHEY} 2FALIF AR 5 9
£ A AAE 7] Y8 25em? T-flaskol
MEM, DMEM, DMEM/F12(1:1), RPMI 1640 }
A& 5ml(10% FBS)# Z+7zk Wy &Z=4 T8 75
x 10" cells/mle] EA HZ3to CO, incubator(37
T, 5% CO, 95% air) Woll& 7U7t wjeksl ).
Trypsin-EDTA 44 (trypsin 0.25%, ethylene-
diaminetetraacetic acid 0.02% )& AF&-38}o] ojjalu}
o AEZE 58 3 E7AZ AZSE Ay
AEAY A& Haslodo).

M= % Hlo2]A sfet
AL wjef4 x| 2= DMEMe| 10% FBSE A
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shg A S Agstdch wlek Al 59 & shAst
A Ak A Zo Trypsin-EDTA £o& 2443t
A wiorstoict. ulolgia ZHAME wFE 554

Z7} &A5A A} T-flaskel wlolgix 74 AE
o} == A £ w7} 1:57} HA wloleiz FIAE
oy 1A AE 227 & wlokd (2% FBS)
ol wjorslolon, nlolela AT 484)7F o]
Yol AZE f5ate] polels AFE AT AL
atodrt.

iy

0| 2IEkH| (Microcarriers)

2 Ao AH4g ogdAE vt uREA
3l Cytodex-3(Pharmacia LKB)Z AHg-3t3t}. &
2 o|geHE Sak(3g/f)3te] ERo| siliconized
%) &7]o) Y3 Phosphate Buffered Saline(PBS)
29 (50ml/g bead) & ol 3~5417F AE FE3]
swellingstgich. A5dg A & ofAl PBS &
g Wy swellingg 29 whEd & ®=F(1217,
258 )3k} AHE3HSI.

Hio|2{ A (cell free virus) B[

£= wlolg]zo FHdE AZE npolein HTd
£l (sucrose 74.62g/¢, KH,PO, 0.52g/¢, K.HPO,
1.26g/¢, sodium glutamate 0.84g/¢, bovine serum
albumin 10g/¢)9) 4& & sonicator(Vibra cell,
Sonics & materials Inc., US.A.)E AH35He ice
bath Wo]A 4037} sonicationdted HMEE B3]
o} AZE gzl 3 YAE(3,000rpm, 15¢)3}
o vpoleiz g 54ehsich.

NEZF &3

& 17 (haemocytometer, Hausser Scientific Co.,
US.A)E 243t NZEEE £33}, Viable
cell density & 4% w= gA4A o trypan blue
(0.4%)& AHg-sto] A=A o AZE AL,
o] YA E o4& spinner flask #jFA] A ZFE
7} ol ¥on2 AEuc A7) AL d& G4
glo] AZEEE ZAsiged 9 JHdeo=s
crystal violet 0.1%, 0.1M citric acid &%& A8
sldom olm) ATz JRAg 1112 H2 F
pipettingsted AZ Hojel5E Amal F ol 934
2 AEe £F FFAZ Ao HAA AEFE AN
shdck. RE A4 AZ4 4L 3 wEA
e & HFHE eplic
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Cell age H|At

£z L] ageo) W ATAAT wlolx 7Hd
Axg 47 Yot HAH LY 3t(aging) HE
2 PDL(Population doubling level) 2 vje}ujic}.
A EZE T-flaskol AFshe] 57 wifd F 3
ste AJE9 doubling AEE t}&3 ZL Ao
A4St

X, =X, X 2P0 (1)
_ log(X,/Xy)
pDL—__'log 9 (2)

714 K= 27 AZHE 5E, X2 ek 54
3 NZEeE Jehdch 223 AAAE Aok
514~2 passage number® A3tg]om, passage
numbers} PDL9] 43 FAZLE AT Ay
=5 -2 Hdsioict

Bfol{ A Hek

7+ed A mlo]e (infectious virus particle) & A
gbgl 2= 9l wlwj o & plaque assay WS o| &3}
o] ujola]~ 7+l Al E(plaque forming cells, PFC)
9} cell-free virus(plaque forming units, PFU)&
Hekslelch. Plaque assay 39 Aol 12-well plate
o AET=2 zTgd wjekld(2x10%ells/m)& 7
wellell Iml¥ o} wjekstgion 3o F ulolzix
(cell-free) & AHg T2 3|43l 0.1ml¥
wello] Zu)steich. o) 1089t} well-plated &5
o] 1247 Fob FdstA ZE=HEE  oF 2%
FBS7} &85 DMEM wj#E well 3 1ml¥ ¥o
37°ColA 347k wiokgk & CMC £-<4(0.8% car-
boxymethyl cellulose, medium viscosity)< 7t
wellell 1ml# 9o overlaydtgdon 4~6% wviokgt
% 0|7 (40X) & o|48l plaqued Ao nlolzix
zAe ARt ZE wlolgia A Aze o
H uhEE Aye 2 nE PFAE et

Az 9 na

=FEMZe 2N MEMIX] MY

FFujole 2] %F 4Ll MRC-5 A|Z29] wief
¢ 9#4= MEM, DMEM, HAM-F10 =&
DMEM/F-12(1:1 &3&) 59 o3 7FA 7184
A Eo] Ab& o] Yri(11-18). vt 38 7HA) A
2 thE 7)2Ael i Az BlEdTE o

Foix| 7] ¢okeh. FrubolEal) S HallMe
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Fig. 1. Effect of basic media on the growth of
MRC-5 cells.

SFAEY 4" F420] Bsojof s
oiz] 7k Wi AMsle] MRC-5 4|Zo] Z4)
& ZAs £ AF Fig. lol4 2E wie} 7o)
DMEM wfz]el| A 7} $& A ZARS Bt} o
+ DMEM wix]7} RPMI 1640, MEM, F-12 & &
Ageld LR o A E mstel gluta
mine, isoleucine, leucine, lysine, methionine, phen-
ylalanine, threonine, tyrosine, valine 52} o}un|y.
Ab# folic acid, nicotinamide, pyridoxal HCI,
ribiflavin, thiamin HCl £¢] wje}ql gheko] Ale)al
L2 Fobr AfoldEe &) Aol §-2]3
HEel Ao 2 AlgHr).

STME Z4lof CiEt PDLS 3t

AAAZE AL det 234 2] Hze
age 37} %, doubling 3l522] Z7}o] ajz} Hx o)
A7o] E3tslo] AT AR WEE o2 o
A Ath(19-20). £ AT M 4L aged }e}
We 7IFe24 PDLE AMgsigon, Az
PDLe| @& SFAZe AL s ZHs)r).
MRC-5 A|Z= Fig. 20)4] 2= u}se} 7o) PDL 46
(passage 32)7}2|e= AAAQ HZAAL Bop
2 o]F¢ AlZAAHe] 354t} oe}A PDLo)
47 o]4ted 7 MRC-5 HZ 9| x37} 23 gde o
T Aoded Aze o] £35 o] agH(Senes-
cent) A2 == 72k o}z A3 g ||
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Fig. 2. Relationship between passage number and
population doubling level (PDL) of MRC-
5 cells.

939k o ™ error accumulation hypothesis(21) 2}
genetic programmed cell death(22-25)¢] % 7}
olgo] AAE itk H#FA T} wHste £34)
Z Y717 F7L, wloleize] A% A3}, n)ol
220 FALE o 5 FEvlolelsel abel
FHE vlA Bk olye} £F 42 29 error ac-
cumulationolu} & genetic defects® o)} ujo)
gl wale] Ao s %S uA 4 olc} 73
DE wloje]a WAl olekyite SFHTE AT
o AAEETE Fohsx] ok Abele] bl Az
S A&k Jlol wikAsy meba 2 Qe
PDL 40 ol3}e] AlZuhg wlolajsr Aarg Az
AH&-3Foict

BlO| A XA vt x4

TEEbolgla FAle] od3Fg F= AdREA L&,
Hioleiz zhodu], " Alger So A wjopzaA
T AEsodch. Wekese) Wad) me} wlolzs
259 4, SAVA E2BY So| e WA
g4l Groseg} Brunell(5)& VZVZE Qi mela-
noma A Eel| A ZAAZ o 36°C 32°Col| 4 B
A 2 AP 2Esb dolAd HEZEAE x|
poleis Fale itsicky BTe wl Qo 2 A
Holl s Hlole]a zhodAEe] wjokeE & 37, 34,
32TE fFA3te] wiokexe IS zAlshgr)
25em* T-flaskel] <3 A L9} wlolzin 7Hed A Z o
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Fig. 3. Effect of temperature on VZV propaga-
tion.

B2 1:52 3o wlolaiad AR o A7e
eS| A wjokat A3 Fig. 3ojl4 R wpeh 7ol v
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ob 2 9lgjm 37TCA upolAE wokate] 484
7to] ATHE o) 1A & PFCE Jehligict. o
A7 Grose?} Brunelle] Azpele 435He 7
24 ole ME o2 HFALE AT F £ A
ol e 37CAA AL AEE AHEa gL A
o 2 Alg st}

lolglae) 7hedn] &, wpoleiaol s AlEs}
224 Z 9 v]§ (multiplicity of infection, MOI) o]
we} wjolzia &4 Aol A et VIV
= QEZASA wlolga2A A E7 HF(cell-to-
cell transfer)s 2o 2 317] g ol upolgix 24
H7} 2o 3¢ we 27354 vlolzia M
7} B8 o scale-upe] ojFrh. & AR
= 427} AskA 7 25em? T-flaskel wpolelz
Zrd AT} £FAE9 vl(MON7E #4713, 115,
1:10, 1:200] SIA| vpol2]2g 7redsted MOI)
gro dsioln}. Fig. 4ol4) 2E wiel zbe] MOI
Je4g 1 PFCE Rolt Al oA
, Y PFCE 1:52 7922 4817 A3}
2 o @& 4 9lsith. Scale-upl AE MOIZE
22 sy 2o wet o) PFC g wobd
al olel o) PFCE vehls AZE ZojA=
22 MOl: 1:57} A3d 7o ® fhdn
gao) odgke Aty BH §2 wlolHaE £F4

Mg wo 32 B L
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Fig. 4. Effect of MOl on VZV propagation.
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Fig, 5. Effect of FBS concentration on VZV prop-
agation.
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Fig. 6. Attachment of MRC-5 cells onto Cytodex
3 microcarriers.
®and O:34C, Mand [1:37C

-
W F e 05 4 e 4 5ieh.

Ul"’r’:l:fxﬂe 0|88t STM ZH 2

TFEAE AR Falslr] 9ste] 250ml
spmner flask & AR&3lod vz 50ml, oYt
TE 6g/0 A o ik HEET o mja} vy
Aol Faele HeE 29 Fig 6o4 B
< e} 7ol 1"]” olfell 90% o]4e] ME7} u)
"*a?dxﬂ EHo| ¥z 5]‘3131 34°ColA B 37Col
A AER] o S5kt o] on AL
1] 37t ool AE7} BF Ralae= 71% galg
T ATk AZ7) SAs BAY F 50mle wj)S
-r7}3P°4 HE HAEES g/ R HEE @ &
30rpmo 2 <& wutujokslmA 27] HZAHEET
S 1x10°% 5x 10%ells/mlZ 3}o] A EARL A
H & 23 Fig. 7ol B nleh o] 27) 3%
EE 1x10%ells/mlZ 319e A$ 8«U7t ujepa)
HE AZFHEE 54x10%ells/mlo)gz, 27] AT
A=} 5x10%ells/mlgl 7% oF 4 x 10°cells/
mle] MEE dg 4 9ok o] T-flaske} wlm
o A S AEZSEE Jehys Aoy
(Fig. 1 #x) o|gdedaujole njo)o ejlE) 2 o]&
& djgkuleko] 7h58t7) WEo) ) VZVe) ozt
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Cell density(10°cells/m1)

Time(day)

Fig. 7. Effect of initial cell density (ll 1 X 10%ells/
ml, [J 5x10'cells/ml) on the growth of
MRC-5 cells on Cytodex 3 microcarriers
at 37C.

Akl b8 3 9l T-flask, Cell factory ==
roller bottle ¥t} scale-upo] @4 £o]3 7o g A}
B3},

DIZEAIE 0128t oA Chabfo
AAAZ7} v ek of 4 confluentﬁ}?l] 2}ek
WAE BE 34dtz FBSE 2% §e3 42
92 50ml& @1 MOI7Z} 1:554 wjolafs EA LY
HEZE AHE3loc}. 30*“}4 2‘:’“‘ TEHoR ¥
WSt H A A L) Baboln F A3} 24)7F o]
ol wolaja 7‘“*1117} E_-‘:r ﬁ?—xr*ﬂl"il HFikg
£ #<lslitt (data not shown). Fig. 844 2=
el o] &5 HZ7} J}EAA Ale o) Yekyo)
holeiz 7kl MZE AHE31AS o wvlolaix 7o
AE7} ol B 99 £F AT 2 BaiEe

A& & $ glsioh.

P°lr’4/\ e AZE YA L7 T )
Z| 50ml& F7}8kod Y3 30rpmeo. 2 Q< < wuksl
4 PFCe 2A41& AEslgds 4 spinner flaskE
o]4-& microcarrier culture®} T-flask vjok Az &
Hlizs] 2w Fig. 9ell4 ¥ whe}l 7246] microca
rrier culture®] PFC Z#}7} T-flask A7) 8.5x
10%ells/mlel] ®]ate] oF 15%¢)] Z3bat 1.3x 10
PFC/ml& B4}, o]3A microcarriers] PFC =

Flo 4«*
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Fig. 8. Photomicrograph of confluent MRC-5
cells on Cytodex-3 and virus infected cells
attached onto the MRC-5 cells (1hr after
virus infection, 100X magnification).

PEC(10*PFC/ml)

2 Microcarrier

24 36 48 60

Post infection(hr)

Fig. 9. Comparison of VZV propagation in T-
flask culture (M) and microcarrier culture

(.

Alo] e o]§-2& T-flask wfakol Al AA A ed2]
AZ7 AR E A Yol & PFCE Role
Wb n) RS 0|4 wpolza FAS Atele
Ao T-flask¥oks ¥4 F& wlo] iRy
W ¢} MehgH (shear stress) @&l PFC2 F4o]
Agtgs Aoz Aztsith tgo] rlolele A
TE AE253 36~48A170] AT Tl AE7}
o) 9l vjRgtASo] A2 9d7]o] aggregatesE
yyPo 2y vyPAe] Y I Asse
7o) Bas|elth. olald Bitdal 215l Pl
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A48l PEC 24¢ dasie o2 Arse o
RS ol VZVE) AL Adde F
3 Awede] Ao ulolezldele) ARt AL
29 oggAse 97 244 AL 59 477

Adslolor & ez e
2 o

&% ylo]z] A (Varicella-zoster virus, VZV)
WAg A7) Astel FEHD ST vholzs
zo Oka % AH&ste] AAAEL QA A
% (human lung fibroblast cells) 258 5 u}o]
B 4AZAS AR FFAZY afekg 4
g A A2 DMEMo] 24 w7 Fel
Ae A 22 ¢ F glen SF4LY A%
2 AT age®] #E4l population doubling level
(PDL)o] 46 o)Al 7§ dobale A= gl
olom meta FFutolziz A4S s PDL
146 ]3] young cellg AHgsliof ¥ 702 Atz
o, gE SFulolels AAk: AT AHA FAzA
oz ek 377, #Ax3%% 2%, MOI 1:5%
t}, 27 T2 dekujorstr] 9% 71EEAE HE
&7] 913kl o|eA (Cytodex-3)F ©| &3 spin-
ner flask culture® A#atdct. ojgdgAolAel =
zNE Ae T-flaskel wlwspe] HokE Ao} 7t
gglor}t VZVe ZAle T-flask wjofellsnct &
A gokeh, ol ojaTA el A & AREH
3} ojelekn) 7lele) A e et
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