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ABSTRACT

The comparison of the capabilities of cell growth of four different kinds of commercially available
microcarriers was carried out by culturing anchorage—dependent animal cells, Vero—6, in a spinner
flask. Using 3 g/] of Cytodex 3, the maximum final cell density was about 1.4 x10° cells/ml and in-
creased up to 2.0 X 10° cells/ml by increasing microcarrier concentration up to 5 g/l. The macroporous
collagen microcarriers, VX-100, Informatrix, and Cultispher—G showed the final cell concentration of 4.
4 x10° cells/ml, 2.1 x10° cells/ml, and 3.2 X 10° cells/ml, respectively at the microcarrier concentration
of 5 g/l. According to this result, VX-100 showed better cell growth than Informatrix and cultispher-G
and also showed about 2 fold increase in final cell density comparing to Cytodex 3 solid bead. When the
intermittent bead—to-bead transfer technique was introduced in the culture using Cytodex 3 bead and
Cultispher—G, the result was very successful and the cells grew out very well. The recovered cells by
dissolving collagen microcarrier using collagenase enzyme were mostly viable and grew out very well

on the surface of the fresh microcarriers.
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il ook CllE S SASEFA, hdsiA,
WA elel#E, TPA(Tissue Plasminogen Acti-
vator) 53 722 2 FA S QokE & AR
A28 Bs) Al Wk k(). 19703
Fae Az Azl A v pEE 4
e Aglew A4gs A HAAY, ¥

465

A XA AFA =T HAES vYES 5ol
AArstE Ao A v AEY A FHos FA
S A SAF FERE e g Yasks b
FAAe] Q. hFEe] RS9 AE vlo T
vz} obE7] gl AZE =g F Jsl= o
wAdukg- B2, AAsts o] Balsly glo] &
7tol7] wEoll FEAZANN fEE AF oJoFE
58 /sl W2zt cell line Aist FEAE o=k
wWeF7|so AAS Bo T gl AA (2, 3).
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pendent cell)9} 44 FEA|E (anchorage-inde-
pendent cell) 2 v}oiZic}, $&A FEAZE A
7} FA3He) AHRslo] Alebs AlXo|xw, BHA
AZe Fagde] "eslr| ofy ~A2 w3 A}
2 Agbs AIEE ). 19759 Kohlers}t Mil-
steine] A3 FAE YAarsls A E9} FokA T
dEql myeloma HEE §3AA & hybridoma
7} vlREA SEAE] dleld] hybridomaZ Y€
- F 2383 (Monoclonal Antibody) & gked7-2 0.
2 AAREE ¢ 9giti(4). 2} FEAZA At
9 5 e AFE F oF 80~90% oo B3A F
SAEY wjoell A o]FfA gt} B4
TEAEY ek AEHoZ roller bottleo|}
Roux bottleg o]83}51x 1970t o)] Eo] #-Lo
B 3uAsets 243 DEAE-Sephadex @]l
A (microcarrier) & o]4&to] A)E=AL < 10u)
AT Z7RA 7 Ak G). 22y ogAY]
TE YT FolAl =4 AEAA] FAEHE toxic
effect7} 913, ¥ % wjckol s AbaATEA}
folghA] ¢l AHo| FAlolch(6). nHHEA £
o 3A R Al 27} Faste] S48 solid
microcarrier?} A F7} gl o] Fzzl Uela] &
Aet= oA v @A (macroporous micro-carri-
er)2 1= 9 k. Solid microcarrier?] o &4l
ol 19679 Van Wezelo] 22 mt& o|% 7t
g o] &gkrAl CytodexAldelrh(7, 8). dAd
£ o] 71A A8o}t seEo] glass, cellulose, &
3} collegen, == collageng F W] =¥ o7
7428 AFe] AabEla gleh(10, 11). 2 HE
9] |28} solid micrecarrier®] wAel HwA o)
Agh, HAze FE 2wl 93k eddyd 4
L Bekely] gt A WiE T Ao R ukE
HA7} ool F2 YakEr] Aztstga ol
A% et r|E ol A kg 2560 gleh9).
Hz 9| o4 ulgdAE w59 Verax Co.ollA
e collagend V8 E 3 AEA9} fARE 72
o] 2t} (12). 2eht) collagend Y@ E 3}e]
Adstd oA ulgEAE ol8g TEAZ )
JAY ARe 2R 2R} ke Aol o
A collagen =P e] o] FHz o] 33 b
Al Ao ot FAe] HAdHriE A Yex
collagenaseol] Fo 24 AE 3|47} Lolsitt
< Holoh. = u|deA] wikrlss sk Ay
oA BAdos FumE TAe) BARY Ao
(bead-to-bead transfer)elc}. wjo} =Fol v)Eldt
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A A% Aigte s AF AXUE 281 A
=2 S FART17] sk A E7E &S |
Aol &4 22 7 sle FAY Ade] wd F
83t} dz] AE3LE solid microcarrierE o] 43
A7 ] AE HolFA e =EA HuEH3 g
o} oA FAE o83 AgAT:s WE ge
ARo|c), 25| Y€ Toraydib= 3 liter
o] 2B 4 Eujekr)olA] o] bead—to-bead transfer
7144 o83t AgHoeF Human-Interferon
Beta(HulFN-g) & AJAF x|h3}ar ok,

Gebd & AL FRY FEALL AL 5
e ERAE WA ATt A= wjFs F 9
+ g 7}A] oA collagen v|HPAE o] 48
7t ulRAE 7He] A5S vl Bofrl. AR
AR2gE u)gdAle 2% 4282 Pharmacia Co.oll
A 7Hg} Cytodex 3%t solid microcarrierojx 1}
WA 3FFe BT oA uggAlold. A B4
& ofn] 4Tl ot TS olgsjel 32
4 5 AEE Wk F ol o AE
AR s ATkl FFsaiAlel cide A8 A
22 43S o AT} o)) BE A4
% &A 9 beadto-bead transfer& E3} uljefo)
leA Y AR5 ARzt o} =3 A
vl = collagenase 348 A4 =o 2 Al
ZE EL viabilityE §A5HA 34sle] AR
¥ 4 3leA) s Ae Beelad do.

A& g Y

Cell line

B Ao 223 FEALE Vero 624 1}8t7)
£ 4233} 43 s Lab.o|x] opito}
Agslgdet.  Vero-69 origin®  Africa Green
Monkey Kidney cell2 sjokA]2} ok 3] Ao wjek
flask(T-150) o] v]2] MES 714 wlore 7] whet
of] ¢+43] confluentdlAl 2} MEE HE3s)9c}.

o|2|=tH| (Microcarrier)

Ao A8 PPRAlE 45FE 25 AR
Sojlt Aoleh. thee| Table 19 Aol AHE
A o1 oA B4 dehige. 47479
]2 5 Cytodex 39} Cultispher-G= powder
Abe]ol =2 PBS(Phosphate Buffered Saline) so
lutiondl] Z#3] swellingX]%] t}-2, autoclaveo) 4]

Q- (1217, 15min) 8ted AR3L 3, Y] Infor-
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Table 1. Composition of 4 types of microcarriers
used for the experiment.

Cytodex3  Informatrix  VX-100 CultispherG

Manufacturer Pharmacia ~ Biomat Verax Percell
Corp(sweden) Corp(USA)  Corp{USA)  Biolyica
Material Dextran Collagen Collagen Gelatin

Coated with

Collagen
Shape Shperical Shperical Shperical Shperical
Sizeldiafm) 130210 500 500-600 220
Density(g/l)  1.04 - 1618 104
Formulation Dry Dry Solution Dry

Non-sterile ~ Sterile Sterile Nonrsterile

Porosity Nomrporous  Macroporous  Macroporous  Macroporous
Surf. charge  Nonionic Nonionic Nonionic Nonionic

matix®} Verax beadt= Wi o] gle Algo|ng
H}Z ARLE ),

B X| (Medium) 2} &3 (Serum)

)= powder’deel DMEM (Dulbecco’s Modi-
fied Eagle Medium; Sigma Co.)& Z39(18.3
MegaOhm) of] 2413] =4 o}, 2.9 Wxls}7| 93l
antibiotics(mixture of penicillin 100unit/ml, strep-
tomycin 100/ml; Sigma Co.)E A@7}3t % vjz] 9
3] Pzt FFAR] A=) (0.22pm ) porosity
£ 7= membrane-g 7)& )& o483l clean bench
Aol A FatzAkslel| 217 filtrationg 33}

A2 horse serum(Gibco Co.)-S A2t wl
Aol 10% #H7¥ste] AEE wiofsladtt.

2 Ay AM8E spinner flask(Bellco Co.)&
total volumeo] 250mlql A& Al&-s}4dct. HzhA
FEALE wikslr] alA AEs) ueks ] kE
ol £ At A% WA3l7] 98te coating so-
lution(Sigma Cote; Sigma Co.) & AM-8}o] o}
< F3F coatingd F < 24417t Az F HF
s IR i s o

Cell Inoculation

u|PdA e 747 3g/¢, 5g/¢ 2 Aeksiod PBS
solutiono] &3] swellingA]?] ¥ autoclavedi| A
H3te] nlg) Fu|g spinner flask®} &7 clean
benchel] €71 % incubatordl4] confluentd}A] =}
& AXE A vk flask <ke] wiRIE A A%
F 47] <9 A 4E-E AA| $skd PBS
solution® 2 F ® washingd}l1, trypsin(0.25%;
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Gibco Co.) H#]E 3}o ¢k 3~4E AL incubator
otell 2] incubationg A7) F Ao trypsing
AAZ F N2 A2 o] A shearingslo] A
EE WFE7|2RE dojiin ATEEE A
o 10% #A4el 59 sle wix9} A spinner
flaskell gof Fulgt vlgidAE A3}, oln F
Z] %) 9] volume& 100mlz 3}%ict.

AEZ AHE % ulZ 1ml samplingdled hemacy-
ometero 4 27| AHFFEE FHHNUL, HEY
spinner flaskE incubator 9F¢] magnetic stirrer
of Qo] MEe}l v|HPAE FILF suspensionA]7)
71 A& oF 1~287F wukAZick. 27] b 3, w)
308 7Aoo 2 1ml4 samplingdle] A& AR
galstglw, WA W] U kR w4g w7 ¢
dtof vl 2k 80% 9] wiXE ATE wiAZ W
F9del. Cytodex 3¢} Cultispher-G, Informatrix
bead+= samplingdt m|getA|d] Eo] 9= AEE
count3d}”] $Jate] u]YLAZRE AES dojy F
S dAste AEZTE g% 4 9lE nucle
counting method& AR&3lga, YA Verax
bead= enzymeo 2 ze|d| bead® *9ql F &

g Asto] cell countdhdct.

Nuclei counting method
Cell Counting ¥t o 2= Van Wezelol 93 3
A Sanford et al.2] nuclei counting method &

AHg-8t et (15, 16).

Enzyme(collagenase )& 0|3t Cell count

Nuclet counting method$} =}2b7}A] 2 1ml sam-
plingdt wggAe] AFHge welr enzyme
(collagenase)& Iml AX ¥ojYy incubatorel
o] oF 15~30%7} incubation A7 bead& ¢4
3] =9l # 1000 rpmo.2 537 YAReE dd
cell & upetol] Flekelsln ThAl ASUL e} w2
% 0.1%(w/w) crystal violet in 0.1M citric acid
£ Yo Iml2 utETL}, o] tubeZ incubatorel4] 1
A)7F incubationA]%] % pasteur pipetteg- ©]4-3)
ol2] ¥ shearinggt ¥ hemacytometerol] 2] 345
g count 3},

Bead-to-bead transfer S 0|23t Y

27) A% F o 15~209 wjefs 3te] n|Hh
of AEEe] kA3 =le}r] stationary phaseo] =
DS o ASeiks o AL o|PGAS wioF
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o)) H7}sle] wioksl= bead-to-bead transfer Al
& A3kt

o] Agubye A incubatorol]4 spinner
flask& Aol MA3] &5 v]ggAEo] FoF
suspension | A] & Atel|ol 4] disposable pipetteg-
o8-8 80%(80ml) 9] mPFAEE AAZY. vl§]
GAE AAG F vE] 8 B2 vlPHA (G2
3g/0, 5g/t ) 80%el )& 3 (3d 714)
of AX 7Aoo 2 Arkste WT AR BF
Arbshs 271 ahS wW3E g v gAE A
7kt A2 WAE Y oA 100mlE 3o =
719) A4} volumeo ® gr34¢l3, 1ml sampling3)
o Q23 beads H7IEE AelY 27)5EE 248}
9t}. o] spinner flaskS incubator gFel) do] 30
B tHe R 23 Bk 784 Iuke AT o 34
7t A F 40rpmeog ALauks- dhgirt. o] A
T 3R 2 o 244]7)F 74 0 2 sampling3}ed
Axe A AxE FA3dxn wjxel 17
toxic metabolite®] AAZ 5] wid 80% 2] vz
g AAT F AR AR A5t

Az 9 w2

Cytodex—38 0|88t M=t Q¥

Z70d AE AHEEEE 1.0x10° cells/mlZ 3}o]
Cytodex-3% 747} 3g/¢, 5g/¢ = #H7sto] 2%

£ &A% & Fig. Lol Jepllde}. Figelld B
of & 4 Ql%o| vRAE 47 3g/ 4, 5g/¢ A}
B2 o FAEEs) A WsE Ao e,

Cytodex—3 3g/¢ 9} 5g/¢ & ®|ok3t AI}E Fig.
20 vehdcl. Cytodex-3 3g/¢ 9 7% maxi-
mum cell density7} wjekA]2} 6dulel] o 1.4 x 10
cells/mlolglx, 5g/¢ 2] 7% 10dute] <k 2.0x
10° cells/ml7k#] &ehztch. 5g/¢ o 7S¢ ¥4
o} 2755+ o} wiokride] e A of=
3g/0 9t v wl AEol v]d v|PAlY ool
Zol Ao g3 xS Ao fm7(lag
phase)7} Aejzl Ao 2 Atz ).

Hhdel HEAZUT} B olfE P
ool iAo R wo} ok 2g/¢ Wt AFI} o A
ok £ 5 gich

Fig. 39l Cytodex-3 3g/¢, 5g/¢ 77+
bead-to-bead transfer wjokZA3}E Jehigict. Fig
oA sttEe AR vHDAS A7 S By
F+ Zo|t}. bead—-to—bead transfer ¢1<-ujokol 4]
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Fig. 1. Kinetics of attachment of Vero6 on
Cytodex 3.

22

20 O : Cytodex 3 3g/¢
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16 |
14 F
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10

Cell Concentrations{ X 10°cells/ml|)
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Fig. 2. The growth comparison of Vero6 on
Cytodex 3.

® : Cytodex—3 3g/¢
O : Cytodex—3 5g/¢

Cell concentrations{ X 10° cells/ml)
S

¢]

01 2 3 4 5 6 7 8 5 10111213 141516
Time(days)

Fig. 3. Culture of Vero-6 cells on Cytodex 3 using

bead-to-bead transfer technique.

£ 7] ARke] A dehbed oleidt dae
AZF 93 A= Sl vldg mwel Az
SR} £ol AZAL §74 Age sl oo
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Ae)7] dFq 7o AZtEcl. maximum cell
density= 3g/¢ 7} 2F 1.9x10° cells/ml, 5g/ ¢ =
3.0x10° cells/mlZ v =A Jgich 287 A)
23 vREAE 7K 9 18-z Hrk A3
AW AN H7IgE 7S vas] B 271%) dhy
o] BF MEE ATHoE vt F vk RS
A& Aselw & & 9.

Cultispher-GE 0|88t M| =i}

Fig. 4= 271A% ¥ 30% o= &3
Cultispher-G 2] §-2217h& vlebfigic}. 3g/ ¢, 5g/ ¢
2hake] ARG Bl B AT} o)Al A2
BTk ¥ 4 9l 0% 749 F3e) uiZahA ekt
5 oF 3412} 75} F A9 AG R0 ey},

vlPRAE 3g/¢ 7R3t wiokahels o HEA
xHrE oF 1.3x10° cells/mle}glx, 5g/¢ #Hr}s)
9S = oF 3.2x10° cells/ml7bA] AEHE s} =
7kslde}. o] A% Fig. 5ol viehfsict.

Fig. 5o 4] %% Cultispher-G 3g/¢ & A% 27]

® : Cultispher—G 3g/4¢
: Cultispher—G 5g/¢

Number of unattached cell(X 10* cells/ml)

4 -
0 1 . 2 I n
(o] 30 60 20 120 150 180 210
Time{min)
Fig 4. Kinetics of attachment of Vero6 on

Cultispher-G.

35

® : Cultispher—G 3g/¢
: Cultispher—G 5g/¢

Cell concentrations{ X 10°ceils/m!)

01 2 3 45 6 7 8 9 161z e
Time(days)

Fig. 5. The growth comparison of Vero6 on

Cultispher-G.
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AE5 57} oF 2.0x10° cells/mlo)x, 5g/¢ o] 7%
oF 4.0x10° cells/mlale} %7] HEE¥5E otz
g ol viggAY F=E A Arlstds o
AE7} o GA Dol B8 5 e 571 Aoj#)7]
ool 5g/¢ 2 7% 3g/¢ o vld o 2v) A= @
= NEE AHEI Aol

Fig. 6= Cultispher~G 3g/¢ ¢} 5g/¢ ulef ¥
bead—to—bead transfer A ZujekS 3 A2 A
23 n|YPGAE Ao 8l (3 R) vk
stk 3g/¢ 9] 7S 9wkl FuAELxT] 1.8
x 108 cells/ml7}A] Z7}3l93 5g/0 &) 74-% 114
whol] ok 2.5 % 10° cells/ml7tA] M E557t 2713519
£l 3g/¢ ol w3 wjoFr|ze] ea A olf+= &
oA dgsteSol nigdeAle] WErst ol GA A
E7bol] FAsle A|7be] o) AY7| WEal Ao
Ata =t}

VX-100& o|&8t M=) Y
Fig. 7o)l Verax Co.o|A] A4k VX-100 bead

30

O : Cultispher—G 3g/¢
25+ ® : Cultispher—G 5g/¢ °

Cell concentrations( X 10° cells/ml)

0 . N
o 1 2 3 4 5 6 7 8 9 10 11 12 13
Time(days)

Fig. 6. Culture Vero-6 cells on cultispher-G using
bead-to—bead transfer technique.

® : VX-100 58/¢

Number of unattached cell(X 10* cells/ml)

o] 30 60 90 120 130 180 210

Time(min)

Fig. 7. Kinetics of attachment Vero—6 on VX-100.
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of A7} FAEE AHE AT Aeldh VX-100
2 Cytodex 31} Cultispher-G ¢} u]5=8h 2217+
Bl 7] AE s ok 2.1x10° cells/mlZ A
stk

ZEMELUT £

VX-100914 A¥7} zlels g & o € 7
A AX7} Aets AR g Ao A
£ o 4 9lgdth Fig. 8dl= VX-1002] Al XA
ALE Jehlided 271 3% F %] (lag phase)
7} vlnAd g3 HEAEEEE ok 4.4x10° cells/
ml2 o} 37pA] ¢ ulgigdAle v|wgy e o 713 =
bl

Informatrix beadE 0|28t M|Z tjY

Informatrix bead®] 7-$- 7o ¢F 500m=E t}
€ vldAe} vlad of of 2~3u) A= & Holt
qejEg AT} AR 4 sle W] 2 g
Cytodex 3t} Cultispher-G¢] 5g/ ¢ ol sjd3h= ok

50
45
40
35
30 b
25

—

® : VX-100 5g/¢

Cell concentrations(X 10° cells/ml)

4] 1 2 3 4 S 6 7 8 9 10 11
Time(days)

Fig. 8. The growth of Vero—6 on VX-100.
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30 ¢ :Informarrix 5g/¢

25

20

-
T

<

Number of unattached cell(X 10*cells/ml)

30 60 Q0 120 150 180 210
Time(min)

(=]

Fig 9. Kinetics of attachment of Vero© on
Informatrix bead.

Korean J. Biotechnol. Biceng.

WRAE A5 ol S e A,

Fig. 9ol= 7] AZ%5 & oF 3.0x10° cells/ml
2 AFss o Azt oggAdd = AE
A% Ao o n|FFAl vl A F2HA
Zbo] 2@ A= AL & & Sk o] olf& vl
et ] "ot whol A2} v A ] HE2E
A 7187} Aoy Hajzte] o8 Ad Aer A
Ztge}. 27) AF F 24217 FHol| wjgA o AZ
Sol A £ Ae ¥ 5 U

Fig. 109 Informatrix bead®] wljeAs-2 e}
A Aeldt. o] AxE ¥d 27 AF F RV A
23] A A2z} st Alzke AE o4 5 it
FHEAZTUEE ok 2.1 x10° cells/mlgdc}. o)ef’l 4
HE B o A¥st A 5 gle 29T I9E F
23T o|A| o] Ux g o AE FAZE A
271315 Hojdle 7l Fe3ivha A7hd

&5t Mz B
Fig. 11l VX-100& o]4-3le] A X5 wijokit

25

® : Informacrix 5g/¢

Cell concentrations( X 10° cells/ml)

[} 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Time(days)

Fig. 10. The growth of Vero—6 on Informatrix bead.

50
45|
40}
35 b
30 |
25 b

Cell concentrations(X 10° cells/ml)

Time(days)

Fig. 11. The growth of recovered cells on VX-100
using collagenase enzyme.
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% collagenase® bead® %o] AIZE 3|43to] A
HEsse del ARl ALE Bteko] A
AFaAE 9o 2715w oF 25x10°|% L, uf
ofx)2t alFol 2t F maximum cell density = o}
4.2x10° cells/mlo]jch. wehd u|tA S a4E
o] QxS 9T F APFE 5 e 7heAol
5= et

2 o

3z} AbEstEe] AlEE T Qe 471X 9] u|HEHA|
2 olgd) 2o e wwsbs sk BAY
FEAT AYS T AAE Q3 o
7}z Cytodex 39 A4 AE£9] 27] HE5EE
o 2.0x10° cells/mlZ 3}9-& o}, 3g/0 = oF 14
x 10° cells/ml, 5g/¢ = <F 2.0x10° cells/ml2] %
ZAEYEE 9% T Adgle}h. =37} bead-to-bead
transfer AL & 27 3g/¢ S 718402 )
3lge w= oF 1.9x10° cells/ml, 5g/¢ 3715t
L wx o 3.0x10° cells/mi7}bA HEBAEDE7}
Z 7k et

Cultispher-G, 3g/¢ & ol&8) %7 ¥E5=s
oF 2.0 10° cells/ml3 3o} wjersiole w) oF 1.3
x 10% cells/mlAx] AEs5rt 27483, 5g/¢ &
ol4dl 27| AFE=E oF 4.0x10° cells/ml2 A
2319 | FHFAEFTI} o 3.2x10° cells/ml
A F7¥ske S ¥ 4 Sldeh. 223 bead
—to-bead transferwfof A§ A}l 3g/¢ 9 n|g
SR 2 7haA o2 Aylah o 1.8x 10° cells/ml7}A]
HFATUEs} Sepgka S5g/0 & AR U}
8t o 25%x10° cells/ml7dA] AETHUEE 919]
) VX-100& AHeste} Al L2 wobatole o 27]
AES57} oF 2.0x10° cells/mlef| 4] HEAEHE
7} ¢F 4.4 X 10° cells/ml7}=] 27}k A& 244 5
ek, wpebs Ao A3 O $79 o34 A
2}8l bead®t} Aol g 4 £ Udw
Cytodex—38th= FHEALEx7) ¢F 2u) o)A} 27}
g AsE A<l

Informatrix bead= %7] A£%5E ¢ 3.0x10°
cells/ml2 3lgS o HFTAXUEs} oF 2.1x10°
cells/ml7bA] 271399}, Collagenase E A4S o4
&to] Ae}d beadd =9 F I AT R
viable3tg 1 A2 9% beado] AEHoz Bz
steo] AAstoch. melA 24 WM zlets Al
25 3pste] A & 5 A =ik

471
Z A

2 72 slstel 19909 ek A7)
27920 ZHAPEe w8 Cell lined Pobe)
%41 KAIST A%-23}5he] 7193 shabdsh 454
o2} 2 o) A ZHALE VI,

Frvd
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