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Abstract - This study compared cell expansion and colony forming ability in human cord blood stem cells cultured ex
vivo with two kinds of cytokine combinations, two kinds of media, presence or absence of fetal bovine serum (FBS) and
two or three dimensional (2D or 3D) culture environments. Purified CD34" cells were cultured in the IMDM (Iscove’s
Modified Dulbecco’s Medium) and SFM (Serum Free Medium) containing a cytokine cocktail-I (coc-1) (EPO, GM-
CSF, SCF, and IL-3) or a cytokine cocktail-II (coc-1T) (TPO, G-CSF, SCF, IL-6, and FIt3/Flk-2 ligand) with or without
FBS. Generally, higher cellular and clonogenic expansion were observed in the coc-I cytokine condition, compared to
coc-1I cytokine condition. 3D (Methocult) and 2D (IMDM + coc-I + FBS) conditions gave the greatest cell (2,258+456
fold) and CFU (BFU-E: 652+19, CFU-GM: 520+58, CFU-GEMM: 339+100 fold) expansions, respectively. In aspect of
medium, IMDM was better than SFM, except for coc-Il condition without FBS. In conclusion, ‘IMDM + coc-1 + FBS’
and ‘IMDM + coc-I” were the best CFU expansions on the occasion of all culture conditions. FBS and 2D conditions
had affirmative effect on CFU expansion, generally. These data might provide a variety of notions about ex vivo expan-
sion of hematopoietic stem cells.
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Time courses of viable cell and nucleus cell expansions in different culture conditions. For viable cell count, trypan blue dye exclusion

method was used. For determining nucleus cell expansion, nucleus staining using crystal violet was applied. One milliliter of 3.1x103
CD34" nucleated cell suspensions was seeded in a well (12 well plate; n=2). Arrow represents time point of media exchange. At day-14, half
of the culture medium was replaced with fresh medium. When FBS was supplemented, its concentration was 30% (v/v). (a), (b): Cytokine cock-

tail-1 (coc-I) was used. (c), (d): Cytokine cocktail-11 (coc-1I) was used.

Korean Chem. Eng. Res., Vol. 44, No. 1, February, 2006



76 A5 - o84

—_ 800 —_ 800

2 =

= (a) EE (MDM + coc-l = (d) B MDM + coc-l

= [ IMDM +coc-l + FBS i 3 IMDM + coe-Il + FBS

= T S F M+ coc-l = B S F M+ coc-ll

] [ SF M +coc-l +FBS 2 1 SF M+ coc-ll + FBS

= 6004 B Methocult = 600 4 E MDM + FBS

=5 I IMDM + FBS =5

= =

-] -]

C— o

— —

2 404 = 400 1

< S

o —

= =

=] 2

z z

g 2004 § 200

g g

- -

= =

= =2

] ©

&) 0 ol '_EI_. Om . = | = :
0 9 14 27 0 9 14 27

Culture time (day) Culture time (day)

—_— —

Z 800 &£ 800

S (b) B IMDM + coc-l B (e) B VDM + coc-1l

= 1 IMDM + coc-l +FBS = 1 IMDM + coc-11 + FBS

b B SF M +coc-] = B SF M +coc-ll

= 1 SFM +coc-l +FBS = 1 SFM +coell +FBS

; 600 4 Hl Methocult 2 600 4 EEE IMDM +FBS

Q I B IMDM + FBS ¢

=] =]

= =

) )

g w0 S 4001

= S

h=t p=t

E E

o o

£ 200 A g 2001

= =

Z Z

= z

S S I

S o = Al nom S 0 - m =0 .
0 9 14 27 0 9 14 27

Culture time (day) Culture time (day)

m =

= 80 = 800

= (c) W IMDM + oo L = (f) . (MDM + coc-11

) [0 IMDM + coe-1 + FBS 8 [0 IMDM + coe-11 + FBS

£ B S F M 4+ coc-l £ B S F M + cocll

= [ SFM +eoe-l +FBS = 1 SFM +coc-ll +FBS

= GO0 N Methoeult = 600 4 . [MDM +FBS

= B IMDM + FBS =)

3 :

jou] =]

= =

< a0 < 400

— —

= =

< S

o o

= =

5 2

£ 200 A Z 200 A

-] =

o =

- b

@ -7

: : ﬁ

= =

S =

= 0 - - - = 0 ; : T

] 0 9 14 27 o 0 9 14 27
Culture time (day) Culture time (day)

Fig. 2. The expansion of total colony forming units in different culture conditions. Total CFU expansion fold was calculated at colony counts by
nucleus cell expansion fold. When FBS was supplemented, its concentration was 30 % (v/v). (a), (b), (¢): Cytokine cocktail-I (coc-I) was
used. (d), (e), (f): Cytokine cocktail-II (coc-1I) was used.
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Fig. 3. Maximum expansion fold of viable cells (VC), nucleus cells
(NC), and CFU during culture time. When FBS was supple-
mented, its concentration was 30% (v/v). (a): Cytokine cocktail-1

(coc-1) was used. (b): Cytokine cocktail-1I (coc-1I) was used.
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Table 1. Time courses of nucleus cell expansion

FEY FAL SHiotd A 7t o Feoll TAIGIe] vk Alzte] A
el whet ZRsgiEe, ol et @4 2EET|AIE 9 288
A7} w7178 B3F A2 0% ZHAghS: ou]gitt, 319l uljok
o= FE2Y F2o] 23k el A E) wl-e- A=, o) #
A 32k 20 2¥E] 52 AAIRS AR Ux
Yooz o] Fglo] S F= AR AlsErt. SEHoFEF o]
Z3hE A elM &} e 2791 2] B iR 2ol e E2Y 3
do] HEER| kit

Fig. 32 % 713 Bt 22he] uijA] 2/dell x4 e] ol AAE <,
& A 4, BFU-E, CFU-GM % CFU-GEMMS] =& el
JEzo|t}, AMA O 7 coc-ll FART} coc-l ZANM AE F2]
W F2 F2o] i Wk} 321 vk (Methocult)oll A= 71 =
2 A|3E 521(2,258+4568] )2 YERA oM, 2 3409 231 vl
(IMDM + coc-I + FBS)olM = 718 352 F2 1] 52)(BFU-E: 652+19,
CFU-GM: 520+58, CFU-GEMM: 339+1004])°] LFERST)

Table 17} 25= wljok 717t 5<F 242he] vljx] ZAdellAe] {3 A
2 4 g FEY FE yeRd xolth miRE JlEeR B, $-E
olgddo] Z3F TR k2 coc-ll AL Aslis Ax F24 W
FH2 F2lo] FgH ulx]o 1wt IMDMeA £9kt) d3o) &
she]o] 9l 279l ‘IMDM + coc-l + FBS’ £} ‘SFM + coc-I +
FBSOl|A AIEQ] F218 747} 1741446, 1,403£16081% 0 72
U F2]2 2+ BFU-E: 652+19, 249£7; CFU-GM: 520+£58, 117+13;
CFU-GEMM: 339+100, 081132, “IMDM + coc-II + FBS’2} ‘SFM
+ coc-1I + FBS™OM AE F212 Z+7} 1,613291, 1,371x11490%
on F721 F2412 72} BFU-E: 30+1, 6+0; CFU-GM: 9+1, 18+2;
CFU-GEMM: 9327, 0ulj it} do] EZshe A k2 Z7i<l
‘IMDM + coc-I" & “SEM + coc-I"0lA] A3E 5212~ 22} 1,983+297,
16452284 R 0w F2Y F212 Zk7} BFU-E: 305+9, 135+4;
CFU-GM: 211424, 10011813337, “IMDM + coc-II" & “SFM + coc-11°0]]
A AE F22 27 371423, 1,661:68H R 0 FZ1] FA2-
BFU-E: 7+0, 297+9; CFU-GM: 15+2, 78+98]it}. 2319 2 3%}
A vieFelA, ML T2 32k vkl 7 o oA FE2 )

Nucleus cell expansion (fold)

Conditions Days of culture

3 6 9 11 14 17 20 27
IMDM + coc-1 1+0 11£0 693 £23 1,209 + 68 1,241 £ 68 645 £ 46 1,354 £ 274 1,983 £297
IMDM + coc-I + FBS 1+£0 28+0 1,129 + 46 1,741 £ 46 1,483 £182 1,048 + 342 1,193 £ 137 1,677+0
SFM + coc-1 1+£0 12+0 564 + 68 806 £ 91 1,064 £228 1,204 + 349 1,112 £ 160 1,645 +£228
SFM + coc-1 + FBS 1£0 23+0 661 £23 774 £ 46 951 + 160 806+ 228 758 £ 205 1,403 £ 160
Methocult 6£0 12£0 241+23 2,258 +456 1,129 +£228 1,225 +91 1,774 + 456 1,290 + 456
IMDM + FBS 0 1£0 0 0 0 0 0 0
IMDM + coc-I1 1£0 17+0 84+5 123+9 255+5 371+£23 235+ 55 166 £ 16
IMDM + coc-II + FBS 1+£0 25+0 310+9 839+91 1,242 + 68 1,613 +£91 1,226 £46 1,339+ 68
SFM + coc-11 2+0 55+0 887114 1,048+114 1,419+ 182 1,661 = 68 239 +£27 323 +£91
SFM + coc-11 + FBS 1+£0 29+5 355+ 46 839+ 46 903 £91 1,226 +91 1371+ 114 935+ 319

Purified CD34" cord blood cells were cultured in 12 well plates at 37 °C, 5% CO, in air.
Results represent mean + SD from two separate experiments. When FBS was supplemented, its concentration was 30% (v/v).
coc-1: EPO(3 U/mL)+GM-CSF(10 ng/mL)+SCF(50 ng/mL)+IL-3(10 ng/mL).
coc-11: TPO(50 ng/mL)+G-CSF(40 ng/mL)+SCF(50 ng/mL)+IL-6(100 ng/mL)+FI1t3/Flk-2 ligand(80 ng/mL).
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Table 2. Time courses of progenitor cell expansion

Total CFU expansion (fold)

Conditions Days of culture
9 14 27 9 14 27
IMDM + coc-1 IMDM + coc-11
BFU-E 305+9 36+ 1 BFU-E 7+0 2+0 0
CFU-GM 211+24 24+3 0 CFU-GM 6+1 15+2 0
CFU-GEMM 0 0 CFU-GEMM 0 0
IMDM + coc-1 + FBS IMDM + coc-11 + FBS
BFU-E 652 +£19 12+0 0 BFU-E 301 0 0
CFU-GM 520£58 29+3 CFU-GM 9+1 0
CFU-GEMM 339+ 100 0 0 CFU-GEMM 93 +£27 0 0
SEM + coc-1 SFM + coc-11
BFU-E 135+4 22+1 0 BFU-E 297+£9 12+0 0
CFU-GM 100+ 11 0 0 CFU-GM 78 +£9 14+£2 0
CFU-GEMM 0 0 0 CFU-GEMM 0 0 0
SFM + coc-1 + FBS SFM + coc-11 + FBS
BFU-E 249+ 7 28+1 0 BFU-E 60 0 0
CFU-GM 117+13 19+£0 0 CFU-GM 0 18+£2 0
CFU-GEMM 0 0 0 CFU-GEMM 0 0 0
Methocult
BFU-E 2+0 140 0
CFU-GM 0 22+3 0
CFU-GEMM 0 0 0
IMDM + FBS
BFU-E 0 0 0
CFU-GM 0 0 0
CFU-GEMM 0 0 0

Cultures were initiated with 2,000 nucleus cells in 35mm plastic dishes at 37 °C, humidified atmosphere of 5% CO, in air. Results represent mean + SD from

four separate experiments.

coc-l: EPO(3U/mL)+GM-CSF(10 ng/mL)+SCF(50 ng/mL)+IL-3(10 ng/mL).

coc-1I: TPO(50 ng/mL)+G-CSF (40 ng/mL)+ SCF(50 ng/mL)+IL-6(100 ng/mL)+F1t3/Flk-2 ligand(80 ng/mL).

T2 221 el BE8] L A o® SRIFIT 23k Y
3% ool A A S22 212} 1,741446, 2,258+456091 0. F
2 F2)8 7247} BFU-E: 652419, 14+0; CFU-GM: 520458, 22+3;
CFU-GEMM: 339+100, O8Sic}.

ik 717F FF x5 AR 4 2k A ATE Fig. 40 LEF
Ytk I AR 2 A AL M2 AT St} vl
VIO, 218k MlAEe] Srof] n)aA] L A% 2 Ak A
A AEE A ggkor, FHo A7) R xrd AR 9 4
AF Aol 2 G2 w|AA] eh= Ao R UERITE coc-l 2719
IMDM HlA|ellA3= ek 6 o] %ol 2w AmEo] §43] T
Bh= Wb SFM iAol M= kst 4w 7 Eko] VRO, coc-ll
ZZ1of|A= IMDM 2 SFM H|A] BFelx] e AH o] 2t
3 ko] YEhdth, T A% 9 2k XS coc-lT AR
coc-l Z70A ] k=, o= coc-l 7oA Q] A3E F24]9]
coc-Il ZR1eMHr} 1 w=A] dojwtr] wiFolm, 53] IMDM Hj
2 ZAelA FEEA e 21 18 5 lQlr. 23 9
32 Aok vlwel A 2219 kel ] e AR 9 Ak A
shgo] 22 107 YEit),

AL vk 6UA o] FHE] A|&H 07 7431 01, coc-l
Zo M} cocl AN A Al o] FAsHA Lojvl=

%
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SRIgk 4= AUSATE. coc-l 7oA =SS wljok 6A] o] F
A237) AlAE] vk 11~14Q0] F243] 7281901,
F 279 wloli= 40% HE=r) HAaL, SHerd L] 37 o= A
WAsh Akl dS T4 o Ao RIS coc-T X
A AL wlE 6~149A) o] 1Has7] Aldtate] wjek
279 wolli= 30~60% FERom, SHoldA o] g B9 AE
9] A7t fejofd o] LA RS A-g-rrt ehvtslA| X3
e AE G = ASACk vk 144 o)l viA] W F coc-l &
oAM= AEEC] S8 T TSI Y coc-ll oA = A
£89] S} e Qe 224 9 A Wil el
& T4 A2 FARHAl YR TH(data not shown).

o
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o

4.4 £

2 At M= theksl vk oA 2 A9 viks FElA Al
e e 28 Ao 524 9l ek 2732 WskE A E gttt Al
X FA 9 FEY FAL2 coc-l 22710] coc-ll =AM FHH
o= vEpgtow, fejofdF o] Ut o g AR B Ak
A Aol GRS A UTE viAE Vo W SHleH
o) xa+d 7S IMDMO] T3 x| oMKt} A A A=
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—— SF M+ coc-l + FBS

—a— Methocult

—&— [MDM + FBS

Lactate concentration (g/L)

Culture time (day)

Fig. 4.

30

Glucose concentration (g/L)

Lactate concentration (g/L)

79

(©) l

Culture time (day)

(d) —— [MDM + coc-II
—0O— IMDM + coc-11 + FBS
—&— SFM+coc-ll

—— SF M+ coc-Il + FBS
—&— [MDM + FBS

Culture time (day)

Time courses of glucose and lactate concentrations in different culture conditions. Arrow represents time point of media exchange. At day-

14, half of the culture medium was replaced with fresh medium. When FBS was supplemented, its concentration was 30 % (v/v). (a), (b):
Cytokine cocktail-I (coc-I) was used. (c), (d): Cytokine cocktail-II (coc-II) was used.
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