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Effect of Hematopoietic Growth Factors on the Generation of
Megakaryocyte Colony Forming Units (CFU-MK)

Yong Seok Chang, M.D., Ki Young Kwon, M.D.

Department of Internal Medicine,
Keimyung University School of Medicine, Daegu, Korea

Abstract : 1n vitro colony assay procedures for expansion of human erythroid and
granulocyte —macrophage progenitors have been used for many years. However, the
development of reproducible assay method for human megakaryocyte (MK) progenitors
considerably lagged behind. Cytokines such as stem cell factor (SCF), thrombopoietin
(TPO), IL—6 and IL—11 have been demonstrated to have effects on the production of
colony forming units (CFU)—-MK. This study was undertaken to investigate the ex vivo
expansion of megakaryocyte progenitors, derived from mononuclear cells of normal bone
marrow. Bone marrow mononuclear cells were incubated in serum —free medium
(MegaCult™, Stem Cell Technologies, Vancouver, Canada) and supplemented with SCF,
granulocyte—colonystimulating factor (G=CSF), TPO, IL =11, combinations of SCF + G-
CSF + TPO and SCF + G—-CSF + TPO + IL—-11. The effect of hematopoietic growth
factors on ex vivo expansion of megakaryocyte progenitor cells was evaluated. These
cytokines were able to generate of CFU—MK in the media and to increase
megakaryocyte colony formation: Numbers of pure MK colonies increased in the media
supplemented with SCF, IL—11 and combination of cytokines. Mixed MK colonies also

increased m the media supplemented with SCF, G=CSF and combination groups.

Key Words : Megakaryocyte, Hematopoietic grwoth factor, Thrombopoietin, 1L =6,
IL-11, Stem cell factor



T GIAEG AT J wfge] e 2EYFTAA <

ol

AT o
7Pﬁ A 32 9}-8] Xé% s
o)l AN T
thrombopmetm(TP 0)=
d BAlE T2 E 23
Al AkeL g AE-ote] e a Rt ol Bl A
9\,1‘?]' [2,3]. w3 IL-3, IL-6, IL-11 stem
ell factor(SCF) % YFS 1[x] = AARE AH

a]
=

fﬁA@12 AL 2] 94 2RRAE o
Holuk mg g F /LW F Aojut W

o M P aF] 2B ARG ARNE ALgSte] 7
B 8 0] A el e o164
ol A3 g, :

ol = A% T AT AL
oha = HW AbEloltt, o
R Rt g
: }aanJMO@
2 o) AR
ok,

g 5

ﬂ
o2
Lz
i
o
ne

w 3% k?l ) V\O

¢ g 2

0 g

ofN
mo rlo 1 iy HU ﬂl°‘

4
5 =

o B

J

pacs

e

o

2 ru

(

oz 2 82 ©% M o% oo

}-
A%

W o

2

N

Nﬁ
e

l 7t 1 -ﬂ#»}lr/}
1 %‘ 19l A =

Az A& s o

r

o
e
Oft

]_

s
o
OHH

o

fole

[e)
[e]

W, AT Qe
82 Brhstn, HEH

ol sa A s,

=
o
2
10
on &

2 rE e

> —|—‘
b ety
= oF Pl
o u:?L'—‘TL‘

rg‘g o'\ B o XE
1> >
2

oX
o2

5 oX
X
PR oy %

[-F(‘ o
2
it

L3
B
>
)
rr
03
1%
(o
it
0%
U
1o
=
a0

)
Nx N oo

g e

10

o2 W
19

~

B

Q2 14
.

i)
B>
)

-

DA ) rtlo o
Iz
S
>
ofo
Ol
oy
~

2 oo
rO
by
il
[l
S
>
ofo
_0|L
111
f

251

%*Q%Oﬂﬁ 10 mLe =
= WA 2793 Ak 3
31-68) Al vk i
TA T 318.4

T A

ME

re
ol
rflo -
o
o

A% 10 mL9
Hypaque £ 9o =
SAEE ettt Seld @9
Ma* o] §li= A ekFAAr=E 23 A%
Isocove's modified Dulbecco’s medium (] 3}
IMDM, Gibco Life Technologies, Paisley, UK)
gol o] £33}

3. 73 7 El2t uf

MegaCult™ (Stem Cell Technology Inc.,
Vancouver, Canada) & o|&3sto] AF T A
H S A9, 1%9 bovine serum
albumin (Sigma, St Louis, USA), 200 ug/mL2
human transfernn (approximately 98% pure, Sigma, St
Laouis, USA), TPO 50 ng/mL, IL—6 10 ng/mL7}
Z3rE o] A 2 mLef Akl Fel st weAx
2.2 % 10°78 & IMDMell 3] 4sto] =33ttt
37C e & A ¥ agars 1.2 mL
oS chamber slide® 271 wellel 42F Ui-of 4
ForATk 4 Cel Al 2023 & F 377C, 5% CO:-

HEE A FE S BE 1A WeE A W

¥ o] EF

A

2UAFANE WA e dETH 4
X E Sl AHE Fol WgE
| w3kt MegaCult™ wi#]o] SCF(Stem
Cell Technologies, Vancouver, Canada) 10
ng/mL, granulocyte colony stimulating
factor (G—=CSF, Neutrogen® T A ) 100
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ng/mL, TPO(R&D Systems, Mineapolis,
USA) 100 ng/mL, IL-11(Genzyme Corp.,
Cambridge, USA) 100 ng/mLE Z2 @5 Ao

2 Hbe 73 g2 9 SCF + G-CSF +
TPOE W& A7k +, 78] 3 SCF + G-CSF +
TPO + IL-11% W&t J7hsh 9 670 Lo
Fbrol 1247 Wikl th

_I.
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T Zl2to| X 9l 040d XIS oA

derol 34 chamber slide® 100 mL9]
methanol:acetone 1:3 92 2023 ¥ s+
Atk 37 $F chamber slideS A4 30%3F
AxAZ F Az A G2 H7-A 4C d%
aroll Waetth Wz E A LS 26k
500 4.2 0.1 M Tris/NaCl¥ 500 (L 2 5% B3
dglo 2 2041F 3k AlE = 1&F FA 9
GPII b/Ma 9E& %A (PharMingen, SanDiego,
USA) S 6087 HHe-51== s th oA 24 8
A 9 biotinylated anti—mouse ¥ A
(PharMingen, SanDiego, USA)% 30T7F whE
% alkaline phosphatase anti alkaline
phosphatase complex(Dako, Glostrup,
Denmark) o 1587 9+2-& 4o 7l t}2 Evans
blue® sk & EH A stoll A F=& &
CiA=y

Qe Mok wES £4 AST F(pure

A
Fig. 1. Microphotograph of pure CFU-MK (Evans blue
stain, x 40).
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FoM, SR T AEES T8
th 2070 ol ske] AR P U= FHE
small CFU-MK, 2170el A 507 Ale] & A8 F=
T Sl AB S medium CFU-MK, 5071 ]
Fe A TR 7 E e A9-F large CFU-
MK = 42ttt Fig. 12 small CFU-MK= -/
e 4 AT Aebolm, Fig, 21 CFU-MK$

Ve A EE S

i

Fig. 2. Microphotograph of mixed CFU-MK (Evans
blue stain, x 40).



2. H3H L zl=h HMof| chEh Sy = MEol
A2 &3
SCFel =4}

)
JdAel A 28 AR E HrrstA] 2 A
= AT AR S 445 + 37,79 0.1,
AT AL £1-9.4 = 9.37, = AT A
1= 53.9 L 46. 1709t}

9549l 28 A Hrka SCRel st
£ AT M A g2 586 £ 5227, &

5487]% SCF & H7MA] <=

ek gago] TS Ko, o
Ag e F7FgE Aol vlsko] F3 g
Atk T A F d7r g Aol SCFY HVb=
IS S7H7F A A e 7 [F2 8 Aol & Wl ot
(p<0.05), &7 AT F&t 4 F A+ F&9
QA9 TIkelA - A 4] Ao E Kol A sk

H(Fig. 3).
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Fig. 3. Effect of stem cell factor (SCF) on CFU-MK.
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(2) G-CSFo &1}

G-CSF¥ 247}011 g =5 A J= 394y
WS-8 43.4 L 25, 67H AT A Y W
2 22.0 £ 11.671, & A+ H<h P4 kg2
65.4 = 34 47H°ﬂv} G-CSFyF 7psk 49 gz
ol vlal =5 A 7Y A SO §ske
U 23 A8 7= SCFE W H7bsk 23 3
el H7 T Tl AE 7T wol FUhskl e, o

it

el F A H e TIbek S Ve
Ark. a#i vk, G-CSFE] 9@ H7F= Q1 &3 7
A A=Y S/ A AR 99 E BolAE ¢
Sk (Fig. 4).
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(3) TPO2| &1t
MegaCult™ iAo XFH TPO el F717
Q1 TPOS 7kl g -5 Ao F=t 94
2 43.2 £ 42,070, 3 AT F= I
8.97 123 T AT A 34
54.8 & 46.270% L}E‘r‘;m. TPOS F7F
A7HA EF A 7Y Aol AR Fohshe
AFE RGOy, HHLA o g Fest TS Ko

A Yk (Fig. 5).
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Fig. 4. Effect of gramulocyte colony stimulating factor
(G-CSF) on CFU-MK.
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Fig. 5. Effect of thrombopoietin (TPO) on CFU-MK.

(4) IL-112 53

[L=11¢ A7bel Wt = A2 d2 3
W2 58.7 £ 47.670, £F #1¥ 79 W ¥
NS 149 £ 165/, F A7 Ao F4 2
73.6 T 59.7/ATE TF A A A2
SCF& wg A7 ?4 AV = S R
Ao, F& AR A Aol = AR T
%HUL% R GO W ZAR
th f# AT AR 8 2 AT A 7 T

A o = YA ok (Fig. 6).

3. AT T2 Ao tiF T ATIRIS
st
=

(1) SCF, G-CSF, TPOS| et M7t &3t

SCF + G-CSF + TPOY =8 &4 ¥
AR S5 AT JeE £ 59.7 £ 36.87,
E3 AT AT £ 26.1 L 30,470, F AS P
de 4+ 85.8 £ 65.9/M% dAHom T3
T7he BT &4 AT J= gL SCFe
IL-119 & H7F8 A$-9F & Ao & Hol A

L T o w3 7%311# e FA Ot Hh

hu
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Fig. 6. Effect of IL-11 on CFU-MK.

ol Hlmal AAF FAE BT e
SCF, G-CSF, TPO & #3% %17}& A &= A
zsﬂ—l ;QE]" r!] 161— 7%:511—1 s

=
A oo 5 vehA = itk (Fig 7).

(2) SCF, G-CSF, TPO, IL—-112| Het &7t 51}

SCF + G-CSF + TPO + IL-119 =¥ A
AR WY AR e AT FE A e
51.1 £ 41.670, &% AT A 5+ 234 =
19.970, = A7 A £ 745 + 60.87F
2ol vl F7hs LAtk &5 AST JAY
4L SCFRE IL-11S v ﬂﬂﬂ 9 Ae-9
SCF + G—CSF + IL—11¢ #3 H7latel nls)
938 42 A s nlod, £ A EY 4
2 P oA = T 7Ll HlE M ST E R
9o SCF + G-CSF + TPO W3 A7ty 2

el vl 4 Foht A% E Rk gebd 23
AT B A Aol UoiA [L-119)

F7bz | e 23 e e SCR o+
G-CSF + TPO + IL-119 ®BF #A7t= Ast
F AT QY W TE ART M2k 5 T o

Al EAAR]L A7 YA = skt (Fig. 8).
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Fig. 7. Effect of combined treatment with stem cell
factor, granulocyte colony stimulating factor and

thrombopoietin on CFU-MK.
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Fig. 8. Effect of combined treatment with stem cell
factor, granulocyte colony stimulating factor,
thrombopoietin and IL-11 on CFU-MK.

= Fels7] f8A ¥ GP Ib/lla GE=IA S
£ 3k W
b(CD41)9L GPIMa(CD6) & AZ 7S FAs)
] A8lA] T2 AEHE 2719 AE T ot
6]. olgf st Yo7 A @ag HHC*%L T 9
oH, 49 AY A

E

o 24 TH Oﬂ/\ﬂ# 39 =8 GPI

~N

32 32
ok

e

=5 AT AR Mgl = wd 3R A
F 8 A SCF H7Fa3h IL-11 FA7batel A 7k
¢ W g o SUbE M on, TPOS G-
CSFE ©el H7Fet Aol vzl nls] A=
F7F S7FSA kokvh &3 AT A vldelA
T T O AR A AR ] T E WS
™ SCF& G-CSF& 9% H7Hs 2% 7 538
g A= SUhE Bk aeba) bl A7 A
Sl A= WAl SCE A7zl A F AT A%
ol 7 Wol F7rati o™, IL-113% G-CSF &
d AN eo 2 F AT AR 7 T S
th SCF & A3l 4o Fgato] 71379 A= 4
e A doy AT A= e A5

st thE AEIRIY g5 SUHA7IM[11],

N

N



256
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