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Effects of Hematopoietic Growth Factors on the Bone Marrow and
Mobilized Peripheral Progenitors from the Same Person

Ki Young Kwon, M.D.

Department of Internal Medicine & Institute for Medical Science
Keimyung University School of Medicine, Taegu, Korea

Background : Peripheral blood progenitor cell(PBPC) is now widely used as alternate
source to bone marrow for transplantation. The objectives of this study are to compare the
clonogenic potential of marrow and mobilized peripheral progenitors obtained from the same
person. To examine the activity and effectiveness of G-CSF in different concentration, and to
compare the influence of different peroid of exposure with growth factors, mononuclear cells
from the bone marrow and peripheral blood were enriched in RPMI media containing
different sets of growth factors for various durations.

Material and Method : Bone marrow cells were obtained from 5 lymphoma patients
with normal marrow function. PBPCs mobilized by cyclophosphamide plus 10z g/kg of
G-CSF or daily 10 g/kg of G-CSF alone for 4 days and harvested by leukapheresis with
Cobe-Spectra apheresis unit. After Ficoll-Hypaque separation, viable 2 X 10° mononuclear cells
were innoculated in RPMI media containing 10% autologous serum, and 6 sets of different
combination of cytokines. Each set of media contains 100ng/mL of stem cell factor,
1,000U/mL of G-CSF, 5,000U/mL of G-CSF, 100ng/mL stem cell factor+ 1,000U/mL G-CSF,
100ng/mL stem cell factor+5,000U/mL G-CSF and control group which didn't add any
growth factor. After 1, 7, 10 days of culture in liquid media, test for viability with trypan
blue were done and 13X 10’ cells were seeded in methylcellulose media and were cultured in
duplicate. After 14 days incubation, CFU-GM count were done under inverted microscopy.

Results : CFU-GM were generally increased even in 1 day exposure with growth
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factors than control in both bone marrow and PBPC group. Prominent increase were noted

in the combination of 2 cytokines.

Seven and 10 days of exposure with growth

factors, there showed similar findings but the bone marrow derived mononuclear cells had

a tendency of peak level in 1 day exposure but the highest level of CFU-GM in PBPC

group was noted in 7 days exposure with growth factors. Assessment of clonogenic activity

of marrow and mobilized PBPC, both group yield similar number of CFU-GM.

Conclusion : These results indicated the bone marrow and PBPC can be enriched ex-

vivo with G-CSF and stem cell factor. The degree of expansion of PBPC and marrow

CFU-GM were significantly increased with combination of cytokines. Compare to their

clonogenic potential of mononuclear cells from the bone marrow and peripheral blood failed

to demonstrate any significant difference.
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ioﬂ A2 go| AUS Zd-—i 24 4247 stem cell
factor®} G-CSFe| 2 F7 =8 4 zRol A P =
aisiel A8l ZAARE o Uolpe waeh 4
polztsle] AZ7170e 2eld A bk Aol
3 G-CSFel 3 Aclol o/ s 5 Yola
Satol adolal PUAES A ujokalol] 2717 &
2ko] G-CSF2} stem cell facmrg- Z7Vslo] 197,
797F =] 109 7F wljekglt & methylcellulose uHA]o]
&7 ©hA] wjekdt ¥ CFU-GM assayE A|*lstod
1 AE b2l ch
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T2 o] glo] AAMACl F4 75 A 5
Heo] Aol okA 2] TZ(Hodgkin® 29, H}Hodgkln
PZZ 31) 3pRtollA FTAAETTS TLvEF A
Zste] 15~20mLe] ETEHS Ak £ o]F
of o2l G-CSFE 10 pg/kgs] 3~4Y7F Foigh &
EE 4~7g/m’9 cyclophosphamide®} FU=]
mesnaS 13 Fo¥ 19 10 xgkege] G-CSF=
Ak A T4 2R et 109 ol F
AEollA 1,000/ 2L o]Ao] =)-& uw} Cobe-Spe-
cra apheresis systemS o]23}o] oF 1028|E{E 34
Zoll ZAx] AHzlslo] ANEE Felsieh 2o
A 2%5e] 714l BEAE 4olA 22 hepa
fin S50U/mL-S Egele] YAloz Pa-g Felelisl
A eAE ¥IR= 0.1% bovine serum albumin
(BSA)E ¥}8-3) phosphate buffered saline(PBS)<
= -*—]"ﬂ?ﬂ thS Ficoll-Hypaque &oHol] A3 4

% 3,000RPM 2.2 brakeZ AHEshA] o3 U4
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0.1% BSAZE 33 PBSol| Yol 1,200RPMOoZE
1057 AAdste] A3EE AAZ FH Isocove’s
modified Dulbecco’s medium(IMDM)-S X 7}s}od
23] o] AXs L 1 ¥ trypan blue FAE 5
of AE & A ES £5 A6

2. Y&k HiX|C| =4

18mLe] HAF wlixA]E zAs}d=1] 1.8mLe] A}
7182k, 0.18mL 2] L-glutamine®} 0.18mL2] penici-
°H, 0.018mL2] 2-mercap-
toethanolel] 15.822mL2] RPMI 16402 ‘o] &
SEE ARl 10%, L-
llin 2! streptomycin &3} 1%, 2-mercapto-
ethanole] 0.1%7} = =5 slgich ZA% 18mLe]
oBAL ux]|Z 6702] culture flaskol] 3mL4 F2]s}

Rk

llin 2 streptomycin ¢t

glutamine 1%, penici-

3. TH MZQIX} Aot EFEYM|Z] B

=8 AJzkolz= stem cell factor(Terry Fox Labo-
ratory, Canada)®}  G-CSF(Filgrastim,
Amgen, Thousand Oaks, CA, USA)E A-8-s}3]ich

el W wiAlE AelAs BA &S diE
Fo2 33 5708] culture flaskel] 77} 300ng<]
stem cell factor(100ng/mL), 3,000U/mL G-CSF
(1,000U/mL), 15,000U/mL G-CSF(5, 000U/mL)E Y&
ch= AjAkelzbt 3718} 100ng/mL stem cell factor2}
1,000U/mL G-CSF = 100ng/mL stem cell factor}
5000U/mL G-CSFZ &7 We 257 wiz
sloy 7+ Zulch AE DAAES 77h 2% 10704
Yol & £E & 37T 5% CO:» EAlfslol] vieks}sl
o} wjok A1Y, 7Y, 10¥el] trypan blue FA o2
AEDUAES S5 Sl

By KXo =4

Methylcellulose A& AAdxst 452 &

o 80mL2] Isocove’s methylcellulose-ready mix

1.

Vancouver,

4. Methylcellulose

without growth factors(HCC-4230, Terrry Fox
Laboratory, Vancouver, Canada)E A 8519) o

HCC-4230-8 30mL2] fetal calf serum®} 10mL2]
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10% bovine srum albumin, 1% 2] 10°M  2-mer-
captoethanol 3 40mL2] 2.3% Isovove’s methyl-
zAglo] glom®  ojr]e] 5mLe]

phytohemagglutinin-leukocyte conditioned media

cellulose =.

(PHA-LCM Terry Fox Laboratory, Vancouver,
Canada)®} ImL<2] 200mM L-glutamine 2! 14mL
o] IMDMS A7}sled 100mLZ uHZo] methyl-
cellulose?] HZE 52 09%7F HEF 3+ F
vortex& o] gslo] T2 F 412 thg 4mly L2

slo] WEH Ao
5. EFSHM|ZES| methylcellulose media Hi ¥

6N 2 o] A4 ulA]ollA wieksla R
chl A S ulfek 1Y, 7€ 2 10¥€A] trypan blue
ojdlo g AL Tl EE ZAslo] ZHto|A] 2 X
10°704 218k 5] wlg] wbso] WEsHEASE me.
thylcellulose WiA] S 37°C waterbathol] o] sl-5A]
71 oS 22mLE Zwle] 2x10°719] chNES

y31 IMDM-S 47)ske] 3.0mLe] HEE 3+ ¥ =

2o £50] Agieh ZEekch 2709 10x35mm
pertri dishol] 1mL ZA}7]2} blunt needle-g ©|-23}
o] 1.ImL#4 AAs] =2slod 17§ petri dish & 1
x10°709) R E7L HEHES 3 5 HAzEA
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6. CFU-GM &4

ok & 12~14Y0l TR 9]-dx}t ol o] L4
o] methylcellulose ujA]ollA] SO7H o|42e] 3}a]te}
HAAE g 2 AFHET} o] g ol & 7%
colony® ZHFsledxm Zhgwick 27He] petri dishol)
velhd CFU-GM 5 FA3slo] 3 wsl3ict

= Al

BFe EFeAE JeEin $Y77
1 way Analysis of Variance(ANOVA)
2 A|8l3l & student t-testZ ASBIP o 9}
AFxsl o710 §-2]A] B]il= Paired t-test® 71

= =
ste] P valuer} 0.05 uvjutel 739 Fojghk Ziez

F
F[F m

- | a}
1. 1942F MZEOIXIQ} =St =2 U=EY
CIH M| ZQ| CFU-GM

Azkelzte} 197 HEZ I ARl
CFU-GM & tjzof vl AulAEel =715 ES
=gl EAAel $2JAl-2 100ng/mLe| stem cell

ot & =R/ ImLuk @2 £ sh}e] petri dish&

7o) ylo] 1% 37049 petri dish7} 5| E& }o]

37C 5% CO, ullok7]el] uljeks}ict.

- ololk
EL

factor+1,000U 2 5,000U/mLe] G-CSF 23kx7}
F9] 2304 PHERE]UrHP value 0.018, 0.014)

(Table 1). 3ol YelX|= L} zZhFe 2 b

Table 1. CFU-GM of D1 Bone Marrow and Peripheral Blood Mononuclear Cells

BM P value PB P value
Control 3420+ 5.76 17.60%= 8.07
SCF 49.30t 8.92 >0.05 29.38£14.00 >0.1
GCSF1 4325+ 8.88 >0.1 29.70+=13.86 >0.1
GCSF5 49.30+ 9.78 >0.1 46.80+22.69 >0.1
SGCSFI 81.63+14.31 0.018 53.30£19.82 >0.05
SGCSF5 73.901=12.69 0.014 60.30+28.30 >0.1

SCF : Stem cell factor 100ng/mL
GCSF1 : G-CSF 1,000U/mL
GCSF5 : G-CSF 5,000U/mL

SGCSFI : Stem cell factor 100ng/mL + G-CSF 1,000U/mL
SGCSFS5 : Stem cell factor 100ng/mL + G-CSF 5,000U/mL
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EU9le] Ffeoh dxgl duld Lol ulg 2y 3}

251915 | stem cell factor o3} thE 7ol
%Q]Aélc:] velLA] QEgket 1,000U/mL2| G-CSF
2o W]l 1,000 2 5,000U/mL G-CSF+stem
cell factor®] HgFoid E-Foll4| CFU-GM2| #
o3l Z7HE B 7 AUALHP value 0.035, 0.044).
g FEAZ BzxEel DeldEe] CFU-GM o
A djzTol vl AzRlzl HrlgelA FE H
gou BE Fold FAM SI4E LA
arorch, TPVt Azt ChESojZRTh B3bA
oz o] Soldt Folld WL o e Z/E
Gehigleh. B4ok REPNEE vlZo9E
2= Zol B4 DUAES] FY Fado]
azuct o pol WAHASE HAY + 3

J EAHQ fel4e sigieh

ot £
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g
AL
2. 727 MAQIXIRL HEst =5

yx8 CHYNEZS| CFU-GM

4 chA| 329 CFU-GM 197 HFA L
oot FAslAl AANALE HIMAZ TollA] Zut
49 Z71% Uehileh WizEe] CFU-GME
13.63702 1YF-Ee}t fo] ZhAslo] AR stem
cell factor o] G-CSF v-Xrt} v < CFU-GM
S A3k t=F3 v|azslo] stem cell factor
7, 1,000U/mL2] G-CSF + % 5,000U/mL G-CSF
+stem cell factor®] 37074 {2j8t Z715
28 4= qolodtHP value 0.002, 0.044, 0.0002)
(Table 2). E3} stem cell factor T3} thE
7ke] Blzoll4] 5,000U/mL G-CSF+stem cell fac-

tor FollA §ofg FTHE & 7 UANIL(P value

7171 B =P eh(P value 0.001). ZLe]x whasd ol
o] HHAE uljokoll T cHzFoll B3] stem cell
factor 2 1,000U2} 5,000U/mL2] G-CSF 23}%olt
oll4 o3t =77 Vel e (P value 0.029,
0.017) 1,000U/mL G-CSF 3} B3t5Fo] (P value
0.028, 0.02) 2] 5,000U/mL G-CSF +-3} «dA] B35
A7l % ALRA ZHP value 0047,
0.024)7} ==l vb stem cell factordt3} 5359
+s AE vlzdes A+ 1,0000/mL ¥
5,000U/mL G-CSF9] &2 Zjolo]| oJ3k {-2J3k W%}
T Holz] k3 et o] thelA| o)A
Ued CFU-GM 4] g4l Qe Aol: vk

LEA] e53ket.

5,000U/mL G-CSF-+stem cell factor Tol|lA4] 2|3k
>

3. 107t MAOCIXIQI H=st S+ &
A8 CHEYMEL] CFU-GM

T A EL wliokell A 2Tl vlsl] 1,000U/
mL G-CSE H7}7e 7198 Uwix] 47lFe 2=
Aol el3k 27k Lhehkes(Table 3) A%
AR WAEEL ulmAe W HFolFelA
G-CSF =%7} 5,000U/mL?el 73% 1,000U/mL &
t} CFU-GM Z71e] f-ojAde] ARIEIcHP value
0.039). 104x] RPMI £-lojjA] zfZ]sto] Z3AMSE
alza ol sl o] CFU-GM-Z stem cell factor
T3 291Ake] EFFoifella Al TR 1
o3t =77} JeElygow|(P value 0.019, 0.026,
0.025) stem cell factor®} G-CSF (P value 0.045)
Apol, G-CSF 1,000U/mL BHSF3 SYFolT o

0.002) 1000U/mLe] G-CSF 7} u]zAex  1,000U2} 5,000U/mL= G-CSFe] &==2 ==tk &
Table 2. CFU-GM of D7 Bone Marrow and Peripheral Blood Mononuclear Cells
BM P value PB P value

Control 13.63 1+ 4.3] 21.90= 5.07

SCF 41.63+ 472 0.002 52.60%=15.95 >(.05
GCSFI1 2883+ 5.25 0.044 31.70+ 8§41 >0.1
GCSF5 50.50+=21.70 >0.05 3420+ 8.83 >(.1
SGCSF1 55.67+17.84 >0.05 86.60+24.01 0.029
SGCSF5 74.63 = 5.94 0.0002 106.90126.72 0.017
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Table 3. CFU-GM of D10 Bone Marrow and Peripheral Blood Mononuclear Cells

—_—

BM P value PB P value
Control 18.10+12.15 16.88+ 6.04
SCF 44,70+ 7.98 0.011 60.90* 14.70 0.019
GCSFl1 30.13+15.19 >0.1 2780 743 >0.1
GCSF5 35.80%t 3.34 0.001 32.13+ 947 >0.1
SGCSF1 31.63+ 5.12 0.035 71.88+£19.40 0.02
SGCSF5 65.30 £ 14.39 0.015 95.63+24.16 0.025

Table 4. Comparison of CFU-GM Accoring to the Different Duration of Exposure with Growth Factors

D1 & D7 D1 & DI0 D7 & DI10
BM PB BM PB BM PB
Control 0.005 0.312 0.030° 0.099 0.170 0.137
SCF 0.267 0.067 0.285 0.027" 0.365 0.139
GCSF1 0.056 0.407 0.057 0.443 0.461 0.263
GCSF5 0.461 0.266 0.128 0.205 0.218 0.369
SGCSF1 0.028" 0.035 0.003 0.089 0.043" 0.169
SGCSF5 0.479 0.016" 0.288 0.039" 0.301 0.251

" P value < 0.05

ZHlA = A CFU-GMS] §-23t Z7171 22s] 9]
th(P value 0.045, 0.05, 0.027, 0.035). 1027+ AJ=kol
Aot AE ALoE 28 ATAEL 7)ol
2 Wske BAIE Fe4E e = Ui

4. dFOIXL} FFI|ZH| XI0|0 mE
CFU-GM H3}

24 WA wokd] ARAAE YA ehe
NzFolA woprizio] Zoldel we} Aeke] 7ha
7} fE8le] UElton] 1,000U/mLe] G-CSFeh
stem cell factor F3FFo{FollA] Agke] 7447} 1}
Ehdt 71 o|elolle= AAIAISE HZET| 7l uj2 W
S S5He] vehbA gkt aelm Auirew
ARt 197 FAFS FolA 713 e 3t
FA o] AN FAH Aol Yeh)A o
ket HbH sl ol ¥ = stem cell factorg}
5,000U/mLe] G-CSF Zg Alelstn 2= 797
LA} &Y Tl 7 Be Aete] w4

o] ARt Stem cell factor®} G-CSF2] X3}

TAEE AF71Ze] 1900 wleh 79 o 109 F
FAZE w) ZFolA 17l vjel fold FE
WEE T AXUcHTable 4).

il &

BEEH||E Z2HRAET} Eafsichs Aol
LA F ol F AHEE o]Bslo] o]AE = BF
Aol o z7ol] YojupA Hlmg®? wigTe] 7
A2 3k Az 7] fde Y 7 doH
TR Hade] glojA olz Qg FAEE
AAA =) vbE g Buiglog 2 £
d ATFAEY ofo] o]A)e] AHFARE JlElE T
83k A3x7b = E3E CD34 oA F} CFU-
GMe] 47} BeE 29759 3do| Yold
WA Aele 71zke] REEE ez Haslo
UeF* . agjme wrxgolog =y ATAES
TE3ksl7] 3 wbell i AFrh AL
cyclophosphamide & 4 ~7g/m° o2 Fof3l & B
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TYe] Tt N kAl ol it =" AdAIAle] Ty}

goo| wWEr}t F7HEE AlAA HEF ks
o gutF o 3~43] AFste] FEF de EE
= oucba A et olEldt o z
dATAES] FAPE 287159 AAVE st
sl 7137t E7ksln wiET F5o] Lofi=
A o] chofstez Wi FHbwlel A|ZrAA el o
gk Azstgr Algle) o] ofgrhk= 58] ©Eel 3
Ant oA et ool 3Fo] 112
13,5901 olukAl Hol 7T ol4e] 229
A3} BF FHol4le] 2459 gl 3390 vl
oA ALsittn Basle] b Feelle
28 ARAAZ o]fsle] =H HATAELE Tx

Aoz o|EAF|E Wie] FE ALEHI 3U=H
o] A AgElE =¥ AAUARZE G-CSF 7,
GM-CSF'® ) 1L-3 Z%0] glom T stem cell
factor®} G-CSFE Zro| Fofsl A5A8207 9
ste] 2ozl vebd 4= glo) i e] =3 A
FAFE9} CFU-GMe| & H4 F7HA7I F2
ro =488 Ad YAAHQY AIES] colony7} ¥
Aoz wiyg Bulgo] A ZFE FolHA
th$=2] myeloid 2 megakaryocytic precursors: s )
S % gokn Bausle] glep* . o]#loll = Roman
=%e GM-CSFe}t IL-39] fusion proteingl PIXY
3218 Afstod =8 AFANES T3 F T4
slod Folslol S i "ol 20,000/ 4L ol FoE
3 8el=g HEF 13Uyl AA oot Badt I
Rol| 80| B Zlolgt Asfslor] m=3F A<
A Agsts AR gt dtayly FET]ol
28 AAAAE Fojspd TxyHor x4 AT
AZ7}L RARArg el <F 1,0000H o4 FE37E Lo
3 ket dEo g ARgRE Rt 1030
Wl ZrhEichn gA ek’ Lane T2 BY
Foyztol] 10 zg/kge] G-CSFe} Fdeke] GM-CSF
2 5ug/kge] G-CSFS} 5pgkgs] GM-CSFE
St2 49 Sojdt 5 5 Wiy Hube At
of e Cp34t HEES ZAelolge Wl BAwel
A= cD34% AE7} 0.07%ul u¥lsl G-CSFE
0.99%, GM-CSF +& 025%%°w9, G-CSFe}
GM-CSF& 7to] Eojdt F& 0.65%% G-CSF F

.

do %@ % %

o7} GM-CSF Bt} aatde) 4= olcka A48}k uf

ek = 4l BxENe =Y HAAEES ol &
=

g} o]Alo|A] =8 752 3]Eo] Tgol4l ullEch
O AEs] dojus] 25 A7 gl medr)se 5

o] ol AL A7|7tel] Ax] A&k Hoi x|t
olz B3Ae Zux ol & Aotk 2
ATFAEet st Txyde] =9 AyEe
EAolx Aoz} Qlriar dedA qded dxEPhe
CD34" AEE 49 CD34" AEKr} CD33 1l
CD13% ©] %3] Jvehls 3k CFU-GM Xt}
burst forming unit-erythroid(BFU-E)7} ] gke| 3¢
§5lo] 9 dl G-CSF& Foidt 7% 2y
of CD34" AE F7F FH3] FUHEY ©lS T
CD33, CDI3 % C-kits Uehie AEe] uv|&2
G-CSF Sof Aol vjal 4 w3t glgln A%
gkzx sl olol] FEalsl= CD347 AlE} FhatellA] 31
T Mol Fojsle] S CD34™ AES]
B Zol|A] BhtollA] FE3}E CD34™ A|E C-kitel
F3lo] e 7L Aslaye fofg wIte Ko
2 opotrkm Hywlol ook zelx AdEHy =
8 Aozl FoiZ Qe wxyo] =2y A AE
o] cD34* A|EX= THT AlFGe] CD33, CD13o] oF
90%of| 4] okAdo]m 3% o]4te] HLA-DR ™ %l CD38
o] wly T4o] CD34’ AEelAMy CFU-GMz}
BFU-E7} ZEsio] Aldjdst S5AEe) CD34" A
Zoll4] CD45R0* 7} AHE2 20%e|vt Al el
» 792 Adds gy oA HATAET}
o YAHY Aolzkm ofAAT ok Moyt 7
© i} ol Tel wiEF RuteR FAR wEY
Mel|4] CD34* AEE FF7F 1.0%, BEEHC
14%2 urxsldiol| A 14uf 7}k o) gent Ckitdl
e AHoks BaE ek

BoodFol|a =8 AFAEL] PxEAeZ
Sl b3 del 2oL gl 4~Tgm’l
cyclophosphamide®} 10 pg/kg®l G-CSF = G-
CSFE ch=oz Fojslglod cyclophosphamide
9l G-CSF Soi¥ 79 AXol w¥77t 74A+ 3
Aol Zahe] 102 o3 RE] F]&o] Yo 5
g wia7LsE 1,000/ L ol SIS wll MR
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o gk oY 33] A

9 ATAES] wfok
& uljA]ol|A] WA

o] A|EZ9] clonogenic activitye CFU-GME =

Hejol WA 4 glidl CDMT AES 4o
CFU-GMe] oke ulzlelo] Wrehdebn 2eid 9l
G, 28 ATAEE Aol vk w) 4%
o) A%e BHoz uHolt FehEH(fetal calf
serum, FCS) I+ human placenta conditioned
media(HPCM), PHA-LCM %l ofg] AzAlalso]
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