
Haematology and Blood Transfusion Vol. 31 
Modern Trends in Human Leukemia VII 
Edited by Neth, Gallo, Greaves, and Kabisch 
© Springer-Verlag Berlin Heidelberg 1987 

Proliferative Effects of a Recombinant Human 
Granulocyte Colony-Stimulating Factor (rG-CSF) 
on Highly Enriched Hematopoietic Progenitor Cells 

O.G. Ottmann 1, K. Welte 2, L.M. Souza 3, and M.A.S. Moore! 

A. Introduction 

Human multipotential and committed he
matopoietic progenitor cells require the 
presence of specific glycoproteins, termed 
"colony-stimulating factors" (CSFs) for sur
vival, clonal proliferation, and differenti
ation. Recently, a pluripotent G-CSF, con
stitutively produced by the human bladder 
carcinoma line 5637, has been purified to ap
parent homogeneity [11 and molecularly 
cloned with the complementary DNA copy 
of the gene expressed in Escherichia coli [2]. 
This factor induces terminal differentiation 
of the murine myelomonocytic cell line WE
HI3B(D +), the human promyelocytic cell 
line HL60, and leukemic cells from patients 
with certain forms of ANLL [2, 3] and has 
been shown to stimulate the growth of day-7 
granulocyte colonies, erythroid bursts 
(BFU-E), and multilineage colonies (CFU
GEMM) from human bone marrow [1-31. 
Despite its similarity with murine G-CSF [41, 
the latter does not support the proliferation 
of BFU-E and CFU-GEMM [51, biological 
activities shared by murine IL3 and GM
CSF [6-8]. However, IL3 has not been re
ported to induce differentiation of leukemic 
cells [9], no significant homology was found 
between the deduced amino acid sequence 
for hG-CSF and those for murine IL3 [10, 
111 and murine and human GM-CSF [12, 
13], and specific binding of radio labeled hG
CSF was inhibited by an excess of unlabeled 
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hG-CSF but not by hGM-CSF [21. In these 
previous studies, accessory cell-mediated bi
ological activities and direct effects on pro
genitor cells were not distinguished. To ad
dress these considerations, the effects ofhG
CSF on accessory cell-free bone marrow 
populations highly enriched for hemato
poietic progenitors were examined. 

B. Methods 

Low-density bone marrow separated by 
Ficoll-Hypaque density centrifugation was 
enriched 10- to 12-fold for progenitor cells 
by depletion of mature myeloid, monocytic, 
lymphoid, and erythroid cells using the 
mAbs Mol, MY8, MY3, N901, B4 (gen
erously provided by J. Griffin, Boston), 
OKT4, OKT8, OKT11 , and antiglycoph
orin by immunoadherence "panning" [14, 
15] and complement-mediated cytotoxicity 
(LDAC-). By subsequent fluorescence-acti
vated cell sorting, a nearly homogeneous 
blast population defined by low perpendicu
lar and high forward light scatter (blast win
dow) and expression of the HPCA-l antigen 
(detected by the MY10 mAb), present on all 
hematopoietic progenitors [16], was isolated 
with a purity of 85%-95% and an overall 
plating efficiency of up to 30%. Alterna
tively to MY10, an anti-HLA-DR mAb 
(clone L243; both Abs a kind gift of N. 
Warner, Becton Dickinson) was used for 
positive selection of clonogenic cells [17]. 
DAD14 (d14) and DA Y7 (d7) CFU-GM, 
BFU-E, and CFU-GEMM were assayed in 
agar and methylcellulose cultures respec-



tively. Erythropoietin (EPO) was added on 
d3 to eliminate background growth of BPA
independent, EPO-responsive BFU-E [IS]. 
In cultures of MYlO+ and HLA-DR+ 
populations no spontaneous colony forma
tion was observed. 

C. Results and Discussion 

As shown in Table 1, 100-2000 units of re
combinant G-CSF (specific activity approxi
mately 1 x 108 units per mg protein) stimu
late proliferation of CFU-GM in a dose-de
pendent manner and by direct action on 
MYI0+ progenitor cells. Aggregates that 
had developed by day 7 were uniformly 
small, rarely exceeding 20-30 cells even at 
high concentrations of G-CSF, and purely 
granulocytic, containing mature neutrophils 
as demonstrated by esterase stains. No sig
nificant differences in either number or size 
of aggregates were observed when equiva
lent concentrations of recombinant and 
highly purified G-CSF were compared (data 
not shown), indicating that lack of glycosy
lation of the recombinant material does not 
adversely affect its biological activity. CFU
GM scored after 14 days were predomi
nantly granulocytic (64%-75%); in addi
tion, the formation of a small number of 
mixed granulocyte/macrophage colonies 
(4% at 250 U/ml, 10% at 2000 U/m!) and 
macrophage clusters of 6-20 cells (20%-
30% of total aggregates in several experi-

Table 1. Stimulation by rhG-CSF of d7 and d14 
CFU-GM from MY10+ bone marrow cells 
cultured in triplicate at 1000 cells/ml. Values 
(clusters: 4-50 cells; colonies: more than 50 cells) 
are expressed as mean ± standard deviation 
calculated for 1 x 105 cells 

rhG- CFU-GM (colonies/clusters) 
CSF 
U/ml Day 7 Day 14 

o 0/0 
100 0/2780 ± 490 
250 0/4890 ± 570 
500 0/5130 ± 176 

2000 0/5380 ± 550 

0/0 
1600 ± 400/1600 ± 330 
2660 ± 530/1400 ± 70 
2900 ± 70/1130 ± 130 
3470 ± 130/1130 ± 200 

ments) was stimulated. In contrast, growth 
of eosinophil colonies was not supported, 
even by high concentrations of G-CSF, as 
judged by Congo red stains of agar cultures. 
These data are consistent with results ob
tained previously with murine G-CSF [5]. 

The capacity of rG-CSF to stimulate 
BFU-E and CFU-GEMM was examined in 
a highly sensitive BPA assay, using se
quentially purified progenitor populations 
(LDAC- and sorted HLA-DR+, MY10+ 
blasts) as target cells. As shown in Fig. 1 for 
MY10+ cells, 50-2000 U/ml rG-CSF failed 
to stimulate CFU-GEMM or increase BFU
E formation above background levels. Iden
tical results were obtained in numerous ex
periments irrespective of the target popula
tion used. Comparison of highly purified 
and recombinant G-CSF at both 1000 and 
5000 U /ml confirmed that the absence of 
BFU-E- and CFU-GEMM-stimulating ac
tivity of rG-CSF is not a consequence of the 
lack of glycosylation. Readdition of autolo
gous, unstimulated OKT4- and OKTS-posi
tive lymphocytes, isolated by cell sorting 
with 98% purity, to cultures of MYlO+ 
cells did not augment colony formation in ei
ther the absence or the presence of G-CSF 
(data not shown). These results are at 
variance with earlier studies [1-3], which em
ployed target populations depleted of acces
sory cells by plastic adherence and E-roset
ting, techniques that do not facilitate the de
gree of progenitor enrichment and accessory 
cell depletion achieved by the immunologi
cal techniques used in this study. It is con
ceivable that the stimulation of erythroid 
and multilineage colonies observed in those 
reports was mediated by an as yet unidenti
fied accessory cell. 

To assess whether or not G-CSF is able to 
facilitate the survival and or initial prolifer
ation of BFU-E and CFU-GEMM, delayed 
addition experiments were carried out 
(Table 2). The almost complete loss of BPA
responsive BFU-E and of CFU-GEMM 
caused by delaying the addition of BPA till 
day 4 of culture is not abrogated by the con
tinuous presence of G-CSF. This result dif
fers slightly from that obtained with murine 
fetal liver cells, where G-CSF appeared to 
stimulate the initial proliferation of a sub
popUlation of multipotential and erythroid 
precursors [5]. 
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CPO only. day 0 __ 3450 

CPO only. day 3 ~ 250 

.CFY-SENN 

~8FY-E" 

rhS-CSF 500 u/Ill ~ 150 

rhS-CSF 2000 u/Ill ~ 200 

PP-alpha ffO U/lIll~ 3200 

5637CN 5K1~5550 

PHA-LCM 7.5K I 5850 

o 1500 3000 4500 

8FU-E/CFU-GENN / 100000 CELLS 

6000 

Fig.t. Growth of BFU-E and CFU-GEMM in 
methylcellulose cultures ofMY10+ cells cultured 
in duplicate at 1000 cells/ml. Comparison of rG
CSF with 5637 CM, PHA-LCM and PP-alpha 

(Pluripoietin-cx), a GM-CSF-like activity purified 
from the bladder carcinoma line 5637 [20]. Re
combinant EPO was added on day 3 of culture un
less otherwise stated 

Table 2. Delayed addition of burst-promoting activity (BPA) to methylcellulose cultures of enriched 
progenitor populations in the presence or absence of rhG-CSF. LDAC-, HLA-DR+, and MY10+ 
cells were plated at 1 x 104 ,2.5 X 103

, and 1 x 103 cells/ml respectively. 5637 CM was used as a source 
ofBPA 

Stimulus 

EPO rhG-CSF BPA 

Day of addition 

3 
3 0 
3 0 
3 4 
3 0 0 

In conclusion, it appears that the direct 
action of human G-CSF is restricted primar
ily to the granulocytic lineage, in which it 
supports the proliferation and differenti
ation of committed progenitors (d7 and d14 
CFU-GM) and stimulates end-stage cells as 
determined by antibody-dependent cell-me
diated cytotoxicity and induction of chemo
tactic peptide binding [2, 20]. 
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Bone marrow fraction 

LDAC- HLA-DR+ MY10+ 

Number of BFU-E/CFU-GEMM/l05 cells 

90/ 0 40/ 0 350/ 0 
700/10 1700/120 4800/420 
160/ 0 200/ 0 200/ 0 
210/ 0 180/ 0 300/ 0 
140/ 0 0/ 0 400/ 0 

References 

1. Welte K, Platzer E, Lu L, Gabrilove JL, Levi 
E, Mertelsmann R, Moore MAS (1985) Puri
fication and biochemical characterization of 
human pluripotent hematopoietic colony
stimulating factor. Proc Natl Acad Sci USA 
82:1526-1530 

2. Souza LM, Boone TC, Gabrilove J, Lai PH, 
Zsebo KM, Murdock DC, Chazin VR, Brus
zewski J, Lu H, Chen KK, Barendt J, Platzer 
E, Moore MAS, Mertelsmann R, Welte K 
(1986) Recombinant human granulocyte 
colony-stimulating factor: effects on normal 



and leukemic myeloid cells. Science 232:61-
65 

3. Platzer E, Welte K, Gabrilove JL, Lu L, Har
ris P, Mertelsmann R, Moore MAS (1985) Bi
ological activities of a human pluripotent he
mopoietic colony-stimulating factor on nor
mal and leukemic cells. J Exp Med 162:1788-
1801 

4. Nicola NA, Begley CG, Metcalf D (1985) 
Identification of the human analogue of a 
regulator that induces differentiation in mu
rine leukaemic cells. Nature 314:625-628 

5. Metcalf D, Nicola NA (1983) Proliferative ef
fects of purified granulocyte colony-stimulat
ing factor (G-CSF) on normal mouse hemato
poietic cells. J Cell PhysioI116:198-206 

6. Hapel AJ, Fung MC, Johnson RM, Young 
IG, Johnson G, Metcalf D (1985) Biologic 
properties of molecularly cloned and ex
pressed murine interleukin-3. Blood 65:1453-
1459 

7. Suda J, Suda T, Kubota K, Ihle IN, Saito M, 
Miura Y (1986) Purified interleukin-3 and 
erythropoietin support the terminal differ
entiation of hemopoietic progenitors in 
serum-free culture. Blood 67:1002-1006 

8. SieffCA, Emerson SG, Donahue RE, Nathan 
DG, Wang EA, Wong GG, Clark SC (1985) 
Human recombinant granulocyte-macro
phage colony-stimulating factor: a multiline
age hematopoietin. Science 230: 1171-1173 

9. Ihle IN, Keller J, et al. (1983) Biologic proper
ties of homogeneous interleukin-3. I. Demon
stration of WEHI-3 growth factor activity, 
mast cell growth factor activity, P cell-stimu
lating factor activity, colony-stimulating fac
tor activity, and histamine-producing cell
stimulating factor activity. J Immunol 
131:282-287 

10. Fung MC, Hapel AJ, Ymer S, Cohen DR, 
Johnson RM, Campbell HD, Young IG 
(1984) Molecular cloning of eDNA for mu
rine interleukin-3. Nature 307:233-237 

11. Yokota T, Lee F, Rennick D, Hall C, Arai N, 
Mosmann T, Nabel G, Cantor H, Arai K 
(1984) Isolation and characterization of a 
mouse cDNA clone that expresses mast-cell 
growth-factor activity in monkey cells. Proc 
Natl Acad Sci USA 81:1070 

12. Gough NM, Gough J, Metcalf D, Kelso A, 
Grail D, Nicola NA, Burgess A W, Dunn AR 
(1984) Molecular cloning of eDNA encoding 

a murine hematopoietic growth regulator, 
granulocyte-macrophage colony-stimulating 
factor. Nature 309:763-767 

13. Wong GG, Witek JS, Temple PA, Wilkens 
KM, Leary AC, Luxenberg DP, Jones SS, 
Brown EL, Kay RM, Orr EC, Shoemaker C, 
Golde DW, Kaufman RJ, Hewick RM, Wang 
EA, Clark SC (1985) Human GM-CSF: mo
lecular cloning of the complementary DNA 
and purification of the natural and recombi
nant proteins. Science 228:810-815 

14. Greenberg PL, Baker S, Link M, Minowada 
J (1985) Immunologic selection of hemato
poietic progenitor cells utilizing antibody-me
diated plate binding ("panning"). Blood 
65:190-197 

15. Levitt L, Kipps TJ, Engleman EG, Greenberg 
PL (1985) Human bone marrow and periph
eral blood T -lymphocyte depletion: efficacy 
and effects of both T cells and monocytes on 
growth of human hematopoietic progenitors. 
Blood 65:663-679 

16. Civin CI, Strauss LC, Brovall C, Fackler MJ, 
Schwartz JF, Shaper JS (1984) Antigenic 
analysis of hematopoiesis. III. A hemato
poietic progenitor cell surface antigen defined 
by a monoclonal antibody raised against KG
la cells. J Immunol133:157-165 

17. Beverly PCL, Linch D, Delia D (1980) Isola
tion of human hematopoietic progenitor cells 
using monoclonal antibodies. Nature 
287:332-333 

18. Sieff CA, Emerson SG, Mufson A, Gesner 
TG, Nathan DG (1986) Dependence of highly 
enriched human bone marrow progenitors on 
hemopoietic growth factors and their re
sponse to recombinant erythropoietin. J Clin 
Invest 77:74-81 

19. Gabrilove JL, Welte K, Harris P, Platzer E, 
Lu L, Levi E, Mertelsmann R, Moore MAS 
(1986) Pluripoietin ex: a second human hema
topoietic colony-stimulating factor produced 
by the human bladder carcinoma cell line 
5637. Proc Natl Acad Sci USA 83:2478-2482 

20. Harris P, Ralph P, Gabrilove J, Welte K, 
Karmali R, Moore MAS (1985) Broad-spec
trum induction by cytokine factors and 
limited induction by gamma interferon of dif
ferentiation in the human promyelocytic leu
kemia cell line HL60. Cancer Res 45:3090-
3095 

247 


