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Effect of glycosylation of recombinant human granulocytic colony-
stimulating factor on expansion cultures of umbilical cord blood CD34+* cells
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ABSTRACT

Backgound and Objective. The granulocytic colony-
stimulating factor (G-CSF) is a cytokine widely used for
several purposes such as stem cell mobilization, treat-
ment of neutropenia or in vitro cultures. Recombinant
human G-CSF (rh-G-CSF) is available in two forms: a
non-glycosylated (E. Coli-derived), and a glycosylated
CHO-derived rhG-CSF. As previously shown, glycosyla-
tion gives a higher degree of homology between the
recombinant and the wild human G-CSF molecule. This
study analyses the role of glycosylation in expansion
cultures comparing the biological effects of the two
forms of G-CSF.

Design and Methods. CD34+ cells from nine cord blood
were positive selected (median purity 84%) and cul-
tured in the presence of 50 ng/mL of stem cell factor
and 1, 10 or 100 ng/mL of glycosylated rh-G-CSF (GG)
or a deglycosylated form (DG). After 5 days of a stat-
ic, serum-dependent culture fed on day O, nucleated
cells (NC), CD34+ cells and colony-forming units were
evaluated and compared using the paired Student’s t-
test.

Results. For all concentrations tested, GG was able to
generate more NC and progenitors than DG was able
to (p<0.05). This effect was mainly observed in CFU-
GM colonies, and in CFU-Mix, and indeed no influence
was detected in terms of BFU-E expansion. The pres-
ence of GG in culture causes the generation of more
mature granulocytic cells,assessed by the expression
of CD11b/CD15 on CD13* population, than the pres-
ence of DG. In order to check the role of the molecule’s
stability in this difference, the effect of daily supple-
mentation was tested. Continous presence of cyto-
kines using either form of G-CSF (daily feeding) sig-
nificantly increased the rate of expansion, but again GG
produced higher generation than its DG counterpart.

Interpretation and Conclusions. Our results suggest-
that the stability of the G-CSF molecule has a pre-
dominant effect on the higher biological activity found.
A glycosylated form of G-CSF is recommended for in vit-
ro cultures using serum-dependent conditions.
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regulation of, differentiation and maturation

of cells of granulocytic lineage.r Molecular
characterization has allowed it to be purified and
obtained through genetic engineering. Recombinant
human GCSF was first obtained from bacteria and,
in contrast to the wild human molecule, the recom-
binant polypeptide produced by the bacterial sys-
tem carries a N-terminal methionine group and is
not glycosylated. The suggested role of glycosylation
is to increase the molecule’s stability, thus protect-
ing it from degradation by unspecific serum pro-
teases, and increasing its half-life. In addition, gly-
cosylation could increase the affinity of the cytokine
for the G-CSF receptor, because of the higher degree
of homology between the recombinant glycosylated
form and the wild G-CSF molecule.?

Current manufactured cytokines are produced
according to several biochemical specifications, with
amino acid substitutions, or with different degrees of
glycosylation, or as non-glycosylated forms. These
specific differences depend on the type of expression
system used to produce the recombinant protein,
i.e., bacterial cells (E.Coli), mammalian cells (Chi-
nese Hamster Ovary [CHO]) or yeast cells.® Recom-
binant human GCSF (rhG-cSF) is available for clini-
cal uses in two forms: a non-glycosylated form (E.
Coli-derived) and a glycosylated CHO-derived form,
which has 174 amino acids and whose glycosylation
part accounts for 4% of the total molecular weight.
This glycosylation, a carbohydrate located at posi-
tion Thr 133, is based in a chain of a N-acetyl-neu-
raminic acid, B-galactose and N-acetyl-galactosa-
mine.*

Invitro studies have highlighted the significance of
the sugar moiety of the molecule in conferring
greater stability to the rhG-CSF molecule.> Deglyco-
sylated rhG-CSF lost most of its activity when pH
was increased from 6 to 8, whereas glycosylated rhG-
CSF retained almost 80% of its activity.® Similarly,
the activity of glycosylated rhG-CSF derived from
CHO cells was retained after 8 hours’ incubation in
human serum, whereas that of deglycosylated rhG-
CSF was substantially reduced.” The molecular
mechanism of the increased stability of the glycosy-
lated form remains to be established, but may well
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involve protection of cysteine-17 within the polypep-
tide chain.®

However, the potential clinical advantages of glyco-
sylation still remain unclear. Similarly to interleukin-3,
preclinical in vivo studies have not shown any impor-
tant qualitative or quantitative differences in the
hematopoietic effects of glycosylated rhG-CSF.39 In
contrast, there are in vivo biological differences
between glycosylated and non-glycosylated forms of
other growth factors (GM-CSF and Epo).10-13

Several experimental data have shown that glyco-
sylated G-CSF has greater biological in vitro activity
than deglycosylated G-CSF.514 This difference, as
pointed out before, can be explained by a greater sta-
bility of the molecule, a higher affinity for the recep-
tor, or both. To refine understanding of the relevance
of G-CSF glycosylation we designed a prospective in
vitro study aimed at comparing the biological activi-
ty of a glycosylated and a deglycosylated form of rhG-
CSF. This study was based on an expansion culture
assay of CD34+ umbilical cord blood (UCB) selected
cells. The parameters assessed to determine biologi-
cal activity were the total number of nucleated cells,
CD34 cells, and colony-forming cells (CFC) gener-
ated at the end of culture.

Design and Methods

UCB collection

UCB was obtained from full term pregnancies in
the Hospital Universitari Sant Joan de Déu. Signed
consent from the mother was required before dona-
tion. After early clamping, the umbilical vein was
canalized and blood drained by gravity into a stan-
dard blood bag containing 25 mL of citrate-phos-
phate-dextrose-adenine (CPD-A) solution. Bags were
stored at 4°C until required for the procedure. All the
procedures were started within the 24 hours follow-
ing collection.

Sample processing and CD34* positive selection

Within 24 hours of UCB collection, mononuclear
cells (MNC) were obtained using a density gradient
(Ficoll-Paque, Pharmacia Biotech, Uppsala, Sweden),
and were resuspended in a buffered solution (PBS,
1% human serum albumin and 0.5% human
immunoglobulin). Positive selection of CD34+ cells,
was performed as previously described.2® Briefly, cells
were incubated at a concentration of 1-5x107/mL
with 0.25 pg of the anti-CD34 MoAb My10 per 108
cells, for 30 min at 4°C, with slow agitation. After two
washes with buffer 4x107 cells/mL were incubated
with ferric particles (sheep antimouse-Dynabeads®,
Dynal, Oslo, Norway), at a ratio of 0.5 beads per cell.
After 30 minutes at 4°C, with slow agitation, the neg-
ative fraction was eluted applying a magnetic field
(Isolex®-Tm50, Baxter, Deerfiels, IL, USA). Four addi-
tional washes were performed to increase the purity
of the positive fraction. Cells were detached from the
beads (using an enzymatic method) by incubation in

the presence of 250 pkat of chemopapain for 15 min-
utes at room temperature. The reaction was stopped
using cold buffer, and afterwards, CD34* cells were
eluted by again applying the magnetic field.

Expansion culture assay

Following positive selection, 10° CD34+* cells were
seeded in 4-well plates (Nunc, Denmark) in IMDM
containing 25% FCS, and incubated at 37°C in 5%
CO,. Cultures were supplemented with several com-
binations of cytokines. In all cultures 50 ng/mL of
stem cell factor (SCF) from R&D Systems (Min-
neapolis, MN, USA) were added on day 0. Glycosy-
lated rhG-CSF (GG) and a deglycosylated derivative
(DG) obtained by enzymatic treatment of the former
were kindly provided by Chugai-Rhéne-Poulenc
(Anthony, France). The amino-acid and amino-sug-
ar composition of these two forms were analyzed to
confirm the specifications. Both G-CSF forms were
functionally tested in a colony-forming assay and
produced similar numbers of colonies. The rhG-CSF
concentrations used were 1, 10 and 100 ng/mL
depending on the cultures. In the cases indicated,
rhG-CSF was added daily. On day +5, assessment of
expansion was performed. A series of 9 experiments
are presented.

Expansion assessment
Cell expansion was assessed by:

- cell count in a Neubauer’s chamber and viability by
the trypan blue dye exclusion test;

- immunofluorescence studies: expression of CD34,
CD11b, CD15 (HPCA-2-PE, D12-PE, MMA-FITC,
Becton Dickinson, San José, CA, USA) and CD13
(Immu103.44-PE-Cy5, Coulter-Immunothech, Mar-
seille, France) was determined by flow cytometry on
day 0 and day +5. A cytometer (Epics-XL-MCL,
Coulter Electronics, Hialeah, FL, USA) was used for
acquisition and the results were obtained by analy-
sis of listmodes. For each sample, day O cytosetting
parameters were defined, and used again for the day
+5 analysis in order to compare the intensity of flu-
orescence for CD34 expression. To assess the
mature myeloid cells generated, a gate on CD13*/
CD11b/CD15 expression was used: CD11b-/CD15*
defined the granulocytic population and CD11b*/
CD15* the promyelocytic population;

- semisolid cultures on methylcellulose (1.12%) were
performed on day 0 and day +5 using a cytokine
cocktail consisting of 10 ng/mL each of IL6, IL3, G-
CSF, GM-CSF and 2 U/mL of erythropoietin in
IMDM and 20% FCS. Cultures were kept at 37°C,
and 5% CO, in air, in a humidified atmosphere.
CFU-GM, BFU-E and CFU-mix were scored as typ-
ical predefined groups of more than 50 cells.1®

Statistics

Comparison between mean values of different
combinations of cytokines for the parameters
assessed was analyzed applying the paired Student’s
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t-test. The level at which a difference was considered
significant was established at p<0.05. Results are
expressed as mean and standard deviation.

Results

CD34+ cell selection

Overall, nine selection procedures were performed,
with a median purity of 84%, and a range between 80
to 89%. Cell viability was over 90% in all cases.

Dose-response curve

In order to establish the differences in biological
activity between the two forms of rhG-CSF, compar-
ative cultures containing 1, 10 and 100 ng/mL of
both cytokines were performed. In these conditions,
GG showed a higher biological activity than DG (Fig-
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Figure 1. Fold increase (mean and standard deviation of
nine experiments) of nucleated cells, CD34+* cells and CFU-
GM at 1, 10, and 100 ng/mL of glycosylated rhG-CSF (GG)
and deglycosylated rhG-CSF(DG). Cytokines were supple-
mented only on day O of culture. The mean of the well sup-
plemented with 50 ng/mL of SCF alone (SCF), used as the
control well, is also shown.

ure 1). The differences of the mean in the points ana-
lyzed were: 1) NC generation was 3, 2.3 and 2 times
greater in GG cultures containing 1, 10 and 100
ng/mL, respectively; 2) similarly, GG allowed CD34*
cell expansion rates 1.9, 1.5 and 1.6 times greater
than those produced by DG cultures; and 3) the
determination of CFU-GM generated also showed
better results when the glycosylated form was used:
1.5, 1.6 and 1.4 times higher expansion rates for the
3 concentrations tested. For all the concentrations
analyzed, the differences were statistically significant
(p<0.05). Wells without cytokines, and with SCF
alone failed to expand. In these culture conditions, a
combination of cytokines widely used in expansion
assays, such as SCF, IL3, IL6 at a concentration of 50
ng/mL each, generated a 7-fold increase in CD34+
cells (data not shown). A trend to a lower difference
was observed at 100 ng/mL. These data suggest that
the greater biological activity observed using GG
could be compensated for a 10-times higher con-
centration of DG.

The clonogenic activity generated, as assessed in
semisolid assays, was also different, showing a
greater generation of colonies for a determined con-
centration in GG supplemented cultures. These dif-
ferences were mainly observed in CFU-GM counts;
no differences were obtained in erythroid colonies.
CFU-mix count was highest in cultures supplement-
ed with 100 ng/mL of GG (Figure 2).
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Figure 2. Fold-increase between subtypes of colonies (CFU-
GM, BFU-E, and CFU-Mix) according to the concentration
used. The type and concentration of G-CSF are abbreviated as
follows: GG10 (rh glycosylated G-CSF at 10 ng/mL), DG10 (rh
deglycosylated G-CSF at 10 ngZ/mL), GG100 (rh glycosylated
G-CSF at 100 ng/mL), and DG100(rh deglycosylated G-CSF
at 100 ng/mL). Cultures were only supplemented at day O
(see Design and Methods). The results are expressed as the
mean (and standard deviation) of nine experiments.
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Phenotypic analysis of mature cells generated
on day 5 by flow cytometry

On day +5 of the expansion procedure CD11b/CD15
expression was different depending on the G-CSF
employed. In GG supplemented cultures, the majority
of cells present, and expressing CD13 phenotype, had
CD11b*/CD15* expression while cells from cultures
supplemented with the DG form had a higher percent-
age of cells at a promyelocytic stage (CD11b-/ CD15%).
The lower biological activity of DG is thus suggested by
the delay in terminal granulocytic maturation by this
point in the culture (phenotype CD11b*/ CD15*) (Fig-
ure 3). This result was also observed using the combi-
nation of SCF, IL3, IL6, in a parallel assay. In this case
the absence of G-CSF caused a halt in maturation at the
promyelocytic stage, there being only 8% of phenotypic
mature granulocytes after five days of culture. These
differences were not observed at 100 ng/mL of G-CSF,
suggesting that higher concentrations of deglycosylat-
ed G-CSF are needed to achieve the same maturation
effects.

Comparative analysis of the effect of daily
supplementation of G-CSF in expansion culture
To study the effect of the molecule’s stability on
these results, we performed five experiments compar-
ing daily cytokine supplementation with standard
supplementation (only at day 0) using 1 and 10
ng/mL of G-CSF forms. The effect of daily supple-
mentation in the expansion kinetics and the compar-
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Figure 3. Phenotypic characteristics of mature cells gener-
ated in the expansion cultures. The figure compares the per-
centage of cells expressing CD11b/CD15 on the population
expressing CD13 on day +5. DG10 expresses cultures with
deglycosylated rhG-CSF at 10 ng/mL, GG10 cultures with
glycosylated rhG-CSF at 10 ng/mL and S36 cultures with
SCF+IL-3+IL-6 at 50 ng/mL, used as a control of expansion
without G-CSF). Cultures were only supplemented on day O
(see Design and Methods). The results are expressed as the
mean (and standard deviation) of nine experiments.

ison between the deglycosylated and glycosylated G-
CSF are shown in Figure 4. According to these obser-
vations, daily supplementation with either form was
able to increase biological activity, showing that the
continuous presence of cytokines in cultures is rele-
vant for achieving a better expansion efficiency. Nev-
ertheless, in this situation the differences observed in
the expansion between 1 and 10 ng/mL using either
cytokine are still significantly different. The mean
increases of NC generated, directly dependant on the
daily supplementation, using DG were 11.9 times at
1 ng/mL and 4.9 times at 10 ng/mL. Using GG the
benefits were lower: 4.2 and 2.3 times for 1 and 10
ng/mL, respectively. Instead of a higher increase in
biological activity observed with the DG using a dai-
ly supplementation schedule, comparison between
GG and DG at equal concentrations using a more
continuous presence of cytokines still gave better
results for the GG form (Figure 4). The differences
were still significant when the generation of NC and
CFU-GM was analyzed, but the overall expansion of
CD34+ cells between these two forms of G-CSF was at
the limit of significance (p=0.05). According to these
results, GG has a greater biological activity than the
DG form, probably due to the higher stability of its
molecule, since these differences are reduced using a
daily feeding protocol.

Discussion

The availability of cytokine and hemopoietic
growth factors has allowed a better understanding of
hemopoiesis and its complex regulatory mechanisms.
G-CSF is a cytokine extensively used for clinical pur-
poses, specifically for the treatment of neutropenia,
and mobilization of hematopoietic progenitors into
the peripheral blood.17-19

Ideally, polypeptides for clinical use should be iden-
tical to those of human origin. The first molecule
used as rhG-CSF was produced from bacteria and
has several differences with respect to the wild human
peptide: the presence of an N-terminal methionine,
and the lack of glycosylation. In order to increase the
homology between synthetic and wild rhG-CSF, a
mammalian cell-derived rhG-CSF (CHO cells) has
been produced. Theoretically, GG could improve
molecular stability and provide a greater affinity for
the receptor.2 However, strong glycosylation could
increase the antigenicity of the molecule, provoking
immune reactions against it and causing allergic reac-
tions or drug resistance phenomena, thus failing to
reproduce, in vivo, the in vitro results.

The aim of this work was to study the role of rhG-
CSF glycosylation on the in vitro biological activity of
the peptide. We compared the effect of two forms of
rhG-CSF: one, obtained from CHO cells (glycosylat-
ed rhG-CSF) and the other, an enzymatic deglycosy-
lated derivative of the first, that has been shown in
previous works to have a similar activity to E. Coli-
derived rhG-CSF.* We chose UCB cells to compare
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Figure 4. Nucleated cells, CD34* cells and CFU-GM expan-
sion rate in cultures with glycosylated rh G-CSF (GG) or deg-
lycosylated rhG-CSF (DG) at 1 ng/mL or 10 ng/ZmL. This fig-
ure shows the fold-increase (mean and standard deviation)
of each population compared to the starting point accord-
ing to the feeding protocol employed (supplemented only on
day O of culture (DAY 0) or with daily supplementation of
cytokines (DAILY).

the effects because the previously described?122 high
proliferative potential of UCB progenitors in response
to cytokines, might permit amplification of the hypo-
thetical differences being investigated. Thus, they
would allow minimal differences in proliferative activ-
ity of hematopoietic progenitors secondary to the
action of G-CSF molecule to be observed. The aim of
this experiment was not to test G-CSF at the level of
stem cell expansion, which requires the use of other
early-acting cytokines and conditions. SCF was used
to enhance the response and to preserve the viability
of CD34+ UCB cells in a five-day assay.®

According to the analysis of the dose-response
curves at 1, 10 and 100 ng/mL, glycosylated rhG-CSF
was superior to the DG form, at each concentration
tested. However, adding 10 times more DG than GG
abrogated the differences. In contrast to Nissen et
al., the differences observed in our experiments were
maintained at 100 ng/mL. This could be due to the
different assessment of biological activity. Nissen
used a clonogenic test to assess biological activity,
and thus the effect of the constant presence of cyto-
kine inducing a continuous proliferative stress was
not evaluated. Using expansion cultures, a more sen-
sitive approach, we observed that the difference was
maintained at high concentrations. Furthermore, dif-
ferent biological activities were observed following
the assessment of CFU-GM generated and the phe-
notypic pattern of granulocytic maturation. To
explain our observations we considered two hypo-
theses: first, the stability of the DG molecule was low-
er in invitro cultures in which serum was present, and
in which the action of non-specific proteases could
produce an enhanced elimination curve for the DG
molecule. Second, the affinity of the molecule for its
receptor could be improved if a greater three-dimen-
sional homology existed between the wild molecule
and the rhG-CSF used.?

To minimize the role of stability in this phenome-
non, we carried out a comparison study with daily
supplementation of rhG-CSF. Using this strategy we
obtained better expansion rates in all experiments. A
continuous presence of active cytokines in the cul-
ture medium (achieved by a daily supplementation)
produced an overall CD34* cell expansion 3-times
higher than that observed without continuous feed-
ing. These findings suggest that continuous presence
of cytokines in the culture plays a positive role in
recruiting more progenitor cells into a proliferative
state. When daily cultures supplemented with DG
and day-0 supplemented GG was compared, similar
activity was shown, suggesting stability of the mole-
cules accounted for at least some of the previous dif-
ference. In spite of this, cultures supplemented daily
with GG still showed greater biological activity than
cultures supplemented with the DG molecule coun-
terpart. This difference, however, was lower than that
observed with a day-0 supplementation schedule,
probably due to a diminished effect of molecule sta-
bility. Probably, a more frequent feeding scheme
could even eliminate these differences (a feeding
interval of 24 hours might be too long, considering
the short half-life of the DG molecule in serum-
dependent media). A true greater affinity for the
receptor could also amplify the expected results
observed with GG molecule.

In conclusion, invitro hematopoietic progenitor cell
amplification was achieved from UCB CD34* select-
ed cells. The expansion rates were better using a dai-
ly cytokine supplementation schedule. Both G-CSF
molecules have a synergistic action with SCF but GG
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yielded better proliferation rates. Our results suggest
that the molecule’s stability has a major effect in pro-
ducing the observed higher biological activity. A gly-
cosylated form of G-CSF is recommended for in vitro
serum-dependent cultures.

Contributions and Acknowledgments

SQ participated in the design and discussion of the study
and performed the cultures. JAC participated in the design
and discussion of the study and did the flow cytometry. LLA
participated in the collection of samples and in discussion of
the manuscript. GC participated in the statistical analysis
and discussion of the manuscript. JG participated in the design
and discussion of the manuscript.

Funding

This work was supported by a grant from Spanish FIS
97/2120 and DGYCYT PB95-0904, and the Fundacion
Internacional José Carreras para la Lucha contra la Leucemia.

Disclosures

Conflict of interest: none.

Redundant publications: < 50%; resumé of preliminary
results in a non-peer reviewed symposium supplement.

Manuscript processing
Manuscript received November 23, 1998; accepted Feb-
ruary 19, 1999.

References

1. Lieschke GJ, Burgess AW. Granulocyte colony-stimu-
lating factor and granulocyte-macrophage colony-
stimulating factor. N Engl ) Med 1992; 327:28.

2. Kubota N, Orita T, Hattori K, et al. Structural char-
acterization of natural and recombinant human gran-
ulocyte colony-stimulating factors. J Biochem 1990;
107:486-92.

3. Dexter TM, Testa NG. Haematopoietic growth fac-
tors. Review of biological and clinical potential. Con-
sultant series by Gardiner-Caldwell Communications
Ltd. 1993.

4. Asano S. Human granulocyte colony-stimulating fac-
tor: its basic aspects and clinical applications. Am |
Ped Hematol Oncol 1991; 13:400-13.

5. Nissen C, Dalle Carbonare V, Moser Y. Glycosylation
of the rHUG-CSF molecule confers greater biological
potency in vitro than non-glycosylated rHuG-CSF.
Drug Invest 1994; 7:346-52.

6. Oh-eda M, Hasegawa M, Hattori K, et al. O-linked
sugar chain of human G-CSF protects it again poly-
merization and denaturation allowing it to retain its
biological activity. ] Biol Chem 1990; 265:11432-5.

7. Kishita M, Motojima H, Oh-eda M, et al. Stability of
granulocyte colony-stimulating factor (G-CSF) in
serum. Clinical Report 1992; 26:221-4.

8. Hasegawa M. A thermodynamic model for denatura-
tion of granulocyte colony-stimulating factor: O-
linked sugar chain suppresses not the triggering of
deprotonation but the succeeding denaturation.

©

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Biochim Biophys Acta 1993; 1203:295-7.

Ziltener H, Clark-Lewis |, Tomlinson Jones A, Dy M.
Carbohydrate does not modulate the in vivo effects of
injected IL-3. Exp Hematol 1994; 22:1070.

Yuo A, Kitagawa S, Ohsaka A, et al. Stimulation and
priming of human neutrophils by G-CSF and GM-CSF:
qualitative and quantitative differences. Biochemical
and Biophysical Research Communications 1990;
171:491.

Tsuda E, Kawanish G, Ueda M, Sasaki R. The role of
carbohydrate in recombinant human erythropoietin.
Eur J Biochem 1990; 188:405.

Dube S, Fisher )W, Powell JS. Glycosylation at specif-
ic sites of erythropoietin is essential for biosynthesis,
secretion and biological function. J Biol Chem 1988;
263:17516-21.

Moonen P, Mermod JJ, Ernst JF, et al. Increased bio-
logical activity of deglycosylated recombinant human
granulocyte/macrophage colony-stimulating factor
produced by yeast or animal cells. Proc Natl Acad Sci
USA 1987; 84:4428.

World Health Organization (WHO), BS/92.1711.
International collaborative study for the proposed
international standards for granulocyte-macrophage-
colony-stimulating factor and granulocyte colony-
stimulating factor. World Health Organization Tech-
nical Report Series, 1994.

Cancelas JA, Querol S, Canals C, et al. CD34+ cell
positive selection from peripheral blood by an indi-
rect immunomagnetic method: effect of the type of
mobilization and assessment of tumor depletion abil-
ity. ) Hematother 1995; 4:531-8.

Rowley SD. Hematopoietic cell colonies. In: Bone
marrow and stem cell processing: a manual of current
techniques. Areman E, Deeg HJ, Sacher RA, eds.
Philadelphia: F.A. Davies Company; 1992, p. 406-10.
Crawford J, Ozer H, Stoller R, et al. Reduction by gran-
ulocyte colony stimulating factor of fever and neu-
tropenia induced by chemotherapy in patients with
small cell lung cancer. N Engl ] Med 1991; 320:164-
70.

Gisselbrecht C, Prentice HG, Bacigalupo A, et al.
Placebo controlled phase Il trial of lenograstim in
bone marrow transplantation. Lancet 1994; 343:696-
700.

Sheridan WP, Begley CG, Juttner CA, et al. Effect of
peripheral blood progenitor cells mobilised by filgras-
tim (G-CSF) on platelet recovery after high dose
chemotherapy. Lancet 1990; 339:94-9.

Gribben JG, Devereux S, Thomas NS, et al. Develop-
ment of antibodies to unprotected glycosylation sites
on recombinant human GM-CSF. Lancet 1990;
335:434.

Arcese W, Aversa F, Bandini G, et al. Clinical use of
allogeneic hematopoietic stem cells from sources oth-
er than bone marrow. Haematologica 1998; 83:159-
82.

Broxmeyer HE, Hangoc G, Copper S, et al. Growth
characteristics and expansion of human umbilical
cord blood and estimation of its potential for trans-
plantation in adults. Proc Natl Acad Sci USA 1992;
89:4109-13.

Keller JR, Ortiz M, Ruscetti FW. Steel factor (c-kit lig-
and) promotes the survival of hematopoietic
stem/progenitor cells in the absence of cell division.
Blood 1995; 86:1757-64.





