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Haematopoietic growth factors
s. AGGARWAL

INTRODUCTION
Haematopoiesis is maintained by a rapidly proliferating
but closely regulated cell system. Our understanding of
the complex regulatory mechanisms of haematopoiesis
has derived from the development of in vitro stem cell
assays in semi-solid media. It was shown more than
20 years ago that haematopoietic progenitor cells could
proliferate and differentiate to form colonies of mature
cells in such media. Progenitor cell growth and differen-
tiation did not occur spontaneously, but required the
addition of conditioned media from stimulated blood
leukocytes. The 'haematopoietic growth factors' found in
these conditioned media have subsequently been identified
as a series of glycoproteins. Each of these bind to separate
cell surface receptors on the haematopoietic progenitor
cells and have both unique and partially overlapping
effects on these cells. This review summarizes recent
advances in our understanding of the biology of haernato-
poietic growth factors and their clinical applications.

HAEMATOPOIETIC PROGENITOR CELLS
The most primitive clonogenic human haematopoietic
cell (Fig. 1) that can be identified is the colony forming
unit blast (CFU-blast). It forms colonies of blasts with a
limited self-renewing ability. 1 This is a rare cell in the
marrow, being present at less than 1 cell per 105 mono-
nuclear cells. Slightly more mature than the CFU-blast
is a cell which can form colonies of granulocytes, erythro-
cytes, monocytes and megakaryocytes (CFU-GEMM).2
This highly proliferative cell has little or no ability to
renew itself." The CFU-GEMM gives rise to a series of
progenitor cells which differentiate along only a single
line-the CFU-GM only forms colonies of mature
granulocytes and monocytes, the CFU-MEG those of
mature megakaryocytes and BFU-E bursts of erythroid
cells. These unipotent clonogenic cells also have no
self-renewal ability. Thus, there is a hierarchy of
haematopoietic progenitor cells ranging from a small
number of true stem cells with an extensive self-renewal
capacity to gradually more abundant, non-selfrenewing
cells committed to single lineage differentiation. The
haematopoietic growth factors play an important in vitro
role in inducing proliferation, differentiation and matura-
tion of progenitor cells.
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BIOLOGY
Several haematopoietic growth factors (colony-stimulating
factors; CSFs) have been purified and genes for these and
their receptors cloned. Advances in molecular biology
have made available large quantities of recombinant
haematopoietic growth factors that can be used for in vitro
and in vivo studies.

Interleukin-S
This isproduced by mitogen-stimulated T cells (Table I) and
is predicted to be a glycoprotein of 133 amino acids with
an observed molecular weight of 20 to 26 kD. 4 Its gene
consists of 5 exons and 4 introns with an mRNA species of
1 kb. It is located on chromosome 5 at band q23-q31 and
is deleted in the 5q- syndrome. Also named multi-CSF,
it is not active on murine cells, nor is murine interleukin-3
(IL-3) cross-active on human cells. Target cells possess
700 to 1300 receptors with KD values varying from
400 pM to 1 nM.5 The gene for the murine IL-3 receptor
was cloned recently but the human IL-3 receptor gene
remains to be discovered. IL-3 stimulates in vitro prolifera-
tion of aUcolony-forming cells. It also has effects on mature
myeloid cells, having been shown to induce monocytes to
secrete M-CSF and to augment macrophage tumoricidal
activity."

GM-CSF
This has been detected in response to both specific and
non-specific stimuli in T cells, endothelial and bone
marrow stromal cells, fibroblasts and peritoneal macro-
phages. It is a glycoprotein of 127 amino acids with
an observed molecular weight of 14 to 35 kD.7 Its
corresponding cDNA was cloned from the Mo cell line (a
T cell leukaemia line infected with HTL V II) and is 1 kb
in length. This gene is located within 9 kb ofthe IL-3 gene
on chromosome 5 and is also deleted in the 5q- syndrome. 8

There is no species cross-reactivity between human and
mouse GM-CSF. Two classes of receptors are described
with high (KD: 20 pM) and low (KD: 0.1 nM) affinities."
There are a larger number of low affinity (3~1000)
receptors than high affinity receptors (1~100). The gene
for the human GM-CSF receptor has been recently
cloned." GM-CSF in culture stimulates colony growth of
CFU-GEMM, CFU-MEG, BFU-E and CFU-GM. It
also increases eosinophilic cell killing of Schistosoma
japonicum, M-CSF secretion by macrophages and
leucocyte adhesion molecules on mature granulocytes.
GM-CSF 'primes' neutrophils for enhanced secretion of
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FIG 1. Hematopoiesis and hematopoietic growth factors.

TABLE I. Biological properties of hematopoietic growth factors

CSF Molecular Number of Chromosomal Producer cells Receptor studies Biological activity
weight amino acids location Progenitor Mature

IL-3 20-26 133 5q23-q31 Tcells Cloned (murine) Primitive stem cell eo.m
95kD n, m, eo, b, ery, meg

GM-CSF 14-35 127 5q 23-q31 Tcells, Cloned n,m,ery, n.rn.eo
endothelial cells, 90kD eo.meg
fibroblasts, monocytes

G-CSF 18-22 177 17q 11.2-q12 Monocytes, fibroblasts Cloned (murine) n n
120kD

M-CSF 70 189 5q33 Monocytes, fibroblasts, Cloned c-fms m m
endothelial cells, 165kD

IL-4 20 123 5q 23-q31 T cells, mast cells Cloned 140kD B B
IL-5 55 134 5q 23-q31 Tcells Not Cloned 45 kD eo eo
IL-6 26 184 7p21-p14 TcelJs, monocytes, Cloned Primitive stem cell n,T

fibroblasts, endothelial cells SOkD eo.rneg

n neutrophils B B lymphocyte T T lymphocytem monocytes eo eosinophils b basophils ery erythrocytes meg megakaryocytes
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superoxide, leukotriene B4 and platelet activating factor
(PAF) following stimulation by a second signal such as the
chemotactic peptide forrnyl-met-leu-phe.!'

G-CSF
This is a 177 amino acid glycoprotein with a molecular
weight of 18to 22 kD.12Its mRNA is 2 kb and the genomic
configuration consists of 5 exons and 4 introns located on
chromosome 17ql1.2-qI2.13 This region of chromosome
17 is not involved in the 15:17 reciprocal translation
characteristic of acute promyelocytic leukaemia, In
contrast to GM-CSF and IL-3, it is cross-reactive with
murine bone marrow cells. Mature myeloid cells express
fewer receptors (500 or less) than immature cells
(500-1000 receptors/cell). 14 A dissociation constant
of about 60-80 pM has been reported. Only the murine
G-CSF receptor has been cloned so far. G-CSF exclu-
sively stimulates the formation of granulocyte colonies
and also acts on murine neutrophils.

M-CSF (CSF-l)
Chemically and genetically this is the most complex
CSF glycoprotein. It exists as a 70 kD homodimer of 35 to
40 kD elements as found in human urine." M-CSF
stimulates the formation of monocyte/macrophage
colonies exclusively. Its genomic configuration consists of
10 exons and 9 introns spanning 20 kb encoding a 4.5 kb
mRNA.16 The use of splice acceptor sites in exon-6 gives
rise to an additional protein identified in the Mia PaCa
line which was derived from a pancreatic carcinoma. Both
M-CSF proteins have similar biological activities in vitro. 5

In addition to CFU-M stimulation, M-CSF may be impor-
tant in placental development. The c-fms proto-oncogene
encoding for the M-CSF receptor has been studied and is
located on the long arm of chromosome 5q 33.2-33.3.17
On macrophages, 5x 104 receptors with a KD of about
0.4 nM have been reported.

Interleukin-4
Interleukin-4 (IL-4), Interleukin-5 (IL-5) and Interleukin-6
(IL-6) also have CSF activity, both alone and in combina-
tion with other factors. IL-4, also known as B cell
stimulating factor I, augments basophil/mast cell colony
growth in vitro when cultured in the presence of IL-3. It is
encoded by a 0.6 kb mRNA which predicts a 153 amino
acid glycoprotein. IS IL-4 responsive cells express a single
class of high affinity receptors. By cross-linking studies,
the molecular weight of the receptor has been calculated
to be about 140000. The IL-4 receptor gene has been
cloned. In murine bone marrow cultures IL-4 enhances
erythroid, granulocytic, macrophage, and mast cell
colonies when added to erythropoietin, G-CSF, M-CSF
and IL-3 augmented media.'? However, it also inhibits

.more primitive progenitor proliferation when co-cultured
with IL-3.

Interleukin-5
This is also known as B cell differentiation factor, B cell
growth factor II and killer-helper factor. It is a 55 kD
glycoprotein encoded by a 2 kb mRNA derived from a
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3.2 kb genomic structure with 4 exons and 3 introns.P
Binding experiments have demonstrated the existence of
high and low affinity receptors. Initial studies indicate
that the receptor may possess a relative molecular mass of
45000.21 It has many activities ascribed to it in a wide
variety of immune responses.

Interleukin-6
It is also known as hybridoma growth factor, B cell
stimulatory factor II, beta 2 interferon and is a 26 kD
protein.22.23 When used to augment colony formation
some of its activity appears to be due to its stimulation of
'secondary cells' to produce CSFs which then stimulate
CFU growth. However, some activity may be due to
direct interaction with progenitor cells. It also acts
synergistically with IL-3 to increase bone marrow blast
colonies and has a molecular weight of 80 kD. 24

CLINICAL APPLICATIONS
Granulocytes are central to host defences against bacteria,
fungi and other pathogens. It is, therefore, important
to maintain them at adequate levels. Neutrophils are
produced in the bone marrow at a fast rate of 2.5 x 1012
cells per hour. One progenitor produces up to 105
granulocytes, consistent with about 17 cell divisions. As
few as three or four additional cell divisions increase
granulocyte production by 8 to 16-fold. Considerable
data indicate a central role for haematopoietic growth
factors in regulation of granulocyte production and thus
host defence. Since cytotoxic chemotherapy and bone
marrow transplantation induced morbidity is related to
cytopenias, these agents offer great hope in reducing cost,
morbidity and mortality due to infectious complications
(Table II).

TABLE II. Potential clinical application of CSFs

1. Mitigation of chemotherapy induced neutropenia
2. Improvement of host defence
3. Management of infectious disease
4. Recovery following bone marrow transplantation
5. Expansion of haematopoietic progenitor cells prior to transplantation
6. States of bone marrow failure
7. Improvement of granulocyte function and procurement
8. Correction .of platelet counts (combination of IL-3. IL-6, lL-1)
9. Anticancer effects

Bone marrow suppression
Several studies have explored the role of G-CSF in
either abrogating or accelerating the recovery from
chemotherapy-induced neutropenia. Trials with high
dose melphalan for advanced malignancies, polychemo-
therapy for urothelial carcinoma and high dose chemo-
therapy for small cell lung cancer, with G-CSF administered
following alternate cycles of chemotherapy have been
reported.25-28In these studies, the duration of neutropenia
was shorter after cycles of chemotherapy which were
followed by G-CSF compared with cycles of chemotherapy
alone. In one study, the incidence of severe infections
was lower when G-CSF was administered with the
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chemotherapy. The dose of G-CSF varied from 1 to
601tg/kglday as a continuous intravenous infusion.

GM-CSF was used in a phase I study in patients receiv-
ing chemotherapy for advanced soft tissue sarcoma.i?
Patients receiving GM-CSF experienced less severe and
shorter periods of neutropenia-from a mean of 7.4 days
to 3.5 days.

Bone marrow transplantation
Eight trials using GM-CSF in recipients of autotransplants
have been reported.v The optimal dose of GM-CSF in
phase I studies was 200 ltg/m2/day intravenously and
treatment was usually given for 2 to 3 weeks. The mean
interval for forming more than 0.5 x 109 granulocytes per
litre was 18 days in patients receiving GM-CSF versus
23 days in controls; 27% of GM-CSF treated subjects had
documented sepsis compared with 37% of controls and
the mean number of febrile days decreased from 12 to 8.
Granulocytes declined to levels of untreated subjects
when treatment was stopped. There is one trial of
GM-CSF in patients receiving HLA-identical allogenic
transplants. Here granulocytopenia decreased from 12 to
4 days. However, at UCLA and at the Fred Hutchinson
Cancer Centre, USA, GM-CSF has been used to treat
patients with graft failure following allogeneic or auto-
logous bone marrow transplants." More than half the
patients in both trials reached an absolute neutrophil
count of 0.5xl09/L within 2 weeks of starting therapy.
There was no exacerbation of graft-versus-host disease
(GVHD) or an increased incidence of leukaemia relapse
during GM-CSF treatment. Only minor side-effects were
detected at lower doses and included rashes, myalgia,
bone pain, low grade fever and mild oedema. However,
at higher doses (about 900 It glm2/day) severe side-effects
occurred including erythroderma, severe oedema,
ascites, and pericardial and pleural effusions.

There have been 3 trials of G-CSF in autotransplant and
4 in allotransplant recipients.v Different doses of G-CSF
(2 to 64ltg/kglday) were used for up to 14days. The mean
interval to a granulocyte count greater than 0.5 x 109/L
was 12 days in treated persons and 21 days in controls.
Twenty-six per cent of subjects receiving G-CSF had
documented sepsis compared to 40% of controls and the
mean number of febrile days was S in the G-CSF treated
group and 8 in controls. The mean number of days required
for granulocyte counts to reach levels greater than
O.Sx109/L decreased from 27 to 14.The incidence of relapse
and GVHD was not different from the controls. Side-
effects of G-CSF were mild and included myalgia, bone
pain, low grade fever and erythema at the infusion site.
No major toxicity was noted at doses up to 64 {.lg/kglday.

M-CSF was used in one non-randomized trial in 45 auto-
and allotransplant recipients. The duration of absolute
granulocytopenia was comparable in the treated patients
and the control subjects. The mean number of days taken
for the granulocyte count to reach 0.5 x 109/L was 23 in the
treated patients and 27 days in the controls. M-CSF also
stimulated recovery of monocytes and eosinophils. Side-
effects such as fever and bone pain were rare.

285

Aplastic anaemia and other marrow failure syndromes
GM-CSF has been administered to patients with aplastic
anaemia.P In these trials, dose-related increases in
neutrophils, monocytes and eosinophils have been
coupled with increases in bone marrow cellularity. The
duration of continuous therapy in these trials has been
4 weeks and blood counts returned to baseline when
therapy was discontinued. The efficiency of long term daily
therapy with GM-CSF in this disease is not established.
Interestingly a prominent decrease in serum cholesterol
levels was observed in aplastic anaemia patients during
GM-CSF administration. 33

G-CSF has been used in the treatment of neutropenia
associated with bone marrow infiltration with indolent
lymphoid malignancy." It has also been reported to
improve neutrophil counts in patients with chronic
idiopathic neutropenia. Clinical trials are underway in
patients with congenital and chronic neutropenias.

Myelodysplasia
Twenty-five patients with myelodysplasia in various
stages of leukaemia transformation have been treated
with different schedules of GM-CSF in three centres.f
Four of these patients were reported to have an increase
in their blast cells. The majority of the patients had a dose-
related increase in all types of white blood cells and
an occasional improvement in platelet counts and
haemoglobin levels was observed. These studies also
demonstrated an increase in immature cells of myeloid
lineage with no selective effects on cells with distinct
chromosomal abnormalities. It is possible that GM-CSF
acts as a differentiating agent for early myeloid cells,
thereby inducing in vitro maturation of some abnormal
myeloid cells. Further studies are needed to establish the
precise role of GM-CSF in this disease.

Other uses of CSFs
Colony stimulating factors can be used before transplan-
tion to increase the efficiency of harvesting myeloid
progenitor cells for autografting from the blood or bone
marrow. Studies have been reported in which GM-CSF
was successfully used prior to collection of blood cells
alone or combined with bone marrow. 35

CONCLUSION
Major advances have been made in the understanding
of the molecular biology of the haematopoietic growth
factors and their receptors. Several new cytokines such
as IL-8, IL-9 and stem cell growth factor have been dis-
covered and there is now known to be a very complex
network of these hormones that govern the production of
blood cells. Now that large quantities of these factors are
available, clinical trials have begun and the preliminary
results with GM-CSF, G-CSF and M-CSF have been
encouraging. IL-3, IL-4, IL-S and IL-6 are already under-
going trials in animal models and IL-3 will soon be used in
a clinical trial. It has been postulated that the best results
will be achieved by using a cocktail of growth factors
specially devised for a particular disease. 36
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