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New Strategies for Blood Progenitor Cell Mobilization

L. Bik To

After 20 years of painstaking clinical trials in peripheral blood
stem cell mobilization and transplantation, a large database
has accumulated on how to mobilize and to collect factors
affecting mobilization, the progenitor cell dose effect on
haemopoietic recovery, and even ambulatory transplant (To
et al, 1997). Currently an increasing number of allogeneic
transplants and most autologous transplants are performed
using mobilized blood cells. Moreover analysis of the types
of cells mobilized and mechanistic studies based on in vitro
and animal models are contributing to developing new
strategies of mobilization.

Current protocols of mobilization include G-CSF alone
(autologous/allogeneic) or a combination of chemotherapy
and haemopoietic growth factors such as G-CSF and GM-
CSF (autologous). Adequate progenitor cell yields for single
rescue (2 x 106 CD34+ cells/kg BW) can be achieved in
most patients except those who have been heavily pretreated.
The yield per apheresis can be increased by performing 3
to 4 blood volume aphereses without exhaustion of the cir-
culating pool of progenitors or dangerous thrombocytope-
nia. However, up to 10% of allogeneic donors and 30% of
autologous donors failed to mobilize sufficient progenitors
and apheresis and cryopreservation put a demand on health
care resources and may be uncomfortable for patients. The
heterogeneity of mobilization response may well be due to
polygenetic influences as seen in studies of different mouse
strains (Roberts et al, 1997).

Three questions will be addressed: can we avoid apher-
esis altogether, how can we increase yield of mobilization
and how can we develop better mobilization strategies.

Is apheresis necessary?
Brugger et al (1995) reported that ex vivo expansion of
mobilized CD34+ cells using a cocktail of recombinant
human haemopoietic growth factors and suggested that it
may be possible to expand one-tenth of an apheresis prod-
uct to provide sufficient cells for autotransplantation. This
amount could also be obtained through 1 to 2 unit phle-
botomy.

Uyl-de Groot et al (1999) compared the haemopoietic
recovery between conventional autologous bone marrow

transplant and that with two 500 ml phlebotomy following
IMVP + G-CSF mobilization. The cells were stored at 4oC
and re-infused 24 hours after preconditioning with BAM
(BCNU 300 mg/m2 IV day 1, cytarabine 3000 mg/m2 12
hourly day 2, and melphalan 140 mg/m2 day 3). G-CSF was
administered post transplant. Neutrophil recovery were
faster, associated with a 18% cost reduction compared with
bone marrow transplantation. Platelet recovery was no faster.

Ex vivo expansion as a means of reducing apheresis
requirement is probably not cost-effective unless one can
demonstrate a purging advantage. A comparative study of
haemopoietic reconstitution between leukapheresed cells
and phlebotomy blood will need to be done although the
restriction on the duration of preconditioning therapy to 3
days will limit the types of disease in which this approach
can be tested. Furthermore, one leukapheresis can harvest
3-5 times the number of progenitors than two 500 ml phle-
botomies, so it is unlikely that sufficient cells for rapid re-
constitution can be obtained in all patients.

New agents: Improving progenitor yield
A number of new agents are currently tested for their abil-
ity to mobilize progenitor cells. TPO/MGDF was first cloned
as a megakaryocytic lineage factor that ameliorates throm-
bocytopenia after chemotherapy. Recent data suggest that
it has a proliferative and anti-apoptotic effect on primitive
haemopoietic cells as well as mobilization. However, it was
withdrawn from clinical trials because of the development
of neutralising antibodies leading to severe thrombocytope-
nia. Flt-3 ligand has also been shown to have promising
effect in non-human primates. A series of chimeric recep-
tor agonists, e.g. of Flt-3 ligand-G-CSF and of IL-3-G-CSF,
have also been shown to be potential mobilizing agents
(MacVittie et al, 1998).

Improving the efficacy of mobilizing agents currently
in use

G-CSF
The conventional dose of G-CSF used in mobilization is
10-12 µg/kg sc daily when used alone or 5 µg/kg sc daily
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when used with chemotherapy.  In allogeneic donors, fur-
ther escalating G-CSF dose appears promising (Waller et al
1996). We found that 10 µg/kg twice daily increases the
chance of harvesting > 5 x 106 CD34+ cells from 70% to
90%. When used with chemotherapy, G-CSF also shows a
dose related enhancement of mobilization (Lie et al 1998).
For 10 consecutive patients who did not show a significant
rise in blood progenitor cells within 14 days following che-
motherapy and G-CSF, G-CSF dose was increased from 5
to 10 µg/kd/day (n = 9) or from 10 to 15 µg/kg/day (n = 1).
As a result, there were significant increases in total yield as
well as yield per apheresis of mononuclear cells, CD34+

cells and CFU-GM (P < 0.025, < 0.01 and < 0.005, respec-
tively. After G-CSF dose escalation, six of the 10 patients
had sufficient CD34+ cells for performing transplantation.
These results demonstrate a dose-dependent response of
progenitor cell mobilisation by G-CSF when used in com-
bination with chemotherapy. Moreover, increasing the dose
of G-CSF as late as the third week of mobilisation may still
provide sufficient cell yield even with patients who did not
show a significant mobilisation with conventional doses of
G-CSF.

SCF as an adjunct to G-CSF
SCF enhances progenitor mobilization by G-CSF in patients
with breast cancer, ovarian cancer and non-Hodgkin’s lym-
phoma (Glaspy et al, 1995; Weaver et al, 1996; Begley et
al, 1997; Moskowitz et al, 1997; Stiff et al, 1997). In previ-
ously untreated patients with breast cancer higher levels and
more prolonged mobilization occurred (Begley et al, 1997;
Roberts et al, 1999). Studies of CD34+ cells mobilised did
not reveal any difference in maturity as defined with CD38,
Thy-1 & MDR-1 co-expression but they showed a lower c-
kit co-expression (Roberts et al, 1999).

The mechanism(s) for the synergistic effect of SCF on
G-CSF is still unclear, but Roberts et al (1999) postulated
that it may be related to its effect on adhesion molecule
function, its ligand relation with c-kit, or synergism with G-
CSF on proliferation. SCF’s effect on the SDF-1/CXCR4
ligand pair may also contribute to its mobilising effect.

Investigating the mechanism of mobilization
Mobilization is the opposite of homing during ontogeny or
following transplantation. The reduced bone marrow haemo-
poiesis in SDF-1–deficient mice and the chemotactic effect
of SDF-1 on CD34+ cells suggests strongly that the SDF-1/
CXCR4 ligand pair is likely to be involved in the traffick-
ing of haemopoietic progenitor and stem cells (Mohle et al,
1998).

Another line of evidence suggests that the disruption
of the β-1 integrin-mediated adhesive interaction between
haemopoietic progenitors and the bone marrow microenvi-
ronment is a key step of mobilization (Fig 1). It is also known
that Ca++ are necessary for integrin activity and that G-CSF
administration has been associated with osteopenia.
Takamatsu et al has investigated whether G-CSF may modu-
late integrin adhesion through bone breakdown and local
release of Ca++ (1998). An increased bone turn-over as
measured by elevated urinary deoxypyridinoline and re-
duced serum osteocalcin was demonstrated during short term
administration of G-CSF to human and the changes were
correlated to CD34+ cell mobilization. In murine studies,
G-CSF administration also led to increased osteoclast num-
ber. However, G-CSF did not inhibit osteocalcin synthesis
by osteoblast and there was no evidence that G-CSF could
activate osteoclast directly. Furthermore pamidronate, an
inhibitor of osteoclasts, did not inhibit mobilization. Hence,
even though G-CSF administration leads to stimulation of
osteoclasts and bone resorption and inhibition of osteoblasts,
these are parallel but dissociable events from progenitor
cell mobilization.

An alternative hypothesis for the mobilization effect
of G-CSF is that neutrophil activation by G-CSF may lead
to metalloprotease like activity that disrupts the adhesive
interaction between progenitors and the microenvironment
(Figure 2). This may explain the rapid mobilization seen in
the murine IL-8 model because IL-8 activates neutrophils
(Laterveer et al 1996). Current work in a number of centres
are addressing this issue.

Figiure 1. Mobilization Hypothesis Figure 2. New Hypothesis
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Conclusions
1. G-CSF dose escalation, addition of synergistic cyto-

kines, and large volume apheresis increase yield.
2. The role of venesection compared with apheresis is

uncertain, probably limited.
3. The progenitor cell/stromal cell adhesion interaction,

especially the integrin-fibronectin pathway, is the ra-
tional target for developing more effective mobiliza-
tion strategy.

4. Neutrophils may be critically involved in modulation
the adhesive interaction leading to mobilization.

5. Deciphering polygenic influence on mobilization may
increase understanding of and ability to improve mo-
bilization.
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