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Abstract

Hematopoietic progenitor colony assays were used to establish the e¡ects of the vinca alkaloid
vinorelbine (VRB) on murine bone marrow. The in vitro growth of colony-forming units^
granulocyte/macrophage (CFU-GM), burst forming units^erythroid (BFU-E) and colony-forming
units^mix (CFU-mix) was dose-dependently inhibited by VRB. The highest dose assayed (0.02 mg/
ml) suppressed all of the di¡erent progenitor cells by 100%. A comparison of the dose^response
curves showed that CFU-GM, BFU-E, and CFU-mix exhibited similar patterns of sensitivity to the
cytotoxic action of VRB. Long-term bone marrow cultures have provided a valuable in vitro model
for studying the role of the microenvironment of bone marrow. Cellularity of stromal layers was
reduced with increasing doses of VRB. The appearence of these layers was altered minimally with
the lowest dose used; a gradual loss of cellularity was seen in cultures exposed to 0.05 and 0.075 mg/
ml; and a marked loss at the dose of 0.1 mg/ml. Our results show that VRB has an important e¡ect
on hematopoietic progenitors at the highest dose tested, while the stromal cells were not a¡ected at
a similar dose (0.025 mg/ml), suggesting that the stroma is more resistant to this drug.

Abbreviations: BFU-E, burst forming units^erythroid; CFU-GM, colony-forming units^granulo-
cyte/macrophage; CFU-mix, colony-forming units^mix; ID, inhibitory dose; LTBMC, long-term
bone marrow cultures; VRB, vinorelbine

Introduction

VRB, a semisynthetic vinca alkaloid, has been
shown to have a increased antitumor activity
and a reduced neurotoxicity compared with the
naturally occurring compounds vinblastine and
vincristine (Burris and Fields, 1994). Anti-
tumor e¡ects of VRBwere seen in patients with
several tumor types, including non-small-cell

lung cancer, breast cancer, lymphoma, Hodg-
kin disease, and head and neck squamous cell
carcinomas. In preclinical toxicology studies,
the dose-limiting e¡ect of VRB was neutro-
penia and leukopenia (Budman, 1997). The
profound e¡ect upon hematopoiesis limited
intensi¢cation of the chemotherapy dose and
excludes optimal treatment scheduling for
cancer patients (Johnston and Crawford, 1998).
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Di¡erent strategies have been followed to
modify these hematotoxic side-e¡ects. For
example, human hematopoietic colony-stimu-
lating factors have proven to be a useful
adjunct to chemotherapy because they
accelerate marrow recovery after intensive
treatments (Yalcin et al., 1996). In phase I
studies, granulocyte colony-stimulating factor
decreased hematological toxicity induced by
high doses of VRB in combination with carbo-
platin (Crawford and O'Rourke, 1994) or
ifosfamide (Masters et al., 1996).
In the study reported here we analyzed the in

vitro e¡ect of VRB on the hematopoietic
myeloid and erythroid progenitors and stromal
cells derived from murine bone marrow.

Materials and methods

Cells

Bone marrow cells were harvested by £ushing
femurs from BALB/c J mice (8^12 weeks old,
22^25 g), suspended in Iscove's Modi¢ed
Dulbecco's Medium (IMDM), and counted.

Drug

VRB (5'-noranhydrovinblastine; CAS no.
71486-22-1) was commercially obtained as
Navelbine (Rontag, Argentina). To assess
colony growth inhibition for VRB, the drug
was added to dishes on day 1 at concentrations
of 0.0025, 0.005, 0.01, 0.015, or 0.02 mg/ml. To
evaluate the e¡ect on long-term bone marrow
cultures, 0.025, 0.05, 0.075, or 0.1 mg/ml of
VRB was added to the cultures prior to con-
£uency of adherent cell layers (approximately
three weeks).
Budman (1997) reported that the half-life of

this drug is 44.7 h in human plasma. Patients
undergoing chemotherapy receive a weekly
dose of 30 mg/m2; this dose is equivalent to
10 mg/ml.

Progenitor cell assay

Mononucleated cells were plated for colony-
forming units^granulocyte/macrophage
(CFU-GM) assay according to the Iscove
method (Isocove et al., 1971): 26105 cells/ml
were plated in 35 mm Petri dishes in IMDM
medium containing 0.3% agar, 10% fetal calf
serum (FCS, Gibco), and 10% conditioned
medium from cultures of human bladder
carcinoma cell line 5637 as source of colony-
stimulating factor (Welte et al., 1985).

Burst-forming units^erythroid (BFU-E)
assay and colony-forming units^mix (CFU-
mix) were performed according to the Messner
(1984) technique: 26105 cells/ml were plated
in a semisolid medium containing 0.8%
methylcellulose, 10% FCS, 1% human serum
albumin, 5610^5 mol/L 2-mercaptoethanol,
10% conditioned medium from murine spleen
cells cultured in the presence of pokeweed
mitogen, and 1 U/ml recombinant human
erythropoietin (Sidus, Buenos Aires,
Argentina).

Dishes were incubated at 378C under 5%
CO2 in a humidi¢ed atmosphere. For each
dose, duplicate cultures were prepared. The
colonies were scored after 7 days for CFU-
GM and after 14 days for BFU-E and CFU-
mix using an inverted microscope. The
experiments were repeated four times.

The percentage of colony growth inhibition
was calculated as

100 ^ 100 6 (colony number in treated
culture/colony number in control culture).

Long-term bone marrow cultures (LTBMC)

The culture technique described by Dexter
(1982) was used to establish the bone marrow-
adherent cell layers. Brie£y, 26106 cells/ml
were cultured in 25 cm2 plastic tissue culture
£asks containing IMDM medium with 2
mmol/L l -glutamine, 12.5% horse serum
(Gibco), 12.5% FCS, and 10^6 mol/L hydro-
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cortisone sodium succinate (Cilag, Buenos
Aires, Argentina). Half of the supernatant was
replaced weekly with the same volume of fresh
medium. VRB at di¡erent doses was added to
the cell layers. After incubation for 14 days at
378C in a humidi¢ed atmosphere supple-
mented with 5% CO2, the cultures were exam-
ined using an inverted microscope. Four
replicate cultures were set up for each
individual data point. The layers were assessed
for cellularity and photographed.

Statistical analysis

Statistical signi¢cance of di¡erences between
treatment groups was assessed by the Kruskal^
Wallis test. The dose^response relationships
were determined by means of the regression
coe¤cients.

Results

The in vitro colony-forming ability of control
and VRB-treated bone marrow cultures is
shown in Table 1. The addition of VRB to the
cultures induced signi¢cant dose-dependent
decreases of CFU-GM (p= 0.002), BFU-E
(p = 0.012), and CFU-mix (p = 0.003). The
highest dose tested (0.02 mg/ml) suppressed all
of the di¡erent hematopoietic progenitor cells
by 100%. These results were used to calculate
the 50% growth-inhibitory dose (ID50) of

colony formation. The ID50 values estimated
from the graph were approximately 0.0042 mg/
ml for BFU-E, 0.005 mg/ml for CFU-GM, and
0.0055 mg/ml for CFU-mix (Figure 1).

The e¡ects of di¡erent doses of VRB on
bone marrow adherent cell layers are presented
in Table 2 and Figure 2. The appareance of the
stromal layer of LTBMC was altered mini-
mally with the lowest dose used (0.025 mg/ml);
a gradual loss of stromal cellularity was seen in
cultures exposed to 0.05 and 0.075 mg/ml; and
a marked loss at the dose of 0.1 mg/ml.

Discussion

Neutropenia and leukopenia caused by VRB
are the major dose-limiting factors in the
management of treatment for cancer patients
(Vokes et al., 1996). The antineoplastic activity
of VRB is caused mainly by its ability to bind
to tubulin, inhibiting tubulin polymerization
and assembly of mitotic spindle microtubules
(Budman, 1997).

Previous studies have shown the mitotic
arresting activity induced by VRB on mouse
and human cell lines (Pauwels et al., 1995), on
Chinese hamster ovary cells (Gonzälez Cid et
al., 1997a), and on human lymphocytes
(Gonzälez Cid et al., 1997b).

In the present study hematopoietic pro-
genitor colony assays were used to establish
the e¡ects of VRB on murine bone marrow.

Table 1. E¡ect of VRB on CFU-GM, BFU-E, and CFU-mix from murine bone marrow cells

Dose CFU-GM BFU-E CFU-mix
Drug (mg/ml) (mean+SE) (mean+SE) (mean+SE)

Control 185.0+33.3 111.0+55.6 15.5+2.6
VRB 0.0025 138.0+41.4 106.0+65.7 10.7+2.9
VRB 0.005 91.5+13.8** 40.3+18.4 8.3+0.9**
VRB 0.01 66.5+14.6** 24.5+11.6 4.0+1.7**
VRB 0.015 36.3+10.9** 9.3+4.2* 0.0
VRB 0.02 0.0 0.0 0.0

*p50.04, **p50.02 vs. control, Kruskal^Wallis test.
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The results obtained demostrate that VRB is
able to induce inhibition of colony formation
in a dose-dependent manner. Mitotic spindle
poisons such as vincristine (Yalowich et al.,
1985), docetaxel (Botta et al., 1999), and
paclitaxel (Pannacciulli et al., 1999) are known
to exhibit in vitro inhibitory e¡ects on human
hematopoietic progenitors. The ID50 of CFU-
GM was 0.31 mmol/L for vincristine after 1 h
of incubation; 0.04 mmol/L for docetaxel and
0.005 mmol/L for paclitaxel, both during 24 h

of incubation; and 0.006 mmol/L (0.005 mg/ml)
for VRB, indicating that this drug induces a
bone marrow toxicity similarly to the other
spindle poisons, in spite of the di¡erent incuba-
tion period.

A comparison of the dose^response curves
shows that CFU-GM, BFU-E, and CFU-mix
exhibited similar patterns of sensitivity to the
cytotoxic action of VRB. However, previous in
vivo and in vitro studies have shown that CFU-
GM were less sensitive to the antiretroviral
nucleoside derivatives azidothymidine (Ganser
et al., 1989; Scheding et al., 1994; Lerza et al.,
1997), and 2',3'-dideoxycytidine (Johnson et
al., 1988), and to the anticancer drug suramin
(Estrov et al., 1995) than were BFU-E of
murine and human origin.

Direct and indirect interactions between
hematopoietic cells and the bone marrow
stroma appear to play important roles in the
regulation of hematopoiesis in vivo (Hasthorpe
et al., 1992; Fukushima et al., 1994).

Figure 1. Inhibition of in vitro growth of CFU-GM, BFU-E, and CFU-mix from murine bone marrow cells exposed to VRB.

Table 2. Appearance of adherent layers from murine bone
marrow cells

Dose Cellularity of adherent
Drug (mg/ml) cells in Dexter layers

Control ++++
VRB 0.025 +++ ^
VRB 0.05 ++ ^ ^
VRB 0.075 + ^ ^ ^
VRB 0.1 + ^ ^ ^

238



Figure 2. Bone marrow cells treated with di¡erent doses of VRB: (a) control; (b) 0.025 mg/ml; (c) 0.05 mg/ml; (d) 0.075 mg/ml; (e) 0.1 mg/
ml.
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Long-term marrow cultures have provided a
valuable in vitro model for studying the role of
the microenvironment of bone marrow in
mammals. These cultures show that the stroma
consists of a heterogeneous cell population
that forms an in vitro microenvironment
capable of supporting hematopoiesis (Boettiger
and Dexter, 1984).
The stromal layers treated with increasing

doses of VRB showed less cellularity compared
to control layers. Furthermore, the dose of
VRB to induce a marked stromal hypo-
cellularity was 5 times higher than the dose
that produced a total growth inhibition of
CFU-derived colonies. Similarly, stromal cells
in murine long-term bone marrow cultures did
not show evidence of substantial cell death
after exposure to relatively high doses of ioniz-
ing radiation (Gualtieri and McGraw, 1985;
Zuckerman et al., 1986). It was observed that
the hematopoietic stroma in vivo is more
resistant to the destructive e¡ects of ionizing
radiation than are the hematopoietic stem cells
(Bierkens et al., 1989). This could be due to the
fact that the hematopoietic stromal micro-
environment consists of a more static organ
with a very slow turnover of both cellular and
extracellular components (Zuckerman et al.,
1986).
Our in vitro results show that VRB has an

important e¡ect on hematopoietic progenitors
at the highest dose tested (0.02 mg/ml), while
the stromal cells were not a¡ected at a similar
dose (0.025 mg/ml), suggesting that the stroma
is more resistant to this drug.
The myelotoxicity induced by VRB in a

murine bone marrow system permits study of
the sensitivity of the di¡erent hematopoietic
cells. The impairment of hematopoiesis in
patients after VRB treatment could be due to
the toxicity induced mainly on hematopoietic
progenitors.
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