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Sensitivity of Stromal Elements from Human Bone Marrow Cells 
to Cytosine Arabinoside In Vitro 
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A. Introduction 

Cytosine arabinoside (Ara-C) is one of the 
most effective agents in the treatment of 
acute myelogenous leukemia (AML). Re­
cently, low-dose Ara-C therapy has been the 
subject of topical interest in view of its dif­
ferentiation-inducing effect on leukemic 
blast cells. Many patients, however, develop 
severe aplasia with low-dose Ara-C therapy 
[1,6,10,11]. The aim of our study was to ob­
tain some information about causes of this 
aplasia, i.e., to determine whether the lesion 
is primarily in the hemopoietic stem cells or 
whether there is any additional damage done 
to stromal elements. 

Bone marrow cells (BM C) were exposed 
to concentrations of Ara-C in cultures, re­
flecting the plasma Ara-C concentrations in 
low-dose-treated patients (10- 6-10- 8 M) 
[9]. 
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B. Material and Methods 

Human BMC were obtained from normal 
volunteers. Iliac bone marrow aspirates were 
used, diluted with the same volume of 
McCoy's SA medium containing preserva­
tive-free heparin. Cultures of granulocyte­
macrophage colony-forming cells (GM­
CFC) were performed with mononuclear 
BMC from eight normal volunteers in dou­
ble-layer agar cultures [7]. To study hemo­
poietic stroma (stroma cell layer), we used 
the Dexter culture [2] modified for human 
BMC [3, 4]. Briefly, after spontaneous sedi­
mentation of erythrocytes without washing, 
the diluted BMC were added to the culture 
medium (McCoy's SA supplemented with 
10% fetal calf serum SIFIN, GDR, and 
10% horse serum, Flow) in order to obtain 
a cell concentration of S x 105 cells per mil­
liliter suspension. The cells were cultivated 
in Petri dishes at 37 DC in 7.S% CO2 for 14 
days without feeding. 

All dilutions of Ara-C were freshly made 
from a stock solution of Alexan (Mack) and 
were added to the agar or Dexter cultures on 
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Fig.l. The influence of Ara-C exposure on the 
ability of stromal elements to induce active hemo­
poiesis. Schematic presentation of a cultivation 
from autologous mononuclear bone marrow cells 
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(AMBMC) over a marrow stromal layer formed 
during exposure to Ara-C at concentrations of 
10- 6 M, 10- 5 M 
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day O. The influence of Ara-C on the ability 
of stromal elements to induce active hemo­
poiesis was studied in suspension cultures. 
Fresh autologous mononuclear BMC from 
five normal volunteers were given over a 
stromal layer formed during exposure to 
Ara-C at concentrations of 10- 6-10- 5 M 
(Fig. 1). 

c. Results 

Figure 2 shows that GM-CFC were dam­
aged at a concentration of 10- 8 M Ara-C 
and completely disappeared at a concentra­
tion of 10- 5 MAra-C. In the modified 2-
week-old Dexter culture, we found a de­
creased ability of Ara-C-exposed BMC to 
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Fig.2. Sensitivity of GM-CFC from human bone marrow to long-term exposure (7 days) at different 
concentrations of Ara-C 
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Fig. 3. Sensitivity of stromal layer (Stroma grade) 
from human bone marrow cells to long-term ex­
posure (14 days) at different concentrations of 
Ara-C. SG: stromal grade. Each Petri dish was as-

signed a score from 1 to 4, corresponding to a 
stromal layer covering from 25% to 100% of the 
area of the culture dish 
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Table 1. Effects of different Ara-C concentrations on growth 
characteristics of bone marrow cells in the modified 2-week-old 
Dexter culture 

Ara-C NAC F CS 
concentration (M) 

0 24/24 a 24/24 24/24 
10- 10 8/9 9/9 9/9 
10- 9 4/8 8/8 6/8 
10- 8 3/9 9/9 2/9 
10- 6 1/11 11/11 0/11 
10- 5 0/9 9/9 0/9 

NAC, nonadherent cells (trypan-blue - negative); F, fibroblasts; 
CS, cobblestones. 
a Number of growth characteristics present/number of investi­
gations. 

establish an adherent stromal layer (Fig. 3). 
The formation of active hemopoietic areas 
("cobblestones") was rapidly affected at a 
concentration of 10- 8 M, and no cobble­
stones were detectable at concentrations 
from 10- 6 M Ara-C and upward. Fibro­
blasts, however, could still be observed at a 
concentration of 10- 5 M Ara-C (Table 1). 
After 2 weeks of 10- 5-10- 6 M Ara-C treat­
ment, adherent stromal cells were unable to 
support cobblestone formation from fresh 
autologous mononuclear BMC added after 
removal of the drug (Fig. 1). 

D. Discussion 

During the last 5 years, low-dose Ara-C 
therapy of patients with AML and preleu­
kemic syndromes has been assessed optimis­
tically and with increasing interest among 
clinicians, because Ara-C in low dosage 
might exert a differentiation-inducing effect 
on leukemic blast cells, in addition to its cy­
totoxic action. Many patients, however, de­
velop severe aplasia with this therapy. Al­
though the dose of Ara-C in low-dose ther­
apy is about ten times lower than conven­
tional intravenous dosages, it is, however, 
administered for a much longer period. Fur­
thermore, the effect of Ara-C on GM-CFC 
in vitro is more dependent on time than on 
dosage [8]. We showed that long-term expo­
sure (7 days) to Ara-C concentrations of 
10- 8-10- 6 M produces toxic effects on 
GM-CFC. The latter completely disappear 
at an Ara-C concentration of 10- 5 M. 

There is some evidence that normal hemo­
poiesis is dependent on intact stromal cells, 
and vice versa. Thus, busulfan-related 
aplasia is connected with damage to the 
stroma cells [5]. It has also been demon­
strated that the ability of BMC from pa­
tients with aplastic anemia to form a stromal 
layer in Dexter culture is defective [3]. 

The results presented here indicate that 
Ara-C concentrations reflecting the plasma 
Ara-C concentrations in low-dose-treated 
patients produce toxic effects on the ability 
of BMC to form a stromal layer. Moreover, 
the marrow stromal cell layer formed by 
BMC continuously exposed to Ara-C at 
concentrations of 10- 5 or 10- 6 M lost the 
ability to support normal hemopoiesis. 
Whether our results can be extrapolated to 
the in vivo situation has still to be proved, 
because the stromal progenitors with usually 
low proliferation in vivo proliferate during 
Ara-C exposure in our system. 
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