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After several passages, bone marrow fibroblasts and stromal adherent laym~ of a long- 
living bone marrow culture derived from patients with chronic myeloleukemia cannot 
maintain hemopoiesis in a culture for a long time. Immunofluorescent microscopy and 
flow cytometry showed that fibroblasts after passing differ from strolnal cells of a normal 
long-living bone marrow culture: they do not produce granulocytic colony-stinmlating 
factor. Adherent layers of bone marrow culture derived from patients with chronic 
myeloleukemia contain a far lesser number of cells producing granulocytic colony- 
stimulating factor than normal bone marrow cells. 
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Proliferation and differentiation of hemopoietic cells 
is maintained by their close interactions with hemo- 
poietic microenvironment stromal cells [1]. These 
cells produce macrophagal colony-stimulating factor 
(CSF), granulocytic CSF (G-CSF), granulocytic- 
macrophagal CSF (GM-CSF), stem cell factor, fit3 
ligand, thrombopoietin, growth-transforming factor- 
I~, and interleukines (IL) IL-1, IL-3, IL-6, and IL- 
11 [6,10,11,15]. 

Stromal cells of  a long-living bone marrow 
culture (LBMC) of an origin common with passed 
bone marrow fibroblasts (PBMF) maintain stable 
hemopoiesis in a culture [3] by stimulating the 
proliferation and differentiation of primitive pre- 
cursor cells close to stem cells initiating a long- 
living culture [13]. PBMF can stimulate colony 
formation by hemopoietic precursors [9] but not 
maintain stable hemopoiesis in a culture [15]. Stro- 
1hal adherent layers of LBMC derived from patients 
with chronic myeloid leukemia cannot maintain 
hemopoiesis for a long time [11,15]. 

We checked up the hypothesis about decreased 
production of growth factors by PBMF and stromal 
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layers of adherent cells of LBMC from patients with 
chronic myeloleukemia, in comparison with stromal 
cells of normal LBMC, as the cause of inability of 
these cells to maintain stable hemopoiesis in a cul- 
ture. 

MATERIALS AND METHODS 

Bone marrow was obtained from healthy donors 
during exfusions for bone marrow transplantation 
and from patients with chronic myeloleukelnia. 
Erythrocytes were precipitated from bone marrow 
suspension by 0.1% methylcellulose (Sigma). For 
preparing PBMF, the cells were explanted in 25 
cm 2 plastic flasks (Lux), 2x 107 cells/10 ml (z-MEM 
with 20% fetal calf serum (Vektor) and antibiotics. 
The medium was replaced twice a week. The cells 
were analyzed after 3 passages. The resultant PBMF 
populations contained no hemopoietic CD45-posi- 
tive hemopoietic cells and CD14-positive macro- 
phages. For preparing LBMC, 20x 106 bone marrow 
cells were explanted in T-25 flasks with 10 ml com- 
plete nutrient medium containing 75% cz-MEM 
(Flow Labs.), 12.5% fetal calf serum (u 12.5% 
equine serum (Vektor) with 4 mlnole/l i ter glu- 
tamine, 10 -4 mole/liter 2-1nercaptoethanol, 10 -6 

0007-4888/98/0007-0724520.00 �9 Kluwer Academic/Plenum Publishers 



M. Yu. Lisovskii ,  C. Yu. Miterev,  at al, 725 

mole/l i ter  hydrocortisone (Sigma), and antibiotics. 
The cultures were incubated in an atmosphere with 
5% CO 2 at 37~ for 3-4 days and then at 33~ 
Every week half  of  the cul ture medium was re- 
placed with fresh medium. 

PBMF and adherent  cell layer of  LBMC were 
transformed into a one-cell  suspension with 0.25% 
Trypsin (Sigma) and after washing analyzed by in- 
direct immunofluorescence microscopy on slides or 
by flow cytometry. The following antibodies to growth 
factors were used: monoclonal  murine to IL-113 and 
IL-6 (Protein Contour),  LM-CSF,  stem cell factor, 
and growth-transforming factor-l~ and rabbit poly- 
clonal to G - C S F  (Genzyme).  Murine monoclonal 
antibodies to smooth-muscle oc-actin (Sigma) and 
type IV collagen (BioGenex Labs.) were used. 

For  microscopic examina t ion  the cells were 
adhered to 8-well slides precoated  with poly-D-  
lysine, fixed ha acetone, washed, and incubated with 
anticytokine antibodies and control IgG. After wash- 
ing, secondary  antispecies antibodies conjugated 
with ficoerythrin or fluoresceinisothiocyanate (Sig- 
ma) were added. The preparations were examined 
under  an Axioplan fluorescence microscope (Zeiss). 
The expression of  growth factors in the cells was as- 
sessed semiquantitatively (0--4+) by two researchers. 
Brightly autofluorescing macrophages were disre- 
garded in analysis of  LBMC. Positive control for 
anticytokine antibodies were U5637 cells and phyto- 
hemagglutinin-stimulated lymphocytes. Hemopoietic 
cells of  LBMC stromal layers were the internal 
negative control. 

Flow cytometry was carried out on an EPICS 
C device (Coulter). The cells were fixed in acetone 
and stained by antibodies in a suspension. For in- 
creasing the sensitivity o f  analysis the histogram 
deduction method with a Compare  software (Coul- 
ter) was used. 

RESULTS 

The production of  IL-I~,  IL-6, GM-CSF,  G-CSF,  
stem cell factor, and growth-transforming factor-15 
by PBMF and LBMC adherent laym~ was compared 
in 4 experiments. In all experiments PBMF reacted 
with antibodies to IL-lf3, IL-6, GM-CSF,  stem cell 
factor, growth-transforming factor-[5, but not to G- 
CSF (Table 1). Large stromal cells in adheren t  
LBMC layers were stained by antibodies to the 
stromal cell markers type IV collagen and smooth- 
muscle oc-actin and to all cytokines, including G- 
CSF (Table 1). Small hemopoietic cells not reacting 
with antibodies to type IV collagen and smooth- 
muscle 0c-actin were not stained by antibodies to 
cytokines. Flow cytometric analysis of  cytokine ex- 
pression by PBMF was carried out to verify these 
results (3 experiments). It showed no fluorescence 
of  PBMF stained with antibodies to G - C S F  and 
positive staining of  antibodies to all other cytokines 
(Fig. 1, a). On the other  hand; LBMC adherent  
cells reacted with antibodies to G-CSF and all other 
cytokines (Fig. 1, b). In order  to verify the pro- 
duction of  G-CSF by LBMC adherent stromal cells, 
we labeled the cells simultaneously with antibodies 
to G-CSF and smooth-muscle c~-actin. Two-dimen- 
sional cytometry in 2 experiments showed 7 and 9% 
positive cells, which confirms the production of  G- 
CSF by LBMC adherent  fibroblastoid stromal cells. 

The production of  these cytokines by LBMC 
adherent cells was studied in 6 patients with chronic 
myeloleukemia.  In all cases a c o n f u e n t  layer of 
adherent cells with predominating fibroblastoid cells 
was formed during 3-4 weeks of  culturing, which 
was confirmed by positive reaction of cells to smooth- 
muscle ~-actin.  Flow cytometry  showed no cells 
producing G-CSF  in 3 out of  6 patients and their 
low number in 3 other patients. On the other hand, 

TABLE 1. Expression of Cytokines in PBMF and Stromal LBMC Cells (Fluorescence Microscopy) 

PBMF LBMC stromal cells 

Ant ibodies to cytok ines number of bone marrow samples 

1 2 5 6 3 4 5 ! 6 l 
Stem cell factor 1 + + 1 + 1 + 1 + 2+ 1 + 1 + 

GM-CS F 2+ 1.5+ 1.5+ 1.5+ 1 + 1 + 1 5 +  1.5+ 

G-CSF 0 0 0 0 1+ 1+ 1+ + 

IL-113 ~ 1.5+ 1+ 1.5+ 1.5+ 1+ 1+ 1+ 

IL-6 1+ 1.5+ 1.5+ 1+ + + 1+ 1.5+ 

GTF-13 2+ 2+ 1.5+ 1.5+ 2+ 1 + 1 + 1 + 

Note. Expression was assessed by intensity of fluorescence expressed semiquantitatively ( + 4 + ) .  Here and in Table 2: GTF - -  growth-transforming 
factor. 
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Fig. 1. Production of interleukin-l[3 (1), stem cell factor (2), and granulocytic colony-stimulating factor (3) in passed bone marrow fibroblasts (a) 
and long-living bone marrow culture (b). Control: isotypical immunoglobulins. The data of a representative experiment are shown. Ordinate: cell 
number. 

G-CSF was detected in normal LBMC adherent 
cells in all 4 experiments (Table 2). 

Thus, PBMF differ from normal LBMC ad- 
herent cells by inability to produce G-CSF. Our 
results are in line with previous study [5] which 
failed to detect G-CSF mRNA in PBMF. However, 
other scientists observed the expression of G-CSF 
lnRNA in LBMC adherent cells and secretion of 
this factor into culture medium [3,8]. It is still 
unclear what cells produce G-CSF in LBMC ad- 
herent layers. Our data indicate that this factor is 
produced by stromal fibroblastoid cells. Macro- 
phages also produce G-CSF; however, analysis of 
these cells was hampered by strong autotluorescence. 

The production of G-CSF by LBMC stroma 
from patients with chronic myeloleukemia incapable 

of maintainhlg stable hemopoiesis [ 11,15] decreased, 
while the production of other cytokines was vimlally 
no rmal. 

A considerable body of evidence points to the 
significance of G-CSF production by strolnal cells. 
In LBMC, the expression of G-CSF, but not FM- 
CSF by stromal cells as a result of transfection led 
to permanent proliferation of primitive hemopoietic 
precursor cells [7]. LBMC stroma of patients with 
incompetent bone marrow transplants did not pro- 
duce G-CSF but secreted GM-CSF [12]. The level 
of serum endogenous G-CSF produced mainly by 
the hemopoietic microenvironment correlated with 
taking in of allogeneic and autologous transplants 
[2]. Since neither PBMF, nor LBMC stroma of 
patients with chronic myeloleukemia do not main- 

TABLE 2. Expression of Cytokines by LBMC Adherent Cells in Health and Chronic Myeloleukemia (Flow Cytometry, (M+m) 

LBMC type 

Percentage of LBMC adherent cells positively stained by antibodies to cytokines 

GTF-~ G-CSF GM-CSF stem 
cell factor IL-113 IL-6 

Norm (n=4) 12• 37+7.6 41• 28• 1 27• 40+9.3 

Chronic myeloleukemia (n=6) 1.7+0.8" 28• 42• 28• } 35• 36+6.2 

Note. *p<0.05 vs. the norm. 
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tain stable hemopoiesis  in a culture, our results may 
indicate the significance o f  G - C S F  production b y  
bone marrow stromal cells for maintaining myelo-  
poiesis by primitive precursor cells in a culture. 
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