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Summary. Human long-term bone marrow cultures 
(HLTBMCs) were established with bone marrow samples 
collected from 15 patients with acute myeloid leukemia 
(AML) and compared with HLTBMCs from eight 
healthy volunteers. During 6 weeks of culture, the cellular 
composition of HLTBMCs was quantitatively studied. 
The cells of the HLTBMCs were divided into three main 
categories: fibroblasts, macrophages, and 'other cells' 
(endothelial cells, hematopoietic cells and undefined 
cells). HLTBMCs derived from healthy volunteers dem- 
onstrated a very consistent development. The number of 
fibroblasts increased during culture and the number of 
macrophages decreased, resulting in a steady state after 
3 weeks of culture. In contrast, HLTBMCs derived from 
patients with AML showed a strikingly different pattern 
of irregular development and a steady state was not 
reached under our conditions. The APAAP technique 
was used to demonstrate expression of adhesion mole- 
cules. VLA2, VLA5, VLA6, LFAI, Mac l, p150/95, 
132-chain, HCAM, ICAM 1, NCAM, and VCAM 1 were 
more expressed on 'normal'  as compared with 'leukemic' 
bone marrow stromal cells, although this reached signifi- 
cance only for [~2-chain and NCAM. VLA 1, 3, and 4 
were expressed in a higher percentage on 'leukemic' stroma 
(not significant). More expression was seen on 'normal'  
as opposed to 'leukemic' macrophages for the adhesion 
molecules tested, except for VLA5. The differences 
reached significance for the majority of molecules tested. 
It is concluded that striking differences exist in cellular 
composition and adhesion molecule expression between 
HLTBMCs from healthy individuals and those from pa- 
tients with AML. This may have an impact on the patho- 
genesis of AML. 
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Introduction 

To study the hematopoietic microenvironment of bone 
marrow (BM) the model of the long-term bone marrow 
culture can be used [11, 12, 19,32]. Human long-term 
bone marrow cultures (HLTBMCs) are characterized by 
a stromal layer composed of fibroblasts, macrophages, 
fat cells, and endothelial cells that produces an extracel- 
lular matrix and growth factors [1, 12, 14, 32]. 

A close interaction between stromal cells or extracel- 
lular matrix and stem cells has been demonstrated, and 
stromal cells play an important role in 'normal'  and 'leu- 
kemic' hematopoiesis [13, 15, 16, 20, 26, 29, 33, 34]. Pro- 
longed growth of 'normal'  human bone marrow has been 
shown; granulopoiesis, erythropoiesis, and lymphopoiesis 
are maintained for several weeks in HLTBMCs [12, 19, 32]. 
However, in HLTBMCs cultured from acute myeloid leu- 
kemia (AML) BM aspirates, progenitors of abnormal 
(blast) colonies and clusters were not found after 4 weeks 
[7, 9, 20]. Murine LTBMCs derived from various hemato- 
poietic organs had different capacities in CFU assays; 
these were related to differences in cellular composition 
[18]. Ultrastructural differences in bone marrow fibro- 
blasts were found in HLTBMCs from both normal volun- 
teers and leukemic patients [24]. 

Little is known about the composition of HLTBMCs 
derived from patients with AML and even less about their 
possible role in the pathogenesis of the disease. The 
mechanism by which immature hematopoietic cells are 
attached to the bone marrow and released into the blood 
stream is also not clearly understood [1, 25]. 

Adhesion of hematopoietic cells to their microenvi- 
ronment is thought to be dependent on several compo- 
nents of the bone marrow compartment such as cells, 
extracellular matrix proteins, and growth factors [2-4]. 
Adhesion molecules probably play an important role in 
this interaction. They provide anchorage, allowing signals 
for growth and differentiation to be mediated [27, 31]. 

In contrast to normal immature cells, AML cells have 
a variable capacity to egress from the marrow into the pe- 
ripheral blood [25, 35], which may be due to a deficiency 



of  adhesion molecules on AML cells or on bone marrow 
stromal cells, or both. 

To further define the role of  stroma in the pathogene- 
sis of leukemia we studied both the cellular composition 
and the adhesion molecule expression of 'leukemic' versus 
'normal '  stromas. 

Materials and methods 

HLTBMCs 

Bone marrow specimens from eight healthy volunteers and 16 un- 
treated adult patients with AML were obtained by aspiration from 
the posterior iliac crest after informed consent. Mononuclear cells 
were separated by Ficoll-Hypaque density gradient centrifugation 
(Pharmacia), d = 1.0771 g/cm 3 and washed twice. Cells were cul- 
tured in six 25-ml plastic tissue culture flasks (Nunc), in a concen- 
tration of 1 x 106 cells per ml HLTBMC medium, and were inocu- 
lated in a total volume of 5 ml per flask [12, 19]. Weekly, half of 
the medium was refreshed. HLTBMC medium consisted of: 75% 
c~-MEM, 12.5% fetal calf serum, 12.5% horse serum, 292 mg/ml  
glutamine (all from GIBCO), 10 -6 M hydrocortisone sodium succi- 
hate (Upjohn), 10 mg/ml folic acid, 40 mg/1 inositol, and 10/A/ml 
penicillin-streptomycin (all from GIBCO) [9,321. 

Cytospin preparations and staining 

Every week one stromal monolayer was trypsinized with 1 ml tryp- 
sin-EDTA (GIBCO), after it had been washed three times with 
HBSS (without phenol red, Ca and Mg) (GIBCO). Cytocentrifuge 
preparations (Cytospin 2, Shandon Elliot) were made and stained 
by the May-Granwald-Giemsa method. 

At least 500 cells were counted per sample preparation. 
Since trypsinization may interfere with morphology, cells were 

further characterized with cytochemical stainings and monoclonal 
antibodies. It is known that trypsinization can lead to a loss of anti- 
geneic capacity. Therefore, HLTBMCs were also cultured on glass 
coverslips (Nunc) and stained cytochemically and immunologically. 
These HLTBMCs were compared with trypsinized cells. 

As has been described, fibroblasts and granulocytes can be 
stained with the alkaline phosphatase staining [4, 22], macrophages 
and some monocytes with acid phosphatase [2, 22], macrophages 
and monocytes with ct-naphthyl acetate esterase [4, 221, inhibited by 
sodium fluoride in macrophages and monocytes [361, and myeloid 
cells with naphthol AS-D chloroacetate-esterase. For immunologi- 
cal phenotyping of the cells several defined monoclonal antibodies 
were used. For phenotyping fibroblasts the monoclonal antibodies 
TE7 and anti-collagen III (SANBYO) were used [17,281. To stain 
macrophages we used CD 68 (EBM 11) (Dakopatts) [211 and CD 14 
(3 C 10). For staining endothelial cells EN 4, anti-Factor VII I /VWF 
(Dakopatts), anti-laminin and anti-collagen IV (SANBYO) were 
used [2, 3, 22, 23, 28]. 

Alkaline phosphatase anti-alkaline phosphatase (APAAP) 

In the sixth week stromal monolayers derived from eight healthy 
volunteers and 15 untreated patients with AML (seven FAB-type 
M2, four M4, two M5 a, and two M5b)  were trypsinized with 
trypsin-EDTA (GIBCO), after they had been washed three times 
with HBSS (without phenol red, Ca and Mg) (GIBCO). 

Cytocentrifuge preparations (Cytospin 2, Shandon Elliot) were 
made and stained with the alkaline phosphatase anti-alkaline phos- 
phatase (APAAP) technique with slight modifications in the sub- 
strate preparation [8]. 

Cytospin preparations were fixed in buffered formal-acetone- 
methanol and rinsed in Tris buffered saline (TBS, Fluka) pH 7.6. 
Slides were incubated for 30 rain with TBS containing 10% human 
decomplemented AB serum. 

In the first step the cytospins were incubated for 60 rain with 
monoclonal antibodies at room temperature. Aspecific monoclonal 
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antibodies were used as controls. After rinsing with TBS in the sec- 
ond step, cytospin preparations were incubated for 30 rain with rab- 
bit anti-mouse immunoglobulins (Dakopatts) and for 30 rain with 
APAAP complexes (Dakopatts). Slides were then rinsed in TBS and 
incubated for 20 rain with the alkaline phosphatase substrate con- 
taining naphthol-AS-Bl-phosphate (Sigma), dimethylformamidum 
(Merck), 50 m M  TBS pH 8.7, neo-fuchsin (Merck), sodium nitrite 
(Merck) and 1 m M  levamisole (Sigma); slides were then counter- 
stained with hematoxylin for 5 min. Five hundred stromal cells were 
analyzed and compared with May-Granwald-Giemsa-stained slides 
to determine which stromal cells (fibroblasts, macrophages, or 
endothelial cells) were positively stained. Adhesion molecule ex- 
pression was called positive if more than 20% of the cells were 
stained. In addition, the reactivity of  macrophages was assessed as 
a percentage of macrophages stained positive. 

Adhesion molecules 

Monoclonal antibodies against VLA 1, 2, 3, 4, 5, 6, LFA 1, Mac 1, 
p 150/95, [32-chain, HCAM, ICAM 1, NCAM, and VCAM1 [51 
were used (Table 1). Except for VLA6, which is a rat monoclonal 
antibody, all monoclonal antibodies are murine. 

Statistics 

In the morphological analysis percentages were compared between 
weekly specimens using the test of Friedman. Student's-t test was 
used to compare adhesion molecule expression on 'normal '  and 
'leukemic' bone marrow stromal cells and macrophages. 

Results 

Staining methods 

Although the cell shape was changed by trypsinization, 
characteristics of nucleus, nucleoli, and cytoplasm were 

Table 1. Monoclonal antibodies used 

CD number Antigen Moab Source 

VLA 1 TS 2/7 
CD 49b VLA2 P 1 E6 

VLA3 P I B 5  

CD49d VLA4 P 4 G 9  

VLA5 P 1 D 6  

CD49f  VLA6 goH3 

CD 11 a LFA 1 NKI-L 15 

CD 11 b Mac 1 bear 1 

C D l l c  p 150/95 SHCL3 

CD 18 ~2-chain CLB 54 

CD 44 HCAM gp 90/1 

CD 54 ICAM 1 F 10.2 

CD56 NCAM 123C3 

VCAM1 4B9 
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preserved in the May-Grt inwald-Giemsa staining to allow 
recognit ion o f  different ceil types (Fig. I). Four main  
categories o f  cells were distinguished: 
1. Fibroblasts with a spindle shaped nucleus, with two or 

three nucleoli and a basophilic cytoplasm 
2. Macrophages  with a round  eccentric nucleus, wi thout  

nucleoli and with an acidophilic cytoplasm 
3. Endothel ial  ceils with round  heterochromatic  nuclei, 

with a nucleolus and an acidophilic cytoplasm 
4. Remaining cells, like hematopoiet ic  cells and un- 

defined cells (undefined cells are cells which do not  
belong to categories described before) 

Groups 3 and 4 were called 'other  cells' and taken to- 
gether, because o f  the low number  o f  these cells. Only 
two cytochemical  staining methods were discriminitive: 
naphthol  AS-D chloroacetate-esterase for  myeloid cells 
and May-Grtmwald-Giemsa staining (Table 2). 

Acid phosphatase  did stain macrophages  and mono-  
cytes, but  also fibroblasts. The alkaline phosphatase  
staining was not  specific for fibroblasts and granulocytes,  
because it also stained macrophages.  

Wi thou t  sodium fluoride addi t ion in the a -naphthyl  
acetate-esterase, fibroblasts, macrophages,  and mono-  
cytes were stained. After adding sodium fluoride a few 
fibroblasts remained positive. 

Some monoc lona l  antibodies appeared to have limit- 
ed sensitivity or specificity, which may be due to trypsini- 
zation, Anti-col lagen I I I  and anti- laminin did not  stain at 
all. Anti-collagen IV stained only a par t  o f  the endo- 
thelial cells, On  the other  hand,  anti-Factor V I I I / V W F  
stained endothelial  cells, bu t  also macrophages,  which 
also can be demonstra ted after G M - C S F  is added to 
HLTBMCs  [28]. CD 68 stained only 90% o f  the macro-  
phages. 

Finally, three monoc lona l  antibodies were found  to be 
specific and sensitive: T E 7  for fibroblasts, CD 14 for 
macrophages,  and E N 4  for endothelial cells (Table 2). 
The results o f  cell recognit ion with the May-Grtmwald-  
Giemsa staining and these three monoc lona l  antibodies 
were comparable  (Table 3). 

No  difference was demonst ra ted  in cytochemical and 
monoc lona l  an t ibody staining patterns between stromal 
cells cultured on glass coverslips and those in cytospin 
preparations.  

Fig. 1. Trypsinized stromal cells: fibroblasts (f) and macrophages 
(m) 

Table 2. Results of cytochemical staining and immunoperoxidase 
staining with immunophenotyping antibodies on cultured bone 
marrow-derived cells 

F M E H U 

Cytochemical 

Acid phosphatase + + - + - 
Alkaline phosphatase + + - + - 
a-Naphthyl acetate esterase + + - + - 
a-Naphthyl acetate esterase 
+ sodium fluoride _+ . . . .  
Naphthol AS-D chloro- 
acetate esterase - - - + - 

Monoclonal antibodies 

Anti-Factor VIII/VWF - + + - - 
Anti-laminin . . . . .  
Anti-collagen III . . . . .  
Anti-collagen IV - - _+ - - 
C D  68 - +- - - - 

TE7 + . . . .  
EN 4 - - + - - 
CD 14 - + - - - 

F, Fibroblasts; M, macrophages; E, endothelial cells; H, hemato- 
poietic cells; U, undefined cells; +, not all cells are stained 

C e l l u l a r  c o m p o s i t i o n  o f  n o r m a l  H L T B M C s  

Cellular composi t ion,  as indicated in Figs. 2 and 3 and in 
Table 4, is based u p o n  analysis o f  May-Griinwald- 
Giemsa-stained slides. The ' n o r m a l '  stromal fibroblasts 
increased, f rom 58.3% + 15.0~ (mean + standard devia- 
tion) to 70.4% _+ 11.1~ (Fig. 2a). In  contrast,  the macro-  
phages decreased, f rom 28.9% • 9.3% to 24.5% + 8.9% 
(Fig. 2b). The 'other  cells' demonstrated a decline f rom 
12.7% 4- 6.3% to 6.6% +_ 3.7% (Fig.2c) .  

It must  be emphasized that  the changes in percentages 
o f  cells were not  significant during culture, but,  as is clear 
f rom Fig. 2 a - c ,  all healthy samples showed a reproducible 
pattern.  The three groups o f  cells showed a consistent 
development during the culture period. After  3 weeks 

Table 3. Mean percentage of cell type based upon staining with 
May-Griinwald-Giemsa (MGG) as compared with staining with 
monoclonal antibodies (TE7, CD 14 and EN4) in HLTBMCs 

MGG TE7 CD 14 EN4 
(%) (%) (%) (%) 

'Normal' (lst week, n = 4) 

Fibroblasts 65.1 64.5 
Macrophages 25,3 0 
Endothelial celts 2.8 0 

'Leukemic' (1st week, n = 4) 
Fibroblasts 32.1 36.6 
Macrophages 46.6 0 
Endothelial cells 2.3 0 

0 0 
29.8 0 

0 5.8 

0 0 
49.3 0 

0 7.4 
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Table 4. Cellular composition of 'normal' versus 'leukemic' 
HLTBMCs (mean + standard deviation), May-Grt~nwald-Giemsa 
staining 

'Normal' (%) 

Fibroblasts 
1st week 58.3 + 15.0 (n = 7; 32.8-72.8) 
6th week 70.4 + 11.1 (n = 8; 58.2- 86.6) 

Macrophages 
1st week 28.9_+ 9.3 (n = 7; 18.2-45.0) 
6th week 24.5 + 8.9 (n = 8; 13.2-38.2) 

'Other cells' 
1st week 12.7 +_ 6.3 (n = 7; 6.0-22.2) 
6th week 6.6 + 4.7 (n = 8; 0 .3-  15.0) 

'Leukemic' (%) 

Fibroblasts 
1st week 35.7 _+ 24.4 (n = 10; 8.4-78.0) 
6th week 73.3 _+ 26.1 (n = 15; 21.9-95.8) 

Macrophages 
1st week 37.3 _+ 25.1 (n = 10; 0.5-77.8) 
6th week 20.1 + 20.9 (n = 15; 18.0-68.8) 

'Other cells' 
1st week 27.7 + 16.9 (n = 10; 3.2-60.2) 
6th week 6.5 + 12.9 (n = 15; 0-51.2) 

they reached a steady state. However, the absolute num- 
ber o f  cells remained the same after 1 week of  culture 
(i.e., 4 x 106). 

HLTBMCs  also consisted o f  fat cells, which were lost, 
however, during trypsinization. Seven of  the eight BM 
samples produced a monolayer  in the first week, the re- 
maining sample during the second week. 

Cellular composition of leukemic HLTBMCs 

Ten monolayers  were formed during the first week and 
five in the second week, while in one case it was not  pos- 
sible to establish a monolayer.  When  a monolayer  was 
formed,  no significant differences were found between 
cell numbers  obtained f rom either ' n o r m a l '  or ' leukemic'  
HLTBMCs.  A total o f  4)<106 cells were harvested per 
flask. Al though  ' leukemic'  stromal fibroblasts did not  
show a consistent development,  they increased signifi- 
cantly during the 6 weeks f rom 35.7% + 24.4% to 
73.3% +_ 26.1% (p < 0.0003; Fig. 3a). In the first week 
37.3% + 25.1% of  the cells consisted o f  macrophages;  
these diminished in the sixth week to 20.1% + 20.9% 
(p < 0.0180; Fig. 3b). Endothel ial  cells, hematopoiet ic  
cells, and undef ined  cells showed a significant decline 
Go ~ 0.0147) f r o m  27.7% +_ 16.9% to 6.5% +_ 12.9% 
(Fig. 3 c). 

The number  o f  'other cells' appeared to be higher as 
opposed  to those in ' n o r m a l '  HLTBMCs  in several cases, 
obviously due to the presence o f  ceils o f  the leukemic 
populat ion.  

It is clear f rom Fig. 3 a - c  that  the leukemic samples 
showed a much more irregular pat tern o f  development,  
which also resulted in much higher standard deviations 
(Table 4). 

The ' leukemic'  stromal cells did not  reach an equili- 
br ium or a steady state even after 9 weeks o f  culture (data 
not  shown). 'Leukemic '  stromal cells also consisted part ly 
o f  fat cells, which were lost during trypsinization. 

We compared  our  data  on the cultured acute myeloid 
leukemias with the FAB classification. Five M 2, one M 3, 
two M 4, three M 5 a, and four M 5b BM aspirates were 
cultured. No  correlation o f  the cellular composi t ion  o f  
' leukemic'  HLTBMCs  with the FAB classification was 
demonstrated.  There was no correlat ion between the ini- 
tial number  o f  blast cells and the cellular composi t ion  o f  
leukemic cultures over time. 

Adhesion molecule expression 

The adhesion molecules, except for V L A  1, 3, and 4, were 
expressed more on ' n o r m a l '  than on ' leukemic'  bone 
marrow stromal cells, a l though differences reached signi- 
ficance only for the [32-chain (p < 0.03) and N C A M  
(p < 0.009; Table 5). VLA5 and H C A M  were expressed 
on both  ' n o r m a l '  and ' leukemic'  stromal cell populat ions  
in almost  every sample (Table 5). 

In ' n o r m a l '  HLTBMCs  expression of  adhesion mole- 
cules was most  strikingly demonstra ted on the macro-  
phage popula t ion  (Fig. 4). The expression was less on 
macrophages  in ' leukemic'  HLTBMCs  for all molecules 
tested excepting V L A 5 .  

Differences between ' n o r m a l '  and ' leukemic'  macro-  
phage adhesion molecule expression reached significance 
for the molecules tested excepting V L A 2 ,  3, 4, and 5 
(Fig. 4). When  the analysis was restricted to macrophages  
in HLTBMCs f rom nonmonocy t i c  leukemias (i.e., FAB- 
type M2,  n = 7), the differences remained (data not  
shown). 

Table 5. Adhesion molecule expression on 'healthy' (n = 8) and 
'leukemic' (n = 15) stromal cells after 6 weeks of culture (a sample 
was scored positively when more than 20~ of the cells were 
stained) 

Molecule 'Normal' (n) (07o)  'Leukemic' (n) (%) 

VLA1 5/8 62.5 11/15 73.3 
VLA2 5/8 62.5 7/15 46.6 
VLA3 5/8 62.5 11/15 73.3 
VLA4 4/8 50.0 8/15 53.3 
VLA5 8/8 100 13/15 86.6 
VLA6 4/8 50.0 3/15 20.0 
LFA 1 6/8 75.0 5/15 33.3 
Mac1 7/8 87.5 11/15 73.3 
p 150/95 6/8 75.0 7/15 46.6 
[32-chain 7/8 87.5 6/15 37.5 
HCAM 8/8 100 14/15 93.3 
ICAM 1 5/8 62.5 6/15 37.5 
NCAM 7/8 87.5 4/15 26.6 
VCAM 1 7/8 87.5 7/15 46.6 



%. 

stromal macrophages 

e x p r e s s i o n  of  a d h e s i o n  m o l e c u l e s  

1 0 0 "  

90 

8O 

7O 

6o 

4o: 
301 

201 

1 0 "  

O '  

�9 & A & A 
A A 

A �9 
�9 A A 

A 
A 

i i , * , , , , , , , i = , 
via 1 via 2 via 3 via 4 via 5 via 6 Ifa 1 mac p150/95 b 2 hcam icam ncam vcam 

adhesion molecules 

A n o r m a l  c e l l s  �9 l e u k e m i c  cells 

Fig .  4. Mean percentage of macrophages positive for adhesion 
molecules in HLTBMCs from healthy persons (n = 8) and AML pa- 
tients (n = 15). Significance of differences: VLA1 p < 0.001, 
VLA2 p < 0.08, VLA3 p < 0.16, VLA4 p < 0.15, VLA5 
p < 1.00, VLA6 p < 0.004, LFA1 p < 0,01, Macl p < 0.002, 
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D i s c u s s i o n  

In this study we demonstrated a remarkable difference in 
the development and cellular composit ion of  HLTBMCs 
derived from healthy volunteers and those from patients 
suffering from AML. During 6 weeks of  culture, 'nor-  
mal '  HLTBMCs showed an increase in fibroblasts, a 
decrease in macrophages,  and a decrease in 'other cells', 
although the differences were not significant (Fig. 2, 
Table 4). 

The decrease in 'other cells' is caused by death and 
also by loss of  hematopoietic cells during refreshment of  
the culture medium. These ' no rmal '  stromas showed a 
consistent development, reached a steady state, and 
showed a reproducible culture pattern. In contrast, 'leu- 
kemic' stromas did not reach a steady state, although they 
demonstrated an increase in fibroblasts and a decrease in 
macrophages and 'other cells' during 6 weeks of  culture. 
These HLTBMCs showed a heterogeneous pattern in 
development (Fig. 3, Table 4). Even after 9 weeks of  cul- 
ture leukemic HLTBMCs did not reach an steady state 
(data not shown). Probably, the decrease of 'macropha-  
ges' is partly due to death of  the leukemic monocytic 
population in the ' leukemic' HLTBMCs [7]. 

Obviously, leukemic cells interfere in the regulation of 
the cellular composit ion of  ' leukemic' stromas. Although 
patients who achieve prolonged remission after successful 
chemotherapy may be cured, hematopoiesis remains ab- 
normal  for several years and possibly permanently. 
HLTBMCs of  these patients show no confluency of  stro- 
real cells [6]. It may be argued that these abnormalities 
are due to cytostatic treatment. Therefore, we preferred to 
study HLTBMCs derived from marrow that was taken 
prior to cytostatic treatment. It is known that HLTBMCs 
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derived from patients with untreated myelodysplastic 
syndromes did not show confluency either [10]. 

We also found differences in adhesion molecule ex- 
pression between ' normal '  and 'leukemic' HLTBMCs. 
Most adhesion molecules were more weakly expressed in 
' leukemic' stromal cells, especially in the macrophage 
compar tment  of  those cells. To be sure that these results 
were not based upon the analysis of  ' s t romal '  cells that 
actually belonged to the residual leukemic cell popula- 
tion, we restricted our analysis to macrophages in 
HLTBMCs of  leukemias without a monocytic compo-  
nent, i.e., FAB-type M2. This did not change our results. 
In contrast to our findings, other authors did not detect 
expression of  VLA1 and VLA6 on stromal macrophages 
[301. 

Less expression of adhesion molecules on leukemic 
stromal cells may be a key to understanding the release of  
A M L  cells from the bone marrow compar tment  into the 
peripheral blood. T h e  variable egress of  leukemic cells 
from the bone marrow may be influenced by cellular 
composit ion of  the microenvironment and by adhesion 
molecule expression on either leukemic cells or ' leukemic' 
stroma, or both. As we have described previously, there 
seems to be a preferential egress into the peripheral blood 
of  immature leukemic cells as opposed to cells that have 
matured to some degree [35]. This may relate to a deficient 
adhesion molecule expression on immature leukemic cells 
as compared with slightly matured cells. Otherwise, leu- 
kemic cells that are released f rom the bone marrow due 
to deficient adhesive properties of  either these cells or 
their stroma are deprived of  differentiation signals me- 
diated by the microenvironment. The adhesive properties 
of  leukemic cells are presently being studied in our de- 
partment.  

In conclusion, we demonstrated differences in cellular 
composit ion and adhesion molecule expression between 
HLTBMCs taken from healthy individuals and from pa- 
tients with AML. As stromal cells play an important  role 
in proliferation and differentiation of hematopoietic 
cells, the differences found may have an impact on the 
pathogenesis of  acute myeloid leukemia. 
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