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A. Introduction 

The pathogenesis of aplastic an~mia (AA), 
which is defined by pancytopema and hy
pocellularity of the bone mar~ow (BM), is 
still an unsolved problem and IS most prob
ably heterogeneous. Hemopoietic stromal 
defects have been suggested as one of the 
possible pathophysiologic mechanisms for 
AA. Up to now, in all investigations on 
stromal cells of patients with AA, the fibro
blast colony assay (CFU-F) has been used 
[4, 12, 13]. Fibroblasts, however, are only 
one component of the hemopoietic stroma; 
they are not capable of maintaining hemo
poiesis in vitro alone. 

For our study we used the Dexter culture 
[1] modified for human BM [3], because in 
this system a complex adherent cell layer 
develops after 2 weeks, containing, in ad
dition to fibroblasts, other stromal elements 
(macrophages, adipocytes, endot.heli~l 
cells) and which is known to mamtam 
hemopoiesis in this system for several 
weeks. The aim of these investigations was 
to find out if there are differences in the 
ability to form stromal elements between 
normal and AA BM cells in vitro. 

B. Material and Methods 

BM of nine normal volunteers and six pa
tients with idiopathically acquired AA 
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(Table 1) were investigated in a liquid sys
tem [3] with slight modifications (Fig. 1). 
The BM cells were obtained by iliac crest 
puncture (2 ml) and immediately diluted 
with the same volume of McCoy's 5A 
medium (Serva) containing heparin with
out preservative (Gedeon Richter, Hun
gary). After spontaneous sedimentation of 
erythrocytes, the supernatant, including the 
fat droplets floating on the surface (the 
lipid substance can be utilized as a source 
of energy in rapidly proliferating cell sys
terns) [11], was added to the culture me
dium (McCoy's 5A supplemented with 10% 
fetal calf serum, SIFIN, GDR) and 10% horse 
serum (Flow, Manchester) in order to get a 
cell concentration of 5 X 105 cells per mil
liliter suspension. The cells were cultivated 
in Petri dishes at 37°C in 7.5% CO2 for 14 
days without feeding. After 14 d~ys, !he 
liquid fraction was removed. The alr-dned 
adherent layer was stained according to 
Pappenheim. GM-CFC of 18 AA patients 
was performed in a double-layer culture 
(Pike and Robinson) [10]. 

Table 1. Criteria for diagnosis of aplastic anemia 

Aplastic anemia is defined by: 

Pancytopenia . . 
Hypocellularity of the hemopo~etI.c bone. mar-

row, with absence of neoplastIc mfiltratIOn or 
significant fibrosis 

It is distinct from: 
Aplasia induced by cytostatics or irradi~tion 
Primary pancytopenia with hyperplastIc marrow 

or myelodysplasia 
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Fig. 1. Schematic representation of the method 

C. Results 

Figure 2 shows the growth pattern of GM
CFC of BM from patients with AA in agar 
culture. The number of colonies (> 40 
cells) was decreased in most cases. The re
sults of the stromal cultures are represented 
in Fig. 3. After 1 week of cultivation, there 
was a very poor adherent layer in both nor
mal and aplastic BM cultures, and no dif
ference between them could be detected. 
After 14 days, however, an adherent layer 
was established, which was distinctly more 
compact in the BM cultures of normal sub
jects compared with those of patients with 
AA (Figs. 4, 5). In addition to these quanti
tative differences, qualitative differences 
were also apparent. Thus, in normal BM 
cultures well-established "cobblestone" 
areas were formed (Fig. 4). In cultures of 
AA BM, such areas were rare. 

D. Discussion 

The pancytopenia and hypocellularity of 
the hemopoietic BM in AA patients is the 
final outcome of functional failure in 
the hemopoietic stem cells (HSC). In most 
AA patients, the number of GM-CFC, 
BFU-E, CFU-E, CFU-D, and CFU-mix is 
decreased [2, 5, 7, 9]. For effective hemo
poiesis it is essential to have an intact 
microenvironment (stroma cells), on which 
HSC renew and differentiate. Therefore, 
the failure of the HSC in AA can also be 
caused secondarily by damage of the 
stromal cells, as was shown in experimen
tally induced aplasia in animals [6, 8]. The 

Pappenheim 

CFU- GM 

80 
u 
~ 40 en 
In • 0 30 e-

N 
20 • ...... • • • • • • 0 • 

u 10 • • • 
• • • 

Fig.2. Growth pattern of bone marrow from pa
tients with aplastic anemia in agar culture 
(hatched area shows range of 20 normal volun
teers) 
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Fig. 3. Stromal layer in liquid culture from bone 
marrow cells. Full circles normal volunteers; 
open circles patients with aplastic anemia. Each 
dish was assigned a score from 1 to 4, cor
responding to a stromal layer covering from 25% 
to 100% of the area of the culture dish 

pathogenetic role of stromal cells in the 
development of AA in vitro has been inves
tigated up to now only with CFU-F assay, 
which gives evidence for only one com
ponent of stromal cells, i.e. fibroblasts, and 
no information about the interplay of 
stromal cells and HSC. For our investi-
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gations we have used the Dexter culture [3] 
which allows study of the interaction 
be!w~en the complex stroma and hemo
pOIesIs. 

Our findings indicate that in AA not only 
is hemopoiesis insufficient, but the stromal 
cells are affected also. It is not clear 
whether these two phenomena are in
dependent of each other, or if the de
creased number of HSC is caused by a dis
turbed microenvironment. Since for our ex
periments we used unwashed cells, includ
ing the patients' sera, autoimmunologic 
processes (humoral and cellular) cannot be 
excluded. 
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Fig. 4. Pappenheim-stained ad
herent layer with hemopoietic is
lands formed by normal bone mar
row after 14 days cultivation 
(X32) 

Fig. 5. Pappenheim-stained 
adherent layer formed by 
aplastic anemia bone marrow 
after 14 days cultivation (X 32) 
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