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The disturbance in growth of hemopoietic cells in human leukemia takes place at 
the stem cell level. In order to characterize the leukemic cell populations attention 
has been focused on first steps of the development of the hemopoietic system. 

The stem cell level can be understood as a compartment of cell populations 
which are distinguished b y their capacity of growth and diff er entation. Normally, 
the system is in a steady state. Little, however, is known about the precise relation- 
ship between the cells within this compartment (Lajtha 75). The variety of these 
cells complicates considerably a detailed study. Therefore attempts were made to 
cope with this problem by using isolated cell classes (Moore 72, Quesenberry 74). 

Besides cell density (Leif 70) and cell volume (Miller 67) cell surface specific 
parameters are used for cell separation procedures since it has been shown that the 
cell surface is involved in various cell functions as maturation (Lichtmann 72), 
antigenicity (Sandford 67), malignant transformation or metastasizing (Aber- 
combie 62). The negative electric surface charge of mammallian cells is one of the 
cell surface specific parameters which can be used to discriminate between function- 
ally defined cells (Ruhenstrodt-Bauer 61). The pieparative continuous free flow 
cell electrophoresis enables additionally the functional testing aRer the separation 
(Hannig 61). The successful application of this method on mammallian cell mix- 
tures has been shown by several investigators (Hannig 69, Zeiller 72a, 72b, Schu- 
bert 73, V. Boehmer 74). It is the purpose of this presentation to show that pre- 
parative cell electrophoresis combined with the diffusion chamber assay contributes 
to further characterisation of the human stem cell compartment. 

For the isolation of human bone marrow cells the electrophoretic cell Separator 
FF5 (Bender and Hobein, München) was used. The separation conditions were 
described elsewhere (Schubert 73, Zeiller 75). ARer separation the single fractions 
were tested for their capacity of growth and differentiation by the conventional 
diffusion chamber method (Benestad 70, Boyum 72). NMRI mice were used as 
hosts. In order to stimulate erythropoiesis the animals were kept at  0.5 atm. 
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immediately afler chamber implantation (Schopow 75, Walther 76). Each chamber 
was filled with 750,000 nucleated cells. Harvesting was done on day nine. 
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Fig. 1 : For explanation see text. 

The results of the analysis of normal human bone marrow are shown in Fig. 1. 
The number of nucleated cells grown in the diffusion chamber are plotted against 
electrophoretic migration. Each point represents the mean value of up to six cham- 
ber contents. It is evident that two different stem cell populations based on their 
electrophoretic migration are existent with comparable growth capacity. The 
maxima are in fraction -3 and -6 repsectively. On the right side of Fig. I the 
morphological analysis of the chamber output into erythroblasts, megacaryocytes 
and immature granulocytes is shown. Again a bimodal distribution is also exhibited 
by the subpopulations. The cellular composition in both maxima is nearly identical. 
Besides the cell types described mature granulocytes, unknown blasts and macro- 
phages have also been classified. No correlation exists between the cellular com- 
position filled originally into the chambers (shaded areas Fig. 1) and that harvested 
on day nine. This gives evidence that the cells grown in the diffusion chambers 
are newly generated from stem cells which are not accessible to a precise morpho- 
logical characterisation within the bone marrow cell mixture. The application of 
this method to human acute leukemia shows a striking difference of the growth 
behaviour in comparison to normal conditions as shown in Fig. 2 (The graphic 
presentation is in accordance to Fig. 1). On day nine only those cells caused 
progeny in the chambers which originated from the region of slow electrophoretic 
migration (fraction -5 to -10). The lack of cell growth in the fast migrating region 



which contained originally the myeloblasts of the bone marrow can be due to 
very different growth kinetics or insufficient proliferation capacity. Both state- 
ments are not in accordance with observations made with unseparated peripheral 
human blood myeloblasts (Hoelzer 74). 

If these results with bone marrow cells of human acute leukemia are specific 
must be proven in further experiments. With the presented experimental approach 
it might be possible to seize upon disturbances at the stem cell level and contribute 
to further insight into the pathogeneses of human leukemias. 
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Fig. 2: Nucleated cells normalized grown in DC on day nine plotted against electropho- 
retic migration. (Myeloblasts subtracted). 

References 

Abercombie, M. and E. J. Ambrose (1962): The Surface Properties of Cancer 
Cells: A Review. Cancer Rex. 22,525. 

Hannig, K. (1961): Die trägerfreie kontinuierliche Elektrophorese und ihre An- 
wendung. Z. Anal. Chem., 181,244. 

Hannig, K., K. Zeiller (1969): Zur Auftrennung und Charakterisierung immun- 
kompetenter Zellen mit Hilfe der trägerfreien Ablenkungselektrophorese. Hoppe- 
Seyler's 2.-Physiol. Chem. 310, 467, 

Hoelzer, D., E. Kurrle and E. B. Harris (1974): Diffusion Chamber Technique 



Applied in Human Acute Leukemia. Modern Trends in Human Leukemia, J. F. 
Lehmanns Verlag München p. 78 (eds. R. Neth, R. C. Gallo, S. Spiegelmann, 
F. Stohlman, jr.). 

Lajtha, L. G. (1975): Hemopoietic Stem Cells. Brit. J. Haematol. 29, 529. 
Leif, R. C. (1970): Automated Ce11 Identification and Ce11 Sorting, Acad. Press 

Nr. 4 (G. L. Wied and G. F. Bahr, eds.). 
Lichtmann, M. A. and J. R. Weed (1972): Alteration of the Ce11 Periphery during 

Maturation. Blood 39, 301, 
Miller, G. R. and R. A. Phillips (1969): Separation of Cells by Velocity Sedimen- 

tation. J. Cell. Physiol. 73, 791. 
Moore, M. A. S., N. Williams (1972): Physical Separation of Colony Stimulating 

Cells from In Vitro Colony Forming Cells in Hemopoietic Tissue. J. Cell. Phys. 
80, 195. 

Quesenberry, P., E. Niskanen, M. Symann, D. Howard, M. Ryan, J. Halpern 
and F. Stohlman, jr. (1974): Growth of Stem Ce11 Concentrates in Diffusion 
Chambers (DC). Ce11 Tissue ICinet. 7, 227. 

Ruhenstroht-Bauer, G., E. Straub, P. Sachtleben, G. F. Fuhrmann (1961): Die elek- 
trophoretische Beweglichkeit von Blutzellen beim Gesunden und beim Kranken. 
Münchener Med. Wschr. 103,794. 

Sandford, B. H. (1967): An Alteration in Tumor Histocompatibility Induced by 
Neuramidases. Transplantation 5, 1273. 
Schopow, K., J. C. F. Schubert and F. Walther (1975): Demonstration of Human 

Erythropoietic Precursor Cells by a Diffusion Chamber Assay. Third Meeting 
of the European and African Division of the International Society of Haematol- 
ogy 24.-28. August 1975. 

Schubert, J. C. F., F. Walther, E. Holzberg, G. Pascher and K. Zeiller (1973): 
Preparative Electrophoretic Separation of Normal and Neoplastic Human Bone 
Marrow Cells. Klin. Wschr. 51, 327. 

Walther, F., K. Schopow, J. C. F. Schubert and K. Zeiller (1976): Stimulation of 
Human Erythropoiesis in DC. In preparation. 

Zeiller, K., R. Löser, G. Pascher and K. Hannig (1975): "Free Flow Electro- 
phoresis" Analysis of the Method with Respect to Preparative Ce11 Separation. 
Hoppe-Seyler's Z. Phys. Chem. 3j3, 95. 

Zeiller, K., K. Hannig and G. Pascher (1971): Free-Flow Electrophoretic Separa- 
tion of Lymphocytes. Separation of GraR Versus Host Reactive Lymphocytes 
of Rat Spleens. Hoppe-Seyler's Z. Phys. Chem. 3 ~ 2 ,  I I 68. 


