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D. Soligo et al. 

some cell surface features and antigenicity of the sample 
(de Harven and Soligo, 1986). 

When we applied this technique to the examination 
of the normal bone marrow, a very heterogeneous cell 
population was evident with a predominance of relative 
mature myeloid and erythroid cells. The study with 
immuno-gold techniques of small cell populations is 
therefore difficult and time consuming. An easier 
identification can be achieved only with pre-enriched 
cells or on leukemic cell samples. 

Early progenitor cells 

The CD34 antigen is present in about 1 % of normal 
bone marrow cells: CD34 + cells have a higher clono
genic potential than whole bone marrow cells but still in
clude cells already committed to different hemopoietic 
lineages and primitive stem cells (Civin et al., 1984). 
These latter should represent from 0.1 to 1 % of the 
CD34 + bone marrow cells. They should also have a 
typical immuno-phenotype (CD34 +, HLA-DK, CD38-, 
Thy!+) and high proliferative and repopulation capability 
(Katz et al., 1985). 

The SEM examination of CD34 + magnetically sep
arated cells, with a purity ranging from 93 % to 96 % , 
showed that more than 50 % of the cells are small and 
round with a completely smooth surface (Figs. la and 
lb), while the remaining cells display rare microvilli and 
small blebs. This finding, which was confirmed on M0-

M1 myeloid leukemias (Fig. 2) and on pre-Band T lym
phoblastic leukemias (shown later in Figs. 8 and 11), 
clearly indicates that early progenitor cells have an al
most featureless surface and that surface projections are 
produced only at a relatively late stage of differentiation. 
In the normal bone marrow, stem cells are known to dis
play on their surface a wide array of growth factor re
ceptors and of adhesion molecules, and are completely 
surrounded by stromal cell dendrites (Cattoretti et al., 
1993) (Fig. 3). The surface of the stem cells is coated 
with extracellular matrix proteins which both serve for 
growth factor presentation and for anchoring to the bone 
marrow "niches". The round, smooth surface morphol
ogy of stem cells is probably the most adequate in this 
setting: as soon as they progress toward commitment and 
differentiation, they start moving out of the hemopoietic 
"niches" (Fig. 3) and finally leave the bone marrow 
environment through the endothelial sinuses wall to enter 
blood circulation. Some cell surface projections may be 
related to cell movements or may be necessary for cells 
to loose their initial cohesiveness and escape stromal cell 
anchorage. 

Early myeloid cells 

Early myeloid cells are easily identified in the whole 
bone marrow with immuno-gold labeling even if precise 
differentiation stages, as defined by light microscopy, 
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Figure 6. Cell from a case of myelo-monocytic leuke
mia (M4) showing the different spectra of surface mor
phologies seen in myeloid differentiation: (a) Small 
ridges and ruffles are present in this cell coexpressing 
granulocytic and monocytic cell surface features; SEI; 
bar = 1 µm. (b) Typical spread monocyte cell with 
large ruffles; SEI; bar = 1 µm. (c) Typical myeloid 
cell with surface ridges; SEI; bar = 1 µm. 

Figure 7. Langerhan's cells from a normal epidermal 
cell suspension after labeling with CDllc (LeuM5) and 
30 nm colloidal gold particles; SEI; bar = 1 µm. 

Figure 8. Early lymphoid cell from a common ALL 
showing a completely smooth surface; SEI; bar = 1 µm. 

Figure 9. Centrocitic-centroblasic B-cell lymphoma cell 
infiltrating the bone marrow. Elongated microvilli are 
evident on the surface of this cell; SEI; bar = 1 µm. 

Figure 10. A typical lymphoid cell from a bone mar
row infiltrate from a case of splenic villous lymphoma, 
showing elongated broad-based microvilli and ruffles; 
SEI; bar = 1 µm. 

need either double labeling studies or examination of 
leukemic cell samples representing "frozen" stages of 
differentiation. 

Myeloblasts start showing surface ridges, initially 
small and rare (Fig. 2), and subsequently, large and well 
developed (Fig. 4, and also shown later in Fig. 6c). A 
typical morphology is seen in promyelocytic cells: these 
cells are large with a surface packed with ridges of dif
ferent shape and some microvilli. This cell surface mor
phology of myeloblasts and promyelocytes can be further 
confirmed by cytochemical techniques in the BEI of the 
SEI mode (Soligo et al., 1985). 

Late myeloid cells 

The cell surface morphology of mature granulo
cytes, both in the bone marrow and in peripheral blood, 
is invariably characterized by surface ridges (Fig. 5). 

Once myeloid cells start differentiating toward the 
monocytic lineage (Fig. 6a), as indicated by the expres
sion of CDllb and CDllc both in normal and leukemic 
bone marrow, surface ruffles, sometimes extremely well 
developed, appear (Fig. 6b). These cell surface projec
tions are then invariably present both in circulating (Fig. 
6b) and in resident monocytic cells such as tissue and 
bone marrow macrophages and in Langerhans cells (Fig. 
7) (De Panfilis et al., 1989). 

Well developed ridges and ruffles seem, therefore, 
to represent the morphological counterpart of phagocytic 
activity which is maximally present in monocytic cells. 



Cell surface changes of hemopoietic cells 

Lymphoid cells 
Early lymphoid bone marrow cells, of both T and 

B lineages, are almost invariably displaying smooth sur
faces (Fig . 8, and also shown later in Fig. 11). The ap
pearance of surface projections seems to be a relatively 
late event in lymphoid ontogeny (Soligo et al . , 1989). 

Pre-B cells start showing small ridges and pleomor
phic rnicrovilli, which are then predominant in mature B 
lymphocytes. The same cell surface morphology is also 

179 

seen in lymph node cell suspensions or in bone marrow 
infiltrates of B cell lymphomas (Fig . 9) . The cell sur
face morphology of B cells of secondary lymphoid 
organs seems nevertheless more complex and difficult to 
define. Nodal B-cells are morphologically and pheno
typically heterogeneous, reflecting differentiation, 
functional and activation steps taking place during anti
gen processing and initiation of the immune response. 
Moreover, lymph node or spleen cell suspensions can be 


