














Figure 9. Electron microscopy of dendritic cells released from the proliferating cell aggregates. A bone marrow-derived dendritic cell at day 5 of 
culture shows many cytoplasmic veils (A, filled triangles), x 11,000; bar = 1 ~m. A close up of the perinuclear region (B) shows profiles of smooth 
reticulum (thin arrows) and vacuoles (thick arrows), x19,000; bar = 1/zm. There are few lysosomal or phagocytic structures. Golgi apparatus (*); nucleus 
(N). Magnifications are 11,000x and 19,000x [bars = 1/zm]. (C) The numerous cell processes in a semi-thin section, xS00. 
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Figure 10. Diagram of the proposed pathway of dendritic cell develop- 
ment in marrow cultures supplemented with GM-CSE A proliferating 
aggregate forms from a precursor that either attaches to the cell stroma 
or is itself adherent. During dendritic cell differentiation, which is evident 
at the periphery of the aggregate and in cells released therefrom, there 
is a progressive increase in cell processes, MHC class II, NLDC-145 sur- 
face antigen, and M342 and 2A1 intracellular antigen (see text), and a 
progressive decrease in adherence to plastic. 

the proliferating aggregate as an enriched source of dendritic 
cells, and to phenotype the cells using several monoclonals 
to cell surface and intracellular antigens. The capacity of bone 
marrow to generate dendritic cells is striking: >5 x 106 
from the four major hind limb bones in a week. 

In spite of the large numbers of dendritic cells that de- 
velop in these bone marrow cultures, it is likely that these 
events do not reach the same level of maturation in situ in 
the marrow. This is because mature dendritic cells are not 
detectable in mouse marrow or in mouse blood. We suspect 
that proliferation occurs in the marrow in situ, but that less 
mature progeny are released into the blood stream to popu- 
late tissues such as the epidermis and spleen. Further matu- 
ration into typical dendritic cells and perhaps additional 
proliferation then occurs, most likely under the aegis of GM- 
CSF (21-24). 

The information at present suggests that the development 
of dendritic cells proceeds by the following pathway (Fig. 
10). The precursors in both blood (4) and marrow (this paper) 
lack MHC class II antigens as well as B and T cell markers 
(CD45R, Thy-1, CD4/8), and the precursors are nonad- 
herent, The precursors attach to the stroma and give rise to 
aggregates of class II-positive cells. Perhaps the growing ag- 
gregates arise from a subset of strongly class II-positive cells 
that are found in the firmly adherent monolayer even at later 
time points (Fig. 6, middle). However, these firmly adherent, 
class II-rich cells lack the MLR stimulatory activity of den- 
dritic cells (Fig. 3 B, open symbols) and may express substan- 
tial levels of Fc3' receptors and the F4/80 antigen. The final 
stage of development is that the loosely attached aggregate 
releases mature, nonproliferating dendritic cells. The latter 
have even higher levels of MHC class II (Figs. 4--6) and can 
attach transiently to plastic, much like many of the dendritic 
cells released from spleen (25). As development occurs in the 
aggregate, there seems to be a reduction in the levels of cyto- 
plasmic staining for Fc3, receptors and F4/80 antigen, and 
an increase in granule (M342, 2A1) and surface antigens (33D1, 
NLDC145) that are characteristic of dendritic cells. Last, ac- 
cessory function for primary T-dependent immune responses 
increases as cells are released from the growing aggregates. 

The development of monocytes, which is mediated by 
M-CSF, is known to involve a different set of events, which 
we confirmed (data not shown). Macrophage colonies in liquid 
culture systems are more dispersed and flattened (26). The 
nonprolfferating monocyte progeny express little or no MHC 
class II, and in further contrast to dendritic cells, have strong 
phagocytic activity and persistent plastic adherence. 

It is now more feasible to produce very large numbers of 
the specialized subset of dendritic cell APCs from small 
numbers of donors. Given the profound effects of GM-CSF 
on dendritic cell viability, function, and now growth (4, 
21-24), this cytokine might logically be considered as a gran- 
ulocyte, macrophage, dendritic cell-stimulating factor. 
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