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Marrow stromal stem cells
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Summary

Evidence for the hypothesis that there are stromal stem cells present in the soft connective tissues
associated with marrow and bone surfaces that are able to give rise to a number of different cell lines
is reviewed. The lines are currently designated fibroblastic, reticular, adipocytic and osteogenic.
Fibroblastic colonies, each derived from a single colony-forming unit fibroblastic (CFU-F), are
formed when marrow cells are cultured iz vitro. In vivo assays of tissue formed by CFU-F in open
transplant or in diffusion chambers, have demonstrated that some CFU-F have a high ability for
self renewal and multipotentiality whereas some have more limited potential. Preliminary
investigations #n vitro also support the hypothesis and have shown that CFU-F are a heterogeneous
population of stemn and progenitor cells and that their differentiation 7% vitro can be modified at the
colony level. The stromal cells which survive and proliferate i vitro are highly dependent on
culture conditions. The number and hierarchy of cell lines belonging to the stromal fibroblastic
system are not yet fully elucidated and more specific markers and better assays for the different
phenotypes are required before a greater understanding can be achieved. The possibility that the
marrow stromal system is part of a wider stromal cell system of the body is proposed.

Introduction

Marrow stromal tissue is a network of cells and extracellular matrix which physically
supports the haemopoietic cells and influence their differentiation (Dexter, 1982).
Macrophages and endothelial cells are often included in the stromal cell population
(Allen & Dexter, 1982, 1984). However, in the present chapter, the term stromal will
be restricted to cells of the stromal ‘fibroblastic’ system of marrow. By definition
these include osteoblasts and preosteoblasts found near to bone surfaces, fibroblasts
and reticular cells, terms commonly used for the soft connective tissue cells of
marrow and blood vessel walls, and marrow adipocytes (Owen, 1985). Current
evidence suggests that haemopoietic, stromal and endothelial cellular systems are
histogenetically distinct in the post-natal animal under normal conditions (Le
Douarin, 1979; Wilson, 1983; Simmons et al. 1987).

As a working hypothesis for differentiation in the marrow stromal system we have
proposed a scheme analogous to that in the haemopoietic system, where stromal stem
cells give rise to committed progenitors for different cell lines (Fig. 1) (Owen, 1978,
1985). The main evidence for stem cells comes from an i vivo assay of tissue formed
following transplantation of stromal cells under the renal capsule or in diffusion
chambers. The formation of fibroblastic colonies from a suspension of marrow cells
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Fig. 1. Hypothetical diagram for lineage in the marrow stromal system. In analogy with
the haemopoietic system it is proposed that (1) stromal stem cells generate progenitors
committed to one or more cell lines, (2) the cells form a continuum where capability for
self-renewal and multipotentiality decrease as lineage commitment increases, (3) CFU-F
(FCFC) which form fibroblastic colonies in vitro are components of the stem and
progenitor cell population.

plated ¢z vitro, each colony being derived from a single fibroblastic colony forming
cell (FCFC) or colony forming unit fibroblastic (CFU-F), was demonstrated more
than a decade ago (Friedenstein et al. 1970; Friedenstein, 1976) but clonal in vitro
assays, which have been so successful for investigating progenitor cells in the
haemopoietic system, have been little explored for the stromal system. The number
and hierarchy of the stromal fibroblastic lines in marrow are not yet completely
identified. The proposed lines have been designated fibroblastic, reticular, adipocy-
tic and osteogenic. Lines with these characteristics can be established in vitro from
the soft connective tissues of marrow and bone surfaces. Osteogenic, fibroblastic and
adipocytic lines have been derived both from new born mouse calvarial and marrow
tissues (Kodama et al. 1982; Lanotte et al. 1982; Sudo et al. 1983; Zipori et al. 1985;
Benayahu et al. 1987). In this paper, the evidence supporting the stromal system
hypothesis will be reviewed.

Differentiation of marrow stromal cells in diffusion chambers in vivo

The demonstration that suspensions of single cells derived from marrow form a
fibrous osteogenic tissue when incubated within diffusion chambers implanted
in vivo was an important advance. This showed that the differentiating capacity of
marrow stromal cells was not dependent on the structural relationship of the cells iz
stitu and that precursor cells determined in an osteogenic direction were present in
marrow stroma (Friedenstein, 1973). Cells of the host do not penetrate the chambers
and vascularization of the tissue does not occur. The resorbing cells of bone are
derived from the haemopoietic system (Marks, 1983; Chambers, 1985) and there is
no evidence of bone resorption within the chambers (Ashton et al. 1980). Conse-
quently the diffusion chamber is suitable for studying differentiation of the stromal
cells per se.

The stages of tissue formation when a suspension of about 107 single marrow cells
(rat or rabbit) is incubated within diffusion chambers implanted intraperitoneally is
shown diagrammatically in Fig. 2 (Ashton et al. 1980; Bab et al. 1986; Mardon et al.







































