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Involvement of Platelets in Stimulating Osteogenic Activity
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Summary: Osteoblast-like cells have been shown to be sensitive to the proliferative action of a wide variety of
growth factors. Many of these growth factors have been isolated from platelets and are thought to be released
at local sites in response to injury. In this study, we tested whether human platelet concentrate, as -a supple-
ment to basic medium, would support the proliferative and functional activity of human fetal osteoblast-like
cells in both short-term and long-term culture. In short-term studies, uptake of [ 3H]thymidine was increased
in platelet-treated cultures by more than 4-fold compared with 10% serum-supplemented controls. When cul-
tured for prolonged periods on coverslips, the cells formed multilayers, with a collagen-based matrix separat-
ing the layers. Long-term cultures that were treated with 1.5% (vol/vol) platelets in serum-supplemented
medium showed increases in the depth of the multilayers of as much as 36-fold at 30 days after confluence,
compared with the 10% serum-supplemented controls; this difference persisted until day 50. Incorporation
of growth factor in the matrix was examined with the use of colloidal gold immunoelectron microscopy.
I mmunogold labeling intensities for transforming growth factor-S1 were significantly lower in the platelet-
treated cultures at 20 days and then increased to a maximum level of 2.1-fold more than in the controls at
40 days. Labeling intensities for insulin-like growth factor-I and basic fibroblast growth factor were signifi-
cantly lower in the platelet-treated cultures than in the controls at all stages of culture. These results indicate
that platelet-supplemented medium stimulates proliferation and maintains the differentiated function of
human osteoblast-like cells. Platelets may play an important role in early healing of fractures and also may
be useful as a cheap autologous source of multiple growth factors to enhance osteoblast proliferation in vivo
and in vitro.

The importance of platelet-derived growth factors
(PDGFs) in the repair of soft tissues has been widely
documented (11,19,20). There has been relatively little
interest in the role of platelets in fracture repair, how-
ever, despite their presence in the clot formed at the
site of injury. In the healing fracture callus, platelets
may act as an exogenous source of growth factors to
stimulate the anabolic activity of bone cells (3,11).

Platelets contain a number of substances, some of
which are released at wound sites (19,34) (Table 1).
A number of these substances have particular rele-
vance to bone formation, including osteocalcin (34),
which, until recently, has been thought to be asso-
ciated exclusively with osteoblasts. Osteoblasts also
secrete many of the growth factors in platelets, such
as transforming growth factor-[3 (TGF-(3), insulin-
like growth factors I and II (IGF-I and IGF-II) and
PDGF (7,19,21). The fibroblast growth factors (FGFs)
are secreted by osteoblasts but are not present in
platelets. These growth factors may have an auto-
crine or a paracrine mode of action, or both (21). The
functional and synergistic relationships between the
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exogenous and endogenous forms of these growth fac-
tors is not clear, however.

On degranulation at the fracture site, platelets re-
lease PDGF, IGF-I, IGF-II, TGF-[3, and epidermal
growth factor (EGF), providing an ideal system for
delivery of growth factors to sites of injury (12,26).
The reported actions and interactions of these growth
factors vary among different cell types, the same cell
types under different experimental conditions, and
even with the stage of cell maturation (8,17). In re-
lation to bone cells, IGF-I stimulates both prolifera-
tion and differentiated function in osteoblasts (4)
and has a greater effect on osteogenic cell prolif-
eration in combination with EGF, FGF, or TGF-R, or
with all three, than it does in isolation (15,17). PDGF
is a mitogen for cells of mesenchymal origin and also
may promote the formation of extracellular matrix
(20). The addition of PDGF to bone-derived cells in
platelet-poor plasma significantly increased prolifera-
tion; this increase was greater when TGF-0 and EGF
also were added (26). The richest source of TGF-R is
in platelets and bone. In platelets, it is in the forms of
TGF-P1 and TGF-R2 (27,29). In human skeletal tissue,
TGF-[i may function alone, but more likely it acts in
combination with a variety of other factors such as
TGF-a or EGF, both of which are carried in platelets
but not synthesised by osteoblasts (6). In human bone
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