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In order to elucidate the causes of ossifica-
tion in spinal ligaments, ultrastruetural altera-
tion and immunolocalization of transforming
growth factor-^ (TGF-$, as well as that of
the TGF-/9 receptor were examined during
the chondrification of ligamentous fibro-
blasts, by inducing ossification in Sigamenta
flava of murine lumbar spines, employing
recombinant human bone morphogenetic pro-
tein-2 (rhBMP-2). Normal ligamenta flava,
consisting of flattened fibroblasts, showed
no immunolocalization of TGF-^8 isoforms.
From the second week following BMP-ad-
ministration, cartilage gradually replaced the
ligaments. Cells in the central portion of the
ligament contained abundant Golgi ap-
paratus as well as enlarged endoplasmic

reticuia. Proliferative or hypertrophic chon-
drocytes In this area showed ittrtmunoreaetiv!-
ty to TGF-^3 latency-associated peptide,
while calcified hypertrophic chondrocytes ac-
companied by both matriK vesicle- and col-
lagen-calcification were noticed at the Inser-
tion site to spinal lamina, where there was no
immunolocalization of this peptlde. In addi-
tion, the TGF-^ type I receptor was localized
on the proliferate and hypertrophic cells of
the central portion. Therefore, as regards
the pathological chondrifieation of ligamen-
tous fibroblasts induced by exogenous BMP-
2, TGF-^ is speculated to promote matrix-for-
mation and chondrocytic maturation, under
the autocrine/paracrine system, in concert
with exogenous BMP-2.

Key words: Ossification of spinal ligaments. Bone morphogenetie protein. Transforming
growth factor-beta, Immunohistochemistry, Fine structure

I . Introduction

Ossification of spinal ligaments, including that which
occurs in the posterior longitudinal ligament or the
ligamentum flavum, inevitably leads to spinal cord com-
pression and severe paralysis. Although this disease is the
principal cause of myelopathy, its pathology is unclear.
Our experimental model therefore attempts to elucidate
the process by which ossification of spinal ligaments is
induced by recombinant human bone morphogenetic
protein-2 (rhBMP-2), as established by the authors [8]. The
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ossification process in this instance is similar to that observ-
ed in cllnica, as shown by; 1) the fact that it commenced at
the insertion site of ligament to bone; 2) that it advanced
endochondrally. It is therefore quite useful in analyzing
morphological changes during bone formation. Our ex-
perimental model indicated that the chondrification of
ligamentous fibroblasts occurred at the initial phase of
ossification, and that BMPs would play an important role,
since the BMP receptors were up-regulated during the
pathological process. In the present study, the character
of BMP-induced cartilage and its calcification were examin-
ed ultrastructurally in order to gain insight into the
pathway that leads to the chondrification of ligamentous
fibroblasts.

Earlier clinico-pathological data obtained during
immunohistochemical studies of ossification of spinal
ligametns documented the presence of BMP-2 and
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