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Fig. 1 Cellular characteristic of chondrocyte within the

sub-injury cartilage
(a)~ (d) Alcian blue staining. (a) On day 1 after injury, the chondrocytes
within the sub-injury cartilage ( ~ ) were undistinguishable with the
farside, normal chondrocytes ( ). (b) On day 3, the chondrocytes within
the sub-injury cartilage ( ~ ) were found dislocated with their cartilage
lacunas. (¢) On day 7, the disorganized sub-injury cartilage ( - ) began to
degrade and gradually replaced by the future bone-forming cells on day
10 (d). Bar in (a) (also applies to b~d) =100 pm. Black arrow indicates
the injury direction.

Fig. 2 Chondrocytes in the sub-injury cartilage underwent
apoptosis and not express chondrocyte marker Col2al
(a~d, TUNEL assay; e~f, In situ hybridization
using Col2al riboprobe)

(a) In the un-injured growth plate cartilage, there were only a few cells in
the chondro-osseous junction showing positive TUNEL signals. (b) The
chondrocytes within the sub-injury cartilage ( ~ ) showed positive
TUNEL signals immediately on day 1 and distinct with farside, normal
chondrocytes ( ). On the following stages, day 3 (c¢) and day7 (d), there
still had many sub-injured chondrocytes undergoing apoptosis.
Un-injured chondrocytes expressed Col2al as the specific molecular
marker (e). (f~h) Compared to the farside, normal chondrocytes ( * ),
the chondrocytes within the sub-injury cartilage ( ~ ) didn’t express
Col2al on day 1 (f), day3 (g), day 7 (h) and that indicated they were not

functional active. Bar=100 pm.
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Fig. 3 The injured transphyseal cartilage and

the changes of adjacent physeal cartilage
Rat injured growth plate cartilage model was generated on proximal
tibia by a 2-mm dental bur inserted from metaphyseal bone beneath
(a: A, injured tibia, — showing the insertion site; B, un-injured tibia).
The growth plate was interrupted centrally (b and c, section plan and
Alcian blue staining). Compared to the un-injured growth plate cartilage
(d), both the adjacent cartilage ( - ) and the farside cartilage ( * ) showed
similar matrix structure indicated by the Collagen-X immunostaining on
day 3 after injury (e). The adjacent cartilage ( -~ ) began to degrade on
day 7(f) and was infiltrated by the bone-forming cells on day 10 (g) and
replaced by the bone bridge gradually on day 14 (h). Bar in (c) =
500 wm, bar in (d~h) =100 pm.
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Fig. 4 Transient presence of the fibroblast-like cells
(a) In the un-injured growth plate cartilage, vimentin was expressed
specifically by the hypertrophic chondrocytes. During the bony repair
process, the infiltrated mesenchymal cells were also vimentin positive
[(d) and (e), indicated by black arrow—]. (b) On day 3, the sub- injured
chondrocytes( + )didn’t express vimentin any more. Interestingly, a few
fibroblast-like cells (indicated by red arrow —) came forth between the
) and the normal cartilage ( * ). (¢c) On day 7,
more fibroblast-like cells presented to this region and formed a

sub-injured cartilage (

perichondrium-like structure. However, this perichondrium-like structure
seemed to disappear gradually from day 10 (d), and replaced by bone
bridge on day 14 (e). Bar=100 pm.
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Fig. 5 The perichondrium-like tissue expressed Collal,
a specific osteoblast marker
The low level expression of Collal (indicated by black arrow — ) in
perichondrium-like tissue between the degraded sub-injured cartilage
( ) and the normal cartilage which expressing Col2al ( * ) was

detectable from day 7 (a) and became more obvious on day 10 (b). Bar =
100 pm.
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Fig. 6 IHH signaling was involved in the formation
of the perichondrium-like tissue
(a), (c), (e), detecting Ihh by in situ hybridization; (b), (d), (f), detecting
Pichl by in situ hybridization). /n situ hybridizations using /hh and
Pichl probes were carried out on adjacent sections to facilitate the
comparison of their expression patterns. (a), (b) In un-injured growth
plate cartilage, [hh was expressed in the prehypertrophic and
hypertrophic chondrocytes and Pichl was expressed in the proliferating
chondrocytes and chondro-osseous junction cells. (c), (d) On day 3, Jhh
was expressed in the remaining normal chondrocytes ( * ) and the dead,
sub-injured chondrocytes ( -+ ) didn’t express /hh any more (c). Pichl,
except for the proliferating chondrocytes and chondro-osseous junction
cells, was also expressed between the sub-injured cartilage and the
normal cartilage, where was supposed to form the perichondrium-like
). (e), (f) On day 7, the

Pichl expression between the sub-injured cartilage (

tissue later (d, indicated by the yellow arrow
) and normal

cartilage ( * ) was localized the perichondrium-like region (f, indicated

by the yellow arrow ). Bar=100 pum.
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Abstract
bony bridge formation. However, the underlying cellular and molecular changes of the remaining cartilage adjacent

Children Salter’s type lll and IV growth plate injuries always induce the skeletal deformity because of

to the injury site are still unclear. The purpose of this investigation was to understand the molecular mechanisms of
bony bridge formation. The in vivo cellular and molecular changes in the adjacent cartilage were studied in the rat
growth plate injury models. Consisted with the histological changes, both Terminal deoxynucleotidyl Transferase
Biotin-dUTP Nick End Labeling (TUNEL) assay and in situ hybridization experiment using Col2al probe showed
there was the sub-injury cartilage region adjacent to the original injury site. Despite the sub-injury region remained
normal cartilage structure and Collagen type X in the extracellular matrix, the chondrocytes within this region
showed the dislocation with the cartilage lacunas, and the strand breaks of cleaved DNA in TUNEL assay. That
these chondrocytes didn’t express Col2al mRNA further confirmed they were dead cells. Along with the
degradation of sub-injury cartilage, some fibroblast-like cells presented to the cartilaginous region between the
sub-injury region and uninjured cartilage. In situ hybridization experiment for Patched 1 (Ptchl), indicator of
Indian Hedgehog (IHH) signaling, indicated these fibroblast-like cells could respond to Hh signaling. These results

suggest that the bony bridge formation involves series of changes of chondrocytes and /hh signaling may be
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involved in the formation of the transient perichondrium-like structure between the sub-injury cartilage and normal
cartilage, and partially contribute to the bony bridge formation. Investigating the underlying cellular and molecular

changes after the transphyseal injury will contribute us to explore a prevention treatment in the future clinic.

Key words physis, chondrocyte, intramembranous ossification, endochondral ossification
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