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Bone, Growth Plate and Mineral Metabolism

Noonan syndrome-causing SHP2 mutant inhibits murine growth plate chondrogenesis and longitudinal bone growth
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Background:
Growth retardation affects more than 80% of patients with Noonan syndrome (NS; MIM#163950), one of the most common developmental disorders, but its origin remains poorly understood. We have
recently demonstrated that mutations of the tyrosine phosphatase SHP2, that are responsible for half the cases of NS, impair the systemic production of Insulin-like Growth Factor-I (IGF-I), the biological
mediator of growth hormone (GH) acting on growth plate, through a hyperactivation of the Ras/Mitogen-Activated Protein Kinase (MAPK) signalling pathway [1]. This is in accordance with clinical data
suggesting partial GH insensitivity in NS patients [2]. Besides this, evidences have been recently accumulated for an important role of SHP2 in bone/cartilage development [3-4]. However, the direct impact of
NS-causing mutations on growth plate and bone has never been explored.

Materials and methods: In vivo and in vitro analyses were performed in a mouse model of NS (SHP2 D61G/+ mice) and in chondrogenic ATDC5 cells expressing NS-causing SHP2 mutants, respectively.
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Objectives: To evaluate the impact of NS-causing mutants on growth plate and bone development.

Conclusion:
In this study, we demonstrated that NS-causing SHP2 mutants result in impaired endochondral ossification, through a hyperactivation of the Ras/MAPK signalling pathway, that contributes to growth
retardation.

Results:
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NS mice display abnormal bone development with
homogeneous postnatal growth retardation, and
osteoporosis
NS mice exhibited decreased weight and body length by 2 wk
of age, which continues for at least 4 wk after birth (Fig. 1A).
X-ray images showed smaller skull length and homogenous
growth retardation affecting the axial as well the appendicular
skeleton, without obvious bone deformity (Fig.1B).

µCT analysis revealed a significant decrease in bone volume
per tissue volume in the trabecular bone of the vertebrae of
NS mice (-25%, P = 0.0130), consistent with an osteoporosis
(Fig. 2A-B). This was due to a significant reduction in the
trabecular number and thickness (P = 0.0153 and 0.0135
respectively) (Fib 2C-D). Similar tendencies were observed in
the trabecular bone of the femurs of NS mice, although they
did not reach statistical significance (Fig. 2A-F).

Growth plate length is reduced in NS mice due to a shortening of the hypertrophic zone
The histology of growth plates of proximal tibias from 4-wk-old WT and NS mice was examined. Alcian blue staining revealed a normal
organization of the growth plate with columnar structures in the proliferating zone and enlarged chondrocytes in the hypertrophic zone (Fig.
3A). However, measurements revealed that the length of the growth plate was significantly shorter in NS mice due to a decrease in the length
of the hypertrophic zone, whereas the length of the proliferating zone was unaffected (Fig. 3B).
Chondrocyte proliferation, assessed by immunohistochemistry using an antibody against PCNA, was similar in WT and NS mice (Fig 3C-D).
Chondrocyte apoptosis, assessed by TUNEL approach, was extremely limited and did not differ between WT and NS mice (Fig. 3E).
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NS mutants enhance Erk1/2 activation in chondrocytes in vivo and in vitro
We first assessed Ras/MAPK activation in vivo on histologic sections by immunohistochemistry using an antibody against
phosphoErk1/2. Interestingly, increased Erk1/2 phosphorylation was observed in the hypertrophic chondrocytes of NS mice
compared to their WT littermates (Fig. 4A-B).

We then monitored Erk1/2 phosphorylation in ATDC5 cells, a standard model for chondrocytes, transfected with the D61G
NS-causing SHP2 mutant. These cells were stimulated by the fibroblast growth factor (FGF), a paracrine factor which plays
an important role in chondrogenesis, and GH. We found that NS-causing SHP2 mutants significantly enhanced FGF- and
GH-induced Erk1/2 phosphorylation in comparison to WT SHP2 (Fig. 5).
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