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Table 3. Cumulative growth data from published studies on rhGH therapy in patients with SHOX haploinsufficiency

Study Number of rhGH dose Ht SDS HV SDS
patients (IU/Kg/wk) (at months of therapy) (at months of therapy)

0 12 24 36 0 12 24

Shanske et al., 199966 1 NR -4.3 -3.3 -3.3 6.0 NR

Binder et al., 200067 1 1 -3.5 -2.5 -2.3 3.9 NR

2 1 -2.5 -1.6 -2.0 5.4 NR

Ogata et al., 2001c68 1 0.5 -3.9 -2.8 -2.5 6.4 NR

2 0.5 NR NR -3.0 1.4 0.9

3 0.5 -4.0 -4.0 -4.0 NR NR NR

Ezquieta et al., 200242 1 NR -2,9 NR -1.7 NR NR NR

Munns, Berry et al., 200369 1 0.6 -3.0 -2.8 -2.7 -2.5 2.7 2.9

2 0.8 -3.0 -2.2 -1.9 0.5 8.2 4.3

Mean data 0.7 -3.5 -2.7 -2.9 -2.2 4.9 2.7

Change from start of therapy 0.8 0.6 1.2 7.1 4.9

{Studies that analyzed the effect of rhGH in patients with clinical LWD for whom SHOX mutation analysis was not available are not
included74-76}. Ht: height; HV: height velocity; NR: not reported

verse effects of rhGH therapy were observed. Age
appropriate advancement of bone age was seen, in-
dicating that any height advancement from rhGH
therapy may result in an improvement in final height.
There was only minimal radiological progression
and no clinical worsening of Madelung deformity in
all patients. All patients (apart from patient 3 of
Ogata et al.)68 demonstrated short-term benefit from
rhGH therapy, with a mean improvement in height
SDS of 0.8 at 12 months (n=8) and 0.6 at 24 months
(n=3). These data suggest that the effect of rhGH
may diminish after the first 12 months of therapy, a
finding also seen in other skeletal dysplasias.64,70 The
overall data suggest that the higher doses of rhGH
were associated with greater short-term benefit. As
there are no LWD-specific growth charts to be used
for the assessment of the therapeutic response to
rhGH, it is important to note that the height of fe-
males with SHOX haploinsufficiency has been dem-
onstrated to be reduced by approximately 0.7 SDS
from childhood to final height.20,25,43 Taking this into
consideration, the maintenance of the same height
SDS through this period may constitute evidence of
growth improvement.69 However, the number of re-
ported patients with SHOX haploinsufficiency treat-
ed with rhGH is small and further studies are re-
quired before definitive conclusions can be drawn.

CONCLUSION

The elucidation of the respective developmental
pathway of the SHOX gene and the determination
of its exact position therein constitute a prerequi-
site for a full understanding of the variable pheno-
typic consequences of SHOX mutations. Under-
standing SHOX as part of a genetic program respon-
sible for normal growth and bone development will
also allow the identification of additional factors
within this program that might modify the effects of
the functional haploinsufficiency of the SHOX gene.
Along these lines, SHOX might turn out to repre-
sent another example of a gene implicated in sever-
al clinical conditions formerly regarded as distinct
syndromes. It is possible that SHOX haploinsuffi-
ciency is responsible not only for the ISS or the LWD
but also for intermediate mild skeletal dysplasias.63

Taken together, the biochemical characterization of
the SHOX-encoded transcription factor, the identi-
fication of upstream37 and downstream36 regulators
or targets of the SHOX gene and its positioning with-
in a specific developmental pathway are priority
objectives. At present, the exact action of SHOX
protein cannot be defined.17,34 Functional studies will
improve our understanding of the role of the SHOX
gene in skeletal and cartilage growth.




