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Table 2. Summary of studies on SHOX haploinsufficiency in ISS

Study Phenotype Patients Mutations
N (%)

Rao et al., Ht<-2SDS and 91 1.1
19971 NL karyotype and

NL X-rays

Binder et al., Ht<-2SDS and 68 1.5
200067 NL X-rays

Musebeck Ht<-2SDS and 35 -
et al., 200172 NL family Ht and

NL X-rays

Rappold Ht<-2SDS 900 2.4
et al., 200228

Ezquieta Short stature 73 -
et al., 200242

Stuppia Ht<-2SDS and 56 12.4
et al., 200373 NL karyotype and

NL X-rays

Binder Ht<-2SDS and 140 2
et al., 200332 NL karyotype

Schneider Ht<-SDS >1500 2
et al., 200535

Ht: height; NL: normal; ISS: idiopathic short stature

agnosed as having �idiopathic� short stature.

Taken together, the data of some recent stud-
ies22,25,31 indicate that the growth deficit caused by
SHOX defects in patients with Léri-Weill dyschon-
drosteosis is approximately 2SDS, which is not as
severe as that encountered in other osteodysplasias
or in Turner syndrome. This observation suggests
that there may be other genes�such as the lympho-
genic gene(s) mapped to a ~9 Mb region between
DMD and MAOA loci on Xp chromosome�that are
responsible for the impaired development of soft
tissue, visceral and skeletal abnormalities and short-
ness.45,46

The different prevalence of Madelung deformi-
ty between LWD and Turner syndrome (~75% vs.
~8%) has been attributed to loss of other X-linked,
non-pseudoautosomal growth genes which masks
the full phenotype of SHOX haploinsufficiency in
Turner syndrome. This hypothesis however has to
be proven. The modifying gene(s) could be on an
autosome or on the X chromosome itself.8 An al-
ternative explanation may be that girls with Turner
syndrome are protected from developing Madelung
deformity by their sex steroid deficiency, which does
not occur in females with LWD. However, the de-
formity does not seem to develop even in females
with Turner syndrome treated with estrogens be-
fore epiphyseal closure. Nevertheless, therapy even
in these cases usually starts in the late teens and at
a low dose.25 Unfortunately, there is no mouse or
murine model for SHOX haploinsufficiency. Thus,
humans represent the only prototype for studying
the role of SHOX gene in normal and abnormal
growth and development.

The role of estrogens, being the sole known fac-
tor influencing the phenotype in SHOX haploinsuf-
ficiency, remains controversial. In both sexes, skel-
etal maturation is advanced by estrogens and serum
estrogen concentration is higher and begins to in-
crease at a younger age in females.56 SHOX appears
to function as a repressor for growth plate fusion
and skeletal maturation in the distal limb region, so
that SHOX haploinsufficiency results in unbalanced,
premature growth plate fusion and advanced skele-
tal maturation. It has been suggested by some stud-
ies39,40,43,44,57 that the estrogenic effect could account

sic GH deficiency is estimated to be present in 1 out
of 3500 children and Turner syndrome in 1 in 2500
girls.25-28

Thus, the prevalence of short stature due to
SHOX gene deletion among children with ISS ap-
pears to be analogous to or even more frequent than
that of GH deficiency or Turner syndrome.28 Accord-
ing to Munns et al.,47 a candidate for SHOX defi-
ciency investigation is the child with low birth height
(but within the lower limits), stature during child-
hood near the lower limits (between �2.2 and �2.1
SDS for females and males, respectively) or final
height well below the lower normal limits (between
-2.84 and �2.36 SDS for females and males, respec-
tively) and family history of short stature in at least
one parent.

GENOTYPE-PHENOTYPE CORRELATIONS

SHOX deficiency appears to be a major cause of
growth failure in 100% of patients with Turner or
Langer syndrome, approximately 70% in Léri-Weill
syndrome and about 2% in patients previously di-




