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results suggest that the large deletion-bearing allele has a 
common ancestor and was either introduced by European 
immigrants or had originated in our Amerindian population. 
This study allowed us to identify one recurrent deletion in 
Chilean patients; also, it contributed to expanding our 
knowledge about the genetic background of our popula-
tion.  © 2015 S. Karger AG, Basel 

 Introduction 

 The short stature homeobox-containing gene  (SHOX)  
resides in the telomeric pseudoautosomal region 1 (PAR1) 
on the short arm of both sex chromosomes and escapes X 
inactivation  [1] .  SHOX  mutations occur with an estimat-
ed incidence of approximately 1 in 1,000 newborns, mak-
ing mutations in this gene one of the most common 
monogenetic cause of defects associated with short stat-
ure and skeletal deformities  [2] . Heterozygous  SHOX  
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 Abstract 

  Background:  Deletions in the  SHOX  gene are the most fre-
quent genetic cause of Leri-Weill syndrome and Langer me-
somelic dysplasia, which are also present in idiopathic short 
stature.  Aim:  To describe the molecular and clinical findings 
observed in 23 of 45 non-consanguineous Chilean patients 
with different phenotypes related to  SHOX  deficiency.  Meth-

ods:  Multiplex ligation-dependent probe amplification was 
used to detect the deletions; the  SHOX  coding region and 
deletion-flanking areas were sequenced to identify point 
mutations and single-nucleotide polymorphisms (SNPs).  Re-

sults:  The main genetic defects identified in 21 patients con-
sisted of deletions; one of them, a large deletion of >800 kb, 
was found in 8 patients. Also, a smaller deletion of >350 kb 
was observed in 4 patients. Although we could not precisely 
determine the deletion breakpoint, we were able to identify 
a common haplotype in 7 of the 8 patients with the larger 
deletion based on 22 informative SNPs.  Conclusion:  These 
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gene defects are present in 50–90% of patients with Leri-
Weill dyschondrosteosis (LWD; MIM 127300), a skeletal 
dysplasia with disproportionate short stature, mesomelic 
limb shortening, and the characteristic Madelung defor-
mity. Langer mesomelic dysplasia (LMD; MIM 249700) 
is a more severe clinical form, in which 75% of patients 
are homozygous or compound heterozygous for  SHOX  
mutations. In addition, 2–15% of children with idiopath-
ic short stature (ISS) have defects in the  SHOX  gene, and 
when cases are selected by disproportionate ISS, this fre-
quency can be even higher (22%)  [3] . Finally, almost 
100% of girls with Turner syndrome have an affected phe-
notype due to X chromosome haploinsufficiency.

  Approximately 80% of genetic lesions in the  SHOX  
gene are deletions, making them the most frequent type 
of mutation, followed by point mutations and duplica-
tions. Deletions may include only the gene, its upstream 
or downstream regulatory sequences, or both the gene 
and its regulatory sequences.

  Here, we describe the molecular findings in patients 
with a phenotype suggestive of  SHOX  gene defects and 
characterize the type of mutations present in Chilean pa-
tients.

  Materials and Methods 

 We studied a total of 45 non-consanguineous individuals (33 
females and 12 males) from Santiago de Chile and other regions of 
our country. The patients, whose ages ranged from 1 month to 41 
years, were evaluated in the Paediatric Endocrinology and Genet-
ics Unit at Pontificia Universidad Católica de Chile. The anthro-
pometric data included the height SDS, span/height ratio, the up-
per/lower segment ratio, and the forearm length/upper arm length 
ratio. Patients with LWD (n = 27), ISS with or without dispropor-
tion (n = 18), and 1 patient with LMD and Turner syndrome 
(45,X[10]/46,X,del(X)(p11.4)[15]) were included. The study pro-
tocol was approved by the Ethical Committee of the Faculty of 
Medicine of the Pontificia Universidad Católica de Chile.

  Deletions and duplications were analysed by multiplex liga-
tion-dependent probe amplification (MLPA) using the commer-
cial SALSA MLPA probemix P018-F1 (MRC Holland, Amster-
dam, The Netherlands) and GeneMarker software (SoftGenetics, 
LLC, State College, Pa., USA). In patients with a negative MLPA 
result, the entire  SHOX  coding region was sequenced and com-
pared to the reference sequence (GenBank accession number: 
NC_000023.11).

  To more precisely determine the extent of the deletion, array-
based comparative genomic hybridization was performed using 
the Agilent Microarray 4x180K platform (Agilent Technologies, 
Santa Clara, Calif., USA) and Agilent CytoGenomics software to 
analyse the data. Primer sets were designed to sequence the areas 
flanking the deletion in the patients and in the 10 control samples. 
A large-fragment polymerase chain reaction was used to amplify 
the fragment resulting from the deletion.

  Results 

 Of the 45 subjects studied, 23 were found to have 
 SHOX  gene defects (16 females and 7 males); 21 had dele-
tions, 3 had point mutations, and the patient with Turner 
syndrome and LMD had a deletion and a novel point mu-
tation. In 8 patients, a deletion of >800 kb was found, ex-
tending from almost the end of the telomere (upstream of 
the  PPP2R3B  gene) to the downstream enhancer region 
covered by the MLPA probe 093335-L19679. Like-
wise, another 4 patients had deletions of >350 kb from
the promoter region to  SHOX  gene intron 6 (online
suppl. fig.  1; for all online suppl. material, see www.
karger.com/doi/10.1159/000439109). The remaining 11 
patients had individual deletions, ranging from 77 to 
>2,000 kb. A summary of the deletions found in this study 
is presented in  figure 1 . 

  Of the 3 point mutations detected, 2 have been de-
scribed previously: p.Arg173Cys and p.Pro244Alafs * 147. 
The new point mutation corresponded to the duplication 
of a cytosine at position 426 (c.426dupC; NM_000451.3) 
that causes a frameshift resulting in a premature stop co-
don (p.Asp143Argfs * 39; online suppl. fig. 2). Thus, it is 
highly likely that this new mutation is deleterious for the 
protein and, therefore, pathogenic. This prediction is 
consistent with the patient’s phenotype.

  According to the array-based comparative genomic 
hybridization and MLPA results, the deletion breakpoints 
in the 8 patients with the common large deletion was lo-
cated between 187113 and 192689 at the telomeric end 
and between 1019893 and 1033100 at the centromeric 
end (X chromosome, NCBI assembly GRCh36). When 
searching for primers to amplify the region encompass-
ing the deletion breakpoint, only a few primers were ob-
tained, due to the proximity of this end to the telomere. 
Therefore, we were unable to amplify a fragment of the 
expected size and to determine the exact breakpoint loca-
tion.

  From the data obtained by sequencing the deletion-
flanking areas, we identified 22 informative SNPs at the 
centromeric end. As 1 patient was homozygous for all 
SNPs but one, we were able to infer the haplotype likely 
to be associated with this recurrent deletion. This haplo-
type was present in 7 of the 8 affected patients; in the re-
maining subject, differences in 4 consecutive SNPs were 
observed. In all 10 control subjects with normal height, 
this haplotype was absent.

  We found no significant differences in the anthropo-
metric data according to the deletion. The patients with 
the deletion of >800 kb (n = 8, 7 LWD, 1 ISS) had a me-

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

id
ad

 d
e 

C
hi

le
   

   
   

   
   

   
   

   
   

   
   

  
19

8.
14

3.
56

.3
3 

- 
12

/2
2/

20
15

 3
:5

3:
20

 P
M

http://dx.doi.org/10.1159%2F000439109


 Poggi    et al.
 

Horm Res Paediatr 2015;84:254–257
DOI: 10.1159/000439109

256

dian height SDS of –2.20 (min. –2.90; max. –1.51), and 
the LWD phenotype was identified in 6 fathers and 2 
mothers with a median height SDS of –2.26 (min. –3.76; 
max. –1.70). While the patients with the shorter deletion 
of >350 kb (n = 4, 2 LWD, 2 ISS) showed a median height 
SDS of –2.57 (min. –2.83; max. –2.32). The patients with 
other genetic lesions (n = 10, 9 LWD, 1 ISS) had a median 
height SDS of –2.49 (min. –4.06; max. –0.87). The re-
maining data are reported in online supplementary ta-
ble 1.

  Discussion 

 In the present study, we describe molecular and clini-
cal findings observed in 23 of 45 Chilean patients with 
different phenotypes related to  SHOX  deficiency, mainly 
LWD, but also ISS and LMD. The main genetic defects 
consisted of deletions; most identified deletions included 
the gene and its upstream and/or downstream regulatory 
regions, but 2 deletions only encompassed the down-
stream enhancer elements. This was expected, as dele-
tions are the most frequent genetic lesions, and, also, 

1 2 4 5 6 10 11 21 22 32 33 35 38 39 40 41 42 43 44 45 46
PPP2R3B
SHOX PR* 
SHOX exon 1
SHOX exon 2
SHOX exon 3
SHOX exon 4 
SHOX exon 5 
SHOX exon 6 
(6a) 
SHOX intron 6 
SHOX exon 7 
(7b)
05642-L05096**
13821-L14642**
05643-L15705**
13296-L15336**
05645-L05099**
05646-L15507**
13297-L15510**
06291-L06222**
06293-L06219**
05648-L06218**
05649-L15335**
09335-L15508**
14697-L16348**
CRLF2
CSF2RA
IL3RA
ASMT
ZBED1

End of PAR1
ARSF
PRKX
NLGN4X
KAL1
FANCB
AIFM1

Start of PAR2
VAMP7

  Fig. 1.  Deletion extent according to the MLPA probes included in the SALSA P018-F1 kit.  *  LOC159015 (probe located 4.7 kb upstream 
of the  SHOX  gene; PR = promoter region).  *  *  Probes in the  SHOX  gene enhancer region. 
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there are many reports on deletions affecting only down-
stream sequences  [4] . Moreover, a recent report demon-
strated that upstream deletions alone could also be re-
sponsible for the  SHOX  deficiency phenotype  [5] .

  Among the  SHOX  deletions, one was found recurrent-
ly: a large deletion of >800 kb in 8 patients; however, it is 
important to note that another smaller deletion of >350 
kb was observed in 4 patients. We conducted further 
studies to identify the breakpoint and exact size of the 
>800-kb deletion to determine if it was the same on all al-
leles. Although it was not possible to determine the dele-
tion breakpoint due to the proximity of one end of the 
deletion to the telomere, a common haplotype was found 
in 7 of the 8 patients using informative SNPs. This result 
suggests that the deletion-bearing allele likely originated 
in a common ancestor, either in a European immigrant 
or in an Amerindian individual. The possibility of a com-
mon origin is also supported by the fact that this deletion 
has not been reported as recurrent in other populations. 
Interestingly (and further supporting our observations), 
the large >800-kb deletion recurrently found in this study 
was also observed in Chilean patients with LWD in a re-
cent study performed by another group. Although the 
sample in that study was smaller, this deletion was present 
in 3 out of 7 patients with  SHOX  gene mutations  [6] . To 
our knowledge, only 1 recurrent PAR1 deletion with 
identical breakpoints has been reported, although a com-
mon ancestor was excluded based on haplotype analysis 
 [5] . The authors therefore attributed the recurrence of 
this deletion to multiple de novo events, in contrast to our 
observations where a common origin for the recurrent 
large deletion is the most likely explanation.

  Regarding the relationship between the presence of a 
 SHOX  mutation (grouped into the >800-kb deletion, the 
>350-kb deletion, and other deletions and point muta-
tions) and the patients’ phenotype (clinical diagnosis), we 
did not find an association linking the clinical severity to 
the type of genetic lesion found. This finding was expect-
ed, as  SHOX  haploinsufficiency is known to have a high 
penetrance, with a highly variable clinical expression  [1] .

  In summary, we identified one recurrent  SHOX  dele-
tion in Chilean individuals with LWD and ISS and found 
evidence supporting a common origin for the >800-kb 
deletion. This study allowed us to characterize a sample 
of our population before implementing  SHOX  genetic 
analysis in the clinical setting, and it contributed to ex-
pand our knowledge about the genetic background of hu-
man disease-related genes in our population.
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