
ampomelic dysplasia (CD, OMIM 114290) is an autosomal dominant
multiple malformation syndrome with or without XY sex rever-
sal.1-4 CD is a rare disorder, the incidence of this syndrome is 0.5-1

per 100.000 live births.3 CD is characterized by bowing of the femora and
tibiae, club feet, pretibial skin dimples, hypoplastic scapulae, 11 pairs of ribs,
lack of mineralization of thoracic pedicles, pelvis and spine malformations,
and Robin sequence.1,3,5-7 Death frequently occurs during the neonatal pe-
riod as a result of respiratory insufficiencies, which has been attributed to
Robin sequence, tracheobronchial cartilage defects, hypoplastic lungs with
narrow airways, and a bell shaped small thorax.1,5 An important aspect of CD
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A New SOX9 Gene Mutation in
A Case of Campomelic Dysplasia

AABBSS  TTRRAACCTT  Cam po me lic dyspla si a (CD, OMIM 114290), an au to so mal do mi nant mul tip le mal for -
ma ti on syndro me with or wit ho ut XY sex re ver sal, is cha rac te ri zed by ske le tal and de ve lop men tal
ab nor ma li ti es. CD is ca u sed by he te rozy go us mu ta ti ons in the trans crip ti on fac tor SOX9, which is
in vol ved in va ri o us steps of chon dro ge ne sis and sex de ter mi na ti on. We pre sent a new mis sen se
mu ta ti on in the High Mo bi lity Gro up (HMG) do ma in of SOX9 in a pa ti ent with typi cal fe a tu res of
CD. The pro band, with a nor mal 46,XY kar yoty pe and ma le phe noty pe, was fo und to be he te rozy -
go us for the de no vo c.508C> T (p.P170S) mu ta ti on. Our re port ex pands the mu ta ti on spec trum in
this di sor der, and pro vi de va lu ab le in for ma ti on for the im por tan ce of the Pro170 re si du e in SOX9.

KKeeyy  WWoorrddss::  Cam po me lic dyspla si a; SOX9 pro te in, hu man; in he ri tan ce pat terns

ÖÖZZEETT  Kam po me lik disp la zi (CD, OMIM 114290), oto zo mal do mi nant ge çiş gös te ren, XY cin si yet
dö nü şü mü ile bir lik te lik gös te re bi len, is ke let sis te mi ne ait ve ge li şim sel ano ma li ler ile ka rak te ri ze
olan bir çok lu mal for mas yon sen dro mu dur. CD, kı kır dak do ku ge li şi mi ve cin si ye tin be lir len me -
sin de çe şit li ba sa mak lar da gö rev alan trans krip si yon fak tö rü nü kod la yan SOX9 ge nin de yer alan
he te ro zi got mu tas yon lar la olu şur. Biz, bu ça lış ma ile CD’nin ti pik kli nik bul gu la rı na sa hip olan bir
has ta da, SOX9 ge ni nin Yük sek Mo bi li te Grup (HMG) böl ge sin de ye ni bir yan lış an lam lı mu tas yon
gös ter dik. Nor mal 46,XY kar yo tip ve er kek fe no tip bul gu la rı na sa hip olan pro band, de no vo olu şan
c.508C> T (p.P170S) mu tas yo nu için he te ro zi got ola rak be lir len di. Bu ça lış ma CD’ye  ne den olan
mu tas yon spek tru mu nu ge niş let mek te dir, ay rı ca SOX9 pro te i ni nin 170. po zis yo nun da yer alan Pro -
li ne ami no a si di nin öne mi ni vur gu la yan de ğer li bil gi ler sağ la mak ta dır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Kam po me lik disp la zi; SOX9; oto zo mal do mi nant ka lı tım
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is XY sex re ver sal that oc curs in abo ut two thirds of
kar yoty pic ma le pa ti ents.1,5 Cam po me li a, the ben-
ding of the long bo nes, is ab sent in abo ut 10% of
the ca ses, re fer red to as the acam po me lic form of
CD.1,5

CD is du e to he te rozy go us mu ta ti ons in and
aro und the SOX9 ge ne at 17q24.2,5,8 SOX9, a trans -
crip ti on fac tor be lon ging to the SOX (SRY-re la ted
HMG box) ge ne fa mily, has a cri ti cal ro le in chon-
dro ge ne sis and sex de ter mi na ti on.9-13

He re, we re port a new mis sen se mu ta ti on in
the High Mo bi lity Gro up (HMG) do ma in of SOX9
ge ne in a 46,XY ma le.

CASE RE PORT

The pro po si tus was the first child of a non-con san -
gu i ne o us, he althy co up le. The fat her and mot her
we re 35 and 30 ye ars old, res pec ti vely. Fa mily his-
tory was un re mar kab le. Preg nancy was une vent -
ful.  The child was de li ve red at term with a birth
we ight of 2730 g (3-10th cen ti le). His we ight,
length, and he ad cir cum fe ren ce we re 3350 g (be -
low the 3rd cen ti le), 49.5 cm (be low the 3rd cen ti le),
and 37 cm (25th cen ti le), res pec ti vely at 1 and 1/2
months. 

A flat fa ci al pro fi le with blu e scle ra, low set
ears, and mic rog nat hi a with a U-sha ped cleft pa la -
te, le a ding to the con si de ra ti on of Ro bin se qu en -
ce we re no ted du ring physi cal exa mi na ti on
(Fi gu re 1). 

The re was bi la te ral bo wing of the legs with an
overl ying skin dimp le, and ta li pes equ i no va rus (Fi -
gu re 2). His ra di o lo gi cal fin dings inc lu ded hypop -
las tic sca pu la, small chest, 11 pa irs of ribs, and
bo wed fe mo ra and ti bi a e (Fi gu re 3, 4). The ex ter nal
ge ni ta li a we re nor mal ma le.

Kar yoty pe, ob ta i ned from pe rip he ral blo od
lymphocy tes, was 46,XY. The pa ti ent co uld not
pass ne o na tal he a ring scre e ning using oto a co us tic
emis si ons. Furt her in ves ti ga ti ons with bra ins tem
au di tory evo ked res pon se con fir med the pre sen ce
of se ve re mi xed he a ring loss. An ec ho car di og raphy
was re por ted to be nor mal. 

Af ter ob ta i ning ap prop ri a te con sents, mu ta ti -
ons in the SOX9 ge ne was scre e ned using di rect
DNA se qu en cing. The pri mers for the 3 co ding
exons and in tron exon bo un da ri es we re amp li fi ed

FIGURE 1: Photograph of the patient showing flat facial profile, micrognathia,
and low set ears.

FIGURE 2: Pretibial skin dimples and clubfeet of the patient.

FIGURE 3: Radiograph of lower extremities showing bowed femora and tib-
iae. 



with PCR. The pro band was fo und to be he te rozy -
go us for a mis sen se mu ta ti on, c.508C> T (p.P170S).
The pa rents did not ha ve this al te ra ti on pro ving its
de no vo na tu re (Fi gu re 5).

DIS CUS SI ON

Our pa ti ent’s cli ni cal and ra di og rap hic fin dings are
cle arly con sis tent with the di ag no sis of CD. CD is
usu ally let hal in the first ye ar of li fe, ho we ver it is
re por ted that a small ra ti o of pa ti ents with CD sur-
vi ve. The gre at ma jo rity of pa ti ents di e in the ne o -
na tal pe ri od as a con se qu en ce of res pi ra tory
in suf fi ci ency. In a pre vi o us study, a sur vi val ra te of
5% and 10% was re por ted.5  Man so ur et al des cri -
bed the phe noty pes of fi ve sur vi vors of CD, with

an age ran ge of 7 to 20 ye ars.14 Re cur rent ap ne a,
chest in fec ti ons and stri dor are the ma in cli ni cal
prob lems in the ne o na tal pe ri od.14 The comp li ca ti -
ons in the la ter ye ars inc lu de con duc ti ve he a ring
loss, de ve lop men tal de lay, den tal ca ri es and myo -
pi a.14 Se ve re and prog res si ve kyphos co li o sis, ta li pes
equ i no va rus, con ge ni tal sub lu xa ti on or dis lo ca ti on
of the hips, dis lo ca ti on of the ra di al he ads are the
ort ho pa e dic comp li ca ti ons of the di se a se.14 So me
sur vi vors ha ve be en re por ted with nor mal in tel li -
gen ce whe re as the ma jo rity of the pa ti ents ha ve
mild to mo de ra te de ve lop men tal de lay.14

CD with XY sex re ver sal has be en shown to be
ca u sed by he te rozy go us loss-of-func ti on mu ta ti ons
in the SOX9 ge ne, in di ca ting hap lo in suf fi ci ency for
SOX9 be ing res pon sib le for both CD and XY re ver-
sal phe noty pes.2,8 Con sis tent with the CD phe no-
ty pe, SOX9 is ex pres sed thro ug ho ut
chon dro ge ne sis and in the de ve lo ping tes tis.11-13

Ad di ti o nally, stu di es ha ve iden ti fi ed the col la gen
ge nes Col2a1 and Col11a2 and the tes ti cu lar Sf1
and Amh ge nes as di rect tar gets for SOX9.15-19 SOX9
be longs to the SOX fa mily of trans crip ti on fac tors,
which con ta ins a high mo bi lity gro up (HMG) DNA
bin ding do ma in. SOX9 al so has a tran sac ti va ting
do ma in at the C-ter mi nus of the pro te in as well as
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FI GU RE 5: Se qu en ce analy sis of the SOX9 ge ne. The fi gu re shows the
c.508C> T (p.P170S) he te rozy go us mu ta ti on in the pa ti ent and the he te -
rozy go us c.507C> T (p.H169H) SNP in the fat her. The mot her and fat her do
not carry the c.508C >T mu ta ti on.

FI GU RE 4: Ra di og raph of tho rax re ve a ling 11 pa irs of ribs and chest nar ro -
wing.

FI GU RE 6: Ren de red thre e di men si o nal ima ge of the C-ter mi nal of the HMG
do ma in of SOX9. Kin king ef fect of Pro70 re si du e brings Lys73 and Tyr74 re -
si du es clo ser to the DNA mo le cu le. Pre vi o usly cre a ted 3D mo del of the HMG
do ma in of SOX9 was ob ta i ned from RCSB Pro te in Da ta bank
(http://www.rcsb.org/pdb/ho me/ho me.do) as a pdb fi le (1SX9) and the ima ge
was ren de red with De ep Vi ew/Swiss-PdbVi e wer ver si on 3.7 prog ram.



a di me ri za ti on do ma in lo ca li zed in a con ser ved re-
gi on pre ce ding the HMG do ma in enab ling SOX9
to di me ri ze on tar get si tes.9,10,20,21

Among dif fe rent types of mu ta ti ons that re sult
in CD des cri bed so far, no cle ar ge noty pe/phe noty -
pe cor re la ti on is evi dent in di ca ting va ri ab le ex pres-
si vity and in comp le te pe net ran ce.2,6,8,9

We iden ti fi ed a pre vi o usly un re por ted mis sen -
se mu ta ti on in the HMG do ma in of SOX9. In a pre-
vi o us study by Me yer et al., the p.P170R mu ta ti on
af fec ting the highly con ser ved pro li ne re si du e
(Pro70 in the HMG do ma in), as that was ob ser ved
in our pa ti ent, was de fi ned.6 It was shown in in-
vit ro stu di es that whi le the wild-type SOX9 HMG

do ma in binds the oli go nuc le o ti de con ta i ning the
high af fi nity bin ding si te for mu ri ne and hu man
SRY, the P170R mu tant SOX9 HMG-do ma in disp -
la yed re du ced DNA bin ding. The pa ti ent carr ying
the mu ta ti on li ved one month.6 In vit ro stu di es as
well as in si li co mo de ling of the HMG do ma in of
SOX9 pro vi ded evi den ce for a very im por tant ro le
of Pro70 re si du e. It has be en shown that its kin king
ef fect on the pro te in brings the C-ter mi nal of the
HMG do ma in clo ser to DNA mo le cu le, es pe ci ally
at re si du es 73 and 74 (Fi gu re 6). Thus, subs ti tu ti on
of this im por tant re si du e with se ri ne (P170S) in our
pa ti ent, and ar gi ni ne (P170R) in a pre vi o usly re-
por ted child re sults in dis rup ti on of DNA-HMG
do ma in in te rac ti on. 
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