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 Proximal 6q deletion is relatively uncommon. Prior to 
the introduction of chromosome microarrays, 9 cases 
were described with deletions between 6q11 and 6q16 
[Kumar et al., 1997]. The authors stated a variable degree 
of cognitive impairment associated with a recurrent dis-
tinctive facial phenotype, including upslanting palpebral 
fissures with epicanthal folds, a short nose with antevert-
ed nares, long philtrum, thin lips, and large ears. Joint 
hypermobility and hernias were frequent.

  In this study, we describe a patient with a large deletion 
of the long arm in chromosome 6 (6q12q14.3), who has a 
phenotype consistent with Toriello-Carey syndrome 
(TCS). TCS is a genetically heterogeneous disorder origi-
nally described in 1988 in 4 patients [Toriello and Carey, 
1988]. Key features include postnatal growth failure, hy-
potonia, developmental delay, intellectual disability, a 
short neck, and characteristic facial anomalies (hyper-
telorism/telecanthus, blepharophimosis, abnormal ears, 
small nose, full cheeks, thin lips, and micrognathia). Ab-
normal corpus callosum, laryngeal/tracheal anomalies, 
cardiovascular disease, herniae, genital anomalies in 
males, and skeletal defects have also been reported fea-
tures [Toriello et al., 2003]. Prenatal sonographic findings 
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 Abstract 

 Proximal deletion of 6q is a relatively rare chromosomal ab-
normality. Reported patients have deletions of different siz-
es but share partial overlap and present with similar clinical 
features, and some of them were described prior to the in-
troduction of chromosome microarrays. We describe a male 
patient with prenatal sonographic findings of nuchal edema, 
intrauterine growth restriction, renal pelvis dilatation, and 
oligohydramnios. At birth, facial dysmorphism, retro/micro-
gnathia, a short and wide neck as well as cardiovascular and 
renal anomalies were noted. His clinical evolution has been 
marked by failure to thrive, severe developmental delay, and 
cognitive impairment. The diagnosis of Toriello-Carey syn-
drome (TCS) was based on his “gestalt.” aCGH identified a de 
novo proximal deletion of 17 Mb in 6q (6q12q14.3). Deletion 
6q13q14 seems to be responsible for the main facial features 
and should be considered within the differential diagnosis 
of TCS.  © 2017 S. Karger AG, Basel 
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and clinical follow-up examinations up to age 9 years and 
4 months are reported. The common clinical findings of 
proximal deletion of 6q are compared and reviewed with 
those of TCS.

  Clinical Report and Results 

 The patient is the first child of a Chilean nonconsanguineous 
couple. The mother, who was 41 years old, had 2 previous children 
who were healthy. The father also was a healthy 36-year-old man. 
Family history was unremarkable. Prenatal   gestational diabetes 
was reported at the end of the second trimester and was controlled 
by diet. No other prenatal teratogen exposure was reported. At 22 
weeks of gestation, ultrasound findings revealed marked nuchal 
edema, ventricular septal defect, intrauterine growth restriction as 
well as bilateral renal pelvis dilatation and oligohydramnios. The 
parents declined prenatal cytogenetic analysis.

  The boy was born at 36 weeks by cesarean section due to fetal 
distress. His birth weight was 2,500 g (10–25th percentile), length 
44 cm (below 10th percentile), and his head circumference was 34 
cm (50–90th percentile), according to national charts [Milad et al., 
2010]. Apgar scores were 8/9 at 1 and 5 min.

  On physical examination, hypotonia and dysmorphic features 
were evident at birth. Facial anomalies included blepharophimosis, 
epicanthic folds, telecanthus, thick eyebrows, depressed nasal bridge, 
posteriorly rotated large ears, long philtrum, high-arched palate, full 
cheeks, retro/micrognathia, downturned corners of the mouth, 
thick lower lip, and a short, wide neck with redundant skin ( Fig. 1 ). 
Other physical findings include a broad thorax with wide-spaced 
nipples, mild pectus carinatum, and right undescended testis. His 
hands and feet showed mild camptodactyly and brachydactyly.

  Flexible endoscopy confirmed a mild laryngomalacia. Fundo-
scopic examination was normal. Skull and cervical radiographs 
were also normal. A brain CT scan did not show abnormalities.

  An echocardiogram revealed a small ventricular septal defect, 
patent ductus arteriosus, and aortic coarctation, which were sub-
sequently corrected by surgery.

  An abdominal ultrasound scan showed a left duplex collecting 
system and nephrolithiasis in the right kidney. Ureterocystogra-
phy revealed a grade IV-V left and grade III right vesicoureteral 
reflux. Renal scintigraphy (99mTc-DMSA) revealed exclusion of 
the left kidney (lower pole); therefore, a left lower-pole hemine-
phrectomy was performed.

  TCS was proposed based on the facial phenotype and congeni-
tal anomalies. Peripheral blood chromosome analysis revealed a 
normal karyotype (46,XY), and FISH analysis for 22q11.2 micro-
deletion was negative. In addition, subtelomeric screening using 
FISH multiplex did not show abnormalities.

  During his first 2 years of life, he had recurrent and prolonged 
hospitalizations due to life-threatening bronchial and urinary tract 
infections. From ages 2 to 9, there were no follow-up examina-
tions, and the patient had not received medical care and rehabilita-
tion therapy.

  At the age of 9 years and 4 months, his mother resumed his 
medical checkups. At that time, his height was 110 cm (–3.96 SD 
for age), weight 16.6 kg (–4.07 SD for age), and his head circumfer-
ence was 51 cm (10th percentile for age). During his physical ex-
amination, he had some eye contact but near absence of speech. He 
did not walk alone and remained lying or sitting down most of the 
time. Joint hypermobility and thoracic scoliosis were noted. So far, 
he did not attend kindergarten or any other type of school educa-
tion.

  In order to discard cryptic chromosomal alterations, molecular 
karyotyping (Cytoscan HD, Affymetrix, Santa Clara, CA, USA) 

A B C D

E F G H

  Fig. 1.  Evolving facial phenotype. Profile 
and frontal views of the patient.  A ,  E  At 
birth.  B ,  F  6 months old.  C ,  G  14 months 
old.  D ,  H  9 years old. Note the blepharophi-
mosis, epicanthal fold and telecanthus, me-
dially flared eyebrows, low-set posteriorly 
rotated ears, long philtrum, full cheeks, mi-
croretrognathia, and a short, wide neck. 
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was performed. A genomic loss at 6q12q14.3 (68,809,340–
86,346,689) with a deletion size >17 Mb was identified, arr[hg19] 
6q12q14.3(68,809,340–86,346,698)×1 ( Fig.  2 ). According to the 
OMIM database, the 6q12q14.3 region contains 46 genes. No ad-
ditional relevant copy number variation was detected.

  Parental chromosome analyses and a new prometaphase karyo-
type of the patient are pending for further characterization.

  Discussion 

 The etiology of TCS is not fully understood; 20% of the 
cases reported have chromosomal abnormalities [Tori-
ello and Hatchwell, 2008]. In this study, we describe the 
clinical features of a patient with a TCS facial phenotype 
who also was found to have a 6q12q14.3 deletion. Other 
patients with proximal 6q deletion have been reported 
with varying phenotypes as shown in  Table 1 .

  Common clinical manifestations of patients with 
6q13q14 deletion syndrome include developmental de-
lay, hypotonia, and characteristic facial dysmorphism de-
fined by upslanting palpebral fissures, short nose/ante-
verted narines, a thin upper lip, smooth long philtrum, 
and large earlobes. Other common features are joint lax-
ity and loose connective tissue. The majority of patients 
described in the literature have urogenital anomalies as 
well [Van Esch et al., 2010].

  We performed a literature review of clinical findings 
of proximal 6q deletion cases overlapping with our case 
[McNeal et al., 1977; Young et al., 1985; Yamamoto et al., 
1986; Lonardo et al., 1988; Slater et al., 1988; Turleau et 
al., 1988; Valtat et al., 1992; Gershoni-Baruch et al., 1996; 
Romie et al., 1996; Hopkin et al., 1997; Kumar et al., 1997; 
Myers and Challman, 2005; Lespinasse et al., 2009; Van 
Esch et al., 2010; Wentzel et al., 2010; Woo et al., 2010; 
Becker et al., 2012; Quintela et al., 2015; Duarte et al., 
2016]. In the majority of the cases, developmental delay 
and craniofacial features were common and variable. 
None of the authors mentioned the differential diagnosis 
of TCS syndrome for their patients.

  Our patient had severe global developmental delay 
that could be attributed to the relatively large size of the 
deletion. In addition, he suffered 2 episodes of cardiac ar-
rest during his hospitalizations; early intervention and 
multidisciplinary care were limited.

  The facial features present in our case are similar to the 
patients reported by McNeal et al. [1977]; Young et al. 
[1985], patient 1; Slater et al. [1988]; Romie et al. [1996]; 
Gershoni-Baruch et al. [1996]; Kumar et al. [1997]; Les-
pinasse et al. [2009], and Van Esch et al. [2010], patient 4. 
These patients have a common region of overlap between 

6q13 and 6q14.1, but only the latter 2 provide cytogenom-
ic data as depicted in  Figure 1 . Patients reported by Beck-
er et al. [2012] also have a deletion which overlaps in this 
region; however, there was only a photograph of one pa-
tient available who presented with mild dysmorphism. In 
general, patients with deletions encompassing at least 
6q14.1 had short palpebral fissures, ear anomalies, full 
cheeks, and a short neck ( Table 1 ).

  To date, no gene has been identified as the main cause 
of TCS, and the diagnosis remains mainly clinical, even 
though no clinical criteria have been established. In our 
case, the facial phenotype with redundant neck skin, 
growth failure, hypotonia, developmental delay, and the 
associated malformations resembled TCS. Although our 
patient does not have corpus callosum abnormalities, not 
all TCS patients have callosal anomalies [Toriello and 
Carey, 1988]. In addition, it is well recognized that up to 
20% of the patients with a TCS phenotype [Martin-Dena-
vit et al., 2004; Toriello and Hatchwell, 2008; Tegay et al., 
2009] have been found to have different chromosome 
anomalies.

  Our patient had short stature with prenatal onset, and 
his head circumference always remained consistent. Ear-

  Fig. 2.  Schematic diagram of the 6q arm. Our patient’s deletion 
(marked in red) and previously reported similar deletions with cy-
togenomic data within the 6q12q14.3 region are depicted (Figure 
prepared using Affymetrix ®  Chromosome Analysis Suite 3.1). 
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ly-onset hypotonia and marked developmental delay 
were also clinical findings in our patient. Both the joint 
hypermobility and the lack of adequate stimulation could 
be factors that contributed to the severe global develop-
mental and cognitive delay observed at 9 years of age.

  The size of the deletion identified in our patient is >17 
Mb, spanning 46 OMIM genes. Some of them encode 
proteins that may explain part of the observed phenotype, 
such as  COL12A1 ,  TBX18 ,  MYO6 ,  HTR1B ,  RIPPLY2 , and  
PHIP . Other genes encode proteins involved in autoso-
mal recessive phenotypes such as inborn errors of me-
tabolism ( LMBRD1 ,  SLC17A5 , and  ELOVL4 ), immuno-
deficiency ( PGM3 ), and arterial calcification ( NT5E ).

  It is noteworthy to mention the haploinsufficiency of 
3 genes involved in fibril-associated collagen ( COL12A1 , 
 COL9A1 ,  and COL19A1 ) may be related to the various 
musculoskeletal problems in our case. Mutations in  
COL12A1  (6q14.1)   could cause variable muscle and con-
nective tissue anomalies, such as myopathy, muscle weak-
ness, distal joint hyperlaxity, pectus anomalies, scoliosis, 
and micrognathia [Zou et al., 2014; Punetha et al., 2017]. 
 COL12A1  is also expressed in the aorta [Oh et al., 1993] 
and inner ear [Ficker et al., 2004]. Heterozygous muta-
tions in  COL9A1  (6q13) ,  not a gene deletion,   are associ-
ated with mild chondrodysplasia [Czarny-Ratajczak et 
al., 2001], while in mutations in  COL19A1  (6q13),   no 
phenotypic association is recognized,   even though the 
protein is ubiquitously expressed in embryo tissues but 
restricted to the brain in adults [Sumiyoshi et al., 1997; Su 
et al., 2010].

  Another relevant gene to consider is  MYO6  (6q14.1) 
which encodes myosin-VI, an essential protein in the 
maintenance of the structural integrity of the inner ear 
hair cells [Self et al., 1999] and found to be the cause of 
both autosomal dominant and recessive nonsyndromic 
hearing loss [Melchionda et al., 2001; Ahmed et al., 2003].

  The  PHIP  gene (6q14.1), also found in this region, 
modulates insulin signaling and has been reported as a 
candidate for developmental delay, intellectual disability, 
obesity, and facial dysmorphisms [de Ligt et al., 2012; 
Webster et al., 2016].

  The  HTR1B  gene (6q14.1) encodes a serotoninergic 
receptor that has been associated with behavior and psy-
chiatric disorders [Drago et al., 2010], but the association 
with neurodevelopmental delay remains elusive.

  In relation to scoliosis and short neck, the  RIPPLY2  
gene (6q14.2)   could be a candidate gene that participates 
in these phenotypes because of its role in the  NOTCH  sig-
naling pathway by regulating  TBX6  [Zhao et al., 2015]. 
 TBX6  is a key element in the process of somitogenesis and 

is also involved in congenital scoliosis [Wu et al., 2015]. 
In addition, recessive mutations in  RIPPLY2  cause verte-
bral segmentation defects as Klippel-Feil syndrome [Ka-
raca et al., 2015]. 

  The  TBX18  gene (6q14.3)   is a good candidate for gen-
itourinary abnormalities because it is crucial in ureteral 
development and renal vasculature [Xu et al., 2014]. Our 
patient had right cryptorchidism with a left duplex col-
lecting system and bilateral vesicoureteral reflux.

  Other genes associated with human phenotypes in-
clude the  RIMS1  gene (6q13) related to autosomal domi-
nant cone-rod dystrophy; therefore, a formal ophthalmo-
logical evaluation is pending.

  Conclusion 

 We present a patient with a large proximal 6q deletion 
resembling TCS. Deletion 6q13q14 leads to a distinctive 
phenotype that should be considered as part of the dif-
ferential diagnosis of TCS, especially because the facial 
phenotype including a short nose, short palpebral fis-
sures, smooth philtrum, large ears, and short neck was 
constant in these patients. Joint laxity, scoliosis, cardiac 
and renal anomalies are also frequent findings. All pa-
tients had developmental delay without structural brain 
anomalies in contrast to the patients reported by Toriello 
et al. [2016] who presented with corpus callosum anoma-
lies. Musculoskeletal abnormalities were found to be 
common findings related to the deletion, probably due to 
the deletion of collagen genes, especially  COL12A1 .

Acknowledgments

The authors thank María Luisa Guzmán, clinical nurse, for her 
logistical support, and Sonia Margarit, genetic counselor, for the 
critical review of the manuscript.

  Statement of Ethics 

 The study protocol was approved by the local Ethics Commit-
tee. Written informed consent was obtained from the patient’s 
guardian for publication of this case report and photographic im-
ages.

  Disclosure Statement 

 The authors have no conflicts of interest to disclose.
 



 Proximal Deletion of 6q and 
Toriello-Carey Facial Phenotype 

Mol Syndromol 2018;9:15–21
DOI: 10.1159/000484427

21

 References 

 Ahmed ZM, Morell RJ, Riazuddin S, Gropman A, 
Shaukat S, et al: Mutations of  MYO6  are as-
sociated with recessive deafness, DFNB37. 
Am J Hum Genet 72:   1315–1322 (2003). 

 Becker K, Di Donato N, Holder-Espinasse M, An-
drieux J, Cuisset JM, et al: De novo microdele-
tions of chromosome 6q14.1-q14.3 and 
6q12.1-q14.1 in two patients with intellectual 
disability – further delineation of the 6q14 mi-
crodeletion syndrome and review of the lit-
erature. Eur J Med Genet 55:   490–497 (2012).  

 Czarny-Ratajczak M, Lohiniva J, Rogala P, Koz-
lowski K, Perälä M, et al: A mutation in 
 COL9A1  causes multiple epiphyseal dyspla-
sia: further evidence for locus heterogeneity. 
Am J Hum Genet 69:   969–980 (2001). 

 de Ligt J, Willemsen MH, van Bon BW, Kleefstra 
T, Yntema HG, et al: Diagnostic exome se-
quencing in persons with severe intellectual 
disability. N Engl J Med 367:   1921–1929 
(2012). 

 Drago A, Alboni S, Brunello N, De Ronchi D, 
Serretti A: HTR1B as a risk profile maker in 
psychiatric disorders: a review through moti-
vation and memory. Eur J Clin Pharmacol 66:  
 5–27 (2010). 

 Duarte C, Farinha RR, Santos AR, Dias P, Sousa 
AB, Pereira AM: Description of a child with a 
6q14.1-q16.1 interstitial deletion: a very rare 
entity with airway manifestations. Int J Pedi-
atr Otorhinolaryngol 84:   147–150 (2016). 

 Ficker M, Powles N, Warr N, Pirvola U, Macono-
chie M: Analysis of genes from inner ear de-
velopmental-stage cDNA subtraction reveals 
molecular regionalization of the otic capsule. 
Dev Biol 268:   7–23 (2004). 

 Gershoni-Baruch R, Mandel H, Bar El H, Bar-Ni-
zan N, Borochowitz Z, Dar H: Interstitial de-
letion (6)q13q15. Am J Med Genet 62:   345–
347 (1996). 

 Hopkin RJ, Schorry E, Bofinger M, Milatovich A, 
Stern HJ, et al: New insights into the pheno-
types of 6q deletions. Am J Med Genet 70:  
 377–386 (1997). 

 Karaca E, Yuregir OO, Bozdogan ST, Aslan H, 
Pehlivan D, et al: Rare variants in the notch 
signaling pathway describe a novel type of au-
tosomal recessive Klippel–Feil syndrome. Am 
J Med Genet A 167A:2795–2799 (2015). 

 Kumar R, Riordan D, Dawson AJ, Chudley AE: 
Proximal interstitial 6q deletion: a recogniz-
able syndrome. Am J Med Genet 71:   353–356 
(1997). 

 Lespinasse J, Gimelli S, Béna F, Antonarakis SE, 
Ansermet F, Paoloni-Giacobino A: Charac-
terization of an interstitial deletion 6q13-
q14.1 in a female with mild mental retarda-
tion, language delay and minor dysmor-
phisms. Eur J Med Genet 52:   49–52 (2009). 

 Lonardo F, Colantuoni M, Festa B, Gentile G, 
Guerritore G, et al: A malformed girl with a de 
novo proximal 6q deletion. Ann Genet 31:   57–
59 (1988). 

 Martin-Denavit T, Till M, Plauchu H: Toriello-
Carey syndrome and unbalanced transloca-

tion t(8;   18)(p12;q22). Am J Med Genet A 
128A:219–221 (2004). 

 McNeal RM, Skoglund RR, Francke U: Congeni-
tal anomalies including the VATER associa-
tion in a patient with del(6)q deletion. J Pedi-
atr 91:   957–960 (1977). 

 Melchionda S, Ahituv N, Bisceglia L, Sobe T, Gla-
ser F, et al:  MYO6 , the human homologue of 
the gene responsible for deafness in Snell’s 
waltzer mice, is mutated in autosomal domi-
nant nonsyndromic hearing loss. Am J Hum 
Genet 69:   635–640 (2001). 

 Milad M, Novoa JM, Fabres J, Samamé M, As-
pillaga C: Recomendación sobre Curvas de 
Crecimiento Intrauterino. Rev Chil Pediatría 
81:   264–274 (2010). 

 Myers SM, Challman TD: Proximal 6q interstitial 
deletion without severe mental retardation. 
Genet Couns 16:   269–276 (2005). 

 Oh SP, Griffith CM, Hay ED, Olsen BR: Tissue-
specific expression of type XII collagen dur-
ing mouse embryonic development. Dev Dyn 
196:   37–46 (1993). 

 Punetha J, Kesari A, Hoffman EP, Gos M, 
Kamińska A, et al: Novel  Col12A1  variant ex-
pands the clinical picture of congenital my-
opathies with extracellular matrix defects. 
Muscle Nerve 55:   277–281 (2017). 

 Quintela I, Fernandez-Prieto M, Gomez-Guerre-
ro L, Resches M, Eiris J, et al: A 6q14.1-q15 
microdeletion in a male patient with severe 
autistic disorder, lack of oral language, and 
dysmorphic features with concomitant pres-
ence of a maternally inherited Xp22.31 copy 
number gain. Clin Case Rep 3:   415–423 
(2015). 

 Romie SS, Hartsfield JK Jr, Sutcliffe MJ, Dumont 
DP, Kousseff BG: Monosomy 6q1: syndrome 
delineation. Am J Med Genet 62:   105–108 
(1996). 

 Self T, Sobe T, Copeland NG, Jenkins NA, Avra-
ham KB, Steel KP: Role of myosin VI in the 
differentiation of cochlear hair cells. Dev Biol 
214:   331–341 (1999). 

 Slater HR, Robb A, Forsyth LA, Hamilton DA, 
Clark MC, Galloway CA: Interstitial deletion 
(6)(q11 → q15) in an infant with congenital ab-
normalities. J Med Genet 25:   210–211 (1988). 

 Su J, Gorse K, Ramirez F, Fox MA: Collagen XIX 
is expressed by interneurons and contributes 
to the formation of hippocampal synapses. J 
Comp Neurol 518:   229–253 (2010). 

 Sumiyoshi H, Inoguchi K, Khaleduzzaman M, 
Ninomiya Y, Yoshioka H: Ubiquitous expres-
sion of the α1(XIX) collagen gene ( Col19a1 ) 
during mouse embryogenesis becomes re-
stricted to a few tissues in the adult organism. 
J Biol Chem 272:   17104–17111 (1997). 

 Tegay DH1, Chan KK, Leung L, Wang C, Burkett 
S, et al: Toriello-Carey syndrome in a patient 
with a de novo balanced translocation [46, 
XY, t(2;   14)(q33;q22)] interrupting SATB2. 
Clin Genet 75:   259–264 (2009). 

 Toriello HV, Carey JC: Corpus callosum agenesis, 
facial anomalies, Robin sequence, and other 

anomalies: a new autosomal recessive syn-
drome? Am J Med Genet 31:   17–23 (1988). 

 Toriello HV, Hatchwell E: Toriello-Carey syn-
drome phenotype and chromosome anoma-
lies. Am J Med Genet A 146A:116 (2008). 

 Toriello HV, Carey JC, Addor MC, Allen W, 
Burke L, et al: Toriello-Carey syndrome: de-
lineation and review. Am J Med Genet A 
123A:84–90 (2003). 

 Toriello HV, Colley C, Bamshad M: Update on 
the Toriello-Carey syndrome. Am J Med 
Genet A 170:   2551–2558 (2016). 

 Turleau C, Demay G, Cabanis MO, Lenoir G, de 
Grouchy J: 6q1 monosomy: a distinctive syn-
drome. Clin Genet 34:   38–42 (1988). 

 Valtat C, Galliano D, Mettey R, Toutain A, Mo-
raine C: Monosomy 6q: report on four new 
cases. Clin Genet 41:   159–166 (1992). 

 Van Esch H, Rosser EM, Janssens S, Van Ingel-
ghem I, Loeys B, Menten B: Developmental 
delay and connective tissue disorder in four 
patients sharing a common microdeletion at 
6q13-14. J Med Genet 47:   717–720 (2010). 

 Webster E, Cho MT, Alexander N, Desai S, Naidu 
S, et al: De novo  PHIP -predicted deleterious 
variants are associated with developmental 
delay, intellectual disability, obesity, and dys-
morphic features. Cold Spring Harb Mol Case 
Stud 2:a001172 (2016). 

 Wentzel C, Lynch SA, Stattin EL, Sharkey FH, 
Annerén G, Thuresson AC: Interstitial Dele-
tions at 6q14.1–q15 Associated with Obesity, 
Developmental Delay and a Distinct Clinical 
Phenotype. Mol Syndromol 1:   75–81 (2010). 

 Woo KS, Kim JE, Kim KE, Kim MJ, Yoo JH, et al: 
A de novo proximal 6q deletion confirmed by 
array comparative genomic hybridization. 
Korean J Lab Med 30:   84–88 (2010). 

 Wu N, Ming X, Xiao J, Wu Z, Chen X, et al:  TBX6  
null variants and a common hypomorphic al-
lele in congenital scoliosis. N Engl J Med 372:  
 341–350 (2015). 

 Xu J, Nie X, Cai X, Cai CL, Xu PX:  Tbx18  is es-
sential for normal development of vasculature 
network and glomerular mesangium in the 
mammalian kidney. Dev Biol 391:   17–31 
(2014). 

 Yamamoto Y, Okamoto N, Shiraishi H, Yanagi-
sawa M, Kamoshita S: Deletion of proximal 
6q: a clinical report and review of the litera-
ture. Am J Med Genet 25:   467–471 (1986). 

 Young RS, Fidone GS, Reider-Garcia PA, Hansen 
KL, McCombs JL, Moore CM: Deletions of 
the long arm of chromosome 6: two new cases 
and review of the literature. Am J Med Genet 
20:   21–29 (1985). 

 Zhao W, Ajima R, Ninomiya Y, Saga Y: Segmental 
border is defined by Ripply2-mediated Tbx6 
repression independent of Mesp2. Dev Biol 
400:   105–117 (2015). 

 Zou Y, Zwolanek D, Izu Y, Gandhy S, Schreiber 
G, et al: Recessive and dominant mutations in 
 COL12A1  cause a novel EDS/myopathy over-
lap syndrome in humans and mice. Hum Mol 
Genet 23:   2339–2352 (2014). 

  


