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Abstract
Congenital adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency is an autosomal recessive
disorder and is the most common cause of ambiguous genitalia in the newborn. The genes encoding
21-hydroxylase, CYP21A2, and tenascin-X (TNX), TNXB, are located within the HLA complex, in
a region of high gene density termed the RCCX module. The module has multiple pseudogenes as
well as tandem repeat sequences that promote misalignment during meiosis leading to complex gene
rearrangements, deletions and gene conversion events. CYP21A2 mutations cause CAH, and TNX
deficiency has been identified as a cause of hypermobility type Ehlers-Danlos syndrome (EDS). Here
we report on a three-generation family with a heterozygous deletion encompassing CYP21A2 and
TNXB that initially came to medical attention due to the diagnosis of CAH in the proband. Southern
blotting and PCR-based analysis of the RCCX module revealed a CYP21A2 deletion extending into
TNXB in one allele and a CYP21A2 point mutation in the other allele. Family history is notable for
joint hypermobility. Additional radiological and clinical investigations showed a quadricuspid aortic
valve, single kidney, bicornuate uterus and a bifid uvula in the proposita, and mitral valve prolapse
in her mother. These findings further delineate the phenotype of the CAH-TNX contiguous gene
deletion syndrome and point to an intersection of connective tissue dysplasias with a common gene-
mediated endocrine disorder.
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Introduction
Congenital adrenal hyperplasia (CAH) is a general term used to describe a group of inherited
disorders of cortisol biosynthesis. Approximately 95 percent of patients with CAH have 21-
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hydroxylase deficiency. The gene encoding 21-hydroxylase, CYP21A2, and the gene encoding
tenascin-X (TNX), TNXB, are located within the HLA complex on Chromosome 6 in a region
of high gene density termed the RCCX module (Yang and others 1999). The presence of
pseudogenes and tandem repeats within the module lead to increased frequency of deletions
and gene conversion events. Recessively inherited CYP21A2 point mutations or deletions cause
CAH. Carriership for CYP21A2 mutations is estimated to be as high as 10% globally, with
varying frequencies in different populations (Merke and Bornstein 2005).

TNX is a large extracellular matrix protein that plays a role in deposition of collagen by dermal
fibroblasts and is expressed in the dermis of skin and in the connective tissue of heart and
skeletal muscle (Burch and others 1995; Matsumoto and others 1994). TNXB was discovered
due to its 3′ overlap with the human CYP21A2 gene (Morel and others 1989). TNX deficiency,
in recessive or dominant form, has been proposed as a cause of hypermobility type Ehlers-
Danlos Syndrome (EDS) (Schalkwijk and others 2001; Zweers and others 2003). The clinical
spectrum of TNX deficiency described to date predominantly includes joint hypermobility,
stretchy hyperextensible skin without abnormal (atrophic) scars, and easy bruising (Burch and
others 1997; Lindor and Bristow 2005; Schalkwijk and others 2001; Zweers and others
2003). Large joint dislocations are the most frequent clinically significant finding; however,
mitral valve prolapse, chronic obstructive pulmonary disease, diverticulosis, rectal and uterine
prolapse, and muscle weakness have also been reported (Bristow and others 2005; Lindor and
Bristow 2005; Schalkwijk and others 2001; Voermans and others 2007; Zweers and others
2003).

Here, we report the clinical and molecular features of a three-generation family with a
heterozygous deletion encompassing CYP21A2 and TNXB (Fig. 1).

Clinical Report
The proposita with ambiguous genitalia, weighing 3.3 kg and 54.6 cm in length, was born at
41 weeks gestation by spontaneous vaginal delivery to a healthy 36 year old woman. An
ultrasound of her genitourinary tract showed a single kidney, a bicornuate uterus, and grade
III vesicoureteral reflux. Peripheral blood karyotype was 46, XX (20 metaphases analyzed). A
serum 17-hydroxyprogesterone level of 7,974 ng/dl (normal < 200 ng/dl) confirmed the
diagnosis of CAH due to 21-hydroxylase deficiency. At 7 months of age, the patient underwent
urogenital surgery which included ureteral reimplantation.

At 8 years of age, physical examination showed a well-developed, well-nourished child of
normal height and weight, bifid uvula, single palmar crease on the left hand, normal skin, mild
arachnodactyly and hyperextensible joints with a Beighton score of 8 (Fig. 2).

The proposita's father, a healthy man with Ashkenazi Jewish ancestry had a Beighton score of
0. The proband's mother, of British and Indian ancestry, had hyperextensible joints with a
Beighton score of 7. She reported a medical history of urethral prolapse at age10 years that
was repaired, a hiatal hernia resulting in gastroesophageal reflux, and a diagnosis of sarcoidosis
at 41 years. The parents denied consanguinity. The maternal grandmother, of British ancestry,
has coronary artery disease, Paget disease and osteoporosis. The maternal grandfather, of
Indian ancestry, has a history of myocardial infarction at age 79 years, and has had a liver
transplant for cryptogenic cirrhosis. He has hyperextensible thumbs. The mother's paternal
cousin was reported to have hemifacial microsomia with a shortened jaw, abnormal ear
formation and deafness (Fig. 1).

Chen et al. Page 2

Am J Med Genet A. Author manuscript; available in PMC 2010 October 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Methods
Mutation Detection

DNA samples were isolated from peripheral blood. Functional CYP21A2 gene was amplified
by PCR using gene-specific primers and conditions (Krone and others 2002).

Southern Blot
Restriction enzymes TaqI and PshAI (New England Biolabs, Ipswich, MA) were used in
Southern Blots conducted per standard protocol. Probes E and F, used for hybridization to the
CYP21 and TNX genes, respectively, are previously described (Chung and others 2005). The
RP gene probe, a 743 bp fragment corresponding to the end of the DNA sequence in RP1 and
RP2, was an amplicon made by primers 5′ CACCTTTCCCCTTTCCTGT 3′ and 5′
ATCCCACCTTCCTATTTCAA 3′ from commercial human genomic DNA (BD, Franklin
Lakes, NJ).

PCR Detection
The PCR method to detect TNXB/XA fusion genes used primers to amplify genomic DNA as
described previously (Burch and others 1997). Primer design is depicted in Figure 3A. The
PCR reaction was performed with ExTaq DNA polymerase (Hot-Start Version; Takara Bio
USA, Madison, WI) in the presence of 1 μl DMSO (Sigma, St Louis, MO). PCR conditions
were as follows: initial cycle of 94°C for 4 min, followed by 30 cycles of 94°C for 30s, 62°C
(for TNXB or 60°C for TNXA) for 45s and 72°C for 1 min, and a final cycle of 72°C for 10
min. PCR products were resolved on 1% agarose gels.

Echocardiography and Cardiac MRI
Cardiovascular magnetic resonance imaging (MRI) of the heart, including the aortic valve, was
performed on a 1.5 Tesla scanner (Avanto 1.5T; Siemens, Malvern, PA) using steady-state free
precession cine, black-blood turbo spin echo, and velocity-encoding MRI techniques.
Transthoracic 2-dimensional echocardiography (Vivid i; GE Healthcare, Chalfont St. Giles,
UK) was performed in standard parasternal, apical, and subcostal views, with the subject in
the left lateral recumbent position.

Results
Mutation Detection

For the proposita, the multiplex mini-sequencing assay detected a heterozygous In2G mutation
in CYP21A2. No heterozygosity was detected for the single nucleotide polymorphic markers
(SNPs) screened suggesting that the patient has the In2G mutation on one allele and a deletion
of the other allele. Multiplex mini-sequencing of the father's DNA sample detected the In2G
mutation, whereas the mother's DNA revealed lack of heterozygosity at 12 known SNPs,
consistent with a deletion of one copy of CYP21A2.

Southern blot and PCR-based analysis of the RCCX module
The proposita had reduced ratios of CYP21A2:CYP21A1P and TNXB:TNXA, confirming the
large deletion (Fig. 3B). PCR-based detection showed that the deletion was present in the
proposita's mother and maternal grandfather (Fig. 3C).

Echocardiography and Cardiac MRI
The proposita's quadricuspid aortic valve was best visualized in diastole and systole using
steady-state free precession cine MRI (Fig. 4). Black-blood MRI also clearly depicted four
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leaflets during diastole. Velocity-encoded MRI showed systolic blood flow through a 4-sided
polygonal-shaped aortic orifice with no stenosis. There was trivial aortic regurgitation. A
transthoracic echocardiogram documented the quadricuspid configuration in diastole,
however, it was difficult to resolve the four leaflets from the walls of the aortic root during
systole. Systolic function was normal.

Transthoracic echocardiogram of the mother revealed a redundant anterior mitral valve leaflet,
with mild mitral prolapse and trace regurgitation. She had a normal tricuspid aortic valve.

Discussion
Here, we describe a novel phenotype that includes CAH, joint hypermobility, midline defects
and major cardiac valvular abnormalities in a proposita who is a compound heterozygote of
the TNXB/XA fusion gene, with CYP21A2 deletion of one allele and a CYP21A2 point mutation
in the other allele, further delineating the phenotype of the CAH-TNX contiguous gene deletion
syndrome.

The first patient with CAH due to 21-hydroxylase deficiency associated with an EDS
phenotype was a 26 year old male with skin hyperextensibility and joint hypermobility, but
without the atrophic scars and poor wound healing characteristic of classic EDS (Burch and
others 1997). Absent TNX mRNA and protein, a maternal CYP21A2 mutation, and a paternal
TNXB/XA fusion gene with a deletion of CYP21A2 were found. An autosomal recessive pattern
of inheritance was postulated, as the father and sister were heterozygous for the TNXB/XA
fusion gene, and both relatives were phenotypically normal. However, a second TNXB mutation
on the maternal allele was not identified. Subsequently, in a cohort of 151 patients with classic
EDS, five patients were found to have autosomal recessive TNX deficiency based on
undetectable serum TNX (Schalkwijk and others 2001). Four of these five patients were found
to have a large deletion and/or truncating mutation of TNXB on both alleles, one patient was
heterozygous for the TNXB/XA fusion gene, and one patient who was homozygous for the
TNXB/XA fusion gene also had CAH. Autosomal recessive TNX deficiency without CAH was
described in 2 additional patients, with an EDS phenotype of marked skin hyperextensibility,
easy bruising and joint laxity (Lindor and Bristow 2005).

Although EDS due to TNXB mutations was initially described as autosomal recessive,
haploinsufficient subjects have approximately half of the normal level of TNX in their serum,
and clinically may have joint hypermobility, joint subluxations and chronic musculoskeletal
pain (Zweers and others 2003). Interestingly, a female preponderance has been found in
heterozygote individuals who have clinical findings of hypermobility type EDS. Whether or
not having CAH in addition to haploinsufficiency for a TNXB mutation changes the risk of
having an EDS phenotype is unknown. A study of 39 Dutch families with CAH due to 21-
hydroxylase deficiency found a TNXB/XA fusion gene on 4 out of 77 chromosomes (Koppens
and others 2002), suggesting that carriership of a TNXB mutation may be common in CAH.

Our patient had a quadricuspid aortic valve found on cardiac MRI and transthoracic
echocardiogram at 8 years of age. Quadricuspid aortic valves are rare and occur with a
prevalence of approximately 1-5 per 10,000 people (Feldman and others 1990). Aortic
regurgitation is the predominant functional abnormality associated with quadricuspid aortic
valve, and is postulated to be mostly due to a small accessory cusp (Armen and others 2008;
Feldman and others 1990). It is typically asymptomatic in childhood but can progress over
time (Armen and others 2008; Feldman and others 1990; Holt and others 2007). Valve
replacement is often required by the fifth or sixth decade. Early detection of quadricuspid aortic
valve is essential for the prevention of valvular and ventricular dysfunction (Armen and others
2008).
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Cardiac defects associated with EDS vary depending on the subtype. In hypermobility type
EDS, mitral valve prolapse was reported to be the most common cardiac defect (Peeters and
others 2004), although mildly dilated aortic root, mitral, tricuspid and aortic regurgitation, and
impaired left ventricular relaxation have also been noted (McDonnell and others 2006).
Quadricuspid aortic valve has been reported in a 16 year old boy with a clinical diagnosis of
EDS Type II (Dotti and others 1999) which would now be classified as the classical form of
EDS (Beighton and others 1998), and may be caused by a homozygous TNXB defect (Burch
and others 1997; Schalkwijk and others 2001). A case of recessive form of EDS in Japanese
female sibs without accompanying molecular etiology was reported to involve congenital heart
anomalies including atrial septal defect, ventricular septal defect, bicuspid right
atrioventricular valve and persistent atrioventricular canal (Maeda and others 1996). Recently,
a recessive cardiac valvular form of EDS due to COL1A2 mutations was reported (Schwarze
and others 2004). Mitral valve prolapse has been reported in patients with TNX deficiency and
EDS (Lindor and Bristow 2005; Schalkwijk and others 2001).

To our knowledge, there are no prior reports of quadricuspid aortic valves or congenital heart
malformations associated with CAH. Similarly, midline defects are not characteristic of CAH.
However, an increased incidence of upper-tract genitourinary malformations has been reported
in CAH (Nabhan and Eugster 2007). Our patient had several additional midline defects
including a bifid uvula, a single kidney and bicornuate uterus. There are two earlier clinical
reports of cleft palate in association with presumed diagnosis of EDS: a 6-year old female with
a cleft lip and palate and classic EDS (Okamura and Matsumoto 1984), and an infant with cleft
palate, micrognathia, mitral valve prolapse and EDS Type II associated with dermal collagen
abnormalities (Rizzo and others 1987). However, cleft palate or bifid uvula is not frequently
encountered in patients with EDS in current clinical practice.

The propostia's mother, who carries the TNXB/XA fusion gene and is heterozygous for
CYP21A1 deletion, has clinical features suggestive of TNX deficiency including
hyperextensible joints, a history of urethral prolapse, a hiatal hernia with gastroesophageal
reflux, and mitral valve prolapse.

The family presented here represents the genetic and phenotypic complexity of the RCCX
module. The optimal medical management of patients with TNX deficiency is unclear.
However, the findings in our patient suggest that patients with CAH due to 21-hydroxylase
deficiency who have clinical features suggestive of TNX deficiency or develop a cardiac
murmur should be screened with a baseline echocardiogram to detect possible valvular
abnormalities. This clinical report underscores the need for future clinical studies of CAH
patients who may have an associated TNX deficiency.
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Fig. 1.
Pedigree of the family. # Genetic analysis performed;  Carrier of TNXB/XA fusion gene
(CYP21A2 deletion);  Carrier of CYP21A2 point mutation (In2G);  Affected by CAH,
compound heterozygote (TNXB/XA, In2G).  Facial asymmetry with ipsilateral ear dysplasia
and unilateral deafness, but normal intelligence.
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Fig. 2.
Phenotypic features include: A: bifid uvula (proposita); B: mild arachnodactyly (proposita);
C: hyperextensible joints (proposita); D: hyperextensible joints (mother).
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Fig. 3.
A. Genomic structure of a bimodular haplotype for RCCX and deletions leading to two different
fusion genes. Dashed lines (¦) indicate duplication boundaries. Vertical arrows (↓) indicate the
locations of DNA probes and sizes of digested fragments from Southern blots. ■– TNXB-
specific forward primer; ●– TNXB-specific reverse primer; ○– TNXA-specific reverse primer.
The common 30 kb deletion in CAH patients, covering the TNXA-specific reverse primer,
results in a non-functional CYP21A1P/21A2 fusion gene (middle panel). Recombination
between TNXB and TNXA results in a deletion, TNXB/XA fusion gene and 2.4 kb product (lower
panel). B. Southern blots detecting the TNXB/XA fusion gene. TaqI RFLP demonstrated the
RCCX haplotype and gene contents at the RCCX locus (upper panel). PshAI RFLP confirmed
RP genotyping (lower panel). The father had equal intensities from each gene pair (RP1:RP2,
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CYP21A2:CYP21A1P, TNXB:TNXA). The proposita had reduced intensities from CYP21A2
and TNXB, indicating a large deletion encompassing both genes. C4L, longer copy of C4;
C4S, shorter copy of C4. C. PCR amplification of genomic DNA from five family members
and a healthy control. A reaction with only water (no DNA) as template is also shown. All
family members and the control demonstrated a 2.4 kb fragment produced by the TNXB-
specific forward primer and TNXB-specific reverse primer (upper panel). The proposita, mother
and maternal grandfather exhibited a 2.4 kb fragment produced by the TNXB-specific forward
primer and TNX-specific reverse primer (lower panel), indicating heterozygosity for the TNXB/
XA fusion gene. D. The haplotype organizations of RCCX in each subject with Southern blot.
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FIG. 4.
Cardiac magnetic resonance steady-state free precession images. The quadricuspid aortic valve
is depicted in diastole (left) and in systole (right) with corresponding line drawings to label the
anatomy. RA, right atrium; LA, left atrium; AoV, aortic valve; 1, 2, 3, 4 indicate cusps of the
aortic valve.
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