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Abstract: 21-hydroxylase deficiency (21OHD), the most common form of congenital adrenal hy-
perplasia (CAH), is associated with pathogenic variants in CYP21A2 gene. The clinical form of the
disease ranges from classic or severe to non-classic (NC) or mild late onset. The CYP21A2 gene is
located on the long arm of chromosome 6, within the RCCX region, one of the most complex loci
in the human genome. The 3′untranslated sequence of CYP21A2 exon 10 overlap the last exon of
TNXB gene (these genes lie on the opposite strands of DNA and have the opposite transcriptional
direction) that encodes an extracellular matrix glycoprotein tenascin-X (TNX). A recombination event
between TNXB and its pseudogene TNXA causes a 30 kb deletion producing a chimeric TNXA/TNXB
gene (CAH-X chimera) where both CYP21A2 and TNXB genes are impaired. This genetic condition
characterizes a subset of patients with 21OHD who display the hypermobility phenotype of Ehlers–
Danlos syndrome (hEDS) (CAH-X Syndrome). The aim of this study was to assess the prevalence of
CAH-X syndrome in an Italian cohort of patients with 21OHD. At this purpose, 196 probands were
recruited. Multiplex ligation-dependent probe amplification (MLPA) and Sanger sequencing were
used to identify the CAH-X genotype. Twenty-one individuals showed the heterozygous continuous
deletion involving the CYP21A2 and part of the TNXB gene. EDS-related clinical manifestations
were identified in most patients carrying the CAH-X chimera. A CAH-X prevalence of 10.7% was
estimated in our population.

Keywords: congenital adrenal hyperplasia; Ehlers–Danlos syndrome; CAH-X syndrome

1. Introduction

The term CAH-X was coined to describe a subset of patients with congenital adrenal
hyperplasia (CAH) who display the hypermobility phenotype of Ehlers–Danlos syndrome
(hEDS) due to the monoallelic presence of a CYP21A2 deletion extending into the TNXB
gene [1,2]. Both CYP21A2 and TNXB gene are located in RCCX region on chromosome 6 [3].
CYP21A2 encodes the steroid 21-hydroxylase enzyme that drives aldosterone and cortisol
biosynthesis. Deleterious variants in this gene induce 21-hydroxylase deficiency (21OHD),
an autosomal recessive disease representing the most common cause of CAH [4,5]. The
clinical form of the disease ranges from classic or severe to non-classic (NC) or mild late
onset [6,7]. The classic CAH, showing a prevalence of 1:16,000 live births in the Caucasian
population, is in turn classified into two forms on the basis of disease severity: the salt-
wasting (SW), associated with CYP21A2 variants removing enzyme activity, with deficiency
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of cortisol and aldosterone, and the simple virilizing (SV), associated with CYP21A2 variants
retaining <5% of enzyme activity, with ability to synthetize aldosterone. On the other hand,
the NC (mild) form, with a prevalence in the range of 1:1000–1:500 live births, is caused by
CYP21A2 variants that retain 20–50% of enzyme activity. This form is often asymptomatic
and the diagnosis is made during biochemical evaluations performed for hirsutism and
menstrual irregularities [8,9].

The EDS has an estimated prevalence of about 1:5000 and represents one of the
several heritable connective tissue disorders, characterized by a variable degree of skin
hyperextensibility, joint hypermobility (JHM), and tissue fragility [10]. The last classification
of the International EDS Consortium recognizes 13 subtypes with 19 different causal genes
involved in collagen and extracellular matrix synthesis and maintenance [11]. The hEDS is
the most common type of EDS and involves generalized joint hypermobility (GJH), frequent
joint dislocations, arthralgias, hernias and midline defects including cardiac structural
abnormalities [11]. It was reported that heterozygous TNXB pathogenic variants are related
to hEDS phenotype [11–13]. In fact, the TNXB gene, spanning 68.2 kb and containing 44
exons, encodes the tenascin-X protein (TNX), an extracellular matrix glycoproteins which
is highly expressed in connective tissue [14].

In the RCCX region, a recombination event between TNXB and its pseudogene TNXA
causes a 30 kb deletion (involving the whole sequence of the CYP21A2 gene and extend-
ing into the TNXB gene) producing a chimeric TNXA/TNXB gene (CAH-X chimera) where
both CYP21A2 and TNXB genes are impaired [1,3]. Different junction sites distinguish three
TNXA/TNXB chimeras (CH-1, CH-2 and CH-3) [2,3]. CAH-X CH-1 is characterized by the
presence, within exon 35, of a TNXA derived 120 bp deletion causing the non-functionality of
TNXB gene by means of a haploinsufficiency mechanism [1,14,15]. In contrast, CH-2 and CH-3
chimeras, carrying missense pathogenic variants, are associated with a dominant-negative ef-
fect [15,16]. While a single missense TNXB variant (NM_019105.8):c.12174C>G; p.Cys4058Trp,
exon 40) characterizes the CH-2 chimera, the CH-3 carries a cluster of three missense variants:
the (NM_019105.8):c.12218G>A (p.Arg4073His) in exon 41, the (NM_019105.8):c.12514G>A
(p.Asp4172Asn) and the (NM_019105.8):c.12524G>A (p.Ser4175Asn) in exon 43 [15,16]. All
three CAH-X chimeras, in either monoallelic or biallelic form, cause hEDS and the clinical
manifestations of disease appear to be more severe in patients with CAH [2].

The prevalence of CAH-X syndrome was estimated to be around 14–15% in three large
cohort of patients with 21OHD [17–19]. Some authors proposed including CAH-X chimeras
screening in routine genetic testing of 21OHD, as this could be beneficial to ensure a very
early diagnosis to young children and to allow early detection of cardiac defects [20]. In
response to these considerations, other authors emphasized the need of performing further
studies for a comprehensive understanding of the CAH-X molecular background and to
fully define the clinical picture of the syndrome [21,22]. In fact, population studies are still
scarce, and data regarding the Italian population are currently absent.

Based on these observations, we aimed to investigate the prevalence of CAH-X syn-
drome in an Italian cohort of patients with 21OHD, performing the molecular character-
ization of TNXA/TNXB gene and the correlation between genotype and EDS-associated
clinical symptoms.

2. Methods
2.1. Patients

We considered 196 unrelated patients with 21OHD (age ≥ 18), referred to our lab-
oratory (Diagnostics Unit of Molecular Biology and Genomics, Fondazione Policlinico
Universitario “A. Gemelli” IRCCS of Rome) between 2018 and 2021 in order to confirm the
clinical diagnosis by the genetic testing. The signing of informed consent was required for
participation in the study. The project was approved by the ethics committee of Fondazione
Policlinico Universitario “A. Gemelli” IRCCS of Rome (ID:4632) and all procedures were
carried out in accordance with the 1964 Helsinki declaration and its ethical standards.
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2.2. Molecular Analysis of CYP21A2 Gene

Genomic DNA was isolated using High Pure PCR Template Preparation Kits (Roche
Diagnostics, Indianapolis, IN, USA), quantified by a spectrophotometer at 260 nm and
stored at −20 ◦C. CYP21A2 analysis was performed by using polymerase chain reaction
(PCR) combined with Sanger sequencing and the multiplex ligation-dependent probe
amplification (MLPA) assay. Briefly, an 8.5 kb PCR product, covering part of the RCCX
region of the chromosome 6, was amplified (using CYP779f 5′-ccagaaagctgactctggatg-
3′ and Tena32F 5′-ctgtgcctggctatagcaagc-3′ primers) and directly sequenced using the
BigDye Terminator Cycle Sequencing Kit, Version 3.1 (Applied Biosystems, Waltham,
MA, USA) and an ABI 3100 Avant Genetic Analyser (Applied Biosystems) according to
the manufacturer’s instructions (internal sequencing primers are available on request).
Sequencing electropherograms were analyzed against the reference sequence NM_000500.9
using the SeqScape Version 3.0 software package (Applied Biosystems).

MLPA was employed to establish the exact copy number of the CYP21A2 gene (SALSA
MLPA Probemix P050 CAH by MRC Holland, Amsterdam, The Netherlands). Three
healthy individuals were included in the analysis as controls. Results were analyzed by
Coffalyser.NET Software (MRC Holland, Amsterdam, The Netherlands).

2.3. Detection of TNXA/TNXB Gene

The continuous deletion involving the whole CYP21A2 gene and the 35th exon of
TNXB (CH-1 chimera) was detected using MLPA method (SALSA MLPA Probemix P050
CAH by MRC Holland, Amsterdam, The Netherlands) according to the manufacturer’s
instruction. In fact, MLPA kit contains two probes for the wild-type sequence of TNXB exon
35. When the TNXA derived 120 bp deletion is present, these probes fail to bind their target
showing a final ratio (FR) <0.80 (normal range 0.80 < FR > 1.20) in heterozygous patients.

In contrast, to assess the presence of the other TNXA/TNXB chimeras, the 8.5 kb PCR
was directly sequenced using specific primers for exons 40–44 of TNXB gene (sequences
available on request). In fact, when the “30 kb deletion” involves the whole sequence of
CYP21A2 gene and part of the TNXB gene, the 8.5 kb PCR fragment contains the CYP21A1P
pseudogene and the TNXA/TNXB chimeric gene. Sequencing electropherograms were
analyzed against the TNXB reference sequence NM_001365276.2 using the SeqScape Version
3.0 software package (Applied Biosystems).

2.4. Assessment of EDS-Related Clinical Characteristics

In order to assess clinical manifestations of the hEDS, the same examiner performed
physical examination and review of medical and family histories. The Beighton score, a set
of maneuvers in a nine-point scoring system used as the standard method of assessment
for generalized joint hypermobility (GJH), was employed to evaluate the mobility of the
main joints, and GJH was defined as a score ≥ 5 [11,23–25]. Other joint manifestations
(such as recurrent dislocation/subluxations and acute and chronic pain) and skin character-
istics (extensibility, fragility, thinness, scar formation, oppressive papules and striae) were
also valuated. Information regarding gastrointestinal disorders (gastroesophageal reflux,
heartburn, bloating, recurrent abdominal pain, constipation, diarrhea and irritable bowel
syndrome), morphological features (rectal prolapse, diaphragmatic hernias, abdominal
hernias, ptosis of internal organs and intestinal intussusceptions), structural cardiac ab-
normalities and other hEDS related characteristics were acquired examining the medical
history of the patient.

2.5. Statistical Analysis

The qualitative variables were described by absolute and percentage frequencies, while
the quantitative variables were summarized with the most appropriate index in relation
to their distribution, which was evaluated through the Shapiro–Wilk test. In particular,
where normally distributed, they have been described by means of the mean and standard
deviation (SD), otherwise by means of the median and interquartile range (IQR). In order
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to assess the differences in the occurrence of EDS-related clinical manifestations in the
patients carrying different genotypes, the chi-square test by Fisher’s correction was used.
STATA version 16 software package (STATA Corp) was employed for all statistical analysis,
and the differences was considered statistically significant when P did not exceed 0.05.

3. Results
3.1. Characteristics of Patients

Among the 196 adult patients with 21OHD, 127 were female, with a median age of
23 (aged 18–53) years, including 62 cases of salt-wasting (SW) type, 21 cases of simple
virilizing (SV) type, and 44 cases of NC type. The 69 males, with median age of 27 (aged
19–57) years, included 37 cases of SW type, 21 cases of SV type and 11 cases of NC type.

3.2. Molecular Analysis

In our cohort, the 30 kb deletion was identified in 74 patients (37.7%, 74/196). Among
them, 21 (28.4%, 21/74) individuals carried the heterozygous continuous deletion involving
the CYP21A2 and part of the TNXB gene. In particular, MLPA assay detected the TNXB
exon 35 deletion in 13 patients, which resulted in carriers of the CH-1 chimera. Seven
individuals showed the c.1274C>G (p.Cys4058Trp) variant in the exon 40 of TNXB gene (CH-
2 chimera), and only one had the cluster variant of exons 41 (c.12218G>A, p.Arg4073His)
and 43 (c.12514G>A, p.Asp4172Asn and c.12524G>A, p.Ser4175Asn) representing the CH-3
chimera. No biallelic CAH-X forms were detected in our cohort. Based on these results,
the frequencies of each of the three genotypes, CAH-X CH-1, CH-2 and CH3, were 6.6%
(13/196), 3.6% (7/196), and 0.5% (1/196), respectively.

Detailed information about the genotype of the 21 patients with CAH-X are shown in
Table 1.

Table 1. Genotype and clinical 21OHD phenotype in 21 patients with CAH-X.

Patient
(Sex)

Age
(Years)

CYP21A2 Genotype
(allele1/allele2) 21OHD Phenotype TNXA/TNXB Chimera

BM-002 (F) 24 p.(Arg357Trp)/del SW CH1

BM-014 (F) 41 p.(Gln319Ter)/del SW CH1

BM-023 (M) 42 p.(Val282Leu)+ c.293-13A/C>G/del SW CH1

BM-044 (F) 18 c.293-13A/C>G/del SW CH1

BM-067 (M) 19 c.293-13A/C>G+ p.(Gln319Ter)/del SW CH1

BM-072 (F) 21 c.293-13A/C>G/del SW CH2

BM-077 (M) 37 p.(Pro31Leu)+ p.(Arg357Trp)/del SW CH1

BM-096 (M) 23 p.(Val282Leu)+ ClEx6/del SW CH2

BM-117 (F) 27 Del8bpEx3/del SW CH2

BM-122 (F) 36 c.293-13A/C>G/del SW CH1

BM-131 (F) 31 ClEx6/del SW CH1

BM-141 (M) 26 c.293-13A/C>G/del SW CH2

BM-182 (F) 32 p.(Gln319Ter)/del SW CH1

BM-037 (M) 23 p.(Ile173Asn)/del SV CH3

BM-051 (F) 22 p.(Pro31Leu)/del SV CH1

BM-100 (F) 23 p.(Pro31Leu)/del SV CH2

BM-111 (F) 23 p.(Ile173Asn)/del SV CH2

BM-154 (F) 33 p.(Ile173Asn)/del SV CH1

BM-005 (M) 18 p.(Val282Leu)/del NC CH2

BM-031 (M) 22 p.(Pro454Ser)/del NC CH1

BM-081 (M) 31 p.(Val282Leu)/del NC CH1

SV: Simple Virilizing, SW: Salt Wasting, NC: Non-Classic.
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3.3. Clinical Findings in Patients with CAH-X

EDS-related clinical manifestations were evaluated in all 21 patients with CAH-X and
in some of their relatives carrying the continuous deletion involving the CYP21A2 and part
of the TNXB gene (Tables 2–4). Table 2 shows clinical findings in 13 unrelated probands
with monoallelic CH1 CAH-X and 3 relatives that were available for molecular and clinical
evaluation. All probands exhibited one or more characteristics of the hEDS phenotype.
GJH and skin laxity was observed in 7/13 (53.8%) and 4/13 (30.8%) patients, respectively
(Table 2). Cardiac defects, consisting of atrial septum and trivial mitral insufficiency, were
found in 2/13 (15,4%) probands with monoallelic CH1 CAH-X (Table 2). Other clinical hEDS
features were observed in 9/13 (69.2%) patients (Table 2). Three parents were available for
clinical evaluation. They were carriers of CH1 chimera but did not have 21-hydroxylase
deficiency (Table 2). One of them (BM-067 Mother) presented GJH (Beigthon score: 7) with
no other features of the hEDS (Table 2). Proband BM-044’s mother was a woman with
psychiatric problems and reported symptoms such as chronic fatigue, anxiety, depression
and easy bruising. Finally, the proband BM-051′s father did not have any symptoms related
to hEDS (Table 2).

Table 2. Clinical findings in unrelated patients with monoallelic CH1 CAH-X and some parents
carrying CH1 chimera.

Patient Sex/Age 21OH
Phenotype Hypermobility Score a Skin Findings Cardiac Findings Other Clinical Features

BM-002 F/24 SW 4 Normal Trivial mitral
insufficiency None

BM-014 F/41 SW 3 Skin laxity (neck and elbows),
Easy bruising Normal Gastroesophageal reflux,

hiatal hernia

BM-023 M/42 SW 2 Atrophic scarring N/E Chronic arthralgias, bilateral
hallus valgus

BM-044 F/18 SW 8 Easy bruising N/E None

BM-067 M/19 SW 8 Thin skin with laxity,
Easy bruising N/E None

BM-077 M/37 SW 3 Striae (abdomen and groin) Normal Chronic arthralgias, scoliosis

BM-122 F/36 SW 4 Easy bruising Normal
Long uvula,

gastroesophageal reflux,
constipation, scoliosis

BM-131 F/31 SW 8 Normal Normal Gastroesophageal reflux,
irritable bowel syndrome

BM-182 F/32 SW 7 Thin skin with laxity Normal None

BM-051 F/22 SV 7 Skin laxity Normal Subluxations, ples planus

BM-154 F/33 SV 6 Normal Normal Fibromialgias, hallus valgus,
pes planus, long uvula

BM-031 M/22 NC 3 Normal Normal Chronic constipation

BM-081 M/31 NC 6 Normal Atrial septum
defect

Multiple dislocations,
Long uvula

Parent

BM-044
Mother 39 Not affected 4 Easy bruising N/E Chronic fatigue,

anxiety, depression

BM-051
Father 47 Not affected 4 Normal Normal None

BM-067
Mother 44 Not affected 7 Normal Normal None

a Hypermobility score was assessed by the Beighton scale [20]. SV: Simple Virilizing, SW: Salt Wasting, NC:
Non-Classic.
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Table 3. Clinical findings in unrelated patients with monoallelic CH2 CAH-X and some family
members carrying CH2 chimera.

Patient Sex/Age 21OHD
Phenotype Hypermobility Score a Skin Findings Cardiac Findings Other Clinical Features

BM-072 F/21 SW 8 Thin skin with laxity Normal None

BM-096 M/23 SW 7 Normal Normal Long uvula

BM-117 F/27 SW 6 Normal Normal Multiple dislocations,
pes planus

BM-141 M/26 SW 3 Normal N/E
Elongated uvula with
midline crease, elbow

dislocations, pes planus

BM-100 F/23 SV 3 Striae (groin) Normal Recurrent shoulder
dislocations

BM-111 F/23 SV 4 Easy bruising N/E Arthralgias, elbow
dislocations

BM-005 M/18 NC 4 Normal Normal None

Parent

BM-005
Mother F/48 Not affected 2 Normal Normal Hallus valgus,

Gastroesophageal reflux

BM-072
Sister F/17 Not affected 2 Normal N/E Normal

a Hypermobility score was assessed by the Beighton scale [20]. SV: Simple Virilizing, SW: Salt Wasting, NC:
Non-Classic.

Table 4. Clinical findings in the patient with monoallelic CH3 CAH-X and his family members
carrying CH3 chimera.

Patient Sex/Age 21OHD Phenotype Hypermobility
Score a Skin Findings Cardiac Findings Other Clinical

Features

BM-037 M/23 SV 9 None Mitral
regurgitations Ankle dislocation

Parent

BM-037
Mother F/47 Not affected 4 Striae (abdomen),

Piezogenic papules Normal None

BM-037
Sister F/21 Not affected 7 None Normal None

BM-037
Sister F/16 Not affected 2 None N/E None

a Hypermobility score was assessed by the Beighton scale [20]. SV: Simple Virilizing.

Table 3 shows clinical findings in seven unrelated probands with monoallelic CH2
CAH-X and two relatives that were available for molecular and clinical evaluation. GJH
was detected in 3/7 (42.8%) probands, while only one patient (BM-072) (1/7; 14.3%)
presented thin skin with laxity (Table 3). No heart defect was found in patients who
underwent echocardiography (Table 3). In addition, 71.4% (5/7) of the probands showed
other clinical hEDS features (Table 3). The two examined parents did not show relevant
features related to hEDS, and only the proband BM-005’s mother presented hallux valgus
and gastroesophageal reflux as minor symptoms (Table 3).

Regarding GJH and skin involvement, no statistically significant difference was ob-
served between CH1 and CH2 patients (Fisher exact test p = 1.00 for GJH and p = 0.6065 for
skin laxity).

In our cohort, CH3 chimera was identified in only one patient (BM-037) with SV
21OHD (Table 4). The young boy presented with a significant hEDS phenotype, with a
Beighton score of 9/9 indicating severe GJH. No skin defects were identified, while the
echocardiography identified mitral regurgitations. In addition, the proband reported two
episodes of ankle dislocation (Table 4). The mother and two sisters, all carriers of the CH3
chimera, were available for clinical evaluation: the older sister presented with a Beighton
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score of 7/9 while the mother and the young sister showed no signs of GJH. The mother
had abdominal striae and piezogenic papules on both feet (Table 4).

4. Discussion

This is the first time that CAH-X molecular analysis is described in a cohort of Italian
patients with 21OHD. We considered 196 unrelated patients previously screened by Sanger
sequencing and MLPA assay in order to confirm the clinical diagnosis of 21OHD. Regarding
the data obtained, we would like to first discuss the number of individuals carrying the
“30 Kb deletion”, assuming that, in previous population studies, a different meaning of
the “30-kb deletion” term was used [1,17–19]. In particular, while Merke et al. used the
term “30-kb deletion” to refer to all chimeras (CYP21A1P/CYP21A2 and TNXA/TNXB)
identified in the RCCX region [17], Marino et al. and Gao et al. used this term to describe
chimeras with junction sites downstream CYP21A2 exon 7 and chimeras with junction
sites downstream of CYP21A2 exon 3, respectively [18,19]. In our cohort, 37.7% (74/196) of
subjects resulted heterozygous for the “30-kb deletion” on the chromosome 6. Because we
also considered the term “30-kb deletion” as inclusive of all RCCX chimeras, we compared
our data with the result obtained in the last study of the NIH research group where
72 patients with the “30-kb deletion” were identified in a court of 135 individuals with
21OHD (72/135; 53%) [17]. This percentage of 53% is significantly different if compared
to frequency detected in our population (37.7%) (p = 0.0068). In addition, although not
statistically significant (p = 0.0645), a trend toward a higher prevalence of “30-kb deletion”
in the NIH population continued when comparing our frequency (37.7%) with that obtained
in a previous study (47.4%) by the same research group [1].

Looking at the number of patients carrying a chimeric TNXA/TNXB gene, we identified
21 individuals with the heterozygous continuous deletion among the 74 patients with the
“30-kb deletion” (28.4%, 21/74). This result was in agreement with the data obtained in
the last study by Merke et al. reporting 29.2% of patients with TNXA/TNXB gene among
individuals with “30-kb deletion” (21/72) [17]. The frequencies obtained in the Argentine
and Chinese populations were significantly higher, 73% and 62.8%, respectively [18,19].

In the present study, 10.7% (21/196) of patients with 21OHD were confirmed to have a
continuous deletion involving CYP21A2 gene and part of TNXB (CAH-X). This prevalence
was less than that previously reported in the NIH cohort (15.6%) or in the Argentine and
Chinese populations (14.2% and 13.9%, respectively) [17–19].

The prevalence of CAH-X CH-1, CH-2 and CH3, was 6.6% (13/196), 3.6% (7/196), and
0.5% (1/196), respectively. In agreement with other studies [17–19], also in our cohort, CH1
was the most recurrently detected chimera and CH3 the least frequent. In addition, no
biallelic form of CAH-X were identified in our population.

Previous studies reported that most patients with CAH-X syndrome had mild to severe
connective tissue symptoms, including GJH, recurrent dislocation of joints, hyperextensible
skin and lesions of other organs [1,17–19]. Similarly, our study identified EDS-related
clinical manifestations in most individuals carrying the TNXA/TNXB gene (Tables 2–4).
However, in our cohort, the degree of articular hypermobility and skin manifestations of
patients with CAH-X CH2 was not significantly different from that of patients carrying the
CH1 chimera. Cardiac defects were present in two patients with monoallelic CH1 CAH-X
and in the proband carrying the CH3 chimera. No heart defects were identified in patients
with CH2 CAH-X (Tables 2–4). However, in our cohort, the prevalence of cardiac defects
could be underestimated and asymptomatic cardiac diseases would be missed. In fact, this
aspect was investigated by retrospectively analyzing the clinical history of the patient and
the results of instrumental tests.

Few data regarding the phenotype associated with CAH-X CH3 chimera are avail-
able [9,11,18,19,26–28]. Marino et al. found the CH3 chimera in one monoallelic patient who
was not available for clinical evaluation [18]. Recently, Gao et al. detected CH3 chimera in
11 patients; however, only one of them was available for clinical evaluation showing joint
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hypermobility and poor wound healing [19]. In our cohort, we identified CH3 chimera in
only one patient with severe GJH and a cardiac defect due to mitral regurgitation.

A normal or very mild phenotype has been detected in the relatives of CAH-X patients
who were carriers of one CAH-X allele, but not affected by CAH. Two of these were ob-
served to have joint hypermobility, while others showed skin or gastrointestinal symptoms
or were asymptomatic (Tables 2–4).

The association between hEDS and CAH in the CAH-X syndrome represents a clinical
challenge. Connective tissue dysplasia should be evaluated in all CAH patients, especially
in those harboring a deletion in the CYP21A2 gene. However, the possible coexistence of
hEDS could be difficult to evaluate, considering the variability of clinical presentation and
the need of an objective assessment tool to measure the GJH. Furthermore, a concomitant
therapy with synthetic glucocorticoid, which can be used in CAH, should have an impact
on some hEDS-associated symptoms, for example, masking the chronic pain. Therefore,
possible consideration could be given about the opportunity to offer the genetic test for
the CAH-X in patients affected by CAH, especially to guarantee a prompt diagnosis of the
possible cardiac abnormalities associated with the hEDS phenotype [20]. This evaluation
could be helpful in the clinical management, considering that patients affected by CAH
present with increased prevalence of risk factors for cardiovascular diseases, including
obesity, hypertension and insulin resistance [29]. On the other hand, it is questionable if
patients affected by hEDS should be screened for late onset CAH, which represents an
asymptomatic form of CAH. In fact, although the role of CAH-related hormonal pattern
as well as of chronic glucocorticoid therapy in connective tissue dysplasia is not fully
understood, the CAH-X patients are consistently more severely affected than patients with
homozygous or heterozygous TNX-deficient-type EDS without CAH [28].

5. Conclusions

In this report, we assessed the prevalence of the chimeric TNXA/TNXB gene for the
first time in an Italian cohort of patients with 21OHD. We found that about 11% of patients
had the continuous deletion involving CYP21A2 gene and part of TNXB, and most of
them showed EDS-related clinical symptoms. These data provide a further contribution
to improve our knowledge on TNXB-related disorders and to investigate the role of hor-
monal milieu in connective-tissue pathophysiology. In fact, TNXB and CAH-X studies are
necessary to define detailed guidelines for the surveillance of clinical manifestations and
other long-term complications. In this field, the utility to offer the genetic test to establish a
prompt diagnosis of CAH-X should be carefully evaluated.

Author Contributions: Conceptualization, P.C. and R.M.P.; molecular analysis, A.P. and L.F.; patients
investigation, R.M.P.; data curation, P.C.; writing—original draft preparation, P.C.; writing—review
and editing, P.C. and R.M.P.; supervision, A.U. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Com-mittee of Policlinico Universitario “A. Gemelli” IRCCS
of Rome (ID:4632).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patients to publish this paper.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study, in the collection, analyses, or interpretation of data, in the writing of the manuscript, or
in the decision to publish the results.



J. Clin. Med. 2022, 11, 3818 9 of 10

References
1. Merke, D.P.; Chen, W.; Morissette, R.; Xu, Z.; Van Ryzin, C.; Sachdev, V.; Hannoush, H.; Shanbhag, S.M.; Acevedo, A.T.; Nishitani,

M.; et al. Tenascin-X haploinsufficiency associated with Ehlers-Danlos syndrome in patients with congenital adrenal hyperplasia.
J. Clin. Endocrinol. Metab. 2013, 98, E379–E387. [CrossRef] [PubMed]

2. Miller, W.L.; Merke, D.P. Tenascin-X, Congenital Adrenal Hyperplasia, and the CAH-X Syndrome. Horm. Res. Paediatr. 2018, 89,
352–361. [CrossRef]

3. Carrozza, C.; Foca, L.; De Paolis, E.; Concolino, P. Genes and Pseudogenes: Complexity of the RCCX Locus and Disease. Front.
Endocrinol. 2021, 30, 709758. [CrossRef] [PubMed]

4. Claahsen-van der Grinten, H.L.; Speiser, P.W.; Ahmed, S.F.; Arlt, W.; Auchus, R.J.; Falhammar, H.; Flück, C.E.; Guasti, L.; Huebner,
A.; Kortmann, B.B.M.; et al. Congenital Adrenal Hyperplasia-Current Insights in Pathophysiology, Diagnostics, and Management.
Endocr. Rev. 2022, 43, 91–159. [CrossRef] [PubMed]

5. Concolino, P.; Costella, A. Congenital Adrenal Hyperplasia (CAH) Due to 21-Hydroxylase Deficiency: A Comprehensive Focus
on 233 Pathogenic Variants of CYP21A2 Gene. Mol. Diagn. Ther. 2018, 22, 261–280. [CrossRef]

6. Falhammar, H.; Thorén, M. Clinical outcomes in the management of congenital adrenal hyperplasia. Endocrine 2012, 41, 355–373.
[CrossRef]

7. Nordenström, A.; Falhammar, H. Management of Endocrine Disease: Diagnosis and management of the patient with non-classic
CAH due to 21-hydroxylase deficiency. Eur. J. Endocrinol. 2019, 180, R127–R145. [CrossRef]

8. Mallappa, A.; Merke, D.P. Management challenges and therapeutic advances in congenital adrenal hyperplasia. Nat. Rev.
Endocrinol. 2022, 18, 337–352. [CrossRef]

9. Speiser, P.W.; White, P.C. Congenital adrenal hyperplasia. N. Engl. J. Med. 2003, 349, 776–788. [CrossRef]
10. Ritelli, M.; Colombi, M. Molecular Genetics and Pathogenesis of Ehlers-Danlos Syndrome and Related Connective Tissue

Disorders. Genes 2020, 11, 547. [CrossRef]
11. Malfait, F.; Francomano, C.; Byers, P.; Belmont, J.; Berglund, B.; Black, J.; Bloom, L.; Bowen, J.M.; Brady, A.F.; Burrows, N.P.; et al.

The 2017 international classification of the Ehlers-Danlos syndromes. Am. J. Med. Genet. C. Semin. Med. Genet. 2017, 175, 8–26.
[CrossRef] [PubMed]

12. Valcourt, U.; Alcaraz, L.B.; Exposito, J.Y.; Lethias, C.; Bartholin, L. Tenascin-X: Beyond the architectural function. Cell. Adh. Migr.
2015, 9, 154–165. [CrossRef] [PubMed]

13. Zweers, M.C.; Bristow, J.; Steijlen, P.M.; Dean, W.B.; Hamel, B.C.; Otero, M.; Kucharekova, M.; Boezeman, J.B.; Schalkwijk, J.
Haploinsufficiency of TNXB is associated with hypermobility type of Ehlers-Danlos syndrome. Am. J. Hum. Genet. 2003, 73,
214–217. [CrossRef] [PubMed]

14. Schalkwijk, J.; Zweers, M.C.; Steijlen, P.M.; Dean, W.B.; Taylor, G.; van Vlijmen, I.M.; van Haren, B.; Miller, W.L.; Bristow, J. A
recessive form of the Ehlers-Danlos syndrome caused by tenascin-X deficiency. N. Engl. J. Med. 2001, 345, 1167–1175. [CrossRef]

15. Morissette, R.; Chen, W.; Perritt, A.F.; Dreiling, J.L.; Arai, A.E.; Sachdev, V.; Hannoush, H.; Mallappa, A.; Xu, Z.; McDonnell, N.B.;
et al. Broadening the Spectrum of Ehlers Danlos Syndrome in Patients With Congenital Adrenal Hyperplasia. J. Clin. Endocrinol.
Metab. 2015, 100, E1143–E1152. [CrossRef] [PubMed]

16. Chen, W.; Perritt, A.F.; Morissette, R.; Dreiling, J.L.; Bohn, M.F.; Mallappa, A.; Xu, Z.; Quezado, M.; Merke, D.P. Ehlers-Danlos
Syndrome Caused by Biallelic TNXB Variants in Patients with Congenital Adrenal Hyperplasia. Hum. Mutat. 2016, 37, 893–897.
[CrossRef] [PubMed]

17. Lao, Q.; Brookner, B.; Merke, D.P. High-Throughput Screening for CYP21A1P-TNXA/TNXB Chimeric Genes Responsible for
Ehlers-Danlos Syndrome in Patients with Congenital Adrenal Hyperplasia. J. Mol. Diagn. 2019, 21, 924–931. [CrossRef]

18. Marino, R.; Garrido, N.P.; Ramirez, P.; Notaristéfano, G.; Moresco, A.; Touzon, M.S.; Vaiani, E.; Finkielstain, G.; Obregón, M.G.;
Balbi, V.; et al. Ehlers-Danlos Syndrome: Molecular and Clinical Characterization of TNXA/TNXB Chimeras in Congenital
Adrenal Hyperplasia. J. Clin. Endocrinol. Metab. 2021, 106, e2789–e2802. [CrossRef]

19. Gao, Y.; Lu, L.; Yu, B.; Mao, J.; Wang, X.; Nie, M.; Wu, X. The Prevalence of the Chimeric TNXA/TNXB Gene and Clinical
Symptoms of Ehlers-Danlos Syndrome with 21-Hydroxylase Deficiency. J. Clin. Endocrinol. Metab. 2020, 105, dgaa199. [CrossRef]

20. Lao, Q.; Merke, D.P. Molecular genetic testing of congenital adrenal hyperplasia due to 21-hydroxylase deficiency should include
CAH-X chimeras. Eur. J. Hum. Genet. 2021, 29, 1047–1048. [CrossRef]

21. Baumgartner-Parzer, S.; Witsch-Baumgartner, M.; Hoeppner, W. Reply to Lao Q and Merke DP. Eur. J. Hum. Genet. 2021, 29,
1045–1046. [CrossRef] [PubMed]

22. Gensemer, C.; Burks, R.; Kautz, S.; Judge, D.P.; Lavallee, M.; Norris, R.A. Hypermobile Ehlers-Danlos syndromes: Complex
phenotypes, challenging diagnoses, and poorly understood causes. Dev. Dyn. 2021, 250, 318–344. [CrossRef] [PubMed]

23. Beighton, P.; De Paepe, A.; Steinmann, B.; Tsipouras, P.; Wenstrup, R.J. Ehlers-Danlos syndromes: Revised nosology, Villefranche,
1997. Ehlers-Danlos National Foundation (USA) and Ehlers-Danlos Support Group (UK). Am. J. Med. Genet. 1998, 77, 31–37.
[CrossRef]

24. Grahame, R.; Bird, H.A.; Child, A. The revised (Brighton 1998) criteria for the diagnosis of benign joint hypermobility syndrome
(BJHS). J. Rheumatol. 2000, 27, 1777–1779.

25. Malek, S.; Reinhold, E.J.; Pearce, G.S. The Beighton Score as a measure of generalised joint hypermobility. Rheumatol. Int. 2021, 41,
1707–1716. [CrossRef]

http://doi.org/10.1210/jc.2012-3148
http://www.ncbi.nlm.nih.gov/pubmed/23284009
http://doi.org/10.1159/000481911
http://doi.org/10.3389/fendo.2021.709758
http://www.ncbi.nlm.nih.gov/pubmed/34394006
http://doi.org/10.1210/endrev/bnab016
http://www.ncbi.nlm.nih.gov/pubmed/33961029
http://doi.org/10.1007/s40291-018-0319-y
http://doi.org/10.1007/s12020-011-9591-x
http://doi.org/10.1530/EJE-18-0712
http://doi.org/10.1038/s41574-022-00655-w
http://doi.org/10.1056/NEJMra021561
http://doi.org/10.3390/genes11050547
http://doi.org/10.1002/ajmg.c.31552
http://www.ncbi.nlm.nih.gov/pubmed/28306229
http://doi.org/10.4161/19336918.2014.994893
http://www.ncbi.nlm.nih.gov/pubmed/25793578
http://doi.org/10.1086/376564
http://www.ncbi.nlm.nih.gov/pubmed/12865992
http://doi.org/10.1056/NEJMoa002939
http://doi.org/10.1210/jc.2015-2232
http://www.ncbi.nlm.nih.gov/pubmed/26075496
http://doi.org/10.1002/humu.23028
http://www.ncbi.nlm.nih.gov/pubmed/27297501
http://doi.org/10.1016/j.jmoldx.2019.06.001
http://doi.org/10.1210/clinem/dgab033
http://doi.org/10.1210/clinem/dgaa199
http://doi.org/10.1038/s41431-021-00870-5
http://doi.org/10.1038/s41431-021-00869-y
http://www.ncbi.nlm.nih.gov/pubmed/33824470
http://doi.org/10.1002/dvdy.220
http://www.ncbi.nlm.nih.gov/pubmed/32629534
http://doi.org/10.1002/(SICI)1096-8628(19980428)77:1&lt;31::AID-AJMG8&gt;3.0.CO;2-O
http://doi.org/10.1007/s00296-021-04832-4


J. Clin. Med. 2022, 11, 3818 10 of 10

26. Forghani, I. Updates in Clinical and Genetics Aspects of Hypermobile Ehlers Danlos Syndrome. Balkan. Med. J. 2019, 36, 12–16.
[CrossRef]

27. Brady, A.F.; Demirdas, S.; Fournel-Gigleux, S.; Ghali, N.; Giunta, C.; Kapferer-Seebacher, I.; Kosho, T.; Mendoza-Londono, R.;
Pope, M.F.; Rohrbach, M.; et al. The Ehlers-Danlos syndromes, rare types. Am. J. Med. Genet. C. Semin. Med. Genet. 2017, 175,
70–115. [CrossRef]

28. Marino, R.; Moresco, A.; Perez Garrido, N.; Ramirez, P.; Belgorosky, A. Congenital Adrenal Hyperplasia and Ehlers-Danlos
Syndrome. Front. Endocrinol. 2022, 13, 803226. [CrossRef]

29. Kim, M.S.; Merke, D.P. Cardiovascular disease risk in adult women with congenital adrenal hyperplasia due to 21-hydroxylase
deficiency. Semin. Reprod. Med. 2009, 27, 316–321. [CrossRef]

http://doi.org/10.4274/balkanmedj.2018.1113
http://doi.org/10.1002/ajmg.c.31550
http://doi.org/10.3389/fendo.2022.803226
http://doi.org/10.1055/s-0029-1225259

	Introduction 
	Methods 
	Patients 
	Molecular Analysis of CYP21A2 Gene 
	Detection of TNXA/TNXB Gene 
	Assessment of EDS-Related Clinical Characteristics 
	Statistical Analysis 

	Results 
	Characteristics of Patients 
	Molecular Analysis 
	Clinical Findings in Patients with CAH-X 

	Discussion 
	Conclusions 
	References

