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Purpose: Genomic recombination events between the
CYP21A2 and CYP21A1P genes are frequent due to their
high sequence homology. Deletions in both the CYP21A2
and TNXB genes result in a chimeric TNXA/TNXB gene,
leading to congenital adrenal hyperplasia (CAH)-X syn-
drome, characterized by a hypermobile form of
Ehlers-Danlos syndrome. The aim of study was to deter-
mine the frequency of CAH-X syndrome and to develop a pi-
lot panel for structural variation analysis using long-read
sequencing technology. Methods: Among the 165 unre-
lated families with confirmed genetic mutations in the
CYP21A2 gene, 44 probands had large deletions in one or
both alleles. Long-range PCR was performed in 12 patients
out of 44 probands using a forward primer for the 5’-UTR of
the CYP21A2 and CYP21A1P and a reverse primer specific
for exon 32 ofTNXB.The amplifiedPCRproducts were then
subjected to Sanger sequencing. We constructed a custom
panel of 140 kb containing the RCCX modules arranged
as STK19-C4A-CYP21A1P-TNXA-STK19B-C4B-CYP21A2-
TNXB. In 4 patients with deletions in both the CYP21A2
andTNXB genes, long-read sequencingwas performedusing
the custom panel on the PacBio Sequel II platform.Results:
Out of 12 probands, eight harbored TNXA/TNXB chimeras.
One patient was homozygous for CAH-X CH1 with a 120
bp deletion in exon 35 and had a Beighton score of 6 for joint
hypermobility and multiple diverticula in the ascending co-
lon. Two patients were heterozygous for CAH-X CH1, while
three were heterozygous for the CAH-X CH2 with an intact
exon 35 and the c.P4058W in exon 40. Two patients carried
heterozygous mutations p.S4175N in exon 43, which is an
unclassified type. Using long-read sequencingwith a custom
panel, missense mutations and TNXA/TNXB chimeras were
detected in four patients previously identified by convention-
al direct sequencing and MLPA. Conclusions: This study
identified8 patientswithCAH-X syndrome carrying four dif-
ferentTNXA/TNXB chimeras by long-rangePCR. Long-read
sequencing emerged as a comprehensive and efficient meth-
od for the molecular analysis of CAH, especially for the
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identification of structural variations. Biallelic deletion of
TNXB was associated with severe clinical manifestations.
Therefore, screening for CAH-X is essential for clinical man-
agement and prevention of the long-term consequences of
CAH-X syndrome.
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2. We have developed a modified-release
formulation of hydrocortisone to replace the physiological
cortisol circadian rhythm and are undertaking a
Double-Blind, Double-Dummy, Two-Way Cross-Over,

Randomised, Phase II Study of Modified-Release
Hydrocortisones: Chronocort® Versus Plenadren® in PAI.
During recruitment, we were surprised by the number of
patients who were ineligible as they had detectable morn-
ing cortisol levels. Methods: Main inclusion criteria:
Participants with known PAI on stable glucocorticoid re-
placement therapy and an early morning pre-dose cortisol
<50 nmol/L (1.8 µg/dl). Baseline serum cortisol was taken
at ∼0700h and measured in a central laboratory by
ADVIA Centaur® immunoassay with the lower limit of de-
tection <14nmol/l (<0.5 µg/dL). Results: 86 patients with
PAI (autoimmune aetiology in 71), median age 52 years
(range 20-73), 60 female, were screened in 8 centres in
UK and Germany. 18 (21%) patients were excluded from
the study based on morning cortisol >50 nmol/L (1.8 µg/
dL), and of those 68 patients who qualified on the main in-
clusion criteria 51 (59% of screened) had a cortisol <14
nmol/L (<0.5 µg/dL). Of the 18 patients (autoimmune aeti-
ology in 10) excluded based on theirmorning cortisol level, 9
(50%) were female and 11 (13% of screened), had morning
cortisol ≥140 nmol/L (5.0 µ/dL). 12 patients with morning
cortisol of >50nmol/L (1.8 µ/dL) were retested and only 2
then qualified; their initial morning cortisol levels were
70 and 51 nmol/L. In patients retested the median differ-
ence between retest and the initial sample was 13 nmol/L
(range 1-421 nmol/L).Conclusions: In patients with an es-
tablished diagnosis of PAI, the majority had undetectable
morning cortisol, but cortisol was detectable in 41% of pa-
tients and above 140 nmol/L in 13% confirming previous
publications 2. Retesting patients with a cortisol >50nmol/
L showed very similar results suggesting that the detect-
able cortisol was not an artefact and likely due to back-
ground cortisol secretion. 1. Bornstein SR, et al. J Clin
Endocrinol Metab 2016;101:364-89.2.Pearce SHS, et al.
European Journal of Endocrinology (2021) 184, R61–R67
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