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Prenatal diagnosis of congenital
adrenal hyperplasia owing to
21-hydroxylase deficiency

Mabel Yau®, Christian Pina, Ahmed Khattab, Ariella Barhen & Maria I New
leahn School of Medicine ar Mount Sinai, Department of Pediatrics, Adrenal Steroid Disorder
Group, New York, NY, USA

A non-invasive prenatal diagnostic method has been developed for congeni-
tal adrenal hyperplasia (CAH) owing to 21-hydroxylase deficiency. Excess fetal
androgen production causes genital virilization in female fetuses affected
with classical forms of CAH. In order to prevent genital ambiguity, prenatal
dexamethasone treatment must be administered before the 9th week of
gestation when genital organogenesis occurs. Invasive prenatal diagnostic
methods do not yield a genetic diagnosis until after genital organogenesis
begins. This new methodology could allow for the targeted treatment of
affected female fetuses and avoid unnecessary prenatal treatment of males
or unaffected females.
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Congenital adrenal hyperplasia (CAH) is an autosomal recessive disorder affecting
1:15,000 live births worldwide [1.2]. This disease caused by enzymatic defects in
adrenal steroidogenesis is characterized by varying levels of impairments in mineral-
ocorticoid and glucocorticoid synthesis and overstimulation of the androgen path-
way [2.3]. The most common defect arises from mutations of the CYP21A2 gene
causing a deficiency of 21-hydroxylase. The majority of mutations causing
21-hydroxylase deficiency are the result of recombination events between the
CYP21A2 gene and its non-functional pseudogene, CYP2IP [3].

In severe cases of CAH, excess fetal androgen production causes genital viriliza-
tion in female fetuses. Clitoral and perineal surgical reconstruction for severe virili-
zation (Prader score of 3 or greater) performed by an experienced surgeon remains
the standard of care for females affected with classical CAH [4]. Forest et al. and
Morel and coworkers first showed that fetal hyperandrogenemia and genital
ambiguity are preventable by low-dose dexamethasone given orally to pregnant at-
risk mothers [5.6]. In our experience with prenatal diagnosis and treatment of
CAH from 1978 to 2011, prenatal dexamethasone treatment diminished the degree
of virilization in 100% of severely affected female fetuses of mothers compliant with
prenatal treatment, thus eliminating the need for genitoplasty (7). As genital organ-
ogenesis begins early in the first trimester, prenatal dexamethasone must be admin-
istered to the pregnant mother before 9 weeks of gestation to be effective (7).

CAH is currently diagnosed prenatally by chorionic villus sampling at ~ 10 weeks
of gestation, or later, by amniocentesis at 14 weeks. A number of strategies have
been developed that utilize polymerase chain reaction (PCR)-based techniques to
specifically amplify the CYP21A2, not the pseudogene [s-10]. Techniques for molec-
ular diagnosis of point mutations include allele-specific oligonucleotide hybridiza-
tion [11], amplification-created restriction sites [12], single-stranded conformation
polymorphisms [13], allele-specific PCR [10], ligation detection reactions [14] and
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multiplex minisequencing [15]. Varying degrees of 21-hydrox-
ylase inactivation are associated with different phenotypic
expression. In a large cohort of 1507 patients, the genotype
correlates with the severity of disease in 92% of cases [2].
Cautious anticipatory counseling to expectant families may
be given when the genotype correlates well with the
phenotype.

These invasive prenatal diagnostic methods do not yield
genetic results untl after the deadline to initiate prenatal
dexamethasone treatment of 9 gestational weeks when genital
organogenesis begins. With current protocols for prenatal
dexamethasone treatment utilizing invasive prenatal diagnos-
tic methods, all fetuses at risk for CAH are treated for several
weeks before sex and affection status are obtained. This means
that mothers bearing male and unaffected female fetuses
receive dexamethasone unnecessarily. In our clinic’s experi-
ence from 1978 to 2011, 392 of 719 subjects referred for
prenatal diagnosis of CAH chose to be treated with prenatal
dexamethasone (7). Of these 392 treated cases, prenatal dexa-
methasone has not been associated with long-term sequelae
in mothers or offspring (7.16]. However, other studies have
reported concerns regarding cognitive functioning in off-
spring [17]. There is, thus, a need for diagnosing CAH before
genital organogenesis begins at ~ 9 weeks, so that therapy can
be offered only to mothers with an affected female fetus and
omit unnecessary prenatal treatment if the fetus is male or
unaffected female.

In 1997, Lo et al. reported the detection of cell-free fetal
DNA (cffDNA) in maternal plasma - ushering in new possi-
bilities for the non-invasive prenatal diagnosis of monogenic
disorders, including CAH [(18]. Prior to the discovery of
cffDNA, non-invasive prenatal diagnosis was possible only
by isolating nucleated fetal cells in the maternal circulation
for years which remained in maternal circulation, contaminat-
ing the prenatal genetic analysis of subsequent pregnancies by
former pregnancies [19.20]. In contrast, cffDNA disappears
from the maternal circulation within 24 h after birth,
effectively eliminating the possibility of contamination from
a previous pregnancy [20]. Massively parallel sequencing
(MPS) of cffDNA in maternal plasma has also opened new
possibilities for the diagnosis of monogenic disorders in utero
(20). This new non-invasive technique of prenatal diagnosis
allows for earlier analysis of fetal genotype, thus avoiding
invasive antenatal procedures that are currently the standard
of care. Earlier diagnosis with non-invasive prenatal diagnosis
presents the opportunity for early prenatal treatment of CAH
using a low dose of dexamethasone to the mother and prevent
the unnecessary treatment of males and unaffected females.
There is also potential that this new non-invasive method
may prove successful in the diagnosis and treatment of other
monogenic disorders.

In May 2014, we first reported the development and vali-
dation of targeted MPS for the non-invasive prenatal diagno-
sis of CAH using maternal plasma [211. In our study,
14 expectant families, each with a child affected with classical

CAH (proband), and parents with at least one mutant
CYP21A2 gene were recruited and fetal inheritance of paren-
tal haplotypes was determined using this new method. The
fetal CAH affection status and sex were correctly deduced in
100% of fetuses using this method [21]. Seven pregnancies
had CAH, five were carriers and two were normal. Invasive
prenatal diagnostic methods of chorionic villus sampling
and amniocentesis were used to confirm the diagnosis in seven
cases. The CAH status of the remaining cases was confirmed
postnatally. In one family, CAH affection status was deduced
from maternal plasma drawn as early as 5 weeks and 6 days
[21].

In principle, blood drawn from expectant mothers as early
as 6 weeks of gestation can be used for the in utero genetic
diagnosis not only of CAH, but for other monogenic disor-
ders. This method has been studied in P-thalassemia [22],
hemophilia [23] and cystic fibrosis [24]. However, unlike the
other inherited diseases, our technology is particularly relevant
to classical CAH owing to 21-hydroxylase deficiency and
11-B-hydroxylase deficiency, as these disorders can be effec-
tively treated in wutero by administering dexamethasone to
the mother to prevent genital ambiguity in affected female
fetuses. Non-invasive prenatal sex determination by SRY can
be determined as early as 4 weeks and 5 days as mentioned
by Tardy-Guidollet ez al. [25). In this study, prenatal dexa-
methasone was initiated prior to fetal sex determination in
the maternal serum. The percentage of male fetuses treated
with prenatal dexamethasone significantly decreased over
time (from 60% in 2002 to 5 = 10% by 2010 - 2011) [25].
These data demonstrate that sex determination has signifi-
cantly reduced the unnecessary prenatal dexamethasone treat-
ment of male fetuses. The methodology of prenatal sex
determination by SRY when performed early and accurately
has the potential to eliminate the need for unnecessary treat-
ment in males.

This new non-invasive technique for prenatal diagnosis
offers advantages over invasive antenatal examinations that
are currently the standard of care. The risk associated with
invasive prenatal procedures is low but still clinically signifi-
cant risk. Invasive procedures early in gestation are associated
with a higher risk of pregnancy loss and spontaneous miscar-
riage as well as a low risk of malformations such as talipes and
hemangiomas [26,27]. In our clinic’s experience from 1978 to
2011, the average Prader score of 63 affected female newborns
prenatally treated with dexamethasone was 1.7 compared with
the average Prader score of 3.73 in the 11 untreated affected
females [7]. Long-term studies of women who underwent cos-
metic genitoplasty in infancy or early childhood disclose
impaired genital sensitivity, sexual difficulties, decreased
intercourse frequency and stress urinary leakage [28.29). There
are reports of complications resulting from genitoplasty such
as strictures, fistulas, urinary infection, fibrosis and scarring,
which have caused stress and depression in patients, especially
with regard to their sexual relationships (30] The complications
that may be associated with genitoplasty along with impaired
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fertility may result in non-disclosure, and distress in patients
who require repeated surgery and genital examinations that
reinforce their disorder [30]. Thus, the successful prenatal
dexamethasone treatment of affected female fetuses may allow
them to have more successful sexual lives with improved body
image.

In conclusion, we report a strategy to avoid unnecessary
prenatal dexamethasone treatment of male fetuses and unaf-
fected female fetuses by utilizing non-invasive prenatal testing
for CAH using targeted MPS on fetal cell-free DNA in mater-
nal plasma. This focused treatment cannot be accomplished
through genetic diagnosis of CAH by amniocentesis and cho-
rionic villus sampling. It has been shown that detection of
fetal chromosomal aneuploidy from cffDNA in the maternal
plasma using MPS has a high sensitivity and specificity lead-
ing to its commercial use [31-33]. While our data are promising,
the number of studied cases is still relatively small, requiring
further validation in large-scale prospective studies. Currently,
the American College of Obstetricians and Gynecologists
guidelines state “Cell free fetal DNA does not replace the
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