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Abstract. 21‑Hydroxylase deficiency (21‑OHD) is the most 
common cause of congenital adrenal hyperplasia. Inherited 
in an autosomal recessive manner, 21‑OHD is caused by 
mutations in the cytochrome P450 family 21 subfamily A 
member 2 (CYP21A2) gene. The present study was designed to 
investigate the genetic characteristics of one Chinese pedigree 
and to identify the genotype‑phenotype association, thereby 
facilitating the precise diagnosis of 21‑OHD at the molecular 
level. Members of a Chinese family with 21‑OHD were 
screened for mutations in the CYP21A2 gene. Clinical data 
and biochemical parameters, including androgen and deriva-
tives, were collected. Complete DNA sequencing and multiplex 
ligation‑dependent probe amplification (MLPA) were utilized 
to analyze the genetic variations in the full‑length CYP21A2 
gene. A C‑T transition located in exon 8 of the CYP21A2 gene, 
leading to the predicted amino acid residue change from Arg to 
Trp at codon 342, was identified in the mother and four sisters. 
Additionally, heterozygous deletion mutations of exons 1, 3, 
4, 6 and 7 of paternal origin were detected in the four sisters 
by MLPA analysis. During the one‑year follow‑up, the four 
sisters exhibited symptom improvement following treatment 
with glucocorticoids, and the proband and one sister success-
fully conceived. The results of the present study demonstrated 
that novel compound heterozygous variations in the CYP21A2 
gene may be causative agents of 21‑OHD, providing insights 
into the functions of this gene and a more comprehensive 
understanding of the disorder.

Introduction

Congenital adrenal hyperplasia (CAH) is one of the most 
common inherited metabolic disorders, and is associated with 
substantial morbidity and mortality in affected children and 
adults (1). Steroid 21‑hydroxylase deficiency (21‑OHD), the 
most common variant of CAH, accounts for ~90% of CAH 
cases (2,3). Patients most commonly present with symptoms 
associated with different extents of androgen accumulation, a 
hallmark of CAH, with or without aldosterone deficiency (1,3). 
Based on the broad spectrum of presentations, CAH has 
been divided into two categories: Classical, which is repre-
sented by salt wasting (SW; <2% 21‑OH activity) and simple 
virilizing (SV) forms (an increase of ~1‑2% in 21‑OH activity 
compared with SW); and non‑classical (NC; 20‑50% 21‑OH 
activity).

Inherited in an autosomal recessive manner, 21‑OHD 
is caused by mutations in the cytochrome P450 family 
21 subfamily A member 2 (CYP21A2) gene, which is located 
on chromosome 6p21.3, ~3.1 kb from the highly homologous 
CYP21A1 pseudogene (CYP21A1P) (4‑7). At present, >200 
CYP21A2‑inactivating mutations are listed in the Human 
Gene Mutation Database (HGMD; www.hgmd.org; Table I). 
The majority of these mutations are missense and nonsense 
mutations. However, splice site mutations, deletions and 
insertions, in addition to other types of mutations, have been 
detected. Due to complex mutation types and the variety of 
clinical presentations, identification of the genotype it is 
required to correlate with the phenotype.

In the present study, molecular genetic analysis of the 
CYP21A2 gene was performed in a patient with 21‑OHD and 
other family members. A novel compound heterozygous muta-
tion, not previously described, was identified and confirmed 
to be responsible for 21‑OHD in this Chinese pedigree. 
Managed with hormone replacement therapy, the proband and 
the sister of the proband succeeded in conceiving following 
6 months of treatment with dexamethasone. The results of the 
present study provided novel information clarifying the CAH 
genotype‑phenotype association, offering evidence for patient 
counseling and improved prenatal diagnosis.
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Subjects and methods

Subjects. The present study was performed according to the 
human research guidelines in the Declaration of Helsinki. The 
research protocol was approved by the institutional review 
board of Shandong Provincial Hospital, and written informed 
consent was obtained from all subjects. All family members 
were examined and blood was collected between September 
2015‑November 2015 for genetic analysis. Subjects received a 
one‑year follow‑up.

Pedigree. The pedigree, a two‑generation family consisting of 
six individuals, including the patient, and the father, mother 
and three elder sisters of the patient, was referred to Shandong 
Provincial Hospital (Jinan, China). The pedigree chart is 
displayed in Fig. 1.

Examinations. Circadian rhythm analysis of blood cortisol 
and a low‑dose dexamethasone suppression test were 
performed. A computed tomography (CT) scan of the adrenal 
gland and magnetic resonance imaging of pituitary gland were 
performed. Ultrasonic examination of gynecopathy was also 
accomplished.

DNA extraction, polymerase chain reaction (PCR) analysis 
and sequencing. Peripheral blood (4 ml) was collected from 
all family members following 12 h of fasting using EDTA. 
DNA was extracted from white blood cells using a DP304‑03 
genomic DNA kit (Tiangen Biotech Co., Ltd., Beijing, 
China). PCR was performed as previously reported using an 
Eppendorf Master Cycler 5333 system (Eppendorf, Hamburg, 
Germany) (8). A total of four pairs of primers were used to 
amplify CYP21A2 exons 1‑3, 1‑6, 3‑10, and 6‑10 without ampli-
fying the neighboring CYP21A1P gene (Table II). For gene 
sequencing, capillary electrophoresis was implemented using 
the ABI genetic analyzer 3,130xl (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) (9). The results were analyzed using 
Mutation Surveyor_5.0‑UG001 (www.softgenetics.com).

Multiplex ligation‑dependent probe amplification (MLPA) 
analysis. MLPA analysis was performed in all cases to identify 
large gene deletions and conversions in the CYP21A2 gene using 
the SALSA MLPA kit P050CAH probemix/P050‑C1‑0714 
CAH‑v31 (MRC‑Holland BV, Amsterdam, The Netherlands). 
Hybridization, ligation, and amplification were performed 
according to the manufacturer's protocol. Amplification prod-
ucts were detected using an ABI 3,130xl Genetic Analyzer 
(Thermo Fisher Scientific, Inc.) with LIZ500 as an internal 
size standard. The raw data were analyzed using Coffalyser 
v9.4 software (MRC‑Holland BV).

Analysis of CYP21A2 gene mutations. The whole coding 
region of the CYP21A2 gene, covering the intron‑exon 
boundaries, was directly sequenced using a dye terminator 
cycle‑sequencing system on an ABI genetic analyzer 3,130xl 
(Thermo Fisher Scientific, Inc.). The resulting sequences 
were compared to the corresponding wild‑type sequences 
of CYP21A2 using Auto Assembler software (version 2.0; 
PerkinElmer, Inc., Waltham, MA, USA). The +1 numbering 
of CYP21A2 genomic DNA corresponds to the A of the ATG 

translation initiation codon. The mutations were designated 
using the recommendations of the Nomenclature Working 
Group (10,11), in which the genomic and cDNA sequence posi-
tions were designated by the prefixes g. and c., respectively.

Results

Patient history and clinical evaluation. The proband, a 
28‑year‑old Chinese female, was referred to the Shandong 
Provincial Hospital. The proband presented with 14 years 
of enlarged prominentia laryngea and 7 years of irregular 
menstruation. At age 14, the proband was tall compared 
with her peers, with prominentia laryngea enlargement and 
excessive pubic hair growth, although no menstrual cramps. 
However, by the age of 16, the proband was of below‑average 
height and at age 21, the proband began to experience abnormal 
menstruation. The proband did not present to the clinic until 
the age of 23. Due to the non‑classical symptoms and lack of 
genetic identification, the diagnosis was not accurately made 
prior to referral to the Shandong Provincial Hospital. Notably, 
three sisters of the proband experienced similar symptoms, 
although they did not consult a doctor. At the time of examina-
tion, the proband was 153 cm in height and 60 kg in weight, 
with a blood pressure of 111/70 mmHg. Physical examination 
revealed excessive hair growth (including facial, axillary, leg 
and pubic hair), acne, prominentia laryngea, breast hypoplasia, 
outer lip hypertrophy, clitoral hypertrophy, and oligomen-
orrhea. Biochemical testing (Table  III) revealed elevated 
testosterone, 17α‑hydroxyprogesterone and androstenedione 
levels, normal dehydroepiandrosterone and aldosterone 
levels, and normal sodium and potassium levels. Similar 
biochemical abnormalities were detected in the eldest sister 
of the proband (data not shown). Circadian rhythm analysis of 
blood cortisol and a low‑dose dexamethasone suppression test 
demonstrated that the circadian rhythm of cortisol secretion 
was lost and was not suppressed by low‑dose dexamethasone 
(data not shown). A computed tomography (CT) scan of the 
adrenal gland revealed bilateral hyperplasia (Fig.  2), and 
magnetic resonance imaging revealed an abnormal pituitary 
gland. Ultrasonic examination of gynecopathy indicated 

Table I. Various types of CYP21A2 gene mutation, according 
to the Human Gene Mutation Database.

Mutation type	 No.

Missense/nonsense	 172
Splicing	 18
Regulatory	 2
Small deletions	 22
Small insertions	 13
Small indels	 3
Gross deletions	 13
Gross insertions	 3
Complex rearrangements	 39
Repeat variations	 0

CYP21A2, cytochrome P450 family 21 subfamily A member 2.
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decreased uterus volume. The chromosomal karyotype of 
the proband was 46XX. The three sisters experienced similar 
symptoms.

Mutation analysis. The DNA fragments of the parents 
and four sisters were sequenced in the forward and reverse 
orientations and the resulting sequences were compared 
with the corresponding wild‑type sequences of CYP21A2. 
A missense mutation, C‑T (Fig. 3; indicated by an arrow), at 
nucleotide 1,024 in exon 8 of the CYP21A2 gene, which led 
to the predicted amino acid residue change from Arg to Trp at 
codon342, was identified in the mother, the proband and the 
three sisters of the proband. In the present study a previously 
reported point mutations in exons based on the HGMD, 
including the missense variant identified in the present study 
was summarized (Fig. 4). Additionally, MLPA analysis was 
performed to determine large gene deletions. As indicated by 
the red arrows in Fig. 5, a 35‑50% reduction in the relative 
peak height of the amplification product of exons 1, 3, 4, 6 
and 7 was identified in the father, the proband as well as the 
three sisters (data not shown), indicating paternal heterozygous 
deletion mutations. Therefore, the four sisters in the present 
study all exhibited a compound heterozygous mutation in the 
CYP21A2 gene, including a missense mutation c.1024C>T 
(p. Arg342Trp) in exon 8 of maternal origin and heterozygous 

deletion mutations of exons 1, 3, 4, 6 and 7 of paternal origin 
(Fig. 6).

Bioinformatics analysis. The missense mutation c.1024C>T 
(p. Arg342Trp) in exon 8 results in an alteration in amino 
acid composition by replacing an arginine with a tryptophan, 
thereby affecting the function of the protein. Heterozygous 
deletion mutations in exons 1, 3, 4, 6 and 7 lead to mutations 
that alter a codon specific for one amino acid to one specific for 
another amino acid, thus affecting the amino acid composition 
and the polypeptide chain sequence. Since the polypeptide 
chains lose their appropriate primary amino sequence, they 
fail to form functional proteins. Therefore, these mutations 
may severely affect protein function and induce a series of 
pathologies.

Therapy and 1‑year‑follow‑up. Following 4  months of 
treatment with dexamethasone, the elder sister of the 
proband conceived. The proband received periodic review, 
following the recommendations of a doctor. Following 
treatment, the results gradually improved, as testosterone, 
adrenocorticotropic hormone (ACTH) and cortisol levels 
were within normal range (Table  II). Following 6 months 
of treatment with dexamethasone, the proband conceived. 
The results of the present study suggested that an annual 
clinical follow‑up maybe recommended to observe the 
recovery of the patient.

Discussion

In the present study, it was demonstrated that a compound 
heterozygous mutation, a missense mutation c.1024C>T 
(p. Arg342Trp) and heterozygous deletion mutations of exons 1, 
3, 4, 6 and 7 in the CYP21A2 gene may serve an important role 
in a Chinese pedigree of four sisters affected by 21‑OHD. To 
the best of the authors' knowledge, this compound heterozygous 
mutation has not yet been reported elsewhere. The confirmation 
of a CAH diagnosis by genetic analysis is important to corre-
late genotype with phenotype. In addition, the patient presented 
with SV‑CAH, and a detailed molecular analysis may provide 
useful insights into the functions of the CYP21A2 gene.

The 21‑OH locus includes a real gene, functional CYP21A2, 
which encodes a protein of 495 amino acids, and the non‑func-
tional CYP21A1P, which is a pseudogene and hence does not 

Table II. Four pairs of primers of CYP21A2.

No	 Sequence (5'‑3')	 Base position	 Exon	 Fragment size (bp)	 Annealing temperature

I	 F: TCGGTGGGAGGGTACCTGAAG	‑  20‑1,518	 1→6	 1,522	 58
	 R: AGCTGCATCTCCACGATGTGA				  
II	 F: CCTGTCCTTGGGAGACTACTC	 918‑3,189	 3→10	 2,370	 52
	 R: GGGACATCCGGVTTGA				  
III	 F: AGGGATCACATCGTGGAGA	 1493‑3,189	 6→10	 1,697	 56
	 R: GGGACATCCGGCTTTGA				  
IV	 F: TTTTGTTCTTCAGGCGATTC	 ‑310‑940	 1→3	 1,150	 52
	 R: GGGAGTAGTCTCCCAGGAC				  

Figure 1. Pedigree of a Chinese family affected by 21‑hydroxylase deficiency. 
Squares, male; circles, female; solid, affected; open, unaffected. Arrow indi-
cates proband. I and II indicate the generation number.
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code for a protein. CYP21A2 and CYP21A1 Peach consist of 
10 exons and 9 introns, with 98% homology among exons and 
96% homology among introns (5). Due to their high homology, 
CYP21A2 and CYP21A1P are prone to complex and diverse 
genetic recombinations, which is one of the reasons for the 
relatively high incidence of mutations. A total of ~95% of 
CYP21A2 mutations result from intergenic recombination 
between CYP21A2 and the CYP21A1P pseudogene. The 
complete deletion of neighboring complement C4B and a net 
deletion of CYP21A1, or apparent gene conversion events that 
transfer deleterious mutations normally present in CYP21A1P 
to CYP21A2, may occur due to unequal crossing over during 
meiosis (12). These defects or repeated fragments stimulate 
RCCX unit homologous genes to form different chimeras (13).

The sequence variants identified in the present study are 
hypothesized to be disease‑causing mutations in this Chinese 
pedigree. The missense mutation c.1024C>T (p. Arg342Trp) 

detected in the mother and four sisters is expected to exert 
a substantial impact on the structure and function of the 
CYP21A2 protein due to the replacement of an arginine 
with a tryptophan. Arginine residues that exist in the cyto-
chrome P450 enzymes of different mammalians are highly 
conserved in the family and are important for enzymatic 
activity (14). Arginine is a positively‑charged polar amino 
acid with a long hydrophobic side chain, whereas tryptophan 
is a non‑polar aromatic amino acid and thus is not condu-
cive to the formation of an α‑helix. In the present study, the 
patient and mother of the patient presented with the same 
hybrid genetic mutations in CYP21A2, indicating that these 
mutations are of maternal inheritance. The loss of the larger 
pieces of the gene adversely influences its functions, altering a 
number of essential amino acids (15,16). In the present study, 
heterozygous deletion mutations of exons 1, 3, 4, 6 and 7 of 
paternal origin were additionally detected, leading to early 

Figure 2. Transverse CT scan sections of the proband's adrenal gland, (A) at the level of T12 and (B) 3 mm below A. Red arrows indicate bilateral adrenal 
hyperplasia. CT, computed tomography.

Table III. Biochemical parameter analysis in the proband.

Parameter	 Results	 Reference range

Aldosterone, pmol/l	 203.13	 40‑310
Follicle stimulating hormone, mIU/ml	 5.61	 1.27‑19.26
Luteinizing hormone, mIU/ml	 2.76	 1.24‑8.62
Progesterone, ng/ml	 6.13	 0.1‑0.2
Testosterone, ng/ml	 1.59	 0‑0.75
Testosterone, ng/ml (post‑treatment)	 0.22	 0‑0.75
17α‑Hydroxyprogesterone, ng/ml	 8.97	 0.07‑1.53
Dehydroepiandrosterone, µg/dl	 271.70	 98.8‑340
Androstenedione, nmol/l	 8.25	 4‑6.6
Potassium, mmol/l	 3.70	 3.5‑5.5
Sodium, mmol/l	 139.00	 135‑155
Adrenocorticotropic hormone (8:00), pg/ml	 118.20	 7.2‑63.3
Cortisol (8:00), nmol/l	 562.80	 171‑536
Adrenocorticotropic hormone (8:00), pg/ml (post‑treatment)	 26.60	 7.2‑63.3
Cortisol (8:00), nmol/l (post‑treatment)	 510.70	 171‑536
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termination of protein translation and the creation of a trun-
cated protein. The remaining amino acids were unable to form 
the four important structural domains, thereby deactivating 
CYP21A2.

Clinical manifestations of 21‑OHD are complex and 
various. 21‑OHD is primarily characterized by cortisol 
deficiency and the increased accumulation of progesterone, 
17α‑hydroxyprogesterone, and androgen, with or without 
aldosterone deficiency  (3,12). In general, 21‑OHD may 
be divided into SV, SW and NC types, according to the 
level of enzyme activity. The SV form is characterized by 
virilization of the external genitalia in newborn females and 
by hypocortisolism and precocious pseudopuberty due to 

reactive androgen overproduction in the two sexes. In addition 
to hyperandrogenism signs, the SW type manifests with 
an insufficient secretion of aldosterone, hyponatremia and 
hyperkalemia. The symptoms of the NC form are variable 
and patients are asymptomatic at birth, manifesting symptoms 
that include hirsutism, oligomenorrhea and anovulation later 
in life. In the present study, the proband presented clitoral 
hypertrophy, and biochemical tests indicated increased 
17α‑hydroxyprogesterone, ACTH and testosterone. Adrenal 
CT revealed clear bilateral adrenal hyperplasia. The proband 
was diagnosed with CAH with normal blood pressure and no 
symptoms of salt loss. Therefore, the proband was diagnosed 
with SV CAH.

Figure 3. A mutation in the cytochrome P450 family 21 subfamily A member 2 gene was identified in this Chinese pedigree. The mutation, Arg342Trp is 
caused by a C‑T transition at nucleotide 1,024 of exon 8 (red arrows). Data are presented for (A) the father; (B) the mother; (C) the eldest sister; (D) the second 
sister; (E) the third sister; and (F) the proband. I, generation 1; II, generation 2.

Figure 4. Point mutations, including missense mutation and nonsense mutations, located in different exons of the cytochrome P450 family 21 subfamily A 
member 2 gene. Circles represent missense mutations; squares represent nonsense mutations. The red font indicates the newly‑identified missense mutation in 
exon 8 in the present study.
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The molecular diagnosis of CAH is complex due to its 
unusual features. At present, genetic diagnosis of 21‑OHD 
for patients with CAH is associated with two principal 
difficulties. CYP21A2 is composed of 10 exons, and each 
exon is likely to present genetic mutations, loss or amplifica-
tion of small fragments. Thus, it is recommended that the 
full‑length 21‑OHD be sequenced for each patient, which is 

time‑consuming (17). The conventional method used for the 
detection of a 21‑OHD mutation is as follows: A specific 
primer is designed to amplify the gene segments of CYP21A2, 
the different amplified fragments are directly sequenced via 
fragment purification, and the full‑length sequence of the 
CYP21A2 gene as‑obtained is used to determine the genetic 
mutation site (18). The all‑gene sequencing method is used 
to identify the mutation site (19). The second difficulty is the 
deficiency or amplification of large pieces in the 21‑OHD 
gene of patients with CAH, and such complexity and diversity 
further complicate the detection. The most commonly used 
method is Southern imprinting (20), although this is not suit-
able for a large‑scale population or for use in the clinic. In 
addition, certain conventional methods have been adopted, 
including long PCR‑enzyme digestion analysis, PCR product 
T‑A cloning analysis, and quantitative PCR‑based methods 
for determining CYP21A2 gene copy number (21,22). MLPA 
maybe used for copy number detection of multiple CYP21A2 
gene sites simultaneously (23). This technology combined with 
gene sequencing is therefore commonly used for CYP21A2 
gene diagnosis. Additionally, when a single missing exon is 
detected by MLPA inspection, it maybe verified by sequencing 
and by long‑segment PCR.

Figure 6. Schematic representation of the cytochrome P450 family 
21 subfamily A member 2 gene mutation in a Chinese pedigree. Black, 
deletion mutation; grey; missense mutation. Arrow indicates proband. 
I and II indicate the generation number.

Figure 5. Map view of the multiplex ligation‑dependent probe amplification analysis. (A) Relative peak ratios of probes of the father, who exhibited heterozygous 
deletion mutations of CYP21A2 exons 1,3,4,6 and 7 (red arrows). (B) Relative peak ratios of probes of the proband, who presented with the same heterozygous 
loss of CYP21A2 exons 1, 3, 4, 6 and 7 (red arrows). CYP21A2, cytochrome P450 family 21 subfamily A member 2; SNP, single‑nucleotide polymorphism.
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The phenotype of 21‑OHD is associated with its geno-
type, including point mutations, frame shift mutations 
and deletion mutations of small DNA fragments. SW‑, 
SV‑ or NC‑type 21‑OHD maybe predicted by clinical gene 
sequencing. Concolino  et  al  (24) demonstrated that the 
consensus between genotype and SW CAH patients was 
81.8%. Baumgartner‑Parzer et al (25) reported that the consis-
tency between genotype and clinical phenotype was 80%. 
However, genotype and clinical phenotype are not always 
completely consistent, and the same 21‑OHD gene mutation 
in patients with CAH may result in different clinical pheno-
types (26,27). New et al (28) reported that certain mutations, 
including the P30L, I2Gand I172N mutations, were prone 
to yield different CAH phenotypes. In SW and NC CAH, a 
phenotype maybe attributed to a genotype. However, in SV 
CAH, wide phenotypic variability may be observed, particu-
larly with the exon 4 I172N mutation (28). Janjanin et al (29) 
described five patients with 21‑OHD belonging to three 
generations of the same family (grandmother, parents and 
two children), whose genotype corresponded to NC CAH. 
Notably, in spite of one minorCYP21 mutation, the proband 
presented with the SV form of 21‑OHD and required gluco-
corticoid replacement therapy from the age of 4 years. In the 
present study, the CYP21A2 gene sequencing of the patient, 
in addition to the clinical symptoms and gene sequencing 
results, revealed c.1024C>T (p. Arg342Trp) and heterozygous 
deletion mutations, which supported the clinical diagnosis of 
SV CAH.

The present study provided strong evidence for the presence 
of a novel compound heterozygous mutation in the CYP21A2 
gene that is predicted to result in the partial loss of enzy-
matic activity of the resulting protein. This mutation caused 
SV 21‑OHD in a Chinese pedigree. The results of the present 
study provided information for the prenatal diagnosis of CAH 
caused by 21‑OHD using amniotic cells or chorionic villi. The 
in vitro expression analysis of residual enzymatic activity may 
be performed to analyze the functional consequences of this 
newly identified mutation, thereby proving its relevance to the 
clinical presentation and analyzing its impact on CYP21A2 
function. By investigating the molecular genetic mechanisms 
of CAH, the identification and diagnosis may be optimized, 
which has substantial clinical value for diagnosis and genetic 
counseling of carriers in the family of a patient.
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