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Objective: The gene mutation and clinical characteristics of a patient with non-classical 21- 
hydroxylase deficiency and his family were analyzed.
Methods: A patient was diagnosed with non-classical 21-hydroxylase deficiency in the 
Department of Endocrinology of People’s Hospital of Xinjiang Uygur Autonomous Region 
in December 2016. The clinical data and related gene-sequencing results were analyzed. The 
detected mutations were verified in nine members of the family.
Results: Gene-sequencing results revealed that the proband and the other three members of 
the family (proband, proband’s mother’s younger brother and the proband’s mother’s 
younger brother’s younger daughter, and proband’s second elder sister) shared the following 
mutations: Ile173Asn, Ile237Asn, Val238Glu, Met240Lys, Val282Leu, Leu308Phefs*6, 
Gln319Ter, Arg357Trp, and Arg484Profs. The Val282Leu mutation was heterozygous in 
the proband’s mother’s younger brother’s younger daughter, but homozygous in the other 
three individuals. The father of the proband, the elder brother of the father of the proband, the 
third younger brother of the father of the proband, and the elder sister of the proband all 
carried only the Val282Leu mutation.
Conclusion: Val282Leu is the gene responsible for non-classical 21-hydroxylase deficiency. 
Screening for this gene in the offspring of patients with non-classical 21-hydroxylase 
deficiency may help to identify cases early.
Keywords: congenital adrenal hyperplasia, non-classical 21-hydroxylase deficiency, 
CYP21A2 gene, gene mutation

Introduction
Congenital adrenal hyperplasia (CAH) is a disorder of adrenal corticosteroid 
synthesis caused by the mutation of key genes. The most common type of CAH 
is 21-hydroxylase deficiency (21-OHD), which accounts for 90–95% of all cases 
and follows a pattern of autosomal recessive inheritance. The clinical type of 21- 
OHD can be classified according to the activity of the residual enzyme caused by 
the gene mutation as either classical or non-classical. Classical CAH can be divided 
into salt-wasting or simple virilizing.1 Non-classical CAH is also known as delayed 
CAH, and its prevalence in the population is 0.001%,2 although it may be as high as 
6% in some ethnic groups and women with a medical disorder that produces 
excessive hair growth.3 Non-classical 21-OHD is a type of 21-OHD that exhibits 
a low decrease in enzyme activity, and the symptoms are non-specific. Therefore, 
clinicians lack understanding of the disease. In the present study, one patient with 
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non-classical 21-OHD and his nine family members were 
genetically sequenced, and the screened genes were 
analyzed.

Materials and Methods
Subjects
The subjects of this study were a Uyghur family, consist
ing of one patient and nine other family members, with 
non-classical 21-OHD. Clinical data and serum specimens 
were collected. This study was conducted in accordance 
with the declaration of Helsinki. This study was conducted 
with approval from People’s Hospital of Xinjiang Uygur 
Autonomous Region (KY2019051515). Written informed 
consent was obtained from the participants.

Molecular Biological Detection
In full-length sequencing of the CYP21A2 gene, the point 
mutation type of the CYP21A2 gene was detected by direct 
sequencing. According to related literature,12,16–21 specific 
upstream and downstream primers of CYP21A2, 
CYP21A1P, and chimeric genes were designed and synthe
sized based on the difference in sequences of the real gene 
CYP21A2 and pseudogene CYP21A1P. Full-length sequen
cing of amplified 3.4 Kb DNA was conducted and com
pared with the CYP21A2 standard reference sequence 
GenBank M12792.1 to detect point mutations in the full 
length of the CYP21A2 gene.

Results
Clinical Data
The proband was a married 29-year-old man, and his main 
symptom was a previous history of hyperlipidemia. The 
proband required physical examination in the hospital due 
to premature ejaculation. Examination of sex hormone levels 
revealed elevated progesterone levels. At birth, the external 
genitals of the patient were normal, and there was no evi
dence of symptoms, such as low cry, reduced activity, or 
weakness. At the age of 12 years, the patient’s Adam’s 
apple was protruded and his beard appeared. At the age of 
13 years, changes in his voice occurred, his penis and testes 
increased in size, and spermatorrhea and morning erection 
occurred.

Physical Examination
The patient was 176 cm tall and weighed 82 kg. His blood 
pressure measured 137/70 mmHg. His facial features 
appeared normal, and there was no abnormality in the facial 

midline. The patient had an Adam’s apple, but no thyrome
galy. The length of the penis was approximately 8 cm, and 
the volume of bilateral testes was approximately 15 mL.

Laboratory Examination
No abnormalities were found in routine blood, urine, and 
fecal tests. Serum liver, renal and thyroid function, and 
blood ion levels all appeared normal. Levels of adrenocor
ticotropic hormone (ACTH), cortisol and sex hormones in 
the patient at different time points are presented in Table 1.

Imaging Results
Adrenal CT suggested thickening of the left adrenal joint. 
No abnormalities were found after type-B ultrasonography 
of the genitals and urinary tract.

Table 1 ACTH, Cortisol and Basal Hormonal Levels of Patient at 
Different Time Points

Basal Hormonal Levels Reference 
Value

8:00 16:00 0:00

ACTH  

(pg/mL)

41.90 25.00 13.40 10–46

Cortisol  

(ug/dl)

10.00 4.92 <1 8:00 

0.37–0.75,16:00 
0.12–0.04, 0:00 

0.07–0.15

Testosterone 

(ng/dl)

458 76–853

Estradiol  

(pg/mL)

38.5 20–70

Progesterone 

(ng/mL)

1.45 0.27–0.90

FSH  

(mIU/mL)

1.97 2.0–20.0

LH (mIU/mL) 3.15 2.0–18.0

PRL (ng/dl) 19.70 2.5–17.0

17-OHP  

(ng/mL)

50.62 0.59–3.44

DHEAS  

(ug/dl)

242.00 80–560

ANDRO  

(ng/mL)

6.93 0.6–3.1

Abbreviations: LH, luteinizing hormone; PRL, prolactin; FSH, follicle stimulating 
hormone; 17-OHP, 17-hydroxyprogesterone; DHEAS, dehydroepiandrosterone; 
ANDRO, androstenedione.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                          

Pharmacogenomics and Personalized Medicine 2021:14 410

Maimaitiming et al                                                                                                                                                   Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Family Mapping
The patient’s father was living and proved to be a carrier 
of the mutation, but the patient’s mother was deceased. 
Both parents were of Uyghur ethnicity. Theirs was not 
a consanguineous marriage, and there was no family his
tory of the disease (Figure 1).

Values of 17-Hydroxyprogesterone and 
Free Testosterone in the Family Members
Hormone levels in various family members are presented 
in Table 2. Some of the results were out of normal range.

DNA Sequencing Results
Results of DNA sequencing are given in Figure 2. A total 
of 10 blood samples were collected from the patient and 
his family (members I1, I2, I3, I4 and II4 died before 
study). Serum DNA was extracted, and exons on the 
CYP21A2 gene associated with 21-OHD were sequenced 
by PCR. The method for the amplification of the 
CYP21A2 gene can be found in Tables 3–5. These results 
were compared with the CYP21A2 gene sequence. The 
results revealed that the proband, the proband’s mother’s 
younger brother, the proband’s mother’s younger brother’s 
younger daughter, and the proband’s second elder sister 
shared the following mutations: Ile173Asn, Ile237Asn, 

Val238Glu, Met240Lys, Val282Leu, Leu308Phefs*6, 
Gln319Ter, Arg357Trp, and Arg484Profs. The 
Val282Leu mutation was heterozygous in the proband’s 
mother’s younger brother, and homozygous in the other 
three members. The father of the proband, the first 
younger brother of the father of the proband, the third 
younger brother of the father of the proband, and the 
elder sister of the proband all carried only one mutation, 
namely Val282Leu. No abnormalities were detected in 
related fragments in other family members. The results 
of the gene sequencing in the proband are presented in 
Table 6, and the peak shape diagram of the gene sequen
cing is shown in Figure 2. Ile173Asn, Ile237Asn, 
Val238Glu, Met240Lys, Arg357Trp, and Val282Leu were 
missense mutations, Leu308Phefs*6 was an insertion 
mutation, Arg484Profs was a deletion mutation, and 
Gln319Ter was a nonsense mutation.

Discussion
There are two CYP21 genes in humans, CYP21A2, which 
is active, and the inactive CYP21 pseudogene 
(CYP21A1P), and these are located in the short arm of 
chromosome 6 (6p21.3). The CYP21A2 gene is highly 
homologous to its pseudogene. It is arranged in a series 
of exons and introns, and the homogeneity of these is 98% 

Figure 1 Genealogical tree of Sardinian family: full black circle or square = Val282Leu homozygous patients; black and white circle or square = Val282Leu heterozygous 
subjects; full white circle or square = wild-type subjects.

Table 2 Levels of 17 Hydroxyprogesterone and Free Testosterone in Family Members

Family 
Members

II1 II2 II3 II4 II6 III1 III2 III4 III5 Reference Value

17-OHP (ng/mL) 2.53 2.17 1.42 2.19 2.66 6.99 12.45 0.81 1.09 Male: 0.59–3.44; Female Follicular phase: 0.11–1.08; 

Female Luteal Phase 0.98–5.00

FT (pg/mL) 8.22 6.22 4.81 6.67 10.23 2.23 1.80 0.70 0.20 0–2.6

Notes: II1 father of the Proband; II2, II3 and II4: father’s brothers of the Proband; II6: mother’s brother of the Proband; III1 and III2: sisters of the Proband; III4 and III5: 
female cousins of the Proband.
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and 96%, respectively. This leads to similarities in its 
DNA structure.4 The 21-OHD disease-causing gene 
CYP21A is one of the most polymorphic genes in humans. 
Typically, a patient with non-classical CAH retains 
20–50% of residual 21-hydroxylase activity.5 This causes 
an increase in serum androgen and 17- 
hydroxyprogesterone, which has little effect on the synth
esis of cortisol. Levels of serum cortisol and aldosterone 
remain in the normal range. Therefore, these clinical 
symptoms are non-specific.

In the present study, nine mutations were detected at 
seven sites in the CYP21A2 gene coding region in the 
proband and his relatives. Currently, more than 200 
CYP21A2 mutations have been reported (http://www. 
hgmd.cf.ac.uk). The mutations carried by the proband 
were nonsense mutations, all have been previously 
reported, and no new mutation site was found. However, 
this is the first time that a patient carrying nine mutations 
has been reported.

This disease follows an autosomal recessive pattern of 
inheritance, in which both parents are carriers of the rele
vant gene. The proband and two other family members all 
carried the homozygous mutation Val282Leu. In patients 
with non-classical 21-OHD, the majority of mutations are 
caused by intergenic recombination, including deletion and 
conversion, between real genes and pseudogenes. Some 
95% of mutant genes are recombinant, but only 5% arise 
from spontaneous mutations rather than gene conversion 

events.6 As the patient’s mother had already died, her 
genes could not be sequenced. However, the patient’s 
father only carried Val282Leu. It was speculated that the 
patient’s mother also carried Val282Leu and that the other 
mutations were also derived from her.

Tajima et al reported that the most common genotypic 
mutation of non-classical 21-OHD patients is P30L in 
Japanese patients7 and V281L in Caucasian patients. 
These account for 45–60% of all mutations,8 although 
the rate for V281L is as high as 80% in Jewish patients.9 

Peking Union Medical College Hospital reports that the 
most common genotypic mutation of non-classical 21- 
OHD patients is P30L, which occurs at a rate of 37.5% 
in Chinese (Han nationality) individuals, while the rate for 
V281L is 25%, which is similar to that seen in Japanese 
patients.10 A previous study reported that in 20 Uyghur 
children from Xinjiang, mutations were most common in 
I172N, while P30L mutations were not detected.11 We also 
failed to find any evidence of P30L mutations in this study.

The V281L mutation occurs when the 281st amino 
acid codon, GTG, is replaced by TTG, and the normal 
codon of valine is replaced by a codon of leucine or 
glycine, causing a missense mutation. This mutation 
reduces the activity of the enzyme to 20–50% of normal 
levels. This mutation is a genetic marker of non-classic 
21-OHD associated with HLA-B14 and DR1.12 V281L is 
the most common mutation in non-classical CAH 
patients, accounting for 73–87% of the mutations 

Table 5 Reaction Condition

Cycle Condition

1 cycle Dedegeneration at 95°C for 5 min

35 cycles Dedegeneration at 95°C for 30 sec

Annealing at 60°Cfor 30 sec

Extension at 72°C for 2 min

1 cycle Extension at 72°C for 10sec

Table 4 Amplification Protocol

Gene Amplification Primer Sequence Sequencing Primer bp

CYP21A2 P1 (F) TCGGTGGGAGGGTACCTGAA P1, P2, P3_R, PB1F 1520

P2 (R) TGAGCTGCATCTCCACGATGTGA

P3 (F) CCTGTCCTTGGGAGACTACT P3, P4, P5, P6, P10, P11 2210

P4 (R) TCTCGCACCCCAGTATGACT

Table 3 Primers for PCR Amplification and Sequencing of 
CYP21 Gene

Primer Sequence (5~3) Location

P1 TCGGTGGGAGGGTACCTGAA −122~−103

P2 TCAGCYGCATCTCCACGATGTGA 1376~1398

P3 CCTGTCCTTGGGAGACTACT 696~715
P4 TCTCGCACCCCAGTATGACT 2887~2906

P5 GTTCTTCCCCAATCCAGGTC 1322~1341

P6 CAGAACTCATGTGGCCTCTC 2321~2340

Note: Underlined part is the specific sequence of CYB21.
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observed in this group. Very few patients with this muta
tion develop classic CAH.13–15

The I173N missense mutation arises when the 173th 
normal codon of ATC is replaced by AAC. It is usually 

detected in the CYP21 pseudogene, which may be trans
formed into the CYP21B gene, although DNA expression 
is unaltered. Furthermore, a partial ability to synthesize 
aldosterone is retained, although 21-hydroxylase activity is 

Figure 2 Proband gene sequencing: the red arrows indicate the sites of genetic mutation.
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reduced by a factor of 10. However, 17-hydroxylase activ
ity is retained. This mutation usually manifests as simple 
virilizing CAH, but it can also be detected in patients with 
the salt-wasting variant of the disease. This phenotypic 
difference may be caused by individual differences in the 
synthesis of the mutated enzyme or differences in catabo
lism or excretion rate.16,17

J.-H. Choi et al reported that three consecutive muta
tions were detected in the same exon in a female patient 
with CAH: Ile237Asn, Val238Glu and Met240Lys. This 
cluster of mutations induces complete loss of 21- 
hydroxylase activity. The clinical phenotype should be 
salt-wasting CAH.18 The insertion mutation 
Leu308Phefs*6 results in complete loss of enzyme activ
ity, which can lead to salt-wasting CAH.19 The nonsense 
mutation Gln319Ter, located in exon 8, replaces the glu
tamine encoded by CAG with TAG. This causes mRNA 
transcription to be terminated early, and the subsequent 
absence of the heme binding region of the P450 polypep
tide leads to loss of enzyme activity. This mutation is more 
common in salt-wasting and simple virilizing CAH 
patients.20 Chiou reported that the mutation Arg357Trp 
was detected in patients with simple virilizing CAH. This 
nonsense mutation is located at the substrate binding site 
of the enzyme of P450C and causes the failure of enzyme 
substrate transformation. Although enzymatic activity is 
partially retained, the loss of enzyme activity is signifi
cantly lower than that of 172N. This nonsense mutation 
does not affect the expression of DNA, but instead causes 
a defect in the enzyme.17 The Arg484Profs mutation has 

been detected in a patient with salt-wasting CAH. This 
frameshift mutation induces the predicted protein to be 
longer than the normal protein by 45 amino acids. This 
may seriously disrupt enzyme activity, causing classical 
CAH.21

CAH genotypes show good correlation with clinical 
phenotypes, especially in salt-wasting CAH and non- 
classical CAH. However, a few studies have reported that 
the clinical phenotypes of salt-wasting or simple virilizing 
CAH are characterized by non-classical CAH.19 Two-thirds 
of patients with non-classical CAH carry a severe mutation 
in at least one of the two alleles. However, the clinical 
picture in these patients is not markedly different to patients 
with less serious mutations in both alleles.22

The average age at diagnosis of male patients with non- 
classical CAH is 24.5 years, and most patients have no 
obvious signs of disease at diagnosis. Indeed, 51% of 
patients are detected only when family sequencing is carried 
out. Symptomatic patients are identified by early pubic hair 
(29%), hirsutism or acne (11%), infertility (2%), early or 
delayed adolescence (4%), and height problems (15%).14 In 
our study, the proband was diagnosed at 29 years of age. 
There were no obvious clinical signs or symptoms in the 
patient himself or in members of his family. However, 
elevated levels of progesterone were detected during physi
cal examination. The proband and several other relatives 
carried the V281L mutation, and all displayed the clinical 
phenotype of non-classical CAH. The 2010 clinical practice 
guidelines of the Endocrine Society recommend that geno
typing should be used to validate a diagnosis and to enable 

Table 6 Proband Gene Sequencing

Site Change at the DNA 
Level

Change at the Protein Level Hom/ 
Het

Reference

CYP21A2 (NM_00500) Common 

Mutation

E4/CDS4 c.T518A p.Ile173Asn Het [12]

E6/CDS6 c.[T710A; T713A; T719A] p.[Ile237Asn; Val238Glu; 
Met240Lys]

Het [14]

E7/CDS7 c. G844T p.Val282Leu Hom [11]

E7/CDS7 c.923_924ins T p.Leu308Phefs*6 Het [15]

E8/CDS8 c.C955T p.Gln319Ter Het [16]

E8/CDS8 c. C1069T p.Arg357Trp Het [13]

E10/ 
CDS10

c.1451_1452delGGinsC p.Arg484Profs Het [17]

Notes: p.Leu308Phefs*6. *=Ter. *indicates which position the new reading frame encounters a translation termination (stop) codon stop (Ter# / *#).  
Abbreviations: Hom, pure and mutation; Het, heterozygous mutation.
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genetic counseling to be offered. It is recommended that all 
patients affected by CAH should be genotyped. Long-term 
follow-up of the offspring of women with non-classical 
CAH showed that while no growth abnormalities or intel
lectual deficits were seen in these children, there was an 
increased incidence of both classical and non-classical 
CAH.23–25 Therefore, family members of patients should 
undergo genetic screening.

Conclusion
In the present study, we found mutations in Val282Leu in 
several family members. This mutation was heterozygous in 
one individual and homozygous in another three. In four 
family members, this was the only mutation found. Genetic 
screening in patients with CAH patients should lead to a better 
understanding of the mutations responsible for 21-OHD.
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