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ABSTRACT About 90 percent of Congenital Adrenal Hyperplasia (CAH) patients exhibit defects in the CYP21A2
gene that results in steroid 21-hydroxylase deficiency (21- OHD). As more than 100 mutations prevail in CAH,
diagnosis and time responsive therapeutic interventions require knowledge of the common mutations in the
regional population. Hence, the present study aims to assess the prevalence of nine common CYP21A2 gene
mutations in a South Indian, regional population consisting of a group of CAH patients and a group of CAH
patients along with their parents. 6 clinically diagnosed CAH patients, 5 clinically diagnosed CAH patients along
with their parents were screened for nine common mutations using allele-specific polymerase chain reaction
amplification followed by restriction fragment length polymorphism. Out of 11 patients, 8 were identified to be
females and 3 were males. 5 patients were simple virilizers and 6 were salt wasters. The age at presentation varied
from 1 day to 24 years. Molecular diagnosis of the CYP21A2 gene revealed that the highest number of patients
harbored P30L and Q318X, followed by P453S, 1172N, In2 splicing, R356W and A8bp deletion mutations. The
results of the study clearly indicates that allele-specific PCR combined with RFLP is reliable for the molecular
diagnosis of 21-OHD and can be easily included in small scale, routine laboratory analysis. Cohesively, the study

strongly recommends the initiation of Indian national/regional neonatal screening programs for CAH.

INTRODUCTION

Congenital adrenal hyperplasia (CAH) is an
autosomal recessive disorder caused by the re-
duced activity or loss of one of the five ste-
roidogenic enzymes necessary for cortisol bio-
synthesis. More than 90 percent of patients with
CAH have CYP21A2 mutations including con-
versions to the CYP21A1P pseudogene or large
deletions (White and Speiser 2000). 21-Hydrox-
ylase-deficient (21- OHD) CAH is manifested in
avariety of clinical conditions and is comprised
of three subtypes: (1) Classical salt-wasting
(SW), (2) Classical simple virilizing (SV) and the
(3) Non-classical (NC) form (New and Wilson
1999; New 2006). While the incidence of the clas-
sical form of CAH disease is reported to range
between 1: 10,000 -1: 18,000 depending on the

Address for correspondence:

Dr. Kumaravel Velayutham

Director and Consultant Endocrinologist,
Alpha Hospital and Research Centre,
Institute of Diabetes and Endocrinology,
Mela Anuppannady, Madurai 625009,
Tamil Nadu, India

Phone: 9940582328

E-mail: drvkumaravel@gmail.com

racial predisposition (White and Speiser 2000;
Therrell 2001), the NC form is milder and com-
monly occurs in the general population at a rate
of 1: 1700 (New 2006; Fitness et al. 1999). The SV
form is typically characterized by elevated lev-
els in the adrenal androgens that result in preco-
cious pseudopuberty in both males and females,
and virilization of the external genitalia in new-
born females. In the SW form, severe renal salt
loss occurs as a consequence of aldosterone
deficiency. The less severe NC form manifests
predominantly in female patients with precocious
pseudopuberty/ hirsutism and decreased fertili-
ty (Speiser et al. 1985).

Clinical diversity of CAH is primarily due to
mutations in CYP21A2 gene which encodes the
21-Hydroxylase (21-OH). CYP21A2 is located
within the human leukocyte antigen (HLA) class
111 region on the short arm of the chromosome 6
adjacent to a highly homologous pseudogene
(CYP21A1P). Both are 3-4 kb long and each gene
consists of 10 exons (Speiser and White 2003;
Levine 2000). In most of the CAH cases, inacti-
vating CYP21A2 mutations are generated by
unequal crossing-over or gene conversion
events. As more than 100 mutations prevail in
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CAH, diagnosis and time responsive therapeu-
tic interventions require knowledge of the com-
mon mutations occurring in a regionally specific
population. Further, with a wide spectrum of clin-
ical variants, clinical evaluation of CAH also re-
quires inheritance studies that would ascertain
parental genotype, and determine the transmis-
sion of mutant alleles to the offspring. There-
fore, the present study aimed to identify the prev-
alence of nine common CYP21A2 gene muta-
tions in a south Indian study population, and
further evaluate the inheritance pattern from
parents to patients, by correlating the genotype
with the clinical phenotype.

METHODOLOGY

In order to identify, assess and understand
common CYP21A2 gene mutations in a south
Indian regional population of CAH patients, 5
clinically diagnosed CAH patients with their fam-
ily members (parents) and 6 clinically diagnosed
CAH patients without their family members were
recruited for the present study. Detailed family
history in the form of pedigree charts was collect-
ed and 5 ml of peripheral blood sample was drawn
in ethylenediaminetetraacetic acid (EDTA) for
DNA extraction after taking written informed con-
sent. This study was approved by the IEC (Al-
pha Hospital and Research Centre, Madurai).

Genomic DNA was extracted from peripheral
blood samples by salting-out method (Welsh
and Bunce 1999). DNA was quantified and sub-
jected to polymerase chain reaction (PCR)/ al-
lele specific PCR (ASPCR) using specific prim-
ers to amplify the CYP21A2 gene (Oriola et al.
1997). CYP21A2 gene was amplified in two seg-
ments/fragments using specific primers. Using
fragment 1 as template, a secondary PCR was
performed with the appropriate primers to de-
tect P30L, In2 splicing and A8 bp mutations.
Fragment 2 was digested with ApalL1 restriction
enzyme to detect both V281L and R339H muta-
tions at the same time. Fragment 2 was also used
as template to perform a secondary PCR with
the appropriate primers to detect 1172N, Q318X,
R356W and P453S mutations.

Secondary PCR products were digested with
the appropriate restriction enzymes to identify
the common mutations using restriction frag-
ment length polymorphism (RFLP) method fol-
lowed by 1 percent agarose gel electrophoresis
or 10 percent polyacrylamide gel electrophore-

sis so as to separate the restriction fragments.
All the samples were analyzed for the presence
of at least any one of the above mentioned nine
mutations commonly present in the CYP21A2
gene.

RESULTS

The study identified that out of the 8 female
patients and 3 male patients (total 11 patients in
the study population), six patients were born to
parents with consanguineous marriages. The
clinical characteristics of the patients are sum-
marized in Table 1. The age of the CAH patients
at presentation varied from 1 day to 24 years,
and, at the time of sample collection, except for
one patient, all the other patients were on treat-
ment. Further, among the 11 CAH patients, 6
patients were identified under the salt-wasting
type (54.5%) and 5 patients were identified as
simple virilizing type (45.5%).

Table 1: Clinical characteristics of CAH patients

S. Age at Gender  Consan-  Clinical
No. presentation guinity phenotype
1. 20 days M Yes SwW
2. 3 weeks F No SwW
3. 24 years M Yes Y
4. 3 months F Yes SwW
5. 11 days F No SwW
6. At birth F Yes vV
7. 16 years F Yes B
8. 1 year F No Y
9. 20 days F No SwW
10. 8 months F Yes SV
11. 5 months M No SwW

SW-Salt-Wasting; SV-Simple Virilizing

PCR and RFLP based molecular analysis per-
formed to identify the commonly prevalent
CYP21A2 gene mutations (P30L, In2 splicing,
A8 bp, V281L and R339H, 1172N, Q318X,
R356W and P453S), revealed that the P30L mu-
tation occurred in all the 11 patients (100%), and
was the most prevalent mutation in the study
population. While, ten patients (90%) were iden-
tified with Q318X mutation, nine patients
(81.8%) were identified with P453S mutation,
eight patients (72.7%) were identified with a
1172N mutation, four patients (36.3%) were iden-
tified with In2 mutation, two patients (18.2 %)
were identified with R356Y mutation and one
patient was identified with A8 bp mutation (9%),
none of the CAH patients presented a
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V281L+R339H mutation (Table 2). The study
analysis also revealed that all the patients and
parents exhibited compound heterozygous gen-
otypes for different mutations. Collectively, the
results of this study indicate that in the assessed
south Indian study population, the frequency
of P30L mutation was the highest and that
V281L+R339H mutation did not occur.

Table 2: Frequency of CYP21A2 mutations in CAH
patients

S. CYP21A2 mutations
No.

% frequency

P30L/1172N/Q318X 9.1
P30L/1172N/Q318X/P453S 45.5
P30L/In2/1172N/P453S 9.1
P30L/In2/Q318X/R356W 9.1
P30L/In2/Q318X/P453S 9.1
P30L/Q318X/P453S/R356W 9.1
P30L/In2/A8bp/1172N/Q318X/P453S 9.1

~NOoO O~ WNE

The parental genetic assessment for the men-
tioned nine common mutations in consenting
parents of the patients (5 patients and their fami-
ly/parents), confirm and indicate that
CYP21A2 gene mutations were prevalent and dis-
persed in the parental population. Parental ge-
netic analysis further revealed the novel occur-
rence of an In2 mutation in the offspring of family
(Table 3), which is absent in the parents. The data
obtained from the analysis further identifies that
several parents (mother/father) of the patients
carried severe mutations but did not present
phenotypic correlations/clinical manifestations,
and appeared normal. As indicated in Table 2,
mothers of family 1 and 2 with heterozygous
1172N and P453S mutations were not affected,
but their offspring with the same genotype ex-
pressed the CAH phenotype. Similarly, CYP21A2
mutational analysis in family 4, pinpointed that
although the mother of the patient presented a
A8 bp mutation, she remained physiologically
unaffected. Interestingly, in family 5, both the
mother of the patient and the patient, carried the
compound heterozygous P30L/1172N/Q318X/
P453S mutation, yet the mother did not express
a CAH phenotype. In a related context, the fa-
thers in families 2, 3 and 5, were identified to
carry P30L and Q318X mutations, and were ex-
pected to exhibit a severe CAH phenotype, yet
they appeared to lack phenotypic correlation.
Thus, the genetic analysis of the patients and
their parents provided insight on the inheritance
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of the parental mutant alleles, and the existence
of an affected chromosome in patients.

Table 3: Mutational analysis in CAH families by
PCR-ACRS method

CAH families Observed genotype
Family 1

F =

M 1172N/P453S

A P30L/1172N/Q318X/P453S
Family 2

F P30L/A8bp/1172N/Q318X/P453S
M 1172N/P453S

A P30L/In2/ A8bp/1172N/Q318X/

P453S

Family 3

F P30L/1172N/Q318X

M Q318X/P453S

A P30L/Q318X/P453S/R356W
Family 4

F Q318X

M A8bp

A P30L/1172N/Q318X/P453S
Family 5

F P30L/Q318X

M P30L/1172N/Q318X/P453S
A P30L/1172N/Q318X/P453S

F - Father, M - Mother, A - Affected child.

DISCUSSION

Investigations on the screening for CYP21A2
gene mutations in CAH patients have gained
attention, clinical implementation in order to pro-
vide better therapeutic care and prevent the con-
sequences. Since a reportedly large number of
CYP21A2 gene mutations are associated with
CAH, it is widely acknowledged that identify-
ing, understanding the prevalence of common
mutations in a specific/regional population
would aid patient recovery and therapy (de Car-
valho et al. 2016; Anastasovska et al. 2015; Ma
et al. 2014). Hence, the present study objective
was to examine the prevalence of nine common
CYP21A2 gene mutations in a south Indian pop-
ulation, and evaluate the inheritance pattern. The
results from this study indicate that female prev-
alence was high among the number of children
with CAH (8 females : 3 males). While, earlier
studies on the CYP21A2 gene mutations report
that some of the common CYP21A2 gene muta-
tions observed in CAH could be associated with
female preponderance (Fitness et al. 1999), the
present study results do not account for a sig-
nificant association between any of the men-
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tioned, nine common mutations on the CYP21A2
allele and sex differences.

Phenotypic variations among CAH patients
have been recognized to be associated with the
difference in mutations, and the differential ef-
fect of the mutations on the activity of the 21-
OH enzyme (Choi et al. 2012). Typically, it is ob-
served that the combinatorial presence of any
one of the mild mutations on one allele, and the
presence of a severe mutation in the other allele
attribute for a widely varying clinical and phe-
notypic expression in CAH (New et al. 2013;
Araujo et al 2005). In conjunction with such re-
ports, the present study results also present clin-
ical/phenotypical variations. While most of the
present study group patients with 1172N muta-
tion present the SV phenotype, a few patients
present the SW form of CAH. Similarly, in the
present study P30L that is commonly associat-
ed with the NC category is also identified in the
classic CAH patients, suggesting that the pres-
ence of homozygous/compound heterozygous
changes with other mutations determines the
resulting phenotype of the current CAH study
group patients.

The prevalence of CYP21A2 gene mutations
differ significantly amidst the global CAH pa-
tients (Khan et al. 2011). Analysis of the
CYP21A2 mutation is challenging owing to the
presence of a highly homologous CYP21A1P
pseudogene (98% of homology in exons and
96% of homology in introns), which is known
to interfere with targeted CYP21A2 amplifica-
tion during sequencing. Hence, detection of
CAH mutations using polymerase chain reac-
tions requires a robust and targeted approach
(Lee etal. 1996) that would enable the amplifica-
tion of the CYP21A2 rather than the pseudo-
gene. Based on well established protocols (Ori-
olaetal. 1997), the present study utilized a two
step amplification that would enable target ori-
ented identification of the proposed CAH muta-
tions. The present study results indicate that a
high frequency of P30L mutations was present
in the south Indian regional population, and this
finding is in correlation with published reports
(Anastasovska et al. 2015; Marumudi et al. 2012;
Yadav et al. 2015). However, a south Indian study
assessing the prevalence of CYP21A2 gene
mutations in CAH children report that A8 bp
deletion in exon 3 followed by 12g mutation in
In2 were the most prevalent mutations in their
study population (Ganesh et al. 2015). The most

commonly observed mutations in several other
populations are deletion/conversion followed by
In2 splicing, 1172N, R356W, Q318X and P30L
mutations. These contrary studies from the Pa-
kistanian, Slovenian, Iranian, Turkish and Mace-
donian population, report P30L mutation to be
the least prevalent in their patient population,
and further suggest a correlation between gen-
otype and phenotype (Khan et al. 2011; Dolzan
etal. 2003; Ramazani et al. 2008; Tukel et al. 2003;
Bas et al. 2009). The occurrence of P30L muta-
tions in combination with other severe muta-
tions was also observed in all the eleven CAH
patients of this study. A similar pattern was re-
ported in another study on SV CAH patients
from Brazil (Araujo et al. 2005), and put together,
the present study and other such studies strong-
ly encourage an awareness of the commonly
occurring CYP21A2 gene mutations in the spe-
cific/regional population. Such an understand-
ing would facilitate screening for CAH in small
scale settings and would aid diagnosis, therapy.

The In2 splice mutation results in the switch
of the reading frame due to the changes in the
premature mRNA splicing, and is commonly re-
ported in the Malaysian and Indian patient pop-
ulation (Menabo et al. 2012; Khajuria etal. 2016).
Sharafetal. inthe year 2015 analyzed In2 splicing
mutation by allele-specific PCR and reported 76
percent and 17.2 percent cases with heterozygous
and homozygous mutation respectively in Egyp-
tian patients. In the present study, the patient in
family 2 exhibited an additional mutation in In2
not seen in the parents (Table 2). The observed
result of the present study is in accordance with
the finding that about 1-2 percent of the affected
alleles are spontaneous mutations that are not
carried by either parent Witchel et al. 1996 and
may further account to the mutation spectrum
observed in CAH patients.

Similarly, and as narrated earlier in the re-
sults section (Table 2) several of the severe mu-
tations present in either of the parents (Moth-
ers: A8 bp mutation-family 2; compound het-
erozygous P30L/I1172N/Q318X/P453S muta-
tion-family 5; Fathers: P30L and Q318X muta-
tions, families-2, 3, 5) were expected to demon-
strate CAH manifestations, yet appeared to lack
phenotypic correlations. The current study also
identified an unusual presentation in some of the
CAH families, both in terms of the mutation spec-
trum, and in terms of the clinical features, thereby
indicating genotype/phenotype discrepancies.
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Itis also interesting to observe that in coun-
tries where neonatal screening for CAH is man-
datory, the male : female ratio among CAH pa-
tients is nearly 1 (Gidlof et al. 2013). Together,
several neonatal CAH screening studies cau-
tion that in the absence of neonatal screening,
clinical diagnosis of CAH is easily accomplish-
able only in girls, (mostly due the presence of
ambiguous genitalia that raises clinical suspi-
cion of CAH), and often results in diagnosis for
boys only when they present features of adre-
nal insufficiency. Supportive to prior neonatal
CAH screening studies, our current investiga-
tion also recommends screening for CAH in new-
borns, as it benefits CAH patients by enabling
earlier diagnosis, and healthy survival.

CONCLUSION

Based on the study’s results it is clearly ev-
ident that CAH exhibits a significant prevalence
in the south Indian regional population, and that
novel mutations in the CAH patients not identi-
fied in the parents involve large deletions/ mis-
alignment of parental genes. Molecular diagno-
sis of the CYP21A2 gene in the south Indian
study population revealed that the highest num-
ber of patients harbored P30L and Q318X, fol-
lowed by P453S, 1172N, In2 splicing, R356W,
A8 bp deletion mutations and that allele specif-
ic PCR and RFLP strategies, serve as a reliable
molecular diagnostic tool for 21-OHD.

RECOMMENDATIONS

The study strongly recommends the initia-
tion of Indian national/regional neonatal CAH
screening programs, the inclusion of CYP21A2
genotyping as a diagnostic component in the
CAH clinical evaluations, and genetic counsel-
ing for patients identified with CAH mutations.
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