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Abstract

Background: The 21-hydroxylase deficiency (210HD) accounted for the majority of
autosomal recessive inherited congenital adrenal hyperplasia (CAH) cases. A genetic
test could offer a more thorough diagnostic approach because of the wide range of
disease severity, but it was challenging in a resource-limited setting.

Objective: To apply a simple and cost-effective rapid molecular screening for
detecting the most common CYP21A2 variants causing salt-wasting (SW) CAH.
Methods: DNA extraction was conducted using a salting out method from a venous
blood sample taken from 49 SW CAH patients without prior CAH-specific
genotyping. A PCR-RFLP approach was utilized using primer sets specifically
designed to anneal to the CYP2/A42. Specific restriction enzymes were selected to
cleave the DNA sequence, differentiating the wild and mutant type, i.e, the
p-Arg357Trp, p.GIn318Ter, IVS2-13A/C>G, and exon 6 cluster. Samples from a
previous cohort that carried those variants detected by DNA sequencing were used as
positive controls.

Results: Only 6.1% of 49 patients were found to have the p.GIn318Ter variant. Both
the p.Arg357Trp and exon 6 cluster carried inconclusive results. The IVS2-13A/C>G
variant displayed limited assay robustness among 27 individuals.

Conclusion: The PCR-RFLP was an advantageous screening method for identifying
p-GIn318Ter variants in a low-resource setting. Nevertheless, the use of multiplex
ligation-probe dependent amplification (MLPA) and Sanger sequencing offered a
comprehensive analysis to discover novel variants that could help with patients'
diagnosis and treatment.

Keywords: Congenital adrenal hyperplasia; CYP21A2; PCR; RFLP; developing
country.
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INTRODUCTION

leading to cortisol, and aldosterone deficiency in the

Congenital adrenal hyperplasia (CAH) (CAH;  most severe type, and excessive androgen production.!
OMIM #201910) is a group of genetic conditions  Phenotypically, 210HD encompasses a spectrum of the

characterized by an enzymatic defect in adrenal

steroidogenesis. In 95% of cases, the condition is *Corre.spor.ldi.ng aqthor: . .
caused by pathogenic variants in the CYP2/42 gene E—mallz terlI}aml@lecturer.undlp.ac.1d
resulting in 21-hydroxylase deficiency (210HD) (Tri Indah Winarni)
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most severe salt-wasting (SW) to the least severe non-
classic (NC) type. The incidence rate of classic CAH
is 1 to 10,000 to 18,000 live birth according to the
newborn screening (NBS) data.?

According to the CAH Registry by the
Indonesian Pediatric Society, there was a 391.3%
increase in the number of CAH cases in Indonesia from
2009 to 2020, with females dominating male cases
(female-to-male  ratio=303:136).> Many CAH
individuals were late-diagnosed due to the absence of
an NBS program, which had barely been started in early
2025 in Indonesia. Individuals with CAH were referred
to a pediatric endocrinologist only after frequent
episodes of vomiting, dehydration, weight faltering,
and weight loss without improvement after treatment,
and the presence of virilization aided in the diagnosis
of female CAH. However, the number of males with
CAH was underrepresented, which was most likely
caused by the absence of genital ambiguity and
misdiagnosis of adrenal crisis as gastroenteritis.*
Timely diagnosis is crucial to prevent the lethality of
the adrenal crisis, especially in the most severe SW
form. With the beginning of CAH NBS in Indonesia,
medical laboratories should improve their capacity and
capability, particularly in the measurement of 17-
hydroxyprogesterone (170HP) and genotyping of the
CYP21A42.

The CYP2I142 (GenBank NG 007941.3;
Ensembl  ENSG00000231852; AllianceGenome
HGNC:2600) has a highly homologous pseudogene,
the CYP21A1P, in which both are located in a human
leukocyte antigen (HLA) class III on the short arm of
chromosome 6 (6p21.3), where a high frequency of
gene recombination occurs.® Hence, genotyping the
gene, interpreting the results, and providing a
comprehensive genetic counseling required a thorough
knowledge of the genetics of CAH. The genetic test
could provide a reliable diagnosis, particularly in terms
of inconclusive results after cosyntropin stimulation
test, and is especially valuable in SW CAH, in which
prompt recognition of molecular variants informs
prognosis, anticipates adrenal crisis, and allows timely
genetic counseling, including carrier detection, and
family planning.” Among the nine most common
CYP21AIP-derived variants, the 8 bp deletion in exon
3 (E3A8bp), the exon 6 cluster point variants
(p-[Tle236Asn; Val237Glu; Met239Lys]),
p-GIn318Ter, p.Arg357Trp, and the intron 2 splice
(IVS2-13A/C>G) variant were associated with SW
CAH.® In a previous study on 50 individuals with
210HD in our center, the exon 6 cluster point variants,
p-GIn318Ter, p.Arg357Trp, and the intron 2 splice
variant were found in 1, 3, 44, and 7 alleles,
respectively. The deletion and E3A8 bp were not found
in the cohorts (Utari et al, unpublished data). Due to a
lack of resources, the CYP21A42 genetic test using
multiplex ligation-probe dependent amplification
(MLPA) and Sanger sequencing could not be
performed in Indonesia. Therefore, we aimed to
conduct a cost-effective, simple, and reliable method
suitable for any laboratory with conventional PCR and
gel electrophoresis using Polymerase Chain Reaction-
Restriction Fragment Length Polymorphism (PCR-
RFLP) in the leading CAH center in Indonesia focusing

on the detection of the prevalent point variants causing
the most severe SW CAH, including the intron 2 splice,
exon 6 cluster, p.GIn318Ter, and p.Arg357Trp. This
method was suitable to be applied in a resource-limited
setting and unveiled a possibility of CYP2I42
genotyping as a molecular screening approach for most
common variants, which may assist clinical decision-
making following CAH NBS, especially when
cosyntropin stimulation test result was inconclusive or
when genetic counseling was indicated.

MATERIALS AND METHODS

This was a cross-sectional genetic study
conducted in a genetics research laboratory in
Semarang, Indonesia. The study was conducted from
November 2023 to June 2024.

The participants of this study were individuals
with CAH without prior CAH-specific genetic test who
were diagnosed by pediatric endocrinologists at a
tertiary and secondary hospital in Semarang, Indonesia.
The diagnosis of CAH was made based on the clinical
characteristics, i.e., vomiting, diarrhea, dehydration,
hyperpigmentation, and virilization in females, and
biochemical measurement of 170HP and electrolytes,
i.e., sodium and potassium. Karyotyping was
performed to confirm sex chromosomes in individuals
presenting with genital ambiguity. Participants were
approached during their routine follow-up and offered
their participation in the study. Parents or caregivers of
younger participants (<18 years) provided written
consent for participation in the study after receiving and
understanding the information given by the research
team.

The participant’s blood was drawn from a
cubital venous vessel by trained laboratory technicians.
The blood was stored in an EDTA tube at -80°C. A
salting-out method was utilized to extract the DNA.
DNA concentration and purity were measured using
NanoVue Plus Spectrophotometer (GE Healthcare
Technologies, Inc., Chicago, IL) by calculating the
DNA samples' absorbance at 260 nanometers (A260)
and the ratio of absorbance at 260 and 280 nanometers
(A260/A280), respectively. A A260/280 ratio at >1.80
was considered as the value of pure DNA.

Positive and negative controls were selected
from previous cohorts in our center with known
pathogenic variants, also considering their hetero-
/homozygosity states. The controls for IVS2-13A/C>G,
p.GIn318Ter, and exon 6 cluster variants were
heterozygous for each variant, while the control for
p-Arg357Trp was homozygous for this variant.

The PCR process was carried out using the
GeneAmp PCR System 9700 (Thermo Fisher Scientific
Inc., Waltham, MA). Two rounds PCR amplification
was utilized for the IVS2-13A/C>G variant, in which
the first round was targeted to specifically amplify the
exon 1, exon 2, and the intron 2 site of the CYP21A42
gene using a set of LR-F/B2 primers, and the second
round was aimed to amplify the intron 2 using a set of
7/8 primers, producing fragment sizes of 1,118 bp and
155 bp, respectively. The other variants, i.e., the Exon
6 cluster (E6 cluster; a compound missense variant
named p.[lle236Asn; Val237Glu; Met239Lys],
p-GIn318Ter, and p.Arg357Trp, were amplified using a
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set of long-range PCR primers, i.e., CI/LR-R,
producing a fragment size of 2,610 bp. The site of the
primer's annealing was displayed in Figure 1. Some of
the primers used in the study were based on a previous
study by Zhang et al.!

The mixture of each sample for the first round
of PCR included 8.2 puL of H20, 10 puL of PCR mix, 0.4
uL of forward primer, 0.4 pL of reverse primer, and 2
puL of DNA (100 ng). The PCR settings for the IVS2-
13A/C>G variant were 1 cycle of initial denaturation at
94°C for 5 minutes, followed by 30 cycles of
denaturation at 94°C for 20 seconds, annealing at 60°C
for 30 seconds, extension at 72°C for 1 minute, and
concluded with a final extension at 72°C for 5 minutes.
The PCR settings for the E6 cluster, p.GIln318Ter, and
p-Arg357Trp were 1 cycle of initial denaturation at
94°C for 5 minutes, followed by 30 cycles of
denaturation at 94°C for 20 seconds, annealing at
59.3°C for 30 seconds, extension at 72°C for 1 minute,
and a final extension at 72°C for 5 minutes.

The mixture for the second round of PCR
comprised 8.2 uL. of H20, 10 pL of PCR mix, 0.4 uL of
forward primer (primer 7), 0.4 pL of reverse primer
(primer 8), and 1 pL of DNA (100 ng). The PCR
settings for this process involved 30 cycles of
denaturation at 94°C for 30 seconds, annealing at 58°C
for 30 seconds, and extension at 72°C for 30 seconds.

A product check was conducted after each
round of PCR using the 1.5% and 2.5% agarose gel
electrophoresis for sequences larger and smaller than
1000 bp, respectively. Gel electrophoresis was run for
35 minutes at 120 V. Although PCR product clean-up

, IVS2-13AIC>G

ensured its specificity and quality by visualizing the
amplified predetermined fragments before proceeding
to RFLP.

Prior to the RFLP analysis, an in-silico
analysis using a restriction analyzer tool
(https://molbiotools.com/restrictionanalyzer.php) was
conducted utilizing the CYP2142 (NG_007941.3)
sequence retrieved from the human genome assembly
GRCh38/hg38 (unpublished data) to analyze the
restriction sites and to visualize the digested bands.

The reaction mixture for RFLP was comprised
of 0.5 pL of buffer Tango, 0.5 puL of 10x PCR buffer,
0.5 pL of restriction enzyme, 8.5 pL of H20, and 10 uL
of PCR product. Digestion process was conducted for 2
hours at a temperature of 37°C. To visualize the
fragments, a 1.5% or 2.5% agarose gel electrophoresis
was operated for 40 minutes at 110 V to effectively
separate the DNA fragments based on their length.
Each restriction enzyme's specific site was displayed in
Table 1.

Ethical approval was obtained before the
commencement of the study (No. 072/EC/KEPK/FK-
UNDIP/11/2024). Data were presented descriptively as
frequencies and percentages. No statistical analysis was
conducted in the study.

RESULTS

All 49 CAH individuals included in the study
were clinically diagnosed with SW type. The 46,XX
karyotype was observed in 63.3% (31/49) individuals.
The majority (37/49) was first referred to the center
before age 1 year.

p.Arg35TTrp
p.GIn318Ter

Exon 6 cluster

Right arrows: forward primers; left arrows: reverse primers; dash lines: annotated CYP21A42 point variants; blue box: PCR
fragment from the first round amplifying exon 1 and 2; red box: PCR fragment from the second round amplifying intron 2;

green box: PCR fragment amplifying exon 3 to 10.

Figure 1. Annealing sites of PCR primers for the CYP2/A42

Table 1. Restriction enzymes for digesting the CYP21A2 fragments causing SW CAH

Variant Restriction Sequence Fragment size (bp)
enzyme Specificity Wild-type Mutant

IVS2-13A/C>G Sau3Al /GATC 156 133/23
p.GIn318Ter Pstl CTGCA/G 567/298 865
p-Arg357Trp Acil CCGC(-3/-1) 189/30 219
p-[1le236Asn; Dralll CACNNN/GTG 687/28 715
Val237Glu;

Met239Lys]

was not performed prior to RFLP, a PCR product check
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Marker: lane 5; non-template control: lane 6; positive control: lane 7; negative control: lane 8; positive results:
lane 1-3, 9-11, 13-20; negative results: 4 and 12 (CAH 112 and 120). Red arrows show unknown fragments in
both positive and negative controls, green arrow shows unknown in positive control, and blue arrow shows
unknown fragment in negative control. Fragment sizes are pointed out on the side in bp.

Figure 2. RFLP result of IVS2-134/C>G
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Marker: lane 6; non-template control: lane 7; positive control: lane 8; negative control: lane 9; positive results:
lane 5 and 11 (CAH 079 and CAH 088); negative results: 1-4 (CAH 120, 121, 072, 077), 10 (CAH 086), 12—
18 (CAH 094, 096, 100, 102, 103, 104, 105, 111); inconclusive: 19 and 20 (CAH 111 and 117). Red arrow
shows fragment at 865 bp in the positive control, green and orange arrows show fragments at 567 and 298 bp,
respectively. Fragment sizes are pointed out on the side in bp.

Figure 3. RFLP Results of p.GIn318Ter
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lane 5-20. Fragment sizes are pointed out on the side in bp.

Figure 4. RFLP Results of p.Arg357Trp
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Marker: lane 6; non-template control: lane 7; positive control: lane 8; negative control: lane 9; inconclusive: 1—
5, 10-20. Red arrow shows fragment at 719 bp in the negative control. Fragment sizes are pointed out on the
side in bp.

Figure 5. RFLP Results of p.[1le236Asn; Val237Glu; Met239Lys] variant
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Figure 2 displayed the several digested DNA
fragments after RFLP of the IVS2-13A/C>G variant.
The positive control (lane 7) produced 4 DNA
fragments at around 150 bp, 180 bp, 300 bp, and 450
bp, whereas the fifth fragment was visible in the
negative control (lane 8) at around 650 bp.

Post-digested DNA products using the Pstl
enzyme visualized several fragments. The positive
result showed an additional fragment at 825 bp, which
was not present in the negative result. (See Figure 3)

Analysis of the post-digested DNA product
using Acil of p.Arg357Trp displayed no band in either
positive or negative controls. Several DNA samples
showed fragments approximately 500 bp, 300 bp, 200
bp, and 100 bp. (See Figure 4)

There was no DNA fragment visualized on the
positive control (number 2), although two fragments
were visualized on the negative control (number 22).
The samples exhibited different fragment sizes, as
shown in Figure 5.

Detected Variants

The exon 6 cluster displayed absent
amplification of expected fragment in the positive
control. The controls for p.Arg257Trp exhibited
inconsistent results, i.e., bands were sometimes present
or absent, throughout analysis, limiting its
interpretability. The IVS2-13A/C>G variant was
assessed for technical feasibility in 27 individuals,
however, positive results were found in 26 individuals

demonstrating limited robustness in our setting. As a
result, these variants were excluded from genotype-
phenotype correlation of the full cohorts using PCR-
RFLP approach.

Among the 49 patients analyzed in the study,
the p.GIn318Ter variant was found in heterozygous
state in three individuals. Thirty four (69.4%)
individuals were found negative of this variant. Even
though SW CAH diagnosis was established in all three
individuals, genotype-phenotype correlation could not
be performed due to the absence of conclusive results
of the other targeted variants.

DISCUSSION

A rapid molecular analysis for detecting the
four most common CYP2[A2 variants causing SW
CAH was performed in the main CAH center in
Indonesia. The analysis utilized sets of primers
designed for long-range PCR, combined with the
specific digestion enzyme used in the RFLP. The
primers, i.e, B2 and C1, comprised the sequence absent
in the pseudogene, such as the 8 bp deletion in exon 3
(E3A8bp; ¢.332 339del; p.Glylllfs; rs387906510),
ensuring the amplification of the CYP2142.!
Nevertheless, the Del and E3A8bp could not be
distinguished due to the location of both PCR primers
in exon 3. A previous study conducted in 62 other
Indonesian CAH patients displayed that the E3A8bp
variant was found only in 1 allele, and the Del variant
was found in none among 124 alleles analyzed.’

Table 2. Genotype-phenotype frequency of Indonesian SW-CAH patients

Positive Negative No Band Total
p.GIn318Ter 3 (6.1%) 34 (69.4%) 12 (24.5%) 49 (100%)
p.Arg357Trp? N/A N/A N/A N/A
N/A N/A N/A
p.[11e236Asn; N/A N/A N/A N/A
Val237Glu;
Met239Lys]*
SUninterpretable due to the absent of DNA band in controls; N/A: Not available
Table 3. Genotype-phenotype correlation of Indonesian SW-CAH patients
Group Variant No. of Patients Expected Expected Residual
n (%) Phenotype Enzymatic Activity
Null p.GIn318Ter 3(6.1) SW 0%
p.Arg357Trp} N/A
p-[1le236Asn; N/A
Val237Glu;
Met239Lys]*
A N/A N/A N/A N/A
B N/A 0 N/A N/A
C N/A 0 N/A N/A

SUninterpretable due to the absent of DNA band in controls; N/A: Not available
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Among the four-point pathogenic variants
associated with SW CAH, the p.GIn318Ter variants
were successfully identified because of larger-sized
fragments visualized on the UV-illuminator. In
contrast, interpretation of p.Arg357Trp was
challenging due to the inconsistent appearance of DNA
fragments of the positive and negative controls across
different samples. Additionally, p.Arg357Trp could
hardly be identified due to the insignificant fragment
size differences between the wild and mutant types, i.e.,
189 and 30 bp in the wild type and 219 bp in the mutant
type, despite a higher agarose gel concentration at 2.5%
and lower Voltage and shorter duration had been
implemented. The application of the 100 bp + 3k
marker in the study made the interpretation of DNA
fragments smaller than 200 bp difficult. The approach
applied relied solely on the visualization of DNA bands
using a UV-illuminator. Conversely, previous studies
utilizing a similar method successfully recognized the
variant because of the use of Southern Blot and direct
sequencing to confirm the deletions or gene conversion
and base substitution, respectively.!®!?

The exon 6 cluster yielded inconclusive
results due to the absence of DNA fragments of the
positive control after digestion by a specific restriction
enzyme, Dralll. The unavailability of the product after
the digestion by a restriction enzyme did not rule out
the possibility of contamination. Preceding studies by
Yokoyama et al.!' and Zhang et al.!* performed PCR
product purification prior to the RFLP procedure.
During the process, primers, reagents, and other
contaminants that possibly could obstruct the
subsequent process were removed.'>'*  Excess
magnesium could chelate away the restriction enzyme,
and frequently, the PCR reagents would inhibit the
restriction enzymes. Hence, contamination prevention
was necessary and justified.!’

The IVS2-13A/C>G variant was found in 26
(96.3%) out of 27 individuals. However, the preceding
study conducted in the same center displayed the
p-Arg357Trp to be the most prevalent (41/62) variant
and only a small number of individuals (7/62) had the
intron 2 splice variant.’ It could be possible that the
high frequency of the intron 2 splice variant in the study
was caused by technical issues during the second round
PCR, because the digested product after RFLP showed
various unforeseen fragments inconsistent with the
expected 155 bp second round PCR product. We
hypothesized the possibility of polymorphism in the
Indonesian population, thus, the primers could not
anneal in the intended site.!® Therefore, another test,
such as direct sequencing, should be conducted to
confirm it.

The p.GIn318Ter variant was present in a
heterozygous state in three individuals. Nevertheless,
the presence of a pathogenic variant was inadequate to
conclude it as a disease-causing variant, since CAH is
inherited in autosomal recessive way. Therefore, we
could not perform genotype-phenotype analysis in the
study. In comparison, other severe CYP21A2 variants
were variably found in various population, such as the
intron 2 splice was commonly found in the Chinese,
Indian, and Cuban populations,'”?°, and the Del in
Germans and Austrians, Dutch, Polish, and Chilean

populations.?'2* These variants resulted in less than 2%
enzymatic activity, thus producing extremely low
levels of cortisol and aldosterone. Detection of these
variants could aid in the genetic counseling process,
encompassing the phenotype prediction, course of
CAH, carrier detection, family planning, and
management of the condition.?

The diagnosis of CAH was confirmed by
second-tier  steroids panel and electrolytes
measurement using LC-MS/MS following an elevated
170HP level detected by NBS. However, this approach
was not possible in Indonesia due to the unavailability
of CAH NBS. CAH individuals in our study were
diagnosed based on clinical characteristics and
biochemical measurement of 170HP and electrolytes.
The establishment of PCR-RFLP presented as a rapid
molecular screening of the most common CYP2/42
variants for CAH diagnosis in Indonesia, especially in
individuals past infancy, individuals under GC
treatment following hospital admission due to adrenal
crisis, or individuals with equivocal adrenocortical
profile after cosyntropin stimulation test. Additionally,
genotyping could provide the benefit of genetic
counseling, including risk calculation, family planning,
and heterozygote detection, because the latter do not
require medical treatment. Early genetic counseling
could aid the patient and the family to be more prepared
to deal with and adjust to the course of CAH. A genetic
counselor played an important role in assisting the
patient in the journey of acceptance, adaptation, and
connecting them to healthcare professionals and
support groups.?®?” Hence, patients and their families
could benefit from enhanced risk perception, positive
risk behaviors, better knowledge, and a sense of
personal control.

Due to its complexity, genotyping the
CYP21A2 required a combination of molecular analysis
techniques to be able to detect complex structural
rearrangements, copy number variations (CNVs),
insertions/deletions, and single-nucleotide variants
(SNVs). RFLP is a simple, specific, and cost-effective
method to detect variations in the DNA sequence,
including SNPs and in/del. This method was
appropriate to be applied as an early genetic screening
in a resource-limited setting, such as Indonesia.” By
combining it with PCR using specifically designed
primers, this procedure could yield high
reproducibility.?® Nevertheless, RFLP was time-
consuming and labor-intensive. The negative results
from the study might be attributable to the presence of
CYP21A2 variants that were not targeted in the assay,
as RFLP could only detect variants that alter specific
restriction sited. Consequently, this method was
unsuitable for detecting novel variants.*! This was a
critical disadvantage in clinical settings where the
identification of novel wvariants could influence
diagnosis and treatment. Furthermore, RFLP required a
large quantity and quality of DNA, which could be
challenging to collect from specific sample types or in
situations when there was a shortage of samples.*
Considering that up to the present there had been more
than 200 pathogenic variants known to cause CAH,
there is a better and more advanced technique for
CYP21A2 genotyping, i.e., MLPA and Sanger
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sequencing.’ The integration of these methods allowed
a more thorough understanding of CYP2142.3435

This study exhibited feasibility of performing
rapid molecular screening of p.GIn318Ter variant
causing SW CAH in a resource-limited setting. PCR
product clean-up was not performed, however,
verification of PCR product specificity was carefully
measured using gel electrophoresis to ensure correct
expected fragments were amplified. This approach was
utilized to enhance feasibility in resource-limited
setting without compromising the interpretability of
RFLP results in the targeted variants. Polyacrylamide
gel, different DNA ladders, and Sanger sequencing
were not incorporated in the study to resolve small
DNA fragments. These methods, in addition to more
robust assay, such as MLPA, may be considered in
future works to complement screening approach. Due
to ethnic and region-dependent variability of CYP21A42
variants, future investigations across diverse
populations are warranted. Nevertheless, the present
data provided valuable exploratory insight into the
CYP21A2 variants among Indonesian CAH individuals.
Considering the complexity of gene rearrangements
and various SNVs, incorporating direct sequencing in
combination with other method, i.e., MLPA, would
enable more comprehensive detection of new or rare
variants.?

CONCLUSION

The study presented the feasibility of PCR-
RFLP as an applicable screening method for detecting
p-GIn318Ter of the CYP21A2 gene causing SW CAH
in a resource-limited setting. This method was
appropriate because of the accessibility of the
equipment and materials used with a minimum
requirement of PCR and gel electrophoresis. Genotype-
phenotype correlation could not be conducted because
the p.GIn138Ter was found in heterozygous state and
no other targeted variants were found. Nevertheless, a
more advanced molecular technique, such as MLPA
combined with Sanger sequencing, is recommended
due to its ability to discover novel variants and more
comprehensive analysis in CAH patients, thereby
enabling correct diagnosis, early and personalized
treatment, and genetic counseling
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