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MOLECULAR ANALYSIS OF THE CYP21A2 GENE IN DRIED BLOOD SPOT SAMPLES
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Abstract Congenital adrenal hyperplasia (CAH) is an autosomal recessive disorder due to a deficiency of
 enzymes involved in cortisol biosynthesis. In more than 90% of cases, CAH is secondary to deleteri-
ous mutations in the CYP21A2 gene leading to 21-hydroxilase deficiency (21OHD). The CYP21A2 gene is located 
on the short arm of chromosome 6 (6p21·3) and encodes the cytochrome P450C21 enzyme. Neonatal screening 
programs detect the classic forms of CAH-21OHD quantifying 17OH-progesterone in dried blood spots (DBS). 
This test is very sensitive, but  it has a low specificity, requiring a second sample to confirm the result. In these 
cases, a second-tier test in the same sample may be useful. Our aim was to evaluate a DNA extraction method 
from DBS and assess the performance of such DNA in the molecular analysis of the CYP21A2 gene mutations. 
Twelve individuals, who presumably had CAH based on the initial neonatal screening results, were analyzed using 
DNA extracted from freshly collected blood on EDTA and DBS. The CYP21A2 gene was analyzed by automated 
sequencing of all exons and intron boundaries and MLPA analysis in DBS. Molecular analysis results from both 
extraction methods were compared. In this study, we show that DNA extracted from neonatal screening DBS is 
a useful tool to define CYP21A2 gene mutations in 21-OHD diagnostic confirmation for the newborn screening 
program and that its results are comparable to traditional genotyping.

Key words: dried blood spot testing, congenital adrenal hyperplasia, CYP21A2

Resumen Análisis molecular del gen CYP21A2 en muestras de sangre seca en papel de filtro. La hiper-
 plasia suprarrenal congénita (HSC) es un desorden autosómico recesivo producido por la deficiencia 
de alguna de las enzimas involucradas en la biosíntesis de cortisol. Más del 90% se debe a mutaciones en el 
gen CYP21A2 que genera deficiencia de 21 hidroxilasa (21OHD). Este gen se encuentra en el brazo corto del 
cromosoma 6 (6p21·3) y codifica para la enzima citocromo P450C21. Los programas de pesquisa neonatal de-
tectan la forma clásica de la HSC-21OHD cuantificando 17OH-progesterona en gota de sangre en papel de filtro 
(GSPF). Este test es muy sensible, pero tiene baja especificidad, por lo que se utiliza una segunda muestra para 
confirmar el resultado. En estos casos, una segunda determinación en la misma muestra podría ser de utilidad. 
Nuestro objetivo fue evaluar el método de extracción de ADN y posterior análisis molecular del gen CYP21A2 en 
muestras de GSPF. Analizamos doce individuos presumiblemente afectados por HSC en la pesquisa neonatal 
usando ADN extraído de sangre fresca recolectada sobre EDTA y de GSPF. Realizamos el análisis del gen 
CYP21A2 mediante secuenciación automática de todos los exones y regiones intrónicas flanqueantes y MLPA 
en GSPF, y comparamos los resultados con ambos métodos de extracción. En este estudio demostramos que 
el ADN extraído de GSPF es una herramienta muy útil para analizar las mutaciones del gen CYP21A2 en la 
confirmación diagnóstica de 21-OHD para los programas de pesquisa neonatal y que los resultados son com-
parables con la genotipificación tradicional.
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Congenital adrenal hyperplasia (CAH) is an autosomal 
recessive disorder due to a deficiency of enzymes involved 
in cortisol biosynthesis. In more than 90% of cases, CAH 
is secondary to deleterious mutations in the CYP21A2 
gene. The CYP21A2 gene is located on the short arm of 

chromosome 6 (6p21·3) and encodes a cytochrome P450 
enzyme (P450C21).

As cortisol synthesis is blocked, ACTH levels increase 
resulting in overproduction and accumulation of cortisol 
precursors, particularly 17-OH-progesterone (17OHP). 
Dependent on the severity of the disease, 21-OHD is 
characterized by diminished synthesis of cortisol and 
aldosterone and variable degrees of postnatal androgen 
excess.

Clinically, 21-OHD is classified into classic (including 
salt-wasting and simple virilizing) and non-classic forms of 
the disease. In neonates key features of classic 21-OHD 
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are ambiguous genitalia in females, neonatal salt loss, 
failure to thrive, and potentially fatal hypovolemia and 
shock. In the following years classic CAH is characterized 
by rapid postnatal growth, sexual precocity, and differ-
ent signs of hyperandrogenism. The non-classic form is 
milder, showing variable degrees of postnatal androgen 
excess (hirsutism, menstrual abnormalities) or no clinical 
symptoms at all (cryptic CAH)1. 

Neonatal screening programs detect the classic forms 
of CAH by quantifying 17OHP in dried blood spots. This 
test is very sensitive but it has a low specificity leading 
to the need for a second sample to confirm the result 2

.

Another option may be a second-tier analysis in the 
same sample consisting of either quantification of 17OHP 
with organic solvent extraction, a modified liquid chroma-
tography/tandem mass spectrometry protocol using a ratio 
of the sum of 17OHP and 21-deoxicortisol levels divided 
by the cortisol level, or molecular genetics3.

CYP21A2 mutations can be detected in DNA samples 
extracted from different sources. Because almost 90% of 
mutant alleles carry one of 11 mutations, patients carrying 
none of these mutations are unlikely to be affected. If at 
least one mutation is detected, the patient is evaluated 
further. In general, there is a good phenotype-genotype 
correlation. CYP21A2 genotyping is complicated due 
to the presence of a nearby-located highly homologous 
pseudogene CYP21A1P as well as complex duplications, 
deletions, and rearrangements within chromosome 6p21.3 
and thus, requires thorough knowledge on CYP21A2 
genetics.

 Additionally, CYP21A2 exon and flanking intronic re-
gions sequencing is another option to search for mutations 
when the 11 most common are not found.

Dried blood spots (DBS) are very convenient since 
they are minimally invasive. Blood samples are obtained 
by pricking the heel or finger, blotted and dried on a filter 
paper. The advantages include the need for remarkably 
lower blood volumes and easier shipping and storage 
at ambient temperatures with good stability of the com-
pounds to be analyzed. This has led to a simplification of 
the blood collection process and a significant reduction of 
the costs involved. Additionally, DBS are easy to handle in 
the laboratory, decrease the risk of transmission of infec-
tious diseases, and represent an inexpensive method for 
long-term biobanking4.

DBS samples on filter paper are very useful for ge-
notyping, especially when it is difficult for the patient 
to travel for a suitable blood extraction, and allows for 
retrospective study of the disease. Samples can be 
shipped to centralized laboratories via the standard mail 
delivery. This type of samples has been used for the 
detection of mutations in other genes5, 6 and particularly 
in the CYP21A27-9.

In this study, the DNA extraction method and mutation 
screening of the CYP21A2 gene from DBS samples were 

analyzed to be used as another tool in CAH neonatal 
screening and to compare these results with those ob-
tained from fresh whole blood on EDTA.

Materials and methods

A total of 12 individuals who presumably had CAH based on 
the initial neonatal screening results were analyzed in this 
study using DNA extracted from freshly collected blood on 
EDTA and DNA extracted from DBS.

Additional to these 12 patients assessed to validate the 
method, 11 other patients were analyzed using DNA extracted 
from DBS only.

The DELFIA Neonatal 17a-OH-Progesterone kit by Perkin 
Elmer was used for CAH neonatal screening. It is a competi-
tive solid-phase time-resolved fluoroimmunoassay and values 
were expressed in nmol/l blood. For the assay, dried blood 
spot specimens were collected on Whatman 903 specimen 
collection paper.

Blood samples spotted onto filter paper between 2010 and 
2017 were collected from 5 different Newborn Screening labo-
ratories. All Guthrie Cards were stored at room temperature 
until molecular analysis. 

DNA from DBS on filter paper was extracted from DBS with 
a commercial extraction kit (QIAamp DNA Mini Kit, Qiagen, 
Hilden, Germany) according to the manufacturer’s instructions 
with some modifications.

Briefly, six circles with a diameter of 3 mm each were 
punched out from DBS. The blood in the six circles was 
equivalent to 36 μl of whole blood. To increment the amount 
of DNA extracted, two 50-μl elutions were done. Elution into 
a fresh tube is recommended to prevent dilution of the first 
eluate. 

DNA was extracted from peripheral blood leucocytes by 
standard procedures. 

Evaluation of DNA quality, detectability and integrity: DNA 
quality was assessed based on spectrophotometric measure-
ments. The concentration and absorbance ratio of the DNA 
were measured at a 260/280 nm using a NanoDrop ND-1000 
spectrophotometer (Thermo Fisher Scientific, Massachusetts, 
United States). DNA detectability was assessed by PCR and 
DNA integrity by agarose gel 1% electrophoresis. 

The 10 most common point mutations in our population 
were analyzed with allele-specific polymerase chain reaction 
(PCR), using previously reported primers (p.Ile172Asn, ClEx6, 
p.Val281Leu, p.Arg356Trp, p.Pro453Ser, p.Arg483ProfsTer58, 
In2 and Del8bp E3) or RFLP with the PstI restriction enzyme 
(p.Gln318Ter) and AciI restriction enzyme (p.Pro30Leu)10, 

11. For HGVS recommendations for the nomenclature of the 
most common mutations at the protein and nucleotide level 
see footnote Table 2. 

When more than one mutation was present in the same 
patient, molecular studies were performed in both parents, or 
at least in one if the other was not available, for segregation 
analysis. To distinguish between homozygosity and hemizy-
gosity, parental samples were analyzed and inferred deletions 
or large gene conversions were confirmed with MLPA analysis 
in all cases (MRC Holland P050-CAH version C1, Amsterdam, 
the Netherlands).

In patients who carried at least one non-detected allele, 
gene sequence analysis was performed by automated se-
quencing of all exons and intron boundaries. 

Each exon, with flanking intronic regions, was PCR ampli-
fied using primers that were previously reported12. Each puri-
fied product (Qia Quick PCR purification kit; Qiagen, Hilden, 
Germany) was used as a template for direct sequencing using 
a BigDye Terminator version 3.1 cycle sequencing kit (Applied 
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Biosystems, California, United States) on an ABI PRISM 3130 
Genetic Analyzer capillary DNA Sequencer (Applied Biosys-
tems, California, United States). 

The nucleotide sequences obtained were compared with 
the NCBI entry of the CYP21A2 gene: NG_007941.3.

Prior to analysis, written informed consent for the study 
was obtained from all patients’ parents or tutors. This study 
was approved by the Ethics Committee of the Garrahan Pe-
diatric Hospital. 

In the statistical analysis Fisher’s exact test was used to 
compare both methodologies for molecular analysis (DNA 
extracted from DBS vs DNA extracted from fresh blood). 

All statistical analyses were performed using EPITABLE 
Software.

Results

DNA extracted from a total of 12 DBS samples was 
analyzed.

Table 1 shows the evaluation of the quality, detect-
ability, and integrity of the DNA. Mean DNA concentra-
tion was 13.10 ± 4.6 ng/ul; 260/280 ratio was found to 
be 1.72 ± 0.11. DNA integrity as well as detectability by 
PCR were fairly satisfactory and later sequencing was 
successful in all the samples.

CYP21A2 mutations can be detected in DNA samples 
extracted from the same DBS used for hormonal screen-
ing. All samples were sequenced and MLPA analysis was 
performed to detect deletions and gene conversions. In 8 
out of 12 patients two affected alleles were detected. 

As shown in Table 2, in eight out of 12 samples CAH 
diagnosis was confirmed, while four patients turned 

out to be false positive cases, in coincidence with 
molecular studies performed in DNA extracted from 
blood samples.

Additionally, we analyzed 11 patients with elevated 
17-OHP in neonatal screening using DNA extracted from 
DBS only. In these cases, we received DBS from babies 
who had difficulty coming to the hospital or in whom trans-
portation of the blood sample was complicated enabling 
molecular study to diagnose CAH.

As shown in Table 3, in 10 out of 11 samples CAH 
diagnosis was confirmed, while one patient turned out 
to be a false positive case. The latter was a child born 
at term with normal weight (gestational age: 39 weeks, 
weight: 3.980 g) who was admitted to the hospital with 
severe respiratory distress. He had positive neonatal 
17OHP results in two Guthrie cards, so he was referred 
to a pediatric endocrinologist. The serum sample was lost, 
but due to the severity of the patient, it was decided to start 
hydrocortisone and 9-a-fludrocortisone treatment. Once 
he was compensated and CYP21A2 molecular testing 
resulted negative, it was decided to reassess and treat-
ment was discontinued. The clinical and endocrinological 
follow-up confirmed that it was a false positive case.

In the cases in which two mutations were found, 
analysis of DNA of the parents was necessary to confirm 
allele segregation. 

To test whether the results of the analysis were re-
producible by both methods a Fisher’s exact test was 
performed showing that the methods were comparable 
(one-tailed p = 0.67, two-tailed p = 1.33).

TABLE 1.– Screening 17OH-progesterone (17OHP) levels, spectrophotometric measurements of DNA samples obtained 
from 12 dried blood spot samples from newborn screening

Sample GA Cut-off 17OHP DNA (ng/μl) A260/A280 DNA 
 (weeks) (nmol/l) (nmol/l) Eluate 1 Eluate 2 Eluate 1 Eluate 2
       
1 40 23 312.3/289.1 10.8 9.9 1.84 1.53
2 39 23 354.5/300.8 10.3 10.6 1.65 1.44
3 40 23 522.0/477.4 10.0 7.8 1.46 1.45
4 35 37 53.0/37.0 14.7 13.1 1.75 1.64
5 40 23 160.5/196.3 14.8 14.0 1.67 1.51
6 39 23 275.6/195.7 15.0 21.0 1.61 1.38
7 38 23 265.9/276.0 17.8 10.8 1.75 1.61
8 27 160 225.0/251.0 21.8 15.1 1.75 1.69
9 41 23 871.0/844.0 22.1 11.6 1.88 1.55
10 40 23 564.1/656.0 12.9 10.4 1.76 1.58
11 37 23 105.7/107.8 15.5 11.8 1.68 1.65
12 39 23 190.8/221.2 12.2 9.6 1.57 1.80

GA: gestational age
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Discussion

In this study, we show that DNA extracted from DBS is 
a useful tool to define CYP21A2 gene mutations in 21-
OHD diagnostic confirmation for the newborn screening 

program and that its results are comparable to traditional 
genotyping. The application of this technique allowed to 
confirm 21-OHD in those patients detected by neonatal 
screening.

In neonatal screening, careful standardization of the 
cut-off points is necessary to separate normal babies from 
those affected with CAH, increasing sensitivity even at 
the expense of specificity. Determination of 17OHP by 
fluoroimmunoassay, has a low specificity. In this method, 
17OHP is quantitatively displaced from its binding proteins 
and measured using antibodies supposedly specific to 
17OHP. In practice, some cross-reactivity, e.g. with 11-de-
oxycortisol, could be the cause of false positive values.

Newborns generally have high 17OHP levels in the 
first two days of life that subsequently decrease, in con-
trast with those affected with CAH. Females have slightly 
lower mean 17OHP levels than males. Premature, sick, or 
stressed infants have higher levels of 17OHP than term 
infants generating many false positives. Therefore, it is 
important to use different cut-offs corrected by gestational 
age or weight at birth.

In addition, if CAH is detected by the screening proce-
dure, differentiation between 21-OHD and 11b-hydroxy-
lase deficiency has to be carried out later on. 

The conditions for obtaining and storing the DBS 
samples are less demanding, improving the acces-

TABLE 2.– CYP21A2 mutations in 12 patient samples

Sample Dried blood spot DNA Blood DNA
 Allele 1 Allele 2 Allele 1 Allele 2

1 In2 Del/Conv In2 Del/Conv
2 In2 Del/Conv In2 Del/Conv
3 In2 Del/Conv In2 Del/Conv
4 n/d n/d n/d n/d
5 [In2;p.Val281Leu] p.Arg483ProfsTer58 [In2;p.Val281Leu] p.Arg483ProfsTer58
6 n/d n/d n/d n/d
7 n/d n/d n/d n/d
8 n/d n/d n/d n/d
9 p.Gln318Ter In2 p.Gln318Ter In2
10 Del/Conv p.Gln318Ter Del/Conv p.Gln318Ter
11 p.Ile172Asn [ClEx6;p.Val281Leu] p.Ile172Asn [ClEx6;p.Val281Leu]
12 In2 In2 In2 In2

n/d: non detected
Nomenclature of most common mutations at the protein and nucleotide level is as follows: p.Pro30Leu: g.89C > T, c.89C > T; In2: IVS2-
13A/C > G, g.656A/C > G; Del 8 bp E3: p.Gly110ValfsTer21, g.708_715delGAGACTAC, c.329_336delGAGACTAC; p.Ile172Asn: g 1000T 
> A, c.515T > A; ClEx6: p.[Ile236Asn;Val237Glu;Met239Lys]; g.[1382T > A; 1385T > A; 1391T > A], c.[707T > A;710T > A;716T > A], 
p.Val281Leu: g.1685G > T, c.841G > T; p.Gln318Ter: g.1996C > T, c.952C > T; p.Arg356Trp: g.2110C > T, c.1066C > T; p.Pro453Ser: 
g.2581C > T, c.1357C > T; p.Arg483ProfsTer58: g.2671_2672delGGinsC, c.1447-1448delGGinsC; Del/Conv: large rearrangements (30-kb 
deletion including 3’ of CYP21A1P and 5’ of CYP21A2 and CYP21A2 converted to CYP21A1P in the 5’ part)
NCBI Reference Sequence: NG_007941.3. Numbering starts from A in the initiation codon

TABLE 3.– CYP21A2 mutations in 11 additional patient 
samples

     
Sample Dried blood spot
 Allele 1 Allele 2

1 In2 In2
2 p.Gln318Ter p.Gln318Ter
3 n/d n/d
4 p.Gln318Ter In2
5 In2 In2
6 p.Arg356Trp Del/Conv
7 p.Gln318Ter In2
8 c.423delG p.Gln42Ter
9 Del/Conv p. Leu307insT
10 p.Val281Leu p.Val281Leu
11 In2 Del/Conv
  
n/d: non detected
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sibility of these tests to centers in less favorable 
environments.

The diagnostic use of the material obtained from neo-
natal screening allows shortening of the time needed to 
make definitive diagnosis.

Algorithms currently used for neonatal screening and 
CAH diagnosis are based on quantification of 17OHP as 
first tier (Fig. 1). Our results suggest that the same card 
could be used as a second tier, saving time and money 
in searching the baby to take a second blood sample.

Early confirmation of the diagnosis by molecular 
studies without the recitation of a second sample is 
important to improve the clinical management of the 
patient, avoiding salt-wasting crisis and incorrect sex 
assignment, especially in cases in which it is difficult to 
contact the patient. 

In conclusion, this study confirms the advantage of 
using DBS as a second tier because it decreases false 
positive results that lead to anxiety, saving health-care 
costs and improving the efficiency of the neonatal screen-
ing program.
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- - - -
In time, a chance will come to reshape our world, prioritise health and wellbeing, work 

as equal partners with Africa and Asia, and build international solidarity. The agendas of 
nationalism and isolationism (the ideologies that downgrade public health and primary care), 
and the selfishness that perpetuates inequalities and a climate disaster, are being destroyed 
by a pathogen spreading with the ruthless vengeance of a Biblical plague.

Con el tiempo, surgirá la oportunidad de remodelar nuestro mundo, priorizar 
la salud y el bienestar, trabajar como socios iguales con África y Asia, y construir 
la solidaridad internacional. Las agendas del nacionalismo y el aislacionismo (las 
ideologías que degradan la salud pública y la atención primaria), y el egoísmo que 
perpetúa las desigualdades y un desastre climático, están siendo destruidos por 
un patógeno que se propaga con la despiadada venganza de una plaga bíblica.
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