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Abstract: Background: Deficiency of 21-hydroxylase is present in 90-95%
cases of congenital adrenal hyperplasia (CAH), an autosomal recessive disorder. Eleven
common pseudogene-derived mutations account for approximately 95% of all affected
CYP21A2 alleles in all three clinical forms of the disease.

Objective: To analyse the detected heterozygotes during the molecular analysis
of eleven CYP21A2 common pseudogene-derived point mutations in Macedonian CAH
patients and their relatives, using the PCR-ACRS protocol.

Material and methods: We performed direct molecular detection of CYP21A2
mutations: p.P30L, IVS2-655 C/A—G, G110AS8nt, p.I172N, p.I1236N, p.V237E, p.M239K,
p.F306+t, p.V281L, p.Q318X and p.R356W, in 51 CAH Macedonian patients and their
70 healthy relatives (parents and siblings), using the differential PCR-ACRS protocol.

Results: Six of the analysed mutations were detected in 29.4% (15/51) of the
patients, in the heterozygous state, with the following distribution: IVS2-655 C/A—G
(13.7%), p.P30L (11.8%), p.Q318X (9.8%), p.I172N (3.9%), p.R356W (3.9%) and
p.V281L (1.96%). Six cases (6/15) were compound heterozygotes and nine (9/15) were
simple heterozygotes. Genotype-phenotype correlation was observed in all of our
detected compound heterozygote patients. Their clinical presentation was correlated
with the less severely mutated allele.

Four of the analysed mutations (p.P30L 20%, IVS2-655 C/A—G 12.9%,
p.Q318X 7.1% and p.R356W 2.9%) appeared in thirty healthy relatives (42.9%), in the
heterozygous state.
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Conclusion: Distribution of the analysed CYP21A2 mutations among CAH pa-
tients and their relatives is comparable to studies from other populations. As expected,
high carrier frequency of alleles causing 21-hydroxylase deficiency was observed in re-
latives of CAH patients.

Key words: CAH, 21-hydroxylase deficiency, CYP21A2 gene, CYP21A2 point muta-
tions, heterozygosity.

Introduction

Steroid 21-hydroxylase (210H) deficiency represents about 95% of
congenital adrenal hyperplasia (CAH), an inborn autosomal recessive adreno-
cortical steroidogenesis error [1]. The clinical presentation of CAH varies wi-
dely depending on the genetic lesion. It can present as a classical simple virili-
zing form (SV), causing ambiguous genitalia in females, classical salt wasting
form (SW) in the neonatal period, and nonclassic late onset form (LO) causing
premature adrenarche and pubarche in children, virilization in young women,
and variable symptoms in young men. [1, 2]. The incidence of the severe classi-
cal form is one in 10,000 to one in 15,000 among Caucasians [3]. The preva-
lence of milder non-classic CAH is estimated to one in 1,700 in the general po-
pulation [4]. Based on newborn screening data, the carrier frequency of CAH in
the general population is estimated to be 1: 55 [5].

The wide range of CAH phenotypes is associated with multiple mutati-
ons known to affect 21-hydroxylase enzymatic activities [3]. The gene coding
for 210H is designated CYP21A2. A second duplicated inactive copy,
CYP21AI1P (pseudogene), shares 98% nucleotide sequence homology with
CYP21A2 in the exon sequences [6]. Both the active gene and the pseudogene
are located at the 3’ terminus of each of the two genes encoding the fourth com-
ponent of the complement, C4A and C4B, in the HLA class III gene region on
the short arm of chromosome 6 [7]. The CYP21A2 and CYP21A1P are 3.2 kb
long and contain 10 exons each. Because of the high homology and tandem-re-
peat organization, this gene cluster is subjected to a high frequency of recombi-
nation events, which can lead to two distinct situations: unequal crossing-over
during meiosis, producing a wide variety of rearrangements depending on the
breakpoint and large and short gene conversion events that transfer deleterious
mutations present in the CYP21A1P gene to CYP21A2 [8-11]. However, apart
from gene deletions and large gene conversions, nine such pseugene-derived
mutations account for about 95% of all affected CYP21A2 alleles in different
ethnic groups, while the remainder (5%) are new mutations not found in the
pseudogene [3]. Although good genotype-phenotype correlations were demon-
strated for common mutations [12—15], the combination of the CYP21A2 muta-
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tions can cause different phenotypes [16—18]. Most patients are compound hete-
rozygotes, having different CYP21A2 mutations on each allele: the clinical pre-
sentation of CAH is reported to be correlated with the less severely mutated
allele [3, 19-21].

We performed molecular analysis of eleven CYP21A2 mutation in 51
CAH patients belonging to all three clinical forms of the disease, and their 70
healthy relatives, and analysed the detected heterozygotes.

Patients and methods

Patients

Fifty-one 21-hydroxylase deficiency patients from 45 unrelated families
and their 70 healthy relatives (57 parents and 13 siblings), were studied. Infor-
med consent for the molecular tests was provided. Patients were diagnosed
according to standard clinical criteria [22] at the Department of Endocrinology
and Genetics, University Children’s Clinic, Skopje, Republic of Macedonia.
Twenty patients, (39.2%) were diagnosed as salt wasters, 11 (21.6%) as simple
virilizers and 20 (39.2%) as nonclassic patients.

Molecular methods

Genomic DNA was extracted from peripheral blood lymphocytes fol-
lowing standard phenol/chloroform protocol [23]. Combined differential PCR-
ACRS (polymerase chain reaction/amplification created restriction site) proto-
col was used for direct molecular detection of 11 common pseudogene-derived
mutations: p.P30L, IVS2-655 C/A—G, G110A8nt, p.1172N, p.I1236N, p.V237E,
p-M239K, p.F306+t, p.V281L, p.Q318X and p.R356W, accounting for appro-
ximately 95% of all affected CYP21A2 alleles, as previously described [24].
The combination of CYP21A2 specific primers (21BF/21BR) and EcoRI dige-
stion ensured that only the active gene sequence had been amplified and analy-
sed, without contamination from the highly homologous pseudogene sequence.
The primary differential PCR amplification of the CYP21A2 gene was carried
out in a final volume of 100 ul containing 1 pg of genomic DNA, 20 pmol of
each specific primer (21BF: 5’-TCG GTG GGA GGG TAC CTG AAG-3’ and
21BR: 5’-AAT TAA GCC TCA ATC CTC TGC AGC G-3’), 200 uM of each
dNTP, 1,5 mM Mg(OAc), and 4U r7th DNA polymerase, XL (GeneAmp XL
PCR kit — Applied Biosystems, Branchburg, NJ, USA). The 3.2 kb PCR pro-
ducts of the CYP21A2 and EcoRI digestion products (1.0 and 2.2 kb) are shown
in Figure 1.
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3.0kb 2.2kb

1.0 kb

3.2kb

Figure 1 — A 3.2 kb PCR product of CYP21A2 gene, line 1-4 and Eco RI digestion
of CYP21A2 PCR product with produced two fragments (1 kb and 2,2 kb),
line 58, line 9-blank;, M-marker (50 bp)
Cauxa 1 — PCR iipooykini 00 Zenoii CYP21A2, co Zoaemuna o0 3,2 kb, tipumepouu
00 1-4; ouzeciiuja na PCR upodykituoit 00 zenoii CYP21A42
co peciipukiniugHaitia enOoHyk.aeaza Eco RI u ipoOdykuuja Ha 08a ¢ppazmenitiu
(1 kbu 2,2 kb), ipumepouyu 00 5-8; upumepok 9-caeiia ilpoba; M-mapkep (50 bp)

The primary PCR product was then used as a template for secondary
PCR amplification using ACRS, as previously described [24]. Subsequent res-
triction analysis allowed not only the detection but also the determination of the
zygosity of the mutation analysed.

Results and discussion

Fifty-one 21-hydroxylase deficiency patients were studied for 11 com-
mon pseudogene-derived mutations. Homozygosity was found in 47.1% of the
patients (unpablished results) for three different mutations (p.P30L, IVS2-655
C/A—G, and p.Q318X ); 29.4% were heterozygotes for six mutations and
23.5% were not elucidated and might carry other rare or novel mutations. This
data was very similar to theirs reported in Iranian patients by Ramazani A. et al,
2007 [25] and Brazilian patients by Torres N. et al., 2003 [26] in a similar num-
ber of CAH patients and comparable with other populations worldwide [27].

In the present study we found that six of the analysed mutations in
15/51 (29.4%) of the patients were detected in the heterozygous state, with the
following distribution: IVS2-655 C/A—G (13.7%), p.P30L (11.8%), p.Q318X
(9.8%), pI172N (3.9%), p.R356W (3.9%) and p.V281L (1.96%), (table 1)
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Figure 2. Among the heterozygotes, six cases (40%) were compound hetero-
zygotes with different mutations on each chromosome and nine patients (60%)
were simple heterozygotes for one mutant allele, without detection of another
mutant allele between analysed CYP21A2 point mutations (potential compound
heterozygotes). Several studies have confirmed that compound heterozygosity
appears in 18-75% [19, 20, 25].

Table 1 — Tabena 1

Genotype-phenotype correlation in CAH patients with heterozygosity
Jfor CYP21A2 mutations
Tenoituni-gpenoitiuii kopeaayuja xkaj CAH tiauuenitiu, xeitiepo3uzoimiu
3a CYP21A2 myiuayuu

S.W. S.V. L.O. Total
Patients (n) 20 11 20 51
P30L / IVS2 2 (18.2%) 2 (3.9%)
P30L / Q318X 1 (5%) 1 (1.96%)
IVS2/ Q318X 1 (5%) 1 (1.96%)
1VS2 / R356W 1 (5%) 1 (1.96%)
IVS2/Vv281L / 1 (5%) 1 (1.96%)
Q318X / R356W
P30L /? 3 (15%) 3 (5.9%)
IVS2/? 1 (5%) 1 (5%) 2 (3.9%)
I172N/? 2 (18.2%) 2 (3.9%)
Q318X /? 1(9.1%) 1 (5%) 2 (3.9%)
Total 4 (20%) | 5 (45.5%) 6 (30%0) 15 (29.4%)

Genotype-phenotype correlation was observed in all of our detected
compound heterozygotes patients.

Clinically, it has been shown that the IVS2-655 C/A—G, G110A8nt,
p-F306+t, p.Q318X and p.R356W result in a complete inactivation of 210H and
are found in severe salt wasting disease, whereas the simple virilizing form of
CAH are associated with p.I172N, which abolishes 210H activity. The p.P30L,
p.P105L, p.V281L, p.P453S are associated with the milder non-classical form
of CAH since the mutations result in only partial loss of the 210H enzyme
activity [24-30].

The clinical expression of CAH is reported to be correlated with the less
severely mutated allele, and consequently with the residual activity of 21-hyd-
roxylase [21] that was detected in all of our compound heterozygotes, also. The
patient who was compound heterozygote for p.P30L and p.Q318X presented a
non-classical phenotype and two other compound heterozygotes for p.P30L and
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IVS2 had SV phenotype. Patients with the p.P30L allele, although still cate-
gorized as non-classical, tend to have pronounced evidence of androgen excess
[31]. The compound heterozygotes for severe mutations (IVS2/p.Q318X;
IVS2/p.R356W; IVS2/p.V281L/p.Q318X/p.R356W) presented a SW classical

2 3 4 5 6 7 8 9==10

Figure 2 — ACRS/PCR analysis in the CAH patients with detected CYP21A42 mutations
in heterozygous state; PCR II products of exon 1 (195 bp), intron 2 (115 bp), exon 4
(159 bp), exon 7 (213 bp) and exon 8 (197 bp) — lines 1,3,5,7,9 respectively, Detected
heterozygosity for CYP21A2 mutations with the restrictive enzymes digestions. Pst I
(fragments -195, 164+31 bp), Sac I (115 bp, 85+30 bp), Mse I (159 bp, 130+29 bp),
Apal I (213 bp, 116+101 bp), Pst I (197 bp, 146+51 bp) and Msc I (197 bp, 167+30 bp)
—lines 2,4,6,8,10,11 respectively; 12 — blank; M — marker (50 bp)

Cauxa 2 — ACRS/PCR ananusa kaj CAH ilayuenitiu co Oeitiexitiuparu CYP2142
Mmyiiayuu 80 xetleposuzotitia cocitiojoa; PCR 11 ipooykitiu 00 excon 1 (195 bp),
unitipon 2 (115 bp), excon 4 (159 bp), excorn 7 (213 bp) u excon 8 (197 bp)

— dpumepouu 1,3,5,7,9 coooseiino; [leiiexitiupariu CYP21A42 myitiayuu
80 Xelllepo3uzZoiliHa cOCtlojoa o Ouzeciiuja co peclupuKiUUHU eH3UMU,
ipeitciiagenu co caeonuite ppazmeniiu: Pst I (ppazmenitiu -195, 164+31 bp), Sac
1(115 bp, 85+30bp), Mse I (159 bp, 130+29 bp), Apal I (213 bp, 116+101 bp), Pst I
(197 bp, 146+51 bp) u Msc I (197 bp, 167+30 bp) — tipumepouu 2,4,6,8,10,11
coooseitino; 12 — caetia upoba; M — mapiep (50 bp)

phenotype (table 1). Although p.V281L is generally associated with the non-
classical form of the disease [32], the association with severe mutations produ-
ced the classical form of the disease [26]. Thus, the compound heterozygote
patient for p.V281L and other three severe mutations (IVS2, p.Q318X and
p-R356W) had a classical phenotype.

In nine patients only one mutation was detected. A second mutation in
those patients with clear clinical presentations (Table 1) was not detected bet-
ween the analysed CYP21A2 point mutations with the PCR/ACRS method.
This might be a result of the novel mutations, rare mutations or gene deletions.
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Four of the analysed mutations, with the following distribution: p.P30L
20%, IVS2-655 C/A—G 12.9%, p.Q318X 7.1% and p.R356W 2.9%, appeared
in thirty healthy relatives (42.9%), in the heterozygous state. Twenty-six of the
parents (45.6%) and four of the siblings (30.8%) were carriers of detected muta-
tions (table 2). It is worth mentioning that 7/57 (12.3%) of the parents and 3/13
(23.1%) of the siblings were homozygous for IVS2-655 C/A—G splice muta-
tion. An unusually high frequency of ,”asymptomatic homozygotes’’ for a mu-
tation expected to severely compromise 21-hydroxylase function was described
previously [17, 33).

Table 2 — Tabema 2

Detected CYP21A2 mutations in heterozygous state in CAH patients’ relatives

Jeitiexiuiupanu CYP21A42 myiayuu 8o xeitlepo3uzoitina cocitiojba
Kaj poOHuHu Ha dayuenitiu co CAH

Mutation Parents Siblings Total relatives

12/57 2/13 14/70

p- P30L (21.1%) (15.4%) (20%)
7/57 2/13 9/70

p.IVS2 (12.3%) (15.4%) (12.9%)
5/57 / 5/70

p. Q318X (8.8%) (7.1%)
2/57 / 2/70

p- R356W (3.5%) (2.9%)
26/57 4/13 30/70

Total (45.6%) (30.8%) 42.9%

Carriers of CYP21A2 mutations are relatively common in the general
healthy population 1: 55 [5]. It is more frequent in middle European populations
(1: 10), in Yugoslav (9.5%) and non-Yugoslav individuals (8.6%), [34].

There are no data for CAH carrier frequency in the healthy Macedonian
population. Thus, further analysis for CYP21A2 mutation frequency in the
Macedonian population is warranted.

Conclusion
In the present study we found that six out of eleven analysed mutations
were detected in the heterozygous state in 29.4% patients. High carrier frequ-

ency of alleles causing 21-hydroxylase deficiency (42.9%) was observed in
relatives of CAH patients.
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Genotype-phenotype correlation was observed in all of our detected
compound heterozygote patients. Their clinical expression was correlated with
the less severely mutated allele and consequently, with the residual activity of
21-hydroxylase.
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Peszume

JETEKTUPAHU XETEPO3UT'OTHU BO TEKOT
HA MOJIEKYJTAPHATA AHAJ/IN3A HA YECTHU CYP21A2 TOYKECTH
MYTAIIMN KAJ MAKEJOHCKH ITAIIMEHTH CO KOHTEHUTAJ/IHA
AJTPEHAJTHA XUITEPILNIASUJA 1 HUBHU POJHUHU

Amnacracoscka Buonera,' Kouosa Mupjana®

L 2[eneiticka nabopaitiopuja, >*000en 3a eHOOKPUHOA0ZUjA U 2 eHelliUKa
2 Yuueepauitieiticka kAuHuKa 3a Oeiticku 60.aecitiu, Meduyuncku gaxyaitieit,
Ynusepsuiueii ,,Ce. Kupua u Meitioouj*, Croiije, P. Maxedonuja

Konrennranna afpenanna xunepruiasuja (CAH) e aBTOCOMHO pelleCHBHA
6orecT, Koja Bo 90-95% of ciydauTte e nocnefuna of AepuuUT Ha eH3UMOT 21-Xupipo-
kcunasza, kopgupaH o CYP21A2 renor. EpuHaecer TOYKecTH MyTanuu BO
CYP21A2 reHor, mo moOTEKJO Of ICEBAOTreHOT, ce NMpUYMHA 3a OKony 95% on
adextupannte CYP21A2 anenw, Kaj cuTe Tpu KIMHAIKA (pOpME Ha Oorecra.

Lea: [1a ce aHanmu3upaaT XeTepO3UTOTU IETEKTUPAHU BO TEKOT Ha MoOJIe-
KyJlnapHaTa aHanm3a Ha 11 yectn Toukectn MyTanuu Bo CYP21A2 reHor, kaj ma-
ety co CAH u wieHOBM Ha HUBHUTE pamuiun Bo P. Makengonuja.

Mainepujan u meitioou: Ananusupanu ce 51 mauueHT u 70 4JIeHOBU Ha
HUBHHTE (paMHJIUN 3a IpucycTso Ha ciaeguutre CYP21A2 myramunm: p.P30L, IVS2-
655 C/A—G, G110A8nt, p.I172N, p.I1236N, p.V237E, p.M239K, p.F306+t, p.V281L,
p-Q318X u p.R356W, co kopucreme Ha monekyiaapHa PCR-ACRS metopa.

Pezyainaiuu: Kaj 15/51 (29.4% ) nanueHTH e MPUCYTHA XETEPO3UTOTHOCT
3a €Ha Off BKYIHO ILIeCT fAeTekTupaHu MmyTtauum: 1VS2-655 C/A—G (13.7%),
p.P30L (11.8%), p.Q318X (9.8%), p.I172N (3.9%), p.R356W (3.9%) m p.V281L
(1.96%). Kaj mecr op xerepozurorure (6/15) e HajaeHa MyTanyja Ha [BaTa ajena
(compound xeTepo3uroTu), fofeka Kaj feset xereposurotu (9/15) e merekTupana
MyTan@ja caMo Ha efgHara ajnena. Kopenanuja nomefy reHOTHIOT 1 (DEHOTHIIOT €
KOHCTaTHpaHa Kaj cute compound XeTEpO3UTOTH.

Mefy uneHOBUTE Ha HUBHUTe (PAMUJIMU KOHCTAaTHpaHa € XeTEePO3UTOT-
HocT Kaj 30/70 (42.9%), co cmenmnara pucrpubymmja: p.P30L 20%, IVS2-655
C/A—G 12.9%, p.Q318X 7.1% u p.R356W 2.9%.

3axayqok: ductpubynujata Ha aHanusupanute CYP21A2 myTauum Kaj
nanueHTuTe co CAH 1 4IeHOBUTE HA HUBHUTE (DaMUJINK € CIMYHA CO Taa KOHCTa-
THpaHa Kaj Apyrd nonynanuu. J[leTeKTHpaHa € Oo4eKyBaHa BHCOKa (PpEKBEHIIHja
Ha HOocuTenn Ha MyTaHTHH CYP21A2 anenn Kaj wieHoBW Ha (pammnnu Ha CAH
MAAECHTHATE.
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