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Background: 11B-hydroxylase deficiency is one of the
main causes of congenital adrenal hyperplasia (CAH). It is
caused by the mutation of the CYP11B1 gene that encodes
the enzyme. Researches have shown that mutations of
the CYP11B1 gene would result in activity decrease or
inactivation of the enzyme in classical 11p-hydroxylase
deficiency.

Data sources: Articles on CAH and CYP11B1 gene
mutation were retrieved from PubMed and MEDLINE
published after 1991.

Results:  The prevalence, pathophysiology, and
molecular-genetic mechanisms were summarized.

Conclusions: The disease is caused by genetic
mutations of CYP11B1, and types of the mutations are
varied. In classical 11p-hydroxylase deficiency, genetic
mutations of CYP11B1 lead to activity decrease or loss;
mutations in unclassical 11p-hydroxylase deficiency are
not definite. And the relationship between genotype and
phenotype is not established.
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Congenital adrenal hyperplasia and

11B-hydroxylase

( jongenital adrenal hyperplasia (CAH) is a family
of autosomal recessive inherited diseases, and
is one of the most common inherited endocrine

disorders.!"
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CAH is divided into 5 types by enzyme deficiency:
cholesterol desmolase deficiency; 170 hydroxylase
deficiency; 3B-hydroxysteroid dehydrogenase deficiency;
21-hydroxylase  deficiency; and  11B-hydroxylase
deficiency. Among them, 21-hydroxylase deficiency
accounts for more than 90% of CAH, while
11B-hydroxylase deficiency accounts for 5%-8% as the
second commonest cause of CAH.

Clinically, CAH is characterized by ambiguous
genitalia in female newborns, salt-losing in male
newborns, a syndrome of hirsutism, acne and irregular
periods in adolescent females. The table summarizes
different presentations according to age.”

11B-hydroxylase belongs to the cytochrome P450
system (P45011B). It regulates the biosynthesis of
corticosterone in zona glomerulosa and cortisol in zona
fasciculata of adrenal gland, respectively. Synthesis
of 11-deoxycorticosterone (DOC)-the precursor of
corticosterone in zona glomerulosa is mainly regulated
by adrenocorticotropic hormone (ACTH) in zona
fasciculata. The deficiency of 11B-hydroxylase results
in decreased synthesis of cortisol and glucocorticoids,
and thus causes weakened depressive feedback of
ACTH and increased synthesis of ACTH in pituitary,
which leads to production of more cortisol precursor
in zona fasciculata. Therefore, the substrate of 17,
20-cleavage enzyme in the noninvolved androgen
synthesis pathway is increased and hyperandrogenemia
appears. Besides, the increase of ACTH also leads to
higher levels of DOC and 11-deoxycortisol.””

Clinical characteristics connected with
11B-hydroxylase deficiency

11B-hydroxylase deficiency is divided into classical
and unclassical forms according to the clinical
manifestations. Deficiency in 11B-hydroxylation results
in virilizing CAH, usually accompanied by hyper-
tension. Abnormal adrenal steroid secretion causes
a net mineralocorticoid effect, subsequent sodium
retention, and volume expansion.”’

Virilization and hypertension are the main clinical
characteristics of 11B-hydroxylase deficiency. Develop-
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ment of the female external genitalia is affected
by excess fetal adrenal androgens in fetus, causing
ambiguous genitalia (female pseudohermaphroditism,
or 46, XX) in all cases. However, internal genital
structures are normal for females notwithstanding
different degrees of wirilization of their external
genitalia. An 11B-OHD affected female infant is usually
considered as male at birth because of the abnormal
external genitalia. Persistent existing increased adrenal
androgen production after birth results in premature
and abnormal secondary sexual characteristics in
both female and male patients. Females also manifest
with increased aggressive behavior and activity
in childhood.” Such characteristics may include
progressive penile/clitoral enlargement, emergence of
axillary pubic and facial hair, acne, changing of voice,
and rapid skeletal growth."!

Hypertension is a common but less consistent
feature compared with virilization in 11B-OHD
CAH. Overproduction of DOC causes salt retention
and hypertension. Elevated blood pressure is usually
recognized only in late childhood or in adolescence,
although it has been reported that it may appear in
infants as young as 3 months. But the severity of
hypertension is not necessarily correlated with the
severity of other clinical features: some severely
virilized females are normotensive, while mildly
virilized ones might have severe hypertension.
Complications of long-term uncontrolled hypertension,
such as cardiomyopathy, retinal vein occlusion

Table. Clinical features of congenital adrenal hyperplasia™

Infancy Female Ambiguous genitalia

Male Salt loss
Early childhood Male Virilization, rapid growth
Late childhood Female Early pubic hair, rapid growth

Adolescence/young Female
adult

Delayed menarche, irregular menses
Hirsutism, acne, weight gain, infertility

and blindness have been reported. Contemporary
potassium depletion develops with sodium retention,
but the severity of hypokalemia is variable. Renin
production is suppressed by mineralocortiocidinduced
sodium retention and volume expansion. Aldosterone
production is low because of low serum potassium and
plasma renin.*

Molecular-genetic studies of 11p-hydroxylase
deficiency

In recent years, sound and comprehensive studies
have already been done in 21-hydroxylase deficiency.
However, molecular-genetic studies of 11B-hydroxylase
deficiency are comparatively fewer because of a lower
incidence. Two genes on the long arm of chromosome
8 were confirmed to share high homology in their
coding sequences, called CYP11B1 and CYP11B2,
which are related to the disease. In normal adrenal
tissue, CYPI1B2 is only expressed at a very low
level in zona glomerulosa under the stimulation of
angiotensin II. Researchers have found that CYP11B2
encodes a protein with activities of 18-hydroxylase,
18-oxydase, and comparatively lower activity of
11B-hydroxylase. That's why it is called aldosterone
synthase. In contrast, CYP11B1 is expressed at a
high level in zona fasciculata and also appreciable in
zona glomerulosa. It only encodes one protein with
11B-hydroxylase activity, and is regulated mainly by
ACTH, slightly by angiotensin II. So molecular-genetic
changes in CYP11B1 have been identified as the cause
of 11B-hydroxylase deficiency.””

CYP11BI is located in region 21 on the long arm
of chromosome 8 (8qg21), consisting of 9 exons, with
the whole length of 6.03 kbp. It encodes 503 amino
acids.””) Mutations in this gene will lead to non- or
weakened expression of 11B-hydroxylase, and result in
11B-hydroxylase deficiency (Fig.).
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Fig. Summarization of mutation sites of CYP11B1. E: 1-9: exons; line between exons: introns; gray part of exon 1: 5'-noncoding region of CYP11B1;
gray part of exon 9: 3'-noncoding region of CYP11B1; M: sites of base replacement and small deletions/insertions; D: sites of gross loss; R: sites of

rearrangement with CPY11B2.
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mutations was first reported by White et al in 1991."”

To date, 50 mutations have been reported, with 29
missense/nonsense mutations, 5 splices, 3 small
deletions, 4 gross deletions, 3 insertions, and 2 complex
rearrangement mutations (including inversions).**'*"
These mutations usually take place in Jews, but
mutation in Indians, Lebanese, Africa Negroes, and
Japanese have also been reported.'*"""*) Mutation sites
are summarized in Fig.

Although mutation sites spread all over the gene,
it is quite notably that most reported mutations locate
in exon 6, 7, and 8, which account for merely 30% of
the coding sequence in CYP11BI. It is obvious that
mutation distribution is not random. The following
reasons are possible. First, these regions may contain
sequences encoding important amino acids, whose
changes could result in significant decrease or loss
in enzyme activity of 11B-hydroxylase. 70% of
amino acid sequences in exon 6, 7 and 8§ are identical
in human, ox, rat, and mouse, whereas only 44%
identical in other exons, suggesting that exon 6, 7,
and 8 are significantly important in maintaining the
function of 11B-hydroxylase. Second, these regions
are susceptive to mutations for some reasons, such
as higher concentration of CpG dinucleotide. In CpG
dinucleotide, methylated cytosine residual tends to
mutate spontaneously while changing into thymine.
Now CpG dinucleotide sequences have been established
as the hot point of human mutations. And 49% of CpG
dinucleotides in CYP11B1 coding sequence are located
in exon 6, 7 and 8, suggesting that incidence of CpG—
TpG mutation is surely higher. In comparison with the
whole genome or the CYP17 gene and CYPI1A gene
(encoding cholesterol desmolase), the proportion of
CpG dinucleotide in CYP11B1 is higher (1.5%, 2%, 3%
respectively)."”!

Mutation mechanisms

In reported mutations, T318M, R374Q, R384Q, R448H,
and R448C are all caused by CpG—TpG transform-
ations.*'***) Codon 448 is the most frequently mutated
site.'"'”) R448H is the earliest reported mutation of
CYPI1IBI. It is a single-base replacement in exon 8§,
causing change of codon 448 changed from CGC into
CAC. This mutation mainly takes place in Moroccan
Jews, in whom the incidence of 11B-hydroxylase
deficiency is relatively high, in about 1/5000 newborns.
The sulfydryl of Cys450 in P450cll composes the
fifth coordination site of iron atom combining site in
hemachrome. This residual is completely conservative
in the cytochrome P450 system, and the surrounding
hemachrome combining peptides is also highly

conservative. Moreover, Arg448 is conservative in the
P450 enzyme system of all the eukaryotes, indicating
base replacement in this site can not maintain the
original function. As Arg448 locates close to Cys450,
Arg448—His mutation fails in the combining of
hemachrome.”"” Expression experiments in vitro show
that replacement of arginine by histidine in site 448
will lead to activity loss of 11B-hydroxylase. Besides,
missense mutations like R448C and V441G take place
in this region, and R427H is also located near the
hemachrome combining site.”**” Their mechanisms
are quite similar to those of R448H. These mutations
in the neighbourhood of hemachrome combining site
indicate that this region is susceptive to mutations,
and is significant in maintaining the activity of the
enzyme.”"*"

Similar to R448, E371 is highly conservative in the
P450 system of many species and humans, suggesting
the region around E371 is functionally important. Like
the mutation of R347Q (codon 372-375) in the second
conservative region, E371G possibly changes the
interaction with adenodoxin, and results in decreased
activity of 11B-hydroxylase.">"’

Moreover, V129 and A331 are conservative in the
gene family (CYP11A, CYP11B1, and CYP11B2), but
not in other P450 enzymes. A331, E371, and 464 where
leucine insertion takes place are likely to be located in
I(A331), K(E371), and L(L464) in a-helix according
to the speculation of secondary and tertiary structure
of 11B-hydroxylase. These sites are all located in the
central core region of the conservative sequence in
P450 enzyme.”'** Mutations in these sites may lead to
changes in the secondary and even tertiary structure
of 11B-hydroxylase, and thus causing activity loss. But
how V129 maintains the activity of the enzyme is not
clear yet. It is presumed that V129 may be involved in
substrate combination as its crystallographic data share
comparability with those of bacterial enzyme P450cam,
P450BM-3, and P450terp."" Similar to V129, site 384 is
also presumed to be involved in substrate combination.
It is thought to be part of the combination region."”

T319 is conservative in all the isozymes of CYP11A
and CYP11B, but not in other P450 enzymes. Its
location is related to transference of proton to combined
oxygen molecule. The nearby T318 is completely
conservative in all of the known P450 enzymes,
though its function is still unknown. Mutation T318M
causes activity loss of the enzyme and subsequent
11B-hydroxylase deficiency. Another mutation T318R
has also been observed in this site, suggesting that
codon 318 is a hot point of mutation too."” However,
there is an intron between T318 and T319, providing
the probability that T319M mutation influences normal
splicing of RNA.“"? Researches have already shown
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that mutations in the last nucleotide of exons would be
enough to affect the correctness of RNA splicing.”™”

P42 is conservative in all the isozymes of CYP11B,
and is also highly conservative in other P450 enzymes
that share little relativity, such as P450cam. In most
of P450 enzymes, there are a number of proline
residuals in this region.””) These residuals may be
related to directional movement of the enzyme to the
membrane, just like that in microsome P450 enzyme."””
Mutations in corresponding region of CYP21 causing
slight 21-hydroxylase deficiency have confirmed the
hypothesis to some extent.””

It is common that splicing sites are involved in
genetic diseases. Most mutations of splicing site are
located in 3'-AG acceptor or 5'GT donor. In these
illnesses, such kind of replacement affects splicing
reaction of RNA, and leads to wrong transcription, and
sequentially results in mistakes in expression of the
right proteins. Functional studies have shown that such
replacement could cause hiding of 5'splicing site or
skipping of exons downstream.!'” In known mutations
of CYP11BI, 5 are related to splicing site mutation. In
1996, Skinner et al'* reported a G—T mutation in the
last base of exon 4 (one base upstream to the splicing
site). Merke et al'” reported a splicing mutation in the
CYPI11BI gene of an African with American nationality
in 1998, which was a G to A mutation in the 318 site (the
first base of the donor) of intron 5. Different splicing
mutations in two patients were reported by Chabre et
al'” in 2000, which were C—G mutation in the last
base of exon 4 (one base upstream to the splicing site)
and A—G mutation in intron 8 (2 bases downstream to
the donor site). The later one leads to skipping of exon
8 in transcription."” In 2001, Hampf et al"® reported
a patient with a G—T mutation in the 16th base of
intron 3 (IVS3+16G—T), forming a new donor site for
splicing.!"”

Moreover, 3 insertion mutations could cause
wrong reading in DNA transcription (frame-shifting
mutation) and lead to wrong production of downstream
mRNA and subsequently wrong protein. For example,
the insertion of two bases (GA) at site 394 changes
all the DNA codes downstream to this site, making a
complete change of amino acids between site 443 and
463 of hemachrome combining region and leading
to corresponding function loss.”” The mechanism is
similar to those of other mutations in this region, such
as R448C and V441G, and the result is function loss
of the final product—I11B-hydroxylase. In 2001, two
complex rearrangements of the CYP11B1 gene were
reported independently, they were chimaera formations
of CYP11BI/CYP11B2.1"

One of the two rearrangements was reported by
Hampf et al."” The reported chimaera consisted of
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5'-regularoty sequence of CYPI1B1 and 3'-structure
sequence of CYP11B2, and thus expressed a protein
with aldosterone synthase activity under the control of
CYP11BI's promoter. As the expression of CYP11B1
is regulated by ACTH (the activation of CYP11Bl's
promoter is regulated by ACTH), the expression of
this chimaera is also regulated by ACTH, and the
aldosteronism could be controlled by glucocorticoids
(glucocorticoid-remediable aldosteronism-GRA). The
reported splitting sites of gene exchange mainly are
located in intron 2 and 4.°°"*" Such exchange would
lead to a high expression of aldosterone synthase, and
result in primary aldosteronism. On the other hand, this
exchange may also lead to the formation of CYP11B2/
CYPI11B1 chimaera, which consists of the promoter
of CYP11B2 and the structure sequence of CYP11BlI.
The expression of such chimaera is regulated by the
promoter of CYP11B2 (that is by angiotensin II and
K"), but not ACTH; it is expressed in zona glomerulosa,
the same as CYP11B2. There is no 17a-hydroxylase in
zona glomerulosa, which is necessary in the cortisol
biosynthesis pathway. Furthermore, all materials
are circulated centripetally from zona glomerulosa
to the medulla, so 11B-deoxycortisol (substrate of
11B-hydroxylase) could hardly enter zona glomerulosa.
In addition, 11B-hydroxylase expressed by CYP11B1
decreases under the regulation of aldosterone synthase
promoter. The outcome is a gross reduction in cortisol
and CAH is caused."”

The CYP11B2/CYPI11B1 chimaera reported by
Portrat et al*" is a combination of exon 7-9 of CYP11BI
and 5'-end of CYP11B2. It is known that amino acid
residuals coded by exon 5 and 6 the CYPI1B2 gene
are essential to maintaining the activity of aldosterone
synthase coded by the gene.”*” Therefore, when the
splitting site is located at the 5-end of exon 6, the
protein coded by the chimaera will lose the function
of aldosterone synthase, including activities and
18-hydroxylase, 18-oxydase, and comparatively lower
activity of 11B-hydroxylase. When the patient is a
homozygote, aldosterone synthase deficiency and
11B-hydroxylase deficiency are will be caused."”

At present, genetic mutations which are related
to unclassical 11B-hydroxylase deficiency are not
clear. Joeherer reported 3 cases of unclassical
11B-hydroxylase deficiency, in two of which genetic
mutations were shown, and the mutations were complex
ones: N133H/T319M and Y423X/P42S. In vitro studies
approved that NI133H, T319M, and P42S greatly
decreased the activity of 11B-hydroxylase.””” However,
no mutation was found in the third case.”

Moreover, there is a clear relationship between
genotype and phenotype of 11B-hydroxylase deficiency.
Clinical manifestations in patients with homozygous
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mutations are not surely more prominent than in those
with heterozygous mutations. In the 38 patients with
11B-hydroxylase deficiency, whose mutations were
all homozygous R448H, the severity of hypertension,
virilism, and serum levels of 11-deoxycortisol and
11-deoxycorticosterone were significantly different.”"

Conclusion

11B-hydroxylase deficiency is an autosomal recessive
inherited disease. It is the second commonest cause
of congenital adrenal hyperplasia. Clinical studies of
11B-OHD CAH are far less extensive than those of
21-OHD CAH, reflecting its rarity and variable clinical
manifestations. The disease is caused by genetic
mutations of CYP11BI, and types of the mutations are
varied. In classical 11B-hydroxylase deficiency, genetic
mutations of CYP11Bl1 lead to activity decrease or loss;
mutations in unclassical 11p-hydroxylase deficiency are
not definite. And the relationship between genotype
and phenotype is not established.

Funding: None.

Ethical approval: Not needed.

Competing interest: None declared.

Contributors: Han S wrote this article under the supervision of
Tian HM. Zhao LQ is the guarantor.

References

1 Speiser PW, White PC. Congenital adrenal hyperplasia. N
Engl J Med 2003;349:776-788.

2 Hughes 1. Congenital adrenal
2005;33:25-26.

3 Nimkarn S, New MI. Steroid 1lbeta-hydroxylase deficiency
congenital adrenal hyperplasia. Trends Endocrinol Metab
2008;19:96-99.

4 Pasterski V, Hindmarsh P, Geffner M, Brook C, Brain C,
Hines M. Increased aggression and activity level in 3- to
11-year-old girls with congenital adrenal hyperplasia (CAH).
Horm Behav 2007;52:368-374.

5 Chemaitilly W, Wilson RC, New MI. Hypertension and
Adrenal Disorders. Curr Hypertens Rep 2003;5:498-504.

6 Deng C, Ji J, Zhang L, Zhang X. Diagnosis of congenital
adrenal hyperplasia by rapid determination of 17alpha-
hydroxyprogesterone in dried blood spots by gas
chromatography/mass spectrometry following microwave-
assisted silylation. Rapid Commun Mass Spectrom
2005;19:2974-2978.

7 Krone N, Riepe FG, Gotze D, Korsch E, Rister M, Commentz
J, et al. Congenital adrenal hyperplasia due to 11-hydroxylase
deficiency: functional characterization of two novel point
mutations and a three-base pair deletion in the CYP11B1 gene.
J Clin Endocrinol Metab 2005;90:3724-3730.

8 Krone N, Riepe FG, Grotzinger J, Partsch CJ, Sippell WG.
Functional characterization of two novel point mutations in

hyperplasia. Medicine

the CYP21 gene causing simple virilizing forms of congenital
adrenal hyperplasia due to 21-hydroxylase deficiency. J Clin
Endocrinol Metab 2005;90:445-454.

9 Dolzan V, Solyom J, Fekete G, Kovacs J, Rakosnikova V,
Votava F, et al. Mutational spectrum of steroid 21-hydroxylase
and the genotype-phenotype association in Middle European
patients with congenital adrenal hyperplasia. Eur J Endocrinol
2005;153;99-106.

10 Merke DP, Tajima T, Chhabra A, Barnes K, Mancilla E, Baron

J, et al. Novel CYPI1Bl mutations in congenital adrenal

hyperplasia due to steroid 11 beta-hydroxylase deficiency. J

Clin Endocrinol Metab 1998;83:270-273.

Gatelais F, Berthelot J, Beringue F, Descamps P, Bonneau

D, Limal JM, et al. Effect of single and multiple courses of

prenatal corticosteroids on 17-hydroxyprogesterone levels:

implication for neonatal screening of congenital adrenal
hyperplasia. Pediatr Res 2004;56:701-705.

12 Geley S, Kapelari K, Johrer K, Peter M, Glatzl J, Vierhapper
H, et al. CYPI1BI mutations causing congenital adrenal
hyperplasia due to 11 beta-hydroxylase deficiency. J Clin
Endocrinol Metab 1996;81:2896-2901.

13 Wisniewski AB, Migeon CJ, Malouf MA, Gearhart JP.
Psychosexual outcome in women affected by congenital
adrenal hyperplasia due to 21-hydroxylase deficiency. J Urol
2004;171:2497-2501.

14 Skinner CA, Rumsby G, Honour JW. Single strand
conformation polymorphism (SSCP) analysis for the detection
of mutations in the CYP11BI1 gene. J Clin Endocrinol Metab
1996;81:2389-2393.

15 Forest MG. Recent advances in the diagnosis and management
of congenital adrenal hyperplasia due to 21-hydroxylase
deficiency. Hum Reprod Update 2004;10:469-485.

16 Hampf M, Ngoc Dao NT, Hoan NT, Bernhardt R.
Unequal crossing-over between aldosterone synthase and
11B-hydroxylase genes causes congenital adrenal hyperplasia.
J Clin Endocrinol Metab 2001;86:4445- 4452.

17 Chabre O, Portrat-Doyen S, Chaffanjon P, Vivier J, Liakos P,
Labat-Moleur F, et al. Bilateral laparoscopic adrenalectomy
for congenital adrenal hyperplasia with severe hypertension,
resulting from two novel mutations in splice donor sites of
CYPI11BI. J Clin Endocrinol Metab 2000;85:4060-4068.

18 Olgemoller B, Roscher AA, Liebl B, Fingerhut R.
Screening for congenital adrenal hyperplasia: adjustment
of 17-hydroxyprogesterone cut-off values to both age and
birth weight markedly improves the predictive value. J Clin
Endocrinol Metab 2003;88:5790-5794.

19 Portrat S, Mulatero P, Curnow KM, Chaussain JL, Morel Y,
Pascoe L. Deletion hybrid genes, due to unequal crossing
over between CYP11B1 (11B8-Hydroxylase) and CYP11B2
(aldosterone  synthase) cause steroid 11B-hydroxylase
deficiency and congenital adrenal hyperplasia. J Clin
Endocrinol Metab 2001;86:3197-3201.

20 Skinner CA, Rumsby G. Steroid 11 beta-hydroxylase
deficiency caused by a five base pair duplication in the
CYPI11BI1 gene. Hum Mol Genet 1994;3:377-378.

21 Muirhead S, Sellers EA, Guyda H. Indicators of adult height
outcome in classical 21-hydroxylase deficiency congenital
adrenal hyperplasia. J Pediatr 2002;141:247-252.

22 Cingdz S, Ozkan B, Doneray H, Sakizli M. Familial
pericentric inversion chromosome 3 and R448C mutation of
CYPI11B1 gene in Turkish kindred with 1lbeta-hydroxylase

1

—_—

World J Pediatr, Vol 4 No 2 - May 15, 2008 - www.wjpch.com



World Journal of Pediatrics

deficiency. J Endocrinol Invest 2007;30:285-291.

23 Vijayakumar S, Salerno JC. Molecular modeling of the
3-Dstructure of cytochrome P-450scc. Biochim Biophys Acta
1992;1160:281-286.

24 Rosenfield RL. Serum cortisol and 17-hydroxyprogesterone
concentrations in children with classic congenital adrenal
hyperplasia. J Clinic Endocrinol Metab 2002;87:2993.

25 Ravichandran KG, Boddupalli SS, Hasermann CA, Peterson
JA, Deisenhofer J. Crystal structure of hemoprotein domain
of P450BM-3, a prototype for microsomal P450's. Science
1993;261:731-736.

26 Hasemann CA, Ravichandran KG, Peterson JA, Deisenhofer J.
Crystal structure and refinement of cytochrome P450terp at 2.3
A solution. J Mol Biol 1994;236:1169-1185.

27 Nelson DR, Strobel HW. On the membrane topology
of vertebrate cytochrome P-450 proteins. J Biol Chem
1988;263:6038-6050.

28 Tusie-Luna MT, Speiser PW, Dumic M, New MI, White PC.
A mutation (Pro-30 to Leu) in CYP21 represents a potential
nonclassic steroid 21-hydroxylase deficiency allele. Mol
Endocrinol 1991;5:685-692.

29 Groschl M, Rauh M, Dorr HG. Cortisol and
17-hydroxyprogesterone kinetics in saliva after oral
administration of hydrocortisone in children and young
adolescents with congenital adrenal hyperplasia due to
21-hydroxylase deficiency. J Clin Endocrinol Metab 2002;87:
1200-1204.

World J Pediatr, Vol 4 No 2 - May 15, 2008 - www.wjpch.com

30 Nordenstrom A, Wedell A, Hagenfeldt L, Marcus C, Larsson

A. Neonatal screening for congenital adrenal hyperplasia:

17-hydroxyprogesterone levels and CYP21 genotypes in

preterm infants. Pediatrics 2001;108:868.

Portrat S, Mulatero P, Curnow KM, Chaussain JL, Morel Y,

Pascoe L. Deletion hybrid genes, due to unequal crossing

over between CYP11B1 (1lbeta-hydroxylase) and CYP11B2

(aldosterone synthase) cause steroid 1lbeta-hydroxylase

deficiency and congenital adrenal hyperplasia. J Clin

Endocrinol Metab 2001;86:3197-3201.

32 Curnow KM, Mulatero P, Emeric-Blanchouin N, Aupetit-
Faisant B, Corvol P, Pascoe L. The amino acid substitutions
Ser288Gly and Val320Ala convert the cortisol producing
enzyme, CYP11BI, into an aldosterone producing enzyme.
Nat Struct Biol 1997;4:32-35.

33 Mulatero P, Curnow KM, Aupetit-Faisant B, Foekling M,
Gomez-Sanchez C, Veglio F, et al. Recombinant CYP11B
genes encode enzymes that can catalyze conversion of
11-deoxycortisol to  cortisol, 18-hydroxycortisol, and
18-oxocortisol. J Clin Endocrinol Metab 1998;83:3996-4001.

34 MacConnachie AA, Kelly KF, McNamara A, Loughlin S,
Gates LJ, Inglis GC, et al. Rapid diagnosis and identification
of cross-over sites in patients with glucocorticoid remediable
aldosteronism. J Clin Endocrinol Metab 1998;83:4328-4331.

3

—_

Received April 2, 2007
Accepted after revision April 1, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


