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THE ROLE OF 21-HYDROXYLASE DEFICIENCY IN THE
PATHOGENESIS OF BEHCET DISEASE

BEHCET HASTALIGI PATOGENEZINDE 21-HIDROKSILAZ EKSIKLIGININ
ROLU

Nurdan GUL* ©, Ahmet GUL** ©, Murat INANC** ©, Lale OCAL** ©, Orhan ARAL**
Faruk ALAGOL*

ABSTRACT

Objective: Acne-like skin lesions and more severe disease course in males suggest a role for sex hormones in the patho-
genesis of Behget disease (BD). HLA-B51 is the main genetic susceptibility factor for BD, and CYP21A2 gene responsible
for most of congenital adrenal hyperplasia (CAH) is located within the MHC locus on chromosome 6p21.3. We aimed to
investigate the possible role of 21-hydroxylase deficiency in linkage disequilibrium with HLA-B51 and causing androgen
excess.

Materials and Methods: We studied 18 healthy controls, 29 BD patients and 15 patients with ankylosing spondylitis (AS).
All subjects underwent ACTH stimulation test. Basal and stimulated serum cortisol and 17-OH-progesterone (17-OH-P)
levels and basal dehydroepiandrosterone sulfate (DHEA-S), total testosterone and sex hormone binding globulin (SHBG)
levels were measured.

Results: According to current guidelines, we accepted 10 ng/mL as the cut-off point for 17-OH-P to define non-classic
CAH (NCAH). After ACTH stimulation 3 of BD patients (10.3%) and 5 AS patients (33.3%) had high 17-OH-P concentra-
tions. Those individuals were considered as NCAH or possible carriers for CAH mutations. Three out of 8 BD patients with
prominent acne were identified as NCAH biochemically. Mean total testosterone levels of BD patients were significantly
lower than those of healthy controls, however these levels were normal in BD patients with high 17-OH-P.

Conclusion: This preliminary work documented high 17-OH-P levels following ACTH stimulation in a subset of BD
and AS patients, and genetic studies are necessary to investigate the role of 21-hydroxylase deficiency in association with
HLA-B alleles in their pathogenesis.

Keywords: 21-hydroxylase deficiency; Behget disease; Ankylosing spondylitis; HLA-B51; HLA-B27; CYP21A2 gene.

OZET

Amag: Akne benzeri deri lezyonlarmin siklig1 ve hastaligin erkeklerde daha agir seyretmesi Behget hastaligi (BH) patoge-
nezinde seks hormonlarinin roliiniin olabilecegini diisiindiirmektedir. HLA-B51 BH i¢in en 6nemli genetik duyarlilik fak-
toriidiir. Konjenital adrenal hiperplazilerin (KAH) ¢ogundan sorumlu olan CYP21A2 geni kromozom 6p21.3’deki MHC
bolgesinde yerlesimlidir. Bu ¢calismada CYP21A2 genindeki olasi bazi mutasyonlarin HLA-B51 ile baglanti dengesizligi
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21-hydroxylase deficiency in Behget Disease

gostererek 21-hidroksilaz eksikligine ve bunun sonucunda androjen fazlaligina yol agarak BH patogenezine katki yapabi-
lecegi hipotezini arastirmay1 amagladik.

Gerec ve Yontem: Calisma grubunu 18 saglikli kontrol, 29 BH olan hasta ve 15 ankilozan spondilit (AS) hastasi olusturdu.
Biitlin hastalara ACTH uyari testi yapildi. Bazal ve ACTH uyaris1 sonrasi serum kortizol ve 17-OH-progesteron (17-OH-P)
diizeyleri ve bazal dehidroepiandrosteron siilfat (DHEA-S), total testosteron ve seks hormonu baglayici globulin (SHBG)
diizeyleri 6l¢tildii.

Bulgular: Kilavuzlarin 6nerdigi sekilde, klasik olmayan KAH tanisi i¢in 17-OH-P i¢in esik deger olarak 10 ng/mL alindi.
ACTH uyarist sonrast 3 BH (%10,3) ve 5 AS hastasinin (%33,3) 17-OH-P diizeyleri yiiksek bulundu. Bu hastalarin kla-
sik olmayan KAH hastalar1 ya da KAH mutasyonlari igin tastyici olabilecegi diisiiniildii. Belirgin aknesi olan 8 BH’dan
l¢liniin biyokimyasal degerleri klasik olmayan KAH ile uyumluydu. BH olanlarin ortalama total testosteron diizeylerinin
saglikli kontrollerinkinden anlamli olarak diisiik oldugu goriildii. Bununla birlikte 17-OH-P diizeyi yiiksek olan hastalarda
testosteron diizeyleri normaldi.

Sonug: Bu pilot ¢alismada BH ve AS hastalarinin bir grubunda ACTH uyaris1 sonrast yiiksek 17-OH-P degerleri gozlemle-
dik. Bulgularimiz HLA-B allelleri ile baglanti dengesizligi gdsteren olas1 21-hidroksilaz eksikliginin patogeneze katkisinin
olabilecegini diigiindiirmekte ve verilerin genetik calismalarla dogrulanmasini gerektirmektedir.

Anahtar Kelimeler: 21-hidroksilaz eksikligi; Behget hastaligi; Ankilozan spondilit; HLA-B51; HLA-B27; CYP21A2 geni.

INTRODUCTION may usually present after puberty, with clinical mani-
Behget disease (BD) is a multisystem inflammatory dis- festations such as acne, hirsutism, menstrual disturbanc-
order characterized mainly by recurrent oral and geni- es and infertility, reflecting androgen excess instead of

tal aphthous ulcers, skin lesions, and posterior segment  adrenal insufficiency (8). Refractory acne may be the
uveitis. The etiology of BD is yet unknown, but it is main clinical manifestation of those patients. On the

generally considered to be multifactorial with an im- other hand, some of the non-classic CAH (NCAH) pa-
portant contribution of genetic factors and environmen- tients may be asymptomatic and can only be diagnosed
tal triggers, including microbial agents such as strepto- during screening of families with affected members (8).

cocci and herpes viruses (1). HLA-B51 is the strongest ~ Classic CAH patients carry mutations causing severe
genetic susceptibility factor described so far, and sever-  defects in function such as zero to 5% enzyme activ-
al other non-HLA polymorphisms contribute to the ten- ity in both alleles, but about one half to two thirds of
dency for BD phenotype (2). BD has a worse prognosis  patients with NCAH are compound heterozygotes for
in young and male patients suggesting a role for sex hor- mutations causing both mild and severe defects in en-
mones (3,4). Increased frequency of acne-like lesions zyme function (8).

and sebum production further supports the contribution =~ Mutations associated with CAH and NCAH were
of male hormones to the BD pathogenesis (5). known to be in linkage disequilibrium with HLA-B
Congenital adrenal hyperplasia (CAH) is a group of  alleles, because of strong linkage disequilibrium in the
autosomal recessively inherited disorders, which are major histocompatibility region (6,9-12). HLA-B51 has
clinically characterized by different degrees of viriliza-  been listed among the alleles associated with non-clas-
tion and salt wasting caused by deficiency of enzymes sic CYP21A2 mutations (13,14). Since 21-hydroxylase
involved in biosynthesis of steroid hormones (6,7). The deficiency associated NCAH is a relatively common
most common form of CAH is due to mutations in the autosomal recessive disorder (15), we herein aimed to
CYP21A2 gene leading to 21-hydroxylase deficien- investigate the possible role of 21-hydroxylase deficien-
cy, which results in a decrease in cortisol synthesis at ¢y in linkage disequilibrium with HLA-B51 and caus-
varying levels and overproduction of cortisol precursors ing androgen excess in the pathogenesis of BD, and we
and sex steroids (6). Classic form of CAH may be life included another HLA Class I associated disease with
threatening and usually diagnosed very early in life (7). male predominance, ankylosing spondylitis (AS) as dis-
However, patients with non-classic forms of the disease ease control group.
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MATERIALS AND METHODS

Patients

Study group consisted of 18 healthy controls, and 29
patients with BD, who fulfilled the International Study
Group Ceriteria for the diagnosis. Also, 15 patients with
AS, who met the modified New York criteria, included
into the study. The patient group was selected from Out-
patient Clinic as consecutive patients with known HLA
status and consenting to participate in the study.

All the patients and healthy controls were clinically
evaluated for acne, hirsutism, short stature, premature
puberty, menstrual dysfunction and infertility using
a standard chart. None of the patients or controls was
using glucocorticoids or oral contraceptives that may
affect the hormonal evaluation.

Methods

All of the patients and healthy controls underwent a
diagnostic protocol that included basal serum 17-hy-
droxyprogesterone (17-OH-P), cortisol, dehydroepi-
androsterone sulfate (DHEA-S), total testosterone and
sex hormone binding globulin (SHBG) levels and an
ACTH-stimulation test. Stimulation test was done by in-
travenous bolus injection of 0.25 mg 1-24 ACTH (Syn-
acthen; Ciba/Novartis, Basel, Switzerland), and venous
blood samples were collected 30 and 60 min later for the
measurement of cortisol and 17-OH-P concentrations.
All samples were obtained after an overnight fasting, in
the early morning between 8 and 9 o’clock and between
day 3 and 8 of the menstrual cycle of the female par-
ticipants. Samples were immediately centrifuged, and
serum was separated and frozen at -20°C until analyzed.
Informed consent was obtained from all the partici-
pants, and Istanbul Faculty of Medicine Research Ethics
Committee approved the study protocol.

Assays

Serum cortisol levels were measured with Amerlite
Cortisol Assay (Ortho-Clinical Diagnostics, Amersh-
am, UK) using a competitive immunoassay technique.
Serum 17-OH-P, DHEA-S and testosterone levels were
measured with Diagnostic Systems Laboratories (DSL)
(Webster, TX) radioimmunoassay kit. SHBG levels
were measured with Euro-Diagnostica (Malmd, Swe-
den) radioimmunoassay (RIA) kit.

Statistical Analysis

Mean values with standard deviation (SD) were cal-
culated, and those values were compared with Student
t test for parametric, and Mann-Whitney U test for
non-parametric variables. P<0.05 was considered statis-
tically significant for all analyses. Statistical analyses
were done by Statistical Package for the Social Sciences
for Windows (Release 5.0.1. SPSS Inc.; Chicago, IL,
USA).

RESULTS

The mean age (£SD) of the healthy controls (8 fe-
males/10 males) was 29+5.3 (range, 22-40), of BD
patients (14 females/15 males) was 41+£9.6 (range,
24-60), of AS patients (3 females/12 males) was
29+8.7 (range, 16-44). Only 8 out of 29 patients with
BD and 1 out of 15 patient with AS had acne or his-
tory of acne.

According to the current approach (7,15), we accept-
ed 10 ng/mL concentration of 17-OH-P as the cut-off
point to define NCAH. After ACTH stimulation 3 of
BD patients (10.3%) and 5 AS patients (33.3%) had in-
creased 17-OH-P concentrations >10 ng/mL. Clinical
and laboratory features of those BD and AS patients
are given in Table 1. Two of the BD patients (66.6%)
were HLA-B51 positive, and four of the AS patients
(80%) were HLA-B27 positive (Table 2). Two of AS
patients were also carrying HLA-BS1.

In one of the healthy controls with high basal level (3.4
ng/mL), 17-OH-P value was found to be 9.9 ng/mL af-
ter stimulation, and his result was considered as border-
line positive.

Those 3 patients with BD, 5 patients with AS and one of
healthy controls were considered as NCAH or possible
heterozygous carriers of CYP21A2 mutations for CAH.
Mean total testosterone levels of BD patients were sig-
nificantly lower than those of healthy controls, however
these levels were within normal limits in BD patients
with high stimulated 17-OH-P (Table 2).

DISCUSSION

This preliminary study identified 10.3% of the BD and
33.3% of the AS patients with high 17-OH-P levels
following ACTH stimulation. High 17-OH-P levels
suggesting 21-hydroxylase deficiency was observed in
37.5% of the BD patients with prominent acne, and just
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Table 1. Clinical and laboratory features of 3 Behcet disease and 5 ankylosing spondylitis patients with high
17-OH-P results after ACTH stimulation

17-OH-P (ng/mL)

Total T SHBG DHEAS HLA-B
Patient Age Sex Acne (ng/mL) (nmol/L) (ng/dL) Basal Stimulated Allele
Behget disease
1 26 M Yes 8.0 134.8 62.3 5.3 11.2 B35/B35
2 24 M Yes 8.2 80 266.9 8.8 14.8 B51/B45-50?
3 36 M Yes 6.3 46.5 323.8 4.8 13 BS51/BSS
Ankylosing spondylitis
1 41 M No 12.3 81.4 547.5 5.5 13.3 B27
2 20 M No 11.1 46.0 149.2 7.1 12.2 B27
3 44 M No 3.7 39.0 283 1.8 11.5 B51/B57
4 27 M No 7.1 28.8 425.8 29 11.0 B51/B27
5 19 M Yes 13.3 39.8 296.8 3.8 10.1 B27

17-OH-P: 17-OH-progesterone; ACTH: adrenocorticotropic hormone; T: testosterone; SHBG: sex hormone binding globulin; DHEAS:
dehydroepiandrosterone sulfate; HLA: human leukocyte antigen

Table 2. Serum testosterone, SHBG and DHEAS concentrations in the study group

Testosterone (ng/mL)+SD

SHBG DHEAS
Male Female (nmol/L)£SD (nmol/L)£SD
Healthy controls 6.7+1.6 0.8+0.3 74.4+48.3 263.9+146.8
Behget disease 4.9+1.7* 0.4+0.3** 81.0£70.8 191.2+115
Ankylosing spondylitis 7.5+£3.4 0.8+0.3 58.0+46.8 287.4+125.5

*p=0.0083, **p=0.0174. SHBG: sex hormone binding globulin; DHEAS: dehydroepiandrosterone sulfate

one out of 15 AS patients with acne also had high stim-
ulated 17-OH-P levels.

Potential contribution of 21-hydroxylase deficiency
associated androgen excess has not been studied in
BD and AS, despite their very strong association with
HLA Class I antigens, BS1 and B27, respectively. This
study is the first one aiming to test the possibility of
HLA haplotype associated CYP21A variants as a pilot
work. Therefore, it has several limitations, especial-
ly regarding the number of subjects studied and also
use of single method, the ACTH stimulation test, as a
screening tool.

The prevalence of NCAH is relatively high among fe-
males with hirsutism or polycyctic ovary syndrome
(7,15-20), however there is no data about the frequency
of mutation carriers in Turkish healthy population. On
the other hand, screening methods based on basal 17-

OH-P levels have limitations, and some patients with
less than suggested 17-OH-P concentration of 2 ng/mL
may have >10 ng/mL values after ACTH stimulation,
similar to one of the AS patients in the study group
(21,22).

There are also different views on the cut-off concen-
tration of stimulated 17-OH-P to define NCAH, mainly
due to variations in the main aims of definitions. Current
suggestion of >10 ng/mL 17-OH-P is usually regarded
as a sensitive level for capturing a larger group, but its
specificity may be lower compared to the cut-off values
such as 14 or even 15 ng/mL concentration of 17-OH-
P after ACTH stimulation, which reaches almost 100%
specificity (7,8,15,22,23).

The main aim of this study was investigation of the pos-
sibility of 21-hydroxylase deficiency in linkage disequi-
librium with HLA-B51 in BD patients with manifesta-
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tions suggesting androgen access. But, higher frequency
of positive results in AS patients without prominent
acne or other androgen excess manifestations may re-
quire further investigations. It is necessary to note that it
may be hard to detect androgen excess findings in male
patients, which explains the ascertainment bias in favor
of diagnosis of mainly female patients (8). On the other
hand, when we accept 14 ng/L 17-OH-P level as the cut-
off point, only one patient with BD, who had prominent
acne and carrying HLA-B51 allele, could be diagnosed
as NCAH.

Regarding the sex hormone levels in AS and BD, in-
consistent results have been reported similar to unex-
pectedly low total testosterone levels we observed in
BD patients in this study (5,24,25). However, relatively
higher total testosterone levels in those patients with
high 17-OH-P levels can be regarded as a supporting
evidence for the functional significance of ACTH-stim-
ulation results.

CONCLUSION

The results of current study showing 10.3% of BD and
33.3% of AS patients with high ACTH-stimulated 17-
OH-P levels warrant further analysis to screen CYP21A2
mutations in linkage disequilibrium with HLA-B51 and
HLA-B27 by genetic methods, to confirm their role in
the development of male predominant disorders.
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