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Expression of aldosterone synthase and adrenocorticotropic
hormone receptor in adrenal incidentalomas from normotensive
and hypertensive patients: Distinguishing subclinical or
atypical primary aldosteronism from adrenal incidentaloma

C.X.CAOY, X.C.YANG?", YX.GAO®, M. ZHUANG!, KP. WANG!, L.J. SUN? and X.S. WANG?

Departments of 1Endocrinology, 2Urology and > Nephrology, The Affiliated Hospital
of the Medical College of Qingdao University, Shandong, Qingdao 266100, P.R. China

Received July 17,2012; Accepted September 3, 2012

DOI: 10.3892/ijmm.2012.1144

Abstract. The present study aimed to investigate the expres-
sion of aldosterone synthase (CYP11B2), adrenocorticotropic
hormone receptor (ACTH-R) and their regulating transcription
factors in adrenal incidentalomas (AIs) from normotensive
and hypertensive patients to distinguish subclinical or atypical
primary aldosteronism (PA) from Als. Total RNA was
extracted from 8 normal adrenal cortices (NAs), 46 Als,
15 aldosterone-producing adenomas (APAs) and 6 idiopathic
hyperaldosteronisms (IHAs). Real-time quantitative poly-
merase chain reaction (PCR) and immunohistochemistry
were performed to determine the mRNA and protein expres-
sion of CYP11B2, ACTH-R, steroidogenic factor-1 (SF1) and
dosage-sensitive sex reversal, adrenal hypoplasia congenita,
critical region on the X chromosome, gene-1 (DAX-1) in the
different tissues. The Al hypertensive subgroup displayed
increased plasma aldosterone concentration (PAC) and
PAC/PRA ratio (ARR) and decreased plasma renin activity
(PRA) compared to the normotensive group. CYP11B2,
ACTH-R and SFI mRNAs were significantly higher in the
APA group compared to the other groups, and gradually
increased in Al hypertensive samples. DAX-1 mRNA was
expressed faintly in PA compared with NA. In normotensive-
Al samples, DAX-1 mRNA was higher compared to PA and
AT hypertensive samples. Significant differences in gene
expression levels in Als were observed between probable and
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improbable PA patients. Immunohistochemical results were
consistent with those of real-time PCR. Plasma aldosterone
levels were positively correlated with CYP11B2, ACTH-R and
SF1 mRNA and inversely correlated with DAX-1 mRNA. In
conclusion, a significant number of hypertensive-Al patients
may have subclinical forms of PA. CYP11B2, ACTH-R and
their regulating transcription factors may be noteworthy in
distinguishing subclinical PA from Als.

Introduction

Due to the increased use of imaging for diagnostic purposes,
adrenal incidentalomas (Als) have become a growing clinical
problem. Als are defined as accidentally discovered, clinically
silent adrenal lesions present in abdominal imaging, that was
performed for reasons other than the suspected adrenal disease.
A number of patients with Als do not report any clinical
problems, but the possibility of a hyperfunctioning tumour
or malignancy should be considered. Adrenocortical cancer
(ACC) has been reported in 1-9%, and hormonal hypersecretion
in 2-20% of patients with Als (1). A hypersecreting tumour is
discovered in 2% of hormonally evaluated patients.

The prevalence of primary aldosteronism (PA) has been
increasing in recent years. PA is the most common cause of
surgically curable secondary hypertension and affects more
than 10% of the general hypertensive population (2,3). The
prevalence of PA is at least 6.8% in prehypertensive patients,
3.3% in stage 1 hypertensive patients and 3.1% in stage 2
hypertensive patients (4).

Accumulating evidence has shown the adverse effect of
long-term hyperaldosteronism on cardiovascular morbidity
that is independent of blood pressure (BP). However, diag-
nosing PA may be difficult when clinical and biochemical
features vary widely and the criteria for PA are not met,
especially in patients with subclinical symptoms, such as
stage 1 hypertension, or are found to have atypical laboratory
features. When screening patients for PA, plasma renin activity
(PRA) determination is sensitive but not specific due to the
influence of medications and the high prevalence of low-renin
essential hypertension (5). In addition, plasma aldosterone
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concentration/plasma renin activity (PAC/PRA) ratio (ARR) is
not reliable in patients with chronic kidney disease (CKD) (6).
Thus, the diagnosis of PA remains a challenge for patients with
subtle or atypical features.

Increased serum aldosterone within the physiologic range
has been observed in normotensive individuals predisposed
to the development of sustained hypertension in the future (7).
In addition, patients with PA are at a greater risk compared
to those with similar BP but without PA of experiencing
cardiovascular events and a stroke since long-term hyperaldo-
steronism leads to vessel and heart damage that is independent
of BP (8). Therefore, normalisation of circulating aldosterone is
the paramount therapeutic goal for PA (9), and timely identifica-
tion of subclinical or atypical features of PA is of clinical value.

Aldosterone-producing adenomas (APAs) continue to
express high levels of aldosterone synthase (CYP11B2),
which maintains the capacity for aldosterone production
(10-14). The expression of CYP11B2 appears to be a novel
marker for APAs (15). The adrenocorticotropic hormone
receptor (ACTH-R, MC2-R) is a member of the 7-transmem-
brane-domain receptor superfamily. ACTH-R expression is
associated with a less aggressive adrenal tumour phenotype
and anti-proliferative effects (16). Steroidogenic factor-1
(SF1, NR5A1) and dosage-sensitive sex reversal, adrenal
hypoplasia congenita, critical region on the X chromosome,
gene-1 (DAX-1, NROB1) are 2 orphan nuclear receptors that
play major roles in regulating the production of steroidogenic
enzymes. SF1 and DAX-1 are functional antagonists of
ACTH-R gene transcription in vitro, and DAX-1-induced
promoter inhibition requires functional SF1-binding sites
within the promoter region of the ACTH-R gene. The func-
tional interplay between DAX-1 and SF1 is complex and
includes both agonistic and antagonistic interaction.

The aim of the present study was to investigate the mRNA
and protein expression of specific markers of zona glomeru-
losa, namely CYP11B2 (17), ACTH-R, SF1 and DAX-1, in
adrenal tumours. We also aimed to distinguish subclinical
or atypical PA from normotensive and mildly hypertensive
patients with Als. Finally, we aimed to determine whether
these gene and protein expression levels may act as markers
for subclinical PA and contribute to its pathophysiology.

Materials and methods

Subjects and tissues. Tissues from 8 normal adrenal
cortices (NA), 46 non-functional adenomas (Als), 15 aldo-
sterone-producing adenomas (APAs) and 6 idiopathic
hyperaldosteronisms (IHAs) were studied. The Al group was
further divided into normotensive (normotensive-Al) and
mildly hypertensive (hypertensive-Al) subgroups according
to BP (Table I). The clinical and pathological diagnoses
were made according to established criteria. Patients with
non-functional adrenal adenomas had no signs or symptoms
of hormone excess, had normal serum potassium levels and
displayed normal suppression of serum cortisol after low-dose
dexamethasone treatment. We studied only those patients
where the discovery was incidental. In addition, patients
with cystic adrenal lesions, hypokalaemia (present or past),
high catecholamine levels, abnormal pituitary-adrenal axis
function or excess sexual hormones or androgen precursors
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were not included in the study. APAs were diagnosed on the
basis of an elevated plasma aldosterone concentration (PAC)
and suppressed plasma renin activity or concentration. The
differential diagnosis between APA and hyperaldosteronism
due to bilateral idiopathic adrenal hyperplasia was performed
using computerised axial tomography, adrenal scintiscan with
Se-methyl-nor-cholesterol after dexamethasone suppression
and/or aldosterone/cortisol ratio measurements in adrenal
venous blood. All adrenal tumours examined were micro-
scopically confirmed to be adrenocortical adenomas.

Human adrenal glands were obtained from the Affiliated
Hospital of the Medical College of Qingdao University. All
samples were obtained with full university approval, and
written informed consent was obtained from each patient. NA
glands were obtained from 8 patients undergoing expanded
nephrectomy for kidney cancer. After removing adjacent fat,
the tissues were snap-frozen and immediately stored at -80°C
until processing.

RNA extraction and real-time RT-PCR. Total RNA was
extracted using the Qiagen RNA/DNA kit according to the
manufacturer's protocol (Qiagen, Hilden, Germany). The
quality and quantity of total RNA were determined using
an ND-1000 Spectrophotometer (NanoDrop Technologies,
Wilmington, DE, USA). First-strand cDNA was synthesised
from 1 ug of total RNA using ThermoScript RT (Invitrogen
Life Technologies, Carlsbad, CA, USA) and oligo (dT) primers.
The primers are listed in the Supplementary material online.
For CYP11B2, ACTH-R, SF1 and DAX-1 quantitation, a
double-stranded DNA dye, SYBR-Green I (Molecular Probes,
Eugene, OR, USA), was used with 9.5 ul of SYBR-Green
PCR master mix (Applied Biosystems, Foster City, CA, USA)
and 100 nmol of each primer. PCR was performed using the
ABI 7500 Fast Real-Time PCR System (Applied Biosystems)
with a total volume of 20 ul/reaction following the reaction
parameters recommended by the manufacturer. All real-time
PCRs were performed in triplicate. The primers used were as
follows: CYP11B2: 5-CTCTACCCTGTGGGTCTGTTTT-3'
(forward), 5'-GGATTATACCGCTCAGGCC-3' (reverse);
ACTH-R: 5'-AAGAATAAGAATCTCCAGGCACC-3'
(forward), 5'-TCCGCAGCAATCACAGACA-3' (reverse);
SF1: 5-CGCCGCGGGCATGGACTATTCGTA-3' (forward),
5'-CAGGCGCATCCCCACCGTCAGG-3' (reverse);
DAX-1: 5'-CTCCGCGCCCTTGCCCAGACC-3' (forward),
5'-GCCGCACGAACAGCCCCAACACT-3' (reverse); and
p-actin: 5-CAGCACAATGAAGATCAAGATCA-3' (forward),
5'-CGTCATACTCCTGCTTGCTGA-3' (reverse). Real-time
quantitative PCR was conducted to analyse the gene expression
in different tissues. Gene expression was analysed by relative
quantitation with the 2-2*“* method using B-actin as an internal
control and the NA tissue as calibrator. The results are expressed
as the target/internal standard concentration ratio of the sample.

Immunohistochemistry. Immunolocalisation of CYP11B2,
ACTH-R, SF1 and DAX-1 was performed using the streptav-
idin-biotin peroxidase complex method. Briefly, tissue slides
were first deparaffinised in xylene, ethanol and water. Then
the slides were pretreated in 0.01 M citrate buffer (pH 6.0)
for CYP11B2, ACTH-R, SF1 and DAX-1 and heated in a
microwave oven (98°C) for 5 min. For staining, endogenous
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Table I. Clinical characteristics of the patients with adrenal masses.

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 30:

1396-1402, 2012

Al (n=72)
NA APA IHA Normotensive-Al Hypertensive-Al

(n=8) (n=15) (n=6) (n=40) (n=32)
Age (years) 49+10 47+13 42+8 38+12 4149
Gender (M/F) 5/3 8/7 4/2 25/15 19/13
BMI (kg/m?) 22.5+3.8 27.9+3.7° 28.5+6.1° 23.2+8.61 254479440
Tumour size (mm) 16.8x12.5 23.6+10.9¢ 34.2+14.3% 28.1+14 6%
Morning serum F (nmol/l) 328.1 £86.9 426.8+100.4 346.1+128.0 321.7£164.8 358.1+106 .4
ACTH (ug) 17.28+7.31 22.65+6.79 26.24+13.08 24.18+10.52 21.75+9.24
Serum potassium (mmol/l) 4.47+0.58 3.25+0.98" 3.93+0.75¢ 4.22+0.87¢ 4.060.73¢
Fasting glucose (mmol/1) 5.15+0.54 6.87+2.30° 6.96+1.22° 5.29+147¢ 5.51£1.50¢
PAC (ng/dl) 17.13+£6.17 15.43+3.50 10.80+5.104 12.70+5.90°<"
PRA(ug/l/h) 0.16+0.07 0.30+0.15¢ 1.37+0.65¢ 0.56+0.314¢¢
ARR 87.50+38.17 62.00+17.64° 12.60+10.14%¢ 23.10+8.75%¢
Preoperative SBP (mmHg) 127.6+16.6 166.9+28.7° 156.2+18.0° 127.3£13.6°¢ 150.3+22 4bde
Preoperative DBP (mmHg) 76.5+12.8 92.8+13.7° 91.9+10.7° 73.5+12.8%f 91.3+17.4¢9
Postoperative SBP (mmHg) 125.5+16.3 133.8+13.5 135.5+14.5 125.5+16.3 139.5+15.1"
Postoperative DBP (mmHg) 743+11.2 80.4+12.0 80.5+8.9 743+11.2 82.1+£9.0

Data are the mean = SD. *P<0.05, ®P<0.01 compared with NA; °P<0.05, °P<0.01 compared with APA; °P<0.05, 'P<0.01 compared with IHA;
9P<0.01, "P<0.05 compared with normotensive-Al. BMI, body mass index; ACTH, adrenocorticotropic hormone; PAC, plasma aldosterone
concentration; PRA , plasma renin activity; ARR, PAC/PRA ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; NA, normal
adrenal cortex; APA, aldosterone-producing adenoma; IHA, idiopathic hyperaldosteronism; Al, adrenal incidentaloma.

peroxidase activity was blocked by immersing in 3% H,0,
in methanol for 10 min to prevent any nonspecific binding.
After blockage with 2% BSA, the slides were incubated with
the primary antibodies against CYP11B2 (dilution 1:300),
ACTH-R (dilution 1:100), SF1 (dilution 1:300) and DAX-1
(dilution 1:200) for 90 min at 37°C (Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA). Each slide was then incubated
with the corresponding secondary antibody for 15 min at 37°C
and finally incubated with peroxidase-labelled streptavidin
(Maixin Biotechnology, China) for 15 min. The reaction prod-
ucts were visualised with diaminobenzidine (Dako, Denmark).
All slides were counterstained with haematoxylin. As a nega-
tive control, primary antibody was replaced with Tris-buffered
saline on sections that were positive for CYP11B2, ACTH-R,
SF1 and DAX-1 in preliminary experiments. The tissue
sections were examined using an Eclipse E600 microscope
equipped with a CCD DXC950 camera.

Statistical analysis. All data are expressed as the means + stan-
dard error. Data were compared using one-way ANOVA.
Spearman's rank correlation was used for correlations. P<0.05
was considered to indicate a statistically significant difference.
The Statistical Package for the Social Sciences (SPSS, version
15.0; SPSS, Inc., Chicago, IL, USA) was used for statistical
analyses.

Results

Patient characteristics. The main features of the patients
presenting with adrenal tumours are shown in Table I. There

were no statistical differences between the 4 groups in terms
of age, gender, ACTH level, or cortisol level. Patients with
Als had a larger tumour size compared to APA patients
and were thinner than APA and IHA patients. Additionally,
hypertensive patients had increased body mass index (BMI)
compared with normotensive patients. Systolic and diastolic
BP in AI normotensive patients was lower compared to Al
hypertensive and APA patients. As shown in Table I, in
APA patients, serum potassium was lower whereas fasting
glucose was higher compared to the other groups. While
PAC and ARR values were lower in Al patients compared
to APA patients, the Al hypertensive subgroup demonstrated
increased PAC and ARR and decreased PRA compared with
the normotensive patients. A correlation between plasma
ARR and age, BMI, BP, plasma potassium or tumour size
was not found in any group. PA and AI hypertensive patients
demonstrated a significant decrease in systolic and diastolic
BP after adrenalectomy.

Expression levels of genes in adrenocortical tumours. The
CYP11B2, ACTH-R, SF1 and DAX-1 mRNAs were detected
in all human adrenal tissues. The specificity of the amplicons
was confirmed by sequencing. Although CYP11B2 mRNA
was overexpressed in all samples examined, it was signifi-
cantly higher in the APA and IHA samples compared with the
other groups. The CYP11B2 mRNA had a >2-fold increase in
expression in the APA group compared with the NA group.
In addition, CYP11B2 mRNA expression was significantly
higher in the AI hypertensive samples compared to the
normotensive subgroup. ACTH-R and SF1 mRNA expression
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Figure 1. Real-time PCR quantification of (a) CYP11B2, (b) ACTH-R, (c) SF1 and (d) DAX-1 mRNA expression in adrenocortical tumors and NA cortices.
NA, normal adrenal cortex; APA, aldosterone-producing adenoma; IHA, idiopathic hyperaldosteronism; Al, adrenal incidentaloma. Expression of the genes
was normalised against that of B-actin, used as an internal control. Data are the means = SD of 3 independent experiments. “P<0.01, “P<0.05 compared with
the control; 'P<0.05, "'P<0.01 compared with APA; *P<0.05, ¥P<0.01 compared with IHA, “P<0.05, 24P<0.01 compared with normotensive-Al.

Table II. Plasma hormonal data and gene transcription factors of patients with adrenal incidentalomas, with or without probable

primary aldosteronism.

Probable primary Without probable primary P-values
aldosteronism (n=14) aldosteronism (n=58)
PAC (ng/dl) 13.945.8 10.3+4.1 <0.05
PRA (ug/l/h) 0.32+0.20 1.41£1.21 <0.01
ARR 35.40+7.64 14.20+8.75 <0.01
CYP11B2 24.08+6.17 13.34+£9.26 <0.01
ACTH-R 1.23+0.49 0.92+0.55 <0.05
SF1 25.37+10.24 14.35+8.81 <0.01
DAX-1 0.58+0.21 0.71+0.36 <0.05

The data are the means + SD. PAC, plasma aldosterone concentration; PRA, plasma renin activity; ARR, PAC/PRA ratio; CYP11B2, aldoste-
rone synthase; ACTH-R, adrenocorticotropic hormone receptor; SF1, steriodogenic factor-1; DAX-1, dosage-sensitive sex reversal, adrenal

hypoplasia congenita, critical region on the X chromosome, gene-1.

was intensely upregulated in APA and slightly upregulated in
[HA tissues compared with NA. ACTH-R and SF1 mRNAex-
pression was also increased in the AI hypertensive compared
to the normotensive subgroup. DAX-1 mRNA was under-
expressed in the PA group compared with the NA group. In
normotensive-Al patients, DAX-1 mRNA expression was
also higher compared to PA and AI hypertensive patients.
No significant differences in DAX-1 mRNA expression were
observed between normotensive-Al and NA samples (Fig. 1).
In APAs, the plasma aldosterone level was positively
correlated with CYP11B2 mRNA (r=0.689, P<0.05), ACTH-R
mRNA (r=0.653, P<0.05) and SF1 mRNA expression
(r=0.610, P<0.05) and inversely correlated with DAX-1

mRNA (r=-1.000, P=0.000). In APAs, the tumour size
was negatively correlated with ACTH-R mRNA (r=-0.712,
P<0.05) and SF1 mRNA expression (r=-0.695, P<0.05) but
positively correlated with DAX-1 mRNA (r=0.507, P<0.05).
No correlation was observed between the genes and BP
before adrenalectomy, nor between the genes and any clinical
parameters in the other tissue samples (all P>0.05).

A total of 14 subjects (19.4%), 5 in the normotensive and
9 in the hypertensive subgroup, had an ALD/PRA ratio >20
and were regarded as having probable PA. As expected, they
had significantly lower PRA and significantly higher plasma
ALD and ALD/PRA ratio than the remaining groups (n=58),
without differences in age, tumour size or fasting plasma
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Figure 2. Immunohistochemical analysis of (a) CYP11B2, (b) ACTH-R, (c) SF1 and (d) DAX-1 protein expression in adrenocortical tumours and NA cortex.
A, NA cortex; B, APA; C, IHA; D, normotensive-Al; E, hypertensive-Al groups. Magnification, x400. NA, normal adrenal cortex; APA, aldosterone-
producing adenoma; IHA, idiopathic hyperaldosteronism; Al, adrenal incidentaloma.

glucose or potassium. Significant differences in CYP11B2,
ACTH-R, SF1 and DAX-1 mRNA levels in Als were observed
between probable and improbable PA patients (all P<0.05)
(Table II). No correlation was found between the genes and
clinical parameters before adrenalectomy (all P>0.05).

Immunohistochemical analysis of CYPI1IB2, ACTH-R, SFI
and DAX-1 in adrenal tumours. Similar to the real-time
PCR results, immunohistochemical analysis of CYP11B2,
ACTH-R, SF1 and DAX-1 revealed that all four proteins
were expressed in all human adrenal tissues sampled. APAs
and THAs displayed strong CYP11B2 and ACTH-R staining
in nuclei. Only a weak immunostaining for DAX-1 was
occasionally detected. The staining intensity of CYP11B2,
ACTH-R and SFI1 in Als was less abundant compared to
APAs, while DAX-1 was more abundant in Als compared
to APAs. However, the expression pattern of these proteins
was different between the subgroups of AI. The staining of
CYP11B2 and ACTH-R was prominent in hypertensive-Al,
whereas weak immunostaining for SF1 and DAX-1 was
occasionally detected in the hypertensive subgroup (Fig. 2).
Al patients with probable PA demonstrated a similar staining
with that found in APA patients (data not shown).

Discussion

In this study, we used real-time RT-PCR and immunohis-
tochemistry analyses to generate expression profiles from

APAs, IHAs, Als and NA cortex. These profiles were used in
part to examine steroidogenic genes and select transcription
factors that were differentially expressed among these tissues.

CYPI11B2, ACTH-R, SF1 and DAX-1 are often expressed
in adrenocortical tumours and cells in NA glands and benign
adrenal adenomas are positive for CYP11B2, ACTH-R,
SF1 and DAX-1 staining. Accordingly, their important roles
in adrenal function and development are well established
(10,18,19). The elevated production of aldosterone in APAs
is associated with the increased expression of enzymes
required for corticosteroid production along with alterations
in transcription factors that enhance the expression of steroid-
metabolising enzymes. CYP11B2 mRNA reports the most
noteworthy change in the APA steroidogenic enzyme gene
expression profile. As expected, our results demonstrated that
CYP11B2 was upregulated in APAs and IHAs (3- and 2-fold,
respectively) compared with NA. A positive correlation
between aldosterone secretion and CYP11B2 mRNA was
also noted in the APAs. These results are consistent with the
increased production of aldosterone that is a characteristic
of APAs. Additionally, immunohistochemical analysis of
CYP11B2 revealed strong staining in APAs and IHAs. Thus,
CYP11B2 may act as a potential pathological marker for both
APA and THA vs non-functional adenomas.

High ACTH-R expression has been observed in aldoster-
onomas, while a low expression is observed in non-functional
adenomas and adrenocortical carcinomas (ACCs) (20),
suggesting that aberrant adrenal gene expression and function
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may lead to cell proliferation and the abnormal regulation of
steroidogenesis in unilateral adenomas (21). In accordance
with previous reports, the results of the present study demon-
strated that ACTH-R was overexpressed in APA samples,
whereas it was downregulated in IHA, AT and NA samples. In
addition, APAs were smaller than IHAs and Als in this study,
which further indicates that increased expression of ACTH-R
may inhibit the proliferation of adrenal tumours. SF1 and
DAX-1 are functional antagonists of ACTH-R gene trans-
cription, and DAX-1-induced promoter inhibition requires
functional SF1-binding sites within the promoter region of
the ACTH-R gene (22). SF1 is required for the expression of
a variety of steroidogenic enzymes (23). SF1 is amplified and
overexpressed in ACC (24) and may be a useful marker in the
differential diagnosis of ACC (25). In hyperaldosteronism,
SF1 is important in regulating the endocrine system and is
overexpressed in APAs (26). Our results confirm the strong
expression of SF1 at the mRNA and protein levels in APAs.
Increased SF1 may play an important role in APA formation
(27). DAX-1 acts as a general repressor of steroid biosynthesis
by inhibiting the transcription of the steroidogenic acute regu-
latory protein (StAR), 33-hydroxysteroid dehydrogenase and
P450scc genes as well as its own transcription (28,29). As our
data revealed, DAX-1 displayed faint expression in APAs and
[HAs. Increased DAX-1 expression in adrenocortical tumours
is associated with a non-functional phenotype, whereas low
DAX-1 expression favours mineralocorticoid secretion (30).
In addition, aldosterone secretion was positively correlated
with ACTH-R and SF1 expression but inversely correlated
with DAX-1 expression in APAs. Moreover, tumour size
was associated with ACTH-R, SF1 and DAX-1 transcription
levels, indicating that these proteins may be involved in APA
tumourigenesis. Collectively, these results provide indirect
evidence that ACTH-R and its regulating transcription factors,
in addition to its known regulatory effects on steroidogenic
enzyme gene expression, may also affect the proliferation of
adrenal tumours. However, the mechanisms by which these
proteins regulate the proliferation of adrenal tumours remain
unclear and require further investigation.

Adrenal incidentalomas (Als) are the most common
neoplasia of the adrenal cortex, with a prevalence of up to 6%
in the healthy population (31). Although the vast majority
of cases represent endocrine-inactive adrenal adenomas,
in individual patients it may prove difficult to distinguish
between non-functional and functional adenomas, even with
histopathological and immunohistochemical methods. Thus,
clinical or molecular markers that would help to distinguish
functional adenomas from incidentalomas would be valu-
able. Our results revealed that Al hypertensive patients had
increased PAC and ARR and decreased PRA compared with
normotensive patients. After surgery, a significant decrease
in systolic and diastolic blood pressure (BP) was observed in
hypertensive patients at discharge. These findings indicate that
PA is more common in hypertensive patients. Accordingly,
approximately 9 (28.1%) patients in the AI hypertensive
subgroup were regarded as having probable PA, which was
higher than the proportion of normotensive patients (12.5%).
In addition, CYP11B2 expression was significantly higher in
the AI hypertensive samples compared to the normotensive
subgroup, suggesting APA is more common in hypertensive-
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Al patients. It is particularly important to identify APA from
Al patients as early as possible since hypertension in APA
may be cured by adrenalectomy. Thus, CYP11B2 may be used
as a reliable marker for distinguishing APA from AI. Notably,
similar expression patterns of ACTH-R and its regulating
transcription factors were noted between the Al hypertensive
subgroup and APA tissues. Moreover, hypertensive patients
had a relatively smaller tumour size compared to normoten-
sive ones. These findings suggest that the overexpression of
ACTH-R and SF1, as well as DAX-1 insufficiency, plays a role
in both steroid secretory patterns and tumour pathogenesis.
By detecting the expression of CYP11B2, ACTH-R, SF1 and
DAX-1 in Als, PA may be identified postoperatively.

Approximately 30 years ago, a 23-year-old male patient
with normotensive PA was reported (32). Recently, Ito et al
(4) reported that the prevalence of PA was at least 6.8% in
prehypertensive patients, suggesting a high prevalence of
PA among prehypertensive Japanese patients. In accordance
with that study, 5 patients in our normotensive had prob-
able PA even though APA is more common in Al patients
with hypertension. This means that significant numbers of
prehypertensive individuals may have subclinical forms of
this disease. We also observed significant differences in
CYP11B2, ACTH-R, SF1 and DAX-1 mRNA expression
levels between patients with probable PA and those without
in Al samples. Immunohistochemical analysis in probable PA
patients also demonstrated a similar staining to that in APA.
In this regard, CYP11B2, ACTH-R, SF1 and DAX-1 may be
used as reliable markers for the early distinction of APA from
Al, particularly in patients with normotension. The cause
of this normotension remains to be fully elucidated, but the
diagnostic criteria of PA should be partly modified.

As we demonstrated in the current study, the plasma
aldosterone level was positively correlated with CYP11B2
and ACTH-R mRNA expression and inversely correlated with
DAX-1 mRNA in APAs. Our data further indicate that these
genes were related to the functional status of APA. However,
no significant correlation was found between these genes and
the aldosterone/renin ratio or BP before adrenalectomy in Al.
The lack of significance of these comparisons may be attribut-
able to the slightly elevated aldosterone and limited number of
early-stage PAs.

Collectively, our data suggest that CYP11B2, ACTH-R and
their regulating transcription factors may be reliable in distin-
guishing subclinical PA from Al It is clinically important to
screen for subclinical PA to discover a potentially curable (or
improvable) secondary cause of metabolic disorders.
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