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Abstract. In the present study, the case of a female 
patient with pseudo‑hermaphrodism caused by an 
androgen‑producing adrenocortical tumor is presented, and 
the possible mechanism is investigated. The expression of 
the luteinizing hormone/human chorionic gonadotrophin 
(LH/hCG) receptor in tumor tissues and normal adrenal 
tissues was analyzed using immunohistochemistry. Further-
more, the activities of 3β‑hydroxysteroid dehydrogenase 2 
(HSD2), cytochrome P450 17α‑hydroxylase (CYP17) and 
17β‑hydroxysteroid dehydrogenase 3 (HSD3) enzymes were 
measured using enzyme‑linked immunosorbent assay, and 
the expression levels of 3β‑HSD2, 17β‑HSD3, CYP17 and 
LH/hCG receptor mRNA were determined by quantitative 
polymerase chain reaction (qPCR). Immunohistochemical 
staining for the LH/hCG receptor was negative in the tumor 
tissue and positive in the normal adrenal tissue. The activi-
ties of 3β‑HSD2 and CYP17 in the tumor tissue were higher 
than those in the normal tissue (P<0.01), whereas the activity 
of 17β‑HSD3 was lower (P<0.01). The mRNA levels of 
3β‑HSD2 and CYP17 were higher (P<0.01) and the levels of 
17β‑HSD3 and LH/hCG receptor were lower (P<0.01) in the 
tumor tissue compared with those of the normal tissue. In 
conclusion, in the present study, a rare case of virilization 
by an androgen‑producing adrenocortical tumor is present. 
The results indicate that it may be associated with increased 
activities of 3β‑HSD2 and CYP17 but not with the expression 
of the LH/hCG receptor.

Introduction

The most common cause of female pseudo‑hermaphrodism 
is congenital adrenal hyperplasia (CAH); however this condi-
tion may also be caused by an androgen‑secreting adrenal 
tumor (1‑3). Androgen‑secreting adrenal tumors, also known 
as virilizing adrenal tumors, produce excessive amounts of 
androgen and are primarily found in females. In pre‑adoles-
cent females, this presents as pseudo‑hermaphrodism (4), 
whilst for adolescent and adult females this presents as varied 
degrees of virilization. The majority of tumors are malig-
nant. The benign tumors may be normalized with surgery; 
virilization may be alleviated and the menses of the patients 
may resume  (5). Therefore, early detection is extremely 
important for treatment. However, there are limited methods 
for early detection. Thus, in the present study, a case of 
pseudo‑hermaphrodism caused by an adrenal adenoma in an 
adolescent female is presented and the possible mechanism 
investigated, with the hope that this may guide early diag-
nosis and treatment.

Case report

Case summary. A 15‑year‑old female was admitted to the 
Department of Endocrinology, PLA General Hospital 
(Beijing, China) on August 10, 2011 ago due to abnormal 
external genitalia, discovered 12  years previously. Since 
childhood, the patient had dark skin, a low, deep voice, 
excessive body hair and an enlarged clitoris. From the age 
of 12 years, breast development started and scanty dark hairs 
appeared above the patient's lip. The results from the phys-
ical examination upon admission were as follows: height, 
138 cm; body weight, 36 kg; blood pressure, 170/120 mmHg; 
and heart rate, 108  bpm. The breasts were symmetrical, 
Tanner Stage II. Hypertrophy of the clitoris was observed 
and the pubic hairs were dark and thick, Tanner stage IV. 
The karyotype was 46, XX. As shown in Table I, there was 
no abnormality in the biochemical profile of the patient, 
nor were there abnormalities in her growth hormone and 
insulin‑like growth factor 1 (IGF‑1) levels. Testosterone was 
observed to be elevated (3.35 nmol/l), and dehydroepiandros-
terone (DHEAS) and 17‑hydroxyprogesterone levels were 
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slightly elevated. Circadian rhythm of adrenocorticotropic 
hormone (ACTH) and cortisol, as well as serum and urinary 
aldosterone levels and renin activities, were normal.

X‑ray imaging revealed closed epiphyses. The ultra-
sound (U/S) investigation showed normal ovaries and a 
small uterus. A non‑uniform mass was detected at the right 
adrenal area by U/S, which was ~11.4x6.9x9.4 cm in size. 
Abdominal computed tomography (CT) scans indicated that 
it was a mixed cystic and solid occupying mass in the right 
adrenal area, with non‑uniform density and enhancement 
with contrast (Fig. 1A). This is consistent with the magnetic 
resonance imaging (MRI) scan, in which a large solid mass, 
rich in lipids and vessels, with local necrosis was observed 
(Fig. 1B).

The patient was diagnosed with an androgen‑secreting 
adrenal adenoma. The tumor was removed with an intact 
envelope (Fig. 2). Pathology confirmed that it was an adrenal 
adenoma (Fig. 3). Four days following the surgery, testos-
terone, DHEAS and 17‑hydroxyprogesterone levels dropped 
(Table I). After three months, the patient experienced her 
menarche, the amount of body hair was reduced and there 
was no further development of the breasts. The blood pres-
sure of the patient remained at 130‑140/90‑100  mmHg 
without antihypertensive medication.

Materials and methods
Tissue samples. Tumor tissues were obtained from the 
adrenal adenoma and control samples were obtained from 
normal adrenal tissues. Immediately upon removal, the 
tissues were stored in liquid nitrogen for further analysis. 
The present study was approved by the Ethics Committee of 
the PLA general hospital and written informed consent was 
obtained from the patient prior to participation in the study. 

Immunohistochemical s ta ining.  Sect ions were 
immunostained for luteinizing hormone/human chori-
onic gonadotrophin (LH/hCG) receptors using the 
avidin‑biotin immunoperoxidase method and detected with 

3,3'‑diaminobenzidine. Rabbit anti‑human LH receptor 
(LHR) polyclonal antibody was used as the primary antibody 
and biotin‑labeled goat anti‑rabbit immunoglobulin G (IgG) 
as the secondary antibody (Bioss, Inc., Woburn, MA, USA).

Under a microscope, brown staining of the membrane was 
regarded as positive expression. Ten fields were randomly 
selected for each slice. The results were graded according 
to the percentage of positive cells among the same type of 
cells as follows: (‑), no positive cells visible or the number 
of positive cells was <25%; (+), number of positive cells was 
25‑50%; (++), number of positive cells was 50‑75%; (+++) 
number of positive cells was >75%.

Enzyme‑linked immunosorbent assay (ELISA). The ABC 
ELISA kits were purchased from Shanghai XiTang Biotech-
nology Co., Ltd. (Shanghai, China). The standard solutions 
were prepared and the assays of tissue sample homogenates 
were conducted according to the manufacturer's instructions. 
The integrated optical density was measured at 450 nm for 
3β‑hydroxysteroid dehydrogenase 2 (HSD2), cytochrome 
P450 17α‑hydroxylase (CYP17) and 17β‑hydroxysteroid 
dehydrogenase 3 (HSD3) to determine the activities of these 
enzymes.

Quantitative polymerase chain reaction (qPCR). 
qPCR was performed to detect the relative quantities of 
the mRNA of GAPDH (control) 3β‑HSD2, 17β‑HSD3, 
CYP17 and LH/hCGR genes using SYBR Green RT‑qPCR 
reagents kit (Applied Biosystems™, Foster City, CA, 
USA) according to the instructions of the manufacturer 
and as previously described  (6). The primers were as 
follows: GAPDH forward, 5'‑caatgaccccttcattgacc‑3' and 
reverse, 5'‑GACAAGCTTCCCGTTCTCAG‑3'; 3β‑HSD2 
forward,  5'‑AGCTTCCTACTCAGCCCAAT‑3'  and 
reverse, 5'‑TACCCACATGCACATCTCTG‑3'; 17β‑HSD3 
forward,  5'‑GGCTGCTCCTGACACACTAT‑3'  and 
reverse, 5'‑TTCAGCGGACTAGGTTGAAG‑3'; CYP17 
forward,  5'‑ACATGCTGGACACACTGATG‑3'  and 
reverse, 5'‑CAGGGTCCATTTAACCACAG‑3'; LH/hCGR 

Table I. Laboratory results prior to and following surgery.

Variable	 Prior to surgery	 Following surgery	 Normal range

Serum potassium (mmol/l)	 3.54	 4.29	 3.5-5.5
Urinary free cortisol (nmol/l)	 440.5	 185.5	 98-500
Serum cortisol at 8:00 a.m. (nmol/l)	 245.9	 -	 198.7-797.5
Cortisol (nmol/l)	 25.6	 -	 -
Serum ACTH at 8:00 a.m. (pmol/l)	 7.64	 -	 <10
ACTH (pmol/l)	 1.11	 -	 -
Testosterone (nmol/l)	 3.35	 0.34	 0.5-2.6
LH (mIU/ml)	 14.63	 11.9	 0.5-76.3
FSH (mIU/ml)	 6.42	 4.14	 1.5-33.4
E2 (pmol/l)	 221.3	 343.2	 48.2-1531.8
17‑hydroxyprogesterone (ng/ml)	 3.45	 0.38	 0.6-3.34
DHEAS (µg/dl)	 464	 15.0	 35-430

ACTH, adrenocorticotropic hormone; LH, luteinizing hormone; FSH, follicle‑stimulating hormone; E2, estradiol; DHEAS, dehydroepiandros-
terone sulfate.
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Figure 1. (A) Adrenal CT. On the right side of the adrenal area, there is round soft tissue shadow, non‑uniform, with multiple cystic low density shadows and 
multiple dotted high density shadows. (B) Adrenal MRI. There is a 115×77×79 mm3 mass on the right side of the adrenal area. There are significant non‑uniform 
enhancements in the lesion during the arterial phase, which are gradually enhanced in the solid and delayed phases. There is a cystic non‑enhanced area in 
the lesion. The red arrow indicates the tumor.

Figure 2. General appearance of the adrenal tumor. It is a gray‑whitish‑brownish tumor, sized at 12x7.5x5 cm3, with the majority of the envelope intact, solid, 
nodule‑like and yellow‑brownish, with local necrosis.

  A   B

Figure 3. Hematoxylin and eosin staining and immunohistochemistry of the adrenal tumor. (A) magnification, x100; (B) magnification, x1000.

Figure 4. Immunohistochemistry of  luteinizing hormone/human chorionic gonadotrophin receptor in (A) tumor tissue and (B) normal tissue.

  A   B
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forward, 5'‑GCCAATCCATTTCTGTATGC‑3' and reverse, 
5'‑GTGCAATGTGGACAACTTCA‑3'.

Statistical analysis. IBM SPSS statistics software, 
version 19.0, was used to conduct the statistical analyses 
(IBM Corp., Armonk, NY, USA) and a t‑test was performed 
for comparison between the groups. Data are presented as 
the mean ± standard deviation, P<0.05 was considered to 
indicate a statistically significant difference.

Results
Immunohistochemistry for the LH/hCG receptor. As shown 
in Fig. 4, the LH/hCG receptor was not expressed in tumor 
tissues (<25% positive cells). However, in normal tissue high 
expression levels were observed (+++, >75% positive cells).

3β‑HSD2, 17β‑HSD3 and CYP17 enzyme activities. 
3β‑HSD2, CYP17 and 17β‑HSD3 concentrations in tissue 
homogenates were detected by ABC‑ELISA. The levels of 
3β‑HSD2 (1,819±10.8 pg/ml) and CYP17 (93.5±2.73 µmol/ml) 
in the tumor tissue were higher than those of the normal tissues 
(1,458±29.6  pg/ml and 58.6±1.96  µmol/ml, respectively; 
P<0.01), while the level of 17β‑HSD3 (2,639±70.6 pg/ml) in 
the tumor tissue was lower compared with that of normal 
tissues (9,148±383 pg/ml; P<0.01).

Relative mRNA levels of 3β‑HSD2, 17β‑HSD3, CYP17 
and LH/hCG receptor genes. As shown in Table  II, the 
mRNA levels of 3β‑HSD2 and CYP17 were higher (P<0.01), 
while those of 17β‑HSD3 and LH/hCG receptor genes were 
lower (P<0.01) in the tumor tissues than in the normal tissues.

Discussion

Androgen‑secreting adrenal tumors are rare. The tumors 
are usually malignant; however, certain tumors may be 
benign (7). It has reported that only 11 patients with purely 
androgen-secreting tumors were identified at Mayo Clinic 
(Rochester, MN, USA) for more than >50 years (8). In the past 
18 years in the PLA General Hospital (Beijing, China), only 
two cases (0.13%) have been diagnosed as androgen‑secreting 
adrenal tumors among 1,494 cases of adrenal tumors.

In the present case, virilization, hormone levels, 
CT and MRI scans all supported the diagnosis of an 
androgen‑secreting adrenal tumor, which was further 

confirmed by the pathological analysis. Following surgical 
removal of the tumor, the testosterone level of the patient 
returned to normal, suggesting that excessive amounts of 
testosterone had been secreted by the tumor.

Testosterone levels were significantly elevated in the 
patient due to the androgen‑secreting adrenal adenoma. 
The DHEAS and urinary 17‑ketosteroid (17‑KS) levels were 
increased significantly but not suppressed by dexamethasone, 
suggesting their autonomous and independent secretion 
without ACTH. Since the levels of CYP21 and CYP11 are 
normal or reduced, the aldosterone, cortisol and urinary 
metabolite 17‑hydroxycorticosteroid (17‑OHCS) levels are 
usually normal  (9,10). Thus, only a quarter of virilizing 
adrenal tumors are accompanied by Cushing's syndrome and 
the majority of them are malignant (11). In the present case, 
circadian rhythm of ACTH and cortisol, urinary free cortisol, 
serum and urinary aldosterone levels and renin activity were 
all normal, indicating that the adrenal mass did not secrete 
excessive amounts of cortisol and aldosterone.

Previous studies have demonstrated that 3β‑HSD 
and 17β‑HSD3 but not 11β‑HSD, are highly expressed in 
androgen‑secreting adrenal tumors, suggesting that the 
abnormal secretion of androgen may be associated with 
changes of enzyme activities during steroid synthesis (12,13). 
The elevated enzyme activity of 3β‑HSD and CYP17 drives 
the synthesis towards androgen production, and subsequently 
to the production of DHEA and 17‑hydroprogesterone, some 
of which is then converted into estradiol and testosterone (14). 
This may explain the serum levels observed in the patient of 
the present study, and suggest a simple method for the early 
detection of androgen‑secreting adrenal tumors.

In addition, the results of present study demonstrated 
that LH/hCG receptors were expressed in adrenal cortex 
cells. These receptors regulate steroid synthesis and secre-
tion, and may stimulate cortisol or androgen secretion when 
LH/hCG is present. Numerous studies have confirmed that 
Cushing's syndrome and hyperaldosteronism are closely 
associated with the overexpression of LH/hCG recep-
tors (15,16). Although a few cases of an association between 
the adrenal overexpression of the LH/hCG receptor and 
virilization have been reported (17,18), studies investigating 
the association between androgen synthesis and the LH/hCG 
receptor are limited.

The results of the present study showed there was no expres-
sion LH/hCG receptor in normal adrenal tissue, suggesting 
negative feedback from accelerated steroid synthesis 
caused by elevated 3β‑HSD and CYP17 enzyme activities. 
Furthermore, other hormones, including ACTH, cortical 
androgen‑stimulating hormone, pro‑opiomelanocortin, 
IGF‑1 and prolactin regulate androgen secretion  (19‑21). 
However, this requires further study.

In the present report, a rare case of an androgen‑secreting 
adrenal tumor is presented. Due to the limited clinical 
samples and materials, this study focused on the tissue 
from a single case and investigated the possible mechanism; 
however, it may not be representative of all cases.

In conclusion, the results from the present study suggest 
that virilization in adrenal adenoma may be associated 
with the overexpression of 3β‑HSD and CYP17, resulting in 
elevated enzymatic activities, but not the expression of the 

Table II. Relative mRNA levels of 3β-HSD2, 17β‑HSD3, 
CYP17 and LH/hCG receptor genes in tissue homogenates.

mRNA	 Normal tissue	 Tumor tissue

3β-HSD2	 3.501±0.312	 13.960±3.977a

17β-HSD3	 4.517±0.225	 0.962±0.288a

CYP17	 0.995±0.208	 6.173±0.982a

LH/hCG receptor	 4.209±0.585	 1.098±0.087a

aP<0.01, compared with the value in normal tissue. 3β-HSD2, 
3β‑hydroxysteroid dehydrogenase; 17β‑HSD3, 17β‑hydroxysteroid 
dehydrogenase  3; CYP17, cytochrome P450 17α‑hydroxylase; 
LH/hCG, luteinizing hormone/human chorionic gonadotrophin.
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LH/hCG receptor in adrenal cells. To the best of our knowl-
edge, this is the first study indicating this association, and 
it may represent a potential target for early diagnosis and 
treatment.
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