Absolute measurement of
androgen receptor mRNA in
peripheral blood mononuclear,
preputial skin and urethral mucosa
cells of control individuals with
phimosis using qRT-PCR
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INTRODUCTION

In 46,XY individuals, normal differentiation of male
external genitalia is dependent on androgen effects
in the androgen receptor (AR) (1). Adequate number
and function of AR are needed in order to allow com-
plete virilization of male genitalia.

Abnormal genital development can be determined by
insufficient testosterone synthesis, inadequate testostero-
ne conversion to dihydrotestosterone, or by decreased
androgen action (2). At the AR level, in addition to AR
gene mutations, both reduced amounts of AR mRNA
or post-receptor abnormal response may be identified,
resulting in a clinical condition classified as androgen in-
sensitivity (3,4). Hypospadias are the most common cli-
nical presentation of androgen insensitivity, presented as
a spectrum of undermasculinized external genitalia (5).

The diagnosis of abnormal genitalia requires the
knowledge of AR gene sequence and the recognition
of AR gene expression. As a rule, gene expression is a
tissue-specific phenomenon (6), in a way that it is im-
portant to standardize normal expected AR gene ex-
pression in each of the androgen-sensitive tissues.

Therefore, defining normal genital expression of the
AR gene is key information to ensure precise diagnosis
of 46,XY patients with abnormal external genitalia, in-
cluding hypospadias or micropenises.

In this study, in order to establish normal referen-
ce values, we determined androgen receptor mRNA in
peripheral blood mononuclear cells, and preputial skin
and urethral mucosa cells of normal control individuals
with phimosis, using quantitative RT-PCR.

PATIENTS AND METHODS

We studied 30 control individuals with phimosis gra-
des I to III, and urethras with normotopic opening.
Patients were in the prepubertal stage, with chronolo-
gical age varying from 1.5 to 11.9 years. All individuals
presented normotopic testes, with a testicular volume
between 1 and 2 mL. The exclusion criteria were sys-
temic or local treatment with steroids during the six
months preceding surgery, and known gonadal dysge-
nesis or chromosomal abnormalities. The protocol was
approved by the Ethics Committee of the institution,
and parents or guardians signed a written consent form
for patient inclusion in the study protocol.

Peripheral blood mononuclear cells, preputial skin
and urethral mucosa were collected in order to obtain
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RNA samples from blood and external genital tissues.
This procedure was performed under anesthesia, du-
ring surgical postectomy. After separation with His-
topaque-10771 (Sigma, Saint Louis, MO, USA) mo-
nonuclear cells were stored at -80°C with 10% DMSO
(Sigma, Saint Louis, MO, USA). Preputial skin was
removed from the dorsal region of prepuce-balanic
transition and maintained at -80°C in RNAlater RNA
stabilization reagent (QIAGEN GmbH, Hilden, Ger-
many). Urethral mucosa cells were collected with a ste-
rile swab (CB Products, Sao Paulo, Brazil), immediate-
ly placed in TRIzol reagent (Invitrogen, Carlsbad, CA,
USA), and also stored at -80°C. After no more than two
weeks after sample storage, RNA of preputial skin was
extracted employing the RNeasy Mini Kit (QIAGEN,
GmbH, Hilden, Germany). RNA from blood and ure-
thral mucosa cells was extracted using a phenol-chlo-
roform protocol. Complementary DNA (cDNA) was
obtained by reverse transcription, employing the Tag-
Man RT reagent kit (Applied Biosystems, Foster City,
CA, USA). In each tissue sample, absolute ARmRNA
was determined by quantitative Real Time PCR (qRT-
-PCR), employing FAM-labeled TagMan probes, and
the Applied Biosystems 7500 RT-PCR thermocycler.
Primers and probe sequences to detect the AR gene
have already been published. The TagMan® MGB pro-
be FAM™ dye-labeled Assay ID (Hs00171172_m1l) is
based on RefSeq (NM_000044-2), and the assay loca-
tion 3289 is in the boundary of exons 4-5, generating a
72-bp amplicon. (https://products.appliedbiosystems.
com/ab/en/US /adirect/ab?cmd=ABGEResults).

In order to normalize the amount of RNA em-
ployed in each assay, AR values were corrected for the
expression of a constitutive gene breakpoint cluster re-
gion (BCR). Primers and probe used for BCR detec-
tion have been previously described (Melo and cols.,
2004). BCR sense primer: CCTTCGACGTCAATAA-
CAAGGAT; BCR antisense primer: CCTGCGATGG-
CGTTCAC, and BCR probe: 6-FAM-TCCATCTCG-
CTCATCATCACCGACA-TAMRA. Real time PCR
conditions were: initial TaqgGold activation at 95°C for
10 minutes, followed by product amplification in 45
cycles of 95°C / 15 seconds, and 60°C / 90 seconds.

All samples of each individual were tested in dupli-
cate, in the same experiment, against the standard cur-
ves of both AR and BCR genes constructed with cDNA
obtained from normal prostate gland of one cadaver
donor. The final results of gene expression are shown as
AR/BCR quantitative ratio.
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The laboratory phase of the study was performed in
12 qRT-PCR experiments. In each experiment, the same
standard curve based on normal prostate tissue was re-
peated in duplicate for at least three concentrations of
cDNA (10% 103 10? equivalent of cells). The coefficient
of variation of CTs ranged from 5% to 7%. The percent
variation between duplicates ranged from 2% to 4%.

Statistical analysis was carried out in SigmaStat for
Windows v3.5 (SPSS, Chicago, I, USA). Comparison
between tissue samples from the same individual was
done by non-parametric Friedman ANOVA for ranks.
Values of p < 0.05 were considered significant.

RESULTS

We studied 30 control individuals with phimosis, with
chronological age varying from 1.5 to 11.9 years. Cli-
nical features are described in table 1. Penis size corre-
lated significantly with age (R = 0.66, p = 0.02).

Quantitative results of AR mRNA are described in
relation to the amount of constitutive gene BCR, and
presented as AR/BCR ratio (Table 2 and Figure 1). AR
expression was similar when urethral mucosa was compared
with preputial skin. The expression of the AR gene was
significantly higher in both genital tissues (preputial skin
and urethral mucosa) in comparison with the expression of
peripheral blood mononuclear cells (Friedman ANOVA).
There was no correlation between age or penis size and
AR expression in the three analyzed tissues.

Table 1. Clinical features of 30 control patients with phimosis

Age (years) Penis Size (cm)
Mean 438 5.3
SD 2.5 0.9
Median 43 5.3
p25—p75 29-58 48-58
Range 15-119 38-79

Table 2. ARmRNA quantitative determination in peripheral blood
mononuclear cells (PBMC), and urethral mucosa and preputial skin cells of
patients with phimosis

PBMC Urethral mucosa  Preputial skin
Mean 0.01 0.43 0.31
SD 0.01 0.32 0.36
Median 0.003 0.37* 0.20*
p25—p75 0.002-0.015 0.18 - 0.61 0.06 -0.38
Range 0.0002 - 0.05 0.02-1.33 0.02-1.61

* Urethral mucosa or preputial skin vs. PBMC (Friedman ANOVA, p < 0.05). No difference was
observed between urethral mucosa and preputial skin.
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Figure 1. ARmRNA in peripheral blood mononuclear cells (PBMC), and in
cells of urethral mucosa and preputial skin of patients with phimosis.

DISCUSSION

External genital differentiation and development is de-
pendent on androgen sensitivity, and it is related to the
action of testosterone and/or dihydrotestosterone on
the androgen receptor. Abnormal androgen sensitivity
has been recognized in patients with genital anoma-
lies, such as cryptorchidism, micropenis and hypospa-
dia. In these conditions, mutations in the AR gene are
not always detected, and a reduction in AR mRNA has
been considered potentially involved. In order to con-
firm this reduction, it is essential to standardize normal
values of ARmRNA in a tissue-specific manner.

Direct quantitation of genital tissue ARmRNA is
not available in the literature. In this study, the use of
an absolute measurement of AR was possible by em-
ploying real time PCR. This method has proved to be
reproducible and accurate, enabling AR measurement
in the analyzed tissues.

Individuals with isolated phimosis, with no other
genital anomaly, represented a control group. This
group enabled the establishment of reference values for -
AR gene expression in peripheral blood mononuclear

cells and cells from genital tissues. Our results demons- -
trated lower AR expression in peripheral blood mono- :
nuclear cells, when compared with the urethra and the =
prepuce. Therefore, ARmRNA determined in PBMC -
does not reflect the quantity of ARmRNA present in =
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genital tissues, and should not be used in the diagno-
sis of genital anomalies. Specific target-tissue sample
is needed to recognize the androgen action. Preputial
skin is the most prominent tissue related to genital di-
fferentiation and development, but presents limited
availability in patients who do not need surgery. In this
study, we also measured ARmRNA from genital cells
obtained by a simple swab of the urethral mucosa. Our
results demonstrated that these cells presented AR ex-
pression comparable to that observed in preputial skin.
Swabbing urethral mucosa is a feasible procedure to
obtain a representative tissue sample, and seems to be
an adequate alternative to genital skin.

We concluded that the method we employed for
absolute quantitation of ARmRNA is reproducible and
enabled precise determination of gene expression in se-
veral tissues, including samples from external genitalia.
AR expression in peripheral blood mononuclear cells
is low, and not representative of genital androgen sen-
sitivity. We also concluded that cells sampled from the
urethral mucosa may be used in place of genital skin in
the determination of genital expression of ARmRNA.
This method presents the potential to be employed in
the investigation of several conditions in which there is
a suspicion of abnormal quantitative AR gene expres-
sion, such as disorders of sexual differentiation, and
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in understanding phenotype/genotype variability in
hyperandrogenic syndromes, such as congenital adre-
nal hyperplasia.
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