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Abstract

Sex difference in the incidence of thyroid cancer with predominance of
the disease in women is well known, whereas the underlying mechanism
remains obscure. Research performed during the last four decades points
out that sex steroids may underlie this bias in thyroid cancer incidence.
This review attempts to compile the available information in the area. The
authors have taken care to include all relevant publications. If any of the
important reports is not included, it is inadvertent and not intentional. A
series of reports from our laboratory have established that testosterone
stimulates the proliferation and growth of normal thyroid gland in rats
of either sex, whereas estradiol has a specific stimulatory effect in
females and an inhibitory effect in males. Early experimental studies
in rats revealed that sex steroids may promote thyroid tumorigenesis;
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we have shown that testosterone may specifically promote malignancy.
We have also shown the stimulatory effect of testosterone and estradiol
in human thyroid cancer cell lines NPA-87-1 and WRO-82-1. In a recent
paper we reported a positive correlation between AR ligand-binding
activity and its protein expression level; AR mRNA expression had a
positive correlation with its transcription factors Sp1 and a negative
correlation with p53, its repressor in papillary thyroid carcinoma (PTC)
or follicular adenoma (FTA) tissues of women. There was inconsistency
between expression levels of AR mRNA and its protein, which was
influenced by the expression level of the microRNA (miR)-124a. From our
in vitro experiments using a human PTC cell line (NPA-87-1) transfected
with either miR-124a or anti-miR-124a in the light of our findings from
human thyroid tumor tissues, we have shown for the first time that miR-
124a is a potent inhibitor of AR expression, and its expression pattern may
determine the mitogenic effect of testosterone on thyroid cancer.
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10.1 Introduction

Thyroid cancer has emerged as the most com-
mon endocrine malignancy. Broadly, thyroid tu-
mors are classified into tumors of follicular
and C cells origin. Benign follicular adenoma,
well-differentiated papillary thyroid carcinoma
(PTC), follicular thyroid carcinoma (FTC), and
poorly differentiated anaplastic thyroid carci-
noma (ATC) are tumors of follicular cells;
medullary thyroid carcinoma (MTC) is the tumor
of C cells (Hedinger et al. 1989). PTC is the
major thyroid neoplasia, constituting more than
80 % of all thyroid cancers, followed by FTC,
which constitutes 2–5 % thyroid cancers. Though
carcinoma of the thyroid constitutes less than 2 %
of total cancer cases (Landis et al. 1998; Colonna
et al. 2010; Ward et al. 2010), it accounts for 90 %
of all endocrine tumors and 63 % of all deaths
due to endocrine malignancy (Franker 1995). The
incidence of thyroid cancer has increased signif-
icantly in the past several decades (Chen et al.
2009). It is estimated that thyroid cancer accounts
for approximately 140,000 of the 11 million
annual global cancer cases (Nandakumar et al.
2005) and about 37,400 of the 1.5 million cases

of cancers that are diagnosed annually in the
USA (ACS 2012). It is the 6th most commonly
diagnosed cancer among American women and
the most common cancer of the endocrine system
(ACS 2012).

The disease is relatively more prevalent in
younger age group than adults, with almost two-
thirds of the diagnosed cases being persons aged
20–55 years and the mortality rate increasing
gradually by 40–45years of age (Dean and Hay
2000). Thyroid cancer had the fastest reported
increase in the age-adjusted annual incidence
rate, compared to other cancers recorded in the
USA between 1980 and 2005 (Chen et al. 2009).
In the last decade, the incidence of thyroid cancer
in the USA had increased by 82 %, whereas the
USA population grew at a rate of 12 % (ACS
2012). The pattern of thyroid cancer in India is
different from that seen in Western countries. The
Indian National Cancer Registry (INCR) reported
3,617 female and 2,007 male thyroid cancer cases
between 1984 and 1993 (Rao 1999). The nation-
wide relative frequency of thyroid cancer among
all the cancer cases was 0.1–0.2 % (Unnikrishnan
and Menon 2011). In Mumbai, western India,
the thyroid cancer incidence was found to be
at the lowest level in both sexes but was about
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three times more frequent among women than
in men (Rao 1999). The age-adjusted incidence
rate of thyroid cancer per 100,000 is about 1 for
males and 1.8 for females as per the Mumbai
Cancer Registry, which covered a population of
9.81 million subjects (Unnikrishnan and Menon
2011). One report from Chennai, South India,
showed that thyroid carcinoma constitutes about
1–2 % of all cancers (Dorairajan et al. 2002). Our
study conducted during the period 2005–2007
recorded 125 cases of thyroid cancer, among
381 patients who were admitted for surgical
treatment of different thyroid disorders at the
Department of Endocrine Surgery, Rajiv Gandhi
Government General Hospital, Madras Medical
College, Chennai (one of the major referral center
for endocrine surgeries in South India), with the
female:male ratio of 5.2:1 (unpublished data). In
Goa, the incidence of PTC was reported to be
higher than other thyroid cancers with a low ratio
of PTC to FTC in iodine-deficient areas, where
iodized salts are not in use (Arora and Dias 2006).

10.2 Etiology of Thyroid Cancer

The thyroid gland is one of the most radiosensi-
tive organs in the human body (Ron et al. 1998;
Schonfeld et al. 2011). Exposure to radiation is
by far the most well-established risk factor for
thyroid cancer (Reiners 2009; Lukas et al. 2012;
Mazonakis et al. 2012; Tronko et al. 2012; Veiga
et al. 2012). The increased incidence of thyroid
cancer from 1935 to 1975 observed in the USA
was attributed to therapeutic radiation adminis-
tered to the head and neck area of children for the
treatment of benign abnormalities (Pottern et al.
1980). The Chernobyl nuclear reactor accident
resulted in a marked increase (nearly 2,400 %)
in the incidence of thyroid cancer in Belarus, af-
fecting predominantly females (Demidchik et al.
2007; Tronko et al. 2012). Even in the adjoin-
ing Ukraine, there was marked increase in the
incidence of thyroid cancer among men and
women (Tronko et al. 2012; Demidchik et al.
2007). This dramatically increased the number
of thyroid cancer in children living in Belarus,
Ukraine, and Russia was related to the radioactive

iodine contamination (Pacini et al. 1997; Stiller
2005; Demidchik et al. 2007; Kesminiene et al.
2012; Tronko et al. 2012). Memon et al. (2004)
suggested that family history of benign thyroid
diseases may be associated with an increased risk
of thyroid cancer, particularly among first-degree
female relatives. Epidemiological data have re-
vealed a four- to ten fold increase in the incidence
of PTC among the first-generation relatives of
PTC patients (Pal et al. 2001), suggesting the pos-
sibility of familial predisposition to PTC. Several
oncogenes and a series of genetic alterations are
associated with thyroid cancer. Multiple lines of
evidence suggest that RET/PTC rearrangements
may be an early event in thyroid cancer devel-
opment (Mishra et al. 2009). Involvement of the
rat sarcoma (RAS) gene has been reported as an
early and important event in thyroid tumorigene-
sis (Volante et al. 2009). Activation of MYC onco-
gene has been detected in human thyroid cancers.
Living in volcanic areas (Duntas and Doumas
2009), iodine intake (Franceschi 1998), obesity
(Schonfeld et al. 2011), and importantly the fe-
male sex (Rahbari et al. 2010) have also been as-
sociated with higher incidence of thyroid cancer.

10.3 Thyroid Cancer and Gender

Thyroid cancer is one of the cancers in which
the incidence rate in women far exceeds that of
men (Reynolds et al. 2005). Data from cancer
registries of different countries show that more
women than men are diagnosed with thyroid
cancer (3–5.5:1) (Mack et al. 1999; Negri et al.
1999; Cook et al. 2009; Howlader et al. 2011),
a patented phenomenon observed across geo-
graphic locations and ethnicity. Our earlier report
also confirmed the gender disparity in thyroid
cancer incidence as indicated by a sex ratio of
3:1 for PTC, 5:1 for FTC, and 5.4:1 for FTA
between women and men (Stanley et al. 2012).
The incidence of thyroid cancer in women in-
creases with age (Reynolds et al. 2005), reaches
the peak during pubertal age, and decreases after
menopause (Preston-Martin et al. 1987; Fara-
hati et al. 1998). Though females have the high
incidence of thyroid tumors, men have a high



124 J.A. Stanley et al.

rate of malignancy, usually with poor prognosis
(LiVolsi 1996; Holzer et al. 2000; Wartofsky
2010). In 2012, among 56,000 adults diagnosed
with thyroid cancer in the United States, 43,000
were women (ACS 2012). The difference in the
incidence of thyroid cancer between men and
women suggests a possible role of sex steroids in
the incidence of thyroid cancer (Howlader et al.
2011). However, the exact relationship between
thyroid cancer incidence and women’s reproduc-
tive life remains unclear due to the great vari-
ability observed among different ethnic groups
(Mack et al. 1999; Negri et al. 1999).

10.4 Specific Effects of Sex
Steroids on Normal
and Cancer Thyroid

A sex-specific difference in the ligand-binding
activity (LBA) of AR in human thyroid with
higher activity in males than in females was
reported (Marugo et al. 1991). A series of re-
ports from our laboratory on postnatal devel-
opment/growth of thyroid gland in rats ascer-
tained the sex-specific effects of testosterone and
estradiol on thyrocytes proliferation. Banu et al.
(2002) demonstrated that the peak in thyrocytes
proliferation in normal male and female rats
during the second postnatal week is associated
with elevated levels of testosterone and estra-
diol and their receptors in the thyroid. Another
in vitro study on thyrocytes of immature and
adult rats revealed a direct mitogenic effect of
sex steroids; while testosterone promoted the
proliferation of thyrocytes isolated from either
sex, estradiol specifically promoted the same
in females, whereas it inhibited in males. The
above study entrenched the role of sex steroids
on thyrocytes proliferation by demonstrating the
inhibitory effect of the antiestrogen tamoxifen
and the antiandrogen flutamide on estradiol and
testosterone-induced thyrocytes proliferation, re-
spectively (Banu et al. 2002). Recently, we re-
ported that the mitogenic effects of testosterone
and estradiol on rat thyrocytes are associated
with increased expression of IGF-1 (Stanley et al.
2010). Earlier, we reported the differential effect

of testosterone and estradiol on the prolifera-
tion of human thyroid cancer cell lines; while
testosterone promoted the proliferation of PTC
(NPA-87-1) and FTC (WRO-82-1) cell lines,
estradiol promoted the proliferation of NPA-87-1
alone, whereas it inhibited that of WRO-82-1 cell
line (Banu et al. 2001b). The differential effects
of estradiol and testosterone on the proliferation
of thyroid cancer cell lines underscored the im-
portance of these sex steroids in the sex-specific
difference in thyroid cancer incidence. Thiruven-
gadam et al. (2003) from our laboratory provided
evidence for the specific effects of estradiol and
testosterone in the promotion of nonmalignant
and malignant thyroid tumorigenesis in rat. The
above study demonstrated that estradiol promotes
the DHPN-induced development of thyroid ade-
noma in either sex, whereas excess testosterone
favored the development of malignant thyroid tu-
mors alone. The effects of testosterone in promot-
ing the malignant thyroid tumors were obvious
in gonad intact males and ovariectomized rats,
suggesting a modulatory effect of endogenous
estradiol on the effects of testosterone (Aruldhas
et al. 1995; Thiruvengadam et al. 2003). In vitro
studies from our laboratory also revealed the
stimulatory effects of testosterone and estradiol
on (3H)-thymidine uptake by normal (Banu et al.
2001a, b; Stanley et al. 2010) and cancerous rat
thyrocytes (Aruldhas et al. 1995) and human PTC
and FTC cell lines (Banu et al. 2001a, b; Stanley
et al. 2012), suggesting the direct action of sex
steroids on the thyroid. Rossi et al. (1996) re-
ported that 5’-dihydrotestosterone inhibited the
proliferation of primary culture of goitrous thy-
rocytes and the PTC cell line TPC, which was
associated with a reduction in the expression of
c-myc gene, whereas thyroperoxidase and thy-
roglobulin genes remained unaltered. The exact
reason for the inconsistency between our study
and that of Rossi et al. is not clear. Probably,
the difference in the cell lines used and the type
of the androgen and doses employed in the two
studies are the reasons for the inconsistency.
Bahrami et al. (2009) reported that testosterone
decreased thyroid enlargement and prevented the
fall in serum free T4 levels in castrated iodine-
deficient rats. Testosterone decreased thyroxine
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binding globulin (TBG) and total iodothyronines
(T4 and T3), indicating the direct effect of testos-
terone on the thyroid gland (Tahboub and Arafah
2009).

10.5 Sex Steroid Receptors
and Thyroid Cancer

Androgen receptor (AR), estrogen receptor (ER),
progesterone receptor (PR), glucocorticoid re-
ceptor, mineralocorticoid receptor, and thyroid
hormone receptor (TR) are members of the nu-
clear receptor super family, a diverse group of
transcription factors activated by the binding of
a hormone ligand (Flamant et al. 2006). In gen-
eral, these intracellular receptors undergo a con-
formational change upon ligand binding, which
allows for separation of the receptor from its
cytoplasmic chaperone proteins (exception, ERs
and TRs). There is subsequent dimerization and
binding of the receptor to a specific steroid re-
sponse element located on the promoter region of
target genes, recruiting and interacting with co-
activators, co-repressors, or other cis-acting tran-
scription factors to regulate gene expression and
activate various intracellular pathways (Thakur
and Paramanik 2009).

There are two distinct ER subtypes, ER’ and
ERß, which are coded by separate genes. ER’

is expressed most abundantly in the female re-
productive tract, in particular the uterus, vagina,
and ovaries, while ERß has its highest expres-
sion in the prostate, ovaries, and lungs (Saun-
ders and Critchley 2002). Endogenous ligands
for AR are testosterone and its potent metabolite
5-’-dihydrotestosterone (DHT), as well as the
adrenal pre-hormones dehydroepiandrosterone
(DHEA) and DHEA sulfate (DHEAS); the male
reproductive organs exhibit the highest level of
AR expression (Cooke et al. 1991).

Thyroid tissue is responsive to sex steroids
as AR and ERs are expressed in normal and
cancer thyroid tissues (Marugo et al. 1991; Banu
et al. 2001a, b, 2002; Banu and Aruldhas 2002;
Thiruvengadam et al. 2003; Stanley et al. 2010,
2012). Though radiation exposure, low iodine
diet, family history and previous history of thy-

roid goiter and sex chromosomes have been
attributed for thyroid cancer incidence, AR and
ER genes have emerged as the most significant
candidates responsible for the sex-specific differ-
ences in thyroid cancer incidence (Rossi et al.
1996; Banu et al. 2001a, b; Thiruvengadam et al.
2003). Both testosterone and estradiol regulate
the proliferation of thyrocytes by upregulating
their respective receptors (Banu et al. 2001a, b;
Stanley et al. 2010). The presence of AR, ER’,
and ERß, and their regulation by respective lig-
ands, suggests that these nuclear receptors might
play an important role in the pathogenesis of thy-
roid tumors. We have shown that the stimulatory
effect of testosterone on proliferation of human
PTC (NPA-87-1) and FTC (WRO-82-1) cell lines
is associated with homologous upregulation of
AR, independent of thyroid-stimulating hormone
(Banu et al. 2001a, b). The above study also re-
ported homologous regulation of ER by estradiol
in those cell lines. Recently, our laboratory in-
vestigated (Annapoorna et al. 2011; Annapoorna
2012) the expression pattern of ER’ and ERß
in 68 human PTC tissue samples (17 males, 51
females); the results from these studies revealed
a varied expression pattern of ER subtypes with
overexpression of ER’ in 51 % of the female
and the remaining subjects showing either nor-
mal (33 %) or decreased (16 %) expression;
among the males 59 % showed overexpression,
24 % had decreased expression, and the remain-
ing recorded normal expression level of ER’.
The same study revealed an interesting picture
of a general trend of decreased expression of
ERß in most of the females (73 %) and in-
creased expression in most of the PTC samples
from males (88 %), suggesting a clear sex dif-
ference in the expression pattern. Using NPA-
87-1 cell lines, Annapoorna (2012) has demon-
strated that estradiol prefers ER’ over ERß for
its mitogenic activity, and the estradiol-induced
cell proliferation is associated with activation
of the MAP kinase pathway. Recently, we re-
ported sex difference in AR status in human
thyroid cancer tissues, i.e. increased expression
level of AR mRNA in majority of PTC men
and decreased expression in many of the women
(Stanley et al. 2012). Magri et al. (2012) reported
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that increased expression of AR, ER’ and ERß
negativity may be associated with aggressive
thyroid cancer phenotypes and may represent
an additional criterion in deciding whether to
perform radioiodine ablation in these tumors. In a
recent review Yao et al. (2011) had given an elab-
orative account of these aspects, and interested
readers may refer to the article for additional
information.

10.6 Androgen Receptor
in Thyroid Cancer

AR is expressed in many tissues, including nor-
mal and malignant thyroid tumors with the high-
est level observed in male reproductive organs
(Magri et al. 2012; Stanley et al. 2012). AR
gene is located on the X chromosome (q11-
12) and the receptor protein is well known as
a ligand-inducible transcription factor that regu-
lates target gene expression (Heinlein and Chang
2002; Lee et al. 2003; Brinkmann 2011). As
a member of the nuclear receptor superfamily,
the AR gene consists of eight exons that en-
code four structurally and functionally distinct
domains: the NH2-terminal transactivation do-
main, the DNA-binding domain, a hinge region,
and the COOH-terminal ligand-binding domain
(Matsumoto et al. 2013). Upon ligand binding,
the receptor undergoes transformation, homod-
imerization, and nuclear translocation and binds
to specific AR-responsive elements located in the
promoter region of its target genes; this is fol-
lowed by recruitment of specific coregulators and
basal transcriptional machinery including RNA
polymerase II, leading to the transcription of tar-
get genes (Heinlein and Chang 2002; Brinkmann
2011).

The presence of AR in normal and cancer thy-
roid tissues of rodent, primate, and humans favors
its role in the pathogenesis of thyroid cancer. A
series of reports ascertained the presence of AR
in human thyroid tissues (Table 10.1). The rate
of thyroid malignancy is high in men with poor
prognosis, compared to women. Marugo et al.
(1991) showed the presence of higher nuclear
AR concentration in the male rather than in the

female thyroid cancer tissues. We have reported a
varied pattern of AR expression in human thyroid
tumor tissue, which could be categorized into
subjects with increased, decreased, and unaltered
expression (Stanley et al. 2012). These findings
suggest that one cannot generalize about the ex-
pression pattern of AR in thyroid cancer, and it
needs an individualized or categorized approach
based on the tumor type, grade, and sex. Recently,
based on their immunohistochemical observa-
tions of AR in 122 of thyroid cancer tissues,
Magri et al. (2012) reported that AR(C) tumors
are more aggressive than the AR(�) tumors due
to a significantly higher prevalence of capsular
invasion. The capsular invasion is a major factor
increasing the risk of nodal metastasis in PTC
(Pisanu et al. 2009).

All these studies pointed out that androgens
have a regulatory role on thyroid tumorigenesis
and sex disparity in the incidence and aggres-
siveness of thyroid cancer. However, the exact
mechanism underlying the effect of AR on thy-
roid cancer and the factors responsible for its
varied expression among subjects afflicted with
the disease remain obscure. With this background
in mind, we investigated 125 thyroid tumor tis-
sue samples excised during surgery for PTC
(n D 68; 17 males and 51 females), FTC (n D 6;
1 male and 5 females), and FTA (n D 51; 8
males and 43 females) at the Department of En-
docrine Surgery, Madras Medical College, Chen-
nai, India; the parameters studied include testos-
terone concentration, AR ligand-binding activity,
AR expression using real-time PCR and west-
ern blot techniques, and expression pattern of a
few specific regulators of AR mRNA expression
(Stanley et al. 2012). The following were the
salient features of our report: (1) Peripheral and
thyroid tissue concentration increased in women
with thyroid tumors, whereas the same decreased
in male subjects with the disease. (2) AR ligand-
binding activity increased in a majority of male
subjects (41 % PTC, 100 % FTC, 88 % FTA) and
in carcinoma tissues of females (51 % PTC and
80 % FTC), whereas in 75 % of FTA tissues from
females, it decreased. Interestingly, it remained
unaltered in 35 % and decreased in 24 % of
PTC tissues from males and decreased in 35 %
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Table 10.1 List of reports on androgen receptor expression in human thyroid tissues

Author Tissue type Notes
1 Prinz et al. (1984) PTC, FTA, NTG AR was detected in 4/5 malignant and 9/20 nonmalignant

human thyroid tissues.
No significant difference between sex.

2 Miki et al. (1990) PTC, ATC, FTA, NTG AR was detected in 8/29 nonneoplastic and 4/26 neoplastic
tissues.
No data on sex or sex disparity.

3 Ruizeveld de Winter
et al. (1991)

No detail provided Immunostaining of AR in thyroid tissues (n D 2).

No data on sex or sex disparity.
4 Marugo et al. (1991) NTG AR expression detected in 12 female and 6 male thyroid

tissues.
AR expression was higher in men than women.

5 Kimura et al. (1993) No detail provided AR immunostaining detected in human thyroid follicular
cells.
No data on sex or sex disparity.

6 Rossi et al. (1996) AR was detected in all the noncancerous (n D 7) and few of
the cancerous samples (n D 3) studied.
No data on sex or sex disparity.

7 Zhai et al. (2003) MTC AR was detected in 12/16 male and 7/9 female thyroid
tissues.

8 Bléchet et al. (2007) MTC, CCH AR expression was detected mainly in men and lower
expression in women.
No sex disparity observed.

9 Magri et al. (2012) PTC AR expression detected in 16/78 female, 3/13 male tissues.
No data on sex or sex disparity.

10 Stanley et al. (2012) PTC, FTC, FTA AR expression was detected in all the 125 samples analyzed;
AR expression increased in men and decreased in women.
Varied AR expression and the testosterone levels might
contribute for the sex disparity.

and remained unaltered in 14 % of PTC females.
(3) Western blot analysis revealed normal pattern
of AR protein expression level in a majority of
cancer tissues from males. However, a majority
of cancer tissues from female subjects recorded
decreased expression level of AR protein; a few
samples from either sex recorded increased ex-
pression of AR protein. When we subjected the
data on AR ligand-binding activity and western
blot to Pearson’s correlation coefficient analysis,
there was a positive correlation between the two
parameters in PTC and FTA females and males.
(4) In an attempt to comprehend the mecha-
nism underlying the expression AR gene, we
determined AR mRNA expression by real-time
PCR analysis which showed either increased or
normal expression (41 % in each) in males, but
decreased expression was evident in a majority
of thyroid tumor tissues from women. Pearson’s

correlation coefficient analysis revealed a positive
correlation between AR mRNA and protein in
malignant and nonmalignant tissues of women
and only in PTC tissues of men. In general, our
findings revealed the existence of a sex-specific
difference in the expression and ligand-binding
activity of AR in thyroid cancer. As discussed
earlier, AR is a ligand-mediated transcription
factor (Lee and Chang 2003; Flamant et al. 2006)
and undergoes homologous upregulation in re-
sponse to testosterone stimulation (Banu et al.
2001a, b). Therefore, based on the findings of
correlation analysis of thyroidal concentration of
testosterone and AR ligand-binding activity, and
expression levels of AR mRNA and protein, we
suggested that the tissue level of testosterone in
the thyroid may be an important marker for the
prognosis of thyroid cancer in men and women
(Stanley et al. 2012).
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The AR 50 upstream promoter region lacks a
typical TATA box and CAAT box but contains
binding sites for key regulatory elements like
specificity protein 1 (Sp1) (Mizokami et al.
1994), cAMP response element-binding protein
(CBP) (Takane and McPhaul 1996), and p53
(Alimirah et al. 2007). Both Sp1 and CBP were
reported to enhance AR expression (Faber et al.
1993; Aarnisalo et al. 1998), while p53 was
reported to repress it (Alimirah et al. 2007)
Increased p53 decreased the expression of AR
mRNA and protein in 22Rv1 and LNCaP prostate
cancer cell lines (Cronauer et al. 2004; Alimirah
et al. 2007). Cyclin D1 was reported to function
as a strong corepressor of AR in LNCaP cell line
(Petre-Draviam et al. 2003).

We also detected the expression level of AR
transcription factors CBP and SP1 by western
blot, in an attempt to understand the regulation
of AR transcription. There was no significant
correlation between AR mRNA and CBP expres-
sion in thyroid tumor tissues from females and
males. However, there was a positive correlation
between AR mRNA and SP1expressions in PTC
tissues of women alone. Increased level of testos-
terone is known to suppress AR expression via
inhibition of Sp1 in rat prostate (Beklemisheva
et al. 2007), suggesting that Sp1 and increased
testosterone bioavailability could contribute to
the downregulation of AR in a majority of thyroid
tumors in females. Based on the above findings,
we suggested that (1) SP1 may be the major
positive regulator of AR expression in thyroid
cancer, and (2) it may be one of the putative
factors contributing for the specific decrease in
AR expression in PTC women (Stanley et al.
2012).

As there was no consistency between AR
mRNA and the positive regulators of its tran-
scription in males, we looked for the expression
of repressors of AR transcription, P53 and cyclin
D1; there was a negative correlation between (de-
creased) expression of AR mRNA and P53/cyclin
D1 proteins in females and an opposite trend
between AR mRNA and P53 in males. We also
reported a positive association between tissue
testosterone level and cyclin D1 expression in
PTC tissues from women and an opposite trend

in males. An important finding in our study
was an inconsistency between AR mRNA and
protein expressions in a number of thyroid can-
cer tissues, particularly in males. Therefore, we
looked for the existence of a specific microRNA
(miRNA) that may decrease the translation of AR
mRNA into its protein. miRNAs regulate trans-
lation and stability of particular target mRNAs
by imperfect base pairing (Olsen and Ambros
1999). miRNAs are noncoding single-stranded
RNAs of about 22 nucleotides. A large num-
ber of miRNAs are involved in almost every
major cellular function like proliferation, differ-
entiation, and apoptosis, and as a consequence,
deregulation of miRNAs has also been linked
to a broad variety of cancers (Ha 2011). The
role of miRNAs in thyroid cancer is incom-
pletely understood. Several studies have analyzed
miRNA expression in numerous and different
types of thyroid tumors, suggesting a deregula-
tion of miRNAs in cancer tissues, compared with
their normal counterparts (Ricarte-Filho et al.
2009; Abraham et al. 2011; Marini et al. 2011;
Leonardi et al. 2012; Vriens et al. 2012). Using
bioinformatics analysis we predicted the presence
of a binding site (GUGCCUU) for miR-124a at
the nucleotide position 88–94 of AR 30 UTR.
We found an increase in miR-124a expression
in all women who had decreased expression of
AR protein, suggesting a negative correlation
between the two parameters in those cases that
had an inconsistency between AR mRNA and
protein. The finding of negative correlation be-
tween AR protein and miR-124a in PTC and
FTA tissues from women alone also pointed
out the sex-specific variation in the regulation
of AR in thyroid cancers. We also confirmed
the negative effect of miR-124a on AR protein
and, thus, on testosterone-mediated proliferation
of thyroid cancer cells in NPA-87-1 PTC cell
line transfected with miR-124a and anti-miR-
124a. miR-124a also decreased the AR reporter
luciferase activity and the thyroid cancer cell
proliferation, suggesting that miR-124a can be a
potential candidate that determines AR gene ex-
pression pattern in human thyroid tumors, which
could be a putative mechanism underlying the sex
bias in the incidence of thyroid cancers. Thus,
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for the first time, to the best of our knowledge,
we provided evidence that AR gene is the direct
target for miR-124a, and its expression level de-
termines the expression pattern of AR in thyroid
tumor tissues. Our study also reported for the
first time the existence of a sex-specific relation
between testosterone bioavailability and AR ex-
pression pattern in thyroid tumors (Stanley et al.
2012).

10.7 Conclusion

Based on our findings and existing literature, it is
concluded that the varying pattern of testosterone
level and AR status in thyroid tissues of men
and women might contribute to the sex-specific
incidence of thyroid tumors. miR-124a plays a
significant role in determining AR gene expres-
sion pattern and may direct AR influence on sex-
specific thyroid cancer incidence.
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