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Expression of the estrogen receptor o, progesterone
receptor and epidermal growth factor receptor
in papillary thyroid carcinoma tissues
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Abstract. The present study aimed to determine the protein
expression, in addition to the clinical value of the expression,
of estrogen receptor o (ERa), progesterone receptor (PR) and
epidermal growth factor receptor (EGFR) in papillary thyroid
carcinoma (PTC). The expression of ERa, PR and EGFR was
examined immunohistochemically on paraffin-embedded
thyroid tissues obtained from 64 patients with PTC and
14 patients with nodular thyroid goiter (NTG). The expression
level of ERa, PR and EGFR was found to be significantly
elevated in the PTC tissues compared with the NTG tissues.
In addition, the expression of ERa was found to be correlated
with the size of PTC tumors. However, there was no significant
difference between the expression levels of ERa, PR and EGFR
in males and females with PTC. Thus, immunohistochemical
evaluation of ERa, PR and EGFR expression in patients with
PTC may aid in the prediction of the prognosis of patients with
PTC.

Introduction

Thyroid cancer is one of the most prevalent malignancies of
the endocrine system. Papillary thyroid carcinoma (PTC), the
most common histological type of thyroid cancer, has demon-
strated the fastest rising incidence in previous years when
compared with other endocrine cancers (1,2). According to the
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SEER 9 database of the National Cancer Institute (Bethesda,
MD, USA), the gender ratio of PTC in female and male patients
declines from >5 at 20-24 years old to 3.4 at 35-44 years old,
and reaches almost 1 at >80 years old, indicating that PTC
occurs predominantly during the reproductive years (3). The
predominance of PTC in females has been observed in all
geographical areas and ethnic groups (1,4).

As epidemiological data report a strong female predilec-
tion for thyroid cancer, the gender hormones estrogen and
progesterone may play vital roles in the pathogenesis of
thyroid neoplasm (1,4). Estrogen and progesterone act through
the estrogen receptor (ER) and progesterone receptor (PR),
respectively, which belong to the nuclear hormone receptor
superfamily and are expressed in benign and malignant
thyroid tissues. There are two ER isoforms, ERa, which is
expressed in the endometrium, breasts, ovarian stroma and
hypothalamus, and ER, which is expressed in the kidneys,
brain, bones, heart, lungs, intestinal mucosa, prostate and
endothelium. PR has two isoforms, PR-A and PR-B, which are
expressed in the breasts, uterus and brain (5).

Notably, it has been found that estrogen regulates the
transcription of numerous cell proliferation-associated
genes (6-8). In addition, accumulating evidence has revealed
that estrogen exerts direct effects on thyroid cell lines
originating from normal thyroid gland tissue and thyroid
carcinoma by ER-dependent mechanisms, such as enhance-
ment of proliferation, modulation of sodium-iodide symporter
and thyroglobulin gene expression, and upregulation of matrix
metalloproteinase (MMP) 9 production (8-10).

In PTC cells, RET/PTC re-arrangement is a common
genetic event (11). A previous study has indicated that
RET/PTC-induced cell growth is mediated in part by
epidermal growth factor receptor (EGFR) (12). Increased
expression of EGFR has been revealed to play an important
role in thyroid tumor progression. Additionally, PTC stromal
invasion may be regulated through EGFR-dependent activa-
tion of MMP-2/gelatinase A (13).

Generally, PTC is associated with a favorable prog-
nosis (14-16). However, up to 10% of patients with PTC
succumb as a direct result of this carcinoma, and 22-30%
experience recurrent disease (14,16). Thus, it is important to be
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able to identify the PTC patients that possess a poor prognosis,
through which an appropriate treatment may be chosen. The
present study examined the association between immunohis-
tochemical (IHC) factors, consisting of ERa, PR and EGFR
expression, and gender and tumor size in patients with PTC.

Materials and methods

Subjects. A total of 78 paraffin-embedded PTC tissue speci-
mens were obtained from the Department of Pathology at the
First Affiliated Hospital of Dalian Medical University (Dalian,
Liaoning, China), with the specimens being excised between
January 2011 and December 2013. The tissues consisted
of 64 PTC tissue specimens, obtained from 27 male and
37 female patients, and 14 nodular thyroid goiter (NTG) tissue
specimens, obtained from 4 male and 10 female patients.
Slides stained with hematoxylin and eosin were examined
initially and optimal slides were selected for IHC staining. The
present study was approved by the Ethics Committee of the
First Affiliated Hospital of Dalian Medical University. Written
informed consent was obtained from the patients.

Immunohistochemistry. Serial tissue sections were sliced at
a width of 4 ym from formalin-fixed and paraffin-embedded
tissue blocks, and the slices were mounted onto
poly-L-lysine-coated glass slides (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). The sections were deparaffinized
and rehydrated through a graded series of xylene-ethanol, and
then incubated for 7 min in 3% hydrogen peroxide to inhibit
endogenous peroxidases. Antigen retrieval was performed
by boiling the slides for 30 min in EDTA (pH 8.9-9.1). The
tissue sections were incubated with primary rabbit anti-human
monoclonal ERa (clone, 1D5; dilution, 1:200), rabbit
anti-human monoclonal PR (clone, PgR 636; dilution, 1:250)
and mouse anti-human monoclonal EGFR (clone, UMAB 95;
dilution, 1:200; Dako North America, Inc., Carpinteria, CA,
USA) antibodies. Immunoreactivity was assessed using the
chromogen 3,3'-diamino-benzidine (Fuzhou Maixin Biotech
Co., Ltd., Fuzhou, Fujian, China). The slides were then
counterstained with hematoxylin, washed three times with
phosphate-buffered saline for 5 min, dehydrated with graded
alcohol and xylene, and mounted onto coverslips. Appropriate
positive and negative controls were performed simultaneously
with the patient specimen; breast carcinoma specimens were
used as positive controls for ERa and PR, colon cancer speci-
mens were used as the positive control for EGFR and PBS was
used as the negative control.

IHC analysis. The slides were immunostained for ERa,
PR and EGFR and the staining was then assessed using the
scoring system reported by Allred er al (17). Briefly, the
proportion score (PS) expressed the estimated proportion
of tumor cells that stained positive for ERa, PR and EGFR,
as follows: 0, none; 1, 1/100; 2, 1/100 to 1/10; 3, 1/10 to 1/3;
4,1/3 to 2/3; and 5,>2/3. The intensity score (IS) expressed the
average intensity of the staining, as follows: 0, none; 1, weak;
2, intermediate; and 3, strong. The PS and IS were then added
to obtain a total score (TS), which ranged between 0 and 8.
Tumors were classed as positive for the expression of ERa, PR
or EGFR if they possessed a TS =3.
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Statistical analysis. The data were analyzed using SPSS soft-
ware, version 13.0 (SPSS, Inc., Chicago, IL, USA). The
differences between groups were tested using the > test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Expression of ERa, PR and EGFR is elevated in PTC tissues.
To examine whether benign and malignant thyroid cells
express ERa, PR and EGFR, IHC analysis was performed
on the PTC and NTG tissue sections. Tumor cells with a
score =3 were considered to be positive for the expression
of ERa, PR or EGFR. ERa, PR and EGFR were found to be
expressed more frequently in the PTC tissues compared with
NTG tissues (Fig. 1). Briefly, 38 out of 64 (59.4%) PTC tissues
demonstrated a strong immunopositivity for ERa (P<0.05),
29 out of 64 (45.3%) PTC tissues demonstrated an elevated
expression of PR (P<0.05), and 62 out of 64 (96.9%) PTC
tissues demonstrated a significantly increased expression of
EGFR (P<0.05) (Table I).

In addition, the expression of ERa and PR was detected in
the nucleus, while the expression of EGFR was examined in
the cytoplasm and cell membrane.

ERa expression is increased in PTC patients with a larger
tumor size. It has been reported that the tumor size is strongly
associated with the therapy administered to patients with PTC
and the prognosis of the patients (18). To investigate whether
the expression of ERa, PR and EGFR is also associated with
the risk of PTC, the IHC data was categorized according to the
size of the tumor. It was found that ERa expression is markedly
associated with the size of PTC tumors (P<0.05) (Table II),
indicating that ERo. may be used as a marker to predict the
risk of PTC.

Expression of ERa, PR, and EGFR in male and female patients
with PTC is not different. An increasing number of studies have
revealed that the incidence of PTC is significantly increased in
females compared with males (1,3,4). To determine whether
the expression of ERa, PR, and EGFR is consistent with this
observation, the IHC data was analyzed based on the gender
of the patients. However, it was found that there was no signifi-
cant difference between the expression level of ERa, PR, and
EGFR in male and female patients with PTC (Table III). These
data suggest that the expression level of ERa, PR and EGFR
may not be a direct causative factor for the high incidence of
PTC in females.

Discussion

There are an increasing number of studies indicating that
estrogen may exert a direct effect on tumorigenesis in human
thyroid cells by ER-dependent or ER-independent mecha-
nisms, through modulating cell proliferation and regulating
the function of the thyroid (8,19,20). The mechanistic evidence
for these effects on thyroid function and growth regulation was
reviewed by Santin and Furlanetto (8).

Estrogen regulates cell proliferation by binding to
specific receptors, including ER. There are two isoforms of
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Figure 1. Immunohistochemical staining for ERa, PR and EGFR in PTC and
NTG tissues. (A) NTG tissue without ERa staining (magnification, x400).
(B) PTC tissue with nuclear ERa staining (magnification, x400). (C) NTG
tissue without PR staining (magnification, x400). (D) PTC tissue with nuclear
PR staining (magnification, x400). (E) NTG tissue without EGFR staining
(magnification, x400). (F) PTC tissue. ERa, estrogen receptor a; PR, pro-
gesterone receptor; EGFR, epidermal growth factor receptor; PTC, papillary
thyroid carcinoma; NTG, nodular thyroid goiter.
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Table I. Increased ERa, PR and EGFR expression by PTC tis-
sue compared with NTG (n=78).

Tissue type, n (%)

Variable NTG PTC x> P-value
Total 14 (100.0) 64 (100.0)

ER« 2 (14.3) 38(594) 9348 0002
PR 1(7.1) 29453) 7071 0.008
EGFR 11(786)  62(969) 6415 0011

ERa, estrogen receptor o; PR, progesterone receptor; EGFR, epider-
mal growth factor receptor; PTC, papillary thyroid carcinoma; NTG,
nodular thyroid goiter.

Table II. Elevated ERa. expression in papillary thyroid carci-
noma patients with larger size of tumor (n=64).

Tumor size, n (%)

Variable <l cm >1 cm x> P-value
Total 33 (100.0) 31 (100.0)

ERa 14@24) 19774 4904 0.02
PR 13(394)  16(516) 2509  0.113
EGFR 32 (97.0) 30 (96.8) 4.799 0.091

ERa, estrogen receptor a; PR, progesterone receptor; EGFR, epider-
mal growth factor receptor.

Table III. No difference in ERa, PR and EGFR expression by
males or females of papillary thyroid carcinoma (n=64).

Gender, n (%)

Variable Male Female x> P-value
Total 27 (100.0) 37 (100.0)

ERa 17 (63.0) 21 (56.8) 0.249 0.618
PR 15 (55.6) 14 (37.8) 1.977 0.160
EGFR 27 (100.0) 35 (94.6) 1.507 0.220

ERa, estrogen receptor o; PR, progesterone receptor; EGFR, epider-
mal growth factor receptor.

ER, ERa and ERp. These isoforms are coded for by distinct
genes and are expressed differently in human tissues during
morphogenesis and in adult life (21,22). The expression
pattern of ER isoforms has been demonstrated in neoplastic
and non-cancerous human thyroid tissues; however, the results
are not consistent (19,20). Experimental studies have revealed
that estrogen affects PTC development by interacting with
ER at the level of target thyroid cells, thereby promoting
the proliferation of mutated follicular cells (23). In addition,
several different thyroid cancer cell lines have been revealed
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to express ER (24-26), and the proliferation of these cells
was stimulated by ERa agonists, and downregulated by ERf
agonists (23). Consistently, the present study revealed that the
expression of ERa is increased in PTC tissues, compared with
the expression in NTG tissues. Notably, significantly elevated
expression of ERa was identified in PTC patients with a larger
tumor size, indicating that the expression of ERa may be used
as a predictor for an increased risk of PTC.

EGFRs are monomer cell-surface receptors that belong
to the ErbB family of receptor tyrosine kinases. Mutations
leading to EGFR overexpression have been associated with
a variety of malignancies, including head and neck, esopha-
geal, ovarian, cervical, lung and bladder cancers (27). In the
present study, it was found that the expression of EGFR is also
increased in PTC, suggesting that overexpression of EGFR
may be a factor in the development of PTC.

Numerous studies have reported that the overexpression
of EGFR in an anaplastic, undifferentiated subtype of PTC is
associated with a high mortality rate (28-31). However, little
is known about the value of EGFR expression in predicting
the prognosis of thyroid carcinoma. In the present study, the
clinical value of EGFR for the prediction of the risk of PTC
was evaluated, although no significant association was identi-
fied between EGFR expression and the size of the PTC tumor.

In conclusion, the present study revealed that the expres-
sion levels of ERa, PR and EGFR were significantly elevated
in PTC tissues compared with NTG tissues. In addition, the
expression of ERa was found to correlate with the size of PTC
tumors. Therefore, the results of this study indicate that immu-
nohistochemical analyses of ERa, PR and EGFR expression in
patients with PTC may present a potential prognostic marker.
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