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Abstract

Introduction: Papillary thyroid carcinoma (PTC) is the ninth most common malignancy among 
women. Although the disease prognosis is good, less favourable outcomes are predicted in 
those with higher disease stages and nodal metastasis. Oestrogen- α (ER-α) expression has been 
associated with aggressive presentation and greater disease progression and has been proposed as 
a predictor for lymph node metastases. The objective of this study was to evaluate the association 
between ER expression and  clinicopathological features i.e. lymph node metastasis, tumour size, 
extrathyroidal extension, histological variants of PTC , age groups , ethnic and gender.  Methods: We 
studied ER-α expression in 84 cases of PTC obtained within an eight-year period (2011-2018) by 
immunohistochemical technique (IHC). Associations between ER-α expression and clinicopathological 
features were evaluated using Fisher’s exact test. The statistical significance was set at p < 0.05. 
Results: ER-α was expressed in 13.1% of all the PTC cases examined (n=11/84). There were no 
associations observed between ER-α expression and lymph node metastasis (p=1.000), tumour size 
(p=0.970), extrathyroidal extension (p=0.677), variants of PTC (p=1.000), age groups (p=0.188), 
gender (p=0.725) or race (p=0.920). Conclusion: There was no evidence in this study to support 
the application of ER-α as prediction marker for lymph node metastasis or disease aggressiveness 
in PTC. Given that the scope of this study was limited to the protein expression of ER- α, we 
also propose the inclusion of molecular analysis of ESR1 gene expression, as well as inclusion 
of detailed clinical and radiological findings in future research investigating the role of ER-α in 
prognostication of PTC. 
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INTRODUCTION 
Papillary thyroid carcinoma (PTC) is the ninth 
most common malignancy among women and 
occurs about three times more frequently in 
women than men.1,2 The incidence of thyroid 
cancer tripled over the last 30 years.3 Although 
more than 95% of patients diagnosed with 
PTC are expected to have good outcomes, less 
favourable outcomes are predicted in those 
with higher disease stages and those with nodal 
metastasis.4 Cervical lymph node metastasis in 
PTC is very common and is found in 20% to 50% 
of PTC patients.5 Nodal metastasis is associated 
with increased risk of locoregional recurrences 
(LRR), which affects quality of life and alters 

disease prognosis.5–8

	 Oestradiol (E2) is the main physiological 
oestrogen in mammals which mediates 
physiological response by binding to oestrogen 
receptors (ER).9 As there is strong female 
predilection for thyroid cancers, it is reasonable 
to postulate an association between E2 and 
thyroid neoplasms. A review of various in vitro 
studies on E2 in thyroid cancers showed that 
there is evidence to suggest a strong relationship 
between E2 and pathogenesis of thyroid cancers 
in females.10 A recent study found that Hsp27, 
which is a type of heat shock protein (Hsps) that 
enables cells to survive and recover from stress 
conditions, can be upregulated by E2.11,12 This 
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upregulation was shown to facilitate proliferation 
and confer apoptosis in human papillary thyroid 
cancer cells.12

	 ER is a hormone nuclear receptor that exists in 
two forms, namely the oestrogen-α receptor (ER-
α) and oestrogen-b receptor (ER-b).9,13,14 ER-α 
and ER-b are encoded by oestrogen receptor 1 
(ESR1) and oestrogen receptor 2 (ESR2) genes, 
respectively, and are found in many tissues with 
variable proportions and distinct distributions.9,15 
Molteni et al. first reported an ER-α expression 
in the human thyroid16, and subsequent studies 
have observed its expression in both neoplastic 
and non-neoplastic human thyroid tissues.17-21  
	 ER-α expression in PTC has been associated 
with aggressive presentation and disease 
progression and has been proposed as predictor 
for lymph node metastasis and poor outcomes in 
various studies.18,23-26 In contrast to ER-α, various 
studies have suggested that ER-b has inhibitory 
effects on the growth and progression of PTC.27,28 
One study reported an association between  loss 
of ER-b expression and PTC recurrence, notably 
within women of  younger age group.17	
	 Higher ESR1 expression and higher ESR 
ratios (ESR1:ESR2) were associated with 
aggressive prognostic factors.29 Despite the 
growing evidence to support ER-α expression 
association with greater disease progression, 
Sturniolo et al. found a significant association 
between ER-α expression and remission in PTC.20 
	 The objective of this study was to evaluate 
the association between ER expression and  
clinicopathological features i.e. lymph node 
metastasis, tumour size, extrathyroidal extension, 
histological variants of PTC , age groups , ethnic 
and gender. 

MATERIALS AND METHODS

Patients and tissue specimens
A total of 84 cases of primary PTC diagnosed 
between 2011 and 2019 at Hospital Pulau Pinang 
were included in the study. Clinicopathological 
data were retrieved from the hospital pathology 
information system, which included age, gender, 
race, variants, tumour size, extrathyroidal 
extension and nodal status. Tumour size and 
age were grouped according to TNM staging 
8th edition and American Joint Committee 
on Cancer (AJCC) prognostic stage grouping 
respectively. 30,31 The specimens were 
comprised of 61 total thyroidectomy and 23 
hemithyroidectomy specimens. All the slides 
were examined to select the most representative 

paraffin tissue blocks of the tumours for ER- α 
immunostaining.  Cases with equivocal features, 
indefinite diagnoses, or suboptimal tissue blocks 
were excluded from the study. 

Primary antibodies
Monoclonal, rabbit, anti-human, Oestrogen 
Receptor-α, Ready-To-Use, Clone EP1 (Code 
M3643, Dako Denmark) breast carcinoma was 
used as the positive control tissue.

Immunohistochemistry staining method
Immunohistochemistry (IHC) staining was 
performed on tissue sections using the protocol 
from EnVision™ FLEX+, Mouse, High pH 
(Code No. K8012, Dako Denmark). The primary 
antibody was diluted to an optimal concentration 
using the Antibody Diluent, Dako REALTM 
(Code No. S2022, Dako Denmark). Washing 
steps between each reagent were performed using 
EnVisionTM FLEX Wash Buffer 20x (Code No. 
DM831, Dako Denmark) by diluting to a 1X 
working solution with deionized water. The 1X 
DAB-containing Substrate Working Solution 
was prepared by diluting the 50X concentrated 
EnVisionTM FLEX DAB+ Chromogen (Code 
No. DM827, Dako Denmark) with EnvisionTM 
FLEX TM Substrate Buffer (Code No. DM823, 
Dako Denmark).
	 Tissue blocks were sectioned approximately 
3 µm thickness and mounted on adhesive glass 
slide, Platinum Pro White (Product No: PRO-
01, Matsunami Japan). The slides were left to 
be air-dried in room temperature overnight. The 
tissue slides were then incubated on a hot plate 
at 60ºC for one hour. An initial deparaffinisation 
and pre-treatment step was performed in the 
Decloaking Chamber™ NxGen (Ref. No: 
DC2012-220V, Biocare Medical California) 
using the EnVision™ FLEX Target Retrieval 
Solution, High pH (Code No. DM828, Dako 
Denmark) with the conditions of temperature 
110°C and time 30 minutes, followed by 
cooling at room temperature for 30 minutes 
and rinsing with running tap water for three 
minutes. The slides were subsequently incubated 
with EnVisionTM FLEX Peroxidase-Blocking 
Reagent (Code No. DM821, Dako Denmark) 
for five minutes followed by a washing step.
	 Slides were then incubated with the primary 
antibody for 30 minutes at room temperature, 
followed by incubation with EnVisionTM 
FLEX/HRP (Code No. DM822, Dako Denmark) 
for 30 minutes. Sections were then incubated 
with 1X DAB-containing Substrate Working 
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Solution for five minutes. The slides were then 
counterstained with Hematoxylin 2 (REF 7231, 
ThermoScientific USA) for five seconds after 
the procedures had been completed, followed 
by dehydration with increasing alcohol solutions 
(80%, 90%, 100% and 100%) and 2-times 
Xylene. Finally, the slides were mounted 
using CoverSealTM-X xylene-based mounting 
medium (Cat. No.: FX2176, Cancer Diagnostics, 
USA).

Evaluation of immunostaining
Each ER-α stained slide was evaluated for the 
proportion of positive cells (scored 0-5) and 
the intensity of staining (scored 0-3).32 The 
scoring / assessment for ER-α expression is 
based on Allred scoring, as used by previously 
published research.19,32,33 Both the proportion and 
intensity score were summed up to get the final 
Allred scores, which were used to interpret the 
results.32 Final Allred scores of three and above 
were considered positive. Details of the scoring 
system are summarised in Table 1. 

Statistical analysis
Statistical Package for Social Sciences (SPSS) 
version 24 was used to analyse the data. The 
distribution of variables (clinicopathologic 
characteristics) was studied by descriptive 
statistics. Fisher’s exact test was used to study 
the association between ER-α expression and 
clinicopathological characteristics. The statistical 
significance was set at p < 0.05. 

RESULTS

Clinicopathological features
Table 2 summarises the clinicopathological 
characteristics in all PTC cases studied (n=84). 
There is an obvious female predominance in PTC, 
with a female to male ratio of 2:1. The patients’ 

age ranged from 21 to 85 years old, with a mean 
age of 50 years. The number of patients that 
fall into the two age-group (<55 years old and 
> 55 years old) categories were almost equally 
distributed. There were 45 (53.6%) cases of 
classical type, which made up the most prevalent 
form of PTC. Tumour size ranged from 2 mm to 
140 mm in diameter, with a median of 25 mm. 
There were 46 (54.8%) cases reported without 
lymph node excision, which were excluded 
from the analysis of nodal metastasis. A total 
of 31 out of 38 cases (81.6%), with histological 
examination of lymph nodes, showed evidence of 
metastasis. None of the cases had any evidence 
of distant metastasis.

ER-α expression in PTC and its association with 
clinicopathological features
A total of 11 (13.1%) out of 84 PTC cases 
studied expressed ER-α as depicted in Figure 
1. Overall, there is no association between 
ER-α expression and lymph node metastasis 
and the other clinicopathological characteristics. 
Associations between ER-α expression in PTC 
and clinicopathological features are as illustrated 
in Table 3.

DISCUSSION

PTC is more prevalent in women1,34, leading to 
various studies that have looked into oestrogen 
and oestrogen receptors in papillary thyroid 
carcinomas to understand its role in disease 
pathogenesis.22,35 In recent years, researchers 
have employed molecular techniques to 
understand the role of oestrogen in pathogenesis 
of PTC by quantification of  ESR1 and ESR2 
gene expression, or measuring ER-α mRNA 
through PCR or Western blot technique.26,29 
Nevertheless, the immunohistochemistry method 
was still used in recent studies of ER-α expression 

TABLE 1: Allred score for evaluation of ER-α immunohistochemistry32

Proportion score (PS) Intensity score (IS) Final score (PS+IS)
Score Positive cells (%) Score Staining 

intensity
IHC 
score

Interpretation
ER- α status

0 No staining (0%) 0 No staining 0 - 2 Negative
1 <1/100 (<1%) 1 Weak 3 - 8 Positive
2 1/100 –1/10 (1% - 10%) 2 Intermediate
3 1/10 – 1/3 (10% - 33%) 3 Strong
4 1/3 – 2/3 (33% - 66%)
5 >2/3 (>66%)
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TABLE 2: Clinicopathological details of all the cases studied

Clinicopathological details PTC (n=84)
No. %

Gender
    Male 25 29.8
    Female 59 70.2
Age group (years)
    , 55 49 58.3
    > 55 35 41.7
Race
    Malay 37 44.0
    Chinese 30 35.7
    Indian 11 13.1
    Others 6 7.1
Variants
    Classical 45 53.6
    Follicular 19 22.6
    Microcarcinoma 20 23.8
Tumour size (mm)
    < 10 20 23.8
    11 – 20 19 22.6
    21 – 40 33 39.3
    . 40 12 14.3
Extrathyroidal extension
    Yes 13 15.5
    No 71 84.5
Lymph node metastasis
    Yes 31 81.6
    No 7 18.4

and PTC.18,20,21,24 In this study, we found that 
ER-α was expressed in 13.1% of all PTC cases 
examined (n=11/84). This is comparable to other 
studies which reported ER-α expression in PTC 
ranging from 9.9% to 66.5%.17-21 The wide range 
of ER-α expression observed in different studies 
are most likely due to the nature of the study, 
i.e. retrospective vs prospective, different IHC 
staining procedures and scoring system employed 
and also inter-observer variability. We have also 
noted that the immunoreactivity for ER-α is 
observed only in cases where the tissue blocks 
have been stored for less than three years. We 
hypothesised that the actual percentage of ER-α 
expression in the cases studied is higher than 
what was observed. The loss of antigenicity in 
some of the archival tissue blocks leading to 
false negative immunostaining were possible 
due to the retrospective nature of this study.8

	 ER-α expression has been proposed as a 
marker for predicting lymph node metastasis and 

poor outcome in PTCs, because of its association 
with more aggressive disease progression and 
nodal metastasis.18,23-25 However, in our study, we 
did not find any significant association between 
ER-α expression, lymph node metastasis and 
clinicopathological features, which implied 
greater disease progression, i.e. tumour size and 
extrathyroidal extension. In some studies, tumour 
size was associated with ER-α expression.18,20,23,26 
Vannucchi et al. found that ER-α expression is 
significantly correlated with tumour size and 
was frequently expressed in clinically evident 
tumours as compared to incidental cases.18 
Nevertheless, these findings are not universal, 
as there are still various studies, including this 
study, that did not find any association between 
ER-α expression and tumour size.17,37 A number 
of studies also did not find any association 
between ER-α expression and lymph node 
metastasis and extrathyroidal extension.18,20,37 
Although there is no statistically significant 
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TABLE 3:	Associations between ER-α expression in PTC and its clinicopathological 
characteristics

ER-α status
Variables Positive (n=11) Negative (n=73) p-value

No. % No %
Gender 0.725
    Male 4 16.0 21 84.0
    Female 7 11.9 52 88.1
Age group (years) 0.188
   , 55 4 8.2 45 91.8
    > 55 7 20.0 28 80.0
Race
    Malay 5 13.5 32 86.5 0.920
    Chinese 5 16.7 25 83.3
    Indian 1 9.1 10 90.9
    Others 0 0.0 6 100.0
Variants 1.000
    Classical 6 13.3 39 86.7
    Follicular 2 10.5 17 89.5
    Microcarcinoma 3 15.0 17 85.0
Tumour size (mm) 0.970
    < 10 3 15.0 17 85.0
    11 – 20 3 15.8 16 84.2
    21 – 40 4 12.1 29 87.9
    . 40 1 9.1 11 91.7

Extrathyroidal extension 0.677
    Yes 2 15.4 11 84.6
    No 9 12.7 62 87.3

Lymph node metastasis 1.000
    Yes 5 16.1 26 83.9
    No 1 14.3 6 85.7

FIG. 1:	 Expression of ER-α in PTC by IHC. (A) The neoplastic cells of the classical PTC (on the right) show 
reactivity for ER-α. The non-neoplastic follicles on the left do not express ER-α (x100). (B) These ma-
lignant cells demonstrate strong nuclear reactivity for ER-α (x400).

A B
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association between ER-α expression and the 
clinicopathological parameters that indicate 
disease aggressiveness, following up with these 
patients would provide an additional insight 
into their disease progression. Sturniolo et al. 
found that tumours with ER-α expression are 
significantly associated with disease remission 
based on the follow-up data.20 This association 
was not reflected in their statistical analysis 
of the correlation between clinicopathological 
features and ER-α expression.20 
	 In general, PTC shows a consistent and 
strong female predilection.1,2 There are studies 
that showed increased ER-α expressions in 
female patients, which implied the role of E2 
in pathogenesis of PTC, but separate studies 
failed to show similar results.18,20,23,37 In our 
study, although the female to male ratio is 2:1, 
the ER-α expression in female and male patients 
was not significantly different. 
	 Kilfoy et al. reported that PTC incidence rates 
rise sharply at the beginning of the reproductive 
years, and the age-specific female-to-male rate 
ratios did not show to be significantly different 
around menopausal years.34 Yet, a number 
of studies found no significant difference in 
ER-α expression among younger and older 
age groups, and some looked at pre- and 
post-menopausal groups with no significant 
difference noted.18,20,23,25,26,37 Tang et al. studied 
the expression of the G protein-coupled 
oestrogen receptor 1 (GPER1), which binds to 
oestrogen and functions alongside oestrogen 
receptors (ER-α and ER-b).36 In that particular 
study, no significant association was found 
between GPER1 expression and age, gender 
and subgroup.36 Similarly, in our study, there 
was no significant difference in ER-α expression 
between older patients (55 years old) and younger 
patients (<55 years old). 
	 There are six histopathological variants of PTC 
listed in the WHO classification of tumours of 
the thyroid glands (8th edition), which include the 
classical papillary carcinoma, follicular variant, 
encapsulated variant, papillary microcarcinoma, 
columnar cell variant and oncocytic variant.30 
In the present study, conventional PTC made 
up the majority of the cases (53.6%), followed 
by papillary microcarcinoma (23.8%) and 
follicular variant (22.6%). No other variants were 
observed. Although the majority of the cases that 
express ER-α were classical PTC, there were no 
associations noted between ER-α expression and 
different variants of PTC. This finding is similar 
to a few studies that did not find any association 

between ER-α expression or GPER1 expression 
and histologic subtypes.20,36 
	 The majority of the patients in this research 
were of Malay ethnicity (44.0%), followed by 
Chinese (35.7%), Indian (13.1%) and other 
ethnic groups (7.1%). Other research within 
a similar local setting also showed relatively 
similar ethnic distributions of patients diagnosed 
with PTC, although the sample size is smaller.38 
The multiracial nature of the studied population 
allowed us to examine differences of ER-α 
expressions across different ethnic backgrounds. 
It is worth noting that to the best of our 
knowledge, ER-α expressions in PTC across 
different ethnic groups were not investigated in 
previous studies.18,20,23,37 Our study demonstrates 
that the expressions of ER-α are almost equally 
distributed across the ethnic groups (p=0.920). 
Although our data suggests that ethnicity 
variation does not influence ER-α expression 
in PTC, others have shown evidence of racial 
influences to the overall survival in PTC, and 
its incidence.39,40

	 Deli et al. suggested that the receptor 
expression is insufficient to predict the effect of 
oestrogen and progesterone on tumour cells.41 
The lack of evidence to support the role of ER- 
α expression to predict poor prognosis in PTC 
is probably due to its complex interplay with 
other receptors and proteins, such as CXCR1 
(chemokine receptors), epidermal growth 
factor receptor (EGFR), GPER1 and most 
recently pescadillo ribosomal biogenesis factor 
1 (PES1).21,36,42 PES1, a protein which contains 
breast cancer–associated gene 1 (BRCA1) 
C-terminal (BRCT) domains has been shown 
to modulate ER-α and ER-β protein ratios in 
PTC.21

	 In conclusion, there is no evidence in this 
study to support the application of ER-α as 
prediction marker for lymph node metastasis 
or disease aggressiveness in PTC. However, 
given that the scope of this study was limited 
to the protein expression of ER- α, we propose 
the integration of molecular analysis of ESR1 
gene expression, as well as inclusion of detailed 
clinical and radiological findings in future 
research investigating the role of ER-α in 
prognostication of PTC. 
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