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Abstract: Estrogen and estrogen receptor (ER)-α and -β play a role in the development and progression of thyroid 
cancer. ERβ2 is one major splicing variant of ERβ. In this study, we investigated the clinical significance of ERβ2 
protein expression in the papillary thyroid carcinoma (PTC) lesion. ERβ2 expression was immunohisto-chemically 
examined in formalin-fixed, paraffin-embedded thyroid tissues from 106 patients with PTC by Elivision™ plus two-
step system as previously described. The relationships between ERβ2 expression and clinicopathological/biological 
factors were then analyzed. ERβ2 protein was expressed in all the PTC patients studied. It was positively associ-
ated with Ki-67 expression in female PTC patients with advanced reproductive age (>45 years, in low-estrogen 
status) and with VEGF expression in male PTC patients with reproductive age (18~45 years, in low-estrogen status) 
(P=0.005 and P=0.044, respectively). There was no association between ERβ2 expression and tumor size, extrathy-
roidal extension and tumor-node-metastasis stage in PTC patients. In addition, ERβ2 expression was lower in female 
patients of reproductive age (18~45 years, in relatively high-estrogen status) with lymph node metastasis than that 
in those patients without lymph node metastasis (P=0.035). The present results suggest that the expression of 
ERβ2 in PTC is associated with the progression of the disease. Its potential effect may vary with different estrogen 
status. Further study will assess the underlying molecular mechanisms of ERβ2 in PTC.
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Introduction

Thyroid cancer is the most common endocrine 
neoplasm, accounting for an estimated 62,450 
new cases and 1,950 deaths in 2015 in the 
United States [1]. In recent years, the incidence 
of thyroid cancer has increased. Radiation 
exposure is a risk factor for thyroid cancer, 
while female sex hormones may also play a role 
in thyroid carcinogenesis because there is a 
strong female predominance in thyroid cancer. 
Histopathologically, thyroid cancer can be clas-
sified into several types, such as papillary, folli-
cular, medullary and anaplastic/undifferentiat-
ed thyroid cancers. Among these types, papil-
lary thyroid cancer (PTC) is the most common 
type of thyroid cancer, accounting for 80% of all 

thyroid cancers and often occurring in young 
females with excellent prognosis. Like most 
other cancers, the molecular pathogenesis of 
PTC remains to defined, although accumulated 
evidence indicates an important role of estro-
gen and estrogen receptor (ER) in the pathogen-
esis of PTC [2, 3]. Thus, we need to better 
understand the etiology and pathogenesis of 
PTC in order to effectively control PTC in the 
clinic. 

Towards this end, our research has primarily 
focused on the risk factors and PTC carcinogen-
esis, namely, estrogen and ER. Estrogen binds 
to ERs, which are in turn activated and bind to 
DNA and regulate expression of many different 
target genes. In vitro studies have indicated 
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that estrogen may have direct actions in PTC 
cells via ER-dependent mechanisms to modu-
late tumor cell proliferation, migration and inva-
sion [4-7]. Besides that, estrogens are also 
able to exert non-genomic events mediated by 
a novel transmembrane ER G protein-coupled 
receptor 30 (GPR30) [8]. ERs consist of two 
subtypes, ERα and ERβ, which show significant 
overall sequence homology. Both ERs are wide-
ly expressed in different types of tissues and 
cells with notable expression patterns. For 
example, ERα is predominantly expressed in 
female sex organs such as the breast, uterus 
and ovaries, especially during the reproductive 
years, while ERβ is widely expressed in many 
other tissues in both genders, but to a lesser 
degree in males than in females [9]. In this 
study, we mainly focused on ERβ, which 
includes five full-length subtypes (ERβ1-ERβ5) 
as a result of alternative splicing of the last cod-
ing exon. ERβ1 (the wild-type ERβ) is the only 
fully functional isoform [10]. ERβ2 (also known 
as ERβcx) does not form homodimers and has 
no innate activities by its own, but it has been 
reported to antagonize wild-type ERα and to 
enhance ERβ1 transcriptional activity through 
heterodimerization [10, 11]. In our recent study, 
we found that ERβ1 and ERβ2 had differential 
expression patterns between PTC and nodular 
thyroid goiter [12]. Thus far, the clinical signifi-
cance of ERβ2 expression has been widely 
studied in breast, prostate and colorectal can-
cers [13-15]. The data showed that ERβ2 
expression was associated with the develop-
ment and progression of these cancers. 
Specifically, ERβ2 protein significantly 
increased in ductal carcinoma in situ (DCIS) 
and invasive breast cancer compared to the 
adjacent normal mammary glands, suggesting 
a role of ERβ2 in breast carcinogenesis [13]. In 
contrast, colorectal cancer samples lacked 
expression of ERβ1 and ERβ2 proteins, indicat-
ing potentially protective effects of both ERβ1 
and ERβ2 in the colorectal carcinogenesis [14]. 
ERβ2 expression was also decreased in endo-
metrioid carcinoma, especially higher grade 
tumors as compared to proliferative endome-
trium [15]. All the evidence suggests ERβ2 may 
have dual functions in human carcinogenesis. 
It is still unclear if the dual functions are cancer 
type specific or influenced by some relative 
factors.

Of the biological markers, the expression of 
Ki-67, mutant p53 and VEGF has been the most 
actively investigated. These factors have well 
established actions in proliferation, malignant 
transformation and angiogenesis in estrogen-
related tumor [16-19]. Ki-67 has recently 
emerged as an intermediate marker of long-
term outcome in breast cancer [16]. The domi-
nant oncogenic properties of mutant p53 have 
been recognized as its growth-promoting 
effects associated with tumor progression [17]. 
The interactions between mutant P53 and 
ERα/β have been suggested to play a potential 
role in mammary tissue homeostasis and can-
cer formation [18]. VEGF is a key regulator of 
developmental, physiological and pathological 
neovascularization, which is especially involved 
in tumor growth, aggressiveness and metasta-
sis. It has been reported that estrogen could 
stimulate follicular thyroid cancer cell line (ML-
1) to secret more VEGF likely as a result of ER 
signalling [19]. However, the associations 
between ERβ2 and these biological markers 
have not been reported in PTC.

Thus, the present study was undertaken to 
examine the expression of ERβ2 in PTC and to 
explore the association between ERβ2 expres-
sion and these clinicopathological/biological 
factors.

Materials and methods

Patients and tissue specimens

Thyroid tissue specimens were obtained from 
106 Chinese PTC patients, consisting of 50 
females of reproductive age (18~45 years old), 
39 of advanced reproductive age (>45 years 
old), and 17 males of reproductive age (18~45 
years old). All of these patients were admitted 
to our hospital for a standard thyroidectomy 
within 3 years between 2007 and 2010. Their 
diagnoses were confirmed by histopathological 
examination. None of these patients had a his-
tory of familial thyroid cancer or external irradi-
ation in the neck region. Clinicopathological 
data, such as tumor size, presence of extra thy-
roidal extension (ETE), and lymph node metas-
tasis (LNM), were retrieved from patients’ medi-
cal records. ETE was defined as invasion of 
adjacent organs or skeletal muscle outside the 
isthmus [20]. The cancer stage was defined 
according to the 7th edition of tumor, node and 
metastasis system classification by the 
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American Joint Committee on Cancer [21]. The 
study protocol was performed according to the 
declaration of Helsinki and approved by the 
Medical Ethics Committee of China Medical 
University. Written and verbal informed consent 
was obtained from all participants.

Immunohistochemistry

Five sections per sample of PTC tissues were 
used to quantify protein expression for this 
study. The formalin-fixed and paraffin-embed-
ded surgical specimens from PTC patients were 
cut into 4-μm thick sections and immu-
nostained with antibodies against ERβ2 and 
other biological makers (Ki-67, mutant p53, 
and VEGF) using the Elivision™ plus two-step 
system. Briefly, the tissue sections were depar-
affinized, rehydrated and subjected to micro-
wave antigen retrieval in 10 mM citrate buffer 
(pH 6.0) for 20~25 min. Endogenous peroxi-
dase was then blocked with 3% H2O2 for 10 min 
in room temperature and then washed in phos-
phate buffered saline (PBS). Next, the sections 

were incubated with a primary antibody against 
ERβ2 (Clone 57/3, Serotec; 1:400), Ki-67 
(Clone SP6, Abcam; 1:100), mutant p53 (Clone 
N235K N239Y, Bioss; 1:350) or VEGF (Clone 
EP1176Y, Abcam; 1:100) at 4°C overnight. 
After washing with PBS, the sections were then 
incubated with the Elivision™ plus two-step sys-
tem (Maixin Bio, China) and color reaction was 
performed with 3,3’-diamino-benzidine (DAB; 
Maixin Bio). Then, the sections were counter-
stained with hematoxylin, washed, dehydrated 
in ethanol, cleared in xylene, and mounted with 
coverslips. Appropriate positive and negative 
controls were used in each batch of staining 
experiments. Tissue sections from human 
breast cancer were used as positive controls 
for ERβ2. Negative control sections were incu-
bated with normal mouse or rabbit IgG instead 
of a primary antibody. 

Review and scoring of stained tissue sections

IHC staining for ERβ2, mutant p53 and VEGF 
were interpreted using the Allred score [22, 23]. 

Figure 1. Immunohistochemical staining of ERβ2 expression. PTC tissues show different staining patterns, i.e., 
nuclear staining of ERβ2 with different “Allred score” 3 (A), 4 (B), 5 (C), 6 (D), 7 (E) and 8 (F) or both nuclear and 
cytoplasmic staining of ERβ2 with Allred score 3 (G) and negative control of ERβ2 (H) (magnification ×400).

Figure 2. Immunohistochemical staining of Ki-67, mutant p53 and VEGF expression. PTC tissues show typical stain-
ing patterns of Ki-67 (A), mutant p53 (B) and VEGF (C) and negative control (D) in those samples (magnification 
×400).
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In brief, each entire section was evaluated 
under a light microscope. A proportion staining 
score (PS) was assigned, which represented 
the estimated proportion of positive-staining 
tumor cells as follows: 0, no staining; 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. Moreover, we also assigned an 
intensity score (IS) for each tissue section to 
represent the average intensity of positive 
tumor cells as follows: 0, no staining; 1, weak, 
2, intermediate; and 3, strong. After, a total 
score (TS) was calculated from the sum of PS 
and IS (ranging from 0, 2-8). “Positive” staining 
was then defined as scores ≥3. IHC staining for 
Ki-67 was interpreted using the Ki-67 labeling 
index (Ki-67 LI), which was expressed as a per-
centage of immunoreactive tumor cells to the 
total counted tumor cells; at least 1,000 tumor 
cells were counted. Sections from the same 
patient were stained in multiple batches of 
staining and five random fields of view at 400× 
magnification per section were counted to con-
firm consistency of Allred score for individual 
patient tissue. A double-blind analysis was per-
formed by two independent investigators (Dong 
W and Huang Y). If discrepancies occurred, a 
third investigator (Li J) evaluated the tissue sec-
tions and the consistent result was rendered. 

Statistical analysis

Descriptive statistics were used according to 
distribution of the variables. The association 
between ERβ2 and biological makers was 
assessed using the Spearman correlation test. 
The association between ERβ2 and clinico-
pathological factors was assessed using the 
Mann-Whitney U test. All statistical analyses 
were performed by using SPSS software (ver-
sion 16.0, SPSS Inc., Chicago, IL, USA). A 
P<0.05 was considered statistically signifi- 
cant. 

105 cases (99.06%), while one case (0.94%) 
showed both nuclear and cytoplasmic staining 
of ERβ2 protein. The staining score frequencies 
of ERβ2 in 106 cases of PTC tissue specimens 
were Score 3 (3 cases, 2.8%), Score 4 (9 cases, 
8.5%), Score 5 (9 cases, 8.5%), Score 6 (30 
cases, 28.3%), Score 7 (34 cases, 32.1%) and 
Score 8 (21 cases, 19.8%). Representative 
images were shown in Figure 1. 

Association of ERβ2 expression with biological 
makers in PTC tissue specimens 

Next, we examined the expression of Ki-67, 
mutant p53 and VEGF in PTC lesions and 
explored the association of ERβ2 expression 
with the above biological makers (Figure 2; 
Table 1). We found that ERβ2 expression was 
associated with Ki-67 expression in PTC tis-
sues in advanced reproductive age female 
patients (r=0.443, P=0.005). ERβ2 expression 
was also associated with VEGF expression in 
PTC tissues of reproductive age male patients 
(r=0.495, P=0.044). These results indicated 
that high levels of ERβ2 expression in low-
estrogen status patients were associated with 
PTC progression. However, there was no asso-
ciation of ERβ2 expression with mutant p53 
expression. 

Association of ERβ2 expression with clinico-
pathological factors from PTC patients 

ERβ2 expression was not associated with 
tumor size, presence of ETE and TNM stage 
when stratified by age and gender in PTC. 
However, ERβ2 expression was significantly 
lower in reproductive age female patients with 
LNM than that in those patients without LNM 
(Z=-2.107, P=0.035) (Table 2). This indicated 
that high levels of ERβ2 expression in relatively 
high-estrogen status patients may inhibit the 
LNM of PTC.

Table 1. Associations between ERβ2 expression and other biological 
makers in PTC tissue specimens 

Female in reproduc-
tive age

Female in advanced 
reproductive age

Male in reproductive 
age

Case r P Case r P Case r P
Ki-67 50 0.164 0.256 39 0.443 0.005 17 -0.141 0.590
MTp53 50 -0.090 0.533 39 0.227 0.165 17 -0.427 0.087
VEGF 50 -0.026 0.855 39 0.067 0.686 17 0.495 0.044
r, Spearman correlation coefficient; P value was assessed using Spearman correlation 
test.

Results

Expression of ERβ2 protein 
in PTC tissue specimens

In this study, we first detect-
ed ERβ2 expression in 106 
cases of PTC tissue speci-
mens using immunohisto-
chemistry. Our data showed 
that nuclear expression of 
ERβ2 protein occurred in 
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Discussion

ERβ2 is one of the major splice variants of ERβ 
and has been known to play an important role 
in cancer development and progression [13-
15]. This is the first study to explore the protein 
expression of ERβ2 and the associations with 
different biological markers (Ki-67, mutant p53 
and VEGF) and clinicopathological factors in 
PTC. In this study, we detected the expression 
of ERβ2, Ki-67, mutant p53 and VEGF proteins 
in PTC tissue specimens. We found that ERβ2 
expression was associated with Ki-67 expres-
sion in PTC tissues from female patients with 
an advanced reproductive age and with VEGF 
expression in PTC tissues from male patients 
with a reproductive age. Moreover, ERβ2 
expression was significantly lower in reproduc-
tive age female patients with LNM than that in 
those patients without LNM. These data sug-
gested that the roles of ERβ2 may be associat-
ed with the status of estrogen of the patients 
with PTC. It has been reported that ERβ2 does 
not form homodimers and has no innate activi-
ties of its own, but readily heterodimerizes with 
ERβ1 in the presence of physiological concen-
trations of E2 in a dose-dependent manner and 
enhances ERβ1 transcriptional activity [10]. 
ERβ1 protein expression was significantly cor-
related with negative lymph node status in 
breast cancer [24]. It is therefore tempting to 
speculate that ERβ2 may enhance ERβ1 tran-
scriptional activity by more strongly induced 
heterodimer formation between ERβ2 and 

ERβ1 in higher estrogen status and therefore 
inhibit lymph node metastasis of PTC. In PTC 
ERβ2 could promote tumor growth of PTC in 
low-estrogen state patients while ERβ2 could 
inhibit LNM of PTC in relatively high-estrogen 
status patients.

The association of ERβ2 expression with tumor 
progression has been explored in a few of previ-
ous studies. For example, in a microarray analy-
sis of 82 normal and malignant breast tissue 
specimens, the tumors with reduced ERβ2 
expression had a high number of lymph node-
positive breast cancers and distant metastasis 
at the time of diagnosis [25, 26]. Our current 
study is consistent with their findings. However, 
Saji et al reported that there was no statisti-
cally significant association between the 
expression of ERβ2 and LNM in breast cancer 
[27]. Wong et al found that a higher ERβ2 pro-
tein expression was associated with the pres-
ence of LNM in colorectal carcinoma [14]. In 
addition, some studies also showed that 
expression of ERβ2 protein was not associated 
with tumor size and histological grade , although 
Dey P et al found that ERβ2 increased prolifera-
tion and up-regulated factors involved in bone 
metastasis in prostate cancer cells [27-30]. 
Sugiura H et al reported that ERβ2 protein 
expression was significantly correlated with low 
histological grade and better disease-free and 
overall survival, but Honma N didn’t find ERβ2 
influence survival in breast cancer [24, 31]. 
Chantzi NI et al found ERβ2 is associated with 

Table 2. Associations between ERβ2 expression and clinicopathological factors from PTC patients
Female in reproductive age Female in advanced reproductive age Male in reproductive age

n Total score P n Total score P n Total score P
Tumor size
    ≤2 cm 25 6.6±1.3 0.793 16 6.2±1.7 0.812 5 5.6±1.7 0.456
    >2 cm 25 6.7±1.2 23 6.5±0.9 12 6.1±1.0
LNM
    - 33 7.0±1.1 0.035 23 6.3±1.6 0.870 10 5.7±1.0 0.525
    + 17 6.3±1.2 16 6.5±0.7 7 6.1±1.3
ETE
    - 22 6.7±1.3 0.529 23 6.3±1.3 0.388 6 6.0±1.1 0.915
    + 28 6.5±1.1 16 6.6±1.3 11 5.9±1.5
TNM stage
    I/II 47 6.6±1.2 0.898 19 6.3±1.4 0.682 16 5.9±1.2 1.0
    III/IV 3 6.7±1.5 20 6.5±1.1 1 6.0
LNM, lymph node metastases; ETE, extra thyroidal extension; TNM stage, tumor-node-metastasis stage; n, number of patients. 
Total score, Mean TS±SD. P value was assessed with Mann-Whitney U test.
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poor prognosis in ERα-negative breast cancer 
[32]. Leung YK et al found ERβ2 was associat-
ed with poor prognosis in prostate cancer, and 
promote cancer cell migration and invasion 
[33].

Recently, the studies have majored on immuno-
histochemical markers and evaluated the 
expressions of thyroid transcription factor-1, 
Ki-67, p63, p53 and VEGF among PTCs [34-
36]. They have been considered to be the use-
ful makers reflecting the biological behavior 
and prognosis of PTC. However, few studies 
have investigated the association of ERβ2 
expression with the above biological markers in 
PTC. We are the first to report that ERβ2 posi-
tively correlated with Ki-67 and VEGF, but not 
mutant p53 in PTC. However, there were no 
significant associations between ERβ2 expres-
sion and Ki-67 in colorectal carcinoma and 
endometrial carcinoma [14, 37].

We recognize that our cohort is relatively small 
(106 patients) and includes few patients with 
postoperative recurrence (4 patients) and post-
operative death (0 patient) when compared 
with that of a breast cancer study by Shaaban 
et al [38]. ERβ2 expression as a prognosis fac-
tor, such as in breast cancer and prostate can-
cer, could allow us to follow up PTC patients 
longer [33, 38].

In conclusion, our current study demonstrated 
that expression of ERβ2 protein was associat-
ed with PTC progression. The potential effect of 
ERβ2 protein may vary with different levels of 
estrogen in the patients. Thus, the biological 
and clinical significance of ERβ2 in PTC needs 
further study.
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