
CC BY 4.0: Copyright@Author(s), “Content of this journal is licensed 
under a Creative Commons Attribution 4.0 International License.”

Available online at www.b-ent.be

184

Kaya Çelik et al. Expression of Estrogen Receptor Beta 2 in Laryngeal Cancer

Corresponding author: Elif Kaya Çelik, elfimdr@hotmail.com
Received: November 27, 2021 Accepted: February 20, 2022 Available online: May 11, 2022

DOI: 10.5152/B-ENT.2022.21096

ORIGINAL ARTICLE
HEAD AND NECK SURGERY & ONCOLOGY

Expression of Estrogen Receptor Beta 2 in  
Laryngeal Cancer and Its Relationship with  
Lymph Node Metastasis
Elif Kaya Çelik1 , Ünsal Han2 , Murad Mutlu1 , Güleser Saylam1 , Kemal Keseroğlu1 , Ömer Bayır1 , Emel Çadallı Tatar1 , 
İstemihan Akın1 , Mehmet Hakan Korkmaz1,3

1Department of Otolaryngology and Head and Neck Surgery & Oncology, University of Health Sciences, Dışkapı Yıldırım Beyazıt Training and 
Research Hospital, Ankara, Turkey
2Department of Pathology, University of Health Sciences, Dışkapı Yıldırım Beyazıt Training and Research Hospital, Ankara, Turkey
3Department of Otolaryngology and Head & Neck Surgery, Yıldırım Beyazıt University, Faculty of Medicine, Ankara, Turkey

Cite this article as: Kaya Çelik E, Han Ü, Mutlu M, et al. Expression of estrogen receptor beta 2 in laryngeal cancer and its relationship with 
lymph node metastasis. B-ENT 2022;18(3):184-189.

ABSTRACT
Objective: This study aimed to investigate the expression of estrogen receptor beta 2 receptor in laryngeal squamous cell carcinomas and its 
relationship with lymph node metastasis.
Methods: Histopathological specimens of laryngeal squamous cell carcinoma patients who underwent laryngectomy and neck dissection were 
evaluated retrospectively. The patients were divided into 2 groups according to the presence of lymph node metastasis. Estrogen receptor beta 
2, Ki-67, and p53 antibodies were studied by immunohistochemical methods in the tumoral and non-tumoral tissue specimens. The evaluation 
of immunohistochemical staining pattern was evaluated with Allred scores. The difference between tumoral and non-tumoral tissues of estro-
gen receptor beta 2 Allred scores and the relationship of lymph node metastasis with Allred scores of estrogen receptor beta 2 were examined 
and correlated with Ki-67 and p53 expression.
Results: This study included 26 patients in lymph node metastasis (+) group and 46 patients in lymph node metastasis (−) with a total num-
ber of 72 patients. There was a significantly higher estrogen receptor beta 2 Allred score of tumoral tissue with respect to non-tumoral tissue 
(P < .001). Nevertheless, there was no significant relationship between lymph node metastasis (+) group and lymph node metastasis (−) group 
according to tumoral tissue ERβ2 Allred score (P = .092).
Conclusion: Estrogen receptor beta 2 expression was demonstrated significantly in the tumoral tissue of the laryngeal squamous cell carci-
noma patients.
Keywords: Laryngeal squamous cell carcinoma, lymph node metastasis, ERβ2, Ki67, P53

Introduction

Head and neck cancers (HNCs) constitute 5%-7% of all can-
cers. Although laryngeal cancer is not among the top few can-
cers in terms of global incidence, it is the most common HNC 
in Turkey according to the data obtained from the Cancer 
Department of the Turkish Ministry of Health.1 More than 
95% of these cancers are laryngeal squamous cell carcinomas 
(LSCC).2 There have been many changes in the treatment of 
laryngeal cancers.3 Although current treatments aim to pre-
serve laryngeal functionality, the lymph node metastasis sta-
tus and histopathological features of the tumor have also been 

emphasized in order to plan curative treatment, but there are 
still no clear prognostic markers.4-6 The presence of different 
tumor behaviors despite the application of the same treat-
ment method in cases with the same histopathological diag-
nosis and stage suggests that there are undetermined factors 
in cancer biology that lead research to continue their search in 
different prognostic factors and conduct new molecular stud-
ies. Many markers such as nuclear BMI-1, E-cadherin, Cerb-2, 
cytokeratins, beta-catenin, vimentin, P53, and Ki-67 have been 
immunohistochemically analyzed to provide an understanding 
of the biological behavior of tumors and give an idea about the 
course of treatment, prognosis, and survival.5,7,8 However, when 
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the results of these studies were examined, no clear agent or 
immunohistochemical marker was identified to guide the bio-
logical behavior of tumors.9 The greater prevalence of LSCC 
in the male gender raises the question of whether estrogen 
receptors play an active role in this mechanism?10 There are 
studies in the literature showing that estrogen and progester-
one receptors are located in the larynx and they mention that 
the expression of ER isoforms is decreased in malignant tis-
sues.11 Estrogen receptors (ERs) have 2 subtypes: alpha (ERα) 
and beta (ERβ). Expression of ERβ, which is one of the estro-
gen isoforms, was shown by Goulioumis et al7 who stated that 
ERβ was more expressed in early stage tumors, preventing the 
tumor from gaining aggressive features and that its expression 
decreased as the stage progressed. Estrogen receptor beta has 
5 different isoforms from ERβ1 to ERβ5.12,13 The expression of 
ERβ2, one of these isoforms, has been shown to play an active 
role in tumor pathogenesis in thyroid, breast, and prostate can-
cer studies. In non-small lung cancers, ERβ2 was reported to 
be negatively correlated with lymph node metastasis,14 while 
elevated ERβ2 levels were associated with increased bone 
metastasis in prostate cancer.15 However, the effect of the 
ERβ2 isoform on tumor pathogenesis has not yet been fully 
elucidated, with opposite effects being observed in different 
tumors. We evaluated the expression of p53 and ki67 together 
with ERβ2, which is the subtype of ERB, in LSCC. The aim of 
this study is to demonstrate the expression of ERβ2 in LSCC 
and to reveal the relationship of these markers with lymph 
node metastasis.

Methods

This retrospective study was conducted with the approval 
of the University of Health Sciences, Dışkapı Yıldırım Beyazıt 
Training and Research Hospital (58/2-2016). Financial support 
was provided by the Scientific Research Projects Coordination 
Unit of University of Health Sciences, Dışkapı Yıldırım Beyazıt 
Training and Research hospital (Project number: 2014/065). 
The study included 72 patients who underwent surgical treat-
ment (laryngectomy and neck dissection) with an LSCC diag-
nosis between 2006 and 2016 in our hospital and had the 
follow-up data. Informed consent was not required for this 
type of retrospective study. These patients were primarily diag-
nosed with LSCC and had not previously received chemother-
apy or radiotherapy for this or any other reason. In all patients 
included in the study, paraffin blocks containing tumor tissue 
from the laryngectomy materials fixed in 10% formalin of the 
patients included in the study and paraffin blocks containing 
non-tumoral tissue from the resection materials sent as per-
manent surgical margins were selected. Non-tumoral tissue 

blocks were selected from paraffin blocks containing com-
pletely normal-appearing surgical margin sections without 
invasive and/or in situ tumor/dysplasia of the larynx based on 
hematoxylin and eosin sections. Immunohistochemical stain-
ing was applied to these blocks. Hematoxylin and eosin-stained 
sections were graded by a single pathologist and evaluated for 
perineural and lymphovascular invasion. When defining the 
degree of differentiation of the tumor, the extent to which the 
tumor mimicked squamous epithelium (e.g., presence of kera-
tin pearls or single-cell keratinization), especially in areas of 
invasion, was evaluated, and the tumor was classified as well, 
moderately, or poorly differentiated.

From the blocks selected for immunohistochemical analysis, 
4 μm sections were obtained and placed on positively charged 
slides. Immunohistochemical staining was performed on an 
automated immunostaining device (Ventana Benchmark XT). 
The antibodies specific to ERβ2 (Clone 57/3, Serotec; 1: 400), 
Ki-67 (Clone SP6, Abcam; 1: 100, Biocare, USA), and p53 (Clone 
N235K N239Y, Bioss; 1: 350) were immunohistochemically 
studied. All samples were evaluated under a light microscope 
(Nikon Eclipse Ni photomicroscope) (Figure 1). The expression 
of ERβ2 and p53 in tumoral and non-tumoral tissues was exam-
ined based on the intensity and proportion of staining using the 
Allred scores (Table 1).16,17 A score of 3 or higher was considered 
to indicate positivity. A labeling index was used for the Ki67 scor-
ing.12 Less than 15% was considered as a low Ki-67 labeling 
index and 15% and above as an increased Ki-67 labeling index. 
Breast carcinoma tissue was used as the positive control for 
ERβ2 and Ki-67 and colon carcinoma tissue for p53.

Statistical Analysis
Statistical analysis was performed using IBM Statistical 
Package for the Social Sciences for Windows, version 22.0 
(IBM Corp., Armonk, NY, USA). Numerical variables were sum-
marized using mean ± standard deviation or median [mini-
mum–maximum] values. Categorical variables were shown as 
numbers and percentages. The differences between the groups 
in terms of categorical variables were investigated by the chi-
square test or Fisher’s exact test. The Kolmogorov–Smirnov 
test was conducted to determine whether the numerical vari-
ables showed normal distribution. The differences between 2 
independent groups in terms of numerical variables were eval-
uated using the independent samples t-test if the parametric 

Main Points

•	 This study reveals the expression of estrogen receptor beta 2 
(ERβ2) in laryngeal squamous cell carcinoma.

•	 In laryngeal cancers, the expression of ERβ2 in tumoral tissues 
is significantly higher than that of non-tumoral tissues.

•	 The significant increase in ERβ2 expression in the non-
tumoral tissues, especially in the lymph node-positive group, 
suggests that this parameter might be used to predict lymph 
node metastasis.

Figure 1.  Samples of ERβ2 and P53 IHC staining. (A) ERβ2 Allred 
score 4, (B) ERβ2 Allred score 6, (C) ERβ2 Allred score 8 (İHC; ER 
×400), (D) P53 Allred score 0, (E) P53 Allred score 5, (F) P53 Allred 
score 8 (İHC; p53 ×400). ERβ2, estrogen receptor beta 2; IHC, 
immunohistochemical.
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test assumptions were met and the Mann–Whitney U test if 
these assumptions were not met. The significance level was 
taken as P < .05.

Results

A total of 72 patients (mean age, 58.1 years) consisting of 71 
males (98.6%) and 1 female (1.3%) were included in this study. 
Forty-six patients were in the lymph node-negative group and 
26 were in the lymph node-positive group. When the clinical 
and histopathological features were examined, the mean age 
was 58.4 ± 8.7 years in the lymph node-negative group and 
58.7 ± 9.7 years in the lymph node-positive group (P = .895). 
There was no statistically significant difference in tumor dif-
ferentiation and perineural invasion between the 2 groups (P 
< .294), but the vascular invasion was found to be significantly 
higher in the lymph node-positive group (P < .001) (Table 2).

Immunohistochemical staining analysis revealed the expres-
sion of ERβ2 in tumoral and adjacent non-tumoral specimens 
from the larynx. Although higher ERβ2 Allred scores were 
obtained from the lymph node-positive group compared to 
the lymph node-negative group, the difference was not sta-
tistically significant (P = .092) (Table 3). When the subgroup 
analysis of the staining intensity of ERβ2 (small, moderate, good 
subgroups) was examined, there was a statistically significant 

difference between lymph node-positive and -negative groups 
(P = .047) (Table 3). In the lymph node-positive group, there 
was no statistically significant difference in the Allred scores for 
ERβ2 in the pathology specimens obtained from tumoral and 
adjacent non-tumoral tissues (P = .095); however, a significant 
difference was observed between tumoral and non-tumoral 
tissues in the lymph node-negative group (P = .001) (Table 4). 
When the Allred scores of ERβ2 in tumoral and non-tumoral tis-
sues were evaluated regardless of the lymph node status, it was 
observed that the staining scores of the former were statistically 
significantly higher (P < .001) (Table 5). In addition, when the 
Allred scores of the non-tumoral tissue were compared between 
the lymph node-positive and lymph node-negative groups, they 
were significantly higher in the former (P = .002) (Table 4).

P53 expression was found to be similar to the ERβ2 Allred scores. 
There was no significant correlation between P53 expres-
sion and lymph node metastasis (P = .289) (Table 3). When we 
compared the P53 Allred scores in the pathology specimens 
obtained from the tumoral and non-tumoral adjacent tissues 
in the lymph node-positive group, there was no significant 
difference (P = .106). However, a significant difference was 
observed between the tumoral and non-tumoral tissues in the 
lymph node-negative group (P <.001) (Table 4). Nevertheless, 
when we compared the lymph node-negative and lymph 
node-positive groups in terms of the P53 Allred scores of the 
non-tumoral tissues, we detected no significant difference 
(P = .606). Evaluating the P53 Allred scores of the tumoral 
and non-tumoral tissues in the whole sample, we found sig-
nificantly higher P53 Allred scores in tumoral tissues (P < .001) 
(Table 5).

When Ki67 expression was evaluated according to the labeling 
index, there was no statistically significant difference between 
the lymph node-positive and lymph node-negative groups 
(P = .287) (Table 3).

Discussion

Estrogen receptors, which are important in maintaining physi-
ological events, play a role in the pathogenesis of many can-
cers as transcription factors. While ER isoforms are mentioned 
in cancers, such as colon and breast, the presence of ER iso-
forms in non-tumoral laryngeal tissue was first reported by 
Marsigliante  et  al11, who suggested that deficiencies in iso-
forms might cause impairments in receptor functions in tumor 
progression. Estrogen receptor beta has a different function 
from ERα, decreasing levels in cancer progression and showing 

Table 1.  Allred Scoring System
Allred Scoring
Proportion score
0:no cells are ER
1:≤1% of cells are ER
2:1%-10% of cells are ER
3:11%-33% of cells are ER
4:—34%-66% of cells are ER
5:67%-100% of cells are ER

Intensity score
0:Negative
1:Weak.
2:Intermediate
3:Strong

Allred score
0-1: no effect
2-3: small (20%) chance of benefit
4-6: moderate (50%) chance of benefit
7-8: good (75%) chance of benefit

ER, estrogen receptor.

Table 2.  Distribution of Cases According to Age, Tumor Differentiation, and Presence of Perineural and Vascular Invasion
Lymph Node-Negative 

(n = 46)
Lymph Node-Positive 

(n = 26) P

Age 58.4 ± 8.7 58.7 ± 9.7 .895

Differentiation (%) Good 11 (23.9) 1 (3.8) .088

Moderate 20 (43.5) 15 (57.%)

Poor 15 (32.6) 10 (38.5)

Presence of perineural invasion (%) 21 (45.7) 16 (61.5) .294

Presence of vascular invasion (%) 3 (6.5) 17 (65.4) <.001
Highlighted to bold indicate values where P <0.05.
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an anti-proliferative effect.18,19 Despite being promising in the 
treatment of cancer, ERβ presents some controversial issues 
regarding its expression and function in cancer.18 The differ-
ences in the expression of isoforms can explain the heteroge-
neity of ERβ in various tissues. Estrogen receptor beta 2, which 
does not have a homodimer structure, is not active on its own, 
and the only functional isoform is ERβ1.13 Estrogen receptor 
beta 2 shows its effect by antagonizing ERα and increasing 
the transcriptional activity of ERβ1.13 Estrogen receptor beta 
2 being found in various diseases in an inactive state raises 
the question of whether it can be the main triggering factor. 
Although there are a few publications on the interpretation of 
ERβ2, the presence of ERβ2 in LSCC was shown in this study.

In the literature, there are studies on ERβ2 in cancers other 
than LSCC. These studies provided significant data in relation 
to lymph node metastasis.12,14 For example, ERβ2 expression 
was reported to be an independent poor prognostic factor 
for ovarian cancer,20 and the ERβ2 levels were negatively cor-
related with the advanced clinical stage in non-small cell lung 
carcinoma.14 In their study with papillary thyroid cancer cases, 
Wennu et al12 found that ERβ2 expression was lower in women 
of reproductive age with lymph node metastasis than in patients 

without lymph node metastasis. Dey et al15 found high levels 
of ERβ2 proportional to the stage of bone metastasis in pros-
tate cancer. Estrogen receptor beta 2 was shown to increase in 
ductal carcinoma in situ and invasive breast cancer compared 
to adjacent normal breast tissue, which supports its role in the 
development of breast cancer.21 In our study, no correlation 
was found between lymph node metastasis and ERβ2 expres-
sion. However, in contrast to the lymph node-negative group, 
ERβ2 expression was found to be significantly higher in both 
tumoral and non-tumoral tissues in the lymph node-positive 
group. These data suggest that there are changes in the cellu-
lar and molecular dimensions even in areas that we consider as 
negative surgical margins that do not contain tumoral tissue, 
and ERβ2 can be a prognostic marker for lymph node metas-
tasis. In addition, when we compared the lymph node-positive 
and lymph node-negative groups in terms of the expression 
of ERβ2 in the tumoral tissue specimens, we found no statis-
tically significant difference; however, the comparison of the 
non-tumoral laryngeal tissues between the 2 groups revealed 
higher ERβ2 expression in the non-tumoral laryngeal tissue in 
the lymph node-positive group, which supports our idea that 
ERβ2 can be effective in the changes in the tumor microenvi-
ronment causing lymph node metastasis.

Table 3.  Statistical Results of Ki-67, P53, and ERβ2 in Patients in the Lymph Node-Negative and Lymph Node-Positive 
Groups

Lymph Node-Negative (n = 46) Lymph Node-Positive (n = 26) P

Ki67 labeling 
index (%)

≤15% 18 (39.1) 6 (23.1) .287

16%-30% 17 (37) 10 (38.5)

>30% 11 (23.9) 10 (38.5)

ERβ2 Allred score 7 [3-8] 8 [3-8] .092

P53 Allred score 2 [0-8] 1 [0-7] .289

ERβ2 Allred 
subgroup (%)

Small effect (score 1-3) 1 (2.2) 2 (7.7) .047
Moderate (score 4-6) 19 (41.3) 4 (15.4)

Good (score 7-8) 26 (56.5) 20 (76.9)

P53 Allred 
subgroup (%)

No effect 22 (47.8) 14 (53.8) .314

Small effect (score 1-3) 3 (6.5) 3 (11.5)

Moderate (score 4-6) 10 (21.7) 7 (26.9)

Good (score 7-8) 11 (23.9) 2 (7.7)
ERβ2, estrogen receptor beta 2.
Highlighted to bold indicate values where P <0.05.

Table 4.  Comparison of the Allred Scores of the Tumoral and Non-Tumoral Tissues Within Lymph Node Subgroups
Lymph Node-Negative Lymph Node-Positive

Tumoral 
Tissue Non-Tumoral Tissue P*

Tumoral 
Tissue Non-Tumoral Tissue P* P**

ERβ2 Allred 
score

7 [3-8] 5 [3-8] <.001 8 [3-8] 6 [0-8] .095 .002

P53 Allred 
score

2 [0-8] 0 [0-4] <.001 1 [0-7] 0 [0-6] .106 .606

*Comparison of the Allred scores of the tumoral and non-tumoral tissues in the group;
**Comparison of the Allred scores of the non-tumoral tissues within the intergroup.
Highlighted to bold indicate values where P <0.05.
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The tumor suppressor gene p53, whose effects on laryngeal 
cancers are not clarified in the literature, was also not sta-
tistically significantly associated with lymph node metasta-
sis in this study. A study by Xiaoxia  et  al22 in 2015 reported 
that increased P53 expression was correlated with tumor 
stage, tumor size, and regional lymph node metastasis, and 
Bradford et al23 referred to the association of p53 expression 
with increased laryngeal preservation and suggested that this 
protein could be a good prognostic factor. In our study, the 
p53 Allred scores were found to be higher in tumoral tissues 
compared to non-tumoral tissues; however, we were not able 
to establish the presence of a significant relationship between 
p53 and lymph node metastasis. Similarly, in the literature, 
there is no clear relationship reported between Ki-67 and 
lymph node metastasis,8,24 which is consistent with the results 
of our study (P = .287).

Vascular invasion has been shown to be a reliable parameter 
in lymph node.25,26 We also found statistically higher vascular 
invasion in the lymph node-positive group, which is in agree-
ment with the literature.25,26

In addition to the relatively small size of the sample, the limita-
tions of our study included the retrospective design, absence 
of sampling from healthy laryngeal tissue, and not confirming 
the results of immunohistochemical staining by a reference 
method, such as polymerase chain reaction. Therefore, there is 
a need for prospective studies with larger patient populations 
to evaluate long-term follow-up data. 

In conclusion, this reveals that ERβ2 is expressed in LSCC. 
Although there was no difference between the lymph 
node-positive and lymph node-negative groups in terms of 
ERβ2 expression, the significant increase in ERβ2 expression 
in the non-tumoral tissues, especially in the lymph node-pos-
itive group, suggests that this parameter can be used to pre-
dict lymph node metastasis. Considering the data in our study, 
revealing the role of ERβ2 expression in tumor behavior may be 
a pioneering study for the early diagnosis of patients at high 
risk of lymph node metastasis. However, further studies at the 
cellular and molecular level in large population patient groups 
are required to support this. In this way, effective treatment 
planning can be made.
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Table 5.  Comparison of the Allred Scores Between the Tumoral and Non-tumoral Tissues (Whole Sample)
Tumoral (%) Non-tumoral (%) P

ERβ2 proportion 1%-10% of cells are ER 3 (4.2) 10 (13.9) <.001

11%-33% of cells are ER 10 (13.9) 28 (38.9)

34%-67% of cells are ER 18 (25) 17 (23.6)

67%-100% of cells are ER 41 (56.9) 17 (23.6)

ERβ2 intensity Weak 13 (518.1) 10 (13.9) .032

Intermediate 20 (27.8) 42 (58.3)

Strong 39 (54.2) 20 (27.8)

P53 proportion No cells are ER 35 (48.6) 57 (79.2) <.001

<1% of cells are ER 4 (5.6) 7 (9.7)

1%-10% of cells are ER 4 (5.6) 5 (6.9)

11%-33% of cells are ER 8 (11.1) 2 (2.8)

34%-67% of cells are ER 10 (13.9) 1 (1.4)

67%-100% of cells are ER 11 (15.3) -

P53 intensity Negative 36 (50) 57 (79.2) <.001

Weak 9 (12.5) 11 (15.3)

Intermediate 18 (25) 4 (5.6)

Strong 9 (12.5) -

ERβ2 Allred score 7 [3-8] 6 [0-8] <.001
P53 Allred score 2 [0-8] 0 [0-6] <.001

ERβ2, estrogen receptor beta 2.
Highlighted to bold indicate values where P <0.05.
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