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ABSTRACT
Objective: This study investigated whether ELABELA plays a role in the differential diagnosis 
of benign and malignant lesions of the thyroid gland. Subjects and methods: Of the 87 patients 
included in the study, 12 had undergone surgery for benign thyroid diseases, 30 had papillary thyroid 
cancer without invasion and/or lymph node metastasis in the surrounding tissues in the pathology 
report, and 45 had papillary thyroid cancer with invasion and/or lymph node metastasis in the 
surrounding tissues. Results: In the macrocarcinoma group, the proportion of patients with severe 
ELABELA staining (61.1%) was higher than that in the adenoma (50%) and microcarcinoma (23.8%) 
groups, while the proportion of those with mild to moderate staining was lower (p < 0.001). In the 
microcarcinoma group, the proportion of patients with severe staining was lower than that in the 
adenoma group, while the proportion of those with mild to moderate staining was higher (p < 0.001). 
In papillary thyroid carcinomas, the rates of moderate and severe staining in the classical variant, 
mild staining in the follicular variant, severe staining in the classical + follicular variant, and severe 
staining in the oncocytic variant were higher. Conclusion: To the best of our knowledge, this study 
is the first to be conducted on this subject. In this study, ELABELA was not found to be significant in 
the differential diagnosis of benign and malignant lesions of the thyroid gland. In papillary thyroid 
carcinomas, severe ELABELA staining patterns were more common in macrocarcinoma patients than 
in microcarcinoma patients. Arch Endocrinol Metab. 2020;64(6):772-8
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INTRODUCTION

Although thyroid cancers are rare among all cancers, 
they are most common among cancers of endocrine 

organs (1). Thyroid cancer has not been widespread in 
the past, but its rates are increasing, likely related to 
new technological advancements that make it possible 
to detect small thyroid cancers (2).

Thyroid cancers are categorized into three groups. 
The most frequently observed type of thyroid cancer is 
papillary thyroid cancer, with a rate of 85%. Follicular 
cancers follow with a rate of 12%, while undifferentiated 
cancers constitute 3% of thyroid cancers (3). Laboratory 
examinations, thyroid ultrasonography, thyroid 
scintigraphy, and pathological methods are the most 
frequently used methods in the differential diagnosis of 
thyroid cancers (4-6). The definitive diagnosis method 
remains a tissue diagnosis with a pathological diagnosis.

Pathologically, cells extracted from thyroid 
lesions are stained with haematoxylin and eosin after 
preparation under appropriate conditions (7). The 
immunohistochemical expression levels of molecules, 
such as HBME-1, AE1/AE3, BRAF V600E, galectin 3, 
CK19, and CD56, are then examined to perform the 
differential diagnosis of thyroid cancer (8). ELABELA 
is a molecule that has been used recently in the diagnosis 
of some malignant cells.

ELABELA is an endogenic peptide ligand of 
the apelin receptor (9) that is expressed in human 
pluripotent stem cells (10). Therefore, it functions both 
during and after embryonic development. ELABELA 
is a hormone that demonstrates both paracrine and 
endocrine functions (11). In recent studies, ELABELA 
demonstrated immunoreactivity in kidney cell tumours 
and gliomas (12,13).
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ELABELA can be used in the diagnosis of 
malignancies of other hormonal cells because it is 
expressed in both embryonic and pluripotent stem cells 
and because it is a hormone that can be used for the 
immunohistochemical staining of malignant cells.

Therefore, we investigated whether ELABELA 
plays a role in the differential diagnosis of benign and 
malignant lesions of the thyroid gland.

SUBJECTS AND METHODS

Study population

This retrospective study was conducted between 
December 15, 2017 and June 15, 2018 at Adana City 
Hospital’s Internal Diseases Clinic. Ethics committee 
approval was obtained from the Adana City Hospital 
Ethics Committee (date: 07.12.2018; decision 
number: 40). Informed consent was obtained from the 
participants included in the study.

Eighty-seven patients who were followed up at our 
clinic between 2015 and 2018 for thyroid diseases were 
included in the study. Of the 87 included patients, 12 
had undergone surgery for benign thyroid diseases, 30 
had papillary thyroid cancer without invasion and/or 
lymph node metastasis in the surrounding tissues in the 
pathology report, and 45 had papillary thyroid cancer 
with invasion and/or lymph node metastasis in the 
surrounding tissues. Participants between the ages of 
18 and 85 years were included in the study according 
to file order without sex discrimination.

Patients with known diabetes mellitus, hypertension, 
acute or chronic renal failure, cerebrovascular accidents, 
coronary artery disease, nephrotic syndrome, acute or 
chronic liver failure, endocrine hormonal disorders, and 
any malignant diagnosis were excluded from the study.

All patients included in the study were diagnosed 
after laboratory, radiological, and pathological 
examinations.

Thyroid papillary microcarcinoma is a subtype of 
papillary carcinoma that includes tumours less than 10 
mm in diameter; if the tumour size is greater than 1 cm, 
it is defined as a macrocarcinoma.

Immunohistochemical staining of ELABELA

Blocks allocated for apelin study were prepared by 
making 3-µm-thick sections on positively charged 
slides. A deparaffinisation process was performed on 

the device after 40 min in an oven at 60 °C. Apelin 
antibody (2A1-2D5), prepared at a 1:100 ratio, was 
processed in Leica Bond Max devices. Photography 
was performed using an Aperio CS2 Leica device 
(0: no staining, +1: mild staining, +2: moderate, +3: 
severe). ELABELA staining was scored as follows: +1: 
mild degree of stoplasmic and membranous staining 
(Figure 1), +2: moderate (Figure 2), +3: severe degree 
of staining (Figure 3).

Figure 1. Mild degree of stoplasmic and membranous staining.

Figure 2. Moderate staining.

Figure 3. Severe degree of staining.
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Statistical analysis

Statistical analysis was conducted using SPSS 20 
for Windows (IBM SPSS Inc., Armonk, NY, USA). 
Normal distribution of the data was analysed using 
the Kolmogorov-Smirnov test. Normally distributed 
numerical variables were shown as means ± standard 
deviation, while non-normally distributed numerical 
variables were shown as medians (min-max). Categorical 
variables were shown as numbers and percentages. 
The comparison between nominal variables was made 
by Chi-squared analysis. In cases where the expected 
values in the 2×2 tables do not have a sufficient volume, 
Fisher’s exact test was used and Monte Carlo Simulation 
was applied in the R×C tables. The significant difference 
in the numerical variables between the two groups 
was evaluated by unpaired t-test (normally distributed 
numerical variables) and the Mann-Whitney U-test 
(non-normally distributed numerical variables). The 
significant difference of the numerical variables among 
the three groups was analysed by ANOVA (post hoc: 
Bonferroni test) (normally distributed numerical 
variables) and the Kruskal-Wallis H test (post hoc: 
Dunn’s test) (non-normally distributed numerical 
variables). Statistical differences were marked in bold 
(for post hoc: p value < 0.05).

A p-value < 0.05 was accepted as significant in the 
statistical analyses.

RESULTS

The clinical and demographic findings of the study 
population are shown in Table 1 in detail. The mean 
age of the study population was 48 ± 15.3 years, and 
13.8% of the patients (n = 12) had adenoma while 
86.2% of the patients (n = 75) had thyroid carcinoma. 
The mean age showed no significant difference in 
patients with thyroid carcinoma compared with 
patients with adenoma. The proportion of women 
with thyroid carcinoma was higher than that of women 
with adenoma (82.7% vs. 50%, respectively; p = 0.030). 
Furthermore, 28% (n: 21) of the patients with thyroid 
carcinoma had microcarcinoma while 72% (n = 54) had 
macrocarcinoma. The distribution of the histological 
variants among the patients with thyroid carcinoma 
were as follows: classical variant, 70.7% (n = 53); 
follicular variant, 26.7% (n = 20); classical + follicular 
variant, 1.3% (n = 1), and oncocytic variant for 1.3% 
(n = 1). The median tumour diameter was lower in 
thyroid carcinoma patients than in the adenoma group 
(12 vs. 40, respectively; p < 0.001). Capsular invasion 
was found in 17.3% (n = 13) of the patients with thyroid 
carcinoma, in 18.7% (n = 14) of the patients with 
lymphovascular invasion perineural invasion in 1.3% (n 
= 1), and in 6.7% (n = 5) of patients with extrathyroidal 
invasion. No patient with capsular, lymphovascular, 
perineural, or extrathyroidal invasion was found in the 

Table 1. Demographic and clinical distributions

Variables Total population
n = 87

Adenoma
n = 12

Thyroid cCarcinoma
n = 75 p

Age (years) 48.0 ± 15.3 47.8 ± 15.6 48.1 ± 15.4 0.945

Gender, n (%)

Female 68 (78.2) 6 (50.0) 62 (82.7)

Male 19 (21.8) 6 (50.0) 13 (17.3)

Tumor diameter (mm) 13 (0.5-80) 40 (20-80) 12 (0.5-80) <0.001*

Capsular invasion, n (%) 13 (14.9) - 13 (17.3) -

Lymphovascular invasion, n (%) 14 (16.1) - 14 (18.7) -

Perineural invasion, n (%) 1 (1.1) - 1 (1.3) -

Extrathyroidal invasion, n (%) 5 (5.7) - 5 (6.7) -

Invasive tissue invasion, n (%) 11 (14.7) - 11 (14.7) -

Multiple tumor focus, n (%) 21 (28.0) - 21 (28.0) -

ELABELA staining, n (%)

Mild (+) 10 (11.5) 1 (8.3) 9 (12.0)

Middle (++) 33 (37.9) 5 (41.7) 28 (37.3) 0.913

Severe (+++) 44 (50.6) 6 (50.0) 38 (50.7)

Categorical variables were expressed as numbers (%).
Numerical variables were expressed as mean ± standard deviation or median (min-max).
* p <0.05 shows statistical significance.
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adenoma group. In the adenoma group, severe staining 
was found in 50% of tissues (n = 6) by ELABELA 
staining, moderate staining was found in 41.7% (n = 5), 
and mild staining was found in 8.3% (n = 1). In the 
thyroid carcinoma group, severe staining was found in 
50.7% of the tissues (n = 38) by ELABELA staining, 
moderate staining was found in 37.3% (n = 28), and 
mild staining was found in 12% (n = 9). No significant 
difference was found between the severity of ELABELA 
staining in the thyroid and adenoma groups (p = 0.913).

No significant difference was observed between the 
mean ages of the microcarcinoma, macrocarcinoma, 
and adenoma groups. The number of women in 
the microcarcinoma group was higher than that in 
the other groups. The number of women in the 
macrocarcinoma group was also higher than that in the 
adenoma group (p = 0.048). No significant difference 
was found in the histological variant distribution 
between the microcarcinoma and macrocarcinoma 
groups (p=0.218). The median tumour diameter 
in the adenoma group was higher than that in the 

microcarcinoma and macrocarcinoma groups (p < 
0.001). No significant difference was found in the 
rates of capsular, lymphovascular, perineural, and 
extrathyroidal invasions between the microcarcinoma 
and macrocarcinoma groups. The rate of patients with 
severe ELABELA staining in the macrocarcinoma 
group (61.1%) was higher than that in the adenoma 
(50%) and microcarcinoma (23.8%) groups, while the 
rates of patients with mild and moderate staining were 
lower (p < 0.001). The rate of patients with severe 
ELABELA staining in the microcarcinoma group was 
lower than that in the adenoma group, while the rates 
of patients with mild and moderate staining were also 
lower (p < 0.001) (Table 2).

In the microcarcinoma patients, no significant 
difference was found between the demographic and 
clinical findings of the groups with moderate and 
severe staining. Among the macrocarcinoma patients, 
no significant difference was found between the 
demographic and clinical findings of the groups with 
moderate and severe staining (Table 3).

Table 2. Demographic and clinical distributions by histological subtypes

Variables Adenoma
n = 12

Microcarcinoma
n = 21

Macrocarcinoma
n = 54 p

Age (years)

Gender, n (%) 47.8 ± 15.6 49.2 ± 15 47.6 ± 15.6 0.920

Female 6 (50.0) 18 (85.7) 44 (81.5) 0.048*

Male 6 (50.0) 3 (14.3) 10 (18.5)

Histological variant

Classic variant - 12 (57.1) 41 (75.9)

Follicular variant - 9 (42.9) 11 (20.4)

Classic + follicular variant - - 1 (1.9)

Oncositic variant - - 1 (1.9) 0.218

Tumor diameter (mm) 40 (20-80) 7 (0.5-13) 15 (4-80) <0.001*

Capsular invasion, n (%) - 1 (4.8) 12 (22.2) 0.146

Lymphovascular invasion, n (%) - 2 (9.5) 12 (22.2) 0.349

Perineural invasion, n (%) - - 1 (1.9) 0.999

Extrathyroidal invasion, n (%) - 1 (4.8) 4 (7.4) 0.999

Invasive tissue invasion, n (%) - 1 (4.8) 10 (18.5) 0.251

Multiple tumor focus, n (%) - 5 (23.8) 16 (29.6) 0.777

ELABELA staining, n (%)

Mild (+) 1 (8.3) 7 (33.3) 2 (3.7)

Middle (++) 5 (41.7) 9 (42.9) 19 (35.2)

Severe (+++) 6 (50.0) 5 (23.8) 33 (61.1)

Categorical variables were expressed as numbers (%).
Numerical variables were expressed as mean ± standard deviation or median (min-max).
* p <0.05 shows statistical significance.
Bold characters indicate differences between groups (posthoc: Dun’s test p<0.05).
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Table 3. Demographic and clinical distributions of histological subtypes according to Elabela severity

Variables

Microcarcinoma

p

Microcarcinoma

pMiddle
(++)
n = 9

Severe
(+++)
n = 5

Middle
(++)

n = 19

Severe
(+++)
n = 33

Age (years) 45.6 ± 12.2 50.6 ± 11.3 0.462 45.5 ± 13.9 48.5 ± 16.9 0.517

Gender, n (%)

Female 8 (88.9) 4 (80.0) 0.999 16 (84.2) 26 (78.8) 0.910

Male 1 (11.1) 1 (20.0) 3 (15.8) 7 (21.2)

Histological variant, n(%)

Classic 7 (77.8) 3 (60.0) 16 (84.2) 24 (72.7)

Follicular 2 (22.2) 2 (40.0) 3 (15.8) 7 (21.2)

Classic + follicular - - - 1 (3.0) 0.891

Oncositic - - - 1 (3.0)

Tumor diameter (mm) 7 (3-13) 8 (2-9) 0.898 13 (7-45) 16 (11-80) 0.134

Capsular invasion, n (%) - - - 4 (21.1) 8 (24.2) 0.999

Lymphovascular invasion, n (%) 1 (11.1) - 0.999 5 (26.3) 7 (21.2) 0.937

Perineural invasion, n (%) - - - 1 (5.3) - 0.778

Extrathyroidal invasion, n (%) 1 (11.1) - 0.999 1 (5.3) 3 (9.1) 0.999

Invasive tissue invasion, n (%) - - - 4 (21.1) 6 (18.2) 0.999

Multiple tumor focus, n (%) 2 (22.2) 1 (20.0) 0.999 6 (31.6) 9 (27.3) 0.990

Categorical variables were expressed as numbers (%).
Numerical variables were expressed as mean ± standard deviation median (min-max).
* p <0.05 shows statistical significance.

DISCUSSION

In our study, the rate of severe staining with ELABELA 
was higher in the macrocarcinoma group than in the 
microcarcinoma and adenoma groups. In papillary 
thyroid carcinomas, the rates of moderate and severe 
staining were higher in the classical variant, mild 
staining was found in the follicular variant, severe 
staining was found in the classical + follicular variant, 
and severe staining was observed in the oncocytic 
variant. To the best of our knowledge, this study is the 
first to be conducted on this subject.

ELABELA is a recently discovered endogenous 
peptide ligand of the apelin receptor (14). Although 
ELABELA is associated with zebra fish, high 
preservation of the ELABELA gene occurs in vertebrate 
species, including humans, leading to the opinion that it 
is an important molecule in human development (15). 
ELABELA is a natural hormone that functions both 
during and after the embryonic development process. 
Studies conducted to date have shown the expression 
of both the apelin receptor and apelin in the brain, 
heart, kidneys, lungs, and other vascular structures (16-
18). Similarly, apelin plays an important role in various 

biological functions, such as homeostasis and fluid 
metabolism of apelinergic and cardiovascular systems 
(19,20). Apelin is an endogenous ligand of isoforms, 
such as apelin-13, apelin-17, and apelin-36, along with 
the G-protein-coupled receptor (21). We believe that 
ELABELA is associated with many systems and tissues 
because it is a hormone found in both embryonic stem 
cells and pluripotent stem cells. However, the literature 
data on this topic are limited. We have only encountered 
two studies in the literature including patients with 
malignancies (12,13).

Artas and cols. investigated whether ELABELA 
plays a role in benign and malignant renal tumours (13). 
ELABELA reactivity was lower in renal oncocytomas than 
in the control group, and ELABELA immunoreactivity 
was lower in carcinomas with chromophobe renal cells 
than in the control group. Additionally, they found 
no ELABELA immunoreactivity in carcinomas with 
papillary renal cells, and ELABELA immunoreactivity 
was higher in oncocytomas, which are benign kidney 
tumours. Furthermore, Artas and cols. (12) examined 
whether ELABELA plays a role in the pathological 
grading of gliomas. In that study, ELABELA 
immunoreactivity was higher in glioma tissues than in 
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normal brain tissues. In high-grade gliomas, ELABELA 
immunoreactivity was higher than that in low-grade 
gliomas, and ELABELA histoscores were found to 
be respectively higher than those of low-grade glioma 
and normal brain tissue. We could not find any other 
studies conducted on this subject.

In our study, we examined the role of ELABELA 
in benign and malignant thyroid tumours. No 
significant difference was found in either adenomas or 
thyroid carcinomas regarding the staining patterns of 
ELABELA. In most cases in these two groups, severe 
staining was found, followed by moderate and mild 
staining. However, tissues with macrocarcinoma were 
more severely stained than those with microcarcinoma 
and adenoma when we separated papillary thyroid 
carcinomas as micro- and macrocarcinomas. 
Furthermore, the severity of staining increased as the 
size of the tumour grew. No correlation was observed 
between surrounding tissue invasion or lymphatic 
invasion of the papillary thyroid carcinomas concerning 
the ELABELA staining patterns. However, the 
moderate and severe staining rates were higher in the 
classical variant, mild staining was found in the follicular 
variant, and severe staining was found in the classical + 
follicular and oncocytic variants when we examined the 
staining patterns of these histological variants.

In the study conducted on kidney tumours by Artas 
and cols. (13), ELABELA immunoreactivity was higher 
in benign tumours. However, in their study conducted 
on brain tumours (12), ELABELA immunoreactivity 
was higher in gliomas than in normal brain tissue. In our 
study, a benign/malignant differential diagnosis could 
not be made; in papillary thyroid carcinomas, a more 
severe staining pattern was found in macrocarcinomas 
than in microcarcinomas. Thus, ELABELA cannot 
serve as a marker in the differential diagnosis of benign 
and malignant tumours in all tissues. ELABELA may be 
related to different parameters in the staining patterns 
of benign and malignant cells. In another study, 
ELABELA was expressed in the brain, heart, kidneys, 
lungs, and other vascular structures (21). However, we 
do not have any data available on whether this molecule 
is expressed in the thyroid gland. For this purpose, in 
vivo and in vitro studies are needed.

The main limitation of our study is that it is cross-
sectional. Other limitations are the low number of 
patients, differences in the numbers of patients among 
the groups, and that 12 patients had benign thyroid 
lesions. An additional limitation is that histoscores were 

studied when pathological examination was performed, 
but the immunoreactivity of ELABELA in the tissues 
was not examined.

In conclusion, ELABELA was not found to be 
significant in the differential diagnosis of benign 
and malignant thyroid tumours. In papillary thyroid 
carcinomas, the rate of severe ELABELA staining 
patterns was higher in macrocarcinomas than in 
microcarcinomas. To determine whether ELABELA is 
a molecule that can be used in the differential diagnosis 
of benign and malignant thyroid tumours, extensive 
studies with both normal thyroid tissue and benign and 
malignant thyroid tumours as well as participants in 
higher numbers are needed.
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