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Abstract
A high Body Mass Index (BMI) is a risk factor for thyroid cancer. We evaluated
expression levels of Leptin and Leptin-R in thyroid cancer using real-time PCR,
and analyzed the correlations between clinical features and each expression
level. The subjects of this study were 42 thyroid carcinoma patients (38 papillary
carcinoma and 4 poorly differentiated) who underwent surgery in our hospital.
Leptin and Leptin-R were detected in all patients. There was a significant
relationship between the ratio of Leptin Ct value and reference (β-actin) Ct value
and BMI (R=0.39, p<0.01). Furthermore, there was a significant relationship
between the ratio of Leptin-R Ct value and reference Ct value and BMI (R=0.42,
p<0.005). There were no significant relationships among the ratios of Leptin and
Leptin-R and age, gender, tumor size, lymph node involvement, extra thyroidal
infiltration, recurrence and survival. In thyroid cancer, higher Leptin and Leptin-R
expression correlate significantly with high BMI.
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Introduction

between clinical features and both expression levels.

Thyroid carcinoma is the most common malignancy of the
endocrine organs. Several factors are reported to initiate thyroid
carcinoma. A higher Body Mass Index (BMI) is as one such factor
[1]. Thyroid hormone generally never acts on follicular cells
autocrine receptors, but reduces the body weight by controlling the
metabolism of each organ. Concerning BMI, Leptin is a well-known
factor involved in the regulation of body weight and is an important
mediator of obesity. Circulating Leptin acts as a regulator of food
intake from hypothalamic-mediated effects via Leptin Receptor
(Leptin-R) [2]. Six splice variants of Leptin-R have been identified to
date; a long isoform (Leptin-Rb), four short isoforms discriminated
by the different intracellular domain lengths (Leptin-Ra, c, d, f), and
the secreted isoform (Leptin-Re), which modulates the action of
Leptin [3].

Materials and Methods

The concentration of serum Leptin in patients with
hypothyroidism is higher than that in normal subjects, while that in
hyperthyroidism is lower [4]. The serum Leptin is secreted mainly
from adipose tissue and affects malignant tumors such as breast,
colorectal, prostate, pancreatic, ovarian and lung cancers [5]. Leptin
and Leptin-R expression have also been studied in the context of
thyroid cancers. In a study of papillary thyroid carcinoma patients,
Leptin-R and Leptin were found to be expressed in 80.1% (410/512)
and 49.1% (252/513), respectively, and Leptin-R expression was
strongly associated with aggressive clinical and pathological features
[6]. However, in another study, Leptin-R and Leptin were detected
in 51.0% (25 of 49) and 36.7% (18 of 49) of cases, respectively, and
showed no significant association with clinical features except for
tumor size and lymph node involvement [7]. The significance of
the expression of Leptin-R and Leptin in thyroid carcinomas is thus
still controversial. Therefore, we elucidated the expression level
of Leptin-R and Leptin in thyroid carcinomas using quantitative
Polymerase Chain Reaction (PCR) and demonstrated the relationship
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Materials
The subjects of this study were 42 thyroid carcinoma patients (38
papillary carcinoma and 4 poorly differentiated type) who underwent
surgery in our hospital. All patients underwent dissection of cervical
lymph nodes in addition to thyroidectomy. For this study, we used
fresh frozen sections of the primary tumor from each patient that
were resected at each initial surgical procedure. The thyroid function
of all the patients was euthyroid before each primary operation. The
BMI of each patient was obtained a few days before operation.
Informed consent was obtained from all enrolled patients. This
study protocol was reviewed and approved by Kawasaki Medical
School ethics committee (No. 2353).

Figure 1: Distribution of BMI.
The distribution of BMI of each patient is shown. The average BMI was
23±5.4.
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Table 1: Characteristics of enrolled patients.
Age (y)*

53
M

10 (23.8%)

F

32 (76.2%)

Gender
Tumor size (cm)•

3.0
30 (71.4%)

pEX
pN

+
-

12 (28.6%)
6 (14.3%)

+

36 (85.7%)

•median, Parenthesis means percentage.

Statistical analysis
As the post-hoc test, Spearman’s rank correlation test was used,
and p < 0.05 was considered significant. All statistical analyses
were performed with EZR (Saitama Medical Center, Jichi Medical
University), which is a graphical user interface for R (The R
Foundation for Statistical Computing, version 2.13.0).

Results and Discussion
Figure 2: Average ratio of Ct value.
The average ratios of Ct values of leptin versus reference (Figure 2a) and
leptin-R versus reference (Figure 2b) were 1±0.08 and 1±0.07, respectively.

Real-time PCR
Total cellular RNA was extracted from microdissected snapfrozen tissues using the phenol-guanidine-isothiocyanate method
with Trizol® Plus RNA Purification Kit (Life Technologies Tokyo,
Japan) according to the manufacturer’s protocol. The purity of
the total RNA was assessed by the ratio of optical density at 260
nm to 280 nm (acceptable values being between 1.6 and 1.9). One
microgram of total RNA and 20 pmol oligo dT primer in 12.5 ml
Diethyl Pirocarbonate (DEPC)- treated water were heated to 70 ºC
for 2 min, followed by cooling on ice for 1 min. cDNA synthesis was
initiated using 200 U recombinant Moloney-murine leukaemia virus
reverse transcriptase (Clontech Lab. Inc., Palo Alto, CA, USA) under
conditions recommended by the manufacturer.
Detection of Leptin and Leptin-R by real-time PCR was performed
on a 7500 Real Time PCR System (Applied Biosystems, Tokyo,
Japan). Amplification was achieved in a 20μl volume containing
2μl cDNA, 5nM of each primer, 2.5nM of each Taqman® probe
(Toyobo Lifescience, Osaka, Japan), and THUNDERBIRD probe
qPCR Mix® (Toyobo Lifescience, Osaka, Japan) according to the
manufacturer’s protocol. The reaction mixture was subjected to 40
cycles of amplification followed by post-PCR Fluorescence Melting
Curve Analysis (FMCA). The forward primer for Leptin was 5’-AGA
GTG GCT TAG AGG AGT CAG-3’ and that for Leptin-R was 5’TCC AGT CAC TCC AGA TTT CCT-3’, and the reverse primer for
Leptin was 5’-TGGCTTCCAGGTATCTCCA-3’ and for Leptin-R
was
5’-CAGAGAATTCTACAACAGTTATCAGAG-3’.
The
Taqman® probe for Leptin was 5’-/56-FAM/TGAAGAGCA/ZEN/
TTGCATGGACACCCC/31ABkFQ/-3’ and for Leptin-R was 5’-/56FAM/CAGTCTCTT/ZEN/GCCCCTCACCTGAAC/31ABkFQ/-3’.
We calculated the ratio of threshold cycle (Ct) values of Leptin
and Leptin-R and the Ct reference value (β-actin) for each specimen.
In addition, we evaluated the relationships between the ratios in each
patient and their clinical characteristics.
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Patient Characteristics (Table 1)
The median age and primary tumor size were 53 years and 3.0
cm, respectively. Thirty-two of the patients were women (76.2%), and
10 were men (23.8%). There were 12 patients (28.6%) with positive
pEX (infiltrating to adjacent organs other than muscles). Pathological
lymph node involvement (central and/or lateral cervix) was detected
in 36 patients (85.7%). The average BMI was 23±5.4 (Figure 1).
Recurrent disease occurred in four patients (9.5%) during 66 months
of median follow-up. The disease-free and overall survival of the
entire patients were 64 and 66 months, respectively. There was no
cancer-related death in this series.
Real-time PCR of Leptin and Leptin-R
Leptin and Leptin-R were expressed in all patients. The average
ratios of Ct value of Leptin versus reference and Leptin-R versus
reference were 1±0.08 and 1±0.07, respectively (Figure 2a, 2b).
Relationship between clinical data and the expressions of
Leptin and Leptin-R
Table 2 shows the relationships between each clinical parameter
and ratio of Ct value of Leptin and Leptin-R and reference Ct value
(β-actin). There was a significant relationship between the ratio of
Leptin Ct value and reference Ct value and BMI (R=0.39, p<0.01
Figure 3a), Furthermore, there was a significant relationship between
the ratio of Leptin-R Ct value and reference Ct value and BMI
(R=0.42, p<0.005, Figure 3b).
There were no significant relationships among the ratio of Leptin
and Leptin-R and age, gender, tumor size, lymph node involvement,
extra thyroidal infiltration, recurrence and survival.

Discussion
Obesity is known as a distinct risk factor for the initiation and/
or progression of several diseases and results in comorbidity in some
diseases. Some reports reveal BMI to be a risk factor for thyroid
cancer. In 2012, Peterson et al. systematically reviewed Relative
Risk (RR); 1.1-2.3 for males and 1.0-7.4 for females, in 22 previous
reports [8]. In 2014, Xu et al. analyzed the relationship between
BMI and thyroid cancer risk by reviewing three case control studies.
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Table 2: Relationship between Clinical Data and the Expression of Leptin and Leptin-R.

Age

Leptin

p value

Leptin-R

p value

R=-0.04

p=0.8057

R=0.16

p=0.3001

Make

1.

Female

1.

Gender
Tumor size
Lymph node
involvement
Extrathyroidal infiltration

R=-0.17
present

1.

absent

1.

present

1.

p-0.931
1.

p=0.2882

R=0.023

p=0.8863

1.
p-0.508
p=0.219 1.17
1.
p-0.571

absent

Survival

1.
R=-0.18

present

1.

absent

1.

Recurrence
BMI

1.
p-0.418

p-0.552 1.21
p=0.2615

R=0.19
1.

p-0.54
R=0.39

p=0.2163
p-0.247

1.
p<0.01

R=0.42

p<0.005

Figure 3: Relationship between BMI and ratio of Ct value of leptin and leptin-R against reference.
There was a significant relationship between the ratio of leptin Ct value and reference Ct value and BMI (R=0.39, p<0.01 Figure 3a). There was also a significant
relationship between the ratio of leptin-R Ct value and reference Ct value and BMI (R=0.42, p<0.005, Figure 3b).

They found significant relationships between high BMI and thyroid
cancer incidence. Moreover, the Odds Ratio (OR) was 1.72 and the
95% Confidence Interval (95% CI) was 1.48-2.00 for patients with
high BMI (25 - 29.9 kg/m2), and 4.17 and 3.41-5.10 above 30kg/m2
[9]. In contrast, no relationship between BMI and thyroid cancer
incidence was found in 1,624,310 subjects in Israel [10]. In general,
a higher BMI carries a higher risk for thyroid cancer. Our findings
demonstrated a positive correlation between BMI and Leptin and
Leptin-R expression on cancer cells. The cause of the correlation was
unclear; it may be an initiatory effect of thyroid cancer due to high
BMI or by expression of Leptin in thyroid cancer independently of
the serum Leptin level.
Leptin is a well-known factor involved in the regulation of body
weight and is an important mediator of obesity [2]. Adipose tissue is
an important endocrine organ, secreting several hormones including
Leptin and adiponectin, and chemokines that can regulate tumor
behavior, inflammation, and the tumor microenvironment [11].
The signaling pathways activated by Leptin-Rb include the
classic cytokine Janus kinase 2/signal transducer and activator of
transcription 3 (JAK2/STAT3) pathway; the Ras/extracellular signalregulated kinases 1/2 (Ras/ERK1/2) signaling cascade; and the
phosphoinositide 3 kinase/protein kinase B (PI3K/Akt) [12]. In vitro,
Cheng et al. demonstrated that the PI3K/AKT, JAK/STAT and Map
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kinase pathways are involved in the growth of thyroid cancer [13].
Other cancers such as prostate [14], breast [15] and hepatocellular
carcinoma have been shown to express Leptin and Leptin-R on
their cells [16]. Furthermore, the expression levels and correlations
with clinical features in thyroid cancer have been demonstrated. In
studies of papillary thyroid carcinoma patients, Leptin-R was found
to be expressed in 80.1% [6], 51.0% [7], 73.7% [17], and 57.1%. The
expression ratio of Leptin on cancer cells was reported as 49.1% [6],
36.7% [7], 72.4% [17] and 42.2%. We detected 100% expressions of
Leptin and Leptin-R on thyroid cancer cells (papillary and poorly
differentiated thyroid carcinoma). We used real-time PCR for
detection, while other studies employed immunohistochemistry. The
relationship between clinical features and the expressions of Leptin
and Leptin-R were also demonstrated in other reports. Higher Leptin
and Leptin-R expressions were strongly associated with aggressive
clinical and pathological features [6]. Some researchers have shown
that Leptin and Leptin-R expression are strongly correlated with
greater age, larger tumor size [7,17], nodal metastasis [7] and disease
free survival. Our findings revealed no clinical correlations with
expressions of Leptin and Leptin-R except for BMI.

Conclusion
BMI is regulated by the expression of serum Leptin, and a lower
serum Leptin level resulted in higher BMI. However, in thyroid
Annals Thyroid Res 4(1): id1031 (2018) - Page - 0128
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cancer, higher Leptin and Leptin-R were significantly correlated with
high BMI. Further exploration of the relationship between serum
Leptin and intratumoral Leptin levels should be undertaken.

significance of leptin and leptin receptor expressions in papillary thyroid
carcinoma. Surgery. 2010; 147: 847-853.
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