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Introduction

Although during the last one decade literature
has been consistently showing associations
between obesity and cancers, since excessive
weight is an extremely varied condition with dif-
ferent factors involved and a wide range of
molecular factors might be implicated in this
associations [1]. In addition, cancers present
extremely complex and diverse pathways impli-
cated in their occurrence and progression. Solid
evidence has been presented connecting endome-
trial and postmenopausal breast cancers to obe-
sity by endogenous estrogen levels [2—6]. On the
other hand, literatures suggest that gallbladder,
esophagus, lymphomas and myelomas might be
influenced by inflammation, a very important

M.A. Marcello, PhD (X)) ¢ F. De Assis Batista, MSc
L.S. Ward, PhD

Laboratory of Cancer Molecular Genetics
(GEMOCA), Faculty of Medical Sciences,
University of Campinas (FCM-Unicamp),

Campinas — Sao Paulo, SP 13083-887, Brazil
e-mail: marjoryam@ gmail.com;

ward @fcm.unicamp.br

L.L. Cunha, PhD

Endocrinology Department, Laboratory of
Cancer Molecular Genetics (GEMOCA),
Faculty of Medical Sciences,

University of Campinas (FCM-Unicamp),
Campinas — Sao Paulo, SP 13083-887, Brazil

Federal University of Sao Paulo,
Sao Paulo, SP 04021-001, Brazil
e-mail: lucasleitecunha@gmail.com

© Springer International Publishing Switzerland 2016

factor in the obesity [2, 7-10]. Besides, pancre-
atic and colon cancers have been linked with obe-
sity through insulin-related pathways [2, 11, 12].

Regarding thyroid tumors, the observational
studies linking obesity to these neoplasms are
quite convincing, showing a clear relationship
between excessive weight (i.e. overweight and
obesity) and thyroid cancers, especially differenti-
ated thyroid cancers (DTCs) [13, 14]. However,
literature has not yet unveiled the mechanisms
behind this association and causal factor(s) has not
yet been established linking DTCs and obesity.

In order to understand the possible mecha-
nisms linking these two conditions, it is neces-
sary to revisit some epidemiological data and
molecular pathways involved in DTC and obe-
sity; thus trying to create a rationale on how these
two conditions are linked as well the possible
factors that might justify this association.

Introduction of Thyroid Cancer

Obesity and overweight have long been recog-
nized as triggers for many metabolic complica-
tions, suchas hypertension, hypercholesterolemia,
insulin resistance leading to Type 2 diabetes and
different types of cancer. Importantly, thyroid
cancer has been recoded to be worldwide increas-
ing during the last few decades [15-19].

Thyroid cancer presents different histological
types. The vast majority of thyroid carcinomas
consist of two types of tumors: Papillary Thyroid
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Carcinomas (PTCs) and Follicular Thyroid
Carcinomas (FTCs). These two types are derived
from follicular cells and are classified as DTCs.
The other types are considered rare and more
aggressive. Among these are, undifferentiated or
Anaplastic Thyroid Cancers (ATCs) represent
approximately 1 % of all thyroid carcinomas,
while Medullary Thyroid Cancers (MTCs) are
derived from parafollicular cells, represent only
3 % of all thyroid carcinomas [20]. The most
common are PTCs representing approximately
85 % of epithelial thyroid malignancies, and
these are mostly responsible for the increase in
the incidence of thyroid cancers in general [21].
They are indolent cancers and most of them do
not have a considerable clinical evolution that
would lead patients to death [22]. This is espe-
cially noticeable when we look into recent data
showing that although the incidence of thyroid
cancers has significantly increased in recent
years, mortality rates remained stable, suggesting
that many of these tumors possibly would not
present a clinical evolution [23].

However, the reasons why DTCs’ incidence
has increased are not fully comprehended and
lead to controversies [24]. Several authors sug-
gest that this increased incidence is solely related
to the improvement in diagnostic methods and
the population’s access to them, since tumors that
present the highest incidence rates are those with
small size, and in the past they could not be
detected by the clinical examination then existed
involving on neck palpation [17, 25, 26].
However, other clinicians have shown that the
increased incidence is not only due to tumors size
smaller than 1 cm (favored by a better image
scanning) but also includes larger tumors, mak-
ing it difficult to affirm that changes in DTC inci-
dence were taking place exclusively due to
improvements in diagnostic techniques and
improvements in health care [27].

Hence, it is necessary to investigate other fac-
tors that may be contributing to this remarkable
increase in thyroid cancer incidence. Exposure to
ionizing radiation, iodine intake, family history
of thyroid disease, hormonal and reproductive
factors and altered thyroid stimulating hormone
(TSH) levels are well-established and recognized
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risk factors for thyroid cancers. Recent studies
moreover suggest that the genetic profile, pres-
ence of inflammation in the peritumoral area and
also body mass index (BMI) should be consid-
ered as potential risk factors for DTCs [13, 19,
28]. It is to be noted that based on BMI, two ter-
minologies have now been globally accepted for
differentiating overweight and obesity. Those
people with BMI of between 25 and 30 are con-
sidered to be overweight and those between 30
and 40 are obese and weight over 40 are mor-
bidly obese. In this chapter terminology “obe-
sity” will be used for both.

Relationship Between Obesity
and Thyroid Cancer

The first obesity boom was reported during 1980s,
leading the scientific community to conduct deeper
investigations on obesity and its association with
other diseases, mainly through observational stud-
ies. It is important to remember that there are two
different types of observational studies concerning
the relationship between the two conditions, obesity
and thyroid cancer: (a) thyroid cancer prevalence is
investigated in obese patients; (b) patients with thy-
roid cancer are screened for obesity. Although both
approaches to give relevant information and pic-
tures about the two conditions, the second studies
needs to be evaluated more thoroughly. This is
because obesity could be linked as an epiphenome-
non of thyroid cancers, albeit there is no evidence
that these cancers induce important metabolic syn-
drome. The second type of study, however, is neces-
sary when the objectives of the study include the
investigation of clinic-pathological features and
their modification by other factors, such as the pres-
ence of obesity. Below the results of the studies will
be presented in chronological orders with special
attention to the latest findings.

1990-2000

Earliest studies showing a relationship between
obesity and thyroid cancer dates back to from
1980 [29]. Then in 1990, Dal Maso et al.
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performed a meta-analysis including 12 case-
control studies, analyzing a total of 2056 females
and 417 males with thyroid cancer and demon-
strated that at diagnosis there was a relationship
between BMI and thyroid cancer in women [30].
However, more serious studies with large cohorts,
inclusion/exclusion factors and well-described
statistical analysis appear to have started only
after year 2000. During the following years, sev-
eral authors described the relationship between
obesity and thyroid cancer, mainly through
observational studies.

2001-2010

The first strong evidences for a link between obe-
sity and thyroid cancer came from large cohort
studies of 30 years by Samanic et al. which
included a cohort of 3,668,486 white and 832,214
black male US veterans. They found that obese
persons presented a higher risk of developing
thyroid cancer. These authors also demonstrated
that this increased risk was independent of racial
factors, since in this study, white men presented a
1.4 relative risk (RR) and black men presented a
1.9 RR for thyroid cancer [31]. Similarly,
Engeland et al. carried out another study with a
large cohort (2,000,947 individuals) for 23 years.
These authors were able to identify 3046 indi-
viduals who developed thyroid cancer during this
period, out of which 1415 were obese [32]. Also
it was concluded that both men and women had
equally increased risk for thyroid -cancer.
However, when these authors stratified thyroid
cancer into its histological subtypes, they con-
firmed that the association between BMI and thy-
roid cancer was stronger in females, who
presented an increased risk for PTC (RR=1.19)
and FTC (RR=1.63) and a lower risk of MTC
(RR=0.35) [32], suggesting that the association
between thyroid cancer and obesity was due to
DTCs. All these data regarding an exclusive
association between obese women and thyroid
cancer need to be carefully re-analyzed, espe-
cially considering two factors: (i) hormones and
hormone synthesis might be affected by obesity,
and they play an important role on thyroid carci-

223

nogenesis, justifying these associations; (ii) it is
widely known that women are more susceptible
to thyroid cancer, therefore the number of male
cases included in thyroid cancer studies is com-
monly low, leading to the absence of any signifi-
cant statistical analysis [33]. By the year 2010,
higher BMI and obesity had been consistently
reported as risk factors for thyroid cancer, but lit-
eratures were still scarce on providing mecha-
nisms that would possibly link these conditions,
except a few studies pointing out to insulin-
related pathways as the major factors that would
justify the reported associations [1, 34—42].

2011-Present

In this decade, many authors have been investi-
gating factors that would link obesity and thyroid
cancer; these include clinical and molecular fea-
tures which require further studies.

Between 2011 and 2012, Kitahara et al. pub-
lished three articles addressing the link between
obesity and thyroid cancers. These authors stud-
ied a very large cohorts, demonstrating that obese
individuals presented higher risks { Hazard Ratios
(HRs): 1.20 and 1.53, respectively} of develop-
ing thyroid cancer when compared with eutro-
phic individuals [43]. They also described that
both men and women with large waist circumfer-
ence (>102 cm in men and >88 cm in women)
presented an increased risk for thyroid cancer
(HR=1.79 and HR=1.54, respectively) [45].
Kitahara et al. subsequently reported that indi-
viduals with excessive weight who were practic-
ing greater amount of physical activity were at
higher risk of thyroid cancer. Additionally in
2012, Rinaldi et al. demonstrated an association
between high BMI and thyroid cancer in women,
when they analyzed a cohort of 343,765 females
and 146,824 males, with 566 incident thyroid
cancers [44]. In a meta-analysis of five large
cohort studies, which included 8,099,411
individuals and 5154 thyroid cancer patients,
Zhao et al. described that excessive weight was
associated with an increased risk (Odds ratio —
OR=1.18) of thyroid cancers [13]. Our group has
also confirmed these results, in that in 2012 we
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demonstrated that excessive weight was associ-
ated with increased risk of DTCs (OR=3.787).
We also suggested that this association could be
linked to excessive caloric ingestion (OR=5.89),
mainly due to the excess ingestion of proteins
(OR 4.60) and carbohydrates (OR 4.90) [44].
Later Kim et al. showed that obesity was not
only associated with an increased risk of thyroid
cancers, but could also exert an influence on
tumor presentation. These authors reported that a
5-kg/m? increase in BMI was associated with
PTCs >1 cm (OR=1.31), microscopic extrathy-
roidal invasion (OR=1.23), and with advanced
tumor node metastasis (TNM) stage (OR=1.30)
[45]. In an interesting study, Han et al. demon-
strated that out of 15,068 subjects that underwent
a routine health checkup and when screened by
thyroid ultrasonography, 7472 presented cystic or
solid nodules and 267 patients were confirmed
with thyroid cancer after further investigation.
Among these cases, the authors found that the
prevalence of thyroid cancer in women was asso-
ciated with a high BMI (OR=1.63). Also during
this year, Pellegriti et al. included obesity as a
potential risk factor that would justify the remark-
able increase in thyroid cancer incidence in the
latest years, given the convincing results what lit-
erature has been canvasing since year 2000 [21].
The year 2014 was especially fruitful to
explore the relationship between thyroid cancer
and obesity in that several articles appeared
addressing this issue and, even though a consid-
erable part of them focused on mechanisms justi-
fying this relationship, there were also interesting
results in observational studies. Kitahara et al.
analyzed 321,085 children from the Copenhagen
School Health Records Register including mea-
surements of height and weight from 7 to 13
years of age. These children were followed-up
for a median of 38 years, and during this period
171 women and 64 men were diagnosed with
thyroid cancer. Both height and increased BMI
were positively associated with thyroid cancer
risk, suggesting that not only obesity is a risk fac-
tor for thyroid cancer, but also it may impact thy-
roid cancer risk in adult life [46]. In a pooled
analysis of three case-control studies, including
1917 patients with PTC and 2127 controls, Xu
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et al. demonstrated an increased risk of PTC
when patients presented greater weight/BMI
(OR=1.72 for overweight vs. normal weight and
OR=4.17 for obese vs. normal weight). This
increase was also reported for body fat percent-
age (OR=for women and OR =for men, consid-
ering the lowest quartile vs. the highest quartile)
[47]. In the same year Arduc et al., using fine-
needle aspiration biopsy, suggested that the pres-
ence of obesity and large waist circumference
can be used as predictors of thyroid carcinoma in
patients with Hurtle-cell lesions. These authors
studied 224 women with these lesions, who had
underwent thyroidectomy and found that malig-
nancy risk was 3.819 higher in the obese group.
Besides, large waist circumference was also
shown to be linked with increased risk for malig-
nant lesions (OR=5.593) [48]. Zhang et al.
employing a meta-analysis of large cohort stud-
ies, including 16 studies with 12,616,154 sub-
jects showed that the link between obesity and
thyroid cancer was higher in males (RR=1.35)
than in females (RR =1.29). This association was
maintained when these authors analyzed the
other factors such as age (RR=1.34), smoking
(RR=1.36), alcohol use (RR=1.40), and history
of benign thyroid disease (RR=1.51), confirming
that data presented by literature so far is consis-
tent and points out to obesity as risk factors for
thyroid cancer [49].

Molecular Mechanisms of Thyroid
Cancers in Obesity

Both obesity and thyroid cancers are multifacto-
rial diseases that lead to many systematic modifi-
cations in patients. Although a considerable part
of these modifications have been clinically
detected by physical and laboratorial examina-
tions, but some of them can only be detected by
molecular analysis. The latest findings, based on
studies at molecular levels have been making it
possible to hypothesize that obesity and thyroid
cancers have more in common than it was ever
speculated. There are specific points that need to
be considered if we look into molecular mecha-
nisms connecting obesity and thyroid cancers:
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Factors involved with these studies include thy-
roid hormones, adipokines and factors inducing
inflammation

Thyroid Hormones

The thyroid gland plays a crucial role in the con-
trol of energy metabolism through action of thy-
roid hormones. There is evidence that the
abdominal obesity and a tendency to weight gain
are associated with small variations of thyroid hor-
mone levels in euthyroid subjects [50, 51]. Also an
association has been reported between low thyrox-
ine (T4) levels and fat accumulation [50, 52].

A positive link has also been reported between
free triiodothyronine (T3) levels and both, waist
circumference and higher BMI in obese subjects
[53]. A moderate increased T3 level in obese indi-
viduals has been explained as a compensatory
higher conversion of T4 to T3 in order to improve
energy expenditure and fat accumulation [53]. The
TSH, which promotes the secretion of thyroid hor-
mones to regulate energy expenditure, has also
been shown to be altered in obese euthyroid sub-
jects, and a positive link between its levels and
increased BMI has been observed [51, 54].

To explain the increase of thyroid stimulating
hormone (TSH) in obese individuals, hormonal
mediators of adipose tissue, especially leptin, has
been suggested as potential stimulators of the hypo-
thalamic-pituitary-thyroid axis [55, 56]. Leptin
modulates food intake and energy expenditure and
acts as a neuroendocrine regulator, regulating thy-
rotropin releasing hormone (TRH) expression in
the paraventricular nucleus; TSH will then stimu-
late leptin secretion by adipose tissue [57-60]. In
addition, leptin may affect deiodinases, activating
the T4 to T3 conversion [61, 62].

Interestingly, besides the association between
TSH and BMI, there is a clinical evidence that
high TSH levels are linked to increased risk of
malignancy in human thyroid nodules at
advanced stage of the disease [63]. TSH being
the major stimulator of thyrocytes proliferation,
we hypothesize a direct role of this hormone in
thyroid carcinogenesis in obese individuals [64].
In fact, the mitogenic effects of TSH on follicular
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cells have been demonstrated using in vitro and
animal studies [65-67]. The binding of TSH to its
receptor, TSHR, increases the intracellular levels
of cAMP and activates proliferation pathways,
including PI3K—-AKT and RAS-BRAF pathways
[68, 69]. The interaction of TSH with insulin rep-
resents another possible mechanism linking obe-
sity and thyroid cancer [70]. In insulin resistance,
a clinical condition frequently present in obesity
is insulin stimulates TSH production promoting
proliferation of thyroid cancer cells [64, 71].

Although the importance of TSH in thyroid
cell proliferation has been clearly demonstrated,
the role of serum TSH levels in tumor growth and
anaplastic changes have not been found in animal
models [72]. The increased risk of thyroid cancer
in obese subjects has also shown to be unrelated
to serum TSH levels in human subjects [48, 73].
A clinical study nevertheless has also shown that,
in spite of the significantly high TSH levels found
in morbidly obese women compared with normal
weight and/or slightly overweight women, the
prevalence of thyroid nodules has shown to be
significantly lower in obese women [74].

In conclusion, there is evidence pointing to a
possible involvement of TSH as etiopathogenic
element linking obesity and thyroid cancer.
However, the present studies and the current data
do not allow us to confirm or exclude the possi-
bility of this involvement.

Cytokines, Adipokines
and Inflammation

Adipose tissue was once considered as a simple
aggregation of cells that are able to store fat in
our body. However, the advancement of molecu-
lar and cell biology gave us an insight that
probably a link exist between obesity and inflam-
mation. In fact, fat cells may be considered a
component of the immune system, as it expresses
receptors for many cytokines and also produce
many proteins and hormones that modulate
immune response [75-77]. It has been demon-
strated that immune cells infiltrate adipose tissue
at the onset of weight gain and directly contribute
to and perpetuate the inflammatory state of fat,
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systemic insulin resistance, and the promotion of
obesity [78].

The altered production or dysfunction of adi-
pokines has been implicated in the metabolic
syndrome of obesity [79]. In fact, adipose tissue
in obese persons produce more proinflammatory
substances (such as TNF-alpha, IL-6, iNOS,
TGF-B1 and C-reactive protein) than adipose
tissue in lean individuals [80—-84]. Uysal et al.
were able to generate obese mice with a targeted
null mutation in the gene encoding TNF-a and
those encoding the two receptors for TNF-alpha
(Ref). The absence of TNF-« in the null mutant
mice resulted in significantly improved insulin
sensitivity in both diet-induced obesity and that
resulting for the ob~/ob~ obese mice. The TNF-
o deficient obese mice had lower levels of circu-
lating free fatty acids and were protected from
the obesity-related reduction in the insulin
receptor signaling in muscle and fat tissues.
These results indicate that TNF- « is an impor-
tant mediator of insulin resistance in obesity
through its effects on several important sites of
insulin action, suggesting that adipose tissue of
obese patients is inflamed [85]. Weisberg et al.
studied the transcript profile of adipose tissue of
obese animals and found that the expression of
1304 transcripts correlated significantly with
body mass. Of the 100 most significantly corre-
lated genes, 30 % encoded proteins that were
characteristic of macrophages and are positively
correlatedwithbodymass.Immunohistochemical
analysis of perigonadal, perirenal, mesenteric,
and subcutaneous adipose tissue revealed that
the percentage of cells expressing the macro-
phage marker F4/80 was significantly and posi-
tively correlated with both adipocyte size and
body mass [79]. Similar relationship was found
in human subcutaneous adipose tissue stained
for the macrophage antigen CD68 [85]. These
results suggests that not only proinflammatory
proteins are produced but also there is an enrich-
ment of macrophages in adipose tissue of
patients with obesity. How this inflamed state
associate with obesity and cancer is the question
remains to be asked.

TNF- « is a hormone that is thought to medi-
ate tumor cytotoxicity as well as new blood vessel
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growth [86]. Liu et al. investigated whether the
Wnt pathway, an intracellular signaling cascade
that plays a critical role in colorectal carcinogen-
esis, is activated by obesity-induced elevation of
the inflammatory cytokine TNF- a (Ref). The
phosphorylation of glycogen synthase kinase 3 3
(GSK3p), an important intermediary inhibitor of
Whnt signaling and a potential target of TNF- «,
was quantitated by immunohistochemistry. The
inactivated (phosphorylated) form of glycogen
synthase kinase 3 § was elevated in the colonic
mucosa of obese mice. Moreover, p-catenin, the
key effector of canonical Wnt signaling also was
elevated in the colons of obese mice, as was the
expression of a downstream target gene, c-myc
(Ref). These data demonstrate that diet-induced
obesity produces an elevation in colonic TNF- «
and instigates a number of alterations of key com-
ponents within the Wnt signaling pathway that are
pro-transformational in nature.

In thyroid cancer a particular mechanism may
be elicited. Pang et al. demonstrated that TNF- o
has an anti-proliferative action in human papil-
lary thyroid cancer cell line through a receptor-
mediated mechanism [87]. However, the
exposure of papillary thyroid cancer cell to TNF-
o resulted in the development of progressively
increasing loss of the TNF- «-induced anti-
proliferation, termed resistance [88]. Probably,
the high TNF- o exposure provided by obesity
may be inducing TNF- a resistance that facili-
tates thyroid tumor progression [ 13]. Interestingly,
Rotondi et al. recently investigated whether met-
formin inhibits the secretion of CXCLS8, induced
by TNF- a in primary cultures of normal and
tumor human thyroid cells as well as in thyroid
cancer cell lines. They found that metformin sig-
nificantly and dose-dependently inhibited the
TNF- a-induced CXCLS8 secretion in both normal
thyrocytes and papillary thyroid cancer cells
[89]. CXCLS directly stimulates the proliferation
of thyroid tumor cells via autocrine and paracrine
mechanisms beside the fact that CXCLS8 also
plays a crucial role in promoting the invasiveness
of thyroid tumor cells [90]. Thus, the inhibitory
effect of metformin on TNF- a-induced CXCL8
secretion could be considered as an additional
indirect anticancer property of the drug.
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Adipokines - Link Between Obesity
and Inflammation

Adipokines or adipocytokines are a subset of cyto-
kines produced by the adipose tissue [91]. They
are involved in several crucial processes for human
metabolic systems including immunity, regulation
of appetite and energy balance, insulin sensitivity,
angiogenesis, blood pressure regulation and lipid
metabolism [92]. It is well known that obesity is
intimately linked with inflammation. Obese indi-
viduals also run higher risk to develop insulin
resistance. Recent research suggests that when
both insulin resistance and inflammation are pres-
ent they alter the inflammatory profile in that it
induces the production of anti-inflammatory fac-
tors such as adiponectin which leads to the produc-
tion of pro-inflammatory adipokines, such as
leptin and resistin [93]. Also adipokines can pro-
mote tumorigenesis as they have already been
implicated in the regulation of inflammation and
insulin sensitivity, hence representing the link
between inflammation, obesity and cancer [49].
Adiponectin is an adipokine with strong
anti-inflammatory properties. It is exclusively
produced by adipocytes, and promotes the cells’
and adipocyte differentiation and increase insu-
lin sensitivity [94, 95]. Pro-inflammatory fac-
tors such as TNF-a, IL-6 and ROS which can
play a regulatory role in adiponectin expres-
sion. However, recent evidence show that there
exists a regulatory feedback loop through which
adiponectin controls its own production and the
expression of its receptor [96]. Adiponectin also
acts as an autocrine and paracrine factor to inhibit
the secretion by adipocytes of pro-inflammatory
factors such as TNF-a, IL-10, macrophages,
T-cells, NK-cells, inducing effects on the stor-
age of lipids and insulin sensitivity in adipocytes.
Adipokine is also able to influence cell prolifera-
tion and regulate the balance of anti-?what? and
always aiming to control inflammation [96-99].
In order to develop these functions, adiponectin
binds to two different receptors, AdipoR1 and
AdipoR2. These receptors have an important
role in improving the insulin signaling on target
cells, through the increase in AMPK activity, and
PPARa and PGC-a. These molecules might also
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lead to a reflex on AKT/mTOR/PI3K and MAPK
pathways, well known for regulation of cell pro-
liferation [100].

In addition, adiponectin also influences the
immune system through NF-kB regulation [101].
Due to its complex antiproliferative and
inflammation-restraining functions, this hormone
has been linked to breast, endometrial, prostate,
colorectal, liver, pancreatic and gastric cancers, as
well as some hematological types of leukemia,
lymphoma, and myeloma [101]. Recently, evi-
dence presented that adiponectin plays role in
developing thyroid cancers. Mitsiades et al. dem-
onstrated that adiponectin serum levels are
inversely correlated with DTC, exerting a protec-
tive effect against the development of this cancer.
Furthermore, these authors demonstrated that thy-
roid tissues express AdipoR1 and AdipoR2, facili-
tating the entrance and the functioning of
adiponectin in the thyroid [102]. Thus, suggesting
that not only adiponectin is expressed in thyroid
cells, but it is also functional in them. Another
recent study has demonstrated that adiponectin
receptors might be important for DTCs (Ref).
Comparing tissues of primary papillary thyroid
carcinomas with metastatic tissues, Cheng et al.
reported that 27 % of primary tumors expressed
AdipoR1 and 47 % expressed AdipoR2. When tis-
sues were negative for both receptors, tumors were
significantly associated with extrathyroidal inva-
sion, multicentricity, and higher TNM stage, sug-
gesting that the expression of adiponectin receptors
can be employed for better prognosis [103].

Leptin is structurally similar to cytokines, IL-2,
IL-6, and granulocyte-colony stimulating factor
(G-CSF), a characteristic that makes leptin capable
of participating in similar cellular and organic pro-
cesses, such as the control of food intake through
satiety sensation, regulation of energy expenditure,
activation of monocytes and macrophages, stimu-
lation of VEGF, angiogenesis, cell proliferation,
and the suppression of anti-inflammatory cytokines
[92]. It is predominantly secreted by adipose tissue,
although it can also be produced by skeletal mus-
cle, stomach and blood? plasma [104]. Leptin acts
as an endogenous sensing factor, providing a criti-
cal link between the environment, metabolism, and
immune function [105].
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The mechanisms of leptin’s action involve
its binding to leptin receptor b (ObR or LEPR),
leading to the activation of intracellular signals
through JAK2, STAT3 and AMPK [92]. These fac-
tors regulate AKT/mTOR/PI3K and ERK/MAPK
pathways, involved in cell growth and survival as
well in COX2, IL-1 and NF-xB, induced inflam-
mation and VEGFs, involved in angiogenesis
[106]. Thus, leptin interplays with several factors
that participate in diverse carcinogenic stages,
and its association with breast, prostate, colorec-
tal, hepatocellular, pancreatic and lung cancers,
as well as thyroid cancer, has consistently been
presented in the literature [107, 108]. Concerning
thyroid cancers, and more specifically DTCs,
leptin and ObR expression was first demon-
strated by Cheng et al., who found them associ-
ated with a high risk of lymph node metastases
[109]. In a recent study, our group demonstrated
that patients with AA genotype of 157799039 in
LEP (the gene that codes for leptin) had higher
serum levels of leptin (9.22+0.98 ng/mL) than
those with AG genotype (10.07 +£0.60 ng/mL).

We have also shown that the AG genotype of
1s2167270 in LEP also produce higher serum
leptin (10.05£0.59 ng/mL) than the subjects with
GG genotype (9.52+0.79 ng/mL). The AG geno-
type of 1s7799039 in LEP was an independent
risk factor for DTC (OR=11.689). Similarly, AG
and GG genotypes of rs1137101 in LEPR (the
gene that codes for leptin receptor) increased the
susceptibility to DTC (OR=3.747 and
OR=5.437, respectively). In this study, we did
not find any association between polymorphisms
and clinic-pathological features of DTC [110].
Other groups reported leptin’s involvement in the
clinical phenotype of DTC, and suggested that
leptin may affect the migration of thyroid cells,
proposing for a worse prognosis and metastasis
formation [111-115].

Resistin is an adipokine produced by human
monocytes and macrophages, as well as adi-
pocytes [92]. This adipokine was first linked
with insulin resistance by the suppression of
insulin-mediated signaling in rat adipocytes, but
in humans this association is not always found
[116]. In fact, resistin presents diverse functions
in humans, such as proliferative, antiapoptotic,
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pro-inflammatory and pro-angiogenicity [104,
117]. Inflammatory cytokines such as IL-1f, IL-6,
TNF-a, and LPS can induce resistin expression,
but conversely resistin has been demonstrated
to stimulate the production of IL-6 and TNF-a
through the NF-xB signaling pathway [118]. In
addition to its action on the immune system, resis-
tin can also bind to TLR4, activating JNK and p38
MAPK to induce insulin resistance [119]. Due to
its ability to regulate immune factors production
and its indirect regulation of MAPK pathway and
other proliferative events, resistin has been inves-
tigated in human cancers. Its expression has been
linked to the increased proliferation of prostate
cancer by AKT/mTOR pathway stimulation [72].
Resistin has also been linked to breast, endome-
trial, colorectal, hepatocellular, pancreatic and
lung cancers [117, 120-124].

Our group has studied serum concentrations
of leptin, adiponectin, resistin and ghrelin, show-
ing that these adipokines may represent excellent
markers for malignancy in thyroid nodules. We
further showed that DTC patients presented
lower adiponectin serum levels when compared
with patients with benign nodules. Leptin, on the
other hand was higher in DTC than in benign
cases. Similarly, resistin levels were higher in
DTC than in patients with benign nodules. When
we created ROC curves to investigate the accu-
racy of using these cytokines levels as diagnostic
test, we showed that the concentrations of serum
adiponectin, leptin and resistin distinguished
benign and malignant nodules with 76 %, 100 %
and 100 % accuracy, respectively. These cyto-
kines serum levels also helped to discriminate
follicular patterned lesions. The follicular variant
of papillary thyroid cancer (FVPTC) could be
distinguished from follicular adenomas (FA) by
adiponectin and leptin levels and from goiters by
serum leptin and resistin levels. FA could be dif-
ferentiated from FTC and from classic PTC
(CPTC) by leptin levels. On the other hand,
CPTC differentiated from FA by leptin levels and
from goiters by leptin and resistin levels. In con-
clusion, we found that serum concentrations of
adiponectin, leptin and resistin may represent a
new alternative approach to the diagnosis of thy-
roid nodules, especially for cases where fine
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needle aspiration biopsy cannot give a definitive
diagnosis, thus, avoiding more aggressive and
unnecessary surgeries and interventions [125].

Conclusion

There is no doubt that adipose tissue is
involved in many vital processes and its exis-
tence facilitates and improves several crucial
events, such as insulin regulation, angiogene-
sis, energy balance, and the production of
many immune system proteins and hormones.
Although the processes that involve the adi-
pose tissue and/or its products have their own
molecular pathways, they also have the same
common proteins through which obesity and
adipose tissue might exert their role in carci-
nogenesis. Additionally they not only affect
MAPK and PI3K insulin pathways, but also
recruiting local inflammatory responses that
could result in disease formation and progres-
sion. These are the main mechanisms through
which obesity and the metabolic changes that
it induces might be linked to thyroid cancers.
Understanding these mechanisms might lead
to different disease-preventing strategies, not
only helping patients, but also sparing health
systems worldwide to save money and direct
money to more complicated cases, which
require more complex treatment and care.
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