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Abstract
Recent compelling epidemiological studies indicate a strong association of obesity with thyroid cancer. Obesity has been shown
to promote thyroid cancer progression and exacerbate poor outcome in thyroid cancer patients. However, the molecular mech-
anisms by which obesity increases thyroid cancer risk and facilitates cancer progression are not completely understood. Obesity
induces complex pathological changes including hyperglycemia, hyperinsulinemia, hyperlipidemia, oxidative stress, adipokines,
and inflammatory responses. These changes can affect the development and progression of cancer through highly complex
interactions in vivo. The deleterious effect of obesity may differ according to the different cancer types. In view of the increased
incidence of thyroid cancer in parallel with the widespread occurrence of obesity in the past decades, it is imperative to clarify
how obesity affects thyroid carcinogenesis. This review focuses on molecular mechanisms by which obesity aggravates thyroid
carcinogenesis as elucidated by mouse models of thyroid cancer.

Introduction

Thyroid cancer is the most common endocrine malignancy,
and its incidence has risen rapidly in recent decades all over
the world [1–5]. The increased use of ultrasonography for the
detection of small papillary thyroid carcinoma (PTC) cannot
fully explain this increase in thyroid cancer incidence [1].
Previous epidemiological studies suggested that only about
half of this increase results from screening using ultrasonog-
raphy for early detection while the rest could be attributable to
environmental factors such as obesity and cigarette smoking
[1, 3, 6–8].

The prevalence of obesity has been increasing, not only in
adults but also in children and adolescents, in parallel with the
increases in thyroid cancer incidence in the USA and else-
where [9–11]. Several epidemiological studies provide com-
pelling evidence that obesity is associated with an increased

risk of thyroid cancer [9–14]. A recent meta-analysis found
that the risk of thyroid cancer was 25% greater in overweight
and 55% greater in obese individuals than their normal-weight
peers [13]. A pooled analysis of 22 prospective studies
showed that each 5-unit increase of body mass index (BMI),
young-adult BMI, adulthood BMI gain, and waist circumfer-
ence (per 5 cm) were associated with 6, 13, 7, and 3% greater
risks of thyroid cancer, respectively [14]. These associations
were consistently observed in all major pathological subtypes
of thyroid cancer except medullary thyroid cancer [13, 14].
Several studies also suggested that overweight and obesity are
significantly associatedwithmore aggressive clinicopatholog-
ical features in patients with thyroid cancer [15–17]. These
findings underscore the need to study molecular mechanisms
underlying the effects of obesity on thyroid carcinogenesis.

Obesity is known to cause an array of complex and diverse
metabolic changes through accumulation of adipocytes.
Adipose tissue is considered an endocrine organ that secretes
various adipokines involved in metabolic regulation and in-
flammatory processes [18]. Dysregulation of the endocrine
function of adipose tissue leads to hyperglycemia, hyperlipid-
emia, and insulin resistance. As illustrated in Fig. 1, obesity,
due to excessive accumulation of adipose tissues, leads to the
increased secretion of adipokines, increased inflammatory re-
sponses, and other metabolic changes that could impact the
development and progression of many cancers. In this review,
we highlight the molecular mechanisms by which obesity
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aggravates thyroid carcinogenesis which has been uncoveed
in studies using mouse models of thyroid cancer.

Obesity in Mouse Models of Thyroid Cancer

A diet-induced obesity model has been widely used to evaluate
the effects of obesity on human diseases. The effect of obesity
on thyroid carcinogenesis was studied using mouse models of
follicular thyroid cancer (FTC). The mouse, which harbors a
knock-in dominant negative mutation (denoted as PV) in the
Thrb gene, spontaneously develops metastatic FTC [19]. The
ThrbPV/PV mice showed pathological progression of capsular
and vascular invasion, lung metastases, and anaplastic changes
similar to human thyroid cancer [20]. Additionally, deletion of
one allele of the Pten gene (phosphatase and tensin homolog
deleted from chromosome 10) into ThrbPV/PVmice reduced the
time required for spontaneous development and progression of
FTC in ThrbPV/PVPten+/− mice [21]. The loss of one allele of
the tumor suppressor, the Pten gene, induces further
overactivation of phosphatidylinositol 3-kinase (PI3K) and
protein kinase B (AKT) signaling pathway in thyroid cancer
of ThrbPV/PVPten+/− mice with more aggressive thyroid cancer
and shorter survival than in ThrbPV/PV mice [21].

This double mutant mouse model has provided an oppor-
tunity to evaluate the effects of diet-induced obesity on the
carcinogenesis of the thyroid [22] . Feeding ThrbPV/PVPten+/
− mice with high fat diet (HFD) for 15 weeks successfully
induced the phenotype of obesity in this mouse model with
body weight gain and increases of adiposity [22]. Virtually all
ThrbPV/PVPten+/− mice exhibited early-phase thyroid cancer
developments such as thyroid hyperplasia and capsular inva-
sion (Fig. 2a), which were similarly detected in the double
mutant mice treated with HFD. Remarkably, anaplastic

transformation of thyroid cancer was promoted by HFD-
induced obese ThrbPV/PVPten+/− mice (Fig. 2b) [22]. About
62% of thyroid cancers in the HFD group underwent anaplas-
tic transformation versus only 24% in the low fat diet (LFD)
group (Fig. 2a). Microscopic examination of H&E-stained
tumor sections of representative HFD group samples indicated
a loss of glandular differentiation and spindle cell anaplasia
(Fig. 2b). The tumor weights of the HFD group (n = 26) were
significantly higher than those of the LFD group (n = 25,
p < 0.001), as shown in Fig. 2c. The survival of the HFD
group was significantly shorter than the LFD group (p =
0.02, Fig. 2d) [22].

Currently, it was not entirely clear the underlying molecular
mechanisms by which obesity led to anaplasia. Anaplastic
transformation occurs in the advanced stage of thyroid carcino-
genesis, suggesting that additional Bhits^ could be acquired
during cancer progression. Indeed, findings from next genera-
tion sequencing supported the notion that anaplastic thyroid
cancer was derived from well differentiated thyroid carcinoma
through accumulation of genetic abnormalities [23, 24]. In
HFD-ThrbPV/PVPten+/− mice, serum leptin was elevated,
resulting in the activation of JAK-STAT3 signaling [22].
Several downstream effectors in JAK-STAT3 signaling, such
as c-MYC, were found to be also elevated [22]. It is known that
c-MYC induces cell de-differentiation. In human anaplastic
thyroid cancer, c-MYC was shown over-expressed [25]. One
mechanism bywhich over-expression of c-MYCwas found via
activation of super-enhancers through chromatin remodeling
[26]. However, the over-expression of c-MYC could also be
due to gene amplification and/or other genetic aberration
events. Such changes could be broadly considered as additional
Bhits^ to affect anaplastic transformation, which is linked close-
ly with the up-stream events initiated from obesity.

Obesity affects the secretion of adipokines, the hormones
secreted by adipocytes, with increased leptin and decreased
adiponectin levels being well known examples [27]. It is
known that leptin binds to its receptor, leading to the activa-
tion of intracellular Janus kinase 2 (JAK2)-signal transducer
and activator of transcription 3 (STAT3) and mitogen-
activated protein kinase (MAPK) signaling system, thereby
promoting the growth of cancer cells [28, 29]. On the other
hand, adiponectin inhibits the PI3K-AKT-mechanistic target
of rapamycin (mTOR) signaling through activation of adeno-
sine monophosphate-activated kinase (AMPK), which plays
an important role in intracellular energy metabolism and in-
hibits the growth of cancer cells [28, 30]. Thus, the decrease of
adiponectin caused by obesity may play an important role in
the development and progression of cancer. These findings
suggest that the change in adipokine plays an important role
in thyroid cancer. A previous study revealed that leptin and
leptin receptors were over-expressed in human PTCs and were
associated with a more aggressive cancer phenotype [31].
Studies also suggested that the expression of both leptin and

Fig. 1 Various pathways may explain the mechanism by which obesity
induces carcinogenesis and exacerbates cancer progression. Obesity
increases adipocytes, and the extent of systemic inflammation, and
oxidative stress. Insulin resistance induced by obesity results in
increased serum insulin levels, augmented IGF-1 signaling, increases
serum leptin levels and suppresses serum adiponectin levels. Increases
in insulin resistance, IGF-1 signaling, oxidative stress, free fatty acid
(FFA), inflammatory signaling, and changes in adiopkines and other mac-
romolecules, may contribute to cancer progression, and metastasis
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its receptor was regulated by insulin epigenetically [32]. An
in vitro study using thyroid cancer cells demonstrated that
leptin induced cancer cell proliferation and migration and
inhibited apoptosis [33, 34]. In ThrbPV/PVPten+/− mice, serum
leptin levels were significantly increased by HFD-induced
obesity (Fig. 2e), whereas there was no signification differ-
ence in serum adiponectin levels (Fig. 2f) [22]. Increased se-
rum leptin levels were detected in obese ThrbPV/PVPten+/−

mice [22]. Moreover, over-activation of the JAK2-STAT3 sig-
naling pathway and increased expression of STAT3 target
genes were found in obese ThrbPV/PVPten+/− mice [22].
These findings indicate that increased serum leptin levels are

involved in promoting the progression of thyroid cancer by
activating the JAK2- STAT3 signaling.

Recent studies compared the effects of leptin and orally
available leptin-derived peptide, OB3 in thyroid cancer cells
[35]. OB3 has shown to be effective appetite suppression sim-
ilarly as metformin in preclinical studies [36, 37]. Leptin stim-
ulated thyroid cancer cell invasion through activation of
STAT3 and MAPK pathway. However OB3 did not affect
cancer cell proliferation and invasion [35]. Besides, OB3 re-
ported to suppress leptin-induced signaling and progression of
ovarian cancer cells [38]. These findings suggested that po-
tential reduction of serum leptin levels by metformin or OB3

Fig. 2 HFD-induced obesity induces aggressive phenotype in ThrbPV/
PVPten+/− mice. a Pathological changes in thyroid cancer progression in
high-fat diet (HFD) group and low-fat diet (LFD) group. There was sig-
nificant increase in anaplastic transformation after HFD-induced obesity.
b Anaplastic transformations in HFD-induced obese ThrbPV/PVPten+/−

mice. H&E-stained thyroid tumor sections of LFD-treated ThrbPV/
PVPten+/− mice are shown in panels a and a′at low magnification and
high magnification, respectively. H&E-stained thyroid tumor sections of
HFD-treated ThrbPV/PVPten+/− mice are shown in panels b, c, d, and e
and in b′, c′, d′, and e′ at low and high magnification, respectively.

Representative samples of anaplastic loci indicated by arrows are appar-
ent at low magnification in panels b, c, d, and e (×20). The foci are
selected shown at high magnification in the corresponding panels b′, c′,
d′, and e′ (×80). c The weights of thyroid tumors in HFD group and LFD
group, presented as mean ± SE. The difference was analyzed by Student’s
t test. d The survival of ThrbPV/PVPten+/−mice was shorter in HFD group
than LFD group. The Kaplan-Meier curves were compared by the log-
rank test. e, f The serum leptin and adiponectin concentrations in wild-
type and ThrbPV/PVPten+/− mice treated with LFD or HFD. [24]
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could be useful to suppress leptin-induced stimulation in can-
cer progression.

JAK-STAT3 Signaling in Obese Mouse Models
of Thyroid Cancer

Activation of the JAK-STAT3 signaling pathway has been
shown to be associated with increased invasion and metastasis
in various types of cancer [39]. In normal cells STAT3 signal-
ing is tightly controlled by a negative feedback mechanism
involving the suppressors of cytokine signaling (SOCS) and
tyrosine phosphatases, whereas in cancer cells constitutive
activation of STAT3 is common [39]. Overexpression of
STAT3 signaling is also associated with lymphatic metastasis
of thyroid cancer [40, 41]. The role of JAK-STAT3 signaling
in the anaplastic transformation of FTC was confirmed by
treating ThrbPV/PVPten+/− mice with the STAT3 selective in-
hibitor, S3I-201 [42]. This inhibitor, which was identified
through structure-based virtual screening of the National
Cancer Institute libraries, has shown its effectiveness in the
inhibition of STAT3 activity in both in vitro and in vivo stud-
ies [43]. S3I-201 treatment significantly reduced the thyroid
tumor weight of obese ThrbPV/PVPten+/−mice (thyroid cancer
incidence Fig. 3a). The median survival of obese ThrbPV/
PVPten+/− mice treated with S3I-201 was significantly longer
(1 month) than vehicle-treated mice (Fig. 3b). Moreover, this
inhibitor suppressed the phosphorylation of tyrosine 705
(Y705), critical for STAT3 activation (Fig. 3c). Inhibition of
STAT3 activity led to the suppression of downstream target
genes such as Ccnd1, Myc, Bcl2, Mcl1, and Socs3, thus con-
tributing to the delayed tumor growth and survival [42]. The
reduced expression of Ccnd1, Myc, and Bcl2 can inhibit can-
cer cell proliferation and promote cancer cell survival [44].
Detailed molecular analysis also revealed that inhibition of
STAT3 reduces the expression of cell cycle regulators to in-
hibit thyroid tumor cell proliferation without evidence of any
change in thyroid function [42]. Inhibition of the STAT3 sig-
naling pathway also delayed thyroid cancer progression. As
shown in Fig. 3d, the anaplasia phenotype in vehicle-treated
thyroid tumors reverted to a less progressed vascular invasion
(panel d). While we saw metastases in the lung of vehicle-
treated obese ThrbPV/PVPten+/− mice (panel c′), none were
observed in the lung of inhibitor-treated mice ((panel d′),
Fig. 3d). These findings further strengthen the notion that
elevated leptin could promote carcinogenesis via JAK-
STAT3 signaling in obese ThrbPV/PVPten+/− mice.

Therapeutic Potential of Metformin in Obesity
Associated with Thyroid Cancer

With well-established efficacy and safety profiles, metformin
is the most widely used anti-diabetes drug for treatment of
patients with type II diabetes. Metformin has shown anti-

cancer activities in both in vitro and in vivo studies for many
cancers [45]. The molecular basis by which metformin acts
beneficially for patients remains inconclusive. Both direct and
indirect effects of metformin have been proposed for anti-
cancer properties, such as a direct inhibition of the AMPK/
mTOR signaling pathway and/or an indirect lowering of glu-
cose, insulin, and anti-inflammatory effects [46, 47]. Clinical
studies have shown that metformin has anti-proliferative ef-
fects in early breast cancer and suppresses precancerous le-
sions in colorectal cancer [48–50]. Results of meta-analyses
suggest a possible role for metformin in the primary preven-
tion of cancer, as well as survival benefits of metformin’s use
in cancer patients [51–53]. A recent meta-analysis also sup-
ports the use of metformin as an adjuvant therapeutic agent,
especially in patients with colorectal and prostatic cancer who
have undergone radical radiotherapy [54].

In two studies, the use of metformin was associated with
better prognostic factors and treatment outcomes in diabetic
patients with thyroid cancer [55, 56]. One of these studies
showed that primary tumor size is smaller in patients treated
with metformin, suggesting it inhibits tumor growth [55].
The other cohort study reported significantly lower recur-
rence of differentiated thyroid cancer in diabetic patients
treated with metformin [56]. Several in vitro studies revealed
that metformin inhibits cell proliferation in thyroid cancer
cells including PTC, medullary, and anaplastic thyroid can-
cer (ATC) cells [55, 57–60]. Metformin inhibits cancer cell
growth by activation of AMPK and downregulation of the
mTOR signaling pathway in PTC and FTC cell lines [55]. In
ATC cell lines, metformin showed anti-mitogenic effects by
inhibition of cell cycle progression and induction of apopto-
sis [57]. Metformin also potentiated the effects of chemo-
therapeutic agents such as doxorubicin and cisplatin in ATC
cells [57]. These observations suggest the possibility of clin-
ical use of metformin as an adjuvant treatment for patients
with ATC.

The beneficial effects of metforminwere also demonstrated
in vivo in HFD-induced obese ThrbPV/PVPten+/− mice. HFD-
induced obesity promoted the anaplastic transformation of
thyroid cancer in ThrbPV/PVPten+/−mice [22]. HFD promoted
tumor progression from extensive hyperplasia (Fig. 4a, panel
a) and early vascular invasion (panel b) in the thyroid of LFD-
ThrbPV/PVPten+/− mice to the more advanced stages of vascu-
lar invasion (panel e) and anaplasia (panel f) [61]. Treatment
with metformin from the age of 6 to 21 weeks reduced tumor
progression from vascular invasion (Fig. 4a, panel b) to hy-
perplasia (panel d) in LFD-ThrbPV/PVPten+/− mice [61]. More
impressively, metformin markedly reduced the tumor pheno-
types from vascular invasion (Fig. 4a, panel e) and anaplasia
(panel f) to capsular invasion (panel h) in HFD-ThrbPV/
PVPten+/− mice [61]. The beneficial effects of metformin on
the pathological changes are clearly evident in reduced capsu-
lar invasion (Fig. 4b) and blocked occurrence of vascular
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invasion (Fig. 4c) and anaplastic transformation (Fig. 4d) in
HFD-ThrbPV/PVPten+/− mice [61] . These beneficial effects of
metformin on thyroid cancer progression support the use of
metformin as an adjuvant therapy for patients with refractory
thyroid cancer or ATC.

Metformin acts through three different mechanisms to de-
lay thyroid carcinogenesis of HFD-ThrbPV/PVPten+/− mice.

The first is that metformin inhibits the activation of the
STAT3 signaling pathway in this mouse model. One study
found that the activation of leptin-JAK2-STAT3 signaling ac-
counts for the HFD-induced promotion of thyroid cancer pro-
gression in ThrbPV/PVPten+/− mice [22]. Another showed that
metformin treatment reduces the HFD-induced activation of
STAT3 signaling by decreasing the extent of phosphorylation

Table 1 Summary of
phenotypical changes in a mouse
model of thyroid cancer

Animal model Intervention Phenotype Reference

ThrbPV/PVPten+/− HFD-induced obesity Large tumor size, shorter survival,
more anaplastic change

22

ThrbPV/PVPten+/− STAT3 inhibitor, S3I-201 Delay tumor growth and survival,
inhibit lung metastasis

42

ThrbPV/PVPten+/− Metformin Reduce capsular invasion, vascular
invasion, and anaplasia

61

Fig. 3 The effects of STAT3 inhibitor, S3I-201, in HFD-treated obese
ThrbPV/PVPten+/− mice. a Survival curves for HFD-ThrbPV/PVPten+/−

mice treated with S3I-201 or vehicle. Intraperitoneal injection three times
a week from 8 weeks of age until they had to be euthanized because of
sickness. Data are presented by Kaplan-Meier methods and analyzed by
log-rank test. The p values are indicated. b Thyroid weights of vehicle-
treated or S3I-201-treated wild-type or ThrbPV/PVPten+/−. cWestern blot
analysis of protein abundance of leptin receptor, phosphorylated -JAK2
(Y1007/1008), total JAK-2, phosphorylated STAT3 (Y705), total-

STAT3, and GAPDH as a loading control after treatment with vehicle
or S3I-201 in wild-type and ThrbPV/PVPten+/− mice. d Representative
examples of hematoxylin and eosin (H&E)-stained thyroid sections from
wild-type mice treated with vehicle (panel a) and S3I-201 (panel b) and
lung sections treated with vehicle (panel a′) and S3I-201 (panel b′) and
thyroid tumor sections from ThrbPV/PVPten+/− treated with vehicle (panel
c) and S3I-201 (panel d) and lung sections treated with vehicle (panel c′)
and S3I-201 (panel d′). The arrows indicate vascular invasion (panel d)
and anaplasia (panel c). [36]
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of STAT3 at tyrosine 705, which is critical for STAT3 activa-
tion, in these mouse thyroid tumor tissues [61]. The second
mechanism is that metformin inhibits the extracellular signal-
regulated kinase (ERK) signaling pathway. Leptinmediates its
effects via not only STAT3 signaling, but also ERK signaling
[62]. That metformin treatment attenuates the HFD-induced
activation of ERK signaling is made evident by the reduced
phosphorylation of ERK proteins in thyroid tumors [61]. The
third mechanism by which metformin delays thyroid carcino-
genesis is through its effect on cytoskeletal structure, cancer
cell motility, and migration via inhibition of the epithelial-
mesenchymal-transition (EMT) and fibronectin (FN)-integrin
signaling pathway in HFD-ThrbPV/PVPten+/− mice [61].
Metformin treatment significantly decreases the expression
of vimentin, a type III intermediate filament protein and a
major cytoskeletal component in mesenchymal cells [61].
FN and its receptors such as integrins α6, β1, and β3 were
abundant in thyroid tumors from HFD-ThrbPV/PVPten+/−

mice, and metformin treatment markedly reduced the protein
levels of FN and integrins [61]. Currently, the detailed molec-
ular basis underlying the metabolic effects of metformin are
not completely understood. However, these findings suggest
that metformin could act could act in vivo in ways other than

inhibiting the AMPK and mTOR pathways. These newly dis-
covered pathways mediated bymetformin could play a critical
role in thyroid cancer.

Perspectives and Future Directions

The in vivo molecular evidence presented in this review clearly
demonstrates that obesity could impact thyroid carcinogenesis
in a mouse model of thyroid cancer, ThrbPV/PVPten+/− mice.
HFD-induced obesity accelerates the growth and progression
of thyroid cancer, notably shortening survival and promoting
anaplastic transformation. These changes were elucidated via
the HFD-induced elevated leptin to act through the JAK2-
STAT3 signaling pathway. Preclinical targeting of the STAT3
by using a STAT3-specific inhibitor, S3I-201, further validated
the relevance and the critical role of the leptin downstream
effector in obesity-activated thyroid carcinogenesis. That
STAT3 could be a potential target raised the possibility that
the findings from the mouse model could be translated to clin-
ical practice. Oral STAT3 inhibitors and anti-sense STAT3
(AZD9150) are emerging as potential anti-cancer agents and
are being tested in various phases of clinical trials for solid
tumors, refractory hematological malignancies, lung, and head

Fig. 4 Effects of metformin on thyroid cancer progression of LFD- or
HFD-ThrbPV/PVPten+/−mice. a Representative examples of hematoxylin
and eosin (H&E)-stained thyroid sections from the vehicle-treated LFD
(panels a and b), metformin-treated LFD (panels c and d), vehicle-treated
HFD (panels e and f), metformin-treated HFD (panels g and h) groups of
ThrbPV/PVPten+/− mice. The magnification is ×166. Arrows indicate
pathological features of vascular invasion (panel e), capsular invasion
(panels d and h) and anaplasia (panel f). The detailed pathological features

are enlarged in a higher magnification of ×332. b–d Pathologic analysis
of the vehicle-treated LFD (n = 25), metformin-treated LFD (n = 13),
vehicle-treated HFD (n = 26), and metformin-treated HFD (n = 18)
groups of ThrbPV/PVPten+/− mice. The prevalence of each pathologic
feature in mice treated with vehicle or metformin is shown as percentage
of occurrence for capsular invasion (b), vascular invasion (c), and ana-
plasia (d). *Represents no occurrence. [55]

HORM CANC (2018) 9:108–116 113



and neck cancers [63–69]. Currently, there are no ongoing trials
for STAT3 inhibitors in obesity-activated thyroid cancer.
However, the successful trials of STAT3 inhibitors in the can-
cers just mentioned could pave the way for future testing of
STAT3 inhibitors on thyroid cancer exacerbated by obesity.

The finding that metformin could delay obesity-activated
thyroid cancer progression provides an extraordinary opportu-
nity for a novel treatment modality for thyroid cancer. At pres-
ent, five active phase III clinical trials are using metformin as a
single or combination treatment strategy in breast, endometrial,
prostatic cancer, colorectal, and hepatocellular carcinoma
(https://clinicaltrials.gov). Two clinical trials in colorectal
(NCT02614339) and hepa toce l lu l a r ca rc inoma
(NCT03184493) are in the clinical setting of adjuvant therapy
after the initial cancer treatment. The other clinical trial is for the
combination treatment with standard chemotherapy in ad-
vanced or recurrent endometrial cancer (NCT02065687).
Interestingly, two active phase III clinical trials usingmetformin
are for preventing progression of low-risk prostatic cancer
(NCT01864096) and progression of breast cancer in patients
with atypical hyperplasia or in situ breast cancer (NCT
01905046). However, no ongoing clinical trial is evaluating
therapeutic effects of metformin on thyroid cancer. Two active
clinical trials are for the purpose of mitigating the side effects of
radioactive iodine treatment by the use of metformin in patients
with differentiated thyroid cancer (NCT0309847) and evaluat-
ing the effects of metformin use on volume change of benign
thyroid nodules (NCT03183752). Taken together, the current
trials testing metformin as a therapeutic for other cancers and
the preclinical positive findings thus far from the mouse model
suggest that metformin could be beneficial for obesity-activated
thyroid cancer. Future studies are needed to bring metformin to
the forefront of treatment modalities for thyroid cancer.

The present review highlights the contribution of the leptin-
JAK2-STAT3 signaling pathway to the development and pro-
gression of obesity-activated thyroid cancer. This, however, is
only one aberrant pathway that is affected by obesity. Obesity
causes a barrage of changes in the human body associated with
cancer development, including alterations in insulin/IGF-1 sig-
naling, fatty acids/lipid signaling, oxidative stress, adipokines,
and inflammation. It would be useful to dissect the contribu-
tions of these different signaling pathways in obesity-activated
thyroid carcinogenesis. By doing so, a better picture of how
obesity impacts thyroid carcinogenesis would emerge.
Importantly, these molecular mechanisms thus identified could
be used as the basis for discovering and applying novel thera-
peutic targets for cancer treatment associated with obesity.
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