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Abstract. The sharply increasing incidence of thyroid cancer 
has attracted considerable attention over the last few years. The 
combination of surgery, radioiodine ablation and thyroid‑stim-
ulating hormone suppression is usually efficient for the 
majority of thyroid tumors. However, advanced thyroid cancer 
that is recurrent, metastatic and 131I-refractory, or medullary 
thyroid cancer, pose a therapeutic challenge. Autophagy is a 
process that metabolizes damaged cytoplasmic organelles and 
long-lived proteins in order to recycle cellular materials and 
maintain homeostasis. It has been confirmed that autophagy 
plays a dual role during cancer development, progression and 
treatment, mainly depending on the type and stage of the tumor. 
Autophagy modulation has become a potential therapeutic 
target for diverse diseases. The mechanism of thyroid tumori-
genesis and cancer progression was largely demonstrated to 
be correlated with the dysregulation of the Ras/Raf/mitogen-
activated protein kinase kinase̸extracellular signal‑regulated 
kinase and the phosphoinositide 3-kinase̸Akt̸mammalian 
target of rapamycin pathways, as well as with abnormal 
epigenetic modifications. Those mechanisms are associated 
with autophagy regulation and may be beneficial for the treat-
ment of advanced thyroid cancer. However, the number of 
available studies on the role of autophagy in thyroid cancer 
development, progression and treatment outcome, is currently 
limited. The aim of this review was to elaborate on the relevant 
knowledge and future prospectives of autophagy in the treat-
ment of thyroid cancer.
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1. Introduction

According to data published by the USA National Cancer 
Institute (http://seer.cancer.gov/statfacts/html/thyro.html), the 
incidence of thyroid cancer has increased over the last few 
years, from 7.3 per 100,000 individuals in 1999, to 13.3 per 
100,000 individuals in 2010. In total, ~44,670 new cases of 
thyroid cancer were diagnosed and 1,690 patients succumbed 
to thyroid cancer in the USA in 2010 (1). The estimated data 
indicated that there were 60,220 new cases expected in 2013, 
accounting for 3.6% of all new cancer cases. There were 1,850 
estimated thyroid cancer‑related deaths in 2013, accounting 
for 0.3% of all cancer deaths. There are currently ~534,973 
thyroid cancer patients in the USA. The incidence of thyroid 
cancer is on the increase and thyroid cancer is currently a 
common, life‑threatening malignancy and a major health 
concern worldwide.

Thyroid cancer includes differentiated thyroid cancer 
(DTC), poorly differentiated and undifferentiated thyroid 
cancer. Papillary thyroid cancer (PTC), accounting for 
80‑85% and follicular thyroid cancer (FTC), accounting 
for 10‑25% of the cases, are the most common subtypes of 
DTC, with Hürthle cell thyroid cancer, originating from 
thyroid follicular cells, accounting for 1-2% of DTCs  (2). 
Anaplastic thyroid cancer (ATC), accounting for ~1.7% of 
the cases, is a subtype of thyroid cancer that develops from 
DTC, which has lost its iodine uptake ability, has become 
highly aggressive and is associated with a poor prognosis, 
with a median survival of ~5 months and an 1-year survival 
rate of 20% (3,4). Another type of thyroid cancer is medullary 
thyroid cancer (MTC), accounting for 2‑8% of the cases. 
MTC originates from parafollicular cells, which produce the 
hormone calcitonin (5,6), and its overall 10-year survival rate 
is 90% for local tumors, whereas for metastatic MTCs this 
percentage decreases to 40% (7). Another study on metastatic 
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MTC reported a median survival of 1 year  (5). DTC cells 
retain the characteristic of iodine uptake, similar to normal 
thyroid gland cells. Radioiodine (131I) emits β-rays and has a 
similar biological function with common iodine. 131I is used 
for the treatment of the recurrent and metastatic disease and 
for the ablation of residual DTC tissue. The most effective 
treatment approach for DTC is considered to be surgery + 
131I + thyroid‑stimulating hormone (TSH) suppression, which 
was found to be effective for the majority of DTCs. However, 
~5% of DTCs lose their ability to uptake 131I and progress to 
131I‑refractory tumors (8). The majority of 131I‑refractory DTCs 
have a poor prognosis, with a survival time of ≤3 years (9). For 
such patients, the therapeutic options remain limited.

2. Development and progression of thyroid cancer

A review of the molecular studies on thyroid cancer demon-
strated that the Ras/Raf/mitogen-activated protein kinase 
kinase̸extracellular signal‑regulated kinase (also referred to 
as mitogen‑activated protein kinase; MAPK) and the phos-
phoinositide 3-kinase (PI3K)/Akt signaling pathways are key 
to the development and progression of thyroid cancer, which 
are associated with tumorigenesis, proliferation, apoptosis, 
angiogenesis, metastasis and metabolism  (2,5,10,11). The 
MAPK signaling pathway involves a series of serine/threonine 
protein kinases that convert extracellular stimuli into a wide 
range of cellular responses through transmembrane protein 
receptors, such as epidermal growth factor receptor/vascular 
endothelial growth factor (VEGF)/rearranged during trans-
fection (RET)  (12,13). The activation of a tyrosine kinase 
leads to a cascade of sequential phosphorylations in the 
Ras̸Raf̸MEK̸ERK pathway that promote thyroid tumori-
genesis, as it has been observed in patients with DTC (10,13). 
The expression of VEGF, which was found to be increased 
in thyroid cancer tissue compared to normal thyroid tissue, 
promotes vessel formation in thyroid cancer and shortens the 
progression‑free survival (14). A proportion of PTC patients 
exhibit RET/PTC rearrangement, leading to activation of RET 
and its downstream target MEK/ERK (15). Mutations in the 
genes of the Ras̸Raf̸MEK̸ERK pathway are closely correlated 
with thyroid tumorigenesis and tumor invasion, particularly 
BRAFv600E, which is a characteristic mutation encountered 
in >90% of PTC patients (16,17). According to the study by 
Hou et al (10) the PI3K/Akt pathway plays a significant role in 
thyroid tumorigenesis, particularly in FTC and the progression 
of PTC and FTC to ATC. However, mutations of the PIK3CA 
gene are not common, although the activation of the PI3K/Akt 
pathway may be due to the amplification of the PIK3CA gene 
in certain thyroid cancer patients (18). The activation of the 
PI3K̸Akt pathway may also be partially attributed to the 
promoter hypermethylation of phosphatase and tensin homolog 
(PTEN), which is a negative regulator of Akt (19).

3. Treatment strategies for thyroid cancer

Surgery is the first‑line treatment strategy for different 
subtypes of thyroid cancer, whereas 131I is used for the ablation 
of residual tumor tissue, as well as recurrent and metastatic 
DTCs. TSH suppression therapy is also commonly used for 
the long‑term management of DTCs. The majority of PTCs 

respond well to surgery + 131I + TSH suppression; however, 
the treatment strategies for advanced thyroid cancer, including 
recurrence and metastasis of 131I‑refractory PTC, ATC and 
MTC, are currently limited. Molecular‑targeted drugs may 
represent a novel treatment option for advanced thyroid 
cancer; however, further investigation is required, which may 
later yield related information. Due to the increasing incidence 
of thyroid cancer, the management of advanced‑stage disease 
represents an intractable issue.

4. Role of autophagy in cancer

Autophagy is a common process in cells, which occurs 
through the formation of double membrane structures that 
engulf cytoplasmic material and fuse with lysosomes, leading 
to degradation of long-lived proteins, aggregated proteins 
and damaged organelles, with the purpose of homeostasis 
maintainance and material recycling (20,21). Autophagy may 
be triggered or enhanced by hypoxia, nutritional deprivation, 
radiation, chemical drugs and other stimulants. The role 
of autophagy in cancer remains controversial, as it appears 
to be involved in tumorigenesis, cancer development and 
treatment outcome (22,23). However, due to the advances in 
cancer research, a consensus was gradually reached, stating 
that autophagy may act as a cancer suppressor or promoter, 
depending on the different type, grade and therapeutic strate-
gies (23,24).

Early stages of tumorigenesis. It has been confirmed in vivo 
that autophagy suppresses cancer development during its early 
stages, which may be due to the role of autophagy in maintaining 
genomic integrity, controlling protein quality and clearing 
reactive oxygen species (ROS) and other stressors (25-27). 
p62 is a ubiquitin- and LC3-binding protein degraded by 
autophagy, which is likely to accumulate when autophagy is 
deficient and promote tumorigenesis (27). It was demonstrated 
that p62 acts as a scaffold̸adaptor protein in concert with 
tumor necrosis factor (TNF) receptor‑associated factor 6 to 
mediate the activation of nuclear factor κ-light‑chain‑enhancer 
of activated B cells in response to upstream signaling. It was 
confirmed that autophagy controls DNA damage, which is 
associated with accumulation of damaged mitochondria, 
endoplasmic reticulum chaperones, protein disulfide isomer-
ases and ROS (28).

Dual role of autophagy in tumor progression. The evaluation of 
the role of autophagy in metastasis should take into consideration 
the different contextual demands placed on tumor cells during 
the metastatic process (23). Initially, autophagy may promote 
inflammation and immunity to control metastasis. However, 
autophagy may also avert anoikis and favor prometastasis when 
cancer cells detach from the extracellular matrix  (23). The 
ability of cancer cells to invade and metastasize is closely corre-
lated with the process of epithelial‑to‑mesenchymal transition 
(EMT) (29). It was recently demonstrated that ectopic expres-
sion of the DEDD gene in the MDA-MB-231 metastatic breast 
cancer cell line led to the degradation of the EMT inducers Snail 
and Twist through autophagy activation (30). Reversely, knock-
down of DEDD in the MCF7 non-metastatic breast cancer cell 
line led to autophagy reduction and EMT promotion (30).
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Autophagy in cancer treatment. The role of autophagy in 
cancer treatment is complicated and mainly depends on the 
different context and treatment strategies. Breast tumor cell 
radiosensitization by vitamin  D or vitamin  D analogs is 
mediated through autophagy (31). However, in radioresistant 
MDA-MB-231 breast cancer cells, autophagy serves as a 
protective and pro-survival mechanism through promotion 
of radioresistance mediated by the autophagy inhibitors 
3‑methyladenine (3-MA) or chloroquine (32). Inhibition of 
hypoxia-induced autophagy is likely to sensitize the hypoxic 
breast cancer cells to ionizing radiation (33).

In conclusion, autophagy plays a dual role in cancer 
treatment, which may be beneficial when used as a guide 
for autophagy-based personalized therapeutics. Preclinical 
and clinical studies have used autophagy inducers 
(eg., NVP-BEZ235) and inhibitors (eg., hydroxychloroquine) 
in cancer treatment, with the aim of identifying novel thera-
peutic routes (22).

Mechanism of autophagy. The PI3K/Akt pathway is key to 
tumorigenesis and tumor cell proliferation, growth, survival 
and mobility (34). Abnormalities of this pathway are frequently 
correlated with the activation or amplification of PI3K and 
Akt, or PTEN loss in a variety of tumors, making them poten-
tial targets for anticancer therapy. However, another role of the 
PI3K/Akt pathway is autophagy suppression and activation 
of this pathway was shown to decrease autophagy through 
mTOR activation (35). The contradiction is that inhibition of 
this pathway is beneficial for cancer treatment; however, it 
potentially activates autophagy, which may be protective for 
cancer (36,37). Thus, inhibition of the PI3K̸Akt pathway by 
an inhibitor combined with an autophagy suppression agent 
has been considered for cancer treatment (38). The MAPK 
pathway also plays a significant role in autophagy. Due to 
the different role of Ras in the PI3K pathway, Ras may play 
a dual role in autophagy (37). When Ras activates PI3KCA, 
autophagy is inhibited  (39); however, when it selectively 
activates the MAPK pathway, autophagy is stimulated (40). 
Several other genes may also affect the autophagy pathway, 
but they are not the focus of this study (22).

Correlation between autophagy and thyroid cancer. To date, 
several preclinical studies have demonstrated the effects of 
autophagy in thyroid cancer treatment. Targeting the autophagy 
promoter PI3KIII by 3-MA, led to autophagy suppression and 
decreased the PTC sensitivity to doxorubicin and external 
radiation  (41). Targeting the autophagy negative regulator 
mTOR by RAD001, led to autophagy activation and enhanced 
the chemosensitivity and radiosensitivity of PTC  (42). It 
appears that the activation of autophagy may be beneficial for 
PTC treatment, which was verified by silencing the autophagy 
ATG7 gene, which desensitized the PTC cells to TNF-related 
apoptosis-inducing ligand (TRAIL)-induced apoptosis (43). 
However, in ATC FRO cells, inhibition of autophagy by ATG7 
silencing sensitized FRO cells to TRAIL-induced apoptosis. 
Thus, the results of autophagy regulation may vary in different 
contexts. A small molecule, termed reversine, has been 
reported to possess anticancer properties. Further research 
demonstrated that reversine suppresses the growth of human 
thyroid cancer and triggers autophagy through the PI3K/Akt 

pathway in FTC cells. With enhancement of autophagy, the 
anticancer effect of reversine was amplified in FTC cells (44). 
A kinase‑targeted drug is a type of enzyme inhibitor that 
blocks the action of one or more protein kinases. Sorafenib and 
sunitinib are the classical kinase‑targeted drugs, which mainly 
target the VEGF and MAPK pathways to inhibit angiogenesis 
and tumor progression. Autophagy induced by RAD001 was 
shown to potentiate the antiproliferative activity of sunitinib 
and sorafenib in MTC (45).

Although the role of autophagy in cancer has been exten-
sively investigated, its role in thyroid cancer development and 
progression has not been clearly determined. In this review, 
we aimed to elucidate the role of autophagy in thyroid cancer 
and determine whether there is a correlation between the 
two. Hou et al  (10) demonstrated that amplification of the 
PI3K/Akt and MAPK pathways plays a key role in the promo-
tion of thyroid cell transformation to cancer cells and further 
activation of the two pathways promotes thyroid cancer 
aggressiveness and progression to ATC. The development of 
targeted drugs may provide potential strategies to inhibit these 
two pathways for the treatment of advanced̸unresectable 
thyroid cancer  (11). Several molecular‑targeted drugs are 
currently in ongoing clinical trials or have already been 
approved for the treatment of advanced/unresectable thyroid 
cancer (11); however, the issue of drug resistance needs to be 
addressed.

Targeting the MAPK and PI3K/Akt pathways results 
in autophagy activation, but the potential effect is largely 
unknown. It was reported that inhibiting mTOR or PI3K by 
rapamycin and LY294002, respectively, led to enhancement 
of the iodine uptake ability. However, in contrast to mTOR 
inhibition, PI3K inhibition was able to increase iodine uptake 
independently of TSH (46,47). These findings indicate that 
autophagy is closely correlated with the therapeutic sensitivity 
and 131I uptake, which may help with therapeutic decision 
making. It was recently reported that the MAPK kinase 
(MEK)  1 and MEK2 inhibitor selumetinib successfully 
reversed the refractoriness to 131I in 8 of 20 patients with meta-
static thyroid cancer (48).

Autophagy is potentially regulated by epigenetics in thyroid 
cancer. A proportion of PTC patients lose the ability to 
uptake iodine and develop 131I‑refractory disease. This is 
known to occur, at least partially, due to DNA methylation or 
histone deacetylation. The hypermethylation of the promoter 
of TSH receptor and sodium iodine symporter (NIS) genes 
silenced the expression of these genes, which are required 
for iodine uptake (49). Histone deacetylase (HDAC) inhibi-
tors may restore the function of NIS, thyroperoxidase and 
thyroglobulin, reverse dedifferentiation and restore 131I 
uptake in PTC (50). Of note, HDAC inhibitors may induce 
caspase-independent autophagic cell death when apoptosis is 
inhibited (51,52).

MicroRNAs (miRNAs) are short (20-22 nt) non‑coding 
RNAs that downregulate target gene expression by binding to 
the untranslated region of messenger RNA. Apart from their 
important biofunctions, miRNAs are also valuable biomarkers 
for cancer diagnosis. Mounting research has identified specific 
miRNA profiles, mainly including miR-221/222, miR-146b, 
miR-21 and miR-181, in different subtypes of thyroid tumors 
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(adenoma, PTC, FTC and ATC), which may be useful novel 
biomarkers for tumor diagnosis, progression and histological 
characterization (53). It was recently reported that miR-7e, 
miR-151-5p and miR-222 are significantly increased in the 
serum of PTC patients and are significantly correlated with 
certain clinicopathological variables (nodal status, tumor size 
and multifocal lesion status) (54). These dysregulated miRNAs 
may be of great value for targeting a number of genes that 
regulate fundamental cellular processes. In particular, several 
of these miRNAs directly or indirectly regulate the PI3K̸Akt 
and MAPK pathways, which are central to thyroid carcino-
genesis (55). The dysregulation of miRNAs in thyroid cancer 
may be a novel therapeutic target and the abundance of studies 
on miRNAs is expected to lead to a novel approach to drug 
development (56).

Prospectives for the role of autophagy in thyroid cancer. 
ⅰ)  Targeting the PI3K/mTOR and MAPK pathways to 
regulate autophagy may be beneficial through enhancing 
the uptake and sensitivity to 131I in thyroid cancer. ⅱ) The 
miRNA dysregulation in thyroid cancer, which may affect 
the PI3K̸Akt and MAPK pathways and autophagy regulators, 
is a potential therapeutic target, particularly for advanced 
thyroid cancer, and may be used for reinduction of 131I uptake 
in 131I‑refractory thyroid cancer. ⅲ) The effect of autophagy 
on EMT may reverse the dedifferentiation phenotype and 
reinduce differentiation, restoring 131I uptake and achieving 
ablation of residual tumor tissue. ⅳ)  Epigenetic mecha-
nisms may play a dual role in reinduction of 131I uptake and 
autophagy regulation, thus exerting a therapeutic effect. ⅴ) It 
should be determined whether the advantages of autophagy 
on molecular‑targeted drugs may be used for the treatment 
of advanced thyroid cancer. ⅵ) The therapeutic effect of 
autophagy regulators, such as chloroquine and hydroxychlo-
roquine, should be further investigated. Autophagy inhibition 
using hydroxychloroquine and other autophagy regulators in 
combination with different therapeutic strategies has been 
evaluated in early‑phase clinical trials on various types of 
tumors (22,57).

5. Conclusion

Treatment with 131I is commonly used for recurrent and meta-
static thyroid cancer. However, the patients receive large doses 
of radiation (100-300 mCi) and a proportion of patients receive 
131I treatment repeatedly, with uncertain potential hazards. 
The enhancement of the sensitivity of thyroid cancer to 131I 
requires further investigation, through external ionizing radia-
tion sensitivity enhancement research and clinical application. 
131I‑refractory thyroid cancer and MTC also pose a therapeutic 
challenge. Although kinase‑targeted drugs may represent a 
novel approach to the treatment of advanced thyroid cancer, 
additional treatment options are required as a substitute or 
supplement, since the disease eventually progresses following 
kinase‑targeted drug treatment in the majority of patients (58). 
Autophagy may mediate tumorigenesis, cancer progression 
and treatment outcome, particularly due to its dual role in these 
processes. Elucidating the mechanism of autophagy is crucial 
for the development of anticancer strategies of maximum effi-
cacy and minimum resistance (57).
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