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Concept: Redifferentiation of thyroid carcinoma cells has the potential to increase the efficacy of
radioactive iodine therapy in treatment-refractory, nonmedullary thyroid carcinoma (TC), leading
to an improved disease outcome. Mammalian target of rapamycin (mTOR) is a key regulator of cell
fate affecting survival and differentiation, with autophagy and inflammation as prominent down-
stream pathways.

Methods: The effects of mTOR inhibition were studied for its redifferentiation potential of the
human TC cell lines BC-PAP, FTC133, and TPC1 by assessment of mRNA and protein expression of
thyroid-specific genes and by performance of iodine uptake assays.

Results: In thyroid transcription factor 1 (TTF1)-expressing cell lines, mTOR inhibition promoted
redifferentiation of TC cells by the up-regulation of human sodium-iodine symporter mRNA and
protein expression. Furthermore, these cells exhibited markedly elevated iodine uptake capacity.
Surprisingly, this redifferentiation process was not mediated by autophagy induced during mTOR
inhibition or by inflammatory mediators but through transcriptional effects at the level of TTF1
expression. Accordingly, small interfering RNA inhibition of TTF1 completely abrogated the in-
duction of human sodium-iodine symporter by mTOR inhibition.

Conclusion: The present study has identified the TTF1-dependent molecular mechanisms through
which the inhibition of mTOR leads to the redifferentiation of TC cells and subsequently to in-
creased radioactive iodine uptake. (J Clin Endocrinol Metab 99: E1368–E1375, 2014)

Conventional treatment modalities for patients with
nonmedullary thyroid carcinoma (TC) include

surgical removal of the thyroid and subsequent ablation
of thyroid (cancer) remnants by radioactive iodine
(131I). Effective eradication of TC critically depends on
the ability of the tumor cells to actively internalize and
trap radioactive iodine by organification. In 20%–30%
of patients with metastatic disease, this capacity is lost

due to tumor cell dedifferentiation (1, 2). Mechanisms
that underlie the process of dedifferentiation comprise
the loss of thyroid-specific gene expression, including
the human sodium-iodine symporter (hNIS), and/or de-
fective trafficking of hNIS to the basal membrane and
are frequently caused by genetic aberrations activating
the BRAF, RET, and phosphatidylinositol 3-kinase-
AKT pathways (3– 6).
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Redifferentiation of TC cells that restores the sensitivity
of the tumor to radioactive iodine therapy is considered an
important potential therapeutic approach. In recent years,
multiple strategies have been investigated for their poten-
tial to induce redifferentiation of TC cells, with limited
success for nonspecific modalities such as retinoic acid
(7–9) and histone modification agents (10–12). A much
higher therapeutic efficacy was reached by treatment with
(combinations of) specific oncogene-guided kinase inhib-
itors, including MAPK, MAPK kinase, mammalian target
of rapamycin (mTOR), and Akt kinases (13–17), of which
the MAPK kinase inhibitor selumetinib is particularly
promising. Ho et al reported recently that a short course
treatment with selumetinib resulted in an increase of 131I
uptake sufficient to enable 131I therapy in 12 of 20 patients
(14). Although the advent of kinase inhibitors offers new
perspectives, no complete responses have been observed,
and most responses were temporary. Therefore, the de-
velopment of alternative treatments for these patients is
warranted.

The mTOR pathway has emerged as a key regulator of
multiple downstream pathways that act on basic biolog-
ical processes of protein synthesis, cell division, and cell
death (18). Not surprisingly, mTOR signaling is strongly
implicated in malignant transformation and tumor cell
behavior including TC (19, 20), and the efficacy of mTOR
inhibition as anticancer treatment has been shown in renal
cell carcinoma, advanced pancreatic neuroendocrine tu-
mor, and lymphoma clinical trials (21–23). Of particular
interest to TC, inhibition of mTOR was demonstrated to
increase the capacity of physiological thyroid follicular
cells to accumulate iodine (19), which, however, remains
to be addressed in TC tumor cells. We therefore hypoth-
esize that this effect may also be present in TC.

Two of the pathways that are strongly modulated by
mTOR are autophagy and inflammation (24). Autophagy
is the process of recycling cellular components, such as
cytosolic organelles and protein aggregates, through the
degradation mediated by lysosomes and may be relevant
for the susceptibility and clinical course of TC (25). Fur-
thermore, TC patients bearing the risk variant of the
ATG16L1 T300A (rs2241880) polymorphism, which in-
fluences the inflammatory response (26), had tumors re-
quiring higher activity doses of 131I to achieve remission,
possibly due to less sensitivity to radioactive iodine (25).
We therefore hypothesized that modulation of inflamma-
tory and/or autophagy pathways through mTOR inhibi-
tion influences the differentiation status of TC cells and
may restore their capacity for iodine uptake.

To examine the role of the mTOR pathway in TC red-
ifferentiation, we studied three human TC cell lines with
different genetic backgrounds [BRAF mutated BC-PAP,

the phosphatase and tensin homolog deleted from chro-
mosome 10 (PTEN) deficient cell line FTC133, and TPC1
with RET/PTC rearrangement)] that are all associated
with dedifferentiation and loss of the capacity to accumu-
late iodine (3, 27, 28).

Materials and Methods

Cell culture
The TC cell lines BC-PAP (papillary, BRAF V600E mutation),

FTC133 (follicular, PTEN deficient), and TPC1 (papillary, RET/
PTC rearrangement) were obtained from the sources previously
described and were authenticated by short tandem repeat pro-
filing (29). Cell lines were cultured in DMEM medium (Invitro-
gen) supplemented with gentamicin 10 �g/mL, L-glutamine 10
mM, pyruvate 10 mM, and 10% fetal calf serum (Invitrogen).
Earle’s balanced salt solution (EBSS) starvation medium was
purchased from Invitrogen. Cells were incubated with the
mTOR inhibitor rapamycin, several inflammatory stimuli, au-
tophagy modulators, and combinations of these stimuli for the
indicated time points: granulocyte macrophage colony-stimu-
lating factor (50 ng/mL; R&D Systems), macrophage colony-
stimulating factor (50 ng/mL; R&D Systems), interferon-� (2.5
�g/mL; Boehringer), IL-1� (100 ng/mL; R&D Systems), TNF�

(100 ng/mL; Boehringer), rapamycin (for concentration, see fig-
ure legends; Biovision), 3-methyl adenine (10 mM; Sigma), and
wortmannin (100 nM; Biolegend).

Real-time quantitative PCR
TC cell lines were treated with TRIzol reagent (Invitrogen),

and total RNA purification was performed according to the
manufacturer’s instructions. Isolated RNA was subsequently
transcribed into cDNA using an iScript cDNA synthesis kit (Bio-
Rad Laboratories) followed by quantitative PCR using the SYBR
Green method (Applied Biosystems). The following primers
were used: hNIS forward, 5�-TCC-TGT-CCA-CCG-GAA-TTA-
TCT-3�, and reverse, 5�-ACG-ACC-TGG-AAC-ACA-TCA-
GTC-3�; thyroid transcription factor 1 (TTF1) forward, 5�-
AGC-ACA-CGA-CTC-CGT-TCT-C-3�, and reverse, 5�-GCC-
CAC-TTT-CTT-GTA-GCT-TTC-C-3�; thyroid transcription
factor 2 (TTF2) forward, 5�-CAC-GGT-GGA-CTT-CTA-CGG-
G-3�, and reverse, 5�-GGA-CAC-GAA-CCG-ATC-TAT-CCC-
3�; paired box 8 (PAX8) forward, 5�-AGT-CAC-CCC-AGT-
CGG-ATT-C-3�, and reverse 5�-CTG-CTC-TGT-GAG-TCA-
ATG-CTT-A-3�; and thyroid-stimulating hormone receptor
(TSH-R) forward, 5�-TTC-CCT-GAC-CTG-ACC-AAA-
GTT-3�, and reverse, 5�-ACG-TCA-TGT-AAG-GGT-TGT-
CTG-T-3�.

Data were corrected for expression of the housekeeping gene
�2 microglobulin, for which the primers forward, 5�-ATG-AGT-
ATG-CCT-GCC-GTG-TG-3�, and reverse, 5�-CCA-AAT-
GCG-GCA-TCT-TCA-AAC-3�, were used. For gene silencing,
cells were transfected with scrambled or TTF1 (NKX2–1) di-
rected SMARTpool small interfering RNA (siRNA) oligonucle-
otides (Dharmacon, Thermo Fisher Scientific) by RNAiMAX
transfection reagent (Invitrogen) according to the manufactur-
ers’ instructions. Target sequences of the TTF1-directed siRNA
oligonucleotides were GGA-CGU-GAG-CAA-GAA-CAU-G,
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GCU-ACA-AGA-AAG-UGG-GCA-U, GCU-ACA-AAA-UGA-
AGC-GCC-A, and AGG-CCA-AAC-UGC-UGG-ACG-U.

Western blots
For Western blotting, 5 � 106 cells were lysed in 50 �L of lysis

buffer [50 mM Tris (pH 7.4), 150 mM NaCl, 2 mM EDTA, 2
mM EGTA, 10% glycerol, 1% Triton X-100, 40 mM �-glycer-
ophosphate, 50 mM sodium fluoride, 200 mM sodium vanadate,
10 mg/mL leupeptin, 10 mg/mL aprotinin, 1 mM pepstatin A,
and 1 mM phenylmethylsulfonyl fluoride]. The homogenate was
frozen and then thawed and centrifuged at 4°C for 10 minutes at
15 000 � g, and the supernatant was mixed with a loading buffer
containing dithiothreitol, incubated at 37°C for 1 hour (no boil-
ing), and taken for Western blot analysis.

Equal amounts of protein (quantified by BCA assay; Thermo
Scientific) were subjected to SDS-PAGE using 10% polyacryl-
amide gels at a constant voltage of 100 V. After SDS-PAGE,
proteins were transferred to nitrocellulose membrane (0.2 mm).
The membrane was blocked with 5% (wt/vol) milk powder in
TBS/Tween 20 for 1 hour at room temperature, followed by
incubation overnight at 4°C with an hNIS antibody (1:500,
250552; Abbiotec) in 5% milk powder in TBS/Tween 20 or with
an actin antibody (loading control, 1:1000, A2066; Sigma) in
5% milk powder in TBS/Tween 20. After overnight incubation,
the blots were washed three times with TBS/Tween 20 and then
incubated with horseradish peroxidase-conjugated swine anti-
rabbit antibody at a dilution of 1:5000 in 5% (wt/vol) milk pow-
der in TBS/Tween 20 for 1 hour at room temperature. After being
washed three times with TBS/Tween 20, the blots were devel-
oped with enhanced chemiluminescence (GE Healthcare) ac-
cording to the manufacturer’s instructions.

Iodine uptake
Iodine uptake was determined as described previously (17).

During 48 hours before the iodine uptake assay, cells were cul-
tured in serum-free DMEM medium. For these experiments, the
medium was not supplemented with serum because serum hor-
mones such as TSH influence the cellular uptake of iodine. After
culturing with rapamycin for 48 hours, cells were incubated for
30 minutes with 1 kBq Na125I and 20 �M nonradioactive NaI,
with or without 80 �M of sodium perchlorate to control for
specific uptake. The radioactive medium was aspirated, and the
cells were washed with ice-cold PBS and lysed in 0.1 M NaOH
buffer at room temperature. Radioactivity was measured in the
cell lysates in a �-counter. In parallel experiments, DNA was
isolated from the cells by standard procedures (Puregene kit;
Gentra Systems) and quantified by Nanodrop measurements
(Thermo Fisher Scientific). Accumulated radioactivity was ex-
pressed as picomoles of NaI per nanogram of DNA.

Statistical analysis
Statistical significance of gene expression and the iodine up-

take results were tested by the use of the Mann-Whitney U tests,
and a value of P � .05 was considered statistically significant.

Results

mTOR inhibition leads to increased expression of
thyroid-specific genes and proteins in BC-PAP and
FTC133 cell lines but not in the TPC1 cell line

In an initial experiment, we incubated the TC cell lines
BC-PAP (papillary TC, BRAF V600E mutated), FTC133

(PTEN deficient follicular TC), and TPC1 (papillary TC
with RET/PTC rearrangement) for 4, 24, 48, and 72 hours
with the mTOR inhibitor rapamycin (Figure 1). Rapamy-
cin potently up-regulated hNIS (up to 400-fold increase in
FTC133 and up to 40-fold increase in BC-PAP after 72 h),
TTF1 (thyroid transcription factor 1) (up to 15-fold), and
to a lesser extent TTF2 gene expression in both BC-PAP
and FTC133 cell lines, whereas PAX8 gene expression was
unaffected. Interestingly, the mRNA expression of TSH-R
was also induced in BC-PAP cells during the first 24 hours
of rapamycin treatment but decreased after 48 and 72
hours in both BC-PAP and FTC133 cell lines. In contrast,
rapamycin did not induce mRNA expression of thyroid-
specific genes in TPC1. In a subsequent dose-response ex-
periment, the three cell lines were exposed to different
concentrations of rapamycin. These experiments showed
that the aforementioned effects of rapamycin on thyroid-
specific genes were not found with rapamycin concentra-
tions below 50 �g/mL (Supplemental Figure 1).

In parallel with the increased hNIS mRNA expression
after rapamycin treatment, we also found increased hNIS
protein expression in BC-PAP and FTC133 cell lines (Fig-
ure 2). Two different bands of hNIS were detected on the
Western blots, being the inactive precursor protein (56
kDa) and the glycosylated active symporter (87 kDa), as
reported previously (30, 31). No hNIS protein was found
in the TPC1 cell line.

mTOR inhibition activates iodine uptake in BC-PAP
and FTC133 cell lines

Because mTOR inhibition activates thyroid-specific
gene expression in BC-PAP and FTC133 cell lines, we next
studied whether this results in iodine accumulation. BC-
PAP and FTC133 cells were treated with rapamycin for 48
hours after which the 125I uptake in these cells was mea-
sured. Both BC-PAP and FTC133 cells accumulated 3- to
5-fold higher amounts of 125I after pretreatment with
rapamycin. This effect could be prevented by treatment
with an hNIS specific inhibitor, sodium perchlorate (Na-
ClO4), which demonstrates that the observed increase in
iodine uptake was modulated through the effects of rapa-
mycin on hNIS (Figure 3).

Induction of redifferentiation of TC cell lines by
mTOR inhibition is autophagy independent

To study whether the effects of the rapamycin-induced
redifferentiation are related to autophagy, BC-PAP and
FTC133 cell lines were incubated with rapamycin for 4
and 24 hours in the presence or absence of the autophagy
inhibitors 3-methyl adenine and wortmannin. Despite the
presence of autophagy inhibitors, both cell lines were still
capable of inducing TTF1 and hNIS mRNA expression
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after treatment with rapamycin. In addition, the au-
tophagy-activating starvation medium EBSS was unable
to up-regulate hNIS and TTF1 expression (Figure 4A),
although autophagy was efficiently induced as reflected by
increased WIPI-1 mRNA expression (Supplemental Fig-
ure 2), a validated marker of autophagy activity (32).

Induction of redifferentiation of TC cell lines by
mTOR inhibition is inflammation independent

Because inflammatory pathways are strongly influ-
enced by mTOR signaling, several compounds involved in
inflammatory pathways were assessed for their capacity to
induce redifferentiation of the cell lines BC-PAP and
FTC133 after stimulation for 4 and 24 hours. Although
some effects could be observed, none of the inflammatory
stimuli were capable of inducing hNIS expression to the
same extent as mTOR inhibition (Figure 4B). As a positive
control, the inflammatory stimuli were able to increase
IL-6 production in at least one of the cell lines (Supple-
mental Figure 3).

Rapamycin-induced redifferentiation of TC cell
lines is TTF1 dependent

The observation that rapamycin induced redifferenti-
ation in the BC-PAP and FTC133 cell lines, but not the
TTF1-negative TPC1 cell line, suggested that this process
might be TTF1 mediated. To address this hypothesis,
siRNA experiments were performed to down-regulate
TTF1 expression. Subsequently, cells were stimulated
with rapamycin for 48 hours and mRNA expression of
TTF1 and hNIS was measured. The down-regulation of
TTF1 entirely suppressed the rapamycin-induced hNIS
expression in both the BC-PAP and FTC133 cell lines (Fig-
ure 4C).

Discussion

A poor prognosis in TC is associated with the lost capacity
of TC to accumulate radioactive iodine, resulting in sub-
therapeutic radiation doses to TC cells. Despite the prom-
ising results of novel kinase inhibitors in TC, most re-

Figure 1. Transcriptional profiling BC-PAP, FTC133, and TPC1. The TC cell lines BC-PAP, FTC133, and TPC1 were incubated with the mTOR
inhibitor rapamycin for 4, 24, 48, and 72 hours and were assessed for mRNA expression of the thyroid-specific genes hNIS, TTF1, TTF2, PAX8, and
TSH-R (rapamycin dose 50 �g/mL). Results are based on three separate experiments (n � 9). The data are given as means � SD. *, P � .05 with
negative control condition as the reference (Mann-Whitney U test). ND, not detectable.
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sponses are temporary and additional therapies are still
needed. Given the close association between genetic alter-
ations in TC and dedifferentiation, targeted therapy in TC
has the potential not only to halt tumor growth but also to
restore the expression of thyroid specific proteins. Re-
cently selectively targeting the MAPK using selumetinib
has been shown to induce clinically relevant increases in
iodine uptake in a subgroup of patients with TC refractory
to radioactive iodine (14). Because most genetic altera-
tions in TC either directly or indirectly activate the mTOR
pathway, we performed the present study to investigate
the effect of inhibition of mTOR-activated pathways on
redifferentiation of thyroid carcinoma cell lines. We found
that mTOR inhibition restores functional hNIS expres-
sion in selected TC cell lines and demonstrated that this
effect is independent of autophagy or inflammation but
rather is related to TTF1 expression.

Previous studies have shown that treatment with rapa-
mycin strongly inhibits the mTOR complex 1 in TC cell
lines bearing mutations in MAPK (33). In addition, rapa-
mycin can induce growth inhibition and cell cycle arrest in
TC cell lines and in xenograft animal models (33). More-
over, de Souza et al (19) have shown that mTOR down-
regulates iodine uptake in thyrocytes. Therefore, we hy-
pothesized that mTOR inhibition might restore the iodine
uptake in TC cells. Indeed, treatment of the cell lines with
rapamycin resulted in markedly increased expression of
hNIS, TTF1, and TSH-R in both the BC-PAP and FTC133
cell lines. The up-regulation of the thyroid-specific expres-
sion profile in these cell lines also resulted in a restored
capacity to accumulate iodine specifically through hNIS.
Of note, because PTEN-deficient TC carcinoma is gener-

ally known for its reduced ability to accumulate iodine
(34, 35) and because mTOR inhibition leads to a 5-fold
increase in iodine uptake by the PTEN-deficient cell line
FTC133, this further reinforces the clinical potential of
mTOR inhibition in restoring 131I sensitivity, even in the
most difficult cases of differentiated TC.

Follow-up experiments were conducted to identify the
intracellular mechanisms driving the redifferentiation ef-
fect induced by inhibiting mTOR. Because mTOR inhi-
bition by rapamycin is a potent activator of the autophagy
machinery and mTOR also strongly modulates inflamma-
tory pathways, the roles of autophagy and inflammation
were addressed in mediating the redifferentiation process.
However, the results indicate that autophagy is not in-
volved in this process because autophagy inhibitors were
not able to prevent the induction of the thyroid-specific

Figure 2. Rapamycin-induced hNIS protein expression in TC cell lines.
The TC cell lines BC-PAP, FTC133, and TPC1 were stimulated with 50
�g/mL rapamycin for 24, 48, and 72 hours. After the rapamycin
treatment, cell lysates (5 �g loaded) were assessed for hNIS protein
expression by Western blot. The picture is representative of three
independent experiments.

Figure 3. Rapamycin-induced iodine uptake by TC cell lines. The TC
cell lines BC-PAP and FTC133 were stimulated with 50 �g/mL
rapamycin for 48 hours. After the rapamycin treatment, the cells were
incubated for 30 minutes with 125I, with or without the addition of the
hNIS blocker NaClO4, and the amount of intracellularly accumulated
125I was measured with a �-counter. Results are based on four
independent experiments (n � 12). The data are given as means � SD,
*, P � .05 (Mann-Whitney U test).
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Figure 4. Mechanism of rapamycin-induced redifferentiation. A, mRNA expression of hNIS and TTF1 in BC-PAP and FTC133 stimulated with 50
�g/mL rapamycin or cultured in starvation medium (EBSS) for 4 and 24 hours in the presence or absence of autophagy inhibitors. Results are
derived from three independent experiments (n � 9). Data are given as means � SD. *, P � .05 with negative control condition as the reference
(Mann-Whitney U test). B, mRNA expression of hNIS and TTF1 in BC-PAP and FTC133 stimulated with inflammatory agents for 4 and 24 hours.
Results are derived from three independent experiments (n � 9). Data are given as means � SD. C, Gene expression knockdown of TTF1 by
specific siRNA for 24 hours in BC-PAP and FTC133 and measurement of TTF1 and hNIS mRNA expression after another 48 hours of rapamycin
treatment (50 �g/mL). Results are based on three independent experiments (n � 9). Data are given as means � SD. *, P � .05 (Mann-Whitney U
test).
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expression profile by rapamycin. Similarly, redifferentiation
of the TC cells was not found by culturing the cells in EBSS
starvation medium, which activates autophagy. Further-
more, in addition, inflammation was not the driving force as
reflectedbythe fact that the inflammatoryagentsweuseddid
not induce redifferentiation in the TC cell lines.

An important issue that has risen from the present study
is the fact that the concentration of the mTOR inhibitors
required for inducing the redifferentiation of thyroid carci-
noma cell lines is higher than currently obtained when ad-
ministered topatients.However, thisdose iswithin the range
being used in experimental murine models (36). Further-
more, and most importantly, tissue concentrations of rapa-
mycin are significantly higher than those found in the circu-
lation, indicating that a lower rapamycin dose is sufficient to
reach the desired tissue concentration in vivo (37). Future
studies are needed to determine the dosing regimen and ef-
ficacy in vivo of mTOR inhibitors for inducing TC
redifferentiation.

Another interestingobservation is thatatearly timepoints
(12–24 h) of rapamycin administration, the expression of
TSH-R was elevated, whereas at later time points (48–72 h),
TSH-R expression was strongly decreased. Because the pro-
liferationsignalofTSHismediatedbymTORsignaling (38),
the down-regulation of TSH-R by mTOR inhibition might
have additional beneficial effects, beyond redifferentiation,
by dampening TSH-induced proliferation. On the other
hand, the down-regulation of TSH-R could decrease the io-
dine uptake capacity by impairing TSH signaling.

All together, inthepresentstudy, it isdemonstratedforthe
first time that mTOR inhibition results in the restoration of
functional sodium-iodinesymporterexpression in theTTF1-
expressing TC cell lines BC-PAP and FTC133, indicating
that mTOR inhibition alone is sufficient to induce TTF1-
dependent TC redifferentiation, including the restoration of
iodine uptake. In an additional set of experiments, the un-
derlying mechanisms are unraveled, indicating that au-
tophagy and inflammation, both strongly modulated by the
mTOR kinase, are not involved in the redifferentiation pro-
cess. On the other hand, we demonstrate the role of tran-
scriptional events at the level of TTF1 as the mechanism of
action. These findings highlight an important novel concept
ofTCredifferentiationevokedbymTORinhibitionandpro-
vide in-depth mechanistic insights into the underlying mo-
lecular pathways including autophagy, inflammation, and
TTF1 reactivation.

Our data show that the process of rapamycin-induced
redifferentiation might be driven by the TTF1 transcription
factor, which is known to potently induce the expression of
hNIS (39, 40). The observation that in the TPC1 cell line,
which lacks TTF1 expression (29), treatment with rapamy-
cin had no influence on the expression of the thyroid-specific

genes, including hNIS, is in line with this hypothesis. Several
mechanisms might explain the link between mTOR inhibi-
tion and the induction of TTF1. Previous studies into the
architecture of the TTF1 promoter have revealed hepatocyte
nuclear factor-3, specificity protein-1, specificity protein-3,
GATA-6, and homeobox protein B3 as transcription factors
activating TTF1 expression in lung tissue, which could all be
potential targets of mTOR signaling (41). Other than tran-
scription factors, epigenetic modifications also could under-
lie the effect of mTOR on TTF1 expression because it has
beenreported thathistoneacetylation ispositivelycorrelated
with TTF1 expression and that DNA demethylating agents
can restore the expression of TTF1 in TC cell lines (42). Fu-
ture studies are warranted to investigate the exact pathways
through which mTOR affects TTF1 expression and whether
other TTF1-positive TC cell lines respond to rapamycin in a
similar fashion.

In conclusion, treatment of TTF1-positive TC cell lines
with rapamycin leads to the activation of a thyroid follicular
cell differentiation program, which results in increased in-
tracellular accumulation of iodine. Therefore, inhibition of
mTOR is emerging as a promising target for adjunctive ther-
apy for improving the efficacy of 131I treatments and thereby
the clinical outcome of TC patients. These novel findings set
the stage for clinical application of mTOR inhibitors in 131I-
refractory TC patients.
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