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Abstract
Background: Cancer cells have to take metabolic transformation in tumor progression when facing
need of increased energy and adequate vascularization. However, molecular mechanism is not fully
known. In this study, we showed that expression of carnitine palmitoyltransferase 1C (Cpt1c), as a
member of the gate-keeper enzymes , which transferring long-chain fatty acids into mitochondria to
further oxidation, which is regulated by AMPK promotes papillary thyroid carcinomas cells survival
under metabolic stress conditions.
Methods: Firstly, we used qRT-PCR to detect expression of Cpt1c in papillary thyroid carcinomas
tissues compared with paired normal tissues. Secondly, to evaluate whether Cpt1c is induced under
metabolic stress, models of hypoxia (0.2% oxygen) and glucose deprivation for cultured papillary
thyroid carcinomas cells were established. Lastly, KTC-1 cells were treated with AICAR (as an agonist
of AMPK) and Compound C (as an inhibitor of AMPK) to investigate the correlation of AMPK activity
with Cpt1c expression under metabolic stress.
Results: Cpt1c is higher in papillary thyroid carcinomas tissues compared with paired normal tissues.
Furthermore, Cpt1c up-regulation promotes cancer cell growth and metastasis. In addition, the results
showed that Cpt1c expression is induced by metabolic stress, including hypoxia and low glucose
treatment. Consistently, Cpt1c can protect cells from cancer cells death caused by hypoxia and low
glucose. Lastly, Cpt1c expression is regulated by AMPK activity.
Conclusion: Here we describe that induction of Cpt1c expression facing metabolic stress in papillary
thyroid carcinomas is at least partly regulated by AMPK activity and ultimately contribute to
development and progression of papillary thyroid carcinomas.
Key words: Cpt1c, AMPK, metabolic stress, thyroid cancer

Introduction
Thyroid cancers derived from thyroid follicular
cells, including differentiated thyroid carcinoma
(DTC), medullary carcinoma and anaplastic thyroid
carcinomas(ATC)[1]. Papillary thyroid carcinoma
(PTC) and follicular thyroid carcinoma (FTC)

constitutes well- differentiated TC (DTC), which
along with poorly differentiated (PDTC) and
undifferentiated
thyroid
carcinomas
(ATC),
represents epithelial thyroid cancers also named
non-medullary thyroid cancers (NMTC)[2].Though
http://www.jcancer.org
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PTC is the most common malignancy among all
thyroid cancer types and has a relatively optimistic
prognosis diagnosed at early stage with traditional
therapies
including
surgery,
thyroidectomy,
thyroid-stimulating hormone (TSH) suppression, and
radioactive iodine (RAI), it is ineffective against
recurrent disease and distant metastatic disease at
initiation[3]. Furthermore, ATC cells have other
characteristics of high proliferation rate and marked
aneuploidy, which results in almost uniformly fatal of
ATC patients with a short-lived survival from
diagnosis, about 6 months [4]. Patients with advanced
PTC or ATC face poor prognosis and need explore
novel therapeutics to improve the poor outcome of
patients.
Solid tumors, including thyroid cancer,
frequently contain regions without adequate
vascularization depleting of oxygen, glucose, and
other crucial nutrients and experience metabolic
stress[5]. Cancer cell survival under metabolic stress is
a pivotal step not only for solid tumor growth but also
for
metastatic
progression
by
metabolic
transformation. It is known that the Warburg effect, as
an important way of metabolic transformations,
produces more energy to maintain cancer cell survival
in tumorigenesis by enhancing glucose uptake[6, 7]. In
addition, other metabolism patterns also exist in
tumor to promote cancer cell survival by supplying
more energy, including glutamine metabolism and
aberrant fatty acid metabolism[8]. Transformation of
cellular metabolism can be mediated by abnormal
expression of oncogene and tumor suppressor gene,
which plays an important role in tumorigenesis and
development[8]. However, molecular mechanisms of
metabolic adaptations of solid tumors are still not
fully elucidated.
Recent reports showed that fatty acid oxidation
(FAO) emerging in metabolic transformation facing
metabolic stress contributes to the tumorigenesis and
development by producing more energy[9]. Higher
expressions of several enzymes associated with FAO
have been identified in tumors[10]. Carnitine
palmitoyltransferase (CPT1) isozymes promote lipid
metabolism by importing FA into the mitochondria.
Cpt1c, as an isoform of CPT1, is high expressed in
various tumors and induced to promote cancer cell
survival under metabolic stress. However, the
expression and role of Cpt1c in papillary thyroid
carcinoma have not been reported. In this paper,
specimens of papillary thyroid carcinoma patient
were collected to analyze the Cpt1c expression. What
is more, the roles of CPT1C in papillary thyroid
carcinoma cell growth and metastasis or facing
metabolic stress were explored.
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Materials and Methods
Ethics statement
This study was approved through the Ethics
Committee of Second Military Medical University
(SMMU) (Shanghai, China). And, informed consent
form was received from all participants.

Patients’ tissue samples
The human tissue specimens, including 48
papillary thyroid carcinomas tissues and paired
normal paracancer tissues, were obtained from
patients who accepted surgery treatment at the First
Affiliated Hospital (Changhai Hospital) of Second
Military Medical University, Shanghai, China. In
addition, other relative treatments, especially
chemotherapy or radiotherapy, were not applied to
treat the patients before surgery.

Cell culture
Human papillary thyroid carcinomas cell lines
B-CPAP and KTC-1 were kindly purchased from Stem
Cell Bank, Chinese Academy of Sciences, and
maintained in RMPI1640 media (Invitrogen,
11875093) with 10% fetal bovine serum (FBS) (Gibco,
10099141), 1% NEAA (Invitrogen 11140050), 1%
Glutamax (Invitrogen 35050061), 1%Sodium Pyruvate
100 mM Solution (Invitrogen 11360070) and 100 U/ml
penicillin/streptomycin at 37 °C and 5% CO2. Cells
with 2 × 105 cells/well were plated into six-well plates
and incubated for 12 h in growth medium. After this,
cells were treated with hypoxia (0.2% O2) or
maintained in glucose-free medium (Gibco), and with
or without AICAR (Selleck, S1802) or Compound C
(Selleck, S7306) treatment.

Cell transfection
For cell interference, Cpt1c siRNA was
synthesized at Shanghai GenePharma Company
Limited. The sequences of Cpt1c and negative control
siRNA
are
shown:
Cpt1c
(Sense:
GGCGUCCAAUUAUGUCAGUTT;
Antisense:
ACUGACAUAAUUGGACGCCTT); In Brief, cells
were maintained in 6-well. After 12 h, siRNA were
transfected into cells using Roche reagent
(06366546001) according to the manufacturer’s
protocol. For plasmid transfection, pcDNA3.1-Cpt1c
was a gift from Michael J. Wolfgang professor, Johns
Hopkins University School of Medicine. After12 h
culture, cells were transfected with plasmids
containing empty vector or pcDNA3.1-CPT1C
constructs using Roche reagent according to the
manufacturer’s protocol.

Cell proliferation and viability assay
For cell proliferation assay, the cells (2 ×
http://www.jcancer.org
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104cells/well) were plated in 96-well plates. At 0, 24,
48 and 72 h post-transfection, cells were collected and
cell proliferation was evaluated by CCK-8 assay kit
(Beyotime, China). For Cell viability assay, the cells (5
× 104 cells/well) were plated in 96-well plates and
treated with various concentrations of Glucose or
different time of hypoxia (0.2% O2). Next, CCK-8
assay kit (Beyotime, China) was applied into
determining the cell viability.

Cell cycle and apoptosis analysis
Cells were harvested at 48 h post-transfection.
For cell cycle assay, the collected cells were fixed in
70% ethanol at 4 ℃ for overnight. The cells were
subsequently incubated with propidium iodide (PI) in
the presence of RNase A. Finally, the cell cycle was
analyzed using Flow cytometry. For Cell apoptosis
analysis, cells were washed twice with PBS, and then
resuspended in buffer with propidium iodide (PI) and
annexin V. After lucifugal incubation at room
temperature for 15 min, the stained cells were
transferred to a BD LSR Fortessa Cell Analyzer (BD
Biosciences, San Jose, CA, USA), determining the
fluorescence emission at 488 nm excitation.

Cell migration assay
104

After transfection, cancer cells(1 ×
cells/0.1
mL in serum-free medium) were transferred into the
upper chamber, and the lower chamber was full of 0.6
mL of medium with 20%FBS. After 24 hours, cotton
swab was used to remove the cells adhering to the
upper surface of the well, and migrated cells on the
lower surface were fixed and stained with 0.4%
crystal violet. Next, image was measured and
statistically analyzed.

Western blot
The harvest cells were lysed in cell lysis buffer
(Beyotime, China) to obtain the whole cell lysates. The
protein concentration was assessed using a protein
assay reagent (BCA, Beyotime, China). Equal protein
from samples was electrophoresed on SDS-PAGE and
then transferred to the nitrocellulose (NC) membrane.
Furthermore, the NC membrane was incubated with
antibodies against Cpt1c (Abcam, ab87773), β-actin
(Proteintech, 60008), total and phosphorylated FAK
(pY172, Cell Signaling Technology, USA) at 4℃
overnight, and secondary horseradish peroxidaseconjugated antibody. The quantification of the
Western blot was evaluated using the Quantity One
software.

qRT-PCR
The total RNAs isolated from patient tissue
specimens were treated with a standard TRIzol
protocol (Ambion) RNA quality A260/A280 ratio and

spectrophotometry was used to assess RNA quantity.
And then, cDNA was synthesized with the
PrimeScriptTMRT Master Mix Kit (Takara, RR036A)
and qPCR was carried out using GoTaq® qPCR
Master Mix (Promega, A6002) according to the
manufacturer’s protocol. The primer sequences were
used as followed: Cpt1c: forward primer
(GGATGGCACTGAAGAGGAAA), reverse primer
(TCCTGGAAAAGGCATCTCTC); Actin: forward
primer (GGGACCTGACTGACTACCTC), reverse
primer (TCATACTCCTGCTTGCTGAT).

Statistical evaluation
Data are expressed as mean ± SD. A Student’s T
test or one-way ANOVA for experiments were used
to perform statistical analyses. Differences were
considered to be significant at a value of P < 0.05. All
data shown are from at least three independent
experiments.

Results
Cpt1c expression is higher in papillary thyroid
carcinomas and promotes cancer cell growth
and metastasis
To evaluate the Cpt1c expression in papillary
thyroid carcinomas tissue and adjacent normal
tissues, qRT-PCR was performed to detect mRNA
level in 48 paired samples. Cpt1c expression was
higher in papillary thyroid carcinomas samples than
in matched normal tissue (34/48, 71%) (P<0.05, Figure
1A). In order to address the potential biological role of
Cpt1c in papillary thyroid carcinoma cells, Cpt1c
siRNA was synthetized and transfected into KTC-1
and B-CPAP cell lines. The down-regulated
expression of Cpt1c was confirmed through Western
blot (Figure 1B). The effects of Cpt1c knockdown on
the proliferation of papillary thyroid carcinomas cells
were evaluated using CCK-8 kit. Though there is no
significant differences at 24 h after transfection
(P>0.05), Cpt1c significantly inhibited cell growth in
Cpt1c-siRNA transfected cells relative to control at 48
and 72 h (P < 0.05) (Figure 1C). Moreover, cell
apoptosis and the cell cycle influenced by Cpt1c
down-regulation were assessed using flow cytometry.
As shown in figure 1D and 1E, respectively, Cpt1c
silencing induced papillary thyroid carcinomas cells
apoptosis (P<0.05) and cell cycle arrest in G1/S phase
(P<0.05) compared with control. In addition, it also
inhibited papillary thyroid carcinomas cells migration
as shown in transwell migration assays (P<0.05)
(Figure 1F). These results suggested that Cpt1c
expression is higher in papillary thyroid carcinomas
and promote cancer cells growth and metastasis.

http://www.jcancer.org
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Figure 1:Cpt1c expressions is higher in papillary thyroid carcinomas and Cpt1c promotes cancer cell growth and metastasis. (A): Cpt1c
expression is analyzed in 48 paired papillary thyroid carcinomas samples by qRT-PCR. (B) Transfect efficiency of Cpt1c siRNA is evaluated by Western blot. (C) Cpt1c
siRNA effect on cell viability is measured by CCK-8 at day 1, 2 and 3. (D) and (E) cell apoptosis and cell cycle are analyzed by FCS after transfecting 48h. (F) The cell
migration was assessed using transwell assays. *P < 0.05, **P < 0.01 VS control.

Cpt1c is induced under metabolic stress and
down-regulation of Cpt1c promotes cancer
cells death facing metabolic stress
To evaluate whether Cpt1c is induced under
metabolic stress, models of hypoxia (0.2% oxygen)
and glucose deprivation for cultured cancer cells were
established. We found that Cpt1c was induced
time-dependently under depleting of O2 by qRT-PCR
evaluation (Figure 2A). Meanwhile, glucose
deprivation also significantly increased Cpt1c
expression after 48h concentration-dependently
(Figure 2B). Next, we measured whether the viability
of cancer cells facing metabolic stress was influenced
by Cpt1c expression. The results showed that
depletion of Cpt1c promoted the cancer cells death
under hypoxia compared with NC (Figure 2C).
Consistently, glucose deprivation also induced
relatively more death in KTC-1 and B-CPCP cell lines

with down-regulation of Cpt1c compared with
control (Figure 2D). These results suggested that
Cpt1c is induced under metabolic stress to increase
cell survival facing metabolic stress.

Increasing the Cpt1c expression promotes
cancer cell survival under metabolic stress
To further verify the effect of Cpt1c on
promoting cancer cell survival facing metabolic stress,
Cpt1c plasmid vector was constructed and transfected
into KTC-1 cells. Figure 3A showed that Cpt1c was
significantly over-expressed in KTC-1 cells. Next, we
found that Cpt1c over-expression promoted the
cancer cells survival under hypoxia compared with
vector (Figure 3B). In addition, Cpt1c over-expression
promoted the cancer cells survival under glucose
deprivation (Figure 3C). Above results further
verified that Cpt1c is induced under metabolic stress
to increase cell survival under metabolic stress.
http://www.jcancer.org
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Cpt1c expression is regulated by AMPK
activity.
Though Cpt1c plays a vital role in papillary
thyroid carcinomas cells facing metabolic stress,
molecular mechanism of Cpt1c expression induced by
metabolic stress is not known and it need to be
explored. AMPK was known to be activated to limit
energy consumption and produce more energy in
process of metabolic transformation[11]. Glucose
deprivation not only promoted the Cpt1C expression,
but also significantly increased AMPK activity after
48h in a concentration-dependent manner (Figure
4A). To investigate the correlation between AMPK
activity and Cpt1c expression under metabolic stress,
we evaluated whether AICAR, as an agonist of
AMPK, treatment could induce the Cpt1c expression
in KTC-1 cells. Accompanying the increase of AMPK
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activity induced by AICAR, Cpt1c expression was
also increased in KTC-1 cells (Figure 4B). On this
basis, Compound C, as an inhibitor of AMPK, was
used to culture KTC-1 cells with depriving of O2 and
glucose. We found that Cpt1c expression induced by
metabolic stress could be impaired by Compound C
and with concentration dependence (Figure 4C and
4D). These data indicated that the induction of CPT1C
expression facing metabolic stress is at least partly
regulated by AMPK activity.

Discussion

In this study, we demonstrate that Cpt1c
expression is higher in papillary thyroid carcinomas
tissues compared with paired normal tissues.
Furthermore, Cpt1c silencing suppresses cancer cells
growth and metastasis. In addition, the results
showed that Cpt1c expression is
induced by metabolic stress,
including hypoxia and glucose
deprivation. And Cpt1c can
protect cells from cell death
induced by hypoxia and low
glucose. Lastly, we found that
AICAR (an agonist of AMPK)
treatment could induce the
Cpt1c expression, and inhibition
of AMPK activity can impair
Cpt1c expression induced by
metabolic stress. In a word,
induction of CPT1C expression
facing metabolic stress in
papillary thyroid carcinomas is
at least partly regulated by
AMPK activity and ultimately
contributes to development and
progression of papillary thyroid
carcinomas.
Thyroid cancer, as the most
common endocrine malignancy,
has
a
rapidly
increasing
incidence
in
world-wide
recently [12]. PTC, as the most
common type of thyroid cancer,
accounts for 70–90 % of all
thyroid malignancies[13]. In order
to meet the requirement of
energy,
increased
macromolecular substrate for
high rate proliferation in cancer
Figure 2: Cpt1c is induced under metabolic stress and down-regulation of Cpt1c promotes cancer
cells death facing metabolic stress. (A): KTC-1 cells were cultured in hypoxia for 0, 1, 2 and 3 day, and
cells, high rates of glycolysis
Cpt1c expression was evaluated by qRT-PCR. (B): B-CPAP cells were cultured in low glucose (20, 5, 1, 0.5 and
commonly
exist
in
cell
0 mM) for 48h, and Cpt1c expression was evaluated by qRT-PCR. (C): KTC-1 cells and B-CPAP cells with Cpt1c
siRNA and control were cultured in hypoxia for for 0, 1, 2 and 3 day , and cell viability was measured by CCK-8.
interior[14]. Meanwhile, due to
(D) KTC-1 cells and B-CPAP cells with Cpt1c siRNA and control were cultured in low glucose (20, 5, 1, 0.5 and
poor tumor vasculature, tumor
0 mM) for 48h, and cell viability was measured by CCK-8. *P < 0.05, **P < 0.01 VS control.
microenvironment with limited
http://www.jcancer.org
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nutrients or hypoxia lead to an adaptive metabolic
program in cancer cells to survival and growth[15]. For
instance, in order to maintain cell survival under
metabolic stress, it may transform their metabolic
phenotypes in cancer cells was spontaneously shifted
from glycolysis to fatty acid oxidation (FAO; also
known as β-oxidation)[16]. Therefore, it is potential to
find novel prevention or therapeutic targets by
targeting the energy metabolism pathways of tumors.
Camarda R et al [17] reported that pharmacologic
inhibition of FAO catastrophically decreased energy

production in MYC-overexpressing breast cancer cells
and inhibited tumor growth. And etomoxir, as an
inhibitor of FAO, promoted cancer cell death and
impaired ATP depletion by decreasing NADPH
production and increasing reactive oxygen species in
glioblastoma[18]. In addition, Hossain F et al [19]
reported that Inhibition of FAO metabolic pathways
also can Modulate Immunosuppressive functions of
myeloid-derived suppressor cells to enhance cancer
therapies efficiency. These findings support a
valuable role of targeting FAO metabolic pathway for
cancer therapy.
Adenosine monophosphate–activated
protein
kinase
(AMPK), as a sensor of various
cellular energy homeostasis
under
metabolic
stress
conditions, has received much
attention in cancer therapy[20].
Although AMPK activated by
pharmacologic activator reduced
risk and/or mortality in certain
types of cancers[21], especially
those of the breast, pancreas, and
prostate, among patients with
type II diabetes and inhibits
cancer cell proliferation in vitro,
we showed that AMPK activity
increased under metabolic stress
conditions in papillary thyroid
Figure 3: increasing the Cpt1c expression promotes cancer cell survival facing metabolic stress.
(A): Cpt1c overexpressed in KTC-1 cells was confirmed by western blot. (B): KTC-1 cells with Cpt1c and
carcinomas cells. Consistent with
control were cultured in hypoxia for 0, 1, 2 and 3 day, and cell viability was measured by CCK-8. (C): KTC-1 cells
our results, AMPK is also
with Cpt1c and control were cultured in low glucose (20, 5, 1, 0.5 and 0 mM) for 48h, and cell viability was
measured by CCK-8.*P < 0.05, **P < 0.01 VS control.
activated in various tumor
microenvironments characterized by low oxygen and glucose
deprivation, such as colorectal
cancer[22], hepatocellular carcinoma[23] and lung cancer [10]. AMPK
activation
is
intimately
correlated
with
enhanced
Therefore,
AMPK
FAO[23].
agonists combated with FAO
inhibitors may be an effective
way to cancer therapy.
FAO is controlled by CPT1
via importing FA into the cell
mitochondria[24]. Gene-targeting
studies have demonstrated that
Cpt1c, as an import uniform of
Cpt1, is not essential in mice but
Figure 4: Cpt1c expression is regulated by AMPK activity. (A): AMPK activity was evaluated in KTC-1
that the animals with Cpt1c gene
cells under deprivation of glucose (20, 5, 1, 0.5 and 0 mM) for 48h. (B): KTC-1 cells were cultured in AICAR (0,
knock out exhibit reduced
0.5, 1 and 2mM) after 48h and Cpt1c expression was analyzed by western blot. (C): KTC-1 cells were treated for
48 h with different concentration of compound C (0, 5, 10 and 20μM) in the absence of glucose (0 mM), and
FAO[25]. Others showed that
Cpt1C expression was detected by qRT-PCR. (D): KTC-1 cells were treated for 48 h with different
CPT1C is mainly located in the
concentration of compound C (0, 5, 10 and 20μM) in the absence of oxygen (O2%), and Cpt1C expression was
assessed by qRT-PCR.*P < 0.05, **P < 0.01 VS control.
endoplasmic reticulum instead
http://www.jcancer.org
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of mitochondria and CPT1C does not regulate
FAO[26,27]. Furthermore, Carrasco et al [28] found that
CPT1C increases ceramide levels control dendritic
spine maturation and cognition, instead of FAO.
Although the approach of metabolism regulated by
Cpt1c needs to be further explored, Cpt1c expression
could be mediated by metabolism approach
transformation. Zaugg Ket al[10] showed that activity
of AMPK strengened by metabolic stress including
hypoxia and glucose deprivation induced the Cpt1c
expression to promote the cell survial under this
condition. Furthermore,a repressing open reading
frame located in Cpt1c 5 ′ UTR is relieved under
metabolic stress, and increased its expression [29]. In
addition, Cpt1c is a novel p53-target gene, and p53
plays a vital role in Cpt1c expression induced by
metabolic stress [30].
In this present study, we showed that Cpt1c has
a higher expression in papillary thyroid carcinomas
compared with paired normal tissues and can be
induced under metabolic stress condition in papillary
thyroid carcinomas cells. In addition, Cpt1c can
protect papillary thyroid carcinomas cells from cell
death induced by hypoxia and low glucose. Hence,
Cpt1c may be a targeting gene for cancer therapy.
Furthermore, induction of Cpt1c expression facing
metabolic stress in papillary thyroid carcinomas is at
least partly regulated by AMPK activity. Therefore,
AMPK agonists combined with Cpt1c inhibitor to
treat papillary thyroid carcinomas may be a novel
way.
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