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Purpose: This study was aimed to investigate the expressions of the insulin receptor (IR),
insulin-like growth factor receptor (IGF-1R), and glucagon-like peptide-1 receptor (GLP-1R)
in normal thyroid tissue, papillary thyroid cancer (PTC) tissues, and PTC cells, and to examine
the possible role of insulin analogs and GLP-1R agonists in cell proliferation and energy
metabolism in PTC cells.

Methods: The expressions of IR, IGF-1R, and GLP-1R in PTC tissues and PTC cell lines were
detected by immunohistochemistry and western blotting, respectively. Cell proliferation was
evaluated by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. Levels
of members of the phosphoinositol-3 kinase/AKT serine/threonine kinase (Akt) and mitogen-
activated protein kinase/extracellular signal-regulated kinase (Erk) signaling pathways were
measured by western blotting. Energy metabolism of PTC cell lines was analyzed using a
Seahorse Extracellular Flux analyzer.

Results: Three receptors could be detected in both PTC tissues and PTC cell lines. Expressions
of IGF-1R and GLP-1R were more obvious in PTC than in normal thyroid cells. Neither insulin,
four insulin analogs, and two GLP-1R agonists showed significant effects on the proliferation of
PTC cells, nor did they influence the levels of Akt/p-Akt and Erk/p-Erk. None of these antidiabetic
agents could change the mitochondrial respiration and glycolysis levels in PTC cell lines.
Conclusion: Both PTC tissues and the PTC cell lines express IR, IGF-1R, and GLP-1R.
However, insulin analogs and GLP-1R agonists, which are commonly used to treat patients with
diabetes, may not influence cell proliferation, the phosphoinositol-3 kinase/Akt and mitogen-
activated protein kinase/Erk pathways, or energy metabolism in PTC cells. For now, it is not
necessary to avoid use of these antidiabetic agents in patients with PTC.
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Plain language summary

Previous studies have expressed concerns that insulin, insulin analogs, and glucagon-like
peptide-1 receptor (GLP-1R) agonists might contribute to increased risk of some types of cancer.
The present study showed that although insulin receptor, insulin-like growth factor receptor,
and GLP-1R are expressed in papillary thyroid cancer (PTC) tissues and PTC cell lines, natural
insulin, insulin analogs, and GLP-1R agonists did not show the potential to accelerate the devel-
opment of PTC cells. Thus, for now, it is not necessary to avoid the use of these antidiabetic
agents in patients with PTC.

Introduction
The incidence of thyroid cancer has been increasing for more than a decade in
China.! Among various types of thyroid cancer, papillary thyroid cancer (PTC) is the
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most common. The rapid progress in diagnostic technology
might have caused a detection bias; however, it cannot fully
explain the rising incidence. Recent studies have found that
compared with nondiabetic patients, patients with diabetes
have higher risks of cancers originating from several organs,
including thyroid cancer.>® In patients with diabetes, there
are some potential factors that may result in the stimulation
of mitogenic pathways, forming a link between diabetes and
thyroid cancer.” Among them, antidiabetic medications, espe-
cially insulin and insulin analogs, are suspected to play a role
in the development of cancer.'” Moreover, because preclinical
research has indicated that a glucagon-like peptide-1 receptor
(GLP-1R) agonist, liraglutide, could increase the incidence
of medullary thyroid cancer in rodents, these data drew
attention to the safety of GLP-1R agonists in PTC patients.
However, little evidence in humans has been provided, and
the available results are controversial.

Natural insulin is short acting. Insulin analogs made
by genetic engineering, which modify the form of natural
insulin, alter its absorption, distribution, metabolism, and
excretion. GLP-1R agonists are a type of incretin-based
drugs. They can mimic the actions of GLP-1 and stimulate
insulin release in response to the enteric glucose load.!! Both
insulin and GLP-1 might work through the phosphoinositol-3
kinase/AKT serine/threonine kinase (PI3K/Akt) pathway
and/or mitogen-activated protein kinase/extracellular
signal-regulated kinase (MAPK/Erk) pathway.'? These two
signaling pathways are also critical in regulating cell growth
and proliferation; accordingly, they are closely related to
cancer, including PTC. Thus, we asked whether insulin
analogs and GLP-1R agonists could stimulate these signaling
pathways. In addition, cell energy metabolism contributes to
the occurrence and development of cancer. The significance
of the Warburg effect is not only to provide adequate energy
sources for cancer cells, but also to activate proliferation
signaling. Therefore, it would be interesting to determine
whether insulin analogs and GLP-1R agonists are capable of
affecting cell energy metabolism in human PTC.

Thus, the aims of the present study were as follows:
first, to detect the expressions of the insulin receptor (IR),
insulin-like growth factor receptor (IGF-1R), and GLP-1R
in human thyroid tissues and human PTC cell lines; second,
to investigate whether natural insulin, insulin analogs, and
GLP-1R agonists have an increased mitogenic potency in
PTC cell lines; third, to characterize whether the PI3K and
MAPK pathways are activated by the studied antidiabetic
medications in PTC cell lines; and last, to evaluate the effects
of these antidiabetic medications on energy metabolism in
PTC cell lines.

Materials and methods

PTC tissues, primary thyroid cells, and
PTC cell lines

Human thyroid tissues were obtained from archived formalin-
fixed, paraffin-embedded tissue blocks, which were stored in
the Department of Pathology, the First Hospital of the China
Medical University (Shenyang, Liaoning, People’s Republic
of China). Fifty-two PTCs and 55 matched normal thyroid
samples were included. All the data were anonymized.

For primary thyrocytes culture, normal thyroid tissues
were obtained as surgical wastes from five patients under-
going thyroidectomies for treatment, stored in sterilized
precooled PBS, and transported to the laboratory at 4°C.
Informed consent was obtained from all the participants. The
tissue was processed as previously described."® Cells were
cultured at 37°C in Roswell Park Memorial Institute (RPMI)
1640 medium with 10% fetal bovine serum (FBS).

The PTC cell line IHH-4 was obtained from the Japanese
Collection of Research Bioresources, Japan. The PTC cell
line BCPAP was purchased from the DSMZ-Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH
(German Collection of Microorganisms and Cell Cultures,
Braunschweig, Germany). The PTC cell line TPC-1 was
kindly provided by Dr Bryan R Haugen (Division of Endo-
crinology, Diabetes and Metabolism, University of Colorado
Denver, Aurora, CO, USA). However, detailed information
on the subtypes of PTC cell lines used in our study was
unclear. IHH4 cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) and RPMI 1640 medium mixture
(1:1) with 10% FBS and antibiotics (100 U/mL penicillin
and 100 mg/mL streptomycin). BCPAP cells were grown
in RPMI 1640 supplemented with 10% FBS and antibiotics.
TPC-1 cells were cultured in DMEM with 10% FBS and
antibiotics. All cells were maintained in a 5% CO, humidi-
fied incubator at 37°C.

Immunohistochemistry

Immunohistochemistry (IHC) was carried out following a
previously described process.!* Monoclonal anti-IGF-1R,
anti-IR, and anti-GLP-1R antibodies (Cell Signaling,
Danvers, MA, USA) were used in this study, together with a
highly sensitive and specific polymer detection system using
horseradish peroxidase (Santa Cruz Biotechnology, Dallas,
TX, USA). The stainings of IR, IGF-1R, and GLP-1R were
assessed using the Remmele immunoreactive score (IRS) by
multiplying the level of staining intensity (0-3 points: absent,
weak, intermediate, strong) by the percentage of positive
tumor cells (0—4 points: cutoffs: 0%, <10%, 11%—50%,
51%—-80%, >80%). The staining intensity was evaluated
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according to the following scale: negative (0 points), weakly
positive (1 point), and positive (=2 points).

Natural insulin, insulin analogs, and

GLP-IR agonists

Natural insulin (Lilly, Indianapolis, IN, USA), four insulin
analogs (insulin aspart [Novo Nordisk, Bagsvard, Denmark],
insulin lispro [Lilly, Indianapolis, IN, USA], insulin detemir
[Novo Nordisk, Bagsveard, Denmark], and insulin glargine
[Sanofi, Paris, France]), and two GLP-1R agonists (lira-
glutide [Novo Nordisk, Bagsveerd, Denmark] and exenatide
[Lilly, Indianapolis, IN, USA]) were used in this study.
For the proliferation assay, three different concentrations
(15, 150, and 1,500 nmol/L) of natural insulin or each
insulin analog and three different concentrations (1, 10, and
100 nmol/L) of each GLP-1R agonist were tested. For experi-
ments testing the activation of signaling pathways and cell
energy metabolism, only the highest concentration of natural
insulin (1,500 nmol/L), insulin analogs (1,500 nmol/L), and
GLP-1R agonists (100 nmol/L) were tested.

Proliferation assay

Cells were seeded in 96-well culture plates at 103 cells/well.
After being starved for 24 h, cells were incubated with natural
insulin, insulin analogs, or GLP-1R agonists at different
concentrations as described above. Cell proliferation was
evaluated everyday using a 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay following the
manufacturer’s protocol (Roche Applied Science, Mannheim,
Germany).

Western blotting

Western blotting was performed as described previously.'?
The anti-IGF-1R, anti-IR, and Akt and p-Akt antibodies
(Cell Signaling) were used at 1:1,000 dilutions. The p-Erk1/2
and Erk1/2 antibodies (both from Cell Signaling) were used
at 1:2,000 dilutions. The anti-GLP-1R (Sigma, St Louis,
MO, USA) was used at 8 ug/mL. The control anti-B-actin
antibody was diluted at 1:1,000 (Zhongshan Golden Bridge,
Beijing, China).

Seahorse extracellular flux analysis

The extracellular flux (XF)96 Extracellular Flux analyzer
(Seahorse Biosciences, Billerica, MA, USA) was used to
measure the rate of cell metabolism in mitochondrial res-
piration and glycolysis. According to the manufacturer’s
protocols, the cellular oxygen consumption rate (OCR) and
the extracellular acidification rate (ECAR) were measured,
and expressed as pmol/min and mpH/min, respectively.

In specific stress tests, the following final drug concentra-
tions were delivered: oligomycin (1 uM), carbonylcyanide
p-trifluoromethoxyphenylhydrazone (FCCP) (0.25 uM),
antimycin (1 uM), rotenone (1 uM), glucose (10 mM), and
2-deoxy-D-glucose (100 mM).

Statistical analysis

The chi-square test, analysis of variance (ANOVA) test, or
t-test was used to compare the IHC data obtained from PTC
tissues with that from normal thyroid tissues. p<<0.05 was
considered statistically significant. In vitro experiments were
performed in triplicate. Data are shown as the mean * SD.
One-way ANOVA was used for multigroup comparisons and
the #-test was used for two-group comparison. Significance
was defined as p<<0.05. Unless indicated, data shown in the
figures are representative.

Results
Expression of IR, IGF-1R,and GLP-IR in

human thyroid tissues and PTC cell lines
First, we examined the IR, IGF-1R, and GLP-1R levels in
107 human thyroid tissues (52 PTCs and 55 normal thyroid
tissues). As shown by IHC, all three receptors could be
detected in human PTC tissues. Positive staining of IR
was detected in 48% (n=27) of PTCs and 45% (n=25) of
normal thyroid samples (»p>0.05). The mean IRS for IR
was not significantly different between PTCs and normal
thyroid samples (4.6942.89 vs 4.06+2.39, p>0.05). Positive
staining of IGF-1R was more frequently observed in PTCs
than in normal thyroid tissues (60% vs 18%, p<<0.05), with
a higher IRS in PTCs (4.23£3.52 vs 1.53£1.09, p<<0.05).
Positive staining of GLP-1R was detected in only some PTC
samples (49%, IRS =3.14%1.62), but none in normal thyroid
samples (0%, IRS =1.03%0.54). Representative IHC pictures
are shown in Figure 1A.

We further examined the levels of the three receptors
in primary cultured normal thyrocytes and PTC cell lines
by western blotting (Figure 1B). IR, IGF-1R, and GLP-1R
were detected in both normal thyroid cells and in PTC cell
lines. The levels of IR did not show an obvious difference
between normal thyroid cells and PTC cells, whereas PTC
cells contained significantly more IGF-1R and GLP-1R
PTC cells compared with that in primary cultured normal
thyrocytes.

Effects of natural insulin and insulin analogs

on the proliferation of PTC cell lines
After treatment with different concentrations of natural
insulin or insulin analogs, MTT assays revealed that the
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Figure | Expressions of IR, IGF-IR, and GLP-IR in human thyroid tissues and cells.
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Notes: (A) IR, IGF-IR, and GLP-IR IHC (x200) of PTC and normal tissues. (B) Expression of IR, IGF-IR, and GLP-IR in primary cultured thyrocytes and PTC cell lines.

Scale bar =100 um.

Abbreviations: GLP-IR, glucagon-like peptide-| receptor; IGF-IR, insulin-like growth factor receptor; IHC, immunohistochemistry; IR, insulin receptor; PTC, papillary

thyroid cancer.

treatment did not stimulate significant proliferation of the
PTC cell lines used for this study (IHH-4, BCPAP, and
TPC-1), although there were slight increases at some con-
centrations (Figure 2).

Effects of natural insulin and insulin
analogs on PI3K/Akt and MAPK/Erk

signaling pathways in PTC cell lines
Activation of the PI3K/Akt and/or MAPK/Erk signaling
pathways is related to cell proliferation in PTC; therefore,
after treatment with a certain concentration (1,500 nmol/L)
of natural insulin or insulin analogs for 48 h, cells were col-
lected and Akt and Erk, and their active forms p-Akt and
p-Erk, were assessed using western blotting. The levels of
Akt, Erk, p-Akt, and p-Erk did not change significantly after
treatment (Figure 3), indicating that neither natural insulin
nor insulin analogs induced aberrant activations of the two
signaling pathways in PTC.

Effects of natural insulin and insulin
analogs on mitochondrial respiration
and glycolysis in PTC cell lines

Given that cell metabolism is a reflection of cell prolifera-
tion, we examined both mitochondrial respiration and gly-
colysis in PTC cells incubated with or without a high dose

(1,500 nmol/L) of insulin or insulin analogs for 48 h. The
patterns of cell metabolism did not alter in response to treat-
ment with insulin and insulin analogs (Figure 4).

Effects of GLP-1R agonists on the

proliferation of PTC cell lines

As shown in the IHC study, compared with normal thyroid
tissues/cells, GLP-1R was overexpressed in human PTC
tissues/cells. In this experiment, we tested the effects of lira-
glutide and exenatide on the proliferation of PTC cell lines
using the MTT assay. The results indicated that neither
liraglutide nor exenatide could increase the proliferation of
PTC cell lines in vitro, irrespective of the GLP-1R agonist
concentration and the duration of treatment (Figure 5).

Effects of GLP-IR agonists on PI3K/Akt
and MAPK/Erk signaling pathways in PTC

cell lines

After treatment with a certain concentration (100 nmol/L)
of liraglutide or exenatide for 48 h, the levels of key players
in the two signaling pathways Akt and Erk, that is, p-Akt
and p-Erk, showed no significant alterations in three PTC
cell lines (Figure 6), indicating that GLP-1R agonists had
little effect on the activation of the two signaling pathways
in PTC.
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Figure 2 Effects of regular insulin and insulin analogs on the proliferation of PTC cell lines.
Notes: Results from MTT assays at 48 h after the treatment. (A) IHH4, (B) BCPAP, and (C) TPC-I.
Abbreviations: BCPAP, normal human thyroid cells; IHH4, human papillary thyroid carcinoma cell line; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide;

PTC, papillary thyroid cancer; TPC-1, human thyroid cancer cell line.

Effects of GLP-1IR agonists on
mitochondrial respiration and glycolysis

in PTC cell lines

In PTC cells, mitochondrial respiration and glycolysis were
analyzed using the Seahorse XF instrument, in the presence
and absence of 48-h treatment with a high dose (100 nmol/L)
of liraglutide or exenatide. We did not observe any alterations
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caused by the GLP-1R agonists in energy metabolism in the
PTC cell lines (Figure 7).

Discussion

The effect of antidiabetic drugs on cancer development has
raised concerns among researchers, clinicians, patients, and
pharmaceutical manufacturers. Previous studies suggested
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aling pathways in PTC cell lines.
48 h. (A) IHH4, (B) BCPAP, and (C) TPC-I.

Abbreviations: Akt, AKT serine/threonine kinase; BCPAP, normal human thyroid cells; Erk, extracellular signal-regulated kinase; IHH4, human papillary thyroid carcinoma
cell line; MAPK, mitogen-activated protein kinase; PI3K, phosphoinositol-3 kinase; PTC, papillary thyroid cancer; TPC-1, human thyroid cancer cell line.

OncoTargets and Therapy 2017:10

submit your manuscript

5625

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

He et al

Dove

A 150
£
£
S 100-
©
£
S
= 50
14
O
o
o L] T 1 L]
0 20 40 60
Time (min)
B 150
£
£
S 100+
©
£
S
~— 50_
14
19
o
O T T T T
0 20 40 60
Time (min)
c 80 1
<
E
N
o
)
£
e
14
o
o
0 == T T T
0 20 40 60
Time (min)

100 -
£ 80+
E
< 60+
E
@ 40
<
Q 204
O T T T T
0 20 40 60
Time (min)

£
£
I
o
£
(14
<
o)
w

O T T T T

0 20 40 60

Time (min)
80 -

[e2]
o
1

ECAR (mpH/min)
N
o

20 4
O L] L] T T
0 20 40 60
Time (min)

-»- Control - Insulin —= Insulin aspart - Insulin lispro -~ Insulin detemir -e- Insulin glargine

Figure 4 Effects of regular insulin and insulin analogs on mitochondrial respiration and glycolysis in PTC cell lines.

Notes: PTC cells were treated with insulin or each insulin analog at 1,500 nmol/L for 48 h. Oligomycin (I uM), FCCP (0.25 uM), rotenone (I 1M), and antimycin A (I uM) were
delivered at indicated times to determine different parameters of mitochondrial functions; glucose (10 mM), oligomycin (1.0 M), and 2-deoxy-D-glucose (100 mM) were delivered at
indicated times to determine different parameters of glycolysis status. These drugs were added according to the manufacturer’s protocols. (A) IHH4, (B) BCPAP, and (C) TPC-1.

Abbreviations: BCPAP, normal human thyroid cells; ECAR, extracellular acidification rate; FCCP, p-trifluioromethoxyphenylhydrazone; IHH4, human papillary thyroid
carcinoma cell line; OCR, oxygen consumption rate; PTC, papillary thyroid cancer; TPC-1, human thyroid cancer cell line.

that antidiabetic medications, such as insulin analogs and
GLP-1R agonists, might be associated with increased
risks of cancers in some sites.'*!” Insulin, insulin analogs,
and GLP-1R agonists have the potential to stimulate cell
proliferation and mitogenic pathways.!*!32° The present
study focused on the question of whether insulin analogs and
GLP-1R agonists would play a role in the development of

PTC, a common endocrine malignancy. The insulin analogs
(insulin aspart, insulin lispro, insulin detemir, and insulin
glargine) and GLP-1R agonists (liraglutide and exenatide)
tested in the study are widely prescribed for patients with
diabetes in current clinical practice. The results of this study
showed that IGF-1R and GLP-1R were overexpressed in PTC
cell lines; however, the insulin analogs and GLP-1R agonists
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Figure 5 Effects of GLP-IR agonists on the proliferation of PTC cell lines.

Notes: Results from MTT assays at 24, 48, and 72 h after the treatment. (A) IHH4, (B) BCPAP, and (C) TPC-I.
Abbreviations: BCPAP, normal human thyroid cells; GLP-IR, glucagon-like peptide-1 receptor; IHH4, human papillary thyroid carcinoma cell line; MTT, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; PTC, papillary thyroid cancer; TPC-1, human thyroid cancer cell line.

did not increase the proliferation of PTC cells. In addition,
these medicines did not activate the PI3K/Akt and MAPK/
Erk signaling pathways, and they did not alter the cell energy
metabolism of PTC cells.

In addition to reducing the blood glucose level, insulin is
a growth factor for some epithelial tumors. Increased insulin
levels also upregulate IGF-1, which is also a growth factor
for tumors. Recently, a meta-analysis observed that the use
of exogenous human insulin or insulin analogs might be
associated with increased risk of cancer in pancreas, liver,
kidney, stomach, and the respiratory system.'* The potential

mechanism is that the insulin or insulin analogs, especially
insulin glargine, have a high affinity for IGF-1R and high
mitogenic potency.?! Thus, insulin and its analogs would
favor the development of tumors. Moreover, previous studies
found that the IGF-1 system was overactivated in thyroid
nodules, which suggested that IGF-1 probably plays an
important role in the genesis and development of certain solid
thyroid nodules, including PTC.?> Schmidt et al also reported
that there was a positive association between IGF-1 levels
and the risk of differentiated thyroid carcinoma.? Thus, the
present study started by detecting IR and IGF-1R in human
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Figure 6 Effects of GLP-IR agonists on PI3K/Akt and MAPK/Erk signaling pathways in PTC cell lines.

Notes: PTC cells were treated with liraglutide or exenatide (100 nmol/L) for 48 h. (A) IHH4, (B) BCPAP, and (C) TPC-1.

Abbreviations: Akt, AKT serine/threonine kinase; BCPAP, normal human thyroid cells; Erk, extracellular signal-regulated kinase; GLP- IR, glucagon-like peptide-| receptor;
IHH4, human papillary thyroid carcinoma cell line; MAPK, mitogen-activated protein kinase; PI3K, phosphoinositol-3 kinase; PTC, papillary thyroid cancer; TPC-I, human

thyroid cancer cell line.

thyroid tissues and cells. The results showed that both normal
thyroid tissues/cells and PTC tissues/cells expressed IR and
IGF-1R. IGF-1R was expressed at a higher level in PTC
tissues than in normal thyroid tissues. However, subsequent
experiments in vitro indicated that insulin and insulin analogs
had no ability to promote the proliferation of PTC cell lines,
suggesting that overexpression of IGF-1R in PTC cells would
not be a safety concern.

GLP-1R agonists, including liraglutide and exenatide,
have been increasingly used for Type 2 diabetes therapy.
They work through mechanisms including stimulating the
secretion of insulin from the pancreas in a glucose-dependent
manner, suppressing the secretion of glucagon, and delaying
gastric emptying. Unfortunately, it was observed during the
development of liraglutide that it increased the risk of C cell
hyperplasia and might be related to medullary thyroid cancer
in rodents.* Thus, GLP-1R activation might contribute to
the development of pancreatic cancer and thyroid cancer.?**
In contrast, an in vitro study reported that GLP-1R activa-
tion had an antitumor effect on human pancreatic cancers
via inhibiting the PI3K/Akt signaling pathway, suggesting
that GLP-1-based therapies might be beneficial, rather than
harmful, in treating diabetic patients with pancreatic cancer.?
These conflicting data questioned the safety of applying
GLP-1R agonists for patients who suffered from PTC. In our
study, we found that GLP-1R was significantly overexpressed
in PTC tissues, but rarely presented in normal tissues,
which was consistent with a previous study.”’ However, when
we treated PTC cell lines with GLP-1R agonists in vitro,
neither promotion nor inhibition was observed. This result did
not support the idea that GLP-1R agonists would accelerate
the growth of PTC cells.

As mentioned in the introduction, activation of IGF-1R
might result in the activation of the PI3K/Akt and MAPK/
Erk signaling pathways. Moreover, Fang et al and Wei et al
indicated that liraglutide stimulated B-cell proliferation, which
is mediated by the PI3K/Akt signaling pathway.?** A study
focusing on 3T3-L1 cells found that GLP-1 could promote
3T3-L1 cell proliferation and differentiation via the PI3K/Akt
and MAPK/Erk signaling pathways.** Both studies showed
that GLP-1-based medicines could influence these signaling
pathways, at least in some types of cells. For cancer cells, the
PI3K/Akt and MAPK/Erk signaling pathways markedly pro-
mote protein synthesis, increase cellular proliferation, protect
cells from apoptotic stimuli, and participate in the initiation
and maintenance of cancer stem cells.*! Uncontrolled stimula-
tion along these pathways is closely related to the development
of PTC. Thus, to further clarify the safety of insulin analogs
and GLP-1R agonists in patients with PTC, we investigated
alterations in the PI3K/Akt and MAPK/Erk signaling path-
ways after treating PTC cells with these agents. According to
the expression levels of Akt and Erk, and their active forms
p-Akt and p-Erk, we did not find evidence of activation of
either pathway by the medicines tested. Unlike previous
observations in pancreatic cancer cells, we did not detect
inhibition of either pathway by GLP-1R agonists.

Little data are available about whether energy metabo-
lism in cancer cells is influenced by insulin analogs and
GLP-1R agonists. Modifying or reprogramming cellular
metabolism is a characteristic of the development of malig-
nancies. This capability can effectively support neoplastic
proliferation and help to create a specific tumor microen-
vironment. For instance, aerobic glycolysis deregulated by
the overexpressed pyruvate kinase M2, a key enzyme of
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Figure 7 Effects of GLP-IR agonists on mitochondrial respiration and glycolysis in PTC cell lines.

Notes: PTC cells were treated with liraglutide or exenatide (100 nmol/L) for 48 h. Oligomycin (I uM), FCCP (0.25 uM), rotenone (I uM), and antimycin A (1 uM) were
delivered at the indicated times to determine different parameters of mitochondrial functions; glucose (10 mM), oligomycin (1.0 uM), and 2-deoxy-D-glucose (100 mM)
were delivered at indicated times to determine different parameters of glycolysis status. These drugs were added according to the manufacturer’s protocols. (A) IHH4,

(B) BCPAP, and (C) TPC-I.

Abbreviations: BCPAP, normal human thyroid cells; ECAR, extracellular acidification rate; FCCP, p-trifluoromethoxyphenylhydrazone; GLP-IR, glucagon-like peptide-|
receptor; IHH4, human papillary thyroid carcinoma cell line; OCR, oxygen consumption rate; PTC, papillary thyroid cancer; TPC-1, human thyroid cancer cell line.

glucose metabolism, has been commonly observed in a wide
range of human cancers, including PTC."* Accumulation of
lactate from the aerobic glycolysis forms an acidic environ-
ment to facilitate tumor invasion.* In addition, Lee et al
suggested that there were alterations in mitochondrial respi-
ration and glycolysis in thyroid cancer cell lines and found
that the expression of mitochondrial ribosomal protein 44
might be a representative marker of the metabolic phenotype
and a useful predictor of lymph node metastasis in PTC.*

Accordingly, in our study, to provide additional evidence
for the safety of insulin analogs and GLP-1R agonists, we
systematically analyzed effects of these antidiabetic agents
on mitochondrial respiration and glycolysis in PTC cell lines.
However, the insulin analogs and GLP-1R agonists did not
show any capacity to change cell energetics in vitro.

The limitations of the present study include the following:
first, we were unable to collect adequate clinical data,
such as the patient’s history of diabetes mellitus, serum
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insulin/IGF-1/GLP-1 levels, and the use of any antidiabetic
agents. Therefore, it was impossible to perform a patient-level
analysis on the association of insulin and GLP-1 with the
development of PTC. Second, in vitro experiments could not
represent exactly what happens in vivo. Nevertheless, in vitro
studies are necessary and generally accepted to provide safety
information for antidiabetic agents.

Conclusion

Both PTC tissues and the PTC cell lines express IR, IGF-1R,
and GLP-1R. However, insulin analogs and GLP-1R agonists
may not influence cell proliferation, PI3K/Akt and MAPK/
Erk signaling, or energy metabolism in PTC cells. For now,
we believe it is not necessary to avoid the use of these antidi-
abetic agents in patients with PTC. However, in this study,
the subtypes of PTC cell lines used were unknown. For
indolent types of PTC, antidiabetic medications may have
an influence on their proliferation; however, the situation
might be different for other PTC subtypes. Thus, long-term
cohort observations are needed to confirm the safety of these
agents in patients with PTC, especially those with aggres-
sive subtypes.
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