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Angl/Tie2 induces cell proliferation and migration in human
papillary thyroid carcinoma via the PI3K/AKT pathway
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Abstract. The angiopoietin 1 (Angl)/angiopoietin receptor
(Tie2) signaling pathway may have a notable role in the patho-
genesis of inflammatory diseases. The abnormal expression
of angiopoietin 1 and Tie2 has also been reported in various
malignant tumors, including papillary thyroid carcinoma
(PTC). However, the role and mechanism of the Angl/Tie2
pathway in the progression of PTC remains unclear. Therefore,
the aims of the present study were to clarify this. Significantly
high expression levels of Angl and Tie2 were observed in PTC
tissues and cell lines. Furthermore, MTT and wound-healing
assays revealed that the Angl-mediated stimulation of human
PTC cells resulted in increased proliferation and migration.
Conversely, the downregulation of Tie2 levels using short
hairpin RNA targeted at Tie2 abrogated the Angl-mediated
effect on cell proliferation and migration. In studying
the expression of phosphoinositide-3 kinase (PI3K)/RAC
serine/threonine-protein kinase (Akt) pathway, the upregu-
lation of Angl/Tie2 was found to be associated with the
activation of the PI3K/Akt pathway in PTC. In conclusion,
the data from the present study indicated that the Angl/Tie2
induces PTC oncogenesis via the PI3K/Akt pathway, providing
novel insights into human PTC therapy.

Introduction

Papillary thyroid carcinoma (PTC) is the most prevalent
histological thyroid carcinoma subtype, accounting for ~80%
of cases (1,2). Although recent advances in diagnosis and
treatment strategies have been made in clinical and experi-
mental oncology, <30% of patients present with local/regional
recurrence or distant metastasis within 10 years (2,3). Thus,
the elucidation of the molecular mechanisms underlying PTC
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progression is urgently required in order to develop effective
diagnostic, prognostic and therapeutic strategies.

Receptor tyrosine kinases are cell surface proteins that trans-
duce signals from extracellular growth factors intracellularly, to
elicit biological responses (4). Receptor tyrosine kinases act as
potent oncoproteins and are abnormally expressed in a number
of cancer types, including gliomas (5). Angiopoietin-1 (Angl)
receptor (TEK, also known as Tie2) is a receptor tyrosine kinase
that was identified as an endothelial-cell-specific receptor with
a critical role in the modulation of vasculogenesis and remod-
eling (6). Tie2 expression occurs, and is partially maintained,
during differentiation in human neural stem cells (7), but not in
mature neurons (8). Dysregulated Tie2 expression has also been
observed in several tumor tissues, including oral squamous cell
carcinoma, breast, gastric, leukemia and thyroid cancer (9-13).
These studies revealed that Tie2 expression is associated with
the identification and prognosis of these cancer types (12). Angl
is a secreted ligand for Tie2 that maintains vascular plasticity,
perturbations in which can contribute to abnormal vascular
growth (4). Daly et al (6) revealed that Ang2 functions as a
Tie2 agonist in tumor models, limiting the effects of VEGF
inhibition (6). Mitsutake et al (13) revealed that Tie-2 and its
ligand Angl were expressed in benign and malignant human
thyroid tumor cells, as well as in hyperplastic regions of adeno-
matous goiter (13). However, the function and mechanism of
the Angl/Tie2 pathway in the proliferation and migration of
PTC cells remains unclear. The aim of the present study was to
determine the role and mechanism by which Angl/Tie2 induces
PTC oncogenesis.

Materials and methods

Tissue samples. A total of 30 paired PTC specimens and
adjacent non-tumor tissues were obtained from patients (aged
from 39 to 63, 16 female and 14 male, with no other diseases)
admitted to Xiangya Hospital of Central South University
(Changsha, China) between April 2012 and January 2015. The
samples were immediately snap-frozen in liquid nitrogen. No
patients received chemotherapy or radiotherapy prior to surgery.
The present study was approved by the Ethical Committee
for Scientific Studies at Xiangya Hospital of Central South
University and informed consent was obtained from all patients.

Cell culture and transfection. Human TPC-1 and BCPAP PTC
cell lines, human thyroid follicular epithelial cells (Nthy-ori 3-1)
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Figure 1. Expression levels of Angl and Tie2 in PTC tissues and cell lines. (A) An RT-qPCR assay detected the expression of Angl and Tie2 in PTC and
adjacent normal tissues. Data are presented as the mean + standard deviation from three independent experiments. "P<0.01 vs. normal tissue. (B) An RT-qPCR
assay detected the expression of Angl and Tie2 in PTC TPC-1 and BCPAP cell lines and human thyroid follicular epithelial cells (Nthy-ori 3-1). Data are
presented as the mean + standard deviation from three independent experiments. “P<0.01 vs. Nthy-ori 3-1 cell line. Angl, angiopoietin 1; Tie2, Ang receptor;
PTC, papillary thyroid carcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

and 293T cells were purchased from the China Cell Culture
Center (Shanghai, China) cultured in Dulbecco's modified
Eagle's medium (HyClone; GE Healthcare Life Sciences, Logan,
UT, USA) supplemented with 10% fetal bovine serum (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) in a humid-
ified atmosphere containing 5% CO,. Cells were passaged every
2-3 days. The pcDNA3.1-Angl plasmid and Tie2 short hairpin
(sh)RNA (5'-CACCGCTTCCTTCCTACCAGCTACTTT
CAAGAGAAGTAGCTGGTAGGAAGGAAGC-3") and
shRNA-control (5'-CACCGCTTAGTAGCTGGTAGGAAG
GTTCAAGAGACCTTCCTACCAGCTACTAAGC-3") was
purchased from Qiagen, Inc. (Valencia, CA, USA). The plas-
mids-control,pcDNA3.1-Angl plasmid (3 z#g) and shRNA-control
or Tie2-shRNA (3 ug; Qiagen, Inc., Valencia, CA, USA) were
transfected into the PTC cells using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.,) according to the
manufacturer's protocol. The cells were collected for western
blot analysis, qPCR and other experiments 24 h after transfection.

Western blot analysis. Cells were lysed in RIPA lysis buffer
(Beyotime Institute of Biotechnology, Haimen, China),
supplemented with a protease inhibitor cocktail (Roche
Diagnostics, Indianapolis, IN, USA), on ice for 30 min,
followed by centrifugation at 12,000 x g for 10 min at 4°C.
Next, cell lysates were collected and the protein concentration
was determined. Proteins (30 pg) were separated via 10%
SDS-PAGE and then transferred onto polyvinylidene fluoride
membranes (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
The membranes were blocked with 5% bovine serum albumin
(Gibco; Thermo Fisher Scientific, Inc.) at room temperature
for 1 h, and then incubated with the following primary
antibodies: Anti-Angl (ab8451; 1:1,000), anti-Tie2 (ab8451;

1:1,000), anti-RAC serine/threonine protein kinase (Akt)
(ab179463; 1:1,000), anti-phosphorylated (p)-Akt (ab81283;
1:1,000), and anti-phosphoinositide-3 kinase (PI3K; ab182651;
1:1,000); all from Abcam, Cambridge, MA, USA) at 4°C
overnight. This was followed by incubation with horseradish
peroxidase-conjugated secondary antibodies with a 1:2,500
dilution of secondary goat anti-rabbit IgG antibodies (sc-2007;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at room
temperature for 1 h. The protein signals were detected using
an Enhanced Chemiluminescence kit (GE Healthcare Life
Sciences) according to the manufacturer's protocol.

Reverse transcription-quantitative polymerase chain reaction
(RT-qgPCR). Total RNA was extracted from the TPC-1, BCPAP
and Nthy-ori3-1 cells and tissues using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. The first strand of cDNA was synthe-
sized using the RT PrimeScript™ RT Reagent kit (Takara Bio,
Inc., Otsu, Japan), according to the manufacturer's protocol,
and the expression of microRNA (miRNA) was detected by
gPCR analysis using the SYBR® Green detection system
(Roche Applied Science, Penzberg, Germany). The cycling
conditions for the gPCR were 95°C for 2 min followed by
45 cycles of 95°C for 15 sec and 60°C for 30 sec. The primer
sequences used were as follows: U6 forward, 5'-CTCGCT
TCGGCAGCACA-3" and reverse, 5'-AACGCTTCACGAATT
TGCGT-3'; and GAPDH forward, 5-CGGAGTCAACGGATT
TGGTCGTAT-3' and reverse, 5'-AGCCTTCTCCATGGT
GGTGAAGAC-3". U6 small nuclear RNA was used as the
controls as miRNA and GAPDH was used as the controls of
mRNA using the 222% cycle threshold method (14). All tests
were run in triplicate.
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Figure 2. Angl induces PTC proliferation and migration via activating Tie2. (A) pcDNA3.1-Angl transfection upregulated Angl expression. (B) Tie2 shRNA
silenced Tie2 expression. (C) An MTT assay was utilized to analyze the effect of Angl and Tie-2 on the proliferation of PTC cells. (D) A wound-healing assay
was used to analyze the effect of expression Angl and Tie-2 on the migration of PTC cells. Angl group, PTC cells transfected with pcDNA3.1-Angl. Tie2
shRNA group, PTC cells transfected with Tie2 shRNA. Data are presented as the mean + standard deviation from three independent experiments. "P<0.01
vs. control group. Angl, angiopoietin 1; Tie2, Ang receptor; PTC, papillary thyroid carcinoma; shRNA, short hairpin RNA.

Cell proliferation assay. TPC-1 and BCPAP cell proliferation
was measured using an MTT assay. Briefly, the cells were
plated in 96-well plates at a density of 5x10° per well following
transfection, and an MTT assay was conducted. The optical
density was determined at 570 nm using an ELISA plate reader
(Model 550; Bio-Rad Laboratories, Inc.).

Cell migration assay. A wound-healing assay was used to
detect cell migration. TPC-1 and BCPAP cells (5x10%) were

seeded into 12-well plates for 24 h. Next, cells were scraped
with 200 ul pipette tips and washed with PBS. Cell movement
into the wound area was monitored and images were captured
at 48 h using a light microscope. The migration distance
between the leading edge of the migrating cells and the wound
edge was compared, as previously described (15).

Statistical analysis. Each experiment was repeated at least
three times. Data are shown as the mean + standard deviation
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Figure 3. Angl/Tie2 activated the PI3K/Akt pathway in PTC. The expression of PI3K, Akt, p-Akt detected by western blotting and reverse transcription-quan-
titative polymerase chain reaction in PTC cells transfected with pcDNA3.1-Angl and Tie2 shRNA. 'P<0.01 vs. the control group. Angl, angiopoietin 1;
shRNA, short hairpin RNA; shTie2, shRNA targeted at Ang receptor; PI3K, phosphoinositide-3 kinase; p-Akt, phosphorylated RAC serine/threonine-protein

kinase; PTC, papillary thyroid carcinoma.

and analyzed using SPSS 19.0 (IBM Corp., Armonk, NY,
USA). All data were statistically analyzed using the Student's
t-test or one-way analysis of variance followed by Tukey
multiple comparison post-hoc analysis. P<0.05 was considered
to indicate a statistically significant difference.

Results

Angl and Tie2 expression in PTC tissues and cell lines. A
previous study demonstrated that Angl/Tie-2 system dysfunc-
tion may have an important role in thyroid carcinogenesis (16);
however, the roles of Angl and Tie2 expression levels in PTC
remain unclear. The present study detected miR-182 expression
in 30 human PTC and adjacent normal tissues using RT-qPCR.
Angl and Tie2 expression was significantly upregulated in
PTC tissues compared with in the corresponding adjacent
normal tissues (Fig. 1A). Similarly, the expression levels of
Angl and Tie2 were significantly upregulated in PTC cell
lines (TPC-1 and BCPAP) compared with in human thyroid
follicular epithelial cells (Nthy-ori 3-1; Fig. 1B). Collectively,
the findings of the present study indicate that the Angl/Tie2
pathway is dysregulated in PTC and may have an important
role in PTC carcinogenesis.

Angl induces PTC cell proliferation and migration via
activating Tie2. To elucidate the role of Angl and Tie2 in
the development and progression of PTC, TPC-1 cells were
transfected with pcDNA3.1-Angl and Tie2-shRNA. As
shown in Fig. 2A and B, pcDNA3.1-Angl markedly upregu-
lated Angl expression and Tie2-shRNA markedly evidently
silenced Tie2 expression (Fig. 2A and B). The MTT assay

revealed that the overexpression of Angl markedly increased
the proliferation of PTC cells; by contrast, Tie2-knockdown
inhibited the proliferation of PTC cells (Fig. 2C). A
wound-healing assay was used to reveal PTC cell migra-
tory ability; the results indicated that Angl upregulation
significantly promoted the migration of PTC cells compared
with the plasmid control an effect that could be rescued by
Tie2-knockdown suppression when the cells were transfected
with Tie2-shRNA (Fig. 2D). Collectively, it can be concluded
that Angl induces PTC cell proliferation and migration via
Tie2.

Angl/Tie2 activates the PI3K/AKT pathway in PTC. The
PI3K/Akt pathway reportedly has an important role in the
development of various cancer types. It was hypothesized
that the Angl/Tie2 system may regulate expression in the
PI3K/AKT signaling pathway. Angl significantly increased
the levels of PI3K and p-Akt, but did not affect Akt protein
and mRNA expression in PTC cells (Fig. 3). However,
Tie2-shRNA transfection significantly decreased PI3K
and p-Akt expression levels in PTC cells. These results
indicated that Angl/Tie2 regulated the PI3K/Akt pathway in
PTC.

Discussion

PTC is the most prevalent histological subtype of thyroid
carcinomas, accounting for ~80% of all cases (1,2). The
present study revealed that Angl and Tie2 are overexpressed
in PTC and revealed the role and mechanism of the Angl/Tie2
pathway in the progression of PTC.
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Ang proteins are a family of growth factors, which exhibit
opposing actions in vascular endothelial cells. Angl is as a
secreted ligand for Tie2 that stimulates Tie2 phosphoryla-
tion, with Tie2-mediated signal transduction being important
for the survival of vascular endothelium and angiogenic
sprouting (17-19). There is evidence that the angiopoietin/Tie2
system is dysregulated in various cancer types: For example,
Tie2 and Ang?2 are upregulated in tumor vessel cells (20); Angl
overexpression was also detected in human breast cancer and
squamous cell carcinoma cells (21,22). However, the expres-
sion levels of Angl and Tie2 in PTC remain unclear. Thus,
the present study sought to investigate these. An RT-qPCR
assay revealed that Angl and Tie2 were markedly upregulated
in PTC tissues and TPC-1 and BCPAP cell lines, compared
with in the adjacent normal tissues and the human Nthy-ori
3-1 thyroid follicular epithelial cells. To clarify the role of
Angl/Tie2 signaling in tumor progression, Angl was overex-
pressed or Tie2 was silenced by transfecting pcDNA3.1-Angl
or Tie2-shRNA into PTC cells. Angl overexpression induced
PTC proliferation and migration via Tie2. Consistent with
the results of the present study, Angl/Tie2 have also been
observed to regulate cell growth and metastasis in several
other types of cancer (21,23). Holopainen et al (23) revealed
that systemic treatment with Angl promoted tumor metastasis,
whereas Tie2 suppressed lung and lymphatic metastasis (23).
Overexpression of Angl inhibited tumor growth in human
breast cancer or squamous cell carcinoma cells (21,22),
although its overexpression in cervical cancer cells promoted
tumor angiogenesis (24). The Angl/Tie2 signaling pathway
is also important for tumor cell dissemination via lymphatic
vessels and the establishment of tumor metastases in lymph
nodes (4,5). The Angl-induced increase in tumor metastasis
could be suppressed by simultaneous treatment with Tie2 (25).
This suppression demonstrates the role of the Angl/Tie2
pathway in tumor progression, by regulating cell proliferation
and migration in PTC.

Evidence indicates that the PI3K/Akt pathway regulates
the epithelial-mesenchymal transition, cell cycle, angiogenesis
and apoptosis, and has an important role in tumor progres-
sion (26-28). The PI3K/Akt pathway was reported to be
activated in PTC and to be involved in cell proliferation and
migration (29). PI3K/Akt has emerged as a critical downstream
pathway of Tie2 that is required for cell survival, as well as for
chemotaxis, the activation of endothelial nitric oxide synthase,
and possibly for the anti-inflammatory effects mediated by
Tie2 activation (30). The present study detected the effects of
Angl/Tie2 pathway on Akt/PI3K expressionin PTC.The present
study found that Angl markedly increased the expression levels
of PI3K and p-Akt in PTC cells, which could be reversed by
transfection with Tie2 sShRNA. Combined, these results demon-
strate that the Angl/Tie2 pathway has important functions in
PTC progression.

In summary, the present study identified that Angl and
Tie2 expression is upregulated during PTC carcinogenesis.
The current study provides evidence for the inductive role of
Angl-mediated Tie2 receptor activation in PTC growth and
migration. In conclusion, the findings of the present study
indicate that the Angl/Tie2 pathway has a notable role in the
progression of PTC and represents a potential novel target for
the treatment of PTC.
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