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Telomerase reverse transcriptase induced thyroid carcinoma
cell proliferation through PTEN/AKT signaling pathway
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Abstract. Thyroid carcinoma is the most common endocrine
malignant tumor in the world, and so, there is a requirement
to develop novel molecular targets for thyroid cancer
diagnosis and treatment. Telomerase reverse transcriptase
(TERT) was revealed to promote cell proliferation in a
number of types of cell. To evaluate whether and how
TERT functioned on papillary thyroid cancer (PTC)
cell proliferation, the present study constructed TERT
over-expression [recombined (r)TERT plasmid group] and
interference [small interfering RNA (si)-TERT group] models
by liposome transfection respectively to study the molecular
mechanisms. The transfection efficiency was first detected by
reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) and western blotting to analyze TERT levels
compared with the negative control (NC) and control groups.
Then MTT and carboxyfluorescein diacetate succinimidyl ester
assays were performed to determine living cell proliferation
and total cell proliferation respectively. Propidium iodide
assay was used to detect alterations in cell cycle progression.
RT-qPCR and western blotting were performed to detect
associated factor variation. The results demonstrated that,
following the generation of TERT overexpression or silencing
PTC cells, the living cells and also total cell proliferation
increased significantly in the rTERT group, and decreased
significantly in siTERT group, when compared with the NC
and control groups. The cell cycle was accelerated in the -TTERT
group, and blocked in the G1/S transition in the siTERT group.
The mRNA and protein levels of P27, P53 and phosphatase
and tensin homolog (PTEN) decreased significantly in the
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TERP group and increased in the siTERP group, while cyclin
dependent kinase 2 and Cyclin D1 increased significantly in
the fTERP group and decreased in the siTERP group. The
expression of cell division cycle 25A did not alter significantly.
The protein levels of (3-catenin and retinoblastoma were also
unaltered. Protein kinase B (AKT) was detected once activated
by TERT, and there were increased phosphorylated (p)-AKT
protein levels in the rTERT group, and decreased p-AKT
protein levels in the siTERT group. In conclusion, TERT could
induce thyroid carcinoma cell proliferation mainly through the
PTEN/AKT signaling pathway.

Introduction

Thyroid carcinoma is the most common endocrine malignant
tumor in the world, which accounts for 94.5% of all endocrine
tumors. The incidence of thyroid cancer has been increasing
since the end of last century and has ranked the top of the list
of head and neck cancers (1,2). Papillary thyroid cancer (PTC)
is the most common pathology type in thyroid cancer, ~90%
of thyroid carcinoma. 85-90% incidence of thyroid cancer
was caused by PTC. More women are involved in it than men,
and most of them are accompanied by cervical lymph node
metastasis. PTC is a low-grade malignancy, the main clinical
symptoms of which are the slow growth of thyroid mass and
multifocal occurrence, tendency of regional lymph nodes
metastasis. The prognosis of PTC is good after proper effec-
tive treatment, with 5-year survival rate of 95%, and 10-year
survival rate of above 90% (3). However, some PTC is of high
invasion ability, and some of them has the tendency of dedif-
ferentiation to form low-differentiated or non-differentiated
cancers and result in the decreasing of survival rate and life
quality (4).

The occurrence and development of thyroid cancer is
a complicated process including a variety of oncogenes,
signaling pathway and aberrant proteins, resulting in abnormal
proliferation and mutation. Therefore, study on PTC molecular
mechanism will help looking for new biomarkers for PTC
early diagnosis, lymph nodes metastasis prediction, treatment
and prognosis.

Telomerase is a self-templated reverse transcriptase,
containing two subunits of TERC (telomerase RNA compo-
nent) and TERT (telomerase reverse transcriptase). As the
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core subunit of telomerase, TERT catalyzes TERC reverse
transcription to regulate telomerase activity and maintain telo-
mere length (5-7). Over-expression of TERT could promote
the proliferation of mesenchymal stem cells, epithelial cells
and nerve cells (8,9). For a long time, studies on TERT were
mainly focused on its maintaining telomere length function
to promote cell proliferation ceaselessly. However, TERT has
also been found non-telomere dependent functions in recent
years (10-12), including regulating gene expression (13,14), cell
signal pathway (15) or cell cycle (16), protecting mitochondrial
DNA (17), and regulating DNA injury reaction (18). Researches
before discovered that TERT could regulate >300 downstream
factors, which were related to many kinds of cell signaling,
cell proliferation and cell cycle regulation (19).

TERT could regulate cell proliferation and cell cycle
by different signal pathways, to excert functions in tumors
and different tissues. As important signal pathways,
Rb/E2F, Wnt/B-catenin, and phosphoinositide 3-kinase
(PI3K)/protein kinase B (AKT) pathways were all reported to
be related to TERT regulation in different cells (20). However,
the mechanism of TERT function on PTC cells is still not clear
now. In order to illuminate the exact molecular mechanism,
we performed TERT over-expression and TERT silencing
respectively in PTC cells, to study function of TERT on PTC
cells proliferation and related signal pathways. It will provide
new thoughts for the treatment of PTC.

Materials and methods

Cell culture. Human PTC K1 cells were used in the present study.
Though we lately discovered K1 cells were actually cells mixed
with GLAG-66 cells, of the thyroid gland papillary carcinoma,
it did not affect studying function of the target gene on PTC,
which was verified by numerous researches before (21-30). K1
cells (mixed thyroid gland papillary carcinoma cells) were
purchased from ATCC (Guangzhou, China) were cultured in
Dulbecco's modified Eagle's medium (DMEM) of 10% fetal
bovine serum (FBS; both Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and 1% penicillin/streptomycin
(Invitrogen, Carlsbad, CA, USA) at 37°C with 5% CO, Cells of
logarithm phase were used in our research.

Recombined plasmid construction and cell transfection.
TERT siRNA (siTERT) sequence was synthesized by
Genepharma Company (Shanghai, China). Recombined
TERT over-expression plasmid and negative control (NC)
were constructed before cell transfection too. siTERT, TERT
over-expression plasmid and NC were transfected to mixed
thyroid gland papillary carcinoma cells respectively. Briefly,
cells were first seeded in 6-well plates at the initial concentra-
tion of 5x10*cells/well and cultured in DMEM with 10% FBS
and without antibiotic for 24 h, Then, cells were washed by
serum-free DMEM twice and cultured for 30 min in it. When
cells were sufficient confluent, they were transfected with
siTERT group, recombined TERT plasmid (\fTERT group) and
NC group by Lipofectamin 2000 (Invitrogen) respectively and
cultured for 6 h, according to the manufacturer's instructions.
Finally, cells were cultured in 10% FBS-containing DMEM
for another 48 h, and the transfection efficiency was detected
by RT-qPCR and western blot.
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Table I. Primer sequences used in the present study.

Name Type Sequence (5'-3")
[B-actin Forward GTGGACATCCGCAAAGAC
Reverse GAAAGGGTGTAACGCAACT
TERT Forward CTTCCTCTACTCCTCAGGCG
Reverse CAAGCAGCTCCAGAAACAGG
P27 Forward CTCTGAGGACACGCATTTGG
Reverse GTTTGACGTCTTCTGAGGCC
P53 Forward GCCCCTCCTCAGCATCTTAT
Reverse AAAGCTGTTCCGTCCCAGTA
PTEN Forward ACCCACCACAGCTAGAACTT
Reverse CGCCTCTGACTGGGAATAGT
CDK2 Forward GCTTTTGGAGTCCCTGTTCG
Reverse ACAAGCTCCGTCCATCTTCA
Cyclin D1~ Forward CCCTCGGTGTCCTACTTCAA
Reverse CTTAGAGGCCACGAACATGC
CDC25A Forward CTGTTTGACTCCCCTTCCCT
Reverse GGGGAAGATGCCAGGGATAA

TERT, telomerase reverse transcriptase; PTEN, phosphatase and
tensin homolog, protein kinase B; CDK, cyclin dependent kinase;
CDC25A, cell division cycle 25A.

Methyl thiazolyl tetrazolium (MTT) assay. Cell proliferation
of living cells in different groups (Control, NC, siTERT,
TERT) was determined by MTT assay at 24, 48 and 72 h
respectively, according to the manufacturer's protocols
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Cells
(5x10°/well) and 10 ul 5 mg/ml MTT reagents were added
and mixed in 96-well plates, with the incubation of 4 h in
5% CO,-containing incubator at 37°C. Supernatant was
removed and 150 xl DMSO was added to dissolve the blue
crystals (formazan) to be measured under 490 nm by micro-
plate reader (Syngene Europe, Cambrige, UK). The higher
the OD value was, the more living cells and higher activity
existed.

Carboxyfluorescein diacetate succinimidyl ester (CFSE) assay.
Cell proliferation of all cells including living cells and dead
cells in different groups (Control, NC, siTERT, rTERT) was
detected by CSFE cell proliferation kit (Invitrogen), according
to the manufacturer's protocols. Cells after 24 h transfection
were resuspended in 1 ml preheating phosphate buffer solution
(PBS) in sterile centrifuge tubes, at the final concentration of
1x10%ml. 2 ul CFSE (5 mM) stocking reagent was added into
cell suspension to the final concentration of 10 yM, and incu-
bated for 10 min at 37°C after sufficient mixing. Then cells
were cultured in 10 ml icy DMEM with 10% bovine serum
for 5 min on ice in the dark. After centrifuged for 7 min at
1,000 rpm, cells were suspended and washed in 5 ml DMEM
containing 10% bovine serum for two times. After that, cells
were inoculated in 24-well plates (1x10%/cell) and incubated
with 5% CO, at 37°C. After being washed with PBS for two
times, cells were digested, collected and detected by flow
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Figure 1. Transfection efficiency of TERT in mixed-PTC cells. (A) Reverse transcription-quantitative polymerase chain reaction was performed to detect
the mRNA expression of TERT. TERT expression increased significantly in rTERT group, and decreased significantly in siTERT. (B) Western blotting was
performed to detect the protein levels of TERT. (C) TERT protein expression increased significantly in the rTERT group, and decreased significantly in
siTERT group, when compared with te NC group. There was no significant difference of TERT expression between NC and control group. Data were presented
as mean = standard deviation (n=3). “P<0.01 vs. NC. TERT, telomerase reverse transcriptase; rTERT, recombined TERT plasmid (overexpression group);

siTERT, TERT small interfering RNA (interfering group); NC, negative control.

cytometer (BD Biosciences, Franklin Lakes, NJ, USA), with
the whole process avoiding light.

Cell cycle analysis. Cell cycle status in different groups
(Control, NC, siTERT, rTERT) was measured by propidium
iodide (PI) staining after cell transfection. Cells after 24 h
transfection were trypsinized, washed twice using PBS and
fixed by ice-cold 70% ethanol for 4 h. After being washed twice
with PBS, 400 ul PI was added in and incubated for 30 min
reaction at room temperature. Thereafter, cell cycle status was
immediately measured by flow cytometer (BD Biosciences).
The proportion of cells in GO/G1, S and G2/M phases was
detected.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from different cell
groups (Control, NC, siTERT, rTERT) respectively, and cDNA
was acquired using a first strand cDNA kit (Sigma-Aldrich;
Merck KGaA), according to the manufacturer's protocols.
PCR amplification process included: predenaturation at 95°C
for 30 sec, followed by 40 cycles reaction: Denaturation
at 95°C for 5 sec, annealing/extension at 60°C for 30 sec in
ABI 7300 Thermocycler using the SYBR-Green Master Mix
(Applied Biosystems; Thermo Fisher Scientific Inc.). The
primer sequences were displayed in Table I.

Western blot analysis. Total proteins were extracted from
different cell groups (Control, NC, siTERT, rTERT).
The concentrations of proteins were determined by BCA
assay. Then proteins were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and electroblotted to a polyvinylidene fluoride membrane
(PVDF; GE Healthcare, Life Sciences, Little Chalfont, UK).
After being blocked by 5% nonfat dry milk, the membranes
were reacted with specific primary antibodies respectively
overnight at 4°C, including: rabbit anti-TERT (ab191523;
1:1,000), anti-P27 KIP1 (ab75908; 1:1,000), anti-P53 (ab38497;
1:1,000), anti-PTEN (ab31392; 1:1,000), anti-CDK?2 (ab32147;
1:5,000), anti-Cyclin D1 (ab226977; 1:5,000), anti-CDC25A
(ab75743; 1:1,000), anti-B-catenin (ab16051; 1:4,000), anti-Rb
(ab47763; 1:1,000), anti-p-AKT (ab38449; 1:1,000), anti-AKT
(ab18785; 1:1,000) and anti-B-actin (ab8227; 1:2,000; loading

control). then they were conjugated with the appropriate
HRP-conjugated secondary antibodies (ab205718; 1:5,000;
all Abcam, Cambridge, UK). The PVDF membranes were
exposed to X-ray film and detected by adding enhanced chemi-
luminescense (ECL) reagent (GE Healthcare, Life Sciences,).
Lab Works Image Acquisition and Analysis Software (UVP,
Inc., Upland, CA, USA) were used to quantify band intensities.

Statistical analysis. Data were expressed as mean + standard
deviations of three independent experiments. Statistical
analysis was conducted by SPSS 22.0 statistical software
(IBM Corp., Armonk, NY, USA). Differences were analyzed
by one-way analysis of variance and a Tukey test. P<0.05 was
considered to indicate a statistically significant difference.

Results

The transfection efficiency of TERT over-expression and
interference in mixed PTC cells. RT-qPCR and western
blot were performed to detect TERT transfection efficiency
in different groups of mixed PTC cells. It showed that both
mRNA and protein levels of TERT increased significantly in
fTERT group, and decreased significantly in siTERT group
(P<0.05), compared with NC group. Besides, there was no
significant difference of TERT expression between NC and
control groups (P>0.05) (Fig. 1).

TERT promoted cell proliferation in mixed PTC cells. Cell
proliferation of living cells after transfection is determined
by MTT assay, because the NADP-related dehydrogenases
in mitochondria of living cells could reduce yellow MTT
to blue crystal. Hence dead cells couldn't be detected by
MTT for lacking of these dehydrogenases. However, CFSE
assay can detect not only living cells, but also cells having
divided and died. It attributes to the evenly distribution of
CFSE fluorescence when CFSE labeled cells divide to two
daughter cells. The fluorescence intensity remains the same
level in a few days after division to help fully analyzing cell
proliferation.

The results of MTT indicated that TERT over-expression
significantly promoted cell proliferation of mixed PTC cells
in time-dependent manners (24, 48 and 72 h), compared
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Figure 2. TERT promoted the cell proliferation of mixed-PTC cells. (A) MTT assay was performed to detect the living cell proliferation of mixed-PTC cells.
It was indicated that TERT overexpression significantly promoted cell proliferation, and TERT interference markedly inhibited it in time-dependent manner.
Cell activity of NC group was not statistically different with the control group. (B) Carboxyfluorescein diacetate succinimidyl ester was used to detect all
cell proliferation. (C) The flow cytometry results revealed that, cell proliferation decreased significantly in the siTERT group, and increased significantly in
1TERT group. Cell activity of the NC group was not statistically different with the control group. Data were presented as mean + standard deviation (n=3).
“P<0.01 vs. NC. TERT, telomerase reverse transcriptase; rTERT, recombined TERT plasmid (overexpression group); siTERT, TERT small interfering RNA
(interfering group); NC, negative control; PTC, papillary thyroid cancer; OD, optical density.

with NC group (P<0.05). Cell activity of NC group was of
no statistically difference with control group (P>0.05). The
living cell number in fTERT group was significantly higher
than NC and control group after transfection for 24 h. At
the same time, TERT interference dramatically inhibited
cell proliferation of mixed PTC cells in time-dependent
manners (24, 48 and 72 h), compared with NC and control
groups (P<0.05). The living cell numbers in siTERT group
were significantly lower than NC and control groups after
transfection for 24 h (Fig. 2A).

CFSE was used to verify these results after 24 h of
transfection. The results of flow cytometry showed that, M1
value decreased significantly in siTERT group, compared with
NC group (P<0.05), which represented TERT interference
inhibited cell proliferation of mixed PTC cells. The M1 value
of rTERT group increased significantly, compared to NC
group (P<0.05), meaning TERT over-expression promoted cell
proliferation of mixed PTC cells (Fig. 2B, C).

TERT promoted cell cycle progression in mixed PTC cells.
PI was used to determine cell cycle progression of different
cells. More cells of siTERT group stayed in Gl phase,
and less cells stayed in S and G2 phases, compared with
NC and control groups (P<0.05). The results showed that
TERT interference could inhibit cell proliferation of mixed
PTC cells by blocking cell cycle from G1/S transition.
Otherwise, less cells in G1 phase and more cells in S and G2
phases were observed in rTERT group than NC and control
groups (P<0.05), which indicated that TERT promoted cell

proliferation of mixed PTC cells by accelerating cell cycle
progression (Fig. 3).

TERT promoted cell cycle progression by regulating
expression levels of cell cycle related factors in mixed PTC
cells. RT-qPCR and western blot were conducted to detect
cell cycle related factors expression in different groups.
The expression levels of P27, P53 and PTEN decreased
significantly in rTERT group and increased significantly in
siTERT group, both in mRNA and protein manners (P<0.05).
The expression levles of CDK2 and Cyclin DI increased
significantly in rTERT group and decreased significantly in
TERT silencing group, both in mRNA and protein manners
(P<0.05). The expression level of CDC25A didn't change too
much in different groups, both in mRNA and protein manners
(P>0.05) (Fig. 4).

TERT promoted cell cell proliferation by activating AKT
signaling pathway in mixed PTC cells. As P27 and P53
were the upstream factors of Rb pathway, Cyclin D1 was
the critical regulator and effector of Rb and Wnt/p-catenin
pathway, and PTEN inactivation could abnormally activate
PI3K/AKT pathway, we further detected function of TERT
on Rb, B-catenin, AKT and phosphorylated AKT (p-AKT) in
PTC cells. Results showed that the protein levels of p-AKT
increased significantly in rTERT group and decreased signifi-
cantly in siTERT group (P<0.05), with no significant change
on total AKT protein expression (P>0.05). However, the
protein levels of Rb and f-catenin had no significant change
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Figure 3. TERT promoted cell cycle progression of mixed-PTC cells. (A) Propidium iodide was used to determine the cell cycle progression of different cells.
(B) It demonstrated that TERT interference inhibited the cell proliferation of mixed-PTC cells by blocking the cell cycle from G1/S transition, and TERT
overexpression promoted cell proliferation by accelerating cell cycle progression, when compared with the NC group. Cell cycle progression of the NC group
was not statistically different with the control group. Data were presented as mean + standard deviation (n=3). “P<0.05 and “"P<0.01 vs. NC. TERT, telomerase
reverse transcriptase; rTERT, recombined TERT plasmid (overexpression group); sSiTERT, TERT small interfering RNA (interfering group); NC, negative

control; PTC, papillary thyroid cancer.

both in fTERT and siTERT groups, compared with NC and
control groups (P>0.05) (Fig. 5).

Discussion

Thyroid carcinoma is the most common endocrine malignant
tumor in the world, and the incidence has ranked top of the list
of head and neck cancers. The development of thyroid cancer
is a complex process including many signaling pathways, with
abnormal cell proliferation.

Except maintaining telomere length, TERT has also
been found non-telomere dependent functions including cell
signal pathway or cell cycle regulation and so on. Previous
researchers found that over-expression of TERT could promote
the proliferation of many cells like epidermal hair follicle

stem cells in mice, without significant telomere extension
observed (31). But whether and how TERT effect on PTC cells
still needs further research.

In our study, we used liposome transfection to acquire
TERT over-expression and TERT silencing PTC cells (actually
mixed thyroid gland papillary carcinoma cells) successfully.
RT-qPCR and western blot were performed to detect TERT
levels significantly promoted in TERT over-expressed
cells, and dramatically decreased in TERT silencing cells,
verifying good transfection effect. Then function of TERT
on cell proliferation of mixed PTC cells was evaluated.
MTT assay detected living cells proliferation, while CFSE
assay determined all cells including living cells and dead
cells proliferation. It indicated that TERT could promote cell
proliferation of mixed PTC cells, for not only living cells but
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Figure 4. Expression of TERT regulated cell cycle associated factors in mixed-papillary thyroid cancer cells. (A) Reverse transcription-quantitative poly-
merase chain reaction and (B) western blotting were conducted to detect the expression of cell cycle associated factors in different groups. (C) Relative protein
expression. Data were presented as mean = standard deviation (n=3). “P<0.01 vs. NC. TERT, telomerase reverse transcriptase; ITERT, recombined TERT
plasmid (overexpression group); siTERT, TERT small interfering RNA (interfering group); NC, negative control; PTEN, phosphatase and tensin homolog,
protein kinase B; CDK, cyclin dependent kinase; CDC25A, cell division cycle 25A.
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Figure 5. TERT regulates the AKT signaling pathway in mixed-papillary thyroid cancer cells. (A) Western blotting was performed to evaluate the (B) protein
levels of Rb, B-catenin p-AKT and AKT. Data were presented as mean + standard deviation (n=3). “P<0.01 vs. NC. TERT, telomerase reverse transcriptase;
ITERT, recombined TERT plasmid (overexpression group); siTERT, TERT small interfering RNA (interfering group); NC, negative control; p-, phosphory-

lated; AKT, protein kinase B; Rb, retinoblastoma.

also dead cells proliferation was detected promoted by TERT
over-expression, and inhibited by TERT silencing in mixed
PTC cells.

More cells in S and G2 phases and fewer cells in G1 phase
were observed by flow cytometer in TERT over-expressed
cells, meaning more cells went into cell cycle to promote cell
proliferation of mixed PTC cells. Otherwise, TERT silencing
could block cell cycle at G1/S transition. It indicated that
TERT accelerated cell proliferation by causing more cells into
cell cycle progression, while TERT silencing inhibited cell
proliferation by inducing cell cycle arrestment. Thereafter,
RT-qPCR and western blot were conducted to detect the
expression changes of cell cycle and proliferation related
factors, to preliminarily illustrate the mechanism of TERT
promoting cell proliferation and cell cycle progression of
mixed PTC cells.

Cell cycle dependent proteins have special functions in
the terminal differentiation of eukaryotic cells and the regula-
tion of cell cycle. They play a dual role in maintaining cell
cycle progression and keeping cells in a stationary phase after
mitosis. Cell cycle progression is regulated by cyclin depen-
dent kinases (CDKs). The activity of CDKs is also mediated

by positive regulators such as Cyclin D1 (32-34) and CDK
inhibitors (CDKIs) including retinoblastoma protein (Rb) and
Rb upstream molecules like P27 and P53. Phosphatase and
tensin homolog (PTEN) was reported to downregulate the
expression of P27 to promote cell proliferation (35). Cyclin D1
is a critical positive regulating factor in cell cycle on G1 phase
progression. The activation of Cyclin D1 could accelerate G1/S
transition by promoting downstream gene expression (36,37).
Increased Cyclin DI is reported in many tumors like hepato-
carcinoma cell and so on (38). Our study showed that TERT
could modulate cell proliferation of mixed PTC cells by posi-
tive regulating Cyclin D1 expression. Cell division cycle 25A
(CDC25A) play important roles to fully activate CDKs, by
removing the inhibitory phosphorylation on CDKs. But the
expression of CDC25A was of no significant differences
among TERT over-expression or silencing mixed-PTC cells.
Otherwise, gene mutation induces the downregulation of
cancer gene suppressor and abnormal persistent activation
of some signaling pathways, including MAPK signaling
pathway, Wnt/p-catenin, and PI3K/AKT pathway and so
on, which induce tumor development, invasion, metastasis
and recurrence. P53 gene point mutation and Wnt/f3-catenin
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activation are considered the definite markers of PTC transition
from differentiated to undifferentiated carcinoma (39-41).
P27 or P53-coding transcription factors significantly regulate
some cell functions of great importance, such as cell growth,
proliferation, cell cycle, apoptosis and DNA repairing and
so on. P27 inhibit cell cycle transition from G1 to S phage
by inhibiting the activation of CDKs (42,43). P53 gene
point mutation makes it lose tumor suppressor function and
is involved in the initiation of multiple tumors (44). P53
inactivation often occurs in late stages of thyroid cancer or
poorly differentiated pathological thyoid cancer (44.,45), and
promotes cell proliferation and persistently differentiate.
In our study, P27 and P53 decreased significantly in TERT
over-expressed mixed-PTC cells and increased in TERT
interfering cells. It indicated TERT promoted cell proliferation
of mixed PTC cells in a way of inactivating P27 and P53.
As P27 and P53 are the upstream factors of Rb pathway,
and Cyclin DI is the critical regulator and effector of Rb
and Wnt/B-catenin pathway, we further detected function of
TERT on Rb and B-catenin expression in mixed PTC cells.
Rb is the first found tumor suppressor gene in human, also
a negative cell cycle regulatory factor. It is considered to be
the main regulator of all tissue cell growth and development,
even cancer occurrence. Rb can prevent cell cycle progression,
promote cell differentiation, and inhibit cell over-growth,
which depends on its interaction with transcription factor E2F
and DP (45). However, both over-expression or interference of
TERT were found nothing to do with Rb expression, indicating
TERT had no effect on Rb to regulate PTC cell proliferation.
The abnormal activation of Wnt/f-catenin pathway could
induce endothelium tumor development. As a cytoplasmic
protein, B-catenin plays important roles in cell adherence to
induce epithelial-mesenchymal transition. Though function
of B-catenin as promoting thyroid tumor proliferation and
dedifferentiation is definite (46), further researches are needed
for the mechanism of it in early stage of thyroid carcinoma. In
our study, -catenin was found of no relationship with TERT
involved thyroid carcinoma development mechanism, even
when TERT over-expressed or interfered.

PI3K/AKT signaling pathway is the critical way of
regulating cell growth and proliferation (47). The abnormal
activation of PI3K/AKT pathway participates in tumor
formation of thyroid carcinoma. The activation of AKT could
stimulate PI3K/AKT pathway to phosphorylate and activate
mTOR to regulate cell growth critical factors translation like
Cyclin D1 and so on, so to regulate cell growth and proliferation.
PTEN participated in inhibiting PI3K/AKT signaling pathway
as a cancer suppressor gene, which could inhibit tumor cell
proliferation, metastasis and invasion. Researches before
found that PTEN inactivation and RAS persistent activation
were also the reason of PI3K/AKT abnormal activation in
thyroid carcinoma. In our study, PTEN expression was found
significantly downregulated in TERT over-expressed cells, and
upregulated in TERT interfering cells. p- and activated AKT
were detected increased significantly in TERT over-expressed
cells, and decreased in TERT interfering cells. It definitely
demonstrated that TERT regulated cell proliferation of
mixed-PTC cells through PTEN/AKT pathway.

In conclusion, our study preliminarily illustrated the
mechanism of TERT promoting cell proliferation and
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cell cycle progression of mixed PTC cells, which mainly
functioned through PTEN/AKT pathway. Though it is a pity
that the PTC K1 cell line used in this study is mixed with
thyroid gland papillary carcinoma cells, it still provides a novel
molecular target for thyroid carcinoma diagnosis, treatment
and prognosis.
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