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Purpose: We aimed to investigate the mechanisms of action on Klotho that underlie cancer 
development in RET fusion models of human papillary thyroid cancer (PTC).
Materials and Methods: Normal Nthy-ori 3-1 thyroid cells and two PTC cell lines 
(BHP10-3 and TPC-1), which were used as RET fusion models of PTC, were used to 
study Klotho. Klotho expression was analyzed by Western blotting. Klotho overexpression 
cell lines were constructed using the two types of PTC cells. Cell proliferation and apoptosis 
were assessed. Western blotting was used to detect the expression of proteins in the Wnt/β- 
catenin pathway. In addition, an activator and an inhibitor of the Wnt/β-catenin pathway 
were used to confirm that Klotho regulates the pathway in PTC cells. Mice were used to 
analyze the in vivo effect of Klotho on tumor growth and the Wnt/β-catenin pathway.
Results: In BHP10-3 and TPC-1 cells, Klotho expression was low. After Klotho over-
expression, the cell proliferation was significantly suppressed and apoptosis was significantly 
increased (p<0.05). Wnt1, β-catenin, and CyclinD1 expression were also significantly 
decreased after Klotho overexpression (p<0.05). Administration of the Wnt/β-catenin path-
way activator attenuated the effect of Klotho overexpression (p<0.05). In vivo, the tumor 
growth was suppressed, and apoptosis of the cancer cells in the tumors were increased after 
Klotho overexpression. However, injection of the Wnt/β-catenin pathway activator attenu-
ated the effects of Klotho overexpression.
Conclusion: Klotho inhibits cell proliferation in RET fusion models of PTC by inhibiting 
the Wnt/β-catenin pathway, providing a potential target for developing treatment for PTC.
Keywords: RET/PTC, Klotho, Wnt/β-catenin pathway, proliferation, apoptosis

Introduction
In the past few decades, the number of diagnosed thyroid carcinomas has 
increased rapidly, and 18–58% of cases are multifocal.1 Surgery aims to remove 
non-metastatic thyroid cancer, and radiation and chemotherapy are also used to 
treat thyroid cancer. There are five subtypes of thyroid cancer: papillary thyroid 
cancer (PTC) and follicular thyroid cancer (FTC) are the most common sub-
types, and medullary thyroid cancer (MTC), anaplastic thyroid cancer (ATC), 
and poorly differentiated thyroid carcinomas (PDTCs) are rare subtypes.2 The 
survival rates of patients with thyroid carcinomas vary greatly, depending on the 
tissue type and degree of differentiation.3 Schweppe et al reported that the PTC- 
derived TPC-1 and BHP10-3 cell lines both harbor the RET/PTC1 
rearrangement.4 In recent years, identifying genetic changes and conducting 
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genetic testing in thyroid carcinomas has provided use-
ful information for clinical therapy.

Klotho is a five-exon gene located at chromosome 
13q12 in humans. It elicits anti-inflammatory, anti-tumor, 
and anti-aging effects via the regulation of intracellular 
signaling pathways.5 As an anti-tumor protein, Klotho is 
considered as a major factor underlying the pathogenesis 
of several cancers, such as breast cancer,6 colorectal 
cancer,7 and pancreatic cancer.8 Klotho acts as 
a circulating hormone that inhibits cancer cell proliferation 
and migration by regulating tumor-related signal path-
ways, such as the Wnt/β-catenin and phosphoinositide 
3-kinase (PI3K)/Akt pathways.9 In highly malignant thyr-
oid cancers, α-Klotho expression was negative or very 
weak.10 However, the mechanism of action of Klotho has 
not been confirmed in a RET fusion model of PTC.

The Wnt/β-catenin pathway is involved in the cell 
cycle, proliferation, polarity, and survival.11 It is well 
known that this pathway regulates many key aspects of 
cancer development, including in thyroid carcinoma.12,13 

Much evidence shows that the Wnt/β-catenin pathway 
promotes cancer cell metastasis and survival, enhancing 
tumor angiogenesis.14,15 In PTC, the Wnt/β-catenin path-
way plays a primary role in invasion and metastasis, and 
its alteration is a late event in thyroid cell 
transformation.13 However, the molecular mechanism of 
action of Klotho regarding the Wnt/β-catenin pathway in 
PTC involving RET fusion remain unclear.

In this study, the expression and biological functions of 
Klotho in RET fusion models of PTC (involving BHP10-3 
and TPC-1 cells), and its role in regulating the Wnt/β- 
catenin pathway, were elucidated. The results might pro-
vide research directions for developing treatment for PTC.

Materials and Methods
Cell Culture
We obtained the normal thyroid cell line Nthy-ori 3-1 (JN- 
2993, Shanghai Ji Ning Industrial Co., Ltd., China) and two 
PTC cell lines, TPC-1 (CC-Y1522, Shanghai Enzyme 
Research Biotechnology Co., Ltd., China) and BHP10-3 
(Gibco, Carlsbad, CA, USA), which were both used as 
RET fusion models of PTC. The TPC-1 cells were cultured 
in Dulbecco’s Modified Eagle Medium (DMEM) with 10% 
fetal bovine serum (FBS) and 1% penicillin-streptomycin 
solution (Sigma-Aldrich, St. Louis, MO, USA). The other 
cells were maintained in Roswell Park Memorial Institute 
(RPMI)-1640 medium (Gibco, ThermoFisher, NY, USA) 

with 10% FBS (Sigma-Aldrich, St. Louis, MO, USA), 100 
U/mL penicillin, and 100 mg/mL streptomycin. The cells 
were cultured at 37°C in 5% CO2.

Cell Grouping
The PTC cell lines TPC-1 and BHP10-3 were divided into 
three groups: the control group, Klotho empty vector 
group, and Klotho overexpression group. In the control 
group, the cells were cultured as normal. In the Klotho 
empty vector group (negative control [NC]), the cells were 
transfected with empty vector using Lipofectamine 3000 
reagent (Invitrogen) for 72 h. In the Klotho overexpression 
group (Klotho), the cells were transfected with an expres-
sion plasmid encoding Klotho (F: 5ʹ-CGGA 
ATTCATGCCAGCCCGCG-3ʹ; R: 5ʹ-CGGGATCCTTATT 
TATAACGTCTCCGGCC-3ʹ) using Lipofectamine 3000 
reagent for 72 h. The empty vector and expression plasmid 
encoding Klotho were purchased from Gene Technologies 
(Shanghai, China).

To study the effect of Klotho on the Wnt/β-catenin 
pathway in PTC cells, another set of cancer cells were 
divided into four groups: the control group, Klotho group, 
Wnt pathway inhibitor group (Dickkopf-related protein 1 
[DKK1]), and Klotho overexpression and Wnt pathway 
activator group (Klotho overexpression + LiCl [K+L]). 
In the DKK1 group, the cells were treated with 200 ng/ 
mL DKK-1.16 In the K+L group, cells were treated with 
Klotho overexpression plasmid and 20 mM LiCl.17

RT-PCR
Total RNA was isolated from the cultured PTC cells using 
TRIzol reagent (Takara, Dalian, China). Then the RNA 
was reverse transcribed into cDNA using a PrimeScriptTM 

RT Master Mix (TaKaRa, Japan). RT-PCR was performed 
using Mastercycler® Nexus X2 (Eppendorf, Hamburg, 
Germany) using the following conditions: 95°C for 10 
min, 35 cycles at 95°C for 15 s, and 60°C for 60 
s. Relative expression was analyzed using the 2−ΔΔCt 

method. The primer sequences were as follows: Klotho, 
forward: 5′-ACCAAGAAGAGGAAATC-3′, reverse: 5′- 
TACCCAGAGGGAGAATC-3′. GAPDH, forward: 5′- 
AGCCCATCACCATCTTCCAG-3′, reverse: 5′-CCTG 
CTTCACCACCTTCTTG-3′.

Cell Counting Kit (CCK)-8 Assay
Cells in the logarithmic growth phase were seeded into 96- 
well plates at a concentration of 2×104/mL and 100 μL of 
medium was added to each well. After culture for 24 h at 
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37°C in 5% CO2, 10 μL CCK-8 solution was added to 
each well (Tonghua Institute of Chemistry, Japan) and 
mixed well before further culture for 4 h. The absorbance 
(optical density [OD]) of each well at 450 nm was mea-
sured using a microplate reader. Cell survival rate (%) = 
[(OD(experiment)-OD(control))/(OD(control)-OD(blank))] × 100%.

Plate Colony Formation Assay
The concentration of the cells was adjusted to 250/mL, and 
2 mL of the cell suspension was added to each well of 
a six-well plate. The cells were incubated at 37°C in 5% 
CO2 for 2–3 weeks, and the medium was replaced with 
fresh medium every 3 days. The cells were fixed with 
methanol, 1 mL GEMSA solution was added to each 
well, and the cells were stained for 30 min. The cells 
were washed with ultrapure water twice, the water around 
the dish was then removed using a filter, and photos were 
taken.

Transwell Assay
Cells in the logarithmic growth phase were digested with 
0.25% trypsin and the concentration was adjusted to 4×105 

cells/mL. In the upper transwell chamber, 100 μL of cell 
suspension was added and cultured at 37°C for 4 h, while 
600 µL RPMI-1640 medium was added to the lower 
chamber. The cells were incubated at 37°C in 5% CO2 

for 24 h. After washing twice with phosphate-buffered 
saline (PBS), the membranes were fixed with 5% glutar-
aldehyde for 30 min at 4°C, washed with PBS, and stained 
with 0.1% crystal violet (Solarbio, Beijing, China) for 30 
min. The results were observed under a light microscope 
(Olympus Corporation, Tokyo, Japan).

Flow Cytometry
After treatment, the cells were cultured for 24 h and then 
collected. The cells were washed with precooled 1×PBS 
(4°C), centrifuged at 1000 rpm for 5–10 min, and washed 
again. Thereafter, 300 μL of 1×Binding Buffer was added 
to suspend the cells. Next, 5 μL annexin 
V-allophycocyanin (APC) was added and mixed. The 
cells were then incubated for 15 min at room temperature 
without light. Next, 5 min before loading, 5 μL of propi-
dium iodide (PI) stain was added, and then 200 μL of 
1×Binding Buffer was added. The samples were assessed 
by flow cytometry (Beckman Coulter, Brea, CA, USA) 
and the data were analyzed by CellQuest software (BD 
Bioscience, San Diego, CA).

Western Blotting
The cells or tumor tissues were lysed using lysozyme solu-
tion (M052447, MREDA), and the protein concentration in 
the cells was measured using a bicinchoninic acid (BCA) kit 
(G3522, GBCBIO). The protein samples (40 μg) were then 
subjected to 10% sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred onto poly-
vinylidene difluoride (PVDF) membranes. The membranes 
were blocked with 5% skim milk. They were then incubated 
at 4°C overnight with the following primary polyclonal 
antibodies diluted with Tris-buffered saline with Tween 20 
(TBST) containing 3% bovine serum protein: Klotho 
(1:1000, orb336494, Biorbyt, Cambridge, UK), Bax 
(1:500, orb224426, Biorbyt, Cambridge, UK), Bcl-2 
(1:500, orb226346, Biorbyt, Cambridge, UK), cleaved cas-
pase-3 (1:500, orb126597, Biorbyt, Cambridge, UK), Wnt1 
(1:500, orb227963, Biorbyt), β-catenin (1:500, ER0805, 
HUABIO), CyclinD1 (1:500, orb7738, Biorbyt, 
Cambridge, UK), and β-actin (1:2000, orb178392, Biorbyt, 
Cambridge, UK). After rewarming, horseradish peroxidase- 
labeled goat anti-mouse IgG (1:1000, orb43295, Biorbyt) 
was added for 1 h. The membranes were then washed and 
the antibodies were detected using enhanced chemilumines-
cence (ECL) substrate for 3–5 min. Protein expression was 
standardized to the level of β-actin. The band intensity was 
scanned and quantified using ImageJ software (National 
Institutes of Health [NIH]).

Animals
Forty-eight specific-pathogen-free Balb/c female nude 
mice (16–18 g, 4 weeks old) were purchased from 
Charles River Laboratories (license number: SCXK 
(Beijing) 20160006). Each mouse was fed in an indepen-
dent, aseptic, and ventilated isolation cage in a laminar air 
flow purification room where the temperature (26–28°C) 
and humidity (relative humidity 40–60%) were kept con-
stant. The feed, drinking water, and bedding material were 
sterilized. Animal experiments followed the NIH guide-
lines (NIH pub. no. 85-23, revised 1996), and the experi-
ments were approved by the Animal Protection and Use 
Committee of Huai’an Second People’s Hospital.

Construction of Nude Mice with 
Xenograft Tumors
Cells in the logarithmic growth phase were digested with 
0.25% trypsin. The concentration was adjusted to 5×107/ 
mL and 0.1 mL was inoculated into the right forelimb 
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close to the soft skin on the back of 24 nude mice. The 
mice were randomly divided into four groups (six mice/ 
group): (1) control group: mice were injected with normal 
cultured TPC-1 and BHP10-3 cells; (2) Klotho group 
(Klotho): mice were injected with TPC-1 and BHP10-3 
cells, which were treated with the Klotho overexpression 
plasmid; (3) Wnt pathway inhibitor group (DKK-1): mice 
were injected with normal cultured TPC-1 and BHP10-3 
cells and then intraperitoneally injected with 50 μg/kg 
DKK-1 every day;18 (4) Klotho overexpression and Wnt 
pathway activator group (K+L): mice were injected with 
Klotho-overexpressing TPC-1 and BHP10-3 cells and 
then intraperitoneally injected with 15 mg/kg LiCl 
every day.17

Tumor Volume Calculation
Vernier calipers were used to measure the terminology (L) 
and short diameter (W) every 7 days to calculate the tumor 
volume. Tumor volume (V) = (terminology × short 
diameter2)/2. After 35 days, the mice were anesthetized 
by intraperitoneal injection of 0.6% pentobarbital sodium 
(40 mg/kg). The mice were sacrificed by neck dissection. 
The tumor tissues were collected, weighed, fixed in 4% 
paraformaldehyde, and embedded in paraffin for 24 h. A 
portion of each tissue was placed in a freezer tube and 
stored at −80°C.

Immunochemistry
After routine sectioning of the tumor tissues, the sections 
were dewaxed with xylene, hydrated with gradient ethanol 
solution, and then 3% H2O2 in methanol was used for 
endogenous peroxidase inactivation for 20 min. High- 
temperature antigen retrieval in citrate buffer (pH 6.0) 
was then performed for 10 min followed by adding 5% 
bovine serum albumin for 20 min. Rabbit anti-human 
Ki67 polyclonal antibodies (1:200, orb88614, Biorbyt, 
Cambridge, UK) were added and the tissues were incu-
bated overnight at 4°C. After rewarming, horseradish 
peroxidase-labeled goat anti-rabbit secondary IgG 
(1:1000, ABIN101988, linats-online, Germany) was 
added. The sections were stained, redyed, dehydrated, 
cleared, and sealed as usual. After observation under 
a ×400 optical microscope (Olympus Corporation), 
Aperio ImageScope 11.1 software was used to analyze 
the results, which were expressed as the percentage (%) 
of positive cells.

Statistical Analysis
SPSS 19.0 was used for statistical analysis. The results are 
presented as mean±SD. The data were normally distribu-
ted. The t test was used to compare pairs of groups. 
Analysis of variance (ANOVA) and Tukey’s post-hoc test 
were used to compare multiple groups. P<0.05 indicated 
statistically significant differences.

Results
Effect of Klotho on Cell Proliferation in 
RET Fusion Models of PTC
As shown in Figure 1A, Klotho expression in Nthy-ori 
3-1, TPC-1, and BHP10-3 cells was analyzed by Western 
blotting. Compared to the Nthy-ori 3-1 cells, Klotho 
expression in the PTC cells was significantly decreased 
(p<0.05). Further, Klotho overexpression was used to 
analyze the effect of Klotho on cell proliferation in the 
RET fusion models of PTC. Klotho mRNA expression 
was significantly increased after transfecting the Klotho 
overexpression plasmid (p<0.05, Figure 1B). The cell 
viabilities were analyzed by CCK-8 assays and the 
results showed the TPC-1 and BHP10-3 cell viabilities 
were significantly decreased after Klotho overexpression 
compared to the control group (p<0.05, Figure 1C). The 
colony numbers (Figure 1D) and migrated cell numbers 
(Figure 1E) were also significantly decreased in the 
Klotho group compared to the control group (p<0.05). 
These data suggested that Klotho inhibited the cell pro-
liferation in the RET fusion models of PTC.

Effect of Klotho on Wnt/β-Catenin 
Pathway in RET Fusion Models of PTC
The effect of Klotho on apoptosis in the RET fusion 
models of PTC was analyzed by flow cytometry (Figure 
2A). Apoptosis was significantly increased in the Klotho 
group compared to the control group (p<0.05). Apoptosis- 
related proteins were also measured by Western blotting 
(Figure 2B). The Bax and cleaved caspase-3 proteins were 
significantly increased, but the Bcl-2 protein was signifi-
cantly decreased, in the Klotho group compared to the 
control group (p<0.05). Further, Wnt/β-catenin pathway- 
related protein expression was observed in each group by 
Western blotting (Figure 2C). The results showed that 
Wnt1, β-catenin, and CyclinD1 expression was signifi-
cantly inhibited in the Klotho group compared to the 
control group (p<0.05). These data revealed that Klotho 
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played a role in the RET fusion models of PTC via the 
Wnt/β-catenin pathway.

Klotho Inhibits Cell Proliferation in RET 
Fusion Models of PTC via the Wnt/β- 
Catenin Pathway
To study whether Klotho inhibits cell proliferation in the 
RET fusion models of PTC via the Wnt/β-catenin path-
way, a Wnt pathway inhibitor (DKK-1) and a Wnt path-
way activator (LiCl) were used. As shown in Figure 3A, 

Wnt1, β-catenin, and CyclinD1 expression was signifi-
cantly decreased in the other groups compared to the 
control group (p<0.05). Interestingly, these proteins 
were significantly increased in the K+L group compared 
to the Klotho group or the DKK-1 group (p<0.05). 
CCK-8 (Figure 3B), plate colony formation (Figure 
3C), and transwell (Figure 3D) assays were used to 
analyze the proliferation of the two PTC cell lines. As 
a result, we found that, compared to the control group, 
the cell viabilities, colony numbers, and migrated cell 
numbers were significantly reduced in the other groups 

Figure 1 Effect of Klotho on proliferation of TPC-1 and BHP10-3 cells. (A) Klotho expression in Nthy-ori 3-1, TPC-1, and BHP10-3 cells was analyzed by Western blotting. 
(B) Klotho mRNA expression in TPC-1 and BHP10-3 cells in each group was analyzed by RT-PCR. (C) TPC-1 and BHP10-3 cell viabilities were analyzed by Cell Counting Kit 
(CCK)-8 assay. (D) TPC-1 and BHP10-3 cell proliferation was analyzed by plate colony formation assay. (E) TPC-1 and BHP10-3 cell migration was analyzed by Transwell 
assay (×400). Compared to the Nthy-ori 3-1 group, $$p<0.01; Compared to the control group, **p<0.01; Compared to the NC group, &&p<0.01. Experiments were repeated 
three times and data are presented as mean ± SD.
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(p<0.05). Compared to the Klotho group, these variables 
were significantly increased in the K+L group (p<0.05). 
These data revealed that Klotho regulated the Wnt/β- 
catenin pathway and thereby affected cell proliferation 
in the RET fusion models of PTC.

Klotho Regulates Apoptosis in RET 
Fusion Models of PTC via the Wnt/β- 
Catenin Pathway
Apoptosis was analyzed by flow cytometry (Figure 4A). As 
shown in Figure 4A, the apoptosis rates were significantly 

Figure 2 Effect of Klotho on apoptosis and Wnt/β-catenin pathway in TPC-1 and BHP10-3 cells. (A) Apoptosis was analyzed by flow cytometry. (B) Apoptosis-related 
proteins Bax, Bcl-2, and cleaved caspase-3 were analyzed by Western blotting. (C) Wnt/β-catenin pathway-related proteins Wnt1, β-catenin, and CyclinD1 were analyzed by 
Western blotting. Compared to the control group, *p<0.05, **p<0.01; Compared to the NC group, &p<0.05, &&p<0.01. Experiments were repeated three times and data are 
presented as mean ± SD.
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increased in the other groups compared to the control group 
(p<0.05). Actionably, the apoptosis rate was significantly 
increased in the K+L group compared to the Klotho group 
(p<0.05). The expression of apoptosis-related proteins was 
also analyzed by Western blotting (Figure 4B). Compared to 
the control group, Bax and cleaved caspase-3 expression was 
significantly increased, while Bcl-2 expression was signifi-
cantly decreased, in the other groups (p<0.05). These results 
suggested that Klotho suppresses tumor growth in RET 

fusion models of PTC via activating the Wnt/β-catenin 
pathway.

Klotho Suppresses Tumor Growth via the 
Wnt/β-Catenin Pathway
To further confirm the mechanism of action of Klotho in 
the RET fusion model of PTC, mice with xenografts were 
used. As shown in Figure 5A–C, compared to the control 
group, the tumor volume and tumor weight were reduced 

Figure 3 Klotho regulated the proliferation of TPC-1 and BHP10-3 cells via the Wnt/β-catenin pathway. (A) Wnt/β-catenin pathway-related proteins Wnt1, β-catenin, and 
CyclinD1 were analyzed by Western blotting. (B) TPC-1 and BHP10-3 cell viabilities were analyzed by Cell Counting Kit (CCK)-8 assay. (C) TPC-1 and BHP10-3 cell 
proliferation was analyzed by plate colony formation assay. (D) TPC-1 and BHP10-3 cell migration was analyzed by Transwell assay (×400). Compared to the control group, 
*p<0.05, **p<0.01; compared to the Klotho group, #p<0.05, ##p<0.01; compared to the DKK-1 group, ^p<0.05, ^^p<0.05. Experiments were repeated three times and data 
are presented as mean ± SD.
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in the other groups (p<0.05). Consistent with the in vitro 
results, the tumor volume and weight were significantly 
increased in the K+L group compared to the Klotho group 
(p<0.05). Ki-67 expression was also reduced in the tumor 
tissues of the other groups compared to the control group 
(Figure 5D, p<0.05). Compared to the Klotho group, the 
percentage of Ki67-positive cells was significantly 
increased in the tumor tissues in the K+L group 
(p<0.05). These data further revealed that Klotho 
restrained proliferation in the in vivo RET fusion model 
of PTC via the Wnt/β-catenin pathway.

Klotho Promotes PTC Cell Apoptosis via 
the Wnt/β-Catenin Pathway
Apoptosis-related proteins were also analyzed by Western 
blotting (Figure 6A). Compared to the control group, Bax 
and cleaved caspase-3 expression was significantly 
increased, while Bcl-2 expression was significantly 

decreased, in the other groups (p<0.05). Compared to the 
Klotho group, Bax and Cleaved caspase-3 expression was 
significantly decreased, while Bcl-2 expression was sig-
nificantly increased, in the K+L group (p<0.05). Wnt/β- 
catenin pathway-related protein expression was assessed in 
each group by Western blotting (Figure 6B). The results 
showed that Wnt1, β-catenin, and CyclinD1 expression 
was significantly decreased in the other groups compared 
to the control group (p<0.05). However, Wnt1, β-catenin, 
and CyclinD1 expression was significantly increased in the 
K+L group compared to the Klotho group (p<0.05). All 
data suggested that Klotho blocked cancer progression in 
the RET fusion models of PTC by regulating the Wnt/β- 
catenin pathway.

Discussion
In our study, we found that Klotho expression was low in 
RET fusion models of PTC cells, which is similar to the 
results of previously published clinical research. In 

Figure 4 Klotho regulated the apoptosis of TPC-1 and BHP10-3 cells via the Wnt/β-catenin pathway. (A) Apoptosis was analyzed by flow cytometry. (B) Apoptosis-related 
proteins Bax, Bcl-2, and cleaved caspase-3 were analyzed by Western blotting. Compared to the control group, *p<0.05, **p<0.01; compared to the Klotho group, #p<0.05, 
##p<0.01; compared to the DKK-1 group, ^p<0.05, ^^p<0.05. Experiments were repeated three times and data are presented as mean ± SD.
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patients with highly malignant thyroid cancers, Klotho 
expression was negative or low.10 Moreover, Dai et al 
reported that Klotho overexpression markedly reduced 
thyroid cancer FTC238 and FTC133 cell proliferation.19 

In addition, our data showed Klotho overexpression inhib-
ited cancer progression in the in vitro and in vivo RET 
fusion models of PTC. These findings further support the 
role of Klotho as an anti-tumor gene in human thyroid 
cancer. Klotho is known as an anti-tumor gene that acts as 
a circulating hormone to inhibit cancer cell proliferation 
and migration by modulating tumor-related signal 
transduction.9 Our results further reveal that Klotho has 
an anti-tumor role in RET fusion models of PTC, which 
a gap in thyroid carcinoma.

The expression of the apoptosis-related proteins Bax, 
Bcl-2, and cleaved caspase-3 was assessed to further 
understand the mechanisms of action of Klotho in PTC. 
B-cell lymphoma-2 (Bcl-2), an anti-apoptotic protein, con-
tains four Bcl-2 homology (BH) domains, and it is com-
monly associated with several malignancies.20 Bax 
regulates apoptosis by contributing to tumor regression, 
which is accomplished by interaction between the BH3- 
cleft of Bcl-2 and the BH3 domain of Bax.20 Caspases are 
used as apoptosis-specific markers, as changes in their 
activity are related to stages of apoptosis.21 In particular, 
caspase-3 can directly induce apoptosis after being acti-
vated by activated caspase-8 or −9, and cleaved caspase-3 
has been extensively used to monitor apoptosis in tumor 

Figure 5 Klotho regulated tumor growth via the Wnt/β-catenin pathway. (A) Tumor volume; (B) tumor photograph; (C) tumor weight; (D) immunohistochemistry to 
detect Ki67 expression (×400). Compared to the control group, *p<0.05, **p<0.01; compared to the Klotho group, #p<0.05, ##p<0.01; compared to the DKK-1 group, 
^p<0.05, ^^p<0.05. Experiments were repeated three times and data are presented as mean ± SD.
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cells.21 In the present study, Klotho overexpression 
decreased Bcl-2 expression and increased Bax and 
cleaved-caspase-3 expression in TPC-1 and BHP10-3 
cells. These data were consistent with the results that 
showed that Klotho overexpression promotes apoptosis in 
the RET fusion models of PTC.

Many studies have reported that Klotho operates by 
regulating the Wnt/β-catenin pathway in various diseases, 
including cardiomyocyte hypertrophy,22 hepatocellular 
carcinoma,23 and liver cancer.24 In thyroid carcinoma, 
the Wnt/β-catenin pathway plays a primary role in inva-
sion and metastasis, and its alteration is a late event in 
thyroid cell transformation. In our study, Klotho over-
expression inhibited Wnt1, β-catenin, and CyclinD1 
expression in the RET fusion models of PTC. To confirm 
the association of Klotho with the Wnt/β-catenin path-
way, a Wnt pathway inhibitor (DKK1) and a Wnt path-
way activator (LiCl) were used to study the effect of 

Klotho on the Wnt/β-catenin pathway. The results 
showed that the effects of Klotho on proliferation and 
apoptosis were similar to the effects of DKK1 in the 
in vitro and in vivo RET fusion models of PTC. 
However, LiCl administration significantly attenuated 
the effects of Klotho. These data reveal that Klotho 
inhibits cancer progression in the RET fusion models of 
PTC by inhibiting the Wnt/β-catenin pathway.

However, this study has several limitations. The reg-
ulatory mechanisms of Klotho underlying its effects on the 
proliferation and invasion in the RET fusion models of 
PTC are complicated and involve multiple signaling path-
ways, which require further study. Furthermore, the mole-
cular mechanism of Klotho-mediated cell proliferation in 
other types of thyroid cancer cells needs further explora-
tion. In summary, more investigations are needed to reveal 
potential pathways involved in the regulatory mechanism 
of Klotho in RET fusion models of PTC.

Figure 6 Klotho regulates PTC cell apoptosis via the Wnt/β-catenin pathway. (A) Apoptosis-related proteins Bax, Bcl-2, and cleaved caspase-3 were analyzed by Western 
blotting. (B) Wnt/β-catenin pathway-related proteins Wnt, β-catenin, and CyclinD1 were analyzed by Western blotting. Compared to the control group, *p<0.05, **p<0.01; 
compared to the Klotho group, #p<0.05, ##p<0.01; compared to the DKK-1 group, ^p<0.05, ^^p<0.05. Experiments were repeated three times and data are presented as 
mean ± SD.
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Conclusion
In summary, Klotho is a tumor suppressor and Klotho 
overexpression inhibits proliferation and promotes apopto-
sis in RET fusion models of PTC. The underlying mechan-
ism might be associated with the Wnt/β-catenin pathway. 
Klotho is a potential target for developing new treatments 
for PTC involving RET fusion.
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