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TLN2 functions as a tumor suppressor in clear cell renal cell
carcinoma via inactivation of the Wnt/p-catenin signaling pathway
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Background: Clear cell renal cell carcinoma (ccRCC) is one of the most prevalent malignancies worldwide,
but there is lack of reliable clinical diagnostic biomarkers. We explored the clinical value and functions of
Talin 2 (TLN2) in the progression of ccRCC.

Methods: A bioinformatic analysis was performed to determine the clinical value of TLN2 in ccRCC.
TLN2 expression was evaluated by immunohistochemistry (IHC), real-time quantitative polymerase chain
reaction (RT-qPCR) and western blot in ccRCC tissues and cells. The functions of TLN2 in ¢ccRCC were
investigated by both in vive and in vitro studies. The functions of TLN2 in ccRCC cell proliferation was
determined by CCK-8 assays and colony formation assays. Transwell assays and wound healing assays were
performed to detect the effects of TLN2 on ¢ccRCC cell invasion and migration abilities. Apoptosis assay and
cell cycle analysis were used to determine the influence of TLN2 on ccRCC cell apoptosis and cell cycle.
Results: TLN2 was downregulated in ccRCC tissues and cells. Clinically, TLN2 was confirmed to be an
independent factor for ccRCC patient prognosis. Results of colony formation and CCK-8 assays showed
that TLN2 overexpression inhibited ccRCC cell growth. Moreover, wound healing assays and transwell
assays indicated that TLN2 overexpression inhibited ccRCC cell invasion and migration. Iz vivo assays also
indicated that TLN2 played an important role in ccRCC cell growth and metastasis. TLN2 also inhibited
cell cycle progression and promoted apoptosis of ccRCC cells. Mechanistically, TLN2 was confirmed to
exert anti-ccRCC functions through Wnt/B-catenin signaling.

Conclusions: TLN2 served as a tumor regulator of ccRCC via Wnt/B catenin signaling, suggesting that it

could be a promising therapeutic and prognostic biomarker for ccRCC.

Keywords: Clear cell renal cell carcinoma (ccRCC); Talin 2 (TLN2); Wnt/B catenin

Submitted Aug 30, 2021. Accepted for publication Dec 01, 2021.
doi: 10.21037/tau-21-914
View this article at: https://dx.doi.org/10.21037/tau-21-914

Introduction been on the rise over the past two decades (2). Clear cell

Renal cell carcinoma (RCC) arises from the renal tubular RCC (ecRCC) is the most common and most malignant

epithelial cells and ranks second among all types of
urological malignancies (1). Data from recent studies have
shown that the incidence of RCC has increased significantly
compared with the past. Epidemiological studies have
shown that RCC accounts for approximately 3% of new
malignancies in adults each year, and its incidence has
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histological type of RCC, accounting for 70-85% of the
incidence of RCC (3). At present, radical nephrectomy is the
main treatment modality for RCC in clinical practice, but
there is still a lack of proven methods for treating patients
with advanced renal cancer and those with recurrence and

metastasis after renal cancer surgery (4,5). Due to the lack
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of reliable clinical diagnostic biomarkers and typical early
clinical symptoms, approximately more than 25% of RCC
patients are already metastatic at the time of diagnosis,
which makes simple surgical treatment difficult and
shortens the survival time of patients (6). Compared with
tumors such as lung and breast cancer, molecular markers
for the diagnosis and metastatic recurrence of ccRCC are
still poorly understood. Therefore, finding tumor markers
and therapeutic targets with high sensitivity and specificity
is crucial to improve the survival of ccRCC patients and is
currently a hot research topic.

Past studies have found that a variety of factors in
the body promote the malignancy of ccRCC, including
aberrant expressions of growth factors, inactivation of
tumor suppressors and activation of oncogenes (7-9). With
extensive research, a large number of genes or signaling
pathways that are closely related to the development and
progression of RCC have been identified, including von
Hippel-Lindau tumor suppressor (VHL), and vascular
endothelial growth factor (VEGF) (10,11). Although several
targeted therapeutic drugs for RCC have been introduced
in recent years, their effects remain limited because of
problems such as drug resistance. Therefore, it is necessary
to carry out further basic experiments for in-depth research
of the changes of tumor suppressors/oncogenes to explore
the pathogenesis of ccRCC. Only by fully understanding
the biological behavior of ccRCC can we find more novel
targets and effective therapeutic drugs.

Wnt/B-catenin signaling is one of the key cascades that
regulate development and stemness and has also been tightly
associated with carcinogenesis (12). Numerous studies have
focused on this signaling pathway in a variety of human
cancers, including ccRCC (13). Talin is a macromolecular
cytoskeleton protein located on the extracellular matrix
(ECM) that can bind to a variety of adhesion molecules
(e.g., integrin, actin, and adhesion kinase) (14). Talin is also
an important component of focal adhesion (FA) plaque,
which can activate the integrin/FA kinase signaling pathway
by activating integrin, thereby affecting tumor metastasis
and recurrence (15). At the same time, it can couple
integrin to F-actin (16). Studies have shown that humans
have two Talin genes, TLN1 and TLN2, which encode
Talin 1 and Talin 2 proteins respectively. TLN2 has 74%
homology with Talin 1. Talinl can regulate FA dynamics,
cell migration and cell invasion (17,18). Recent studies have
shown that TLN2 knockdown can inhibit the migration
of liver cancer cells (19), but the mechanism of TLN2 in
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ccRCC invasion and metastasis is still unclear. We present
the following article in accordance with the ARRIVE
reporting checklist (available at https://tau.amegroups.com/
article/view/10.21037/tau-21-914/rc).

Methods
Bioinformatics analysis

TLN2 clinical information and expression data of ccRCC
were downloaded from the GEPIA website (http://gepia.
cancer-pku.cn/). Data from 523 c¢cRCC samples and
100 adjacent normal tissues were collectively analyzed.
Differences of TLN2 levels between ccRCC and normal
tissues were compared and the survival rates of ccRCC
patients were analyzed.

Tissue samples

Sixty-two patients with ccRCC who received nephron-sparing
or radical nephrectomy were enrolled in this study. No patient
had received any adjuvant preoperative anti-cancer therapies.
The tumor tissue samples and adjacent normal renal tissues
were obtained during surgery with informed consent from the
patients/patients’ families and the tissue samples were instantly
frozen in liquid nitrogen for further analysis. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by ethics committee
of Quanzhou First Hospital Affiliated to Fujian Medical
University (No.: QZFH.FJMU.2018.175) and informed
consent was taken from all the patients.

Immunobistochemistry (IHC)

Paraffin-embedded tissues were sliced into 4-pm sections.
After deparaffination and then rehydration, the sections
underwent microwave-stimulated antigen retrieval.
Suppression of endogenous peroxidase activity was carried
out with 3% hydrogen peroxide, followed by incubation
of primary TLN2 (sc365460; 1:200; Santa Cruz, Dallas,
TX, USA) antibody overnight at 4 °C. Subsequently, the
slides were incubated with horseradish peroxide (HRP)-
conjugated secondary antibody. After visualization signal
development with DAB solution, the sections were
counterstained with hematoxylin. A microscope (BX51;
Olympus Corporation, Tokyo, Japan) was used to observe
the results.
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Cell lines and cell culture

Caki-1, A-498, 786-O, ACHN and HK-2 were obtained
from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). All cell lines were maintained in DMEM
containing 10% fetal bovine serum (FBS) in a humidified
incubator with 5% CO, at 37 °C.

Cell transfection

TLN2 overexpression was achieved by transfections of
TLN2 expression plasmids. The TLN2 expression plasmids
and control vectors were purchased from Gene Pharma
Company (Shanghai, China). Full length TLN2 ¢cDNA
was subcloned into an expression vector (pcDNA3.1/+)
using the primer sequences: Forward: 5’-CG-GAATTC-
ATGGTGGCCCTGTCCTTAAAG-3’, Reverse:5’-
CCC-AAGCTT-TTAGCCCTCATCTTCCCTCAG-3".
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) was
used to transfect the TLN2 overexpression plasmid and
control vector (an empty pcDNA3.1/+ plasmid) into ccRCC

cells.

RT-qPCR assays

Total RNA isolation from targeted cells or tissues was
performed by Trizol reagent (Invitrogen, USA). cDNAs
were obtained by reverse transcription using Superscript III
reverse transcriptase (Invitrogen). The expression of mRNA
was examined using SYBR green PCR Master Mix (Takara)
on the ABI 7900 Prism HT (Applied Biosystems). GAPDH
was an internal control. The data were analyzed by a 27*“"
method. TLN-2: sense, 5’-CTG AGG CTC TTT TCA
CAG CA-3’ and anti-sense, 5’-CTC ATC TCA TCT GCC
AAG CA-3’; sense: 5’-CAT GAG AAG TAT GAC AAC
AGC CT-3’ and anti-sense, 5’- AGT CCT TCC ACG ATA
CCAAAGT-3".

CCK-8§ assay

CCK-8 assay (CCK-8, Dojindo, Japan) was performed to
measure cell proliferation ability. The transfected Caki-1
and 786-0 cells were seeded into a 96-well plate and
incubated for 1, 2, 3, and 4 days. After incubation for the
indicated times, CCK-8 solution was added. Cell viability
was estimated by measuring the absorbance at 450 nm
under a microplate reader after incubation for 2 h at 37 °C.
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Colony formation

ccRCC cells (5x10°/well) transfected with TLN2 expression
plasmids or controls were seeded into a 6-well plate, and
cultured for 14 days. The medium was changed every 3 or
4 days. After cell colonies had been formed, the cells were
fixed with paraformaldehyde and stained with crystal violet.
Visible cell colonies (=50 cells were considered a colony)
were photographed and counted under a microscope.
Colony formation rate (%) = (colony numbers/inoculated
cell numbers) x100%.

Apoptosis assay

After transfection, the Caki-1 and 786-O cells were
harvested, washed, and resuspended in ice-cold phosphate-
buffered saline. Next, they were stained with propidium
iodide (PI) and Annexin V-FITC (BD Biosciences, Lake
Franklin, NJ, USA) and incubated at room temperature in
the dark for 15 min. The data were analyzed using a FACS
Calibur flow cytometer (BD Biosciences).

Cell cycle analysis

For cell cycle analysis, the transfected cells were fixed
with ice-cold 70% ethanol, then stained with PI at 37 °C
for 30 min in the dark. After staining, FACS Calibur (BD
Biosciences) was utilized to analyze cell cycle distribution
and the data were analyzed with the help of Flow]o software
(BD Biosciences).

Xenograft tumor and metastasis assay

A total of 20 BALB/c nude mice (aged 4-6 weeks; female
mice were selected due to their docility; 15-20 g) were
used to establish iz vivo xenograft models. The mice were
fed under the same conditions and randomly divided into
two groups. The animal experiment was approved by the
hospital’s animal ethics committee. To establish a tumor
growth model, Caki-1-control or Caki-1-TLN2 cells
(5x10° were injected subcutaneously into the right flank
of each mouse. The tumors were measured every 4 days,
and 4 weeks later, the mice were humanely killed before
the tumors were photographed and weighed. All efforts
were made to minimize suffering. The tumor volume was
calculated by length x width” x 0.5. For the lung metastases
assay, ccRCC cells were injected into the tail vein of the
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mice, and 6 weeks after the inoculation, the animals were
killed humanely, and the bilateral lung tissues were excised
and photographed, before undergoing HE staining for
histological validation. Animal experiments were performed
under a project license (No.: QZFH.FJMU.2018.a261)
granted by the Animal Care and Use Committee of
Quanzhou First Hospital Affiliated to Fujian Medical
University, in compliance with institutional and national
regulations for the care and use of animals. A protocol was
prepared before the study without registration.

Wound bealing

Caki-1 and 786-O cells were inoculated into a 6-well plate
and incubated in DMEM with 10% FBS for 24 h to 100%
confluence. The plate was scraped with the tip of a 100-pL.
plastic pipette to create a cell-free wound. The cells were
cultured for another 24 h before the widths of the wounds
at indicated time points (0 and 24 h) were examined using
an Olympus BX51 microscope (Olympus, Tokyo, Japan).

Transwell assay

Transwell assays were conducted with a transwell chamber
(8-pm pore; BD Biosciences) with/without Matrigel.
For invasion assays, the chambers were first coated with
Matrigel, and transfected cells were inoculated in the top
chamber in serum-free DMEM, while for the migration
assay, the chambers were not coated with Matrigel. In
the meantime, the lower chambers were supplemented
with culture medium containing 10% FBS and cells
were incubated at 37 °C for 24 h. After being fixed with
paraformaldehyde and stained with 0.1% crystal violet, the
penetrating cells in five random fields were imaged and
quantified with a microscope.

Western blot

Total proteins from cultured cells and targeted tissue
samples were lysed in RIPA buffer (Thermo Scientific,
Rockford, IL, USA). The concentrations of total proteins
were detected by the BCA method, followed by separation
by 10% SDS-PAGE. The proteins were then transferred
to PVDF membranes (Millipore, Billerica, MA, USA). The
membranes were blocked in 5% nonfat milk for 1 h at room
temperature and incubated with primary antibodies at 4 °C
overnight. Subsequently, the membrane was incubated with
HRP-conjugated, secondary antibody (1:2000; Abcam,
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Cambridge, MA, USA). Protein bands were visualized with
an enhanced chemiluminescence detection system (Pierce,
Rockford, IL, USA). The primary antibodies against TLN2,
B-catenin, c-Myc, cyclin D1, E-cadherin, N-cadherin,
vimentin and GAPDH were obtained from Santa Cruz and
the primary antibodies against cleaved caspase-3 and pro-
caspase-3 were obtained from Abcam. GAPDH served as
the loading control.

Statistical analysis

SPSS 23.0 software (IBM, USA) was used. For comparisons,
one-way ANOVA, Student’s #-test and Chi-square were used
as appropriate. The risk factors for the prognosis of ccRCC
patients were determined by univariable and multivariable
Cox regression analyses. P<0.05 was considered as a
statistically significant difference.

Results

Downregulation of TLN2 in ccRCC clinical samples and

cells

To verify the exact role of TLN2 in ccRCC, its levels in
ccRCC tissues and cells were examined. Firstly, data from
TCGA database showed that TLN2 expression in ccRCC
tissues was prominently decreased compared with normal
kidney tissue samples (Figure 1A). To further confirm the
downregulation of TLN2 in ccRCC tissues, the TLN2
levels in 62 ccRCC and paired pericarcinomatous tissues
were also detected. The RT-qPCR results indicated that
TLN2 was significantly decreased in ccRCC tissues
compared with the pericarcinomatous tissues (Figure 1B).
The decreased level of TLN2 in ccRCC tissues was also
confirmed by western blot (Figure 1C). Furthermore, the
IHC results revealed that TLN2 was mainly expressed in
the cytoplasm and TLN2 protein levels were obviously
lower than in matched adjacent normal tissues (Figure 1D).
In addition, the ccRCC cell lines (Caki-1, A-498, 786-O
and ACHN) also showed lower TLN2 levels than HK-2
(Figure 1E,IF).

Effect of low expression of TLN2 on survival and
correlation with disease progression of ccRCC patients

We further searched the TCGA database to determine the
underlying prognostic significance of TLN2 in ¢ccRCC
patients. As shown in Figure 2, the patients with low TLN2
expressions showed poorer overall survival (OS) (Figure 2A4)
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Figure 1 TLN2 downregulated in clear cell renal cell carcinoma (ccRCC). (A) Expression patterns of TLN2 in ¢ccRCC tumors (n=523)
and normal tissues (n=100) from the GEPIA database. (B,C) TLN2 downregulated in ccRCC tissues at both the mRNA and protein level.
(D) Expressions of TLN2 in ccRCC tissues detected by immunohistochemical staining. (E,F) TLN2 downregulated in ccRCC cells
at both the mRNA and protein level. In the immunohistochemistry assay, the sections were stained with diaminobenzidine (DAB) and
counterstained with hematoxylin. KIRC, Kidney Renal Clear Cell Carcinoma. *, P<0.05; **, P<0.01; ***, P<0.001.

and disease-free survival (Figure 2B) than patients with high
TLN2 expression. Subsequently, the relationship between
TLN2 expression and the clinicopathological features of
ccRCC patients was confirmed by Chi-square test. The
enrolled patients were assigned to high-TLN2 and low-
TLN2 groups according to the median TLN?2 level. Results
indicated that TLN2 level correlated remarkably with
TNM stage and lymph node metastasis, while no significant
correlation was found between TLN2 level and age, sex,
and tumor size (Table 1). These results suggested that TLN2

© Translational Andrology and Urology. All rights reserved.

participates in ccRCC progression.

Cox regression analysis was then performed to further
explore the prognostic potential of TLN2 in ¢cRCC
patients. As demonstrated by univariate analysis, TLN2
expression [hazard ratio (HR) =5.092, P<0.001], tumor
size (HR =0.402, P=0.027), TNM stage (HR =2.540,
P=0.013) and lymph node metastasis (HR =4.538, P=0.001)
were prominently associated with ccRCC OS (Table 2).
Multivariate analysis indicated that TLN2 was an
independent prognostic factor for ccRCC (Table 2). Taken

Transl Androl Urol 2022;11(1):39-52 | https://dx.doi.org/10.21037/tau-21-914



44

A Overall survival
= Low TLN2 TPM
= High TLN2 TPM
b Logrank p=1.2e-10
0.8 - St HR(high)=0.35
) R Beseunes P(HR)=75e-10
S e n(high)=258
Cosd (L
s | LML
2
c
> b 3
a o Tl el ]
04 - R g
0.2 1T L
0.0
0 50 100 150

Months

Cai et al. TLN2 inhibits clear cell renal cell carcinoma progression

B Disease free survival

1.0 —— Low TLN2 TPM
«— High TLN2 TPM
RASEEELREEES ... Logrank p=2.1¢-05
08 " HR(high)=0.45
: P(HR)=3.4e-05
high)=258
ownE258
_ 0.6
g
S =
0.4
0.2
0.0
T T T T T T T

0 20 40 60 80 100 120 140
Months

Figure 2 Correlation of TLN2 expression in clear cell renal cell carcinoma (ccRCC) with survival rates of ccRCC patients. (A) Overall

survival and (B) disease-free survival was better in the TLN2 high expression group than in the low expression group.

together, TLN2 may be a promising biomarker for ccRCC
progression and prognosis.

Effect of TLN2 overexpression on growth and colony
formation of ccRCC cells

We overexpressed TLN2 expression in ¢ccRCC cells to
explore the underlying mechanism of TLN2 in inhibiting
ccRCC. RT-qPCR and western blot were performed
to determine the TLN2 expression after infection. As
shown in Figure 34,3B, the results demonstrated that
the TLN2 vector efficiently increased TLN2 expression
in ccRCC cells. To determine the effects of TLN2 on
ccRCC cell viability, we performed colony formation and
CCK-8 assays. The colony formation assays showed that
TLN2 upregulation significantly suppressed ccRCC cell
proliferation (Figure 3C,3D), and the results of the CCK-8
assays indicated that the proliferative ability of ccRCC cells
was obviously decreased by TLN2 overexpression when
compared with the control group (Figure 3E,3F).

Effect of overexpression of TLN2 on ccRCC cell growth and

metastasis in vivo

According to data described above, TLN2 overexpression
resulted in obviously impaired proliferative ability of
ccRCC cells, so we further investigated whether TLN2
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overexpression affected ccRCC growth in vive. We first
established a mouse xenograft model by subcutaneously
injecting ccRCC cells with and without TLN?2
overexpression into nude mice. Our results demonstrated
that tumor growth in the TLN2 overexpression group
was markedly impaired compared with the control group
(Figure 44,4B). Moreover, TLN2 overexpression led
to a notable reduction in tumor weight compared with
the control group (Figure 4C). We further explored
whether TLN2 inhibited ccRCC cell metastasis in vivo.
Results showed that overexpression of TLN2 resulted in
smaller nodules and decreased metastatic foci in the lung
(Figure 4D). Taken together, these results showed that
TLN2 overexpression resulted in notable inhibition of cell
proliferation and lung metastasis iz vivo.

Effect of TLN2 upregulation on ccRCC cell migration and
invasion

As metastasis also plays a vital role in tumor progression,
we further examined the effect of TLN2 on ccRCC cell
migration and invasion. Transwell assays revealed that
TLN2 upregulation obviously enhanced the invasive and
migration capacities of Caki-1 cells (Figure 5A). Similarly,
these capacities of 786-O cells were also increased
after TLN2 overexpression (Figure 5B). Moreover, as
demonstrated by the wound healing assays, upregulation of
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Table 1 Correlation of TLN2 expression with the clinicopathological
characteristics of the clear cell renal cell carcinoma patients

Clinicopathological Cases TLNZ expression

features (n=62)  High (n=31) Low (n=31) P value

Age (years) 1
>60 28 14 14
<60 34 17 17

Sex 0.0944
Male 36 20 16
Female 26 11 15

Tumor size (cm) 0.2031
>5.0 33 14 19
<5.0 29 17 12

TNM stage 0.0023*
-1l 30 21 9
-1V 32 10 22

Fuhrman grade 0.2003
G1-2 35 20 15
G3-4 27 11 16

Laterality 0.2031
Right 33 19 14
Left 29 12 17

Lymph node metastasis 0.0110*
Present 32 21 11
Absent 30 10 20

*, statistically significant. TNM, tumor-node-metastasis.
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TLN2 impaired the migration of Caki-1 and 786-O cells
(Figure 5C). Epithelial-mesenchymal transition (EMT) is
the process that epithelial cells lose the apical-basal polarity
and cell-cell adhesion, and transit to invasive mesenchymal
cells. EMT has received increasing attention for its role in
cancer. To further confirm the function of TLN2 in ccRCC
metastasis, the expressions of EM'T markers were evaluated
by western blot. We found that TLN2 overexpression
increased E-cadherin expression, but reduced the expression
of N-cadherin, and vimentin (Figure 5D).

Effect of TLN2 overexpression on cell cycle progression and
apoptosis of ccRCC cells

"To elucidate the mechanisms underlying TLN2 suppression
of ccRCC cell proliferation, we explored the effects of
TLN2 on the ccRCC cell cycle. According to the results
of flow cytometry, the percentage of Caki-1-TLN2 cells
in the G¢/G, phase was obviously enhanced (Figure 6A4).
The results also revealed that TLN2 upregulation could
induce cell cycle arrest in the Gy/G, phase in 786-O cells
(Figure 6B). Moreover, apoptosis assays were performed
to verify whether cell apoptosis regulated by TLN2 was a
result of cell cycle arrest. There was significantly increased
apoptosis of Caki-1 and 786-O cells after TLN2 transfection
(Figure 6C). Furthermore, the levels of apoptosis-related
genes were examined by western blot. We found an obvious
increase in cleaved caspase-3 in TLN2-overexpressed Caki-1
and 786-0 cells, while the levels of total caspase-3 showed
no significant changes (Figure 6D). In general, the findings
revealed that TLN2 could promote ccRCC cell apoptosis
and induce cell cycle arrest in the Gy/G, phase.

Table 2 Univariate and multivariate Cox regression models for estimating overall survival

Univariate analysis

Multivariate analysis

Variable
HR (95% ClI)

Age (>60 vs. <60 years)

Sex (Male vs. Female)

Tumor size (=5.0 vs. <5.0 cm)

TNM stage (-l vs. llI-1V)

Fuhrman grade (G1-2 vs. G3-4)

Laterality (Right vs. Left)

Lymph node metastasis (Present vs. Absent)

TLN2 (High vs. Low)

1.223 (0.582-2.573)
1.078 (0.522-2.224)
0.402 (0.179-0.904)
2.540 (1.218-5.293)
1.893 (0.877-4.088)
0.935 (0.446-1.961)
4.538 (1.851-11.125)
5.092 (2.155-12.031)

P value HR (95% Cl) P value
0.595 0.995 (0.413-2.395) 0.991
0.840 0.768 (0.337-1.750) 0.530
0.027* 0.730 (0.289-1.844) 0.506
0.013* 3.301 (1.313-8.297) 0.011*
0.104 1.151 (0.495-2.675) 0.744
0.859 0.978 (0.425-2.250) 0.959
0.001* 3.352 (1.141-9.849) 0.028"
0.000* 2.953 (1.093-7.977) 0.033*

*, P<0.05. HR, hazard ratio; Cl, confidence interval.
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Figure 3 TLN2 overexpression suppresses growth and colony formation of clear cell renal cell carcinoma (ccRCC) cells. (A,B) RT-gPCR

and western blot performed to detect the transfection efficiency of ccRCC cells transfected with a TLN2 overexpression lentivirus. (C-F)

Cell proliferation evaluated by CCK-8 assays and colony formation assays (violet staining). *, P<0.05; **, P<0.01; ***, P<0.001.

Inbibition of ccRCC tumorigenesis largely by TLN2
regulation of Wnt/f-catenin signaling

We further investigated the potential mechanisms by
which TLN2 inhibited ccRCC tumorigenesis. Firstly, the
association between TLN2 and Wnt/B-catenin signaling
was analyzed by western blot analysis. We found that
TLN2 overexpression notably suppressed the expressions
of activated B-catenin, cyclin D1 and c-Myc in Caki-1 cells
(Figure 74). Furthermore, to confirm that the inhibitory
effect on ccRCC tumorigenesis mediated by TLN2 was
regulated by a Wnt/B-catenin signaling-dependent pathway,
TLN2-overexpressed cells were treated with CHIR-99021,
which activates Wnt/B-catenin signaling. The results of the
CCK-8 assays showed that treatment with CHIR-99021

© Translational Andrology and Urology. All rights reserved.

could restore cell proliferation that was inhibited by TLN2
overexpression (Figure 7B). Similarly, TLN2 overexpression
failed to inhibit Caki-1 cell invasion and migration after
Whnt/B-catenin signaling activation by CHIR-99021
(Figure 7C,7D).

Discussion

ccRCC is the most common histological type of kidney
cancer (20). However, the unclear mechanism of the
occurrence and development of ccRCC also poses great
difficulties for the development of new drugs for ccRCC
treatment (21). In recent years, more and more proteins
related to the occurrence and development of ¢ccRCC
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have been discovered thanks to progress in molecular
biology (22). The discovery of protein markers not only
helps the prognostic assessment of ccRCC patients, but
also helps the clinical diagnosis of ccRCC, prediction of
postoperative local recurrence or distant metastasis, and
is also expected to be a target for the development of
molecularly targeted drugs for clinical treatment (23,24).
Therefore, the search for new genes associated with ccRCC
will help explain its pathogenesis and improve its diagnosis
and treatment.

Infiltrative growth and metastasis of tumor cells is a
major obstacle to cancer treatment and a major contributor
to cancer-related death (25). The molecular regulatory
mechanisms of malignant metastasis are poorly understood,
resulting in most malignant tumors being difficult to
treat curatively. The ECM located around tumor cells is a

© Translational Andrology and Urology. All rights reserved.

fundamental component of the tumor microenvironment
and contains a variety of growth factors and cytokines (26).
Tumor cells adhere to the ECM and metastasize through
degradation of the ECM, while also providing essential
growth factors for tumor growth (27). Talin is a key
molecule in the ECM, integrins and cytoskeleton, and a
change from the inactive to the activated state of integrins
is mainly due to intracellular Talin (28). In primary tumors
and their metastases, integrins bind to collagen deposited
during the pro-fibroproliferative response and accelerate
tumor cell proliferation, survival, chemoresistance and
metastasis (29). Talin binds directly to the p-integrin
cytoplasmic tail and then directly connects integral proteins
to the cytoskeleton through its actin-binding domain, which
plays a crucial role in cancer growth and metastasis (30).
Little is known about the role of TLN2 in the mechanism
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** P<0.01; ***, P<0.001.

of tumor invasion and metastasis.

In present study, the role of TLN2 in ¢cRCC
progression was investigated. We found that TLN2 was
downregulated in ccRCC tissues, which indicated a poorer
prognosis and correlated with malignant clinicopathological
characteristics. Moreover, our results also suggested that
TLN2 upregulation in ccRCC cells suppressed cell viability
and caused cell cycle arrest in the G1 phase. Additionally,
the results of iz vivo and in vitro metastasis assays confirmed
that TLN2 overexpression inhibited ccRCC metastasis.
Investigations of the mechanism of TLN?2 inhibition of

© Translational Andrology and Urology. All rights reserved.

ccRCC metastasis showed that overexpression of TLN?2
inhibited EMT. Previous studies have shown that the
Wnt/B-catenin pathway is implicated in the tumorigenesis
of different tumors, so we hypothesized that there may
be an association between TLN2 and Wnt/B-catenin in
ccRCC. Our results did indicate that TLN2 overexpression
decreased the expressions of activated B-catenin, cyclin D1
and c-Myc. Furthermore, to confirm that the inhibitory
function in ccRCC tumorigenesis mediated by TLN2 was
regulated by Wnt/B-catenin signaling-dependent pathway,
TLN2-overexpressed cells were treated with CHIR-99021,
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which activates Wnt/B-catenin signaling. We found that
the Wnt signaling promoter blocked ccRCC proliferation,
migration and invasion with concurrent overexpression
of TLN2. TLN2 and TLN1 encode proteins with 74%
sequence identity (31). Expression levels of both TLN2
and TLN1 were found to be significantly altered in many
cancers. TLN1 is a cytoskeleton protein that participates in
migration and plays a role in tumor formation, migration,
and metastasis in different cancer types. Studies by Fang
et al. showed that TLN2 and TLN1 exhibited lower
expressions in liver cancer cells than in normal liver
cell line and TLN1 overexpression could inhibited the
invasion and migration abilities of liver cancer cells (32). A
study also discovered that TLN-2 expression levels were

© Translational Andrology and Urology. All rights reserved.

also decreased in stable TLN-1 knockdown cells. Taken
together, these findings suggest that TLN2 and TLN1
might regulate ccRCC invasion and migration through
complex mechanisms that are not completely understood.

In conclusion, our findings demonstrated that low levels
of TLN2 notably correlated with shorter survival rates and
tumor aggressiveness in patients with ccRCC. Furthermore,
our study provided evidence that TLN2 correlated with
ccRCC proliferation, migration and invasion via regulation of
the Wnt/B-catenin pathway. Our results suggested that TLN2
might be a novel therapeutic target for patients with ccRCC.
Nevertheless, more in-depth research on the underlying
mechanisms of TLN2 in ¢cRCC should be carried out in
future studies; for example, the effects of EMT, etc.
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