L))

Check for
updat

Original Article

Talin1 Ser425 phosphorylation promotes colorectal cancer
progression and metastasis
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Background: Talinl serves as a crucial element within the multiprotein adhesion complexes that facilitate
processes such as cell migration, adhesion, and integrin signaling. This study aimed to explore the underlying
role of Talinl Ser425 phosphorylation in the development of colorectal cancer (CRC).

Methods: Blank plasmids, non-phosphorylatable mutant Talinl S425A plasmids, and phosphorylation-
mimetic mutant Talinl S425D plasmids were constructed and used for transfection of CRC cells. The
expression of mRINA and protein in CRC cells or tumor tissues was assessed by The Cancer Genome Atlas
(TCGA), Genotype-Tissue Expression (GTEx), and UALCAN databases, immunohistochemistry (IHC),
and Western blot (WB). Cell proliferation was assessed via 5-ethynyl-2-deoxyuridine (EDU) proliferation
assay and colony formation assay. Cell migration and invasion were detected by wound healing assay and
transwell assay. Cell apoptosis was assessed by flow cytometry. The Kaplan-Meier Plotter was used to
evaluate the prognostic value of mRNA in CRC.

Results: TLNI was markedly downregulated in CRC tissues while the level of Talinl Ser425
phosphorylation in CRC tissues and aggressive CRC cells was relatively higher. The S425A mutant inhibited
CRC cell proliferation, migration, and invasion, whereas the S425D mutant promoted these processes. Flow
cytometry assay showed that cell apoptosis was induced by S425A mutant and suppressed by S425D mutant
in RKO cells. Further investigation suggested that CDK5 might be responsible for Talinl phosphorylation.
Conclusions: Talinl Ser425 phosphorylation is of great importance in CRC development and Talinl is
supposed to be a potential tumor marker and therapeutic target for CRC.
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Introduction male cancer patients (10% of the total cases), respectively

Colorectal cancer (CRC) stands as one of the most prevalent (1,2). Therefore, rapid diagnoses and effective therapies

malignancies globally, ranking second among female are essential for reducing the morbidity and mortality

cancer patients (9.2% of the total cases) and third among of CRC. Currently, surgical resection is the preferred
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method for CRC treatment, supplemented by radiotherapy,
chemotherapy, targeted therapy, and gene therapy (3,4).
However, most CRC patients have already shown local
progression or distal metastasis upon diagnosis. Although
chemotherapy is a common treatment for such patients, it
is often accompanied by tumor resistance, resulting in poor
efficacy (5,6). It is reported that stage I CRC patients boast
a remarkable 5-year survival rate of up to 90%, whereas
stage I1II and IV CRC patients with distant metastasis have
a dismal 5-year survival rate of just over 10% (7). It is
urgent to explore the mechanisms of CRC occurrence and
development, seek early diagnostic markers and effective
therapeutic targets, and develop practical targeted drugs to
enhance the prognoses of CRC patients and prolong their
survival time.

The remodeling of the extracellular matrix (ECM) and
alterations in the cytoskeleton play pivotal roles in tumor
initiation and progression (8,9). Talins, located at the
adhesion complex between cells and the ECM, serve as
adaptor proteins, orchestrating focal adhesion signaling by
linking integrins to the cytoskeleton (10). Among the talin
isoforms, Talinl and Talin2, encoded by TLN1 and TLN2
respectively, Talinl predominates and exhibits ubiquitous
expression across various tissues, while Talin2 is specifically
expressed in the heart, muscle, testis, and brain (11,12). As
a crucial constituent of multiprotein adhesion complexes
regulating cell migration, adhesion, and integrin signaling,
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Talin1 has garnered attention in cancer research (13-16). It
has been demonstrated that the level of Talin1 in the serum
of colon cancer patients was significantly higher than that
of healthy controls. Moreover, a notable correlation has
been established between Talinl levels and factors such as
tumor grade, Tumor Node Metastasis (TINM) staging, and
lymph node metastasis. These findings imply that Talinl
may contribute to the enhancement of cellular proliferation,
adhesion, and angiogenesis within the context of colon
cancer (17). Additionally, a separate investigation focused
on the protein and mRINA expression levels of cytoskeletal
components associated with focal adhesion plaques in paired
samples from normal colorectal mucosa, primary colorectal
adenocarcinomas, and separate lymph node metastases
revealed that Talin expression in CRCs was significantly
reduced when compared to normal colorectal mucosal
tissue, and it exhibited a strong association with lymph node
metastasis (18). Lower expression of Talinl at both the gene
and protein level was proved to be significantly associated
with advanced TNM stage and worse prognosis, and the
association between Talinl and tumor aggressiveness
provides new insights into the development of progression
indicators for CRC patients (19). Notably, cancer-associated
point mutations in Talin-1 can influence cell behavior,
potentially contributing to cancer progression (20). Talinl
Ser425 phosphorylation was found to correlate with
metastatic potential of cancer cells (21). However, potential
roles of this phosphorylation in the development of CRC
have not been assessed previously.

This study aimed to determine and analyze the
phosphorylation level of Talinl Ser425 in tumor tissue of
CRC patients, and explore the effects of the activation and
inactivation status of Talinl Ser425 phosphorylation on the
proliferation, migration, invasion, and apoptosis of CRC
cells. This will help deepen the understanding of the impact
of Talinl function on CRC, and provide a theoretical and
research basis for subsequent use of Talinl as both a tumor
marker and a potential therapeutic target. We present
this article in accordance with the ARRIVE reporting
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-24-1283/rc).

Methods
Public data resources and tools

We used both the The Cancer Genome Atlas (TCGA)
(https://portal.gdc.cancer.gov/) and the Genotype-
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Tissue Expression (GTEx) (https://www.gtexportal.
org/home/) databases to investigate the levels of mRNA
expression in colon adenocarcinoma (COAD) and rectum
adenocarcinoma (READ) tissues compared with normal
colorectal tissues. The Kaplan-Meier Plotter (http://
kmplot.com/analysis/) was used to evaluate the prognostic
value of mRNA in CRC. UALCAN (http://ualcan.path.uab.
edu/index.html/) was employed to evaluate the mRNA and
protein expression of CDKS in normal and tumor tissues
with different stages.

Human CRC samples and immunobistochemistry (IHC)

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Ethics Committee of Dongtai People’s
Hospital (2023-dtry-K086) and informed consent was
obtained from all individual participants. A total of seventy-
three pairs of clinical CRC samples along with their
corresponding control tissues were acquired. The fresh
samples were procured without any treatment, subsequently
immersed in RNAlaterTM (Thermo Fisher Scientific,
Massachusetts, USA), and stored at -80 °C. The IHC
staining was performed using the VECTASTAIN ABC
Detection System. Anti-phospho-Talinl (Ser425) antibody
(bs-3719R) was purchased from Beijing Biosynthesis
Biotechnology (Beijing, China). The IHC results were
scored by a medical pathologist.

Cell culture and transfection

Human CRC cell lines (COLO205, RKO, SW620, and
HCT116) were sourced from the National Collection of
Authenticated Cell Cultures (Shanghai Institute of Cell
Biology, Chinese Academy of Sciences, Shanghai, China). The
cell lines were cultured in Dulbecco’s Modified Eagle Medium
(Gibco, Massachusetts, USA), which was supplemented
with 10% fetal bovine serum (BI, 04-004-1ACS), along with
100 U/mL penicillin and 100 mg/mL streptomycin (Gibco).
All cell lines were placed in a humidified incubator
containing 5% CO, at 37 °C. Cell transfection was
performed after the cells reached 60% confluences. Blank
plasmids, non-phosphorylatable mutant Talinl S425A
plasmids, and phosphorylation-mimetic mutant Talinl
S425D plasmids were constructed and used for transfection
of CRC cells. After transfection for 48 h, cells were
collected for function experiments.

© AME Publishing Company.
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Western blot (WB) analysis

Cells were harvested and subsequently lysed to extract
the protein content. The quantification of proteins was
performed using the BCA protein assay kit (Beyotime,
Shanghai, China). A quantity of 20 pg of protein was
loaded per lane and subjected to separation via 8-12%
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE), followed by transfer onto nitrocellulose
membranes. After the incubation of primary and secondary
antibodies, WB bands were obtained via exposure.
Densitometric analysis of the WB bands was performed by
Image] software. The following primary antibodies were
used: anti-Talinl (bs-3619R, Biosynthesis Biotechnology,
Beijing, China), anti-phospho-Talinl (bs-3719R,
Biosynthesis Biotechnology, Beijing, China), and anti-Actin
(49708, Cell Signaling Technology, Danvers, USA). Actin

was set as the control.

EDU (5-ethynyl-2-deoxyuridine) proliferation assay and
colony formation assay

The EDU proliferation assay was conducted utilizing
an EDU kit (Beyotime, Shanghai, China). The cells that
underwent staining were examined and captured through
an inverted microscope. To assess cell viability, colony
formation assays were executed. Specifically, 3,000 cells
were inoculated into each well of a 6-well plate and
allowed to culture for a duration of 8 to 10 days in standard
growth medium. Following a fixation process in 4%
paraformaldehyde at ambient temperature, the cell colonies
were stained with crystal violet. Subsequently, these
colonies were photographed and enumerated through visual
inspection.

Wound bealing assay and transwell assay

For the wound healing assay, cells were plated in 6-well
plates. Once the cell monolayers achieved over 80%
confluence, they were subjected to scratching using a
200 pL pipette, followed by the removal of cell debris
through washing with phosphate-buffered saline (PBS).
Subsequently, the cells were maintained in a medium devoid
of fetal bovine serum (FBS). Photographs documenting cell
migration were taken at consistent locations at 0, 12, 24,
and 48 hours.

The migration and invasion assays employed transwell
chambers (Corning, USA), which were either coated
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or uncoated with Matrigel (BD Biosciences, USA),
respectively. Approximately 10° cells were introduced into
the upper chamber, while the lower chamber was filled with
600 pL of medium supplemented with 10% FBS. Following
a 24-hour incubation period, cells adhering to the upper
membrane were removed, and the cells that had invaded
or migrated were fixed with methanol and subsequently
stained with 0.1% crystal violet for 30 minutes. Images were
captured using an inverted microscope.

Cell apoptosis analysis

To conduct the apoptosis analysis, cells were harvested
using a 0.25% trypsin solution and subsequently
centrifuged at 300 g for 5 minutes to eliminate the trypsin.
Following this, the cells were washed twice with 1 mL
of cold PBS and again centrifuged at 300 g for 5 minutes
to remove the PBS. The cells were then resuspended in
100 pL of 1x binding buffer. For each sample, 5 pL of
Annexin-V-FITC and 10 pL of propidium iodide were
incorporated into the cell suspension, which was incubated
in the dark at room temperature for 15 minutes. The
stained cells were subsequently detected using the Gallios
Flow Cytometer (A94303) and analyzed with Flow]Jo
software (Version 10.8.1).

Tumor xenograft experiments

The BALB/c nude mice were purchased from Shanghai
Experimental Animal Center (Shanghai, China). The nude
mice were randomly divided into four groups: control group,
Talin1 wild-type (WT) group, Talinl non-phosphorylatable
mutant (§425A) group, and Talin1 phosphorylation-mimetic
mutant (5425D) group. To guarantee biological duplication,
the mice number of each group was eight. The treated cell
suspensions were subcutaneously injected into nude mice,
and the tumor volume was measured every seven days.
After 28 days, the mice were sacrificed and the tumors were
photographed. Tumor tissue sections were stained with
hematoxylin-eosin (HE) and Ki67. A protocol was prepared
before the study without registration. All nude mice were
maintained in specific pathogen-free condition. Animal
experiments were performed under a project license (No.
TOPIACUC-2023-0329) granted by the Ethics Committee
of Shenzhen TopBiotech Co., Ltd., in compliance with the
Guideline for the Care and Use of Laboratory Animals and
the institutional laboratory animal welfare guideline.

© AME Publishing Company.
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Statistical analysis

The GraphPad Prism version 8.0 and the SPSS version 25.0
were utilized for statistical analysis. Correlations between
two variables were evaluated by Spearman’s rank-correlation
test or Pearson correlation analysis. Overall survival (OS)
rates were assessed employing the Kaplan-Meier method,
with the log-rank test utilized to calculate P values. P<0.05
was considered statistically significant.

Results

The expression of Talinl and Talinl Ser425
phosphorylation in buman CRC

Based on TCGA and GTEx data, TLN1 was markedly
downregulated in COAD and READ tissues compared with
normal colorectal tissues (Figure 1A4). The correlation of
TLNI expression with OS of CRC patients was further
explored using the Kaplan-Meier analysis. The survival
analysis demonstrated that the prognosis was worse in
patients with the highest quartile expression of TLN1
(Figure 1B). To investigate the level of Talinl Ser425
phosphorylation in human CRC, we undertook THC
analyses in human CRC tissue microarrays containing 146
samples (73 CRC tissues and 73 adjacent normal tissues).
The positive rate of Talinl Ser425 phosphorylation
in CRC tissues was 95.89% and that in adjacent
normal tissues was 35.62%. The level of Talinl Ser425
phosphorylation in CRC tissues was much higher than
that in normal tissues (Figure 1C,1D). Meanwhile, we
examined Talinl Ser425 phosphorylation in different
CRC cells. Talinl Ser425 phosphorylation was observed
relatively higher in RKO, SW620, and HCT116 which
are human colorectal carcinoma cell lines known for high
aggressiveness (Figure 1E,1F).

The effect of Talinl Ser425 phosphorylation on cell

proliferation, migration, invasion, and cell apoptosis

"To determine if Talinl Ser425 phosphorylation would affect
CRC cell proliferation, migration, and invasion, we cultured
CRC cells stably expressing either Talinl W'T, a non-
phosphorylatable mutant (S425A), or a phosphorylation-
mimetic mutant (§425D). The proliferating cells were
measured using EDU proliferation assay and colony
formation assay. Significantly, S425A mutant reduced both
EDU incorporation and colony formation of CRC cells
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Figure 1 The expression of Talinl and Talinl Ser425 phosphorylation in human CRC. (A) TLN1 expression based on TCGA and GTEx
databases. (B) Prognostic value of TLN1 in CRC via Kaplan-Meier Plotter. (C,D) Representative images (IHC staining, x100 magnification)

and quantitative analysis of Talinl Ser425 phosphorylation staining in the IHC assay. (E,F) Talinl Ser425 phosphorylation in different CRC
cells was assesses by WB analysis. ***, P<0.001. TPM, transcripts per million; TCGA, The Cancer Genome Atlas; GTEx, Genotype-Tissue

Expression; COAD, colon adenocarcinoma; READ, rectum adenocarcinoma; CI, confidence interval; HR, hazard ratio; CRC, colorectal

cancer; IHC, immunohistochemistry; WB, Western blot.

while S425D mutant promoted (Figure 2). The wound
healing experiment displayed that the scratch healing
rates in S425A mutant cells were decreased, while those in
S425D mutant cells were increased (Figure 3). Transwell
assay demonstrated that cell migration and invasion abilities
decreased in the groups with S425A mutant and increased in
the groups with S425D mutant (Figure 3). Flow cytometry
assay was used to detect cell apoptosis in RKO, SW620, and
HCT116 cells among the four groups. The cell apoptotic

© AME Publishing Company.

rates were significantly increased by S425A mutant and
significantly decreased by S425D mutant in RKO cells
(Figure 3).

To further validate the tumorigenic potential of
Talinl Ser425 phosphorylation, we constructed the i
vivo xenograft models. The control RKO cells and those
transfected with blank plasmids, non-phosphorylatable
mutant Talinl S425A plasmids, and phosphorylation-
mimetic mutant Talinl S425D plasmids were injected
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Figure 2 The effect of Talinl Ser425 phosphorylation on cell proliferation of CRC. (A-C) Representative images (EDU staining, x100
and x200 magnification) and quantitative analysis of EDU proliferation assay for RKO, SW620, and HCT116 cells. (D,E) Representative
images (crystal violet staining) and quantitative analysis of colony formation assay for RKO, SW620, and HCT116 cells. ***, P<0.001. EDU,

5-ethynyl-2-deoxyuridine; W'T, wild-type; CRC, colorectal cancer.

into nude mice independently. Compared with the control
group, we observed a significant decrease in tumor volume
in S425A mutant group and a significant increase in S425D
mutant group, while there was no significance in the body
weight between the groups of mice (Figure 4). The IHC
results also demonstrated that the positive rate of Ki-67 was
lower much lower in the mice that were subcutaneously
injected with S425A mutant cells, and much higher in
the S425D mutant mice (Figure 4). Collectively, the
phosphorylation of Talinl Ser425 obviously enhanced the
growth of CRC cells in vivo.

Talinl Ser42S phosphorylation is mediated by CDKS

Next, we determined the mechanism by which Talinl

© AME Publishing Company.

Ser425 phosphorylation is increased in CRC cells. Previous
work demonstrated that Talin Ser425 is a phosphorylation
site for CDKS5 (22). We therefore determined whether
CDKS5 was responsible for Talinl Ser425 phosphorylation
in CRC cells. Based on TCGA and GTEx data, CDK35
was markedly upregulated in COAD and READ tissues
compared with normal colorectal tissues (Figure 5). The
correlation of CDKS5 expression with OS of CRC patients
was further explored using the Kaplan-Meier analysis.
The survival analysis demonstrated that the prognosis
was worse in patients with high expression of CDKS5
(Figure 5). Furthermore, UALCAN was employed to
evaluate the mRINA and protein expression of CDKS5 in
normal and tumor tissues with different stages. Compared

with normal tissues, CRC tissues of various stages showed
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significantly higher expression of CDK5 mRNA and protein
(Figure 5 and Table 1). Notably, inhibition of CDKS5 by the
CDKS5 inhibitor, 20-223, reduced Talinl phosphorylation
in SW620 and HCT116 cells, suggesting that CDKS5 might
be responsible for Talinl phosphorylation (Figure 5).

Discussion

Our study has revealed the expression pattern, biological
role, and potential mechanism of Talinl phosphorylation in
CRC. We first identified the expression of Talinl and Talinl
Ser425 phosphorylation in human CRC and found that
TLN1 was markedly downregulated in COAD and READ
tissues while the level of Talinl Ser425 phosphorylation
in CRC tissues and aggressive CRC cells was relatively
higher. We then cultured CRC cells stably expressing either

© AME Publishing Company.

Talinl WT, a non-phosphorylatable mutant (S425A), or
a phosphorylation-mimetic mutant (S425D) to detect the
effects of different phosphorylation status of Talinl on the
proliferation, migration, invasion, and apoptosis of CRC
cells and tumor progression in CRC model mice. Our
results suggest that Talinl phosphorylation may play an
important role in CRC. Moreover, we determined whether
CDKS5 was responsible for Talinl Ser425 phosphorylation
in CRC cells, which might partly explain the mechanism of
how Talin1 phosphorylation acted in CRC.

As a major cytoskeletal protein implicated in integrin
activation within cells, talin is essential for maintenance
of the connection of the ECM and the cytoskeleton. It
comprises a globular N-terminal head and a large flexible
C-terminal rod domain (23). The talin head domain
contains binding sites for B-integrin tail, FAK, and layilin,

Transl Cancer Res 2025;14(2):796-807 | https://dx.doi.org/10.21037/tcr-24-1283
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while the rod domain contains binding sites for vinculin,
integrin, and actin (24-27). The specific binding of Talin1 to
B-integrin tail induces structural changes in the extracellular
domains of integrin, thereby augmenting their binding
affinity and promoting cellular functions (28). It is worth
noting that the activation of integrins facilitated by talin is
crucial for integrin-mediated signaling and the initiation
of subsequent survival pathways. This process ultimately
contributes to the prevention of anoikis, which is a pivotal
factor in the advancement of cancer towards metastatic

stages (10).

© AME Publishing Company.

The migration and invasion of tumors are dynamic
processes that require the joint regulation of integrin
activation mediated by talin and calpain (29). Research has
shown that the talin head exhibits a stronger binding affinity
for Smurfl, an E3 ubiquitin ligase that plays a critical role
in cell polarity and migration, compared to the full-length
talin molecule. This interaction has the potential to result
in the ubiquitylation and subsequent degradation of the
talin head, ultimately inhibiting integrin activation (30,31).
Moreover, it has been established that the phosphorylation
of talin at Ser425 influences the stability and ubiquitylation
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(B) Prognostic value of CDKS5 in CRC via Kaplan-Meier Plotter. (C,D) mRNA and protein expression of CDKS5 in normal and tumor
tissues with different stages. (E) The level of Talinl phosphorylation in SW620 and HCT116 cells after inhibition of CDKS5 by the CDKS5
inhibitor, 20-223. *** P<0.001. TPM, transcripts per million; COAD, colon adenocarcinoma; READ, rectum adenocarcinoma; TCGA, The

Cancer Genome Atlas; GTEx, Genotype-Tissue Expression; HR, hazard ratio; CI, confidence interval; CRC, colorectal cancer.

of the talin protein (32). When the phosphorylation of
Talinl Ser425 site is inhibited, it can effectively reduce
integrin activation and inhibit tumor cell invasion and
metastasis. We found that S425A mutant reduced both
EDU incorporation and colony formation of CRC cells
while S425D mutant promoted. S425A mutant decreased
migration and invasion rates while S$425D mutant increased.
Both cell function experiments and animal experiments
confirmed that Talinl Ser425 phosphorylation could
promote CRC cell proliferation, migration, and invasion,
and reduce cell apoptosis.

CDKS5 is a unique member of the cyclin-dependent
kinase family of serine/threonine kinases. Recent studies
have found that CDKS plays an important role in tumor-
related biological functions, such as regulation of cell cycle

© AME Publishing Company.

and proliferation, DNA damage repair, and cell adhesion
(33-35). It was demonstrated that the activity of CDK3
influences cellular processes by restraining Src activity in
areas where Rho activity is essential for the contraction
of stress fibers. Additionally, CDKS5 facilitates the
phosphorylation of the talin head, which in turn promotes
the stabilization of newly formed focal adhesions (36).
Jin et al. illustrated that the phosphorylation of talinl by
CDKS5, which activates B1 integrin, represents an innovative
mechanism that enhances the metastatic capabilities of
prostate cancer cells. This finding indicates that both talinl
and CDKS could serve as promising targets for the creation
of new inhibitors aimed at curbing cancer metastasis (21).
CDKS5 was found to be highly expressed in CRC cells and
tissues, and significantly associated with tumor stage and
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Table 1 Comparison of the mRNA and protein expression of
CDKS in normal and tumor tissues with different stages

P value

Groups

mRNA Protein
Normal vs. stage 1 0.001* <0.001*
Normal vs. stage 2 <0.001* <0.001*
Normal vs. stage 3 <0.001* <0.001*
Normal vs. stage 4 0.002¢ <0.001*
Stage 1 vs. stage 2 0.26 0.60
Stage 1 vs. stage 3 0.57 0.47
Stage 1 vs. stage 4 0.12 0.29
Stage 2 vs. stage 3 0.24 0.73
Stage 2 vs. stage 4 0.34 0.45
Stage 3 vs. stage 4 0.09 0.74

*, P<0.05 was considered significant.

prognosis of CRC (37,38), which corresponded to our
results. As a CDKS5 inhibitor, 20-223 exerts anti-tumor
effects against CRC by targeting CDK 2/5 and inducing cell
cycle arrest (39). CDKS can phosphorylate the talin head
at Ser425, inhibit its binding to Smurfl, and thus prevent
ubiquitination and degradation of the talin head, which in
turn regulates cell migration (32). Our findings showed
that inhibition of CDKS5 reduced Talinl phosphorylation in
CRC cells, suggesting the potential for CDKS5 inhibitors in
clinical therapeutic applications.

Conclusions

In summary, we demonstrated the importance of Talinl
Ser425 phosphorylation in CRC development. We further
identified a potential mechanism for Talinl Ser425
phosphorylation through CDKS5 mediation in CRC. Our
findings suggest that Talinl Ser425 phosphorylation is of
great significance for the diagnosis and targeted treatment

of CRC.
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