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ABSTRACT: CEP170 (centrosomal protein 170 kDa) is implicated in cancer progression, but its role in clear cell renal
cell carcinoma (ccRCC) remains unclear. This study explored how CEP170 drives ccRCC malignancy, revealing its
potential as a therapeutic target. Immunoblotting revealed significant upregulation of CEP170 in ccRCC cell lines, while
CCK-8 and EdU assays demonstrated that CEP170 silencing suppressed cancer cell proliferation. Functional analyses,
including immunostaining, ELISA, and flow cytometry, revealed that CEP170 depletion inhibited platelet aggregation
induced by ccRCC cells. Furthermore, tube formation and transwell assays revealed attenuated angiogenesis and
migration upon CEP170 knockdown. In vivo experiments confirmed that CEP170 silencing hindered tumor growth
in mice. Mechanistically, CEP170 activated the Twist1/galectin-3 signaling axis, as validated by immunoblotting,
thereby driving platelet aggregation, angiogenesis, and tumor invasion. These findings collectively indicate that CEP170
promotes ccRCC progression by enhancing cancer cell-stimulated platelet aggregation as well as angiogenesis via the
Twist1/galectin-3 pathway, highlighting its potential as a target in ccRCC management.
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INTRODUCTION

Clear cell renal cell carcinoma (ccRCC) is a prevalent
malignancy worldwide. Owing to advancements in
early detection, the mortality rate for ccRCC patients
has been gradually decreasing [1]. However, metas-
tasis continues to be the primary cause of death in
ccRCC patients [2]. While numerous studies have
investigated the mechanisms of metastasis in ccRCC,
the exact processes involved remain poorly under-
stood. Platelets play crucial roles in cancer progres-
sion by facilitating tumor cell survival, immune eva-
sion, and metastasis through direct interactions and
the secretion of protumorigenic factors. In particu-
lar, tumor cell-induced platelet aggregation (TCIPA)
promotes angiogenesis and facilitates tumor cell ad-
hesion to the vascular endothelium, creating a per-
missive microenvironment for metastasis. In ccRCC,
dysregulated platelet activation has been linked to dis-
ease progression and poor prognosis, suggesting that
platelet-targeted strategies are potential therapeutic
options [3–5]. Pharmacological or genetic inhibition of
platelets has been shown to suppress metastasis. Mul-
tiple lines of evidence also point to the role of platelet
aggregation in ccRCC progression [6]. However, how
tumor cells instruct platelets to promote metastasis
remain unclear.

CEP170 (centrosomal protein 170 kDa) is a key
protein involved in the regulation of centrosome func-

tion, cell cycle progression, and multiple cellular pro-
cesses [7]. It plays a role in maintaining proper cen-
trosome organization and spindle dynamics during cell
division [8]. CEP170 has also been implicated in sev-
eral cancer types, although its specific role in various
malignancies is still under investigation [8]. In some
cancers, CEP170 has been shown to be upregulated,
and its overexpression is associated with increased
tumor progression [9]. For example, in prostate cancer,
CEP170 overexpression has been linked to increased
cell proliferation and resistance to apoptosis [10].
CEP170 expression is correlated with the aggressive
behavior of tumor cells, promoting cell migration and
invasion in breast cancer [11].

While the role of CEP170 in centrosome function is
well established, its potential involvement in platelet–
tumor interactions remains unexplored. Given that
centrosomal proteins can influence cellular secre-
tion and surface receptor trafficking, we investigated
whether CEP170 could modulate platelet activation in
ccRCC through these mechanisms. In this study, we
explored the role of CEP170 in ccRCC progression.
We discovered that CEP170 plays a crucial role in
regulating the Twist1/galectin-3 axis, which in turn
enhances platelet aggregation as well as angiogenesis
in ccRCC cells. These processes contribute to the
exacerbation of the malignant phenotype of ccRCC. On
the basis of these findings, we propose that CEP170
could serve as a target for ccRCC treatment.
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MATERIALS AND METHODS

Cell culture and transfection

The HUVECs (CRL-1730) and ccRCC cell lines,
including 786-O (CRL-1932), CaKi-1 (HTB-46),
and A-498 (HTB-44), as well as the normal renal
cell line HK-2 (CRL-2190), were all purchased
from American Type Culture Collection (ATCC,
Manassas, USA), maintained in DMEM with
10% FBS, and incubated at 37 °C in a 5% CO2
incubator. For CEP170 overexpression, the full-
length human CEP170 cDNA (NM_014812.5) was
cloned. The pcDNA3.1-CEP170 plasmid (2 µg per
1 × 106 cells) was transfected into 786-O cells via
Lipofectamine 2000, and stable overexpression was
achieved through selection with G418 (800 µg/ml,
14 days). For the knockdown experiments, two
specific shRNAs targeting CEP170 were designed:
shCEP170#1 (5′-GCAAGATGAAGACCTACATTT-3′)
and shCEP170#2 (5′-GCTGGAGAACTTCATCAAGAA-
3′), along with a scrambled control shRNA (5′-
TTCTCCGAACGTGTCACGT-3′). These constructs were
subsequently cloned and inserted into the pLKO.1-puro
vector (Addgene, Watertown, USA) and transfected
at 1 µg per 1 × 106 cells, with stable knockdown
established via puromycin selection (2 µg/ml, 7 days).
Transient transfection efficiency was evaluated at 48 h
posttransfection via qPCR/Western blot analysis.

Immunoblot assay

The cell samples were separated by 10% SDS-PAGE;
sequentially, the total proteins were transferred
onto PVDF membranes (Millipore, Burlington,
USA). The membranes were subsequently blocked
with 5% dry milk and incubated with antibodies
against CEP170 (1:500, ab72505), Twist1 (1:1000,
ab50887), galectin-3 (1:500, ab76245), PDGF
(1:1000, ab178439), VEGF (1:500, ab291246),
and beta-actin (1:3000, ab8226), all purchased from
Abcam (Cambridge, UK). The membranes were treated
with HRP-labeled secondary antibodies. Each blot
was then visualized via an ECL kit (MedChemExpress,
Shanghai, China).

Quantitative polymerase chain reaction (qPCR)

Tissue and cellular RNA were extracted with TRIzol
reagent (Takara, Kyoto, Japan) and then reverse tran-
scribed into cDNA with an RT Reagent Kit (Takara).
A quantitative PCR assay was performed with SYBR
II (Takara). The sequences of primers used were as
follows: CEP170: forward: 5′-ACAGTACCCCAGGGAA
GGTAA-3′, reverse: 5′-ATCCCCAGCAAGTCTTGAGTT-
3′; TWIST1: forward: 5′-GTCCGCAGTCTTACGAGGA
G-3′, reverse: 5′-GCTTGAGGGTCTGAATCTTGCT-3′;
galectin-3: forward: 5′-CTTATTAACCTGCCTTTGCCT
GG-3′, reverse: 5′-GCAACATCATTCCCTCTTTGGA-3′;
and GAPDH: forward: 5′-TGTGGGCATCAATGGATTTG
G-3′, reverse: 5′-ACACCATGTATTCCGGGTCAAT-3′.

Cell viability assays

CCK-8 Assay: Cells were seeded in 96-well plates at
a density of 3 × 103 cells/well in 100 µl complete
medium and cultured for 24 h. After treatment, 10 µl
of CCK-8 reagent (Dojindo, Kumamoto, Japan) was
added to each well and incubated for 2 h at 37 °C. The
absorbance at 450 nm was measured via a microplate
reader (Bio-Rad, Hercules, USA).

EdU Assay: Cells were seeded in 24-well plates and
cultured for 24 h. Subsequently, the cells were incu-
bated with 10 µM EdU reagent (BeyoClick™, Wuhan,
China) for 2 h at 37 °C, fixed with 4% PFA, and stained.
Fluorescence images were captured via a Zeiss Axio
Observer microscope (Zeiss, Jena, Germany).

Platelet experiments

Platelet experiments were performed using cryopre-
served human platelets (CP10, HemaCare, Los Ange-
les, USA). Thawed platelets (2 × 108/ml in Tyrode’s
buffer) were cocultured with 786-O cells (1:200 ratio)
for 2 h at 37 °C.

Immunofluorescence assays

The cells were fixed with 4% PFA for 15 min at room
temperature, permeabilized with 0.1% Triton X-100 for
10 min, and blocked with 5% BSA for 1 h at 25 °C. The
samples were then incubated overnight at 4 °C with
primary antibodies against CD41 (1:200, ab134131,
Abcam) and GM130 (1:500, ab52649, Abcam). After
being washed with PBS, the cells were incubated with
Alexa Fluor 488/594-conjugated secondary antibodies
(1:1000, A11088/A11012, Invitrogen, Carlsbad, USA)
for 1 h at 25 °C. Nuclei were counterstained with
DAPI (D9542, Sigma, Darmstadt, Germany) for 5 min.
Images were acquired via a confocal microscope (LSM
900, Zeiss) with identical exposure settings across
samples.

ELISAs

The levels of TXB2 (ab133054, Abcam) and ATP
(ab113849, Abcam) in the culture media of platelet-
786-O cell coculture media were quantified via ELISA
kits according to the manufacturer’s instructions.
Briefly, after 2 h of coculture, the supernatants were
centrifuged (300×g, 10 min, 4 °C), and 100 µl aliquots
were analyzed in duplicate. For TXB2, the samples
were incubated with primary antibody (1 h, RT), fol-
lowed by incubation with HRP-conjugated antibody
(1 h) and TMB substrate (15 min), and the absorbance
was measured. ATP levels were determined by lumi-
nescence after the addition of luciferase reagent.

Transwell migration or invasion assays

For the migration assays, 1×105 786-O cells in serum-
free DMEM were seeded into the upper chambers of
Transwell inserts (8 µm pores, Corning, Corning, USA).
The lower chambers contained DMEM supplemented
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with 10% FBS. After 24 h of incubation at 37 °C/5%
CO2, non-migrated cells were removed with cotton
swabs, and migrated cells on the underside of the
membrane were fixed (4% PFA, 15 min), stained with
0.1% crystal violet (20 min), and counted in five ran-
dom fields (100×magnification). For invasion assays,
inserts were precoated with Matrigel (1:3 dilution in
serum-free DMEM, 100 µl/insert) and incubated for
1 h at 37 °C prior to cell seeding.

ATP measurement

The culture media of the cells were placed on ice and
processed within 15 min to prevent ATP degradation.
ATP quantification was performed via an ATP Assay Kit
(ab113849, Abcam), and luminescence was measured
via a GloMax Explorer system (Promega, Madison,
USA). Values were normalized to total protein in the
corresponding cell lysates (BCA assay) for extracellu-
lar measurements and to cell counts (determined by
hemocytometer) for intracellular measurements.

Tube formation assay

HUVECs (5×104 cells/well) were seeded onto growth
factor-reduced Matrigel (356231, Corning) in 24-well
plates and treated with 500 µl of conditioned medium
collected from 786-O cells cultured in serum-free
DMEM for 24 h at 37 °C (reaching ∼80% confluence).
The conditioned medium was centrifuged, filtered, and
stored at −80 °C until use. After 6 h of incubation,
the tube networks were imaged via a Nikon Eclipse
Ti microscope (4×objective), and the tube length and
branch points were quantified using the Angiogenesis
Analyzer plugin of ImageJ (v1.53, Bethesda, USA) by
analyzing three random fields per well. The controls
included VEGF (50 ng/ml) and serum-free DMEM.

In vivo tumor growth assay

To assess the effect of CEP170 on tumor growth in
vivo, ccRCC cells were subcutaneously injected into
the flanks of nude mice. For subcutaneous tumor
xenografts, 5×106 786-O cells suspended in 100 µl of
PBS:Matrigel (1:1 v/v, Corning 356234) were injected
into the right flank of 6-week-old male BALB/c nude
mice (n = 6/group) under isoflurane anesthesia. The
tumor dimensions were measured every 4 days via
calipers, and the tumor volume was calculated. Upon
reaching the ethical endpoint (day 20 or a tumor
volume ⩽1,500 mm3), the mice were euthanized by
CO2 asphyxiation followed by cervical dislocation. Ex-
cised tumors were processed for snap-freezing in liquid
nitrogen (Western blot analysis/qPCR). After 20 days
of treatment with the indicated interventions, the mice
were euthanized, and the tumors were excised. Tumor
volume and weight were recorded, and a comparison
was made between the control and CEP170 depletion
groups to evaluate the impact of CEP170 knockdown
on ccRCC tumor growth.

Fig. 1 CEP170 highly expressed in ccRCC cell lines. Im-
munoblot analysis revealed the expression of CEP170 in the
normal renal cell line HK-2 and three ccRCC cell lines: 786-O,
CaKi-1, and A-498. Each experiment was repeated 3 times.
*** p < 0.001 vs. HK-2.

Statistical analysis

Statistical analyses were performed via GraphPad
Prism 8.0. The data are presented as the means±SDs.
Multiple group comparisons were analyzed by one-
way ANOVA with Tukey’s post hoc test. Tumor growth
curves were evaluated via two-way repeated-measures
ANOVA. Pearson correlation analysis was used to assess
relationships between variables. p < 0.05 was consid-
ered statistically significant.

RESULTS

CEP170 highly expressed in ccRCC tissues

Immunoblotting revealed higher CEP170 expression in
ccRCC cell lines (786-O, CaKi-1, and A-498) compared
with the normal HK-2 cell line (Fig. 1), indicating that
CEP170 is highly expressed in ccRCC.

CEP170 depletion inhibiting the growth of ccRCC
cells

To investigate the role of CEP170 in ccRCC cells, we
manipulated its expression in 786-O cells via shRNAs
and overexpression plasmids. Transfection with the
CEP170 overexpression plasmid resulted in a marked
increase in CEP170 expression, whereas transfection
with the shRNA plasmid led to a significant decrease
in CEP170 expression in 786-O cells (Fig. 2A). CCK-8
assays revealed that silencing CEP170 decreased the
viability of 786-O cells, whereas CEP170 overexpres-
sion increased cell viability (Fig. 2B). Similarly, EdU as-
says revealed that CEP170 knockdown inhibited 786-
O cell growth, whereas CEP170 overexpression pro-
moted cell proliferation (Fig. 2C,D). Therefore, knock-
ing down CEP170 inhibits the proliferation of ccRCC
cells.

Suppression of platelet aggregation induced by
ccRCC cells through CEP170 knockdown

We next examined the effects of CEP170 on platelet
aggregation induced by ccRCC cells. 786-O cells were
cocultured with human platelets, and immunostaining

www.scienceasia.org

http://www.scienceasia.org/
www.scienceasia.org


4 ScienceAsia 51 (5): 2025: ID 2025081

Fig. 2 CEP170 depletion inhibiting the growth of ccRCC cells. (A) CEP170 expression in 786-O cells following the indicated
transfections, demonstrated by immunoblot analysis. (B) Growth of 786-O cells after the indicated transfections, assessed
by CCK-8 assays with OD450 values measured over a 6-day period. (C) Proliferation of 786-O cells following the indicated
transfections, evaluated by EdU assays and (D) Number of EdU-positive cells per field. Each experiment was repeated 3 times.
Scale bar, 50 µm. ** p < 0.01, *** p < 0.001, pcDNA3.1-CEP170 vs. pcDNA3.1-vector, ## p < 0.01, shCEP170 vs. shNC. NC,
negative control.

assays were performed to detect the platelet aggrega-
tion marker CD41. We observed elevated CD41 expres-
sion in CEP170-overexpressing 786-O cells, whereas
CD41 expression was significantly reduced in CEP170-
depleted cells (Fig. 3A). In line with these results,
ELISA revealed that the production of the platelet
aggregation markers GPIb-IX and GPIIb was increased
in the culture media of CEP170-overexpressing 786-
O cells cocultured with platelets, whereas their ex-
pression was decreased in CEP170-depleted cells, in-
dicating a reduction in platelet aggregation (Fig. 3B).
Additionally, ELISA analysis of the TXB2 levels in
the culture media of 786-O cells cocultured with
platelets confirmed that CEP170 knockdown inhibited
platelet aggregation (Fig. 3C). ATP levels, a measure
of platelet activation, were also greater in the culture
media of CEP170-overexpressing cells than in that of
CEP170-depleted 786-O cells cocultured with platelets
(Fig. 3D). These results collectively demonstrate that
the knockdown of CEP170 inhibits platelet aggregation
stimulated by ccRCC cells.

CEp170 knockdown inhibiting angiogenesis and
motility in ccRCC cells

Transwell assays revealed that CEP170 overexpres-
sion enhanced the motility of 786-O cells, whereas

CEP170 depletion significantly reduced cell motil-
ity (Fig. 4A,B). Additionally, tube formation as-
says revealed that CEP170 overexpression in 786-O
cells increased the angiogenic potential of HUVECs
(Fig. 4C,D). In contrast, CEP170 depletion in 786-O
cells suppressed angiogenesis in HUVECs (Fig. 4C,D).
Furthermore, the expression of PDGF and VEGF
was measured in HUVECs treated with conditioned
medium from CEP170-overexpressing 786-O cells.
CEP170 depletion led to reduced expression levels
of the angiogenesis-related factors PDGF and VEGF
(Fig. 4E), whereas CEP170 overexpression increased
the expression of these factors (Fig. 4E). Therefore,
CEP170 knockdown inhibits both angiogenesis and
motility in ccRCC cells.

CEP170 contribution to the Twist1/galectin-3 axis
in ccRCC cells

To investigate the underlying mechanism, we per-
formed immunoblot assays and found that overexpres-
sion of CEP170 in 786-O cells led to increased levels of
Twist1 and galectin-3, whereas depletion of CEP170
reduced the expression of both Twist1 and galectin-
3, indicating suppression of the Twist1/galectin-3
axis (Fig. 5A). Similarly, qPCR confirmed that CEP170
regulates the mRNA expression of Twist1 as well
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Fig. 3 CEP170 depletion inhibiting the aggregation of platelets from ccRCC cells. (A) Immunofluorescence analysis of CD41
expression in 786-O cells cocultured with platelets following the indicated transfections. Red staining, CD41; green staining,
GM130. Scale bar, 30 µm. (B) GPIb-IX and GPIIb/IIIa levels in the culture media of 786-O cells cocultured with platelets
after the indicated transfections, assessed by ELISA with OD450 values measured over a 6-day period. (C) TXB2 levels in
the culture media of 786-O cells cocultured with platelets following the indicated transfections, evaluated by ELISA. (D) ATP
levels in the culture media of 786-O cells cocultured with platelets following the indicated transfections, measured by ELISA.
Each experiment was repeated 3 times. ** p < 0.01, *** p < 0.001, pcDNA3.1-CEP170 vs. pcDNA3.1-vector, ## p < 0.01,
shCEP170 vs. shNC. NC, negative control.

as galectin-3 in 786-O cells (Fig. 5B). These find-
ings collectively suggest that CEP170 promotes the
Twist1/galectin-3 axis in ccRCC.

Suppression of ccRCC growth in vivo by CEP170
depletion

To assess the effect of CEP170 on ccRCC tumor
growth in vivo, shRNAs targeting CEP170 were trans-
fected into 786-O cells to knock down CEP170 ex-
pression. CEP170-depleted 786-O cells were then
subcutaneously injected into the abdomens of nude
mice. After 20 days, we observed a significant reduc-
tion in tumor growth in the CEP170-depleted group,
with both a smaller tumor volume and lower tumor
weight than the control (Fig. 6A). The efficiency of
CEP170 silencing in 786-O cells is shown in Fig. 6B.
Additionally, CEP170 depletion led to decreased ex-
pression levels of Twist1 as well as galectin-3 in tumor
tissues (Fig. 6B). These results confirm that CEP170
contributes to ccRCC growth in vivo.

DISCUSSION

ccRCC treatment primarily involves a comprehensive
approach tailored to individual patient needs [2].
Targeted therapy has emerged as one of the most
promising strategies for treating advanced ccRCC, but
a deeper understanding of its mechanisms and the

identification of novel therapeutic targets are essential
for improving treatment outcomes [12]. The abnormal
coagulation markers observed in ccRCC patients sug-
gest the presence of a coagulation disorder, which plays
a significant role in the progression and metastasis of
ccRCC [13]. Platelets contribute to the survival and
spread of tumor cells through their interaction with cir-
culating tumor cells, which enhances metastasis [14].
The interaction between tumor cells and platelets,
facilitated by physical contact and mutual activation,
leads to the formation of TCIPA [15]. This process not
only supports immune evasion but also promotes the
adhesion and invasion of tumor cells within blood ves-
sels. Additionally, tumor-induced platelets release sol-
uble factors that increase tumor cell invasiveness [15].
In this study, we demonstrated that silencing CEP170
effectively inhibited platelet aggregation induced by
ccRCC cells, thereby suppressing ccRCC progression
and metastasis. We propose that CEP170 may promote
platelet aggregation through Twist1-mediated upregu-
lation of tumor adhesion molecules and/or galectin-3-
dependent platelet activation, which is consistent with
the known roles of this axis in thrombotic pathways.
Future studies should characterize the specific surface
factors and secreted mediators underlying this pro-
aggregatory phenotype.

Angiogenesis plays a crucial role in the progression
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Fig. 4 Migration and angiogenesis induced by ccRCC cells, suppressed by CEP170 depletion. (A) The effects of CEP170 on
the migration and invasion of 786-O cells, assessed by transwell assays. Scale bar, 50 µm. (B) Quantification of the data
in panel A, where the numbers of migrating and invading cells were counted. (C) The effects of CEP170 in 786-O cells
on the angiogenesis of HUVECs, evaluated by tube formation assays. Scale bar, 300 µm. (D) Quantification of the data in
panel C, with the number of branch points counted. (E) Immunoblot analysis of PDGF and VEGF expression in HUVECs after
the indicated transfections in 786-O cells. Each experiment was repeated 3 times. * p < 0.05, ** p < 0.01, *** p < 0.001,
pcDNA3.1-CEP170 vs. pcDNA3.1-vector, ## p < 0.01, ### p < 0.001, shCEP170 vs. shNC. NC, negative control.

of ccRCC, representing a complex biological process
that involves numerous molecules [16]. Understand-
ing the roles and interactions of these molecules,
as well as gaining deeper insight into the biological
mechanisms of ccRCC angiogenesis, could lead to
new strategies and therapeutic approaches for treating
ccRCC [17]. Key processes in angiogenesis, such as
endothelial cell proliferation and directional migra-
tion, are critical for tumor vascularization [17]. In
this study, we demonstrated that silencing CEP170
inhibits both the angiogenesis and migration of ccRCC
cells, suggesting that CEP170 is a pivotal regulator
of ccRCC angiogenesis. The CEP170-Twist1/galectin-
3 axis in tumor cells likely upregulates PDGF/VEGF
secretion through Twist1-mediated transcriptional ac-

tivation and galectin-3-enhanced mRNA stability, cre-
ating a proangiogenic microenvironment.

CEP170 is a highly conserved nucleolar protein
that plays a critical role in cellular processes, partic-
ularly during mitosis, where it is involved in chromo-
some condensation [18]. It has been shown to interact
with key signaling pathways, including the p53/CP-
1 axis, contributing to the regulation of immune re-
sponses and tumor progression [19]. As a crucial factor
in cell cycle regulation, CEP170 also influences the in-
vasiveness and metastatic potential of tumor cells [19].
Given its involvement in various cellular functions,
understanding the relationship between CEP170 ex-
pression and ccRCC progression is highly important for
developing targeted therapeutic strategies [19]. In our
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Fig. 5 CEP170 contribution to the Twist1/galectin-3 axis in ccRCC cells. (A) Immunoblot analysis of Twist1 and galectin-3
expression in 786-O cells following the indicated transfections. (B) mRNA levels of Twist1 and galectin-3 in 786-O cells after
the indicated transfections, measured by qPCR assays. Each experiment was repeated 3 times. ** p < 0.01, *** p < 0.001,
pcDNA3.1-CEP170 vs pcDNA3.1-vector; # p < 0.05, ## p < 0.01, ### p < 0.001, shCEP170 vs. shNC. NC, negative control.

study, we confirmed the elevated expression of CEP170
in ccRCC and demonstrated that its overexpression
facilitates multiple processes, such as platelet aggre-
gation and angiogenesis, which collectively contribute
to ccRCC progression. These findings highlight the
potential of targeting CEP170 as a novel approach in
ccRCC treatment.

Galectin-3, a multifunctional proto-oncoprotein,
plays a pivotal role in regulating various tumorigenic
processes, including cell proliferation, invasion, angio-
genesis, and apoptosis [20]. It has emerged as a poten-
tial biomarker for tumor metastasis and a promising
target for cancer therapy [21]. TWIST1, an upreg-
ulated interstitial marker in dormant ccRCC cells, is
strongly associated with ccRCC progression. The tran-
scription factor Twist1 influences key aspects of ccRCC
biology. Twist1 can bind to the promoter of the proto-
oncogene AKT2, driving its expression, which in turn
activates YB-1, a protein linked to cell proliferation, ul-
timately promoting tumor cell growth [22]. Our study
demonstrated that CEP170 modulates platelet aggre-
gation, angiogenesis, cell motility, and tumor growth
in ccRCC through the Twist1/galectin-3 axis. We pro-
pose that CEP170 may regulate the Twist1/galectin-
3 axis by facilitating Twist1 nuclear localization and
enhancing galectin-3 secretion, as supported by their
coordinated expression changes in our experiments.

This dual regulation could drive ccRCC progression
through both transcriptional and secretory pathways.

While this study highlights the role of CEP170 in
ccRCC progression through the Twist1/galectin-3 axis,
it has several limitations. First, our findings are primar-
ily based on in vitro cell experiments and mouse mod-
els. Although these initial results suggest that CEP170
plays a significant role in ccRCC, further validation
in clinical samples is needed to confirm its clinical
relevance. Second, while we demonstrated the im-
pact of CEP170 on tumor cell proliferation, migration,
platelet aggregation, and angiogenesis, the precise
molecular mechanisms underlying its regulation of the
Twist1/galectin-3 axis remain unclear. Future studies
should focus on elucidating the downstream signaling
pathways and other molecular interactions involved in
CEP170 regulation. Galectin-3 can activate multiple
intracellular signaling pathways [20]. Our results
demonstrate that CEP170 knockdown simultaneously
reduces galectin-3 expression and platelet aggregation,
which is consistent with this known mechanism.

The identification of CEP170 as a key regulator of
ccRCC progression through platelet aggregation and
angiogenesis suggests its potential as a novel therapeu-
tic target. While this study focused on elucidating the
mechanistic basis of the oncogenic function of CEP170,
these findings lay the groundwork for future transla-
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Fig. 6 Suppression of ccRCC growth in vivo by CEP170 ablation. (A) Impact of CEP170 on ccRCC growth in vivo (n = 6
per group), evaluated by tumor growth assays. Representative images of the tumors are shown (left), and the tumor volume
was measured every 4 days until day 20. Tumor weight was also assessed at the end of the experiment. (B) Expression
of CEP170 (left), Twist1 and galectin-3 (right) in tumor tissues from different experimental groups, shown by immunoblot
analysis. ** p < 0.01, *** p < 0.001, shCEP170 vs. shNC. NC, negative control.

tional investigations. The centrosomal localization and
structural features of CEP170 may offer unique oppor-
tunities for targeted intervention, particularly in com-
bination with existing antiangiogenic therapies. Fur-
thermore, the association between CEP170 expression
and aggressive tumor phenotypes warrants exploration
of its utility as a prognostic biomarker. Future studies
should explore direct targeting strategies, including
small molecule inhibitors or protein-protein interac-
tion disruptors, as well as evaluate the therapeutic
window of CEP170 modulation in preclinical models.
These efforts may ultimately lead to new therapeutic
avenues for ccRCC patients, particularly those resistant
to current standard therapies.

Moreover, despite the promising potential of
CEP170 as a novel target for ccRCC therapy, spe-
cific therapeutic strategies targeting CEP170 have
yet to be developed. Future research could ex-
plore the development of selective inhibitors or an-
tibodies against CEP170 and evaluate their thera-
peutic efficacy in ccRCC treatment. Additionally,
investigating the relationship between CEP170 and
the ccRCC microenvironment—particularly its inter-

actions with immune cells, angiogenesis, and platelet
aggregation—will provide a more comprehensive un-
derstanding of its role in ccRCC progression and help
refine therapeutic approaches. In addition, a key
limitation is our primary reliance on the 786-O cell
line, which may not fully represent the heterogeneity
of ccRCC; future studies should validate these findings
in additional models and primary patient samples.

CONCLUSION

In summary, we demonstrated that CEP170 is highly
expressed in ccRCC cell lines and promotes platelet
aggregation as well as angiogenesis potentially via
Twist1/galectin-3 axis. Our findings suggest that
CEP170 could serve as a potential therapeutic target
for ccRCC.
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