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ABSTRACT

In this research, we investigated the role of PIK3R6, a regulatory subunit of PI3Ky, known for its
tumor-promoting properties, in clear cell renal cell carcinoma (CCRCC). Utilizing the UALCAN
website, we found PIK3R6 upregulated in CCRCC, correlating with lower survival rates. We
compared PIK3R6 expression in CCRCC tumor tissues and adjacent normal tissues using immu-
nohistochemistry. Post RNA interference-induced knockdown of PIK3R6 in 786-O and ACHN cell
lines, we performed CCK-8, colony formation, Edu staining, flow cytometry, wound healing, and
transwell assays. Results showed that PIK3R6 silencing reduced cell proliferation, migration, and
invasion, and induced GO0/G1 phase arrest and apoptosis. Molecular analysis revealed decreased
CDK4, Cyclin D1, N-cadherin, Vimentin, Bcl-2, p-PI3K and p-AKT, with increased cleaved caspase-3,
Bax, and E-cadherin levels in CCRCC cells. Moreover, inhibiting PIK3R6 hindered tumor growth.
These findings suggest a significant role for PIK3R6 in CCRCC cell proliferation and metastasis,
presenting it as a potential therapeutic target.
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High expression

CCRCC cells

Introduction or metastatic RCC at initial diagnosis [4]. Recent

Renal cell carcinoma (RCC), the predominant form of advancements in molecular biology have ushered in

urinary system malignancy, exhibits an escalating inci-
dence and mortality rate annually [1]. Notably, clear
cell RCC (CCRCC) constitutes approximately 80% of
all RCC cases, as evidenced by histological analysis [2].
In cases of early-stage and localized RCC, radical
nephrectomy has proven efficacious [3]. However,
a significant subset of patients present with advanced

neoadjuvant therapies targeting VEGFR, offering new
prospects for treating advanced or metastatic RCC [5].
Despite these developments, the 5-year survival rate for
advanced-stage patients remains a mere 10%, a figure
largely attributed to frequent relapses and a high rate of
metastasis [6]. Consequently, there is a critical need for
the identification of early diagnostic markers and
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a deeper understanding of the pathogenesis and pro-
gression mechanisms of CCRCC to improve the diag-
nosis and prognosis of this disease.

The phosphoinositide-3-kinase (PI3K) signaling path-
way, a vital mechanism in multicellular organisms,
responds to external growth stimuli and is notably linked
to the development of most human cancers due to its
abnormal activation [7]. PI3K is divided into three pri-
mary classes — I, II, and III - each targeting specific
substrates and effectors, but universally interacting with
the Akt substrate [8]. Particularly, Class I PI3K, which
includes the isoforms PI3Ka, f, §, and y, is involved in
regulating cell growth, movement, and differentiation by
generating secondary messengers [9]. Among these, the y
isoform (PI3Ky) has garnered attention in cancer
research. PI3Ky inhibitors have shown promise in target-
ing cancer stem cells (CSCs), suggesting potential in can-
cer therapy [10]. Studies have demonstrated that selective
inhibition of PI3Ky can suppress tumor initiation and
growth, as seen in a mouse model of carcinogen-
induced and obesity-aggravated hepatocellular carcinoma
(HCC) [11]. Furthermore, research by Wang et al. [12]
revealed that umbelliferon can induce cell death in RCC
cells by reducing the expression of the p110y catalytic
subunit of PI3Ky. In the context of PI3Ky, the regulatory
subunit PIK3R6 (also known as PI3K-P84) has been
investigated in various diseases. For example, overexpres-
sing PIK3R6 in ovarian cancer cells reversed the reduced
proliferative and migratory capabilities resulting from
RBBP6 knockdown [13]. Additionally, Du et al. [14]
reported that PIK3R6 enhances angiogenesis in HCC by
activating the STAT3 signaling pathway, thus accelerating
the disease’s malignant progression. PIK3R6 has also been
implicated in preeclampsia-like conditions through its
role in the PIK3R6/p-STAT3 signaling pathway [15].
Despite these findings, the specific biological function of
PIK3R6 in human RCC remain to be fully elucidated,
underlining the need for further research in this area.

In our research, we analyzed the expression levels of
PIK3R6 in a RCC cohort and investigated its relationship
with patient prognosis. We also delved into the influence
of PIK3R6 on the oncogenic characteristics of RCC cells.
The conclusive findings underscored the crucial impor-
tance of PIK3R6 in RCC prognosis and confirmed its
significant connection with the disease’s development.

Materials and methods
Tissue specimens

The study involved 20 cases of CCRCC patients from
Chongqing Ninth People’s Hospital (Chonggqing,
China), collected between January and June 2021. All

samples, including tumor tissues and adjacent non-
cancerous tissues, were treated with formalin,
embedded in paraffin, and snap-frozen in liquid nitro-
gen for preservation at —80°C. These patients were
specifically selected for not having other renal or sys-
temic diseases, other tumors, or prior surgical interven-
tions before their radical nephrectomies. The research
adhered to strict medical ethical standards and received
approval from the Institutional Ethics Committee of
Chongqing Ninth People’s Hospital (Approval No.
CNP20210356A). All patients provided their written
informed consent for participation in the study.

Immunohistochemistry

Thin sections (5-um) of paraffin-embedded tissues
were first dewaxed using xylene and graded ethanol
solutions, then rehydrated with distilled water. These
sections were incubated with a rabbit anti-PIK3R6 anti-
body (PA5-54689, Thermo Fisher Scientific, Waltham,
MA, USA) at 4°C overnight, followed by labeling with
biotinylated goat anti-rabbit serum and streptavidin-
peroxidase for 15min, and visualized using diamino-
benzidine (DAB). Blinded evaluations of the staining
were conducted by two independent pathologists using
a microscope. PIK3R6 positive cell distribution was
scored as 0, 1, 2, and 3 for 0%, 0-20%, 20-60%, 60-
100% distributions, respectively. Staining intensities,
categorized as light yellow, yellow, brown-yellow, and
reddish-brown, received corresponding scores. The
total score, combining distribution and intensity, was
classified into four grades: negative (0), weak (1), med-
ium (2-4), and strong (5-6).

Cell culture and transfection

Two CCRCC cell lines (786-O and ACHN) were
acquired from China Cell Bank (Shanghai, China),
accompanied by STR identification certificates. They
were cultured in DMEM (HyClone, Logan, UT, USA)
with 10% FBS (Gibco, NY, USA) and 1% penicillin/
streptomycin (Gibco) at 37°C with 5% CO,. Post reach-
ing the logarithmic phase in six-well plates, these cells
underwent transfection using siRNAs targeting PIK3R6
(si-PIK3R6) and a negative control (si-NC) via
Lipofectamine 2000 (Thermo Fisher Scientific). The
siRNA sequences were si-PIK3R6#1: 5-GCTGCACA
CTGTAATGTACGT-3% si-PIK3R6#2: 5”-GGCCACA
GGAATCACAGAAGA-3% and si-NC: 5”-GCTCTATC
AGGTCGACGTAAT-3". Cells were harvested for ana-
lysis 48 h post-transfection.



Cell proliferation assays

To assess cell proliferation, three methods were employed:
Cell Counting Kit-8 (CCK-8), colony formation, and
5-ethynyl-2'-deoxyuridine (EdU) assays. For the CCK-8
assay, cells were seeded at 1 x 10 [3] cells/well in 96-well
plates overnight, followed by a 2-h incubation with 10 ul of
CCK-8 solution (Beyotime Biotechnology, Jiangsu, China)
at 37°C. Viability was determined by absorbance at 450 nm
at 0, 24, 48, and 72 h. In the colony formation assay, 600
cells/well were cultured in six-well plates for two weeks at
37°C, then fixed with 4% paraformaldehyde, stained with
0.3% crystal violet, and colonies were counted. The EAU
assay utilized a BeyoClick™ EdU Imaging Detection Kit
(Beyotime), involving cell fixation with 4% paraformalde-
hyde, permeabilization with Triton X-100 (Sigma-Aldrich),
and a 30-min incubation with the Click-iT EdU reaction
cocktail. Cell nuclei were stained with DAPI, and the cells
were observed and photographed using a fluorescence
microscope (Olympus, Tokyo, Japan), with Image
J software quantifying stained cells.

Flow cytometry assays

In the cell cycle assay, cells underwent trypsinization
and were then centrifuged for 10 min at 1500 rpm.
Following three PBS washes, they were resuspended in
PBS and treated with a mixture of propidium iodide
(PL, 40 pg/mL) and RNase (100 ug/mL), followed by an
overnight incubation at 4°C in darkness. For detecting
cell apoptosis, a dual staining method was used with
Annexin V-FITC/PI, as per the guidelines of the
Annexin V-FITC/PI Apoptosis Kit (KeyGEN Biotech,
Nanjing, China). The FACS Calibur flow cytometer
(Beckman Coulter, CA, USA) was utilized to assess
the variations in the proportion of stained cells.

Wound healing assay

The migration capabilities of cells were analyzed using
a wound healing assay. In this assay, a scratch was
created on a layer of confluent 786-O and ACHN
cells, which had been seeded in 24-well plates, using
a micropipette tip. After creating the scratch, the cells
were allowed to migrate for 24 h in a serum-free med-
ium. The migration progress was documented using
a Zeiss microscope (Germany) at the start (0h) and
end (24 h) of the migration period. The relative wound
healing rate was calculated with the formula: (wound
area at 0 h-wound area at 48 h)/wound area at O h x
100%. This procedure was independently repeated
three times for consistency.
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Transwell assay

The invasion assay utilized 24-well Transwell inserts
with 8-pm pores (Corning, Costar®, Washington, DC,
USA), which were coated with 0.1 ml of Matrigel
(50 pg/ml, BD Biosciences). 786-O and ACHN cells,
post-transfection, were placed in the upper chamber
in serum-free medium, while the lower chamber was
filled with 600 ul of medium containing 10% FBS.
Following a 24-h incubation at 37°C, cells that invaded
through the membrane were fixed using 4% parafor-
maldehyde, stained with 0.3% crystal violet, and then
imaged using a Zeiss microscope (Germany).

Animal experiments

Male BALB/c athymic nude mice, aged five weeks, were
acquired from Beijing Vital River Laboratory Animal
Technology Co., Ltd (Beijing, China). To create
a subcutaneous tumor model, 786-O cells (1 x 10 [6],
transfected with either si-PIK3R6#1 or si-NC, were
suspended in 200 pl of PBS and injected subcutaneously
into the lower right flank region of the mice. The
dimensions of the subcutaneous tumors, specifically
width (W) and length (L), were measured at five-day
intervals. Tumor volume (V) was calculated using the
formula: V=(W [2] xL/2). After 25days, the mice
were euthanized, and the tumors were excised for
weight recording, photographing, and further analysis.
All animal studies followed the ARRIVE guidelines
(https://arriveguidelines.org/) and were performed in
accordance with the Chongqing Medical University’s
Guidelines for the Care and Use of Laboratory Animals.

Quantitative real-time PCR

RNA was isolated from both cultured cells and tissue
specimens using Trizol reagent (Gibco). For cDNA
synthesis, Oligo (dT) primer and M-MLV Reverse
Transcriptase (Promega) were utilized. The quantita-
tive real-time PCR analysis was conducted using the
BioRad connect Real-Time PCR platform (Bio-Rad,
Hercules, CA, USA) and SYBR Green Master Mix
Kits (TaKaRa, Tokyo, Japan). The amount of total
RNA and c¢cDNA which were used for the reverse
transcription (RT) and PCR reactions were 2ug
total RNA and 5ul ¢cDNA (30 ng/pl) respectively.
The detailed PCR procedure was initially denatured
at 95°C for 1 min, and 40 cycles of denaturation at
95°C for 5 s, and extension at 60°C for 20 s. The
absorbance value was read in the exte
nsion stage. The primers for PIK3R6 were
5'-CGCACCCTGGAGCACTATTT-3" (forward) and
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5-GAGCACCAGTTCCTTCCAGA-3' (reverse); for
GAPDH, they were 5-GGTGAAGGTCGGAG
TCAACG-3' (forward) and 5-GCATCGCCCCAC
TTGATTTT-3' (reverse). The 27**“‘ method was
used to calculate the relative levels of PIK3R6, with
normalization to GAPDH.

Western blot analysis

Protein samples were extracted using RIPA buffer
(Beyotime, Shanghai, China) and their concentrations
were determined using the BCA method (Beyotime).
These proteins were separated by 10% SDS-PAGE and
then transferred to polyvinylidene fluoride (PVDF) mem-
branes (Millipore). The PVDF membranes were subse-
quently blocked with 5% nonfat milk in TBST for 1h at
room temperature. Afterward, they were incubated over-
night with primary antibodies: PIK3R6 (ab192540,
Abcam), CDK4 (ab226474, Abcam), Cyclin D1 (60186-
1-1g, Proteintech), Bax (ab53154, Abcam), E-cadherin
(ab238099, Abcam), N-cadherin (ab76059, Abcam),
Vimentin (ab137321, Abcam), PI3K/p-PI3K (ab154598,
Abcam), AKT/p-AKT (ab38449, Abcam) and GAPDH
(10494-1-AP, Proteintech). This was followed by
a 2-h incubation with horseradish peroxidase-conjugated
goat anti-rabbit IgG antibody (SC-2054, Santa Cruz) at
room temperature. Protein signals were visualized using
enhanced chemiluminescence (Thermo Fisher Scientific),
with GAPDH serving as the internal control.
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Statistical analysis

Three biological replicates’ data were analyzed using
GraphPad Prism 8.0, presented as mean * standard
deviation (SD). The Wilcoxon signed rank test assessed
PIK3R6 expression differences between CCRCC tissues
and their corresponding non-cancerous counterparts.
For si-NC vs. si-PIK3R6 groups, the student’s t-test
was used, with a p-value <.05 indicating significance.

Results

Elevated PIK3R6 expression in CCRCC linked to
adverse progression

Analysis of the UALCAN website (https://ualcan.path.
uab.edu) revealed that PIK3R6 mRNA levels were sig-
nificantly elevated in tumor tissues (n=>533) com-
pared to normal tissues (n=72) in CCRCC patients
(Figure 1a). Additionally, heightened PIK3R6 expres-
sion was notably associated with various aspects of
CCRCC such as tumor stage (Figure 1b), grade
(Figure 1c), subtype (Figure 1d), and metastasis states
(Figure le). Furthermore, increased PIK3R6 expres-
sion showed a correlation with poorer survival out-
comes in CCRCC patients (Figure 1f). To validate
PIK3R6 overexpression, immunohistochemistry assays
were conducted to measure PIK3R6 levels in human
CCRCC and adjacent normal kidney tissues. The
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Figure 1. Elevated PIK3R6 expression in CCRCC linked to adverse progression. (a—e) the difference of PIK3R6 mRNA expression
among CCRCC tissues and adjacent tissues was analyzed based on sample types, tumor stage, tumor grade, tumor subtype, and
tumor metastasis states. (f) TCGA database analysis on UALCAN website showed the relationship between PIK3R6 expression and the

patients’ survival rate.
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Figure 2. PIK3R6 protein level was upregulated in CCRCC. (a) Representative immunohistochemical images are presented about
PIK3R6 expression in CCRCC and paired para-carcinoma tissues. (b) PIK3R6 expression is significantly higher in the CCRCC tissues

than that in the paired para-carcinoma tissues (n = 20; ***p <.001).

results, represented in Figure 2a, indicated
a significant elevation of PIK3R6 in CCRCC tissues
compared to para-carcinoma normal kidney tissues
(Figure 2b), with the statistical difference being highly
significant (p <.001).

PIK3Ré6 silencing suppressed the proliferation of
CCRCC cells in vitro

In response to the heightened expression of PIK3R6 in
CCRCC, we undertook in vitro loss-of-function experi-
ments to determine its specific role. This involved

transfecting 786-O and ACHN cells with si-PIK3R6#1
and

si-PIK3R6#2 to knock down PIK3R6. We evaluated the
transfection’s success using quantitative real-time PCR
(Figure 3a) and western blot analysis (Figure 3b), which
revealed a significant reduction in both mRNA and pro-
tein levels of PIK3R6. Notably, si-PIK3R6#1 exhibited
a more pronounced inhibitory effect on PIK3R6 and
was thus chosen for further studies. The CCK-8 assay
revealed that si-PIK3R6#1 transfection markedly reduced
cell viability in both 786-O and ACHN cells (Figure 3c).
This finding was supported by colony formation
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Figure 3. PIK3R6 silencing suppressed the proliferation of CCRCC cells in vitro. 786-O and ACHN cells were transfected with si-
PIK3R6#1, si-PIK3R6#2 or si-NC for 48 h. (a) Quantitative real time PCR and (b) western blot analysis showed efficient knockdown of
PIK3R6 in 786-0 and ACHN cells. (c) CCK-8 assay showed the cell viability of the si-PIK3R6#1 or si-NC group in 786-O and ACHN cells
after 24 h, 48 h and 72 h incubation. The effects of PIK3R6 knockdown on cell proliferation were assessed by colony formation assay
(d) and edu staining (e) in 786-0 and ACHN cells. The data were shown as the mean + SD. *p < .05, **p < .01, ***p <.001, compared

with si-NC.
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(Figure 3d) and Edu assays (Figure 3e), which consistently
indicated that PIK3R6 knockdown notably inhibited the
proliferation of these cell lines.

PIK3R6 silencing induced GO/G1 phase arrest and
apoptosis in CCRCC cells

This investigation further examined the effects of
PIK3R6 downregulation on cell cycle dynamics and
apoptosis in CCRCC cell lines. Flow cytometry analysis
(Figure 4a,b) demonstrated that PIK3R6 silencing nota-
bly augmented the proportion of 786-O and ACHN
cells in the GO/G1 phase (786-O cells: 72.25% + 1.96
vs. 55.90% + 2.31, p<.001; ACHN cells: 68.17% + 3.65
vs. 58.09% * 2.36, p < .05), while concurrently diminish-
ing the fraction in the G2/M phase (786-O cells:
12.38% £ 3.16 vs. 24.24% +3.05, p <.01; ACHN cells:
22.13% £2.32 vs. 30.16% +2.96, p< .05). Moreover,
apoptotic assays indicated a significant elevation in
the apoptotic rate of both 786-O (Figure 4c) and
ACHN (Figure 4d) cells post-transfection with si-
PIK3R6#1, as compared to the si-NC transfection
group. These findings collectively suggest that silencing
of PIK3R6 disrupts normal cell cycle progression, pri-
marily by inducing G0/G1 arrest, and enhances apop-
tosis, highlighting its potential as a therapeutic target in
CCRCC treatment.

PIK3R6 silencing inhibited the migratory and
invasive ability of CCRCC cells

Acknowledging the critical influence of metastasis in
cancer progression, we explored how PIK3R6 knock-
down affects the metastatic abilities of CCRCC cells
through wound healing and transwell assays.
Figure 5a illustrated that si-PIK3R6#1 transfection
notably slowed wound closure in both 786-O and
ACHN cells relative to controls. Detailed analysis
showed a marked decrease in migration distance for
the si-PIK3R6#1 group compared to the si-NC group in
both cell types (Figure 5). Aligning with these results,
the transwell assays also indicated a significant reduc-
tion in the number of invasive cells following PIK3R6
knockdown, as compared to the control (Figure 5c-d).
These findings collectively indicate that silencing
PIK3R6 effectively inhibits the migration and invasion
of CCRCC cells, underscoring its role in metastasis.

PIK3R6 silencing modulated growth and metastasis
indicators in CCRCC cells

To delve deeper into the mechanisms driving G0/G1
phase arrest, apoptosis, and metastasis in CCRCC cells,

we examined various related markers via western blot
analysis. Figure 6a revealed that post-si-PIK3R6#1
transfection, there was a noticeable decrease in the
expression of CDK1 and Cyclin D1, which are crucial
for the G1-S phase transition. Concurrently, an increase
in pro-apoptotic markers (Bax and cleaved caspase-3)
and a decreased in anti-apoptotic marker Bcl-2, were
observed in both 786-O and ACHN cells. Additionally,
our examination of epithelial-mesenchymal transition
(EMT) and PI3K/AKT signaling markers found that
PIK3R6 knockdown significantly raised E-cadherin
levels, while reducing N-cadherin, vimentin, p-PI3K
and p-AKT levels in these cells (Figure 6b).

PIK3R6 silencing repressed the tumor growth of
CCRCC cells in vivo

To explore the contribution of PIK3R6 to CCRCC
tumorigenesis in vivo, we injected nude mice with
786-O cells that had been stably transfected with si-
PIK3R6#1. Notably, the tumors in the PIK3R6-
inhibited group demonstrated a significant reduction
in volume compared to the si-NC group (Figure 7a).
Upon removal of the xenograft tumors, it was clear that
both the size (Figure 7b) and weight (Figure 7c) of the
tumors in the si-PIK3R6#1 group were substantially
lower than those in the si-NC group. Additionally, the
levels of PIK3R6 mRNA (Figure 7d) and protein
(Figure 7e) were markedly decreased in the si-
PIK3R6#1 group relative to the si-NC group. These
in vivo findings corroborate our in vitro results, further
affirming the role of PIK3R6 as a facilitator in the
progression of CCRCC tumors.

Discussion

The PI3K family, comprising lipid kinase proteins,
plays a crucial role in translating signals from growth
factors, cytokines, and other environmental cues into
intracellular messages [16]. Overactivity of PI3K signal-
ing, commonly observed in human tumors, is asso-
ciated with altered tumor cell functions and genomic
instability [17]. Besides, abnormally activated PI3K
contributes to the formation of the tumor microenvir-
onment, tumor angiogenesis, and the recruitment of
inflammatory factors [18,19]. In the present study, we
focused on the regulatory subunit of PI3Ky, PIK3R6
(also known as PI3K-P84), in CCRCC. Through bioin-
formatics analysis, we found that PIK3R6 was upregu-
lated in CCRCC, and higher levels of PIK3R6 were
linked to poorer survival outcomes. This correlation
was further validated in patient samples, where
PIK3R6 expression was significantly elevated compared
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to adjacent non-cancerous tissues. Our findings suggest
that aberrant accumulation of PIK3R6 in CCRCC could
serve as a marker for adverse disease progression in
patients.

Targeting Class-I PI3Ks, including the PI3Ky iso-
form, is crucial in cancer therapy, but their complete
inhibition can lead to liver damage, hyperglycemia, and
insulinemia, which paradoxically activates PI3K in
tumors and reduces the effectiveness of pan-PI3K inhi-
bitors [20,21]. Our research found that specifically sup-
pressing PIK3R6  via  si-PIK3R6 transfection
significantly reduced the proliferation, migration, and
invasion of CCRCC cells. Furthermore, our in vivo
experiments corroborated these findings, showing that

silencing PIK3R6 impairs tumor growth in a CCRCC
xenograft mouse model. Our findings align with pre-
vious research showing that PIK3R6 is a target gene of
RBBP6, which positively regulates it and contributes to
RBBP6’s oncogenic role in ovarian cancer cells [13].
Additionally, high PIK3R6 expression in tumor tissues
has been found to have a negative correlation with
patient prognosis and to enhance angiogenesis in
HCC cells [14]. These insights suggest that PIK3R6
may act as a tumor-promoting gene in CCRCC.
However, further research is required to elucidate the
specific mechanisms by which PIK3Ré6 influences the
malignancy of CCRCC cells. The cell cycle is a tightly
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regulated process that controls cell growth and division.
In cancer, this regulation is disrupted, leading to
uncontrolled cell proliferation. Oncogenes and tumor
suppressor genes are crucial in cell cycle regulation
[22]. Given that alterations in the GI1/S phase cell-
cycle modulators occur in a wide range of tumors,
targeting this pathway is a promising therapeutic
approach [23]. Eukaryotic cell cycles are regulated by
cyclins, cyclin-dependent kinases (CDKs), and cyclin-
dependent kinase inhibitors (CDKIs) [24], with the
transition from the G1 phase to the S phase for mitosis
being regulated by the CDK4/Cyclin D1 complex [25].
Apoptosis, or programmed cell death, is a mechanism
by which cells can self-destruct when they are damaged
or no longer needed. Cancer cells often gain the ability
to evade apoptosis, allowing them to survive despite

genetic abnormalities or damage that would normally
trigger cell death. This evasion of apoptosis is
a hallmark of cancer, contributing to tumor growth
and the accumulation of further genetic alterations
[26]. Caspase-cascade is a central part of cell apoptosis
and regulated by various kinds of molecules, such as
Bcl-2 family proteins. Bcl-2 family plays a pivotal role
in either inhibiting (Bcl-2) or promoting (Bax) cell
death [27]. Our data indicated that knockdown of
PIK3R6 led to GO/G1 phase arrest and apoptosis in
cells, accompanied by decreased CDK4/Cyclin D1 and
increased Bax expression. This is consistent with find-
ings that umbelliferone causes GO/G1 phase arrest and
apoptosis in human RCC cells, along with a reduction
in Bcl-2, CDK4, and Cyclin D1, by lowering the p110y
catalytic subunit of PI3K [12]. The epithelial-
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mesenchymal transition (EMT) is a process through
which epithelial cells lose their cell polarity and cell-
cell adhesion and gain migratory and invasive proper-
ties to become mesenchymal stem cells. This transition
is critical in embryonic development, wound healing,
and tissue regeneration [28]. Our results revealed that
PIK3R6 knockdown led to
expression and decreased N-cadherin and Vimentin
levels in CCRCC cells. E-cadherin, encoded by CDH1,
is known as a metastatic suppressor during EMT.
Conversely, N-cadherin and Vimentin, encoded by
CDH2 and VIM respectively, are recognized as indica-
tors of EMT [29]. To our knowledge, the role of PI3Ky
in the progression of EMT has been highlighted by
Yuan et al. [30], who showed that mJPYZ impedes
EMT in gastric cancer cells through a PI3Ky-

increased E-cadherin

dependent mechanism involving TAM reprogramming,
ultimately leading to the suppression of gastric cancer
growth and metastasis. Increasing evidence suggests
that the activation of the PI3K/AKT signaling pathway
is implicated in CCRCC initiation and progression [31].
Our data showed that knockdown of PIK3R6 down-
regulating PI3K/AKT signaling pathway in CCRCC
cells. As our best knowledge, the pathways governing
cell cycle, apoptosis, and EMT are not isolated; they
cross-regulate each other. For instance, certain signals

that promote EMT can also inhibit apoptosis, enabling
cancer cells to migrate and invade other tissues while
resisting cell death. Similarly, the dysregulation of the
cell cycle can lead to abnormal cell survival and pro-
liferation, facilitating the EMT process and metastatic
spread. Here, specific PI3K/AKT signaling can induce
EMT in cancer cells while also having the potential to
inhibit the cell cycle or promote apoptosis under dif-
ferent contexts [32]. Drawing on this evidence, we
hypothesize that PIK3R6 may contribute to the devel-
opment of CCRCC by influencing both cell cycle pro-
gression and EMT processes via regulating PI3K/AKT
signaling. Certainly, the limitations of our study have
been documented, notably the limited number of ani-
mals used in the in vivo experiments and the omission
of PIK3R6 overexpression analysis.

In conclusion, our study has identified an onco-
genic role for PIK3R6 in the development of CCRCC,
establishing it as an independent prognostic biomar-
ker for this disease. Our findings also suggest that
PIK3R6 could be a viable therapeutic target for
CCRCC treatment.
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