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Abstract
Background

Autophagy-related protein plays a pivotal role in cancer development, progression, and prognosis. Among
these proteins, PIK3C3 holds signi�cant importance as it is involved in canonical autophagy, endocytosis,
and vesicle tra�cking, thereby exerting in�uential effects on various types of cancer progression.
However, the diverse biological signi�cance of PIK3C3 in pan-cancer has not been systematically and
comprehensively studied. 

Methods: Data from The Cancer Genome Atlas (TCGA) and Genotype-Tissue Expression (GTEx) were
utilized, and bioinformatics approaches were also employed to explore the potential mechanisms of
PIK3C3 in diverse cancers.

Results: PIK3C3 exhibited upregulation in several tumors and showed prognostic associations. Low
expression of PIK3C3 predicted poorer overall survival (OS) in kidney renal clear cell carcinoma patients,
while high expression of PIK3C3 predicted poorer OS in adrenocortical carcinoma, bladder urothelial
carcinoma, brain lower grade glioma, and liver hepatocellular carcinoma. Additionally, PIK3C3 expression
signi�cantly correlated with immune in�ltrating cells and tumor mutational burden, microsatellite
instability and neoantigens in several cancer types. Furthermore, knockdown of PIK3C3 in colorectal
cancer cells lines signi�cantly suppressed cell proliferation and metastasis. 

Conclusion: PIK3C3 can be used as an auxiliary indicator for early tumor diagnosis and a prognostic
marker for many types of tumors.

1. Introduction
Cancer is a leading cause of death worldwide and remains a signi�cant challenge despite the availability
of various treatment methods, including surgery, radiotherapy, chemotherapy, targeted therapy and
immunotherapy1. Tumor gene mutations and drug resistance make it increasingly di�cult to effectively
treat certain types of cancer2. Therefore, identifying more sensitive tumor markers and alternative drug
targets for early cancer diagnosis and treatment is crucial.

Phosphatidylinositol 3-kinase catalytic subunit type 3 (PIK3C3), also known as yeast vesicular protein
sorting 34 (Vps34)3, is a member of the phosphatidylinositol 3-kinase (PI3K) family4 that encodes 887
amino acids5. PIK3C3 catalyzes the phosphorylation of phosphatidylinositol (PtdIns) to produce
phosphatidylinositol-3-phosphate (PI3P), which is a critical phospholipid in the process of autophagy4.
After PI3P generation, PIK3C3 forms a complex with other proteins to nucleate autophagosomes and
initiate autophagy.

Autophagy is a catabolic process that maintains cellular homeostasis by breaking down dysfunctional or
unnecessary proteins and organelles6, and also plays a dual role in cancers, inhibiting the growth of
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benign tumors while promoting the growth of advanced cancers7. An increasing number of pan-cancer
studies have shown that autophagy-related genes are closely associated with a variety of cancers8, 9. The
autophagy-associated molecule ATG5 is intricately linked to various cancers, and its expression level has
demonstrated associations with tumor immune in�ltration and the tumor microenvironment, particularly
in breast invasive carcinoma (BRCA), kidney renal clear cell carcinoma (KIRC) and liver hepatocellular
carcinoma (LIHC)10. It has been mentioned that VPS13A, another important autophagy molecule, the
absence of VPS13A causes a defective autophagy �ux. VPS13A has been shown to be associated with
rhabdomyosarcoma, gastric cancer and ovarian cancer11. Since PIK3C3 is an essential component of the
autophagy process, PIK3C3 has emerged as a key player in oncogenesis and development. In colorectal
cancer, inhibitors of PIK3C3 have been shown to inhibit colorectal cancer stem cells and improve the
sensitivity of chemotherapy12. Similarly, PIK3C3 inhibitors can inhibit hepatocellular carcinoma stem cell
activity13. Numerous studies have targeted PIK3C3 and found that PIK3C3 inhibitors can effectively
inhibit cancer development14–18. A comprehensive understanding of the role of the autophagy molecule
PIK3C3 in malignancies could be gained through a pan-cancer study on PIK3C3.

Tumor development encompasses a multifaceted process characterized by cancer cell proliferation, anti-
apoptosis, neoangiogenesis, invasion, metastasis and immune evasion19. The tumor microenvironment
(TME) plays a crucial role in this process, comprising diverse cellular components including cancer-
associated �broblasts, neuroendocrine cells, immune cells, in�ammatory cells, blood and lymphatic
vessels and extracellular matrix (ECM)20. Immune and in�ammatory cells comprise a signi�cant
proportion of the tumor microenvironment21, and tumor-in�ltrating lymphocytes have been shown to play
a crucial role in various cancers, serving as biomarkers of cancer and predicting patient prognosis22–24. It
has been shown that the impact of autophagy on tumor immunity and the modulation of tumor-
in�ltrating immune cells. This range of effects encompasses the recognition and presentation of tumor
antigens by antigen presenting cells (APCs) as well as the activation and development of T cell receptor
(TCR)-speci�c lymphocyte activation and development. The emerging evidence highlighting the
synergistic interplay between autophagy and immunity in shaing tumor progreesion implies that
autophagy may be a potential target for cancer immunotherapy25–28.

In this study, we present a comprehensive analysis of PIK3C3 in pan-cancer. We integrated data from
various databases and performed a thorough investigation of PIK3C3 expression in different common
cancer types. We examined the association between PIK3C3 expression and several biomarkers,
including TMB, MSI, NEO, DNA methylation, and immune in�ltration levels, as well as various immune
cells in different cancer types. We observed a signi�cant correlation between high PIK3C3 expression and
poor prognosis in multiple cancers. Moreover, high PIK3C3 expression was closely associated with
increased cellular in�ltration. We employed several online tools to investigate the underlying mechanisms
of PIK3C3 in different cancers, using data from TCGA and GTEx databases.

2. Materials and methods
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2.1. Expression analysis of PIK3C3 in different cancers
The differences in PIK3C3 gene expression between different tumor tissues and normal tissues were
explored in SangerBox (http://sangerbox.com/Tool), while TCGA was matched with GTEx data using the
GEPIA2 (http://gepia2.cancer-pku.cn/)29. The "stage plots" in GEPIA2 can present PIK3C3 gene
expression at different stages in several tumor types, and Log2 (TPM + 1) on a logarithmic scale is used
for the violin plot. UALCAN (http://ualcan.path.uab.edu/index.html) data analysis portal was used to
analyze promoter methylation30.

2.2. Association of PIK3C3 with different tumor survival
rates
In GEPIA2, the "survival analysis" module was used to reveal the overall survival (OS) and disease-free
survival (DFS) curves of high and low PIK3C3 expression groups in different cancer types using the
Kaplan-Meier method. The association between PIK3C3 expression in cancer and patient prognosis,
including OS, disease-speci�c survival (DSS), disease-free interval (DFI) and progression-free interval
(PFI) were also investigated.

2.3. Analysis of genetic alterations and immune in�ltration
of PIK3C3
The cBioPortal (https://www.cbioportal.org/) has the capability to analyze the frequency of genetic
alterations, types of alterations (mutations, ampli�cations, multiple alterations) and mutation sites. The
expression of PIK3C3 in tumor in�ltrating immune cells (TIICs) was evaluated on the SangerBox website,
and the relationship of PIK3C3 expression with immune checkpoint genes (ICPGs) and TME biomarkers
(including TMB, MSI, NEO) was also explored. In addition, the correlation between PIK3C3 expression and
immune subtypes of tumor types and molecular subtypes of tumor types was analyzed using the TISIDB
database (http://cis.hku.hk/TISIDB/index.php).

2.4. Cell culture
Colorectal cancer cells HCT8, HCT116 and RKO were purchased from Zhejiang Meisen Cell Technology
Co. HCT8 cells were cultured in 1640 medium (Cat. C11875500BT; Gibco) supplemented with 10% fetal
bovine serum (FBS, Cat. A6903FBS-500; Invigentech), 1% Penicillin-Streptomycin Solution (Cat. H8611;
HAKATA), HCT116 and RKO cells were cultured in high-sugar DMEM medium (Cat. CTCC-002-008;
MeisenCTCC) supplemented with 10% fetal bovine serum, 1% Penicillin-Streptomycin solution, and the
cells were cultured in a 37°C, 5% CO2 incubator.

2.5. PIK3C3 siRNA and transfection
HCT8, HCT116 and RKO cells were inoculated onto 6-well plates (without Penicillin-Streptomycin
solution) at a density of 3 × 105 cells/well and incubated at 37°C for 24 hours. The siRNA and
Lipofectamine 2000 were diluted with DMEM medium, left for 5 minutes at room temperature, and the
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two were mixed well and left for 20 minutes at room temperature. Then, the mixture was transferred to a
6-well plate and incubated at 37°C. After transfection for 6–8 hours, replace the cell culture medium.

2.6 Real-time quantitative �uorescence PCR
Total RNA was extracted from colorectal cancer cells using Trizol reagent (Cat. R701-01; Vazyme). The
PCR conditions were set as 95°C for 5 minutes, followed by 45 cycles of 95°C for 10s, 60°C for 10s and
72°C for 10s. mRNA expression was performed by SYBR Premix Ex Taq II (Cat. RR820A; TaKaRa).

The primer sequences were

PIK3C3, FORWARD: TGGAAGCCGATGGATGTAGAGGAC REVERSE: ACAGCATAACGCCTCACAGTTGG

GAPDH, FORWARD: GGTGGTCTCCTCTGACTTCAACA REVERSE: GTTGCTGTAGCCAAATTCGTTGT

CDH1, FORWARD : ATCCTGACCAGCAGTTCGTTGTTG REVERSE : GTTCCTCGTTCTCCACTCTCACATG

CDH2, FORWARD: CGATAAGGATCAACCCCATACA REVERSE : TTCAAAGTCGATTGGTTTGACC

Vimentin, FORWARD : ACTAGCCGCAGCCTCTATTCCTC REVERSE : GAAGTCCACCGAGTCTTGAAGCAG

2.7. Wetern blot and Antibodies
For cells transfected for 48 hours, cells were lysed with ice-cold RIPA buffer containing protease inhibitor
and phosphatase inhibitor. Cell lysates were collected from the culture plates and total protein was
collected by centrifugation. Protein concentration was quanti�ed using the BCA Protein Assay Kit (Cat.
23225; Thermo), then add protein loading buffer and boil for 5 minutes. Proteins were separated by SDS-
PAGE and transferred to PVDF membranes, then the membranes were closed with milk for 2 hours and
incubated with anti-PIK3C3 (1:1000, 4263S; CST) and β-actin (1:1000, AF2811; Beyotime) overnight at
4°C, followed by HRP-conjugated secondary protein (1:1000, RS0002; ImmunoWay) for 2 hours at room
temperature. Chemiluminescence signal of proteins was generated by ECL reagent and quanti�ed by
ImageJ software.

2.8. CCK8 assay
For CCK8 assay, 3×103 cells transfected for 48h were inoculated onto 96-well plates. After 24 hours of
incubation, the used medium was replaced with 100 µL of fresh medium containing 10 µL CCK8 (Cat.
BS350B; Biosharp) and the cells were incubated for 1 hour at 37°C. Cell proliferation was determined by
measuring the OD at 450 nm using a microplate spectrophotometer.

2.9. Statistical analysis
GraphPad Prism was applied for statistical analyses and illustrated data, each of the experiment were
conducted for three times. One-way ANOVA or two-tailed Student’s t test were utilized for statistically
analyzing the experimental data and the data were described as mean ± SD. The difference of p < 0.05
was viewed statistically signi�cant.
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3. Results

3.1. Differential Expression of PIK3C3 in Cancers
The result of PIK3C3 expression in different cancers by the Sangerbox was shown in Fig. 1A, PIK3C3 was
upregulated in certain cancers, including glioblastoma (GBM), Glioma (GBMLGG), LGG, BRCA, stomach
adenocarcinoma (STAD), lung squamous cell carcinoma (LUSC), LIHC, pancreatic adenocarcinoma
(PAAD), acute myeloid leukemia (LAML), cholangiocarcinoma (CHOL) (p�0.0001), head and neck
squamous cell carcinoma (HNSC), skin cutaneous melanoma (SKCM), uterine carcinosarcoma (UCS) (p�
0.01), uterine corpus endometrial carcinoma (UCEC) and colon and rectal adenocarcinoma (COADREAD)
(p�0.05). Whereas the expression of PIK3C3 in lung adenocarcinoma (LUAD), kidney renal papillary cell
carcinoma (KIRP), thyroid carcinoma (THCA), ovarian serous cystadeno carcinoma (OV) and testicular
germ cell tumors (TGCT) (p�0.0001), rectum adenocarcinoma (READ), kidney chromophobe (KICH) (p�
0.01) and ACC (p�0.05) was lower than normal tissues (Fig. 1A).

To further explored the expression of PIK3C3 in various cancer types, we compared tumor tissues to
control tissues in the GTEx database using GEPIA2, and generated box line plots to visualize the
expression differences. As shown in Fig. 1B, PIK3C3 expression was upregulated in CHOL, lymphoid
neoplasm diffffuse large B cell lymphoma (DLBC), GBM, LGG, PAAD and thymoma (THYM). We further
probed the difference in PIK3C3 expression in CHOL, GBM, PAAD, pheochromocytoma and
paraganglioma (PCPG) and THYM using UALCA. The results showed that the total expression of PIK3C3
in CHOL, GBM, and THYM was higher than normal tissues, while the expression in PAAD and PCPG was
lower than normal tissues, as depicted in Fig. 1C. Additionally, we investigated the correlation between
PIK3C3 expression levels and pathological staging in several cancers, including DLBC, KIRC, LIHC, OV,
and STAD, the results are shown in Fig. 1D. The correlation between pathological stages and PIK3C3
expression levels in other cancer types with no statistical signi�cance were shown in Supplemental Fig. 1.

3.2. Prognostic Index of PIK3C3 in Different Cancers
In the analysis of the TCGA database, it was found that low expression of PIK3C3 was associated with
poorer OS and DFS in KIRC patients, while high expression of PIK3C3 was associated with poorer OS and
DFS in ACC, LGG patients (p < 0.05) (Fig. 2A and 2B), high expression of PIK3C3 was associated with
poorer OS in and DFS in SKCM (p < 0.05) patients. Notably, PIK3C3 expression in Colon adenocarcinoma
(COAD) patients did not correlated with patient OS, however, its promoter methylation was signi�cantly
associated with DSS, DFI and PFI, as shown in Fig. 2C. DSS, DFI, PFI of others cancer types were shown
in Supplemental Fig. 2, 3, 4.

3.3. Alteration of PIK3C3 Gene Analysis Data
According to Fig. 3A, the analysis indicates that the gene alteration of PIK3C3 occurs most frequently,
with mutation being the predominant type of genetic change. Speci�cally, PIK3C3 exhibits a high
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prevalence of mutation in various cancer types, including UCS, UCEC, STAD, BLCA, SKCM, COAD, LUAD,
cervical squamous cell carcinoma (CESC), ACC, LAML, THYM, BRCA, KIRP and GBM. Similarly,
ampli�cation occurs in OV, HNSC, sarcoma (SARC), LGG and LIHC is the main types of PIK3C3 gene
alterations. Additionally, Fig. 3B contains more detailed information regarding the mutation type, location
and the number of cases with "Missense" as the main type of mutation. Moreover, a diagram of PIK3C3
mutation sites revealed a somatic mutation frequency of 1.5%. The differentinal alterations at the
P94Q/S site included 161 missense, 18 truncating, and 14 splice and 2 Fusion alterations. Notably, P94Q
mutations were observed in two patients with skin cutaneous melanoma and one with lung squamous
cell carcinoma, while P94S was detected in one patient with lung squamous cell carcinoma.

3.4. PIK3C3 Promoter Methylation Expression in Different
Cancers
Based on analysis of the TCGA database, the promoter methylation level of PIK3C3 was founded to be
signi�cantly higher in COAD, esophageal carcinoma (ESCA), LUSC and SARC than in normal tissues (p < 
0.05), while it was lower in rostate adenocarcinoma (PRAD) and TGCT (Fig. 4). These �ndings suggest
that aberrant promoter methylation of PIK3C3 may play a role in the development and progression of
certain types of cancer.

3.5. Expression of PIK3C3 in Immune and Molecular
Subtypes of Different Cancers
Cancer is a heterogeneous disease, and molecular subtyping of cancers can aid in the identi�cation of
the pathways and processes underlying speci�c cancer subsets. The role of PIK3C3 expression on
immune and molecular subtypes among human cancers was explored with the TISIDB website. PIK3C3
expression was different in various immune subtypes including C1 (wound healing), C2 (IFN-gamma
dominant), C3 (in�ammatory), C4 (lymphocyte depleted), C5 (immunologically quiet) and C6 (TGF-b
dominant) in ACC, BLCA, CESC, COAD, ESCA, KICH, KIRC, LGG, PAAD, PRAD, SARC, SKCM, STAD and UCEC
(Fig. 5A).

In addition, PIK3C3 in ACC, BRCA, COAD, ESCA, HNSC SKCM, LUSC, STAD and UCEC was differentially
expressed in multiple molecular isoforms (p < 0.01). For COAD, ESCA and STAD, PIK3C3 was identi�ed to
express more in the molecular subtype of CIN than other molecular subtypes. For adrenocortical
carcinoma, PIK3C3 was expressed the highest in the molecular subtype of CIMP_high. For breast invasive
carcinoma and lung squamous cell carcinoma, PIK3C3 was expressed the highest in the molecular
subtype of Basal. For head and neck squamous cell carcinoma, PIK3C3 was expressed the highest in the
molecular subtype of Atypical. For skin cutaneous melanoma, PIK3C3 was expressed the highest in the
molecular subtype of hotspot_Mutants. For uterine corpus endometrial carcinoma, PIK3C3 was expressed
the highest in the molecular subtype of CN_HIGH.
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3.6. PIK3C3 Expression is Associated with ICPGs
Expression in Different Cancers
Immune surveillance affects the prognosis of cancer patients, and malignancies evade immune system
recognition by employing immune checkpoints such as PD-1, PD-L1 and CTLA-431, 32. To further assess
the correlation between PIK3C3 expression and TME in a pan-cancer dataset, we investigated the
relationship between PIK3C3 expression and ICPGs expression. Notably, we observed that PIK3C3
expression was positively correlated with most ICPGs expression in the vast majority of cancers including
UVW, OV, READ, COAD, CHOL, STAD, LAML, TGCT, HNSC, LGG, KIRC, PCPG, PRAD, KICH, THCA, UCEC,
ESCA, LUSC, BRCA, LUAD, UCS, ACC and SKCM (Fig. 6).

3.7. Correlation between PIK3C3 Expression and Immune
Cell In�ltration in Different Cancers
The correlation between PIKC3 expression and the majority of immune cells in various cancers was
displayed in Fig. 7A, PIK3C3 gene expression linked positively with T_cells_CD4_memory_resting and
macrophage M1 and M2 in�ltration levels, but negatively with the in�ltration of most immune cells. A
pan-cancer analysis of the association between PIK3C3 expression and the level of immune in�ltration
based on the TIMER database was performed, as shown in Fig. 7B, the expression of PIK3C3 was
signi�cantly correlated with the abundance of in�ltrating immune cells, including CD8+T cells in 22
cancers, CD4+T cells in 15 cancers, neutrophils in 22 cancers, dendritic cells in 22 cancers, macrophages
in 25 cancers and B cells in 16 cancers. The relationship between PIK3C3 expression and in�ltration of
diverse immune cell subtypes was also explored, T cell CD4 memory resting and Macrophages M2 were
signi�cantly and positively correlated with PIK3C3 in variety of cancers, as shown in Fig. 7C.

3.8. Pan-cancer Analysis of the Correlation between PIK3C3
and Biomarkers of Immunotherapeutic response
Tumor mutational bureden (TMB), microsatellite instability (MSI) and neoantigens (NEO) are emerging
biomarkers associated with immunotherapeutic response. Therefore, an investigation about the
relationship between PIK3C3 expression and TMB, MSI and NEO was arranged, in terms of TMB, PIK3C3
expression was positively correlated in CESC, COAD, COADREA, Stomach and Esophageal
carcinoma(STES) and STAD, and was negatively correlated in LAML(Fig. 8A). In terms of MSI, PIK3C3
expression was positively associated with 7 cancers, including GBM, COAD, COADREAD, STES, STAD,
KIRC and READ, and negatively associated with GBMLGG, PRAD, THCA and DLBC (Fig. 8B). Additionally,
PIK3C3 expression was positively correlated with NEO in GBM, CESC, COAD, COAD and READ, as shown
in Fig. 8C.
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3.9. PIK3C3 Knockdown Inhibits Cell Proliferation and
Metastasis
From the preceding bioinformatics �ndings, the expression of PIK3C3 in COAD patients was notably
higher than in normal tissues. Interestingly, despite the lack of correlation between PIK3C3 expression
and overall survival, its promoter methylation was signi�cantly association with DSS, DFI and PFI. In
order to delve deeper into the connection between PIK3C3 mutation and colon cancer development, three
colorectal cancer cell lines (HCT8, HCT116, RKO) were employed. By using siRNA to knockdown PIK3C3,
the knockdown rate was exceeded 50% in all three cells (Fig. 9A) and western blot experiments also
con�rmed the decrease in PIK3C3 protein expression in all three cells (Fig. 9B). The average knockdown
rate of PIK3C3 protein was shown in Supplemental Fig. 7. As shown in Fig. 9C, after the knockdown of
PIK3C3, the proliferation of tumor cells was inhibited and the proliferation of the three colorectal cancer
cells was reduced by roughly 40%.

During cancer progression, epithelial tumor cells may undergo epithelial-to-mesenchymal transition
(EMT), a morphological and functional remodeling, that deeply alters tumor cell features, leading to loss
of epithelial markers, such as E-cadherin(CDH1), changes in cell polarity and intercellular junctions and
increase of mesenchymal markers such as N-cadherin (CDH2) and vimentin. Therefore, using RT-PCR
experiments to detect the expression of EMT-related mRNAs, it was found that after knockdown of
PIK3C3, the expression of CDH1 was elevated and the expression of both CDH2 and Vimentin was
decreased. The results of these experiments suggest that PIK3C3 is a key gene that promotes
proliferation and migration in colorectal cancer cells.

4. Discussion
Pan-cancer analysis can reveal the similarities and differences between different cancers and provide
insights into the design of cancer prevention and personalized treatment strategies33. In this study, we
comprehensively examined the expression of PIK3C3 in a pan-cancer datasets.

Our results demonstrate the upregulation of PIK3C3 in several cancer types including CHOL, DLBC, GBM,
LGG, PAAD and THYM, indicating its potential as a prognostic marker. Previous studies have highlighted
the e�cacy of PIK3C3 inhibitors in suppressing the growth and migration of various cancer types, such
as non-small cell lung cancer, pancreatic cancer, colorectal cancer, breast cancer, head and neck
squamous cell carcinoma, and melanoma14, 17, 18, 34–37. Combining PIK3C3 inhibitors with conventional
anticancer drugs or immunotherapies has been a common clinical practice, leading to synergistic
anticancer effects and improved therapeutic outcomes.

DNA methylation, a crucial epigenetic modi�cation, often results in the silencing or inactivation of tumor
suppressor genes when hypermethylation occurs within the promoter region 38, 39. Notably, the elevated
levels of promoter methylation of PIK3C3 was founded in COAD, ESCA, LUSC, and SARC when compared
to the normal tissues. VPS13A has high methylation levels in cells from tumor patients11.
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The prognosis of tumor patients is closely linked to immune in�ltration40. Tumor-in�ltrating immune cells
as integral component of the tumor microenvironment are associated with tumor progress, prognosis and
responses to immunotherapy41, and our �ndings reveal a strong correlation between PIK3C3 expression
and immune cell populations across various cancer types. Moreover, PIK3C3 expression demonstrates
associations with distinct immune subtypes and molecular subtypes within different cancer types. The
oncogenesis and progression of cancers are closely associated with genomic mutations. In COAD and
COADREAD, PIK3C3 expression positively correlates with TMB, MSI and NEO, indicating enhanced
antitumor immunity and potential predictability of immunotherapy response based on PIK3C3
expression. Notably, immune checkpoint inhibitors therapy has shown promising results in improving the
survival rates of patients with metastatic colorectal cancer 42.

Intriguingly, although the expression of PIK3C3 did not correlate with patient overall survival in COAD, the
promoter methylation of PIK3C3 exhibited signi�cant associations with DSS, DFI and PFI. It is well known
that metastasis and recurrence are important mortality factors for patients. Notably, optimal treatment
has led to colorectal cancer having one of the best long-term prognoses, with curative resection being
possible in 98% of patients presenting with resectable tumors and no distant metastases43. Therefore,
this may explain the lack of association between PIK3C3 expression and OS in COAD. DSS, DFI, PFI, the
above three indicators were more re�ective of cancer-induced death. In addition, colorectal cancer
patients with mismatch repair (MMR) de�ciency had a better prognosis, and metastatic colorectal cancer
with MMR de�ciency accounted for about 5% of poor prognosis, indicating that gene mutations play a
very important role in the progression and treatment of colorectal cancer44, and in COAD, PIK3C3
mutation is the main type of gene alteration, further suggesting that high expression of PIK3C3 may
cause poor prognosis in COAD patients.

Several preclinical and clinical studies have been conducted to develop pharmacological inhibitors
targeting autophagy. Targeting PIK3C3/VPS34 genetically or using pharmacological inhibitors SB02024
or SAR405 in tumor cells signi�cantly reduce tumor growth, decrease tumor weight, and improved
survival in a mouse model of CT26 colorectal cancer45. Based on the results of our raw letter analysis
and the feasibility of autophagy and immunotherapy, we selected colorectal cancer for phenotypic
experiments to further validate the role of PIK3C3 in colorectal cancer cells. Notably, our �ndings align
with the study by Kobylarz MJ et al., con�rming that PIK3C3 promotes tumor cell proliferation and
metastasis36.

5. Conclusion
In summary, our �ndings provide a comprehensive understanding of the function of PIK3C3 in the
prognosis and immunotherapy of different types of cancers. PIK3C3 has the potential to be used as a
target for cancer immunotherapy and deserves more attention.

Supplementary Materails
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Figure S1: PIK3C3 gene expression level in 19 tumor tissues and normal tissues in GEO database. Figure
S2: Correlation between PIK3C3 promoter methylation and DSS in several patients. Figure S3: Correlation
between PIK3C3 promoter methylation and DFI in several patients. Figure S4: Correlation between PIK3C3
promoter methylation and PFI in several patients. Figure S5: The average knockdown rate of PIK3C3
protein. **p < 0.01, and ***p < 0.001.
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Figure 1

PIK3C3 gene expression in tumors and pathological stages of tumors. (A)PIK3C3 gene expression level in
tumor tissues and normal tissues,(Blue represents normal tissues, red represents tumor tissues ). *** p <
0.001; ** p < 0.01; * p < 0.05. (B) PIK3C3 gene expression in TCGA+GTEx, including CHOL, DLBC, GBM,
LGG, PAAD and THYM. * p< 0.05. (C) Total mRNA expression level of PIK3C3 in tumor tissues and normal
tissues of CHOL, GBM, PAAD, PCPG and THYM. * p < 0.05. (D)PIK3C3 expression level in different
pathological stages of DLBC, KIRC, LIHC, OV and STAD.
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Figure 2

Correlation between PIK3C3 expression in TCGA and survival of cancer patients. (A)Correlation between
PIK3C3 expression and OS in patients with KIRP, ACC, BLCA, LGG, and LIHC. (B) Correlation between
PIK3C3 expression and DFS in KIRC, ACC, LGG and SKCM patients. (C) Correlation between PIK3C3
promoter methylation and DSS, DFI and PFI in COAD patients.
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Figure 3

PIK3C3 gene alteration frequency, types, sites and cases. (A) PIK3C3 alteration types and frequency. (B)
PIK3C3 mutation types, sites and cases. “+” represents that data are available.
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Figure 4

PIK3C3 protein promoter methylation analysis in different tumors. *p < 0.05.
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Figure 5

PIK3C3 expression in cancer immune and molecular subtypes. (A) Relationship between PIK3C3
expression and cancer immune subtypes. (B) Relationship between PIK3C3 expression and molecular
subtypes of cancer.
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Figure 6

Correlation matrix between PIK3C3 expression and ICPGs expression. * p<0.05.
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Figure 7

PIK3C3 expression correlated with immune in�ltration. (A) Correlation matrix between PIK3C3 expression
and immune cell content. *p < 0.05 (B) PIK3C3 expression was signi�cantly correlated with the level of
in�ltration of various immune cells in the TIMER database. (C) PIK3C3 expression was signi�cantly
correlated with the level of in�ltration of various immune cell subtypes. *p< 0.05, **p < 0.01, and ****p <
0.001.
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Figure 8

Relationship between PIK3C3 expression and anti-immune indexes. (A) Relationship between PIK3C3
expression and TMB. (B) Relationship between PIK3C3 expression and MSI. (C) Relationship between
PIK3C3 expression and NEO.
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Figure 9

Knockdown of PIK3C3 inhibited proliferation and migration. (A, B) mRNA expression and protein
expression of PIK3C3 in HCT8, HCT116 and RKO cell lines after knockdown of PIK3C3. (C) CCK8 assay to
detect the proliferation of HCT8, HCT116 and RKO cells. (D) RT-PCR assay to detect the expression of
EMT-related genes in HCT8, HCT116 and RKO cells.
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