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Abstract
Background:Kidney renal clear cell carcinoma (KIRC) was themost prevalentmalignancy of urinary system. Phosphatidylinositol
3-kinase pathway exerted a vital function in tumor proliferation, invasion, and survival by integrating extracellular growth signals.

Methods: The expression and clinical significance of PIK3CB in KIRC was explored using bioinformatics analysis. And qRT-PCR
was performed to verify our results.

Results: PIK3CB was downregulated at mRNA and protein level in KIRC. KIRC patients with low PIK3CB expression indicated a
worse overall survival, progression free survival, and disease-free survival. A predictive nomogram was constructed and
demonstrated that the predicted calibration plots for 1-year, 3-year, and 5-year OS probabilities showed good agreement
compared with the actual OS of KIRC patients. Validation research demonstrated a downregulation of PIK3CB in KIRC tissues and
a poor overall survival in KIRC patients with low PIK3CB expression. Furthermore, Cox regression analysis revealed that PIK3CB
expression was an independent prognostic factor for KIRC. PIK3CB expression showed positive correlation with the abundance of
immune cells. Moreover, enrichment analysis revealed that PIK3CB and associated genes were mainly associated with RNA
splicing and JAK-STAT signaling pathway.

Conclusion:Our study suggested that PIK3CB was a potential biomarker for prognosis and correlated with immune infiltrates in
KIRC.

Abbreviations: GO = Gene Ontology, KEGG = Kyoto Encyclopedia of Genes and Genomes, KIRC = kidney renal clear cell
carcinoma, PI3K = phosphatidylinositol 3-kinase, TCGA = The Cancer Genome Atlas.
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1. Introduction
Kidney renal clear cell carcinoma (KIRC) is the most prevalent
malignancy of urinary system, ranking almost 75% of all kidney
cancers.[1] An estimated of 73,750 patients were diagnosed with
kidney cancer and 14,830 patients died in 2020 globally.[2] KIRC
be characterizedbyhigh recurrence,metastasis, radiotherapy, and
resistance to chemotherapy.[3,4]Despitemultidisciplinary synthet-
ic therapy, including chemotherapy, immunotherapy, and tar-
geted therapy being applied for KIRC, the prognosis of KIRCwas
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still poor,with the 5-year disease specific survival of less than 10%
in stage IV.[5,6] Hence, it is significant to identify novel prognostic
biomarkers for KIRC.
The phosphatidylinositol 3-kinase (PI3K) pathway exerted a

vital function in tumor proliferation, invasion, and survival by
integrating extracellular growth signals.[7] Previous studies
revealed that PI3K/AKT pathway is modestly mutated but highly
activated in KIRC, representing a promising drug target for
KIRC.[8] Class IA PI3Ks are heterodimeric lipid kinases including
versity of Technology.
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p110a/PIK3CA, p110b/PIK3CB, p110d/PIK3CD, and a p85
regulatory subunit.[9] PIK3CB acted as a prognosis biomarker in
cancer progression and regulated biological process.[7,10,] How-
ever, the role of PIK3CB in KIRC was still a mystery.
Herein, we explored the expression and prognosis value of

PIK3CB and its association with immune infiltrates using multi-
dimensional analysismethods.Our study resultmayprovidemore
evidence for further study surrounding the role of PIK3CB in
KIRC.
2. Methods

2.1. TIMER

TIMER (www.cistrome.shinyapps.io/timer/) is a comprehensive
bioinformatics tool for immune-infiltrate analysis.[11] In our
study, “Diff Exp” module was applied to detect differential
PIK3CB expression across various tumors. We utilized the
“Gene” and “correlation” module for analysis of PIK3CB
expression correlation with abundance of immune cell infiltrates
with Spearman correlation test using The Cancer Genome Atlas
(TCGA) KIRC dataset (n=538).
2.2. UALCAN

UALCAN (www.ualcan.path.uab.edu/analysis.html) is a com-
prehensive bioinformatics tool for cancer research.[12] PIK3CB
was submitted to the TCGA analysis module, which could
analyze PIK3CB expression and its correlation with clinical
features of KIRC patients using TCGA KIRC dataset (n=538).
Student t test was applied to evaluate the significance of different
subgroups and P value< .05 was a threshold for statistical
significance.
2.3. The Human Protein Atlas

The Human Protein Atlas (www.proteinatlas.org) is a Swedish-
based program build for showing map all the human proteins in
cells, tissues, and organs.[13] The Tissue Atlas and The Pathology
Atlas of this program was used to explore the protein level of
PIK3CB in renal tissue and KIRC tissue.

2.4. Prognosis analysis

Kaplan-Meier survival analysis was conducted to explore the
prognosis value of PIK3CB in KIRC using TCGA KIRC dataset
(n=538). The P value and hazard ratio with 95% confidence
interval was calculated with a log-rank test. A nomogram was
developed based on the results of univariate and multivariate
Cox proportional hazards analysis.

2.5. Clinical specimens and Real-time quantitative PCR
(qRT-PCR)

Afterobtained informedconsent frompatientsofAffiliatedhospital
of JingchuUniversity ofTechnology,weobtainedKIRC tissues and
pair-normal renal tissues (n=46) from these patients. Our study
was approved by the ethics committee of affiliated hospital of
JingchuUniversity of Technology.None ofpatient received local or
systemic treatment preoperatively. TRIzol reagent (Vazyme,
Nanjing, China) was used to isolate total RNA. The synthesis of
cDNAs corresponding to the mRNAs of interest was conducted
with PrimeScript RT-polymerase (Vazyme). SYBR-Green Premix
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(Vazyme) and specific PCR primers (Sangon, China). The primers
used in this study for qRT-PCR analysis obtained from BioSune
Biotechnology (Shanghai, China) and listed as follows: PIK3CB:
Forward, 50-TATTTGGACTTTGCGACAAGACT-30 and Re-
verse, 50-TCGAACGTACTGGTCTGGATAG-30; b-actin: For-
ward, 50-GCACCGCAAATGCTTCTA-30 and Reverse, 50-
GGTCTTTACGGATGTCAACG-30. The 2�DDCt method was
used to calculate fold-changes. The difference of the expression of
PIK3CB and the prognosis of PIK3CB in KIRCwere exploredwith
Student t test and Kaplan-Meier analysis, respectively.
2.6. Functional enrichment analysis

After obtained the genes (PIK3CB, PKB, mTOR, AMPK,
GSK3A, GSK3B, PDK1, CK2, DNAPK, eNOS, MELK,
MAPKAP-K1, S6K1, S6K2, PI4K, PIKfyve, PTEN, CREB)
associated with PI3K/AKT pathway, we then performed Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) with “ggplot2” package in R software v4.0.3 (R
Foundation for Statistical Computing, Vienna, Austria).
2.7. Open Targets

Open Targets (www.targetvalidation.org) is an online platform
that integrates evidence from genomics, transcriptomics, and
scientific literature, which allows for scoring and ranking of
target-disease associations for drug target identification.[14]

PIK3CBwas submitted to this platform for further allocating the
diseases that were associated with PIK3CB.
2.8. LinkedOmics and GeneMANIA

LinkedOmics (www.linkedomics.org) is a comprehensive bioin-
formatics tool for genomic analysis with TCGA dataset.[15] After
obtained the associated genes of PIK3CBwith Pearson correlation
test, we submitted these genes to the LinkInterpreter module and
perform GO, KEGG, kinase targets, miRNA-target by gene set
enrichment analysis. We then submitted the genes of Kinase_-
MAPK3 and MIR-381 network to GeneMANIA (www.genema-
nia.org) to construct a Protein-Protein Interaction (PPI) network.
2.9. GSCALite

GSCALite (www.bioinfo.life.hust.edu.cn/web/GSCALite) is a
comprehensive bioinformatics tool that helps us identify about
the contribution of a gene to the cancer initiation, progress,
diagnosis, prognosis, and therapy.[16] The drug sensitivity of
PIK3CB was analyzed using GSCALite.

3. Results

3.1. PIK3CB expression in KIRC

The differences of PIK3CB expression in tumor and normal
tissues across various type of cancers was explored with the
TIMER database. The result revealed low PIK3CB mRNA
expression in colorectal cancer, KIRH, KIRC, KIRP, and THCA
(Fig. 1A). Moreover, the data also suggested that PIK3CB
mRNA expression was increased in CHOL, ESCA, HNSC,
LIHC, LUAD, LUSC, and STAD (Fig. 1A). Based on the KIRC
dataset of TCGA database, the result of UALCAN revealed that
PIK3CB mRNA level was downregulated in KIRC tissues
(Fig. 1B, P< .001).We then explored the protein level of PIK3CB



Figure 1. The expression of PIK3CB in KIRC. (A) Upregulation or downregulation PIK3CB in different type of cancers. (B) TCGA KIRC dataset revealing PIK3CB
expression in KIRC and normal tissue. (C) Immunohistochemical staining revealing the protein level of PIK3CB in KIRC and normal tissue. (D) The level of PIK3CB in
subgroups of patients with KIRC. ∗, P< .05; ∗∗, P< .01; ∗∗∗, P< .001. KIRC = kidney renal clear cell carcinoma, TCGA = The Cancer Genome Atlas.
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in KIRC using the Human Protein Atlas, which suggested a
downregulation of PIK3CB protein level in KIRC tissues
(Fig. 1C). Figure 1D showed the PIK3CB mRNA expression
in sub-group of KIRC patients. As expected, downregulation of
PIK3CB mRNA levels was found in KIRC patients vs normal
controls in a sub-group analyses based on race, gender, age,
tumor grade, cancer stages, and nodal metastasis status,
suggested a significant function of PIK3CB in the detection of
KIRC.
3

3.2. PIK3CB acted a prognostic biomarker in KIRC

KIRC patients with high PIK3CB expression had a better overall
survival (P=2.19e-5), progression free survival (P= .00092), and
disease-free survival (P=3.86e-5) with 5-year AUC of 0.643,
0.629, and 0.644, respectively (Fig. 2A–C), suggesting PIK3CB as
apotential prognosticmarker inKIRC.As shown inFigure2Dand
E, univariate and multivariate analysis demonstrated PIK3CB,
age, pTNM stage, and tumor grade were independent prognosis
factors for KIRC. Considering these independent prognosis

http://www.md-journal.com


Figure 2. PIK3CB served a prognostic biomarker in KIRC. KIRC patients with high PIK3CB expression had a better overall survival rate (A), progression free
survival rate (B), and disease-free survival rate (C) in KIRC and the receiver operating characteristic curve in predicting the prognosis of KIRC patients. (D–E)
Univariate and multivariate cox regression considering clinical parameters and PIK3CB in KIRC. (F–G) The predictive nomogram to predict the 1-year, 3-year, and
5-year overall survival of KIRC patients. KIRC = kidney renal clear cell carcinoma.
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factors, we constructed a predictive nomogram to predict the 1-
yearoverall survival (OS),3-yearOS,and5-yearOSratesusing the
Cox regression algorithm and the result demonstrated that the
predicted calibration plots for 1-year, 3-year, and 5-year OS
probabilities showed good agreement compared with the actual
OS of KIRC patients (Fig. 2F–G).

3.3. Validation of the expression and prognostic value of
PIK3CB in KIRC

qRT-PCR was performed to verify the expression and prognostic
value of PIK3CB in KIRC using the clinical tissues. As shown in
Figure 3A, PIK3CB was down-regulated in KIRC versus normal
tissues (P< .001). Moreover, OS analysis suggested a better
prognosis in KIRC patients with high PIK3CB expression (P= .016,
Fig. 3B). As shown in Figure 3C–D, univariate and multivariate
analysis also demonstrated PIK3CB as an independent prognosis
factor for KIRC. These data further confirmed previous results.

3.4. PIK3CB expression correlated with immune
infiltration and drug resistance in KIRC

The correlation between PIK3CB expression and immune cells
and biomarker sets in KIRC was explored with TIMER. As
expected, we obtained a distinct correlation between PIK3CB
expression and immune infiltration of B cells (Cor=0.327), CD8
+ T cells (Cor=0.148), CD4+ T cells (Cor=0.204), macrophage
(Cor=0.391), neutrophils (Cor=0.362), and dendritic cells
(Cor=0.276) (Fig. 4A, all P< .05). To develop cancer therapy
target, an important way is to assess the correlation between
Figure 3. The expression and prognosis value of PIK3CB in KIRC. (A) The relativ
high and low PIK3CB expression group in KIRC. (C–D) Univariate and multivariate
renal clear cell carcinoma.

5

target gene and existed drug targets. In our study, we found that
PIK3CB was correlated with the drug resistance of 30 small
molecules or drugs, suggesting PIK3CB as a promising
biomarker for drug screening (Fig. 4B).

3.5. Genetic alterations and PI3K/AKT pathway related
genes in KIRC

We then determined genetic alterations of PIK3CB in KIRC.
Thirty-seven of 537 (7%) of TCGA KIRC patients had a
PIK3CB genetic alteration. mRNA low was the most common
type genetic alteration followed bymRNA low and amplification
in KIRC (Fig. 4C). Moreover, after isolated the genes correlated
with PI3K/AKT pathway, we performed GO and KEGG
pathway analysis using these gene. Results indicated that these
genes were mainly involved in cellular response to insulin
stimulus, phosphorylation, cellular response to peptide, wnt
signalosome, threonine kinase activity, and protein kinase A
binding in GO functions (Fig. 5A). Moreover, KEGG pathway
analysis revealed that these genes were mainly involved in
mTOR signaling pathway, chemokine signaling pathway, P13K-
AKT signaling pathway, and PD-L1 and PD-1 checkpoint
pathway in cancer (Fig. 5B).

3.6. GO and KEGG pathway analyses of co-expression
genes correlated with PIK3CB in KIRC.

We submitted PIK3CB to LinkedOmics and performed Pearson
correlation analysis, which indicated 7238 genes (dark red dots)
positively correlated with PIK3CB and 6987 genes (dark green
e expression of PIK3CB in KIRC vs normal tissues. (B) Overall survival curve in
analysis considering clinical parameters and PIK3CB in KIRC. KIRC = kidney

http://www.md-journal.com


Figure 4. Immune infiltration analysis, drug sensitivity, andgenetic alteration of PIK3CB inKIRC. (A) PIK3CBexpression showedpositive correlationwith immune cell
infiltration in KIRC. (B) The correlation between PIK3CB and drug sensitivity in KIRC. (C) PIK3CB genetic alteration in KIRC. KIRC= kidney renal clear cell carcinoma.

Figure 5. Enrichment analysis of PI3K/AKTpathway relatedgenes. (A) The enriched items inGeneOntology analysis (B) The enriched items inKyotoEncyclopedia of
Genes and Genomes pathway analysis. BP = biological processes, CC = cellular components, MF = molecular functions, PI3K = phosphatidylinositol 3-kinase.

Ye and Zeng Medicine (2022) 101:22 Medicine
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Figure 6. Correlated genes, GO and KEGG pathways analysis of PIK3CB in KIRC. (A) PIK3CB association result in KIRC. (B–C) Heat maps of themost significant
50 genes positively and negatively correlated with PIK3CB in KIRC. (D) BP analysis. (E) CC analysis. (F) MF analysis. (G) KEGG pathway analysis. BP = biological
processes, GO = Gene Ontology, KEGG = Kyoto Encyclopedia of Genes and Genomes, KIRC = kidney renal clear cell carcinoma, MF = molecular functions.
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dots) negatively correlated with PIK3CB (Fig. 6A). Figure 6B–C
showed the top 50 genes that were most positively and negatively
associated with PIK3CB in KIRC. We then performed GO and
KEGG pathway analyses with these positively correlated genes.
GO results in Figure 6D–F suggested that the PIK3CB-associated
genes are involved in mRNA processing, RNA splicing, rRNA
metabolic process, ribosome, helicase activity, cytokine binding.
Moreover, KEGG pathway analysis suggest that PIK3CB-
associated genes were enriched in ribosome, proteoglycans in
cancer, microRNAs in cancer, TNF signaling pathway, spliceo-
some,JAK-STATsignalingpathway(Fig.6G).Furthermore, result
of Open Targets also suggest that PIK3CB was involved in cell
proliferation disorder, integumentary system disease, respiratory
disease, gastrointestinal disease, immune system disease, endo-
crine system disease, and urinary system disease (Fig. 7).

3.7. PIK3CB networks of kinase and miRNA targets in
KIRC

To explore the potential mechanism of PIK3CB in KIRC, we
then detected kinase and miRNA targets of PIK3CB using
LinkedOmics. As shown in Table 1, the data suggested MAPK3,
7

E2F1, MAPK1, EGFR, and HCK as the top 5 most significant
kinase targets. We also constructed a PPI network based on the
genes correlated with kinasesMAPK3 target network, indicating
enrichment in myeloid cell differentiation, gene silencing by
miRNA, posttranscriptional gene silencing (Fig. 8). The top 5
most significant miRNA targets were MIR-381 (CTTGTAT),
MIR-448 (ATATGCA), MIR-202 (ATAGGAA), MIR-302C
(ATGTTAA), and MIR-369-3P (GTATTAT) (Table 1). The PPI
network based on the target network of miR-381 suggested their
functions in regulation of translation, ubiquitin-protein trans-
ferase activity, translational initiation (Figure S1B, Supplemental
Digital Content, http://links.lww.com/MD2/B5).

4. Discussion

PI3K signaling pathway is crucial for tumor cell migration,
growth, metastasis, and survival.[17] Increasing evidences
revealed that PIK3CB could regulate the growth and metastasis
of cancer.[18] PIK3CB acted as a prognosis biomarker in cancer
progression and regulated biological process.[7,10] However, the
role of PIK3CB in KIRCwas still a mystery. Thus, our study was
performed to identify the significance of PIK3CB in KIRC.

http://links.lww.com/MD2/B5
http://www.md-journal.com


Figure 7. Bubble map revealing the diseases associated with PIK3CB.

Table 1

The kinase and miRNA of PIK3CB in KIRC (LinkedOmics).

Enriched category Geneset LeadingEdgeNum P value

Kinase target Kinase_MAPK3 68 0
Kinase_E2F1 99 0
Kinase_MAPK1 87 0
Kinase_EGFR 54 0
Kinase_HCK 32 0

miRNA target CTTGTAT, MIR-381 68 0
ATATGCA, MIR-448 94 0
ATAGGAA, MIR-202 49 0
ATGTTAA, MIR-302C 83 0
GTATTAT, MIR-369-3P 75 0

KIRC = kidney renal clear cell carcinoma.

Ye and Zeng Medicine (2022) 101:22 Medicine
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We initially explored the expression of PIK3CB in KIRC,
suggesting the downregulation of the mRNA and protein levels
of PIK3CB in tumor tissues versus normal tissues. Moreover,
further prognosis analysis demonstrated that PIK3CB acted as a
prognostic biomarker in KIRC, predicting a better overall
survival, progression free survival, and disease-free survival in
KIRC. Actually, the study about the prognosis of PIK3CB in
cancer was limited. Kevin et al[19] suggested PIK3CB as a
selective prognosis biomarker for glioblastoma.
Our study also revealed a significant association between

PIK3CB expression and immune cell infiltration, including B
cells, CD8+ T cells, CD4+ T cells, macrophage, neutrophils, and
dendritic cells. CD8+ T cells and CD4+ T cells played a vital role
in tumor progression.[20] Moreover, dendritic cells, one of vital
parts of tumor microenvironment, can infiltrate into tumors,



Figure 8. PPI network of kinase MAPK3 networks. PPI network and functional analysis of the gene sets of kinase MAPK3 networks. The different colors for the
network nodes indicate the biological functions of the set of enrichment genes.

Ye and Zeng Medicine (2022) 101:22 www.md-journal.com
which could activate immune response and recruit disease-
fighting immune effector cells and pathways.[21] PIK3CB may
also be involved in immune infiltration of KIRC and PIK3CB
may be a therapy target for KIRC. Interestingly, we found that
PIK3CB was correlated with the drug resistance of 30 small
molecules or drugs, suggesting PIK3CB as a promising
9

biomarker for drug screening. Previous study revealed that
the combined detection of PIK3CB was a prognosis biomarker
and optimal therapy target in colorectal carcinoma.[22] Sunitinib
is the only widely approved drug for KIRC treatment. However,
no significant correlation was obtained between PIK3CB and
sunitinib and further study should be conducted to study this.

http://www.md-journal.com
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Moreover, our study revealed that PIK3CB-associated genes
are associated with mRNA processing, RNA splicing, rRNA
metabolic process, microRNAs in cancer, TNF signaling
pathway, spliceosome, JAK-STAT signaling pathway. Interest-
ingly, the processes and signaling pathway were involved in the
tumorigenesis and cancer progression. Accumulating evidence
revealed that aberrant JAK/STAT signaling is crucial for tumor
progression and metastatic development.[23] Many members of
JAK/STAT signaling were suggested as a prognosis biomarker
for KIRC.[24]

The current study also identified some miRNA targets of
PIK3CB in KIRC, such as MIR-381, MIR-448, MIR-202, MIR-
302C, and MIR-369-3P. Actually, these miRNAs were play a
vital role in KIRC.
Downregulation of miRNA-381 could accelerate tumor

growth and chemoresistance in KIRC.[25] Moreover, miRNA-
381-3p acted as a dual suppressor of apoptosis and necroptosis
and promoted cell proliferation in KIRC.[26] Another study
revealed that miRNA-302c could suppress cell proliferation via
Gab2 in KIRC.[27]

Some limitations could be found in our study. Another
database should be applied to verify our result. Moreover,
further in vivo and in vitro experiments should be performed to
validate our results.
5. Conclusions

All in all, our study suggested that PIK3CB was a prognostic
biomarker that associated with immune cell infiltration,
providing additional data for further study of the functions of
PIK3CB in KIRC carcinogenesis.
Author contributions

Conception: Tao Zeng.
Interpretation or analysis of data: Jianzhong Ye.
Preparation of the manuscript: Jianzhong Ye.
Revision for important intellectual content: Jianzhong Ye.
Supervision: Tao Zeng.
Formal analysis: Tao Zeng.
Funding acquisition: Tao Zeng.
Investigation: Jianzhong Ye, Tao Zeng.
Methodology: Jianzhong Ye, Tao Zeng.
Project administration: Tao Zeng.
Resources: Tao Zeng.
Supervision: Tao Zeng.
Validation: Tao Zeng.
Visualization: Jianzhong Ye.
Writing – original draft: Jianzhong Ye.
Writing – review & editing: Jianzhong Ye, Tao Zeng.
References

[1] Hsieh JJ, Purdue MP, Signoretti S, et al. Renal cell carcinoma. Nat Rev
Dis Primers 2017;3:17009.

[2] Siegel RL,Miller KD, Jemal A. Cancer statistics, 2020. CACancer J Clin
2020;70:7–30.
10
[3] Yin L, Li W, Wang G, et al. NR1B2 suppress kidney renal clear cell
carcinoma (KIRC) progression by regulation of LATS 1/2-YAP
signaling. J Exp Clin Cancer Res 2019;38:343.

[4] Chang Y, Li N, Yuan W, Wang G, Wen J. LINC00997, a novel long
noncoding RNA, contributes to metastasis via regulation of S100A11 in
kidney renal clear cell carcinoma. Int J Biochem Cell Biol
2019;116:105590.

[5] Mekhail TM, Abou-Jawde RM, Boumerhi G, et al. Validation and
extension of theMemorial Sloan-Kettering prognostic factors model for
survival in patients with previously untreated metastatic renal cell
carcinoma. J Clin Oncol 2005;23:832–41.

[6] Motzer RJ, Bander NH, Nanus DM. Renal-cell carcinoma. N Engl J
Med 1996;335:865–75.

[7] Zhang Z, Zhang L, Wang B, et al. MiR-337-3p suppresses proliferation
of epithelial ovarian cancer by targeting PIK3CA and PIK3CB. Cancer
Lett 2020;469:54–67.

[8] Guo H, German P, Bai S, et al. The PI3K/AKT pathway and renal cell
carcinoma. J Genet Genomics 2015;42:343–53.

[9] Tian J, Zhu Y, RaoM, et al. N(6)-methyladenosine mRNAmethylation
of PIK3CB regulates AKT signalling to promote PTEN-deficient
pancreatic cancer progression. Gut 2020;69:2180–92.

[10] Huang J, Zhang L, Greshock J, et al. Frequent genetic abnormalities of
the PI3K/AKT pathway in primary ovarian cancer predict patient
outcome. Genes Chromosomes Cancer 2011;50:606–18.

[11] Li T, Fan J, Wang B, et al. TIMER: a web server for comprehensive
analysis of tumor-infiltrating immune cells. Cancer Res 2017;77:e108–
10.

[12] Chandrashekar DS, Bashel B, Balasubramanya SAH, et al. UALCAN: a
portal for facilitating tumor subgroup gene expression and survival
analyses. Neoplasia (New York, NY) 2017;19:649–58.

[13] Uhlén M, Fagerberg L, Hallström BM, et al. Proteomics. Tissue-based
map of the human proteome. Science 2015;347:1260419.

[14] Koscielny G, An P, Carvalho-Silva D, et al. Open Targets: a platform for
therapeutic target identification and validation. Nucleic Acids Res
2017;45:D985–94.

[15] Vasaikar SV, Straub P, Wang J, Zhang B. LinkedOmics: analyzing
multi-omics data within and across 32 cancer types. Nucleic Acids Res
2017;46:D956–63.

[16] Liu C-J, Hu F-F, XiaM-X,Han L, ZhangQ, GuoA-Y. GSCALite: a web
server for gene set cancer analysis. Bioinformatics 2018;34:3771–2.

[17] Ross RL, McPherson HR, Kettlewell L, et al. PIK3CA dependence and
sensitivity to therapeutic targeting in urothelial carcinoma. BMCCancer
2016;16:553–1553.

[18] Qu J, Zheng B, Ohuchida K, et al. PIK3CB is involved in metastasis
through the regulation of cell adhesion to collagen I in pancreatic cancer.
J Adv Res 2021;33:127–40.

[19] Pridham KJ, Le L, Guo S, et al. PIK3CB/p110b is a selective survival
factor for glioblastoma. Neuro Oncol 2018;20:494–505.

[20] Jiang S, Yan W. T-cell immunometabolism against cancer. Cancer
letters 2016;382:255–8.

[21] Palucka K, Banchereau J. Cancer immunotherapy via dendritic cells.
Nat Rev Cancer 2012;12:265–77.

[22] Wen F, He S, Sun C, Li T, Wu S. PIK3CA and PIK3CB expression and
relationship withmultidrug resistance in colorectal carcinoma. Int J Clin
Exp Pathol 2014;7:8295–303.

[23] Pencik J, Pham HT, Schmoellerl J, et al. JAK-STAT signaling in cancer:
from cytokines to non-coding genome. Cytokine 2016;87:26–36.

[24] Liang F, Liang H, Li Z, Huang P. JAK3 is a potential biomarker and
associated with immune infiltration in kidney renal clear cell carcinoma.
Int Immunopharmacol 2020;86:106706.

[25] Chan Y, Yu Y, Wang G, et al. Inhibition of microRNA-381 promotes
tumor cell growth and chemoresistance in clear-cell renal cell
carcinoma. Med Sci Monit 2019;25:5181–90.

[26] Zhao C, Zhou Y, Ran Q, et al. MicroRNA-381-3p functions as a dual
suppressor of apoptosis and necroptosis and promotes proliferation of
renal cancer cells. Front Cell Dev Biol 2020;8:290.

[27] Gu DH, Mao JH, Pan XD, et al. microRNA-302c-3p inhibits renal cell
carcinoma cell proliferation by targeting Grb2-associated binding 2
(Gab2). Oncotarget 2017;8:26334–43.


	Mining database and verification of PIK3CB as a marker predicting prognosis and immune infiltration in renal clear cell carcinoma
	<?1 Introduction
	2 Methods
	2.1 TIMER
	2.2 UALCAN
	2.3 The Human Protein Atlas
	2.4 Prognosis analysis
	2.5 Clinical specimens and Real-time quantitative PCR (qRT-PCR)
	2.6 Functional enrichment analysis
	2.7 Open Targets
	2.8 LinkedOmics and GeneMANIA
	2.9 GSCALite

	3 Results
	3.1 PIK3CB expression in KIRC
	3.2 PIK3CB acted a prognostic biomarker in KIRC
	3.3 Validation of the expression and prognostic value of PIK3CB in KIRC
	3.4 PIK3CB expression correlated with immune infiltration and drug resistance in KIRC
	3.5 Genetic alterations and PI3K/AKT pathway related genes in KIRC
	3.6 GO and KEGG pathway analyses of co-expression genes correlated with PIK3CB in KIRC.
	3.7 PIK3CB networks of kinase and miRNA targets in KIRC

	4 Discussion
	5 Conclusions
	Author contributions
	References


