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Background: Although emerging animal- or cell-based evidence supports the relation-
ship between casein kinase 2 alpha protein 1 (CSNK2A1) and cancers, no pan-cancer
analysis is available. Thus, this report aimed to display the prognostic landscape of
CSNKZ2A1 in pan-cancer and investigate the relationship between CSNK2A1 and tumor
immunity.

Methods: In the current study, we investigated the expression pattern, genetic alterations
and survival analysis of CSNK2A1 in pan-cancer across multiple datasets and online plat-
forms. The correlations between CSNK2A1 expression and tumor immunity were explored
and visualized via R language software. Following this, immunohistochemical (IHC) staining
and Kaplan—Meier survival analysis were conducted in clinical patients for proving the
bioinformatic findings. Analysis of protein—protein interaction and gene functional enrich-
ment was conducted using GeneMANIA platform and gene set enrichment analysis (GSEA),
respectively.

Results: In TCGA, tumor tissue had a higher expression level of CSNK2A1 compared with
that in corresponding normal tissue. An increased expression level of CSNK2A1 was related
to poor clinical prognosis in most types of cancer such as LIHC. The following expression
and survival analysis in clinical liver hepatocellular carcinoma (LIHC) patients confirmed
these TCGA findings. CSNK2A1 expression had significant positive correlations with pro-
tumor-infiltrating immune cells (TIICs) like M1-macrophages and fibroblasts, and significant
negative correlations with anti-tumor-TIICs like activated CD8+ T cells and NK cells,
interactions between CSNK2A1 and certain TIICs
Furthermore, CSNK2A1 expression had the most significant positive correlations with

suggesting  specific subtypes.
common markers of immune checkpoint including programmed death ligand-1 (PDL1) in
LIHC. These findings were validated by an IHC analysis. GSEA analysis demonstrated that
high expression of CSNK2A1 was related to cell signaling pathways and immunity-related
activities.

Conclusion: These findings suggested that CSNK2A1 was not only related to poor clinical
prognosis in cancer like LIHC but also a novel immunotherapy-related biomarker in cancers,
especially in LIHC, shedding new light on anti-tumor strategy.
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immunity, tumor microenvironment

Received: 21 July 2021
Accepted: 21 September 2021
Published: 29 September 2021

International Journal of General Medicine 2021:14 6215-6232 6215
© 2021 Wu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
T

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-4127-7156
http://orcid.org/0000-0002-1809-0206
http://orcid.org/0000-0001-8375-709X
http://orcid.org/0000-0001-8408-6398
mailto:hezhanw@mail.sysu.edu.cn
mailto:lidf@mail.sysu.edu.cn
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Wu et al

Dove

Introduction

For the complexity of tumorigenesis, it is necessary to
perform a pan-cancer expression study of any gene of
interest and explore its correlation with potential onco-
genic mechanisms and clinical prognosis. The availability
of public databases with large functional genomics data
sets of different cancers, like the cancer genome atlas
(TCGA) project and gene expression omnibus (GEO)
dataset, bring us opportunities to perform a pan-cancer
analysis.'

Casein kinase 2 (CK2) is a highly conserved and ubi-
quitous protein serine/threonine kinase with multifunction
involving in the process of cell cycle regulation, cell pro-
liferation and cell apoptosis.* It is a tetramer complex
consisting of two catalytic subunits (CK2a and/or CK2
a’) and two regulatory subunits.” CK2a, one of CK2
catalytic subunit, also known as casein kinase 2 alpha
protein 1 (CSNK2ALI), is encoded by CSNK2AI gene
and found to play an oncogenic role in the development
and progression of various tumors.® Up-regulation of
CSNK2A1 has been reported in many malignant cancers,
including lung cancer,” hepatocellular carcinoma,® ovarian
cancer,’  prostate  cancer,'”  colorectal  cancer,
lymphomas'? and acute myeloid leukemia.'> Besides
that, Over-expression of CSNK2A1 has also been shown
to be an unfavorable factor to the poor prognosis of these
tumor patients.®>'*!> Currently, CSNK2A1 has received
considerable attention as a promising biomarker for var-
ious tumors; however, the relevance of CSNK2A1 func-
tion and molecular mechanism with the tumorigenesis is
still unknown. Meanwhile, there is still no integrative
analysis of the prognostic value of CSNK2A1 in cancers
based on big clinical data.

Previous studies have indicated that tumor microenvir-
onment (TME) plays an important role in the initiation and
progression of human cancers.'® It contains a variety of
cells, among which tumor-infiltrating immune cells
(TIICs) account for a large proportion.'” The interactions
between tumor cells and TIICs came into focus because
almost all types of TIICs, including neutrophils, macro-
phages, T cells, B cells and natural killer (NK) cells were
found to participate in the development of tumors.'®
However, the molecular mechanisms of interactions
between tumor cells and TIICs still remain unclear. Some
studies assumed that TIICs helped resisting cancer cells in
TME.'*'® In contrast, some publications indicated that

TIICs in TME could provide a tactic for cancer cells to

avoid being killed.'” ' On the other hand, immunotherapy
targeting interactions between cancer cells and TIICs, as
an alternative strategy to classic antitumoral treatments,
has recently been developed to reactivate innate and adap-
tive immune systems and creates a effective antitumoral
immune response.?’*> For example, anti-cytotoxic T cells
associated antigen-4 (anti-CTLA-4),
death-1 (anti-PD1) and anti-programmed death ligand-1

anti-programmed

(anti-PDL1) agents were applied in treatments of cancers,
such as lung carcinoma and malignant melanoma, and
were found to achieve promising anticancer effects.*
However, only a limited proportion of cases with specific
cancer types have favorable response to current immu-
notherapies. Meanwhile, the molecular characteristics of
cancer patients showing optimal response to immunother-
apy remain unclear. Thus, there is an urgent need to clarify
the molecular mechanisms of tumor-immune interaction
and explore the new potential therapeutic targets and
immunotherapy-related biomarker in cancers.

In the current study, we comprehensively explored the
expression of CSNK2A1 and its prognostic landscape in
pan-cancer, and further analyzed its association with TIICs
and related immunotherapy markers via data-mining ana-
lysis based on various datasets and online platforms. Then,
we selected one of the most representative TCGA tumor to
conduct a series of retrospective clinical studies including
immunohistochemical (IHC) staining and Kaplan—Meier
survival analysis for validating these bioinformatic find-
ings based on data-mining analysis. This study was
designed and conducted based on the flow diagram
(Supplementary Figure 1). The findings from this study

implied that CSNK2A1 influenced the prognosis of cancer
patients, probably via its multiple interactions with TIICs.
CSNK2A1 served as an oncogenic factor in pan-cancer,
and up-regulated CSNK2A1 expression was unfavorable
to the survival time of patients with cancers like LIHC.
Taking these findings together, CSNK2A1 was not only
a biomarker of poor prognosis but also a promising poten-
tial therapeutic target and immunotherapy-related biomar-
ker for human cancers, especially in LIHC.

Methods

Raw Data Acquisition

TCGA gene expression (transcriptome RNA-seq) data of
33 different cancer types was downloaded from TCGA
dataset (http://portal.gdc.cancer.gov/).! Thirty-three tumor

types were included: adrenocortical carcinoma (ACC),
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bladder urothelial carcinoma (BLCA), breast invasive car-
cinoma (BRCA), cervical squamous cell carcinoma and
endocervical adenocarcinoma (CESC), cholangiocarci-
noma (CHOL), colon adenocarcinoma (COAD), lymphoid
neoplasm diffuse large B-cell lymphoma (DLBC), esopha-
geal carcinoma (ESCA), glioblastoma multiforme (GBM),
head and neck squamous cell carcinoma (HNSC), kidney
chromophobe (KICH), kidney renal clear cell carcinoma
(KIRC), kidney renal papillary cell carcinoma (KIRP),
acute myeloid leukemia (LAML), brain lower grade
glioma (LGG), liver hepatocellular carcinoma (LIHC),
lung adenocarcinoma (LUAD), lung squamous cell carci-
noma (LUSC), mesothelioma (MESO), ovarian serous
cystadenocarcinoma (OV), pancreatic adenocarcinoma
(PAAD), pheochromocytoma and paraganglioma (PCPG),
prostate adenocarcinoma (PRAD), rectum adenocarcinoma
(READ), sarcoma (SARC), skin cutaneous melanoma
(SKCM), stomach adenocarcinoma (STAD), testicular
germ cell tumors (TGCT), thyroid carcinoma (THCA),
thymoma (THYM), uterine corpus endometrial carcinoma
(UCEC), uterine carcinoma (UCS) and uveal mela-
noma (UVM).

Analysis of CSNK2A| Expression in

Normal Tissues and Cancers

The data on expression levels of CSNK2AT1 in different
normal tissues were extracted from projects of human
protein atlas (HPA) (http://www.proteinatlas.org),>* geno-

type-tissue expression (GTEx)*® and function annotation
of the mammalian genome 5 (FANTOMS).?® The informa-
tion of differential expression of CSNK2A1 between
tumors and corresponding normal tissues was from data-
sets of TCGA, GTEx and clinical proteomic tumor analy-
sis consortium (CPTAC),”” and the analysis of this
information was performed via TIMER2.0 online tool
GEPIA2.0
(http://gepia2.cancer-pku.cn)®® and Ualcan online tool
(http://ualcan.path.uab.edu/index.html).*

http://timer.cistrome.org),”® online  tool
p g

Analysis of Genetic Alteration of
CSNK2AI in Cancers

The analysis of genomic alteration of CSNK2A1 status in
cancer cases was performed using the cBioPortal online
tool (http://cbioportal.org).®’ The three-dimensional (3-D)
structure of mutated site information on CSNK2A1 was

visualized via UCSF Chimera tools.>?

Survival Analysis in Databases of
GEPIA2.0, TCGA and Kaplan—Meier

Plotter

In this section, the correlation between CSNK2A1 expres-
sion and survival in pan-cancer was firstly explored in
GEPIA2.0 project. We used the “Survival Map” module
of GEPIA2.0 to acquire the overall survival (OS) and
disease-free survival (DFS) data of CSNK2A1 across all
TCGA cancers and these data were displayed as heatmaps.
The values of cutoff-high (50%) and cutoff-low (50%)
were defined as the expression thresholds for spitting the
high-expression and low-expression groups. The survival
plot of a specific cancer with significant result was
obtained and visualized via the “Survival Analysis” mod-
ule of GEPIA2.0.

Then, the CSNK2A1 expression level was searched on
TCGA dataset to determine its relationship with prognosis,
including progression-free interval (PFI) and disease-
specific survival (DSS). The threshold was set as a Cox
P-value <0.05 and R language software [R-4.1.0, 64 bit]
with the “forestplot” package was used to summarize and
display a Cox regression survival analysis from TCGA.
Finally, we used the Kaplan—-Meier Plotter online platform
(http://www.kmplot.com)*® to explore the relationship of
CSNK2A1 expression with relapse-free survival (RFS),
distant metastasis-free survival (DMFS), progression-free

survival (PFS), first progression (FP), post-progression
survival (PPS), disease-specific survival (DSS) and OS in
breast cancer, ovarian cancer, gastric cancer and liver
cancer.

Analysis of the Relationship Between
CSNK2A| Expression and Immunity

Emerging evidence showed that tumor immune microen-
vironment (TME) plays an important role in cancer devel-
opment. In the current section, we first explored the
relationship between the level of CSNK2A1 expression
and the abundance of TIICs, including 22 kinds of immune
cell subtypes, across diverse TCGA cancers, and further
explored the significant differences of immune cell sub-
types. These analyses were visualized with the R language
software [R-4.1.0, 64 bit] with the “reshape2” package and
the “RcolorBrewer” package. The 22 kinds of immune cell
subtypes of TIIC were included neutrophils, eosinophils,
activated mast cells, resting mast cells, activated dendritic
cells, resting dendritic cells, macrophages M0-2, mono-
cytes, activated NK cells, resting NK cells, y3-T cells,
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regulatory T cells, follicular T helper cells, activated CD4"
T memory cells, resting CD4" T memory cells, naive
CD4" T cells, CD8" T cells, memory B cells and naive
B cells. Furthermore, we also used the TIMER2.0 web
server to explore the correlation between CSNK2AI1
expression and the infiltrates of cancer-associated fibro-
blasts and endothelial cells across all TCGA cancers. The
algorithms of EPIC, MCPCOUNTER and TIDE/XCELL
were used for immune infiltration assessments. The corre-
lation (cor) values and their corresponding P-values (P)
were acquired via the purity-adjusted Spearman correla-
tion test. The data were displayed as heatmaps and scatter
plots.

In addition to the comprehensive analysis of correla-
tions between CSNK2A1 expression and immunity, we
also explored the relationships between CSNK2A1 expres-
sion and immune checkpoint marker sets, tumor mutation
burden (TMB) and microsatellite instability (MSI) for
analyzing the value of CSNK2A1 in the assessment of
tumor immunotherapy effect. These immune checkpoint
marker sets participated in the evasion of cancers’® and
included TNFSF9, CD44, CD86, CD274, TIGIT,
TNFSF15, TNFRSF18, CD40, TNFRSF4, VSIR,
TNFRSF25, CD27, TNFRSF8, TNFSF9, CD70, BTNL2,
TNFSF18, HHLA2, PDCDILG2, IDO2, VTCNI,
TIMGD?2, ICOSLG, IDO2, TNFSF14, CD160, LGALS9,
PDCD1, CD80, KIR3DL1, CD276, ADORA2A,
HAVCR2, CD200R1, CD28, CD48, CTLA4, CD40LG,
ICOS, LAG3, CD244, TNFSF4, LAIR1, NRPI,
TNFRSF14, CD200 and BTLA. TMB is emerging as
a novel and profound biomarker for assessing the effect
of immunotherapy.>> MSI is a novel molecular tumor
phenotype and defined as the spontaneous gain or loss of
nucleotides from short tandem repeat DNA tracts.>
Analysis regarding the relationships between CSNK2AT1
expression and immune checkpoint marker sets, TMB and
MSI were performed and visualized via R language soft-
ware [R-4.1.0, 64 bit] with the “reshape2” package and the
“fmsb” package.

Immunohistochemistry and Evaluation of
Expression Score for CSNK2AI and
PDLI

To further provide clinical validity to the results of prognos-
tic and immunological role of CSNK2A1 in human cancers
based on bioinformatic approaches and consider the out-
standing findings in LIHC based on previous TCGA

database analysis, we chose LIHC as the representative
TCGA cancer for performing validation experiments. Fifty-
three tissue samples (48 tumor tissue samples and 5 adjacent
normal tissue samples) from 48 LIHC patients treated at Sun
Yat-sen Cancer Center of Sun Yat-sen University during the
period of December 2016 to June 2018 (SYSUCC cohort)
were then collected to conduct Immunohistochemistry
(IHC) experiments. The experiments were approved by the
Ethical Committee of the Sun Yat-sen Cancer Center of Sun
Yat-sen University, and written informed consent was signed
by each patient. All 5 adjacent normal tissue samples was
incubated with 1:300 diluted rabbit polyclonal anti-
CSNK2A1 (catalog No:#40672-1, SAB™, Baltimore,
USA) at 4°C overnight and all 48 tumor tissue samples
were divided into two parts, one part of each sample was
incubated with 1:300 diluted rabbit polyclonal anti-
CSNK2AL1 at 4°C overnight, and the other part was incu-
bated with 1:200 diluted rabbit polyclonal anti-PDL1 (anti-
CD274) antibody (catalog No:#48238-1, SAB™, Baltimore,
USA) overnight at 4°C. After washing, all slides were coun-
ter-stained with diaminobenzidine (DAB) substrate (catalog
No: GK500710, Gene Tech™, Shanghai, China) and then
dehydrated. Two experienced pathologists unaware of the
clinical data scored each immunostained slide independently
based on the extent of IHC staining and IHC staining inten-
sity of cancer cells. The IHC staining intensity of CSNK2A 1
was scored as 0, no staining; 1, weak staining (light yellow);
2, moderate staining (yellow brown); 3, strong staining
(brown). The IHC staining extent of CSNK2A1 was scored
from 0 to 3 according to the percentage of staining tumor
cells (<5%, negative; 5-25%, sporadic; 26-50%, focal,
>50%, diffuse). The IHC protein expression (IHC-P) score
of CSNK2AI1 ranging from 0 to 9 was calculated as the
value of the proportion of positive staining cells score x
staining intensity score and was finally defined as the fol-

[T

lowing: (negative, score 0); “+” (weakly positive, score
1-3); “++” (positive, score 4-6) and “+++ (strong positive,
score 7-9). Thus, 5 adjacent normal tissue samples and 48
tumor tissue samples from SYSUCC cohort were divided
into normal liver tissue with CSNK2A1-expression group
(CSNK2A1, “-” score 0), low CSNK2A 1-expression tumor
tissue group (CSNK2A1, “-” and “+”, score 0-3) and high
CSNK2A1-expression tumor tissue group (CSNK2A1, “++”
and “+++”, score 4-9) according to the IHC-P score of
CSNK2AL1 in their respective tissue samples. On the other
hand, the IHC staining intensity of PDL1 was scored as 0, no
staining; 1, weak staining (light yellow); 2, moderate stain-
ing (yellow brown) and 3, strong staining (brown). The IHC
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staining extent of PDL1 was scored from 0 to 4 according to
the percentage of staining tumor cells (<5%, negative;
5-25%, sporadic; 26-50%, focal; 51-75%, diffuse and
>75%, suffusive). The IHC-P score of PDL1 ranging from
0 to 12 was calculated as the value of the proportion of
positive staining cells score x staining intensity score and

732

was finally defined as the following: (negative, score 0);
“+” (weakly positive, score 1-4); “++” (positive, score 5—8)

and “+++ (strong positive, score 9—12).

Survival Analysis in SYSUCC Cohort

A survival analysis was carried out for LIHC patients with
high and low CSNK2A1-expression patterns from tumor
tissues of SYSUCC cohort, and the last follow-up time
was December 2020. We used the Kaplan—Meier survival
analysis to validate the relationship between CSNK2AI1
expression and overall survival (OS) in tumor patients
based on previous bioinformatic findings.

CSNK?2A [ -Related Protein—Protein
Interaction Network Construction and

Gene Set Enrichment Analysis

In this section, GeneMANIA online platform (http://www.
genemania.org)37 was utilized for protein—protein interac-
tion (PPI) analysis of CSNK2A1. GeneMANIA is an ideal
resource for constructing PPI network, which demon-
strates hypotheses about gene function prediction.

In order to analyze the biological signaling pathway,
gene set enrichment analysis (GSEA) was conducted in the
high expression and low-expression cohorts compared
with the median level of CSNK2A1 expression, respec-
tively. The top five terms of Kyoto Encyclopedia of Genes
and Genomes (KEGG) and Gene Ontology (GO) analysis
were displayed. Gene sets with NOM p < 0.05 and FDR
q <0.25 were considered to be significant enrichment.*®

Statistical Analysis

Gene expression data from datasets of TCGA and GTEx
were evaluated using Student’s #-test. The correlation of
gene expression was analyzed using Spearman correlation.
For survival analysis, we used the Log rank test to calcu-
late the HR and log-rank P value in GEPIA2.0 and
Kaplan—Meier curves, and the univariate Cox regression
model to calculate the HR and Cox P value in Forest plots.
The associations between CSNK2A1 expression and abun-
dance biomarkers of immunity were evaluated by
Spearman correlation analysis. All statistical analyses of

validation experiments in the current study were carried
out using IBM SPSS software version 22.0 (IBM™, NY,
USA). Among them, analysis of CSNK2A1 and PDLI
expression patterns in LIHC and paracarcinoma tissue
samples were performed via Mann—Whitney U-test and
overall survival distributions in SYSUCC cohort were
displayed by Kaplan—Meier curve and compared between
high CSNK2Al-expression group and low CSNK2AI-
expression group using Log rank test. Results with
P value <0.05 were considered to be statistically signifi-
cant, if not specifically noted.

Results
The Expression Level of CSNK2AI in

Normal Tissues and Cancers

In the current section, we aimed to explore the oncogenic
roles of human CSNK2A1 (NM_ 177559.3 for mRNA and
NP_808227.1 for protein). First, we analyzed the expres-
sion status of CSNK2AI1 in different normal tissues. As
shown in Supplementary Figure 2, based on datasets of
HPA, GTEx and FANTOMS, CSNK2A1 showed the high-
est expression in the testis, followed by the cerebral cortex
and the urinary bladder. However, CSNK2A1 could be

expressed in all detected nontumor tissues (all consensus

normalized expression values >1), showing low RNA tis-
sue specificity.

We then applied the TIMER2.0 tool to evaluate the
expression pattern of CSNK2A1 across various cancer
types of TCGA. As shown in Figure 1A, the expression
level of CSNK2AT in the tumor tissues of BLCA, BRCA,
CHOL, COAD, ESCA, HNSC, LIHC, LUAD, LUSC,
STAD, THCA (all P<0.001) and CESC (P<0.05) was
higher than the corresponding normal tissues.

We further analyzed the expression difference of
CSNK2A1 between the tumor tissues and nontumor tis-
sues from different datasets. As shown in Figure 1B, the
expression level of CSNK2A1 in the tumor tissues from
TCGA dataset, including CHOL, DLBC, ESCA, GBM,
LGG, LUSC, OV, PAAD, READ, STAD and THYM,
was significantly higher than the corresponding nontumor
tissues from GTEx dataset (all P<0.05). Meanwhile, the
results of the CPTAC dataset demonstrated higher expres-
sion of CSNK2AT1 total protein in the primary tumor
tissues of breast cancer, colon cancer, clear cell renal cell
carcinoma and LUAD than in normal tissues (Figure 1C,
all P<0.001).
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Genetic Alteration Differences of
CSNK2AI in Cancers

It had been widely noticed that genetic alteration was
closely associated with oncogenesis.”* To figure out
genetic alteration of CSNK2A1 in human cancer, com-
parative analysis of CSNK2A1 was performed. We firstly
analyzed the genetic alteration of CSNK2A1 genes in
cancer cases using cBioPortal tools. As shown in
Figure 2A, the genetic alteration profiling of CSNK2A1
showed that the highest alteration frequency of CSNK2A1
appeared for DLBC cases with “mutation” as the primary
type (>6%). The “amplification” type of CNA was the
primary type in the OV patients, which showed an altera-
tion frequency of ~4%. It was worth noting that all ACC
patients with genetic alteration had deep deletion of
CSNK2A1 (>2% frequency). Then, the types, alteration
sites and case number of the CSNK2A1 genetic alteration
are further presented in Figure 2B. We observed that mis-
sense mutation of CSNK2A1 was the main type of genetic
alteration, and R280* alteration in the Pkinase domain,
which was found in 3 cases of UCEC and 1 case of
HNSC, was able to induce a nonsense mutation at the
280 site of CSNK2A1 protein, causing the subsequent
truncation, and the R280 site in the 3-D structure of
CSNK2A1 protein is presented in Figure 2C using UCSF
Chimera tools.

Multifaceted Prognostic Value of

CSNK2AI in Cancers

Next, we explored the prognostic value of CSNK2A1 for
pan-cancer. We splitted the tumors patients into high-
expression and low-expression groups according to the
expression levels of CSNK2AT1 and analyzed the correla-
tion of CSNK2A1 expression with the prognosis of
patients with different cancers from the TCGA dataset
using GEPIA2.0 tool. As shown in Figure 3, high expres-
sion level of CSNK2A1 was linked to poor prognosis of
OS for tumor of LIHC (P=0.011), LUSC (P=0.035),
MESO (P=0.026), PAAD (P=0.042) and SARC
(P=0.037) (Figure 3A). Meanwhile, DFS analysis data
showed a significant correlation between high CSNK2A1
expression and poor prognosis of DFS for cases of BLCA
(P=0.004), MESO (P=0.015), PAAD (P=0.030) and UVM
(P=0.034) (Figure 3B). In addition, the low expression
level of CSNK2A1 was related to poor OS (Figure 3A,
P=0.013) and DFS (Figure 3B, P=0.011) prognosis for
KIRC.

We further investigated the relationships between
CSNK2A1 expression and the PFI and the DSS of patients
with different cancers in TCGA dataset using Forest Plot
and Kaplan—-Meier Plot. For PFI, CSNK2A1l played
a detrimental role in patients with LIHC (HR=1.428,
95% CI from 1.146 to 1.780, P=0.002), MESO
(HR=2.227, 95% CI from 1.117 to 4.442, P=0.023) and
UVM (HR=5.302, 95% CI from 2.133 to 13.182,
P<0.001), and a protective role in patients with LGG
(HR=0.636, 95% CI from 0.412 to 0.981, P=0.041)
(Figure 4A). For DSS, CSNK2A1 had a detrimental effect
on cases with MESO (HR=2.654, 95% CI from 1.240 to
5.681, P=0.012), UCEC (HR=1.851, 95% CI from 1.116
to 3.073, P=0.017) and UVM (HR=3.698, 95% CI from
1.165 to 11.733, P=0.026), and a protective effect on cases
with READ (HR=0.379, 95% CI from 0.157 to 0.917,
P=0.031) (Figure 4B).

Investigations of the survival data using the Kaplan—
Meier Plotter online tool showed a significant correlation
between high CSNK2A1 expression and poor RFS
(HR=1.31, P=2.1e-07), OS (HR=1.34, P=0.0024) and
DMFS (HR=1.19, P=0.031) prognosis for breast cancer
and poor PFS (HR=1.4, P=1.7¢-07) and OS (HR=1.14,
P=0.049) prognosis for ovarian cancer (Supplementary
Figure 3A). Moreover, highly expressed CSNK2A1 was
also significantly associated with poor OS (HR=1.28,
P=0.0095), FP (HR=1.45, P=0.00046) and PPS
(HR=1.47, P=0.0019) prognosis for gastric cancer and
poor OS (HR=1.98, P=0.00011), RFS (HR=1.52,
P=0.02), PFS (HR=1.84, P=9.5¢-05) and DSS (HR=1.92,
P=0.0046) prognosis for liver cancer (Supplementary
Figure 3B). The above data indicated that the level of
CSNK2A1 expression was a great factor affecting the
survival of tumors and in most types of cancers,
CSNK2A1 was more likely to be a unfavorable prognostic
marker in TCGA cancers.

Correlation Between CSNK2AI
Expression and Immune Infiltration in

Cancers

TIICs were a important part of the TME that regulated
progression of diverse tumors and affected patients’ survi-
val. The findings of the above survival analysis supported
a multifaceted prognostic role of CSNK2A1 in pan-cancer.
Hence, we explored the correlation between CSNK2A1
We
whether CSNK2A1 expression was associated with the

expression and immune infiltration. determined
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Figure | Expression level of CSNK2A| in different cancers. (A) The expression level of the CSNK2A I in different tumors or specific tumor subtypes was explored through
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for log-scale. *P<0.05; ***P<0.001.

Abbreviations: CSNK2AI, casein kinase 2 alpha protein |; CHOL, cholangiocarcinoma; DLBC, lymphoid neoplasm diffuse large B-cell lymphoma; ESCA, esophageal
carcinoma; GBM, glioblastoma multiforme; LGG, brain lower grade glioma; LUSC, lung squamous cell carcinoma; OV, ovarian serous cystadenocarcinoma; PAAD, pancreatic
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immune infiltration level based on TCGA database by
exploring the coefficient of CSNK2A1 expression and
infiltration of 22 kinds of subtypes
(Figure 5A). By using heatmap plot, we found resting-
memory CD4+ T cells, CD8+ T cells and MIl-

immune cell

Macrophages were three immune cell types most strongly
correlated with CSNK2A1 expression across 33 cancer
types. Moreover, the results also showed that BRCA,
PRAD and UCEC were three cancers strongly correlated
with CSNK2A1 expression in immune infiltration level. In
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Figure 2 Mutation features of CSNK2A| in different cancers of TCGA database. (A) The mutation type and (B) mutation site of alteration frequency was displayed using
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BRCA, the level of CSNK2A1 expression positively cor-
related with resting-memory CD4+ T cells (R=0.13,
P=9.6e-06) and M1-Macrophages (R=0.18, P=4.7¢-09),
and negatively correlated with CD8+ T cells (R=-0.16,
P=1.4e-07) and monocytes (R=-0.18, P=3.1e-09). In
PRAD, the level of CSNK2A1 expression positively cor-
related with resting-memory CD4+ T cells (R=0.10,
P=0.00016) and M1-Macrophages (R=0.29, P=6.3¢-09),
and negatively correlated with CD8+ T cells (R=—-0.22,
P=1.4¢-05) and activated-NK cells (R=—0.19, P=0.00015).
In UCEC, the level of CSNK2A1 expression positively
correlated with resting-memory CD4+ T cells (R=0.15,
P=0.0011) and MI1-Macrophages (R=0.17, P=0.00018),
and negatively correlated with CD8+ T cells (R=-0.15,
P=0.00092) and plasma cells (R=-0.26, P=5.5¢-09).
(Figure 5B). Meanwhile, correlations between CSNK2A1
expression and infiltration levels of cancer-associated
fibroblasts and endothelial cells across TCGA tumors
were performed via TIMER2.0 online tool and the results
showed that CSNK2A1 expression had significant positive
correlation with infiltration levels of cancer-associated

fibroblasts across diverse TCGA cancers (Supplementary
Figure 4). Therefore, these findings strongly showed that
CSNK2A1 expression was tightly correlated with the cell
subtype and activity status of immune infiltration in
tumors and could affect patients’ survival by interacting
with immune infiltration in cancers.

Correlations Between CSNK2A |
Expression and Immune Checkpoint
Marker Sets, TMB and MSI in Cancers

It was widely accepted that the immunosurveillance played
an important role in determining the prognosis of diverse
types of tumors. Cancer cells could evade immunosurveil-
lance by taking advantage of immune checkpoint genes,
such as CTLA4 and PDCDI1. Our above analysis revealed
that CSNK2A 1 might serve as a potential vital biomarker for
immune infiltration and an unfavorable prognostic marker in
cancers. Hence, it would be meaningful to explore the asso-
ciation between CSNK2A1 expression and tumor immu-
immune checkpoint

notherapy biomarkers including
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Figure 3 Survival maps and Kaplan—Meier survival curves comparing high and low expression of CSNK2AI in different cancer types in TCGA. (A) Overall survival analysis
and (B) disease free survival analysis in different TCGA cancer types with significant results of survival map and Kaplan—Meier survival curve were performed using GEPIA2.0
tool.

Abbreviations: CSNK2AI, casein kinase 2 alpha protein |; TCGA, the cancer genome atlas; GEPIA2.0, gene expression profiling interactive analysis version 2.0.
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Figure 4 Forest plots comparing high and low expression of CSNK2AI in different TCGA tumors. (A) Progression-free interval analysis and (B) disease-specific survival
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Abbreviations: CSNK2AI, casein kinase 2 alpha protein |; TCGA, the cancer genome atlas.
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marker sets, TMB and MSI. Firstly, we determined whether
CSNK2A1 expression was associated with the immune
checkpoint marker sets based on TCGA dataset by exploring
the coefficient of CSNK2A1 expression and expression of
47 kinds of immune checkpoint gene markers (Figure 6A).
In LIHC, CSNK2A1 expression was positively correlated
with the expressions of 39 kinds of immune checkpoint
genes (all P<0.05). Meanwhile, In UVM, CSNK2AI
expression was positively correlated with the expressions
of 33 kinds of immune checkpoint genes (all P<0.05). On
the contrary, CSNK2A1 expression was negatively corre-
lated with the expressions of 35 kinds of immune checkpoint
genes In LUSC (all P<0.05). These findings suggested that
the expression of CSNK2A1 probably played a vital role in
mediating immune evasion in various types of cancer,
although the relationship between CSNK2A1 expression
and the expression of immune checkpoint marker sets may
vary depending on cancer type. On the other hand, it was
widely noticed that higher somatic TMB and MSI were
correlated with favorable OS and an optimal response to
immunotherapy in cancer patients. Therefore, we then ana-
lyzed the correlations between CSNK2A1 expression and
TMB, MSI in cancers. As shown in Figure 6B, CSNK2A1
was positively correlated with TMB in BLCA (P<0.05),
LAML (P<0.05), LGG (P<0.01), OV (P<0.05), PAAD
(P<0.001), PRAD (P<0.01), STAD (P<0.001) and TGCT
(P<0.05), and none of cancers with CSNK2A1 expression
had significant negative correlation with TMB. In addition,
CSNK2A1 was positively correlated with MSI in UCEC
(P<0.05), STAD (P<0.01), READ (P<0.01) and LIHC
(P<0.01), and negatively correlated with MSI in THCA
(P<0.001), SKCM (P<0.05), LGG (P<0.001), HNSC
(P<0.05) and DLBC (P<0.001) (Figure 6C). All these find-
ings together showed that high CSNK2A1 expression was
widely associated with immunity in cancers and some types
of tumor like LIHC with high expression of CSNK2A1
potentially showed a favorable response to immunotherapy.

Validation of the CSNK2A| Expression
Levels in Clinical Tissue Samples from
LIHC Patients of SYSUCC Cohort

[HC staining comparison of CSNK2A1 expression status
between tumor tissues and adjacent normal tissues from
LIHC patients was performed to validate previous bioinfor-
matic results. According to the results of IHC-P score of
CSNK2A1 in tumor tissues from SYSUCC cohort, we could
divide SYSUCC cohort (48 cases) into high CSNK2A1-

expression tumor tissue group (35 cases) and low CSNK2A1-
expression tumor tissue group (13 cases). The IHC results
showed that CSNK2A1 were significantly overexpressed in
the tumor tissues (both the high CSNK2A 1-expression tumor
tissue group [P <0.001] and low CSNK2A 1-expression tumor
tissue group [P = 0.009]) than normal tissue, which was
consistent with the results in TCGA database (Figures 7A
and C).

Validation of the Relationship Between
CSNK2A| Expression and Immune
Checkpoint Gene (PDLI) Expression in
Clinical Tissue Samples from LIHC
Patients of SYSUCC Cohort

To confirm the reliability of previous bioinformatic find-
ings that CSNK2A1 expression was positively correlated
with the expressions of immune checkpoint markers in
LIHC, we decided to detect protein expression of PDLI,
one of the most representative immune checkpoint protein,
in tumor tissues of the high and low CSNK2A 1-expression
tumor tissue groups from SYSUCC cohort using THC
staining. The results revealed that the THC-P score of
PDL1 was significantly higher in high CSNK2AI1-
expression tumor tissue group than those in low
CSNK2A1-expression tumor tissue group (P<0.001).
These results confirmed the above finding through
a TCGA database analysis that high expression of
CSNK2A1 had strong positive coefficients with the
expression level of PDL1 in LIHC, providing clinical
evidence on the conclusion that CSNK2A1 could be
a novel immunotherapy-related biomarker in cancers,
especially in LIHC (Figures 7B and D).

Survival Analysis to Confirm the Role of
CSNK2AI in LIHC Prognosis Prediction
Based on TCGA Database

We have previously found that high expression level of
CSNK2A1 was linked to poor prognosis of OS for LIHC
in TCGA dataset.
a retrospective clinical study on our own patients to deter-

Following this, we performed
mine whether the expression level of CSNK2A1 could
predict the prognosis of patients with LIHC. Survival
analysis of the 48 clinical LIHC patients was conducted.
As shown in Figure 7E, LIHC patients with high levels of
protein expression of CSNK2A1 in tumor tissues had

significantly shorter OS times compared to those with
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MSI. *#P<0.05; **P<0.01; **P<0.001.

Abbreviations: CSNK2AI, casein kinase 2 alpha protein |; TCGA, the cancer genome atlas; TMB, tumor mutational burden; MSI, microsatellite instability.

low expression levels of CSNK2A1 (P = 0.017), which
was consistent with our previous bioinformatic results in
LIHC cases from TCGA dataset.

PPl Network and Enrichment Analysis of
CSNK2AI in Cancers

Next, to explore the potential roles that CSNK2A 1 took part
in the carcinogensis of cancers, we used GeneMANIA online
tool to obtain a PPI network for CSNK2A1. As vividly
shown in Figure 8A, CSNK2A1 had strong co-localization
with dishevelled 1 (DVL1), which had crucial roles in tumor
progression and cancer metastasis.** Both CSNK2A1 and
DVLI1 were tightly involved in Wnt signaling pathway,
they played as regulators in activating Wnt signaling and
promoting tumor progression, metastasis and chemoresis-
tance in many cancers like lung cancer, hepatocellular carci-
noma and prostate cancer.*' This happened to be consistent
with the results of the co-localization. Then, GSEA was
performed to explore the functional enrichment of high
CSNK2A1 expression and low CSNK2AI expression.
KEGG enrichment term showed that high expression of

CSNK2A1 was mostly associated with cell signaling path-
ways, most of them were involved in varieties of tumor
biological activity, including JAK/STAT pathway, chemo-
kine-related pathway and signaling pathways mediating by
Toll-like receptor and Nod-like receptor. KEGG enrichment
term also exhibited that low expression of CSNK2A1 was
significantly associated with metabolic-related activities,
including ascorbate/aldarate metabolism, drug metabolism
cytochrome P450 and retinol metabolism (Figure 8B,
upper). Meanwhile, GO enrichment term demonstrated that
high expression of CSNK2A1 was mainly associated with
immunity-related activities, including B cell-mediated

immunity, humoral immune response, lymphocyte-
mediated immunity and regulations of B cell activation and
complement activation. Furthermore, GO enrichment term
also revealed that low expression of CSNK2A1 was signifi-
cantly related to the negative regulation of endothelial cell

proliferation and mRNA-binding (Figure 8B, lower).

Discussion
Emerging studies have indicated a function link between

CSNK2A1 and clinical diseases, including
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neurodevelopmental disorders** and various types of
cancer.” '® Whether CSNK2A1 could play roles in the
oncogenesis of different cancers via certain common mole-
cular mechanisms remains to be answered. By searching
the literature, we failed to find any study with an integra-
tive pan-cancer analysis of CSNK2A1 from the perspec-
tive of overall cancers. Therefore, we comprehensively
explore the molecular features of CSNK2A1, especially
the prognostic and immunological features, in a total of 33
different cancers based on various databases and online
platforms.

Previous studies had proved that CSNK2A1 was highly
expressed in most tumors. In this study, by integrating
different independent datasets, including TCGA, GTEx
and CPTAC databases, we identified the consistent results
that CSNK2A1, compared with expression levels in nor-
mal adjacent tissues of cancer patients, was significantly

A

CSNK2A1

Normal liver tissue
THC-P score: - (0)

Tumor tissue
THC-P score: - (0)

PDL1

PDL1 IHC-P scores

Tumor tissue
THC-P score: +(3)

. e

High CSNK2Al-expression tumor sample
i THC-P score: ++ (7)

highly expressed in tumor tissues in most types of cancers,
including brain, bladder, breast, ovarian, cervical, pancrea-
tic, prostate, colorectal, esophageal, hepatobiliary, lung,
gastric, kidney and thyroid cancers, as well as thymoma,
lymphoma and HNSC (Figure 1), which suggest that
CSNK2A1 is probably a common vital biological factor
involving in varieties of cancers. On the other hand, we
used a wide range of prognostic indicators, including OS,
DFS, PFI/PFS, DSS, RFS, DMFS, FP and PPS to thor-
oughly evaluate the prognostic value of CSNK2A1 expres-
sion in TCGA cancers across various platforms. The
of GEPIA2.0 that
CSNK2A1 expression were correlated with a poor OS in
LIHC, LUSC, MESO, PAAD and SARC, as well as a poor
DFS in BLCA, MESO, PAAD and UVM. However, high
expression of CSNK2A1 was only associated with favor-
able clinical outcomes of OS and DFS in KIRP (Figure 3).

analysis revealed up-regulated
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Figure 7 Validation analyses for confirming the immunological and prognostic role of CSNK2A| in LIHC based on bioinformatic tools. (A) Representative photomicro-
graphs of IHC staining of CSNK2A | in normal liver tissue and LIHC tissues from high and low CSNK2A | -expression tumor tissue groups. (B) Representative photos of IHC
staining of PDLI in LIHC tissues from high and low CSNK2A|-expression tumor tissue groups. (C) The IHC-P scores of CSNK2AI in normal liver tissue and LIHC tissues
from high and low CSNK2A [-expression tumor tissue groups were compared using Mann—Whitney U-test. (D) The IHC-P scores of PDLI in LIHC tissues from high and
low CSNK2A [-expression tumor tissue groups were compared using Mann—-Whitney U-test. (E) Kaplan—Meier curve of OS for clinical LIHC patients with high and low
expression of CSNK2A|. **P<0.001.

Abbreviations: CSNK2AI, casein kinase 2 alpha protein |; LIHC, liver hepatocellular carcinoma; PDLI, programmed death ligand-1; IHC, Immunohistochemistry; IHC-P,
Immunohistochemistry protein expression; OS, overall survival.
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In addition, we also used R language software with the
“forestplot” package to perform a Cox regression survival
analysis of data on TCGA cancers and found that
increased CSNK2A1 expression levels could be used as
an independent risk factor for poor prognosis of PFI in
LIHC, MESO and UVM, and poor prognosis of DSS in
MESO, UCEC and UVM. In contrast, in LGG and READ,
a high level of CSNK2A1 expression was shown to be
related to an independent favorable factor for PFI and
DSS, respectively (Figure 4). Meanwhile, we used another
web server, Kaplan—Meier Plotter, to conduct a survival
analysis for further exploring the relationships between
CSNK2A1 expression and prognostic indicators in can-
that
CSNK2A1 was correlated with poor prognosis of RFS,
OS and DMFS in breast cancer (BRCA), poor outcomes
of OS and PFS in ovarian cancer (OV), poor outcomes of
OS, FP and PPS in gastric cancer (STAD) and poor prog-
nosis of OS, RFS, PFS and DSS in liver cancer (LIHC)
(Figure S3). Moreover, the expression of CSNK2A1 and

cers, and observed increased expression of

its prognostic prediction value were further validated in
our clinical LIHC patients and their samples from
SYSUCC cohort. The results of validation experiments
demonstrated that CSNK2A1 was significantly overex-
pressed in LIHC tumor tissues compared with para-
carcinoma normal tissues, and high expression of
CSNK2A1 was related to poor prognosis for clinical
LIHC patients, showing the same expression pattern and
prognostic prediction as that obtained from public dataset
analysis (Figure 7A, C and E). Taken together, these find-
ings strongly indicate that CSNK2Al can serve as
a multifaceted prognostic biomarker in pan-cancer and
high expression of CSNK2A1 seems to be linked to an
unfavorable clinical prognosis in certain TCGA tumors,
especially in LIHC.

Another major finding from the current study is that
CSNK2A1 expression has close relationships with immu-
nity in cancers. Under normal conditions, human immune
system could recognize and eliminate cancer cells in TME
at the early stage. Indeed, it is still acknowledged that
activated CD4"/CD8" T cells and NK cells could prevent
the progression of cancer in the early stage by attacking
tumor cells directly.'®'® However, once a cancer progresses
past the early stage, more and more tumor cells survive and
adopt different strategies provided by specific types of
TIICs in TME to escape immunosurveillance and grow,
making body’s immune system restrained eventually. For
example, tumor-associated M1-macrophages could protect

cancer cells via promoting cancer immune evasion, metas-
tasis and tumor angiogenesis.*>** Cancer-associated fibro-
blasts in TME may promote tumor angiogenesis and
metastasis.*> Thus, the subtype and status of TIICs in
TME have a important impact on patient’s outcome with
diverse tumors. Here, we collected more than 20 common
TIICs and analyzed the relationship between CSNK2A1
expression and infiltration levels of TIICs. The results
demonstrated that CSNK2A1 expression correlated with
diverse immune infiltration levels in TCGA cancers and
resting-memory CD4+ T cells, CD8+ T cells and M1-
Macrophages were three most common immune cell types
correlated with CSNK2A1 expression in cancers, suggest-
ing that specific interactions between CSNK2A 1 and certain
immune cell subtypes (Figure 5A). In particular, in BRCA,
PRAD and UCEC, high expression of CSNK2A 1 had posi-
tive coefficients with the infiltration level of resting-
memory CD4+ T cells and M1-macrophages, and negative
coefficient with the infiltration level of CD&+ T cells.
Besides that, up-regulation of CSNK2A1 also had negative
coefficients with the infiltration level of monocytes, acti-
vated-NK cells and plasma cells in BRCA, PRAD and
UCEC, respectively (Figure 5B). In addition, we also
found that high expression of CSNK2A1 had positive asso-
ciation with the infiltration level of cancer-associated fibro-
blasts in certain TCGA tumors (Supplementary Figure 4).
Taken together, these findings suggest that CSNK2A 1 may
play an important role in the recruitment and regulation of

TIICs in cancers and could promote tumor immune evasion,
metastasis and angiogenesis via down-regulating the pro-
portions of activated tumor infiltrating lymphocytes such as
CD8+ T cells, plasma cells and NK cells, and recruiting the
tumor-associated macrophages (M1), fibroblasts and inacti-
vated tumor infiltrating lymphocytes like resting-memory
CD4+ T cells, which may finally influence patient survival.

On the other hand, tumor immunotherapy could
recover the normal anticancer immune response, including
cancer vaccines and immune checkpoint inhibitors.
Increased expression of immune checkpoint genes by
TIICs like PD-1 or PD-L1 was associated with poor prog-
nosis and favorable response to immunotherapy in patients
with cancers.” Investigating the correlations between the
expression of immune checkpoint genes and the expres-
sion of interest gene could not only help predict the prog-
nosis of cancer patients with high expression of interest
gene, but also help determine the response to immunother-
apy in these patients. Thus, we gathered more than 40
common immune checkpoint genes, extracted these gene
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Figure 8 PPl network and GSEA of CSNK2AI expression in TCGA cancers. (A) PPl network for CSNK2A| was constructed using GeneMANIA tool. (B) The enriched
gene sets in KEGG and GO collection by the high and low CSNK2A| expression. Each line representing one specific gene set with unique color, and up-regulated genes
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in the plot.

Abbreviations: CSNK2AI, casein kinase 2 alpha protein |; TCGA, the cancer genome atlas; PPI, protein—protein interaction; GSEA, gene set enrichment analysis; KEGG,

Kyoto Encyclopedia of Genes and Genomes; GO, Gene Ontology.
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markers, respectively, and analyzed the associations with
the expression of CSNK2A1 (Figure 6A). The results
revealed that in LIHC, CSNK2A1 expression was posi-
tively correlated with the expressions of more than 30
kinds of immune checkpoint genes. These findings can
help explain other findings from this study indicating
that high expression of CSNK2A1 is correlated with
a worse prognosis in patients with LIHC. In addition, it
is reasonable to surmise that LIHC patients with high
expression of CSN2AT1 have relatively favorable response
to immunotherapy, this finding has been validated by our
preliminary IHC study, which showed that CSNK2AI
expression was positively associated with PDL1 expres-
sion in clinical LIHC samples (Figures 7B and D). The
other two immunotherapy-related biomarkers are TMB
and MSI. TMB is a potential biomarker to predict the
response to immune checkpoint inhibitors, and MSI is
associated with a higher risk of tumor with specific clin-
icopathological features, including higher proportions of
tumor-infiltrating lymphocytes and increased level of
TMB. It is widely acknowledged that the higher levels
of TMB/MSI, the better response to immunotherapy in
cancer patients. In the current study, we presented evi-
dences of the potential correlation between CSNK2A1 and
TMB/MSI across all TCGA cancers (Figures 6B and C),
and the results demonstrated that patients with PAAD and
STAD had the most significant positive coefficients
between TMB and the CSNK2A1 expression level (All
P<0.001), and patients with STAD, READ and LIHC
showed the most significant positive coefficients between
MSI and the expression level of CSNK2A1 (All P<0.01),
especially LIHC
patients, with up-regulated CSNK2AI1 expression are
likely to
immunotherapy.

suggesting these tumors patients,

more show an optimal response to

Taken these findings together, our study sheds light on
understanding the potential role of CSNK2A1 in tumor
immunity and its use as a new immunotherapy-related
biomarker of cancers. Besides that, GO enrichment analy-
sis showed that high expression of CSNK2A1 was mainly
correlated with immunity-related activities (Figure 8B),
further suggesting that CSNK2A1 is strongly and univer-

sally associated with tumor immunity.

Conclusions

In summary, the findings of the current report displayed the
expression pattern, prognostic significance and immunological
role of CSNK2A1 in multiple human tumors, and these main

findings were validated in clinical LIHC patients and samples.
The main findings and future perspectives of the study
(Supplementary Figure 5) were summarized as follows: (1)

CSNK2A1 could be considered as a vital prognostic biomarker
in pan-cancer and a latent target for tumor therapy since it
showed up-regulation in diverse cancers and associated with
poor prognosis in certain TCGA tumors, especially in LIHC,
these findings were validated by an IHC and survival analysis
on clinical LIHC patients. (2) Besides that, to our knowledge,
there were few published studies focusing on the immunolo-
gical role of CSNK2A1 in cancers. Our data provided some
new information in this respect. Through a data-mining analy-
sis and following IHC validation experiments, we found for the
first time that CSNK2A1 expression was strongly positively
associated with the expression of PDL1 in LIHC, which indi-
cated that CSNK2A1 could serve as a novel immunotherapy-
related biomarker in LIHC. (3) On the other hand, even though
the data-mining analysis and following IHC validation experi-
ments supported us some valuable insights of CSNK2A1 in
immune-based anti-tumor strategy in cancers, further mechan-
istic experiments at the cellular and molecular levels are still
needed in future for elucidating the exact role of CSNK2A1 in
cancer immunity. (4) Moreover, additional prospective clinical
studies are also needed in future for evaluating its use as a novel
tumor immunotherapy-related biomarker.
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