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ARTICLE INFO ABSTRACT

Keywords: The protein kinase TAOK3, belongs to the MAP kinase family, is one of three closely related members, namely
TAOK3 TAOK1, TAOK2, and TAOK3. We performed a pan-cancer investigation of TAOKS3 across different cancer types,
Oncogene including uterine carcinosarcoma, adenocarcinoma of the stomach and pancreas, and endometrial carcinoma of

Survival rate
Copy number variation
Immune cell infiltration

the uterus, to better understand TAOK3's role in cancer. In at least 16 types of cancer, our findings indicate that
TAOKS3 expression levels differ considerably between normal and tumor tissues. In addition, our study is the first
to identify the oncogenic role of TAOK3 locus S331 and S471 in renal clear cell carcinoma, Glioblastoma
Multiforme, hepatocellular carcinoma, Lung adenocarcinoma, and Pancreatic adenocarcinoma, indicating their
involvement in cancer progression. In addition, our data analysis indicates that copy number variation is the
most prevalent form of mutation in the TAOK3 gene, and that there is a negative correlation between TAOK3
mRNA and DNA promoter methylation. Moreover, our analysis suggests that TAOK3 may serve as a prognostic
marker for several kinds of cancer, including Colon adenocarcinoma, renal clear cell carcinoma, Lower Grade
Glioma, Lung adenocarcinoma, Mesothelioma, and hepatocellular carcinoma. In addition, our research on
signature cancer genes has uncovered a positive association between TAOK3 and SMAD2, SMAD4, and RNF168
in most of the malignancies we have examined. TAOK3 is also correlated with the frequency of mutations and
microsatellite instability in four types of cancer. Numerous immune-related genes are closely associated with
TAOK3 levels in numerous malignancies. TAOK3 expression is positively correlated with immune infiltrates,
which include activated CD4 T cells, CD8 T cells, and type 2T helper cells. Our pan-cancer analysis of TAOK3
provides vital insight into its potential role across a variety of cancer types.

1. Introduction deactivation. The G protein-coupled receptor (GPCR) serves as a medi-
ator for several extracellular stimuli, including hormones, facilitating

Mitogen-activated protein kinases (MAPKs) are highly conserved and signal transduction within the cell. In the context of Saccharomyces
widely expressed kinases that modulate the activity of their downstream cerevisiae, the sterile 20 (STE20) kinase serves as a mediator of G
substrates by phosphorylation, resulting in either activation or coupling proteins signals to mitogen-activated protein kinases (MAPKs)
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within the MAPK cascade pathway (Leberer et al., 1992, Ramer and
Davis, 1993). TAO kinases have been identified as the ortholog of STE20
in mammals. The initial identification of a kinase, known as TAOK1, was
accomplished in rats using a defective STE20 kinase probe to screen a
cDNA library (Hutchison et al., 1998). The nomenclature “thousand and
one” is derived from the fact that the TAOK1 gene is responsible for
encoding a sequence of 1001 amino acids. The identification and char-
acterization of the second TAO kinase were subsequently accomplished
by the examination of related sequences with TAOK1 (Hutchison et al.,
1998, Chen et al., 1999). The identification of human TAOKS3, the third
TAO kinase, was achieved by its association with the EPS8 (EGFR kinase
substrate 8) protein in an expression library assay (Tassi et al., 1999).
TAOKs play a significant role in various cellular signaling cascades,
including as the stress-activated MAPK cascade involving p38/MAPK14,
the SAPK cascade involving JNK, and the Hippo cascade involving
Salvador-Warts-Hippo. TAOKs are also implicated in several cellular
interactions that govern the responses to DNA damage, stability of the
cytoskeleton, programmed cell death, and other physiological and
pathological responses.

The activation of many cellular signalling pathways linked to the
development of cancer is regulated by tumor-associated oncogenes
(TAOKs). Disruption of kinase signalling can lead to imbalanced
expression or activity, which may be associated with the occurrence of
malignant transformation. Prior research conducted on cell lines has
demonstrated the role of TAOKs in the regulation of the DNA damage
checkpoint during the G2/M transition through the activation of p38
MAPK. The researchers observed that the inhibition of TAOKs resulted
in reduced p38 activation and compromised the DNA damage response
of the G2/M checkpoint (Raman et al., 2007). Furthermore, the down-
regulation of TAOK1 has been observed to be linked with several mitotic
aberrations, leading to the loss of chromosomes in cellular systems
(Liskovykh et al., 2019). Furthermore, the involvement of TAOK1 and
TAOK2 in the regulation of morphological changes in response to
apoptosis has been demonstrated through their mediation of the JNK
pathway (Zihni et al., 2006). Another study found that adenocarcinomas
of the colon exhibited decreased levels of TAOK3 in comparison to
normal colon tissue (Hennig et al., 2012). Furthermore, it has been
documented that TAOK3 can enhance resistance to chemotherapy drugs
such as paclitaxel, epirubicin, and vinorelbine by modulating the NF-xB
signalling pathway in breast cancer cell lines (Lai et al., 2020a,b).

In this work, the role of TAOK3 was systematically studied to eval-
uate its association with cancer progression and development. The
impact of genetic modification and mutation on TAOK3 was also ana-
lysed, as was the protein’s function in immunotherapy. This article
shows TAOK3 as a promising prognostic biomarker for numerous cancer

types.
2. Material and methods
2.1. Gene expression analysis

In this study, we utilised data obtained from TAOK3 to examine the
“Gene DE” portion of the tumour immune estimate resource, version 2
(TIMER2) web server (http://timer.cistrome.org/) (date access 10 June
2023) (Li et al., 2020). Examining TAOK3 gene expression variations in
TCGA datasets between tumor and normal tissues. Furthermore, the
verification of the variance in expression between tumour and normal
tissues in specific tissues was conducted by the utilisation of the
“Expression Analysis-Box Plots” module available on the gene expres-
sion profiling interactive analysis, version 2 (GEPIA2) web server
(https://gepia2.cancer-pku.cn/ #analysis) (date access 10 June 2023)
(Tang et al., 2019).

The UALCAN portal, available at https://ualcan.path.uab.edu/ana
lysis-prot.html, was utilised to perform protein expression analysis on
the Clinical Proteomic Tumour Analysis Consortium (CPTAC) dataset in
a rigorous and scholarly manner (date access 15 June 2023)
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(Chandrashekar et al., 2017). The research focused on exploring dis-
parities between primary tumors and healthy tissues regarding TAOK3
phosphoprotein and total protein expression. Additionally, using the
UALCAN database, this study examined pathological stages of BRCA,
KIRC, PAAD, and UCEC in relation to TAOK3 expression.

2.2. Survival analysis

The analysis involved examining the association between TAOK3
expression and both overall survival and disease-free survival using the
Survival Map Module of the Gene Expression Profiling Interactive
Analysis 2.0 (GEPIA2.0) database, accessible at http://gepia2.
cancer-pku.cn/#index. (date access 20 May 2023).

2.3. Genetic and epigenetic alteration

Genetic alterations in TAOK3 were analyzed using the Cancer Ge-
nomics Dataset from the TCGA Pan-Atlas (cBioPortal) (https://cBioPort
al.org) (date access 3rd August 2023) (Cerami et al., 2012, Gao et al.,
2013). The section pertaining to cancer types provides an outline of the
frequency of the mutant gene. Subsequently, we proceeded to ascertain
the associations between copy number variations (CNVs), methylation
patterns, and mRNA expression levels by utilising the GSCA database.
Furthermore, the muTarget database was employed to identify the genes
that have altered expression patterns in response to somatic mutations in
TAOKS. (Nagy and Gyorffy, 2021).

2.4. Gene enrichment analysis

Through the utilization of TIMER.2, we investigated on the corre-
lation between TAOK3 and various cancer hallmark genes. Moreover, by
employing the gene similar module in GEPIA2, we determined the top
100 targeted genes that displayed a significant association with TAOK3
across both normal tissues and cancers. We created scatter plots utilizing
log2 TPM along with reporting R-value and P-value for these genes.
Subsequently, using ShinyGO database (http://bioinformatics.sdstate.
edu/go) (date access 20 April 2023), we visualized biological process
(BP), cellular component (CC), molecular function (MF) as well as KEGG
pathway enrichment analysis for this set of comparable genes procured
from GEPIA2 database’s top 100 entries.

2.5. Immune infiltration analysis and immune checkpoints

SangerBox, a free online application for analyzing TCGA data, was
utilized in the study to measure TMB, MSI, and immune infiltrations as
indicators of tumor microenvironment (date access 20 April 2023) (Shen
et al., 2022). In the study, Spearman’s rank correlation coefficient was
utilized to determine the degree of association between 47 ICP genes and
TAOK3 expression.

2.6. Statistical analyses

The Wilcoxon test was employed by TIMER to examine differential
expression patterns between tumours and normal tissues. The log-rank
test was utilised in the Kaplan-Meier plotter to assess the hazard ratio
(HR) and log-rank P-value for the purpose of comparing survival curves.
Additionally, Spearman’s correlation was employed to investigate the
association between gene expression levels. Statistical significance was
attributed to findings with a probability coefficient below 0.05.

3. Results

3.1. TAOK3 expression level analysis shows oncogenic and tumor
suppression roles in different types of cancer

To examine the involvement of TAOK3 in cancer, we conducted an
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analysis of TAOK3 expression utilising the “Gene_DE” module of the
TIMER2.0 web tool. This module enables the comparison of TAOK3
expression levels between tumour tissue and adjacent normal tissues.
The result indicates that TAOK3 is downregulated in several types of
cancer, such as invasive breast carcinoma (BRCA, p < 0.05), colon
adenocarcinoma (COAD), Kidney renal papillary cell carcinoma (KIRP),
Lung adenocarcinoma (LUAD), Lung squamous cell carcinoma (LUSC),
Rectum adenocarcinoma (READ), Thyroid carcinoma (THCA), Uterine
Corpus Endometrial Carcinoma (UCEC) (all p < 0.001). In addition,
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Kidney Chromophobe (KIRH) and Kidney renal clear cell carcinoma
(KIRC) with p < 0.01 value for both. On the other hand, TAOK3 was
upregulated in Cholangiocarcinoma (CHOL), Head and Neck squamous
cell carcinoma (HNSC), Liver hepatocellular carcinoma (LIHC), Stomach
adenocarcinoma (STAD) (all p < 0.001), and Esophageal carcinoma
(ESCA, p < 0.01) (Fig. 1A).

Using GEPIA.2 tool, we further showed that TAOK3 has oncogenic
and tumor suppressor functions. The expression level of TAOK3 in Acute
Myeloid Leukaemia (LAML), Pancreatic adenocarcinoma (PAAD), and
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Fig. 1. mRNA and protein expression levels of TAOK3 across various tumour types and pathological stages. (A) mRNA expression levels of TAOK3 in different tumors
vs corresponding controls were analyzed by TIMER 2.0 (http://timer.cistr ome.org/database). * P < 0.05; ** P < 0.01; *** P < 0.001. (B)(C) Expression levels of
TAOKS3 as oncogenic and tumor suppressor gene different type of cancers via GEPIA2 database (http://gepia2.cancer-pku.cn). * P < 0.05; ** P < 0.01; *** P < 0.001.

(D) Expression level of TAOK3 total protein between normal tissue and primary

tissue of breast cancer, ovarian cancer, Pancreatic adenocarcinoma, Hepatocellular

carcinoma, Glioblastoma multiforme clear cell RCC, and UCEC. * P < 0.05; ** P < 0.01; *** P < 0.001.
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STAD was higher in tumor tissue than normal, suggesting the oncogenic
role of TAOK3 in these types of cancer(Fig. 1B). However, in LUSC,
UCEC, and Uterine Carcinosarcoma (UCS), TAOK3 expression was lower
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pathological stages of cancers such as of BRCA, KIRC, PAAD, and UCEC
using UALCAN tool (Supplementary Fig. 1 all p < 0.05) and (Supple-
mentary Table 1).

(Fig. 1C). In the CPTAC database, the results showed higher expression
of TAOK3 in BRAC, PAAD, LIHC, Glioblastoma multiforme (GMB), and
KIRC. In addition, the data demonstrated a lower level of TAOK3 in
ovarian cancer and UCEC (Fig. 1D).

Furthermore, we investigated the correlation between TAOK3 and

3.2. TAOKS3 protein phosphorylation level correlates with cancer
development

The phosphorylation level of TAOK3 was analyzed in several types of
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Fig. 2. Comprehensive examination of TAOK3 phosphorylation in various cancer types. The UALCAN platform was utilised to analyse the expression level of the
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phosphorylation sites. (B-D) The box plots representing various types of malignancies are presented. (E) The Impact of TAOK3 Phosphorylation on the Pathological
Grade of Various Tumours.
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tumors using the CPTAC database (Fig. 2). A diagram displaying the
significant phosphorylation sites of TAOK3, which have been associated
with multiple mechanisms, was generated (Fig. 2A). The S324 locus
presents a higher expression in tumor tissue versus normal one in KIRC,
GMB (both p < 0.001), LIHC, and HNSC (p < 0.01) (Fig. 2B). Another
TAOKS3 locus is S331 which exhibits lower expression in KIRC tumors
than normal (p < 0.001). However, locus 331 shows a higher expression
level in GMB (p < 0.01), LIHC, LUAD, and PAAD (all p < 0.001)
(Fig. 2C). Interestingly, locus S471 showed downregulation in KIRC and
LIHC tumor samples compared to normal, suggesting different roles of
the TAOKS3 locus in cancers (Fig. 2D).

In addition, we examined the effect of TAOK3 phosphorylation level
on the tumor grade of KIRC (Supplementary Fig. 2) and (Supplementary
Table 2). The data showed that locus S324 increased with tumor pro-
gression and development. However, locus S331 and S471 were down-
regulated in tumors compared to normal tissues.

3.3. Survival analysis

To study the relationship between TAOK3 transcriptional level and
the cancer patient’s outcome, we performed survival analysis using
GEPIA.2 tool. Overall survival (OS) heatmap for TAOK3 expression level
in 33 types of cancers demonstrated that TAOK3's higher expression is
related to better overall survival in KIRC but not Mesothelioma (MESO)
were higher TAOKS3 levels correlated with lowered survival percentage
(Fig. 3A). In addition, TAOK3 upregulation was correlated with higher
disease-free survival (DFS) percentage levels in KIRC and prostate
adenocarcinoma (PRAD). On the other hand, MESO and Uveal Mela-
noma (UVM) indicated that TAOK3's higher expression correlates with a
lower DFS percentage (Fig. 3B).
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3.4. Genetics and epigenetics alteration analysis

We investigated the genetic modifications of TAOK3 using the TCGA
pan-cancer atlas studies, which were accessed through the online
resource known as cBioPortal. The data showed 212 mutation samples
of TAOK3 across 10,953 patient samples, which equals 2 %. The highest
alteration frequency percentage was noted in Bladder Urothelial Carci-
noma (BLCA) (4.87 %), with copy number amplification as the major
type of genetic variation (1.95 %) (Fig. 4A). We noticed that TAOK3
copy number amplification was standard in most cancers, which led us
to investigate further the correlation between copy number amplifica-
tion and TAOK3 mRNA expression (Fig. 4B). Using GSCA (gene set
cancer analysis) tool, we found a positive correlation between TAOK3
and 21 types of cancer, including Sarcoma (SARC), BRAC (both
FDR<=0.0001), and COAD (FDR < 0.001) (Fig. 4B and C).

To further investigate the regulation of the TAOK3 transcriptional
level, we examined the promoter DNA methylation pattern (Fig. 5).
TAOKS3 promoter methylation was negatively correlated with 31 types
of cancer which might be the reason for the copy number amplification
mutation.

3.5. TAOK3 mutation and hallmark genes of cancer analysis

To further explore TAOK3 mutation, we investigated the correlation
of TAOK3 mutation with hallmark cancer genes via muTarget platform.
We analyzed the effect of TAOK3 mutation on all types of cancer, but we
could only obtain data from 4 types of Cancers, including COAD, uterine
cancer, gastric cancer, and lung squamous carcinoma (Fig. 6). We found
16 genes to be upregulated in response to TAOK3 mutation, including
SMAD4, SMAD2, MDM2, RNF168, CXCL13, ENO2, PDK1, XRCC6,
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patients with PRAD and LGG.

FANCG, RAD51, CXCL9, CDC6, CCNB2, CDKN3, SERPINB5, and MYB.
On the other hand, some genes were downregulated following TAOK3
mutation, such as SRC, ETV4, BCL2L1, CDKN2A, CDKN2B, IKBKE,
MLH1, NDUFC2, ANPEP, RARA, PHKG2, and ERCC2.

3.6. Enrichment analysis of TAOK3 and correlated hallmark cancer genes

To investigate the correlation of TAOK3 with hallmark cancer genes
affected by TAOK3 mutation, we used the TIMER2.0 web tool to identify
this correlation. The heatmap showed that SMAD4, SMAD2, and
RNF168 correlate with TAOKS3 positively in 37 types of cancers (Fig. 7.
A). In addition, a gene ontology analysis of the 28 genes that correlated
with TAOK3 was conducted, including biological process, cell compo-
nent, and molecular function (Fig. 7B, C, and D). The data showed that
the cellular response to gamma radiation and CXCR3 chemokine re-
ceptor binding are the biological and molecular mechanisms that
TAOK3 might play a role in cancer progression and treatment.
Furthermore, function analysis for these genes has shown that bladder
cancer, P53 signaling pathway, Pancreatic cancers, and cell cycle are the
top four related mechanisms to TAOK3 and its correlated genes.

3.7. Correlation between TAOK3 gene expression and TMB, MSI, and ICP
genes

To investigate the effect of TAOK3 on cancer immunotherapy, we
explored the gene expression in correlation with Tumour mutational
burden (TMB), Microsatellite instability (MSI), and Immune checkpoints
(ICP). The MSI data showed that TAOK3 gene expression correlated
negatively with PRAD, HNSC, and DLBC but was positively correlated
with COAD and READ (Fig. 8A). In addition, TMB data demonstrated
that TAOK3 gene expression correlated positively with LUSC, PAAD, and
UCEC, while TAOK3 expression was negatively correlated with KIRP
(Fig. 8B). Looking at ICP correlation with TAOK3 gene expression, we
found that the ICP correlates positively with TAOK3 via almost 35 genes
in 32 types of cancers except for such as TNFRSF4, 18, and 25, which
correlates negatively.

3.8. Correlation between gene expression and immune cells infiltration

In consequence, we analyzed the immune cell infiltration correlation
with TAOK3 expression. Most immune cells correlate positively with
TAOKS3, especially neutrophils, endothelial cells, and monocytic lineage
(Fig. 9). In addition, we looked at the immune pathway that correlates
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Fig. 6. TAOK3 mutation impact on Cancer Hallmark genes. Expression level of cancer hallmark genes in colon adenocarcinoma, uterine cancer, gastric cancer, and

lung squamous carcinoma.

with TAOK3 gene expression. We noticed that TAOK3 correlated posi-
tively with type 2T helper cells and memory B cells in almost all cancers.
However, it was negatively correlated with CD54dim neutral killer cells
and monocyte. In addition, we explored that OV, LUSC, PRAD, UCEC,
and BLCA were correlated positively with almost all immune cells, but
GMB was negatively correlated (Fig. 10).

4. Discussion

GCKs, also known as Group C kinases, belong to a subclass family of
Set 20 kinases. Their primary function is to regulate stress signal
transmission, leading to cell cycle arrest and apoptosis. This regulation is
achieved through the modulation of two key signalling cascades, namely
the JNK and p38 MAPK pathways, as well as the tumor-suppressive
Hippo pathway (Kyriakis and Avruch, 2012, Miller et al., 2019). One
of the subfamilies of the germinal centre kinase (GCK) family is known

as Thousand and One kinase (TAOKs), which encompasses three distinct
kinase proteins: TAOK1, TAOK2, and TAOK3. TAOKs play a significant
role in various cellular signalling pathways, such as the p38/MAPK14
stress-activated MAPK cascade, the JNK/SAPK cascade, and the Salva-
dor-Warts-Hippo cascade. TAOKs are also implicated in several cellular
interactions that govern the responses to DNA damage, integrity of the
cytoskeleton, programmed cell death, and other physiological and
pathological responses (Miller et al., 2019). This study aimed to inves-
tigate the role of TAOK3 in cancer by a comprehensive pan-cancer
analysis. Previous research has indicated that TAOK3 exhibits both
oncogenic and tumour suppressor characteristics in several studies.
The oncogenic role of TAOKS3 in breast cancer was initially identified
by an analysis of a Kaplan Meier dataset. This dataset revealed that
breast cancer patients who received adjuvant treatment had a worse rate
of recurrence-free survival, which was found to be correlated with the
high expression level of TAOK3 (Lai et al., 2020a,b). In addition, TAOK3
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Fig. 7. Conducting an enrichment analysis of the co-expression genes associated with the TAOK3 gene. (A) Heat map illustrating the link between TAOK3 and the
cancer signature genes across various cancer types was generated using TIMER 2.0, a publicly accessible database (http://timer.cistr ome.org/database). (B-D) The
cancer hallmark genes connected to TAOK3 were subjected to gene ontology analysis using the shining GO tool. (E) KEGG pathway analysis to investigate the

association between TAOK3 expression and cancer signature genes.


http://timer.cistr+ome.org/database

G. Alasiri et al.

UCS,P=0.49

KICH,P=0.65

DLBC,P=6e-04

LGG,P=0.47

READ,P=0.0019

LAML,P=0.87

HNSC,P=6e-05

THCAP=0.076

KIRC,P=0.65

*

*

*

(AdAAAA AAd A44dLAd

*

AAAA 44444

{/\diddd//

*
*

Saudi Pharmaceutical Journal 32 (2024) 101942

B.
uvmp=062 GBMP=034 oyp.g 12 UvMP=033 GBMP=088 oypge6
Acc, PZT;VP:O " o LUAD.P:;C P=098 Acc, ::):.M * 02 LUAD
vos -0t PRADP-031
UCEC,P=0.85 KICH,P=0.53
BLCAP=0.95 DLBCP=1 BLCAP=028
TGCTP=05 L6G,P=0.7 TGCTP=0.44
ESCA,P=066 READ,P=0.64 ESCAP=0.074
KIRPP=085 HNSC,P=0.19
LIHC,P=0.68 THCAP=034 LHCP=065
CESCP=0.88 KIRC,P=0.45 CESCP=096
CHOLP=0.69 SARCP=0.091 CHOLP=0.46 SARG,P=0.21
smM?:oénrinyw A-AMESU,PS%'PﬂOM SKC"VP?#‘D,P#J” COADP=0.47 MEso,lﬂE?ﬁ?P=0 ®
B N B B | b | S I B | b TSN T ™ ADORA2A
b | h | b b NN | "": N “‘ | J y 'EPNIAi
b A b | R B Bt e, R, B B N B B N, B i~ *CD160
3 3 N .| o e, . B | TN UTNINN_10D200
. b b R, Bk | . N B B S, e, BN | ] * "™ CD200R1
b BN | » B NV | . | .| 3 | CD244
| | e | b N | * CD27
NN NN """ N 'NN"N"t'TT" N™ W CD274
S B e B B N | . | b b | *or=  (CD276
NN S Nt NN N"N" . ¥ v e 3 B [ 7:]
NN N N i, B B I ‘N | . Bl | .Y CD40
b | e o N B B . N B | . DNR. NN | J ®  CD40LG
NME O TS . . b b B | oo N B B | T W CD44
NN I NSNS NN SN = cois
B . RN, B B SR B B B B B Bl B Do ISR, RNOD, | .| ' | ** CD80
NN NN " NNt tS" N NYt"" " N ™= N M CD86
. . RN, | J T | . | N ~ 2 CTLA4
b A b | e e i i B b B N BNA. DY * . ™M HAVCR2
. | e b | N N | b BN HHLA2
b BN b b . B o N i, B o SN BN | g J “™1C0S
*qq B | . | w b | COSLG
N Y™ N N DOf1
| J N | DO2
. | N .| ** KIR3DL1
b | N N *LAG3
B . R B B B B BN B B B B . N g | * - ™LAIRT
.| ) . | N . N | . | - LGALS9
‘:“" o N b | “‘:Q L B A R D R b ;51&1)1
NN NS N\ _ NN YIS ™ N N *PDCD1LG2
b BN b B e B N B B . DN BN, | | *TIGIT
< r~y - g = TMIGD2
. N | .| .| b | ‘qN "M TNFRSF14
NN | b b | I B B B | * T TNFRSF18
NN SN .| - | ™ TNFRSF25
*q ] *q g h | w . B NN TNFRSF
TN N Y 3 "™ TNFRSF8
b BB b B i N i, N B o ., BN, | 4 3 ™ TNFRSF9
N *q N N NN N | 3 & *TNFSF14
TN TN NNt NN " " 1™ b | TN "NUNITNFSF15
N e AN | {HENCTE N w0 | T _STNFSF18
b b A BN B b b B | | b | .| T " TNFSF4
. | | ~ N ™ TNFSF9
TN N NN NN b b | NN VSIR
| h | . | h | VTCN1
| - |
22E8eRPlE¥- 85558055 ¥FE3E-"0 ¥ £ -
correlation ~log10(p value)

-1-050 05 100751522 3

Fig. 8. The associations between the expression of TAOK3 and several aspects of immunity, such as immunological marker sets, tumour mutational burden (TMB),
and microsatellite instability (MSI), in the context of cancer. (A) The radar map illustrates the association between the expression of TAOK3 and MSI. (B). The radar
map illustrates the link between the expression of TAOK3 and the TMB. The black number indicates the range, while the blue and red curve represents the correlation
coefficient. The present study investigates the potential correlation between the expression of TAOK3 and sets of immunological markers. The black number indicates

the range, whereas the red curve indicates the correlation coefficient. *p < 0.05, **p < 0.01, ***p < 0.001. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

was found to induce drug resistance to microtubule-targeted drugs.
Furthermore, it has been observed that TAOK3 can confer resistance to
microtubule-targeted medicines (such as paclitaxel, epirubicin, and
vinorelbine) in breast cancer cell lines through the activation of the NF-
kB signalling pathway (20). The expression of TAOK3 in pancreatic
cancer cells exhibited a positive correlation with the development of
cancer stem cell-enriched spheroids. Conversely, the reduction of

10

TAOKS3 expression resulted in a decrease in the ability of stem cells to
form spheroids and increased the sensitivity of cells to gemcitabine
therapy (Bian et al., 2019a,b). Furthermore, it has been determined that
TAOKS functions as a gene that responds to androgens in cells affected
by prostate cancer (Romanuik et al., 2009). The analysis demonstrated a
correlation between the expression of TAOK3 and the likelihood of
recurrence following androgen restriction therapy in individuals with
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Fig. 9. The correlation between genes expression and immune infiltration
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prostate cancer (Bii et al., 2018). In line with these findings, we found
that TAOK3 protein expression was increased in BRCA, PAAD, LIHC, and
KIRC. Furthermore, this research demonstrated the effect of TAOK3
overexpression on pathological levels, with TAOK3 protein levels
increasing with cancer progression in BRCA, KIRC, and PAAD.

However, in colorectal cancer, microarray analysis showed that
TAOK3 downregulated in colon adenocarcinoma compared to the
normal colon suggesting its role as tumour suppressor (Hennig et al.,
2012). On the other hand, TAOK3 mRNA levels were found to be
downregulated in COAD, LUSC, UCEC, LUAD, KIRP and UCS cancer
tissues compared to their normal tissue counterparts. Taken together,
these findings suggest that TAOK3 has both oncogenic and tumour
suppressor roles in different cancers.

TAOK3 is a serine/threonine protein kinase that plays a role in
several cellular processes, including cell proliferation, differentiation,
and apoptosis. TAOK3 can be phosphorylated at multiple sites by
various kinases and the specific effects of TAOK3 phosphorylation can
vary depending on the site and the context of the phosphorylation.
TAOK3 exhibits a dual association with the SAPK/JNK pathway, as
demonstrated by its ability to suppress SAPK/JNK activity in COS7 cells
through the human epidermal growth factor (Tassi et al., 1999). How-
ever, a separate study provided evidence that the overexpression of
TAOKS resulted in the activation of SAPK/JNK in NIH3T3 cells (Zhang
et al., 2000). Moreover, the activation of JNK1/2, caspase-9, and PARP
showed a negative correlation with the expression of TAOK3 in Hela
cells during apoptosis (MacKeigan et al., 2005). Furthermore, the acti-
vation of JNK was observed in the mouse brain with defective TAOK3, as
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Fig. 10. Correlation analysis between abundance of tumor-infiltrating lymphocytes and TAOK3 expression in different cancer types.
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compared to the control group (Kapfhamer et al., 2012). Hence, the
perplexity in regulating the TAOK3-JNK pathway may arise from vari-
ances in cellular environment. However, further research is necessary to
examine the correlation between TAOK3 and JNK. Furthermore, the
elimination of TAOK1/2/3 in HEK293A cells leads to a substantial
reduction in the phosphorylation of YAP/TAZ and their confinement
inside the cytoplasm (Plouffe et al., 2016). However, the significance of
the TAOKS3 locus has not been extensively examined, making our find-
ings the first to investigate it. The level of phosphorylation of TAOK3 at
$324 locus is significantly higher in KIRC, GBM, LIHC and HNSC cancer
tissues compared to their adjacent normal tissues. Interestingly, the level
of TOAK3 phosphorylation at $324 locus significantly increased with the
progression of clear cell RCC cancer stages but not the phosphorylation
of TAOK3 at S331 and S471 locus, suggesting a pathological function of
S324 phosphorylation of TAOKS3 in several cancers including clear cell
RCC. Functional studies investigating the role of TAOK3 in cancer pro-
gression are needed to confirm our findings.

TAOKS3 alteration could be involve in cancer progression and
development. It has been shown that TAOK3 overexpression is
contributing at breast cancer progression through inducing drug-
resistance, a process that is regulated through upregulation of NF-KB
singaling (Lai et al., 2020a,b). Inhibition of TAOK3 genetically or
pharmacologically, reduced the survival of breast cancer cells and
increased their sensitivity to different chemotherapies (Lai et al., 2020a,
b). Additionally, TAOKS3 signaling has been shown to regulate survival
of cancer stem cells (Bian et al., 2019a,b). When TAOK3 is absent, there
is a decrease in colony formation, expression of stem cell markers,
cancer cell invasion and an increased sensitivity to the cytotoxic effects
of gemcitabine (Bian et al., 2019a,b, lizuka et al., 2021). Conversely,
when TAOKS is overexpressed, there is an increase in stem cell char-
acteristics such as tumour initiation and the cancer invasion and me-
tastases (Bian et al., 2019a,b, lizuka et al., 2021). Ultimately and taking
in consideration the potential oncological role of TAOK3 in several
cancers, the development of a potent and specific inhibitor for TAOK 3
could offer a successful treatment for a wide range of malignancies and
pathogenesis associated with TAOK3. Our study has identify that TAOK3
genetic alterations correlated with the higher expression of other genes
in SMAD4, SMAD2, CXCL13, RNF168, MDM2 and ENO2 in COAD and
RAD51, CXXL9, CDC6, CCNB2 and CDKN3 in uterine cancer. Most of
these genes involve in regulating several signaling pathways including
cell cycle progression, TGF-beta signaling pathway and differentiation
of T cells. Collectively, these signaling pathways contribute at cancer
cell proliferation and cell survival and ultimately the progression of
several cancers.
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