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Background: MAPK kinase kinase 8 (MAP3K8) is involved in the regulation of
MAPK cascades and immune responses. Differential expression of MAP3K8 is closely
correlated with tumorigenesis. In this study, we used bioinformatics tools to explore
expression level, prognostic values, and interactive networks of MAP3K8 in renal clear
cell carcinoma (ccRCC).

Methods: Differential expression of MAP3K8 was determined by TIMER2.0, UALCAN,
and Oncomine Platform. For exploration of MAP3K8 mutation profile, TIMER2.0,
DriverDBv3, and cBioPortal were used. The survival module of GEPIA, UALCAN, and
DriverDBv3 was used to examine the prognostic value of MAP3K8. Immune infiltration
was estimated by TIMER, TIDE, CIBERSORT, CIBERSORT-ABS, QUANTISEQ, XCELL,
MCPCOUNTER, and EPIC algorithms. PPI networks and functional enrichment analysis
were constructed using GeneMANIA, Cytoscape, and Metascape. The co-expression
module in cBioPortal was used to find genes that are correlated with MAP3K8 in
mRNA expression.

Results: Compared to normal renal samples, ccRCC (3.08-fold change, P = 1.50E-7;
1.10-fold change, P = 3.00E-3), papillary RCC (2.24-fold change, P = 1.86E-4), and
hereditary ccRCC (1.98-fold change, P = 1.69E-9) have significantly higher levels of
MAP3K8 expression. Compared to Grade 1 ccRCC samples, Grade 2 (P = 1.28E-3)
and Grade 3 (P = 7.41E-4) cases have higher levels of MAP3K8 methylation. Percentage
of patients harboring MAP3K8 mutation is 0.3% from TIMER2.0 and 0.2 to 11.5%
from cBioPortal. High levels of MAP3K8 expression were associated with poorer overall
survival (OS) in ccRCC (GEPIA: Log-rank P = 0.60E-2, HR = 1.5; DriverDBv3: Log-rank
P = 1.68E-7, HR = 2.21; UALCAN: P = 0.20E-2). MAP3K8 was positively correlated
with the presence of T cell regulatory (Tregs) (QUANTISEQ: Rho = 0.33, P = 1.59E-
13). PPI network and functional enrichment analyses revealed that MAP3K8 correlated
with NFKBIZ, MIAT, PARP15, CHFR, MKNK1, and ERMN, which was mainly involved in
I-kappaB kinase/NF-kappaB and toll-like receptor signaling pathways.

Conclusion: MAP3K8 overexpression was correlated with damaged survival in ccRC
and may play a crucial role in cancer-related inflammation via I-kappaB kinase/NF-
kappaB and toll-like receptor signaling pathways.

Keywords: MAPK kinase kinase 8, expression, methylation, prognosis, protein-protein interaction, functional
enrichment analysis
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INTRODUCTION

Renal cell carcinoma (RCC) encompasses a heterogeneous group
of malignancies originated from renal tubular epithelial cells and
represents the tenth most commonly diagnosed cancer, which
approximately claimed 270,000 new cases and 116,000 deaths
annually worldwide (Ljungberg et al., 2019; Siegel et al., 2019).
Clear cell RCC (ccRCC) accounts for 80% of all RCC diagnoses
and is the most common cause for RCC-associated death and
therefore is the focus of this study (Escudier et al., 2019).
Localized RCC can be treated with surgery mainly including
partial and radical nephrectomy with curative intent (Ljungberg
et al., 2019). However, around one third of patients with localized
RCC inevitably develop metastases, which are those with the
worst prognosis and require systemic therapy (Escudier et al.,
2019). Although target therapies against vascular endothelial
growth factor (VEGF) (Yang et al., 2003; Escudier et al., 2010)
and mammalian target of rapamycin (mTOR) (Escudier et al.,
2007; Motzer et al., 2007) pathways have been approved for
the treatment of metastatic RCC, as well as immunotherapy
using immune checkpoint blockade with monoclonal antibodies
(Motzer et al., 2015, 2018), most patients with advanced disease
will eventually progress with shorter survival time. In the last
decades, backed up by a continuing development of genomic
and molecular profile of metastatic ccRCC, an unprecedented
number of new drugs with different effective mechanisms of
action has been tested in clinical trials. In addition, genetic
researches are also beginning to be conducted to identify
biomarkers related to clinical outcomes, and unveil complicated
biological processes and molecular mechanism that lead to
unfavorable prognosis of ccRCC patients (Hsieh et al., 2017).
Large-scale genomic projects have suggested that prevalence
of germline and cancer-predisposing mutations were higher
among patients with ccRCC compared with normal tissues,
including VHL, PBRM1, SETD2, and BAP1, whereas how
these mutations contribute to the pathogenesis and values as
prognostic biomarkers in ccRCC are largely unknown (Peña-
Llopis et al., 2012; Cancer Genome Atlas Research Network,
2013; Sato et al., 2013; Xu et al., 2016). Hence exploring more
potential therapeutic targets and predictive biomarkers is of
urgent need for ccRCC.

Mitogen-activated protein kinase (MAPK) cascade leading
to activation of mitogen-activated extracellular signal-regulated
kinase (MEK), extracellular signal-regulated kinases (ERK), and
c-Jun N-terminal kinases (JNK), is involved in regulating the
tumorigenesis and inflammatory diseases (Yuan et al., 2020).
Therefore, MAPK pathway is long been perceived as attractive
for new cancer therapy targets. As a main upstream in MAPK
signaling transduction, MAPK kinase kinase 8 (MAP3K8),
which is also known as tumor progression locus 2 (Tpl2),
can activate a plethora of downstream molecules including
MEK, ERK, and JNK to influence the growth and survival of
cancer cells in concert with other signaling pathways, such as
nuclear factor kappa-B (NFKB), tumor necrosis factor (TNF),
and interleukin-1 (IL-1) (Lee et al., 2015a; Braicu et al., 2019).
Previous studies demonstrated that MAP3K8 could induce
progression of prostate and hepatocellular cancer through

activation of C-X-C chemokine ligand (CXCL), FAK/AKT
signaling pathway, and interleukins (Lee et al., 2015b; Li et al.,
2015). However, whether MAP3K8 has deleterious or beneficial
effects on tumor progression and clinical outcome of cancer
patient is still highly controversial because of its multifaced roles
and cross-talks with other molecular linchpins. Dysregulation
of MAP3K8 has been observed in different tumors (Tunca
et al., 2013; Boldrini et al., 2017; Lehmann et al., 2019), but
there is little evidence about the role of MAP3K8 in ccRCC.
Herein, we conducted a computational method for dissecting the
relationships among genomic alterations of MAP3K8 and patient
outcome, as well as protein-protein interaction (PPI) between
MAP3K8 and other molecules in ccRCC patients. To the best of
our knowledge, this is the first study to comprehensively identify
the aberrantly expressed MAP3K8 of prognostic significance and
PPI based on large-scale data and data mining of ccRCC.

MATERIALS AND METHODS

Identifying Differential Expression of
MAP3K8
To determine the differential expression of MAP3K8 across
diverse cancer types, TIMER2.0 (Li et al., 2020)1 and UALCAN
(Chandrashekar et al., 2017)2 were used, which were user-
friendly and interactive web resources for analyzing genomic
features among cancers. Users just need to enter a gene name
in the analysis page to perform pan-cancer gene expression
analysis. Distributions of MAP3K8 expression level are displayed
using box plots in TIMER2.0 and UALCAN. Users can identify
genes that are up-regulated or down-regulated in the tumors
compared to normal tissues for each cancer type. The statistical
significance computed by the Wilcoxon test is annotated by
the number of stars (∗P-value < 0.05; ∗∗P-value < 0.01; ∗∗∗P-
value < 0.001). In addition, UALCAN was also applied to explore
expression of MAP3K8 based on clinicopathologic factors
including sample types, cancer stage, age, gender, tumor grade,
and metastasis status. Results were displayed using Box-Whisker
plots. Significance of difference is estimated by Student’s t-test,
and P-value < 0.05 is considered significant. For generation of
MAP3K8 mRNA expression level between ccRCC and normal
kidney samples, Oncomine Platform (Rhodes et al., 2004),3

which includes more than 700 high-quality datasets consisting
of approximately 87,000 cancers and normal samples, was used.
Visualization of statistics of MAP3K8 available in Oncomine
Platform is presented with bar graph using Student’s t-test with
P-value < 0.01 and fold change >1.

Exploring Gene Mutation Profile of
MAP3K8
For exploration of MAP3K8 gene mutation profile, TIMER2.0,
DriverDBv3 (Liu et al., 2020),4 and cBioPortal (Gao et al., 2013)5

1http://www.timer.comp-genomics.org
2http://www.ualcan.path.uab.edu/index.html
3https://www.oncomine.org/resource/login.html#
4http://www.driverdb.tms.cmu.edu.tw
5http://www.cbioportal.org
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were used, which provide a web resource for exploring,
visualizing, and analyzing multidimensional cancer genomics
data. The Gene-mutation module of TIMER2.0 and DriverDBv3
was first applied to conduct a comprehensive analysis of MAP3K8
mutation across TCGA cancers. Then, modules of cancer types
summary and mutations in cBioPortal were screened for somatic
mutation frequency and mutation types of MAP3K8 in ccRCC.

Examining Prognostic Potential of
MAP3K8
The survival module of GEPIA (Tang et al., 2017),6 UALCAN,
and DriverDBv3 was used to examine the prognostic potential
of MAP3K8 based on expression level in ccRCC. GEPIA is a
newly developed interactive web server for analyzing the RNA
sequencing expression data of 9,736 tumors and 8,587 normal
samples from TCGA. UALCAN could provide customizable
survival analysis based on clinicopathologic factors, such as
tumor grade, patient race, and gender. Survival endpoints
including overall survival (OS), disease-free interval (DFI),
progression-free interval (PFI), and disease-specific survival
(DSS) were provided in the datasets; however, we only chose OS
as the endpoint in this study. The ccRCC samples were stratified
into 2 groups: samples with highly expressed MAP3K8 (red) and
samples with lowly expressed MAP3K8 (blue or green). Log-Rank
P-value, which was considered significant if it was less than 0.05,
and hazard ratio (HR) were provided in the Kaplan-Meier plots.

Visualizing the Correlation of MAP3K8
Expression With Immune Infiltration
TIMER2.0 could provide immune infiltration estimations
for users-provided expression profiles by multiple immune
deconvolution methods including TIMER, TIDE, CIBERSORT,
CIBERSORT-ABS, QUANTISEQ, XCELL, MCPCOUNTER, and
EPIC algorithms, and allow users to generate high-quality
figures dynamically to explore tumor immunological features
comprehensively (Li et al., 2020). Gene module of TIMER2.0
allows users to select any gene of interest and visualize the
correlation of its expression with immune infiltration level
in diverse cancer types. Once MAP3K8 gene and subtype of
immune infiltrates submitted, a heatmap with numbers will show
the purity-adjusted spearman’s rho across various cancer types.
When you click your interested cell on the heatmap, a scatter
plot will pop out to present the relationship between infiltrates
estimation value and MAP3K8 expression. Furthermore, positive
and negative correlation of MAP3K8 expression with immune
infiltrates in ccRCC with significant statistics were selected.
In addition, tumor purity is a major confounding factor in
this analysis, since most immune cell types are negatively
correlated with tumor purity. Therefore, we selected the “Purity
Adjustment” option, which will use the partial Spearman’s
correlation to perform this association analysis. Specially, for
methods like EPIC and quanTIseq, which provide cell fractions
referred to total cells, tumor purity and immune infiltration are
necessarily negatively correlated, hence there is no need to adjust

6http://www.gepia.cancer-pku.cn/index.html

purity for the association analysis using the estimations from
EPIC and quanTIseq.

Constructing PPI Networks and
Functional Enrichment Analyses
GeneMANIA (Warde-Farley et al., 2010)7 was first used to
find gene lists related to MAP3K8 based on a variety of
sources. This user-friendly online tool can construct networks
of the genes related to MAP3K8 by the bioinformatics methods,
including protein and genetic interactions, pathways, co-
expression, co-localization, and protein domain similarity. In
addition, functional enrichment analysis of MAP3K8-related
genes was also displayed. Cytoscape (Shannon et al., 2003)8 was
also used to visualize the results of PPI networks by searching
MAP3K8 gene in PSICQUIC service and importing PPI records
in BioGrid database. In Metascape (Zhou et al., 2019),9 a
Cytoscape MCODE plugin-in was used to provide access to
select hub modules of PPI network of MAP3K8. The interactive
gene list of MAP3K8 constructed by GeneMANIA was input
into Metascape for further function and enrichment pathways.
We used Metascape to perform Gene Ontology (GO) analysis
including biological process (BP), cellular component (CC), and
molecular function (MF), and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis of MAP3K8. P-value < 0.05
was considered as statistically significant.

Finding Correlated Genes of MAP3K8
The co-expression module in cBioPortal was used to find
genes that are correlated with MAP3K8 in mRNA expression.
Co-expression and correlation of the top 25 genes associated
with MAP3K8 gene in ccRCC were selected. Gene name
and cytoband of correlated genes were showed with statistics
of Spearman’s correlation. P-value is derived from two-sided
t-test and the q-value derived from Benjamini-Hochberg FDR
correction procedure.

RESULTS

MAP3K8 Expression Profile
To find the overall expression profile of MAP3K8 across
all TCGA cancers, firstly, we studied the transcriptome
difference of MAP3K8 between tumor and normal samples
using TIMER2.0. According to P-value computed by the
Wilcoxon test, results showed that MAP3K8 was upregulated in
cholangiocarcinoma (CHOL), colon adenocarcinoma (COAD),
glioblastoma multiforme (GBM), liver hepatocellular carcinoma
(LIHC), kidney renal clear cell carcinoma (KIRC, ccRCC), and
stomach adenocarcinoma (STAD) and downregulated in bladder
urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA),
head and neck squamous cell carcinoma (HNSC), kidney
chromophobe (KICH), lung adenocarcinoma (LUAD), lung
squamous cell carcinoma (LUSC), pancreatic adenocarcinoma

7http://www.genemania.org
8https://www.cytoscape.org
9http://www.metascape.org/gp/index.html#/main/step1
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(PAAD), pheochromocytoma and paraganglioma (PCPG),
prostate adenocarcinoma (PRAD), thyroid carcinoma
(THCA), and uterine corpus endometrial carcinoma (UCEC)
(Supplementary Figure 1 and Supplementary Table 1).

The expression levels of MAP3K8 in normal kidney tissue,
ccRCC, and papillary RCC samples were compared. Compared
to normal renal samples, ccRCC (3.08-fold change, P = 1.50E-7;
1.10-fold change, P = 3.00E-3), papillary RCC (2.24-fold change,
P = 1.86E-4), and hereditary ccRCC (1.98-fold change, P = 1.69E-
9) have significantly higher levels of MAP3K8 expression
(Figure 1). Given the dominating role, we focused further
investigations on ccRCC and, in particular, on its associations
with MAP3K8. To explore expression profile of MAP3K8 based
on clinicopathological parameters in ccRCC, subgroup analyses
were performed using UALCAN (Figure 2 and Supplementary
Table 2). In addition to that ccRCC patients with different
clinical features had higher levels of MAP3K8 expression than
the normal, we found that patients with ccB (P = 8.77E-4) and
tumor grade 4 (P = 2.42E-2) subtypes expressed more MAP3K8
than that with ccA and tumor grade 3, respectively. These
findings indicate that MAP3K8 expression may be correlated
with aggressive ccRCC tumors.

Promoter Methylation Level of MAP3K8
To better understand the important roles of MAP3K8
methylation in oncogenesis and progression, we explored
methylation levels of MAP3K8 in different ccRCC samples,
including tumor status (normal and tumor), patient race
(Caucasian, African-American, and Asian), gender (male
and male), patient age (21–40, 41–60, 61–80, and 81–100
years), tumor grade (Grade 1, Grade 2, Grade 3, and Grade
4), and metastasis status (N0 and N1). The results are
shown as box plots in Figure 3, suggesting that MAP3K8
methylation are significantly related to tumor status and
tumor grade (Supplementary Table 3). MAP3K8 methylation
were significantly abnormally expressed in ccRCC samples
(P < 1E-12). Compared to Grade 1 ccRCC samples, Grade
2 (P = 1.28E-3) and Grade 3 (P = 7.41E-4) ccRCC samples
have higher levels of MAP3K8 methylation, while race, gender,
age, and nodal metastasis were not implicated in influencing
MAP3K8 methylation.

MAP3K8 Mutation Profile
To comprehensively investigate the mutation profile of MAP3K8
across all TCGA cancers, TIMER2.0 and DriverDBv3 were
used, suggesting that MAP3K8 mutation is rare among most
cancers with frequencies ranging from 0.1% (1 of 500 THCA
patients) to 4.5% (24 of 531 UCEC patients) (Supplementary
Figure 2). We observed that the percentage of ccRCC patients
harboring MAP3K8 mutation is 0.3% (1 of 370 patients) from
the TIMER2.0 dataset (Supplementary Figure 2A), whereas
data from cBioPortal server suggested that 0.2% (1 of 511) to
11.5% (9 of 78) ccRCC patients had somatic MAP3K8 mutation
(Figure 4A). Markedly, 9 of 10 were duplicated mutations with
unknown significance, resulting in changes of P296S in protein
kinase domain (144–386) (Figure 4B).

Prognostic Potential of MAP3K8
The interrelationships between MAP3K8 expression and OS in
ccRCC were retrieved from GEPIA, DriverDBv3, and UALCAN
databases to construct Kaplan-Meier plots. Results revealed that
high levels of MAP3K8 expression were associated with poorer
prognosis of OS in ccRCC (GEPIA: Log-rank P = 0.60E-2,
HR = 1.5; DriverDBv3: Log-rank P = 1.68E-7, HR = 2.21;
UALCAN: P = 0.20E-2) (Figures 5A–C). Few significant
interactions were observed between OS and clinicopathological
features, indicating that tumor grade (P < 1.0E-4), patient race
(P = 1.9E-2), and patient gender (P = 1.3E-2) may influence the
prognosis of ccRCC patients with high-level MAP3K8 expression
(Figures 5D–F).

Coexpression and Correlation of Genes
and Pathways Associated With MAP3K8
Because MAPK cascades have shown multifaced roles and cross-
talks with other molecular linchpins, we aimed to determine
the correlation of MAP3K8 expression with the expression of
other genes in ccRCC. To achieve this aim, we employed data
from 537 ccRCC patients from TCGA dataset, using Spearman’s
correlation. The list of top 25 genes correlate with MAP3K8
can be found in Supplementary Table 4, ranking by Spearman
value. The most interesting identified target were displayed in
Figure 6, including NFKBIZ (Spearman: 0.67, P = 4.44E-72),
MIAT (Spearman: 0.67, P = 8.09E-71), PARP15 (Spearman: 0.66,
P = 6.17E-68), CHFR (Spearman: 0.66, P = 4.47E-67), MKNK1
(Spearman: 0.65, P = 2.69E-66), and ERMN (Spearman: 0.65,
P = 5.84E-65). cBioPortal was used to perform pathway analyses
on coexpressed genes of MAP3K8. RTK-RAS, HIPPO, WNT, and
Notch pathways are the most relevant pathways with scores of 35,
26, 25, and 19, respectively (Figure 7, Supplementary Figure 3,
and Supplementary Table 5).

Correlation of MAP3K8 With Tumor
Immune Infiltrates (TILs)
To determine whether the association between MAP3K8
expression and the presence of tumoral infiltrating immune
cell populations exist in ccRCC samples, multiple immune
deconvolution methods were applied. We found that expression
level of MAP3K8 negatively correlated with the presence of
macrophage M2 (TIDE: Rho = −0.47, P = 2.13E-26), T cell
CD4+ Th1 (XCELL: Rho = −0.23, P = 5.40E-7), activated
mast cell (CIBERSORT: Rho = −0.22, P = 1.40E-6), B cell
(TIMER: Rho =−0.18, P = 7.18E-5), non-regulatory T cell CD4+
(QUANTISEQ: Rho =−0.15, P = 1.19E-3; XCELL: Rho =−0.10,
P = 2.54E-2), plasma B cell (CIBERSORT: Rho = −0.15,
P = 1.33E-3), NK cell (EPIC: Rho = −0.15, P = 1.40E-
3), and activated mast cell (CIBERSORT-ABS: Rho = −0.12,
P = 7.39E-3) (Figure 8 and Supplementary Table 6). In
addition, expression level of MAP3K8 positively correlated with
the presence of neutrophil (TIMER: Rho = 0.54, P = 6.61E-
36), macrophage/monocyte (MCPCOUNTER: Rho = 0.45,
P = 7.07E-24), monocyte (MCPCOUNTER: Rho = 0.45,
P = 7.07E-24; XCELL: Rho = 0.34, P = 6.91E-14), macrophage
M2 (CIBERSORT-ABS: Rho = 0.44, P = 4.77E-23), B cell
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FIGURE 1 | Differential expression of MAP3K8. Box-plot comparison of MAP3K8 expression for Yusenko clear cell renal cell carcinoma dataset (A), Yusenko
papillary renal cell carcinoma dataset (B), Beroukhim hereditary clear cell renal cell carcinoma dataset (C), and Lenburg clear cell renal cell carcinoma dataset (D).

(QUANTISEQ: Rho = 0.37, P = 9.23E-17), macrophage M1
(QUANTISEQ: Rho = 0.36, P = 5.80E-16), macrophage
M2 (QUANTISEQ: Rho = 0.35, P = 5.30E-15), T cell
regulatory (Tregs) (QUANTISEQ: Rho = 0.33, P = 1.59E-
13) (Supplementary Table 7). In this study, these varied
results indicated that associations between MAP3K8 expression
and the presence of TILs in ccRCC samples may depend
on methods used.

PPI Networks and Functional Enrichment
Analyses of MAP3K8
The PPI networks from the GeneMANIA website revealed a
list of correlated genes for MAP3K8. The gene sets enriched
for MAP3K8 were responsible for toll-like receptor signaling
pathways, pattern recognition receptor signaling pathway, innate
immune response-activating signal transduction, activation of
innate immune response, and protein serine/threonine kinase
activity (Figure 9A and Supplementary Table 8). In addition,
the Cytoscape software was used to visualize the network of
MAP3K8 by searching the BioGrid database. Each node, linked
by edges, stood for an enriched term colored by the cluster-ID
(Figure 9B). Meanwhile, a Cytoscape plugin-in in Metascape was
used to construct network of core modules of genes, including
REL, RELA, TNIP2, NFKB1, NFKB2, and NFKBIA (Figure 9C).
GO and KEGG signal pathway analyses were conducted to

identify the biological function of interactive genes of MAP3K8
derived from the Metascape website. In the diagram, different
color represents the different biological process and the degree
of color means the counts of enriched genes, in which the
darker the color, the more genes were enriched in corresponding
process. GO analysis found that the gene clusters had significant
regulation of I-kappaB kinase/NF-kappaB signaling, activation
of protein kinase activity, and response to tumor necrosis
factor (Figures 10A–C and Supplementary Figures 4A–C). In
KEGG enrichment analyses, T cell receptor signaling pathway,
MAPK signaling pathway, and other biological pathways were
identified for correlated genes of MAP3K8 (Figure 10D and
Supplementary Figure 4D), which may suggest the underlying
mechanism in the ccRCC pathogenesis.

DISCUSSION

Currently, efforts toward better understanding and
characterizing molecular features underlying ccRCC
tumorigenesis have been leveraged into new therapies targeting
VEGF and immune checkpoint. Although a few patients may
experience disease remission from tyrosine kinase inhibitor
(TKI) and anti-PD-1, limited efficiency and resistance of drugs
and disease progression are notable obstacles that remain to be
solved (Escudier et al., 2019; Ljungberg et al., 2019). Previous
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FIGURE 2 | Expression of MAP3K8 in ccRCC for different clinicopathological parameters. Box plots showing relative expression of MAP3K8 in panel for sample
types (A), individual cancer stages (B), patient’s gender (C), patient’s age (D), patient’s race (E), ccRCC subtypes (F), tumor grade (G), and nodal metastasis
status (H).

studies have revealed that genetic alterations of MAP3K8 were
involved in tumorigenic progression in colorectal cancer (Tunca
et al., 2013), melanomas (Lehmann et al., 2019; Newman et al.,
2019), and lung cancer (Boldrini et al., 2017). However, only little
is known about the mechanisms underlying these phenomena of
MAP3K8, especially in ccRCC.

This study described an association of MAP3K8 with
ccRCC using computed methods. We found that MAP3K8
was overexpressed in ccRCC samples compared with normal
kidney tissues and was a significant prognostic indicator for
poor OS in ccRCC patients. In this study, we verified that,
although mutational activation of MAP3K8 is a rare event,
aberrant methylation may be a common alteration in ccRCC.
Moreover, we found that MAP3K8 expression was associated
with levels of some populations of immune infiltrates, along
with enriched I-kappaB kinase (IKK)/NFKB and T cell receptor
signaling pathways driven by MAP3K8 being the most significant

biological process, suggesting a relevance for MAP3K8-related
TILs. Therefore, these results will aid the understanding of tumor
formation and progression of ccRCC and provide novel targets
for cancer therapy.

Although MAP3K8 was originally recognized as an oncogene
since its discovery in 1991 (Miyoshi et al., 1991), genetic sequence
analyses identified rare MAP3K8 mutations which is much
less than altered expression and abnormal activation in human
cancers. Previous studies have found that overexpression and
increased activation of MAP3K8 are main events associated
with increased tumorigenesis including initiation, promotion,
and progression as well as poor prognosis (Miyoshi et al., 1991;
Sourvinos et al., 1999; Clark et al., 2004; Njunge et al., 2020).
Because MAP3K8 in ccRCC has been less investigated, it is
impossible to completely describe the functions. An important
aspect of this study is the determination of clinical significance of
MAP3K8 in ccRCC. By taking advantage of computed methods
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FIGURE 3 | Promoter methylation of MAP3K8 in ccRCC for different clinicopathological parameters. Box-plot showing relative promoter methylation level of
MAP3K8 in panel for sample types (A), patient’s race (B), patient’s gender (C), patient’s age (D), tumor grade (E), and nodal metastasis status (F).

FIGURE 4 | Mutational analysis of MAP3K8. Mutation of MAP3K8 along cancer studies (A). Genomic information of MAP3K8 mutation (B).
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FIGURE 5 | Kaplan-Meier plot for survival assay of MAP3K8 in ccRCC. Effect of MAP3K8 expression on overall survival from GEPIA (A), DriverDBv3 (B), and
UALCAN (C) database. Effect of MAP3K8 expression on overall survival based on tumor grade (D), patient’s race (E), and patient’s gender (F) from UALCAN
database.

FIGURE 6 | Coexpression of genes correlated with MAP3K8 in ccRCC based on cBioPortal. Graphical representation of Spearman’s correlation test of MAP3K8
gene with NFKBIZ (A), MIAT (B), PARP15 (C), CHFR (D), MKNK1 (E), ERMN (F).
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FIGURE 7 | Pathway analyses in ccRCC using cBioPortal server. Impact of MAP3K8 and associated genes in regulating alteration frequency of RTK-RAS signaling
pathway (A), HIPPO signaling pathway (B), WNT signaling pathway (C), and Notch signaling pathway (D).

FIGURE 8 | Negative correlation of MAP3K8 with tumor infiltration level of Macrophage M2 (A), T cell CD4+ Th1 (B), Mast cell activated (C), and B cell (D) in ccRCC.

to overcome the challenges of fewness of clinical data, our results
suggested that high level of MAP3K8 expression could predict
poor OS in ccRCC, with damaged PFI and DSS, which were
not displayed in this study. However, few published studies have
verified how MAP3K8 played an oncogenic role in ccRCC.

Notably, more results with more comprehensive methods
have been previously suggested in melanomas which is of
great relevance to therapeutic targeting of MAPK cascades
(Lehmann et al., 2019; Newman et al., 2019). Lehmann et al.
(2019) identified recurrent MAP3K8 rearrangement in more
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FIGURE 9 | Gene Network Analysis. MAP3K8 gene with its neighboring genes involved in physical interactions, coexpression, predicted, co-localization, pathways,
genetic interaction, and shared protein domains (A). Protein-protein interaction (PPI) network of MAP3K8-correlated genes based on Cytoscape (B). The core
modules of genes and enriched terms associated with MAP3K8 through MCODE (C).

FIGURE 10 | Network enrichment analysis for GO: biological process (BP) (A), GO: cellular component (CC) (B), GO: molecular function (MF) (C), and Kyoto
Encyclopedia of Genes and Genomes pathways (KEGG) (D) across MAP3K8 and other 21 most interactive genes using the Metascape server.

than 15% of melanomas without known driver mutations using
fluorescence in situ hybridization, only occurring in 1.7% of
TCGA melanomas. However, MAP3K8 rearrangement is rarely

reported in ccRCC. In melanomas, MAP3K8 overexpression
could cause concomitant resistance to BRAF inhibitors through
a MEK-dependent mechanism that does not require BRAF
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activation upstream, thus increasing sensitivity to MEK or
ERK inhibitors (Johannessen et al., 2010; Lehmann et al.,
2019; Newman et al., 2019). Therefore, MAP3K8 rearrangement
could be a biomarker to identify melanoma patients that may
benefit from MEK or ERK inhibitors. Given the fact that most
genetic alterations of MAP3K8 in ccRCC is of no significance,
further investigations will be necessary to incorporate MAP3K8
into assay design and focus on genetic fusion, rearrangement,
amplification, or other genetic alterations conferring MAPK
pathway dependency.

During cancer progression, tumor cells can alter
intratumoral heterogeneity to orchestrate a generally supportive
immunosuppressive tumor microenvironment (TME) comprised
of populations of immune cells (Grivennikov et al., 2010), which
have been reported as potential therapy targets for ccRCC in
published studies (Motzer et al., 2015, 2018). Indeed, previous
studies have confirmed that immunotherapy using immune
checkpoint blockade, such as anti-PD-1 (Motzer et al., 2015,
2018) and anti-CTLA-4 (Motzer et al., 2018), to induce amplified
endogenous anti-tumor T cell responses, has changed the
clinical outcomes of ccRCC patients. Given the complexity
of TME and multiple immune evasion mechanisms of solid
tumors, intrinsic gene regulatory networks related to tumor-
specific T cells should be deeply studied. MAP3K8 has been
identified as an indispensable modulator of immune responses
that conveys inflammatory signals, modulating functions of
inflammatory cells (Yan et al., 2019). Specifically, MAP3K8
are found to regulate MEK/ERK/JNK, TLR, and IKK/NFKB
cascades, which were particularly important for inflammatory
responses (Lee et al., 2015a; Braicu et al., 2019; Yan et al.,
2019). Yet, inflammatory responses play decisive roles at
different stages of tumor development, and also affect immune
surveillance and responses to anti-cancer therapy. Hence,
principal mechanisms that mediate tumor-infiltrating immune
cells need to be uncovered.

Conceivably, detecting and eliminating neoantigens released
by cancer cells is highly dependent on an intricate innate
immune system composed of sensors, signal-processing and
signal-transducing elements, and myriad effector molecules
(Grivennikov et al., 2010). Crucial to this process is the
detection of pathogen-associated molecules by sensors, such
as Toll-like receptor (TLR) (Barton and Medzhitov, 2003).
The KEGG enrichment analyses in this study found that
gene sets correlated with MAP3K8 were involved in the TLR
signaling pathway. Previous studies confirmed that all TLRs
activate a universal signaling pathway that culminates in the
activation of ERK, JNK, and NFKB, which was again proved by
Barton and Medzhitov (2003) and Banerjee et al. (2006) that
MAP3K8/MEK/ERK pathway is required for ERK activation
stimulated with TLRs. Regardless of how MAP3K8 affect
TILs in ccRCC, the activation of TLRs could be expected
to change antitumor immune responses of TILs. Activating
TLRs through ligands not only reversed the suppressive
function of CD4+ Treg cells but also blocked CD8+ Treg
suppressive function, implying that manipulation of TILs by
TLR signaling pathway could improve the efficacy of antitumor
immune responses (Kiniwa et al., 2007). Moreover, studies

have found that anti-tumor cytotoxicity of T lymphocytes
could be promoted in cancer patients through activation
of TLR-mediated MAPK and NFKB signaling pathways
(Chen Y. et al., 2017), suggesting whether TLR pathway
regulates functions of TILs via MAP3K8 cascades need to be
further studied.

In this study, we have noted that MAP3K8 positively
correlated with NFKBIZ, which is involved in regulation of
NFKB transcription factor complexes and inhibits NFKB activity
without affecting its nuclear translocation upon stimulation
(DiDonato et al., 2012; Gantke et al., 2012). According to
previous studies, the entire pool of MAP3K8 is positively
associated with NFKB in steady state condition, irrespective
of cell type, because NFKB binds to and masks the degron
sequence of MAP3K8 preventing its proteasomal degradation,
thus failing to phosphorylate MEK and ERK, while MAP3K8
expression is down-regulated in the absence of NFKB (Gantke
et al., 2011; DiDonato et al., 2012; Gantke et al., 2012).
Therefore, the associations between MAP3K8 and NFKBIZ in
ccRCC need further researches. According to gene enrichment
analyses in this study, MAP3K8 functions are responsible for
the IKK/NFKB pathways. In addition to the aforementioned
roles of NFKB in regulating MAP3K8, in some cases IKK
complex, a central activator of the NFKB family, is also attributed
to regulate MAP3K8 (Gantke et al., 2011, 2012; Hoesel and
Schmid, 2013). In stable cells, MAP3K8 is complexed with
the NF-κB1 p105 (NFKB1), a NFKB inhibitory protein, which
blocks MAP3K8 access to its substrate MEK and the ubiquitin-
binding protein ABIN-2, both of which are required to maintain
MAP3K8 protein stability. In stimulated cells, the IKK complex
phosphorylates NFKB1, triggering releases MAP3K8 from
NFKB1-mediated inhibition, facilitating activation of MEK/ERK
pathway. However, few studies have reported associations of
IKK/NFKB pathways with TILs in cancers, but associations
between TILs and TLR/MAPK pathways lay the foundation for
further researches.

According to previous studies and the results in this study,
effects of MAP3K8 on cancer-related inflammation in ccRCC
may be double-edged. On one hand, ccRCC patients with high-
level expression of MAP3K8 negatively correlated with the
presence of T cell CD4+ Th1, non-regulatory T cell CD4+, and
NK cell, suggesting a potential protumorigenic role of MAP3K8
because CD4+ TILs and NK cells were reported to associate
with better OS in cancers (Hao et al., 2020). In addition, CD4+
Th1 secreting cytokines such as TNF may effectively inhibit
angiogenesis as well as facilitate the activation and proliferation
of CD8+ TILs, which could directly kill tumor cells (Ovarian
Tumor Tissue Analysis [OTTA] Consortium, Goode et al., 2017;
Hao et al., 2020). On the other hand, high expression level
of MAP3K8 positively correlated with the presence of T cell
regulatory. According to previous studies, Tregs exhibit tumor-
promoting activity by limiting the development of autoimmunity
and suppressing the function of Th1 cells, which may be inhibited
to promote optimal antitumor responses (Kiniwa et al., 2007;
Chen K. et al., 2017). Given the complexity of TME and
multiple immune evasion mechanisms of solid tumors, intrinsic
gene regulatory networks involved in activation, intratumoral
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trafficking, and persistence of tumor-specific T cells are
complex. Thus, genetic mechanisms underlying regulating TILs
in ccRCC remain elusive.

Finally, expression patterns and functions of MAP3K8
revealed in this study will promote the understanding
of pathogenic mechanisms and exploration of therapeutic
targets of ccRCC. The present study identified expression
level and prognostic value of MAP3K8 in ccRCC using
several databases. The results revealed that MAP3K8
overexpression was correlated with damaged survival in
ccRCC, reemphasizing the potential for identifying predictive
biomarkers and therapeutic targets focused on MAP3K8 and
MAPK pathway. Our data also revealed several enriched
functions that significantly associated with the MAP3K8.
Moreover, this study reminds us of the potential roles of
MAP3K8 in cancer-related immunity in ccRCC. Continuous
studies will be required to power the discoveries of
MAP3K8 in this study.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

JH contributed to the study design and article writing. YC, HY,
and LZ were responsible for figure editing. RA and YX were
responsible for proofreading. All authors read and approved the
final manuscript.

FUNDING

This study was funded by the 2019 Youth Development Project
of The First Affiliated Hospital of Xi’an Jiaotong University
(2019QN-20) and the National Natural Science Foundation of
China (No. 81972428).

ACKNOWLEDGMENTS

We would like to thank Meng Li for his valuable suggestions.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fgene.
2021.674613/full#supplementary-material

REFERENCES
Banerjee, A., Gugasyan, R., McMahon, M., and Gerondakis, S. (2006). Diverse

Toll-like receptors utilize Tpl2 to activate extracellular signal-regulated kinase
(ERK) in hemopoietic cells. Proc. Natl. Acad. Sci. U.S.A. 103, 3274–3279. doi:
10.1073/pnas.0511113103

Barton, G. M., and Medzhitov, R. (2003). Toll-like receptor signaling pathways.
Science 300, 1524–1525. doi: 10.1126/science.1085536

Boldrini, L., Giordano, M., Servadio, A., Niccoli, C., Bertoglio, P., Lucchi, M., et al.
(2017). Prognostic role of TPL2 in early-stage non-small cell lung cancer. Mol.
Med. Rep. 15, 3451–3458. doi: 10.3892/mmr.2017.6430

Braicu, C., Buse, M., Busuioc, C., Drula, R., Gulei, D., Raduly, L., et al. (2019).
A comprehensive review on MAPK: a promising therapeutic target in cancer.
Cancers (Basel) 11:1618. doi: 10.3390/cancers11101618

Cancer Genome Atlas Research Network (2013). Comprehensive molecular
characterization of clear cell renal cell carcinoma. Nature 499, 43–49. doi: 10.
1038/nature12222

Chandrashekar, D. S., Bashel, B., Balasubramanya, S., Creighton, C. J., Ponce-
Rodriguez, I., Chakravarthi, B., et al. (2017). UALCAN: a portal for facilitating
tumor subgroup gene expression and survival analyses. Neoplasia 19, 649–658.
doi: 10.1016/j.neo.2017.05.002

Chen, K., Zhu, Z., Zhang, N., Cheng, G., Zhang, F., Jin, J., et al. (2017). Tumor-
infiltrating CD4+ lymphocytes predict a favorable survival in patients with
operable esophageal squamous cell carcinoma. Med. Sci. Monit. 23, 4619–4632.
doi: 10.12659/msm.904154

Chen, Y., Li, H., Li, M., Niu, S., Wang, J., Shao, H., et al. (2017). Salvia miltiorrhiza
polysaccharide activates T Lymphocytes of cancer patients through activation
of TLRs mediated -MAPK and -NF-κB signaling pathways. J. Ethnopharmacol.
200, 165–173. doi: 10.1016/j.jep.2017.02.029

Clark, A. M., Reynolds, S. H., Anderson, M., and Wiest, J. S. (2004). Mutational
activation of the MAP3K8 protooncogene in lung cancer. Genes Chromosomes
Cancer 41, 99–108. doi: 10.1002/gcc.20069

DiDonato, J. A., Mercurio, F., and Karin, M. (2012). NF-κB and the link between
inflammation and cancer. Immunol. Rev. 246, 379–400. doi: 10.1111/j.1600-
065X.2012.01099.x

Escudier, B., Bellmunt, J., Négrier, S., Bajetta, E., Melichar, B., Bracarda, S., et al.
(2010). Phase III trial of bevacizumab plus interferon alfa-2a in patients with
metastatic renal cell carcinoma (AVOREN): final analysis of overall survival.
J. Clin. Oncol. 28, 2144–2150. doi: 10.1200/JCO.2009.26.7849

Escudier, B., Eisen, T., Stadler, W. M., Szczylik, C., Oudard, S., Siebels, M., et al.
(2007). Sorafenib in advanced clear-cell renal-cell carcinoma. N. Engl. J. Med.
356, 125–134. doi: 10.1056/NEJMoa060655

Escudier, B., Porta, C., Schmidinger, M., Rioux-Leclercq, N., Bex, A., Khoo, V.,
et al. (2019). Renal cell carcinoma: ESMO clinical practice guidelines for
diagnosis, treatment and follow-up. Ann. Oncol. 30, 706–720. doi: 10.1093/
annonc/mdz056

Gantke, T., Sriskantharajah, S., and Ley, S. C. (2011). Regulation and function
of TPL-2, an IκB kinase-regulated MAP kinase kinase kinase. Cell Res. 21,
131–145. doi: 10.1038/cr.2010.173

Gantke, T., Sriskantharajah, S., Sadowski, M., and Ley, S. C. (2012). IκB kinase
regulation of the TPL-2/ERK MAPK pathway. Immunol. Rev. 246, 168–182.
doi: 10.1111/j.1600-065X.2012.01104.x

Gao, J., Aksoy, B. A., Dogrusoz, U., Dresdner, G., Gross, B., Sumer, S. O., et al.
(2013). Integrative analysis of complex cancer genomics and clinical profiles
using the cBioPortal. Sci. Signal. 6:l1. doi: 10.1126/scisignal.2004088

Grivennikov, S. I., Greten, F. R., and Karin, M. (2010). Immunity, inflammation,
and cancer. Cell 140, 883–899. doi: 10.1016/j.cell.2010.01.025

Hao, J., Yu, H., Zhang, T., An, R., and Xue, Y. (2020). Prognostic impact of tumor-
infiltrating lymphocytes in high grade serous ovarian cancer: a systematic
review and meta-analysis. Ther. Adv. Med. Oncol. 12:1758835920967241. doi:
10.1177/1758835920967241

Hoesel, B., and Schmid, J. A. (2013). The complexity of NF-
κB signaling in inflammation and cancer. Mol. Cancer 12:86.
doi: 10.1186/1476-4598-12-86

Hsieh, J. J., Purdue, M. P., Signoretti, S., Swanton, C., Albiges, L., Schmidinger,
M., et al. (2017). Renal cell carcinoma. Nat. Rev. Dis. Primers 3:17009. doi:
10.1038/nrdp.2017.9

Johannessen, C. M., Boehm, J. S., Kim, S. Y., Thomas, S. R., Wardwell, L., Johnson,
L. A., et al. (2010). COT drives resistance to RAF inhibition through MAP
kinase pathway reactivation. Nature 468, 968–972. doi: 10.1038/nature09627

Frontiers in Genetics | www.frontiersin.org 12 September 2021 | Volume 12 | Article 674613

https://www.frontiersin.org/articles/10.3389/fgene.2021.674613/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2021.674613/full#supplementary-material
https://doi.org/10.1073/pnas.0511113103
https://doi.org/10.1073/pnas.0511113103
https://doi.org/10.1126/science.1085536
https://doi.org/10.3892/mmr.2017.6430
https://doi.org/10.3390/cancers11101618
https://doi.org/10.1038/nature12222
https://doi.org/10.1038/nature12222
https://doi.org/10.1016/j.neo.2017.05.002
https://doi.org/10.12659/msm.904154
https://doi.org/10.1016/j.jep.2017.02.029
https://doi.org/10.1002/gcc.20069
https://doi.org/10.1111/j.1600-065X.2012.01099.x
https://doi.org/10.1111/j.1600-065X.2012.01099.x
https://doi.org/10.1200/JCO.2009.26.7849
https://doi.org/10.1056/NEJMoa060655
https://doi.org/10.1093/annonc/mdz056
https://doi.org/10.1093/annonc/mdz056
https://doi.org/10.1038/cr.2010.173
https://doi.org/10.1111/j.1600-065X.2012.01104.x
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.1177/1758835920967241
https://doi.org/10.1177/1758835920967241
https://doi.org/10.1186/1476-4598-12-86
https://doi.org/10.1038/nrdp.2017.9
https://doi.org/10.1038/nrdp.2017.9
https://doi.org/10.1038/nature09627
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/genetics#articles


fgene-12-674613 September 4, 2021 Time: 17:1 # 13

Hao et al. Identification of MAP3K8 in ccRCC

Kiniwa, Y., Miyahara, Y., Wang, H. Y., Peng, W., Peng, G., Wheeler, T. M.,
et al. (2007). CD8+ Foxp3+ regulatory T cells mediate immunosuppression in
prostate cancer. Clin. Cancer Res. 13, 6947–6958. doi: 10.1158/1078-0432.CCR-
07-0842

Lee, H. W., Cho, H. J., Lee, S. J., Song, H. J., Cho, H. J., Park, M. C., et al. (2015a).
Tpl2 induces castration resistant prostate cancer progression and metastasis.
Int. J. Cancer 136, 2065–2077. doi: 10.1002/ijc.29248

Lee, H. W., Choi, H. Y., Joo, K. M., and Nam, D. H. (2015b). Tumor progression
locus 2 (Tpl2) kinase as a novel therapeutic target for cancer: double-sided
effects of Tpl2 on cancer. Int. J. Mol. Sci. 16, 4471–4491. doi: 10.3390/
ijms16034471

Lehmann, B. D., Shaver, T. M., Johnson, D. B., Li, Z., Gonzalez-Ericsson, P. I.,
Sánchez, V., et al. (2019). Identification of targetable recurrent MAP3K8
rearrangements in melanomas lacking known driver mutations. Mol. Cancer
Res. 17, 1842–1853. doi: 10.1158/1541-7786.MCR-19-0257

Li, T., Fu, J., Zeng, Z., Cohen, D., Li, J., Chen, Q., et al. (2020). TIMER2.0 for
analysis of tumor-infiltrating immune cells. Nucleic Acids Res. 48, W509–W514.
doi: 10.1093/nar/gkaa407

Li, X., Liu, C., Ip, B. C., Hu, K. Q., Smith, D. E., Greenberg, A. S., et al. (2015).
Tumor progression locus 2 ablation suppressed hepatocellular carcinoma
development by inhibiting hepatic inflammation and steatosis in mice. J. Exp.
Clin. Cancer Res. 34, 138. doi: 10.1186/s13046-015-0254-2

Liu, S. H., Shen, P. C., Chen, C. Y., Hsu, A. N., Cho, Y. C., Lai, Y. L., et al. (2020).
DriverDBv3: a multi-omics database for cancer driver gene research. Nucleic
Acids Res. 48, D863–D870. doi: 10.1093/nar/gkz964

Ljungberg, B., Albiges, L., Abu-Ghanem, Y., Bensalah, K., Dabestani, S., Fernández-
Pello, S., et al. (2019). European association of urology guidelines on renal cell
carcinoma: the 2019 update. Eur. Urol. 75, 799–810. doi: 10.1016/j.eururo.2019.
02.011

Miyoshi, J., Higashi, T., Mukai, H., Ohuchi, T., and Kakunaga, T. (1991). Structure
and transforming potential of the human cot oncogene encoding a putative
protein kinase. Mol. Cell Biol. 11, 4088–4096. doi: 10.1128/mcb.11.8.4088-4096.
1991

Motzer, R. J., Escudier, B., McDermott, D. F., George, S., Hammers,
H. J., Srinivas, S., et al. (2015). Nivolumab versus everolimus in
advanced renal-cell carcinoma. N. Engl. J. Med. 373, 1803–1813.
doi: 10.1056/NEJMoa1510665

Motzer, R. J., Hutson, T. E., Tomczak, P., Michaelson, M. D., Bukowski,
R. M., Rixe, O., et al. (2007). Sunitinib versus interferon alfa in
metastatic renal-cell carcinoma. N. Engl. J. Med. 356, 115–124.
doi: 10.1056/NEJMoa065044

Motzer, R. J., Tannir, N. M., McDermott, D. F., Arén Frontera, O., Melichar, B.,
Choueiri, T. K., et al. (2018). Nivolumab plus Ipilimumab versus sunitinib in
advanced renal-cell carcinoma. N. Engl. J. Med. 378, 1277–1290. doi: 10.1056/
NEJMoa1712126

Newman, S., Fan, L., Pribnow, A., Silkov, A., Rice, S. V., Lee, S., et al. (2019).
Clinical genome sequencing uncovers potentially targetable truncations and
fusions of MAP3K8 in spitzoid and other melanomas. Nat. Med. 25, 597–602.
doi: 10.1038/s41591-019-0373-y

Njunge, L. W., Estania, A. P., Guo, Y., Liu, W., and Yang, L. (2020). Tumor
progression locus 2 (TPL2) in tumor-promoting inflammation, tumorigenesis
and tumor immunity. Theranostics 10, 8343–8364. doi: 10.7150/thno.45848

Ovarian Tumor Tissue Analysis (OTTA) Consortium, Goode, E. L., Block,
M. S., Kalli, K. R., Vierkant, R. A., Chen, W., et al. (2017). Dose-
response association of CD8+ tumor-infiltrating lymphocytes and survival
time in high-grade serous ovarian cancer. JAMA Oncol. 3:e173290.
doi: 10.1001/jamaoncol.2017.3290

Peña-Llopis, S., Vega-Rubín-de-Celis, S., Liao, A., Leng, N., Pavía-Jiménez, A.,
Wang, S., et al. (2012). BAP1 loss defines a new class of renal cell carcinoma.
Nat. Genet. 44, 751–759. doi: 10.1038/ng.2323

Rhodes, D. R., Yu, J., Shanker, K., Deshpande, N., Varambally, R., Ghosh, D., et al.
(2004). ONCOMINE: a cancer microarray database and integrated data-mining
platform. Neoplasia 6, 1–6. doi: 10.1016/s1476-5586(04)80047-2

Sato, Y., Yoshizato, T., Shiraishi, Y., Maekawa, S., Okuno, Y., Kamura, T., et al.
(2013). Integrated molecular analysis of clear-cell renal cell carcinoma. Nat.
Genet. 45, 860–867. doi: 10.1038/ng.2699

Shannon, P., Markiel, A., Ozier, O., Baliga, N. S., Wang, J. T., Ramage, D.,
et al. (2003). Cytoscape: a software environment for integrated models of
biomolecular interaction networks. Genome Res. 13, 2498–2504. doi: 10.1101/
gr.1239303

Siegel, R. L., Miller, K. D., and Jemal, A. (2019). Cancer statistics, 2019. CA. Cancer
J. Clin. 69, 7–34. doi: 10.3322/caac.21551

Sourvinos, G., Tsatsanis, C., and Spandidos, D. A. (1999). Overexpression of the
Tpl-2/Cot oncogene in human breast cancer. Oncogene 18, 4968–4973. doi:
10.1038/sj.onc.1202891

Tang, Z., Li, C., Kang, B., Gao, G., Li, C., and Zhang, Z. (2017). GEPIA: a web
server for cancer and normal gene expression profiling and interactive analyses.
Nucleic Acids Res. 45, W98–W102. doi: 10.1093/nar/gkx247

Tunca, B., Tezcan, G., Cecener, G., Egeli, U., Zorluoglu, A., Yilmazlar, T., et al.
(2013). Overexpression of CK20, MAP3K8 and EIF5A correlates with poor
prognosis in early-onset colorectal cancer patients. J. Cancer Res. Clin. Oncol.
139, 691–702. doi: 10.1007/s00432-013-1372-x

Warde-Farley, D., Donaldson, S. L., Comes, O., Zuberi, K., Badrawi, R., Chao,
P., et al. (2010). The GeneMANIA prediction server: biological network
integration for gene prioritization and predicting gene function. Nucleic Acids
Res. 38, W214–W220. doi: 10.1093/nar/gkq537

Xu, J., Pham, C. G., Albanese, S. K., Dong, Y., Oyama, T., Lee, C. H., et al. (2016).
Mechanistically distinct cancer-associated mTOR activation clusters predict
sensitivity to rapamycin. J. Clin. Invest. 126, 3526–3540. doi: 10.1172/JCI86120

Yan, M. H., Hao, J. H., Zhang, X. G., Shen, C. C., Zhang, D. J., Zhang,
K. S., et al. (2019). Advancement in TPL2-regulated innate immune response.
Immunobiology 224, 383–387. doi: 10.1016/j.imbio.2019.02.010

Yang, J. C., Haworth, L., Sherry, R. M., Hwu, P., Schwartzentruber, D. J., Topalian,
S. L., et al. (2003). A randomized trial of bevacizumab, an anti-vascular
endothelial growth factor antibody, for metastatic renal cancer. N. Engl. J. Med.
349, 427–434. doi: 10.1056/NEJMoa021491

Yuan, J., Dong, X., Yap, J., and Hu, J. (2020). The MAPK and AMPK signalings:
interplay and implication in targeted cancer therapy. J. Hematol. Oncol. 13:113.
doi: 10.1186/s13045-020-00949-4

Zhou, Y., Zhou, B., Pache, L., Chang, M., Khodabakhshi, A. H., Tanaseichuk,
O., et al. (2019). Metascape provides a biologist-oriented resource
for the analysis of systems-level datasets. Nat. Commun. 10:1523.
doi: 10.1038/s41467-019-09234-6

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Hao, Cao, Yu, Zong, An and Xue. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Genetics | www.frontiersin.org 13 September 2021 | Volume 12 | Article 674613

https://doi.org/10.1158/1078-0432.CCR-07-0842
https://doi.org/10.1158/1078-0432.CCR-07-0842
https://doi.org/10.1002/ijc.29248
https://doi.org/10.3390/ijms16034471
https://doi.org/10.3390/ijms16034471
https://doi.org/10.1158/1541-7786.MCR-19-0257
https://doi.org/10.1093/nar/gkaa407
https://doi.org/10.1186/s13046-015-0254-2
https://doi.org/10.1093/nar/gkz964
https://doi.org/10.1016/j.eururo.2019.02.011
https://doi.org/10.1016/j.eururo.2019.02.011
https://doi.org/10.1128/mcb.11.8.4088-4096.1991
https://doi.org/10.1128/mcb.11.8.4088-4096.1991
https://doi.org/10.1056/NEJMoa1510665
https://doi.org/10.1056/NEJMoa065044
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.1038/s41591-019-0373-y
https://doi.org/10.7150/thno.45848
https://doi.org/10.1001/jamaoncol.2017.3290
https://doi.org/10.1038/ng.2323
https://doi.org/10.1016/s1476-5586(04)80047-2
https://doi.org/10.1038/ng.2699
https://doi.org/10.1101/gr.1239303
https://doi.org/10.1101/gr.1239303
https://doi.org/10.3322/caac.21551
https://doi.org/10.1038/sj.onc.1202891
https://doi.org/10.1038/sj.onc.1202891
https://doi.org/10.1093/nar/gkx247
https://doi.org/10.1007/s00432-013-1372-x
https://doi.org/10.1093/nar/gkq537
https://doi.org/10.1172/JCI86120
https://doi.org/10.1016/j.imbio.2019.02.010
https://doi.org/10.1056/NEJMoa021491
https://doi.org/10.1186/s13045-020-00949-4
https://doi.org/10.1038/s41467-019-09234-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/genetics#articles

	Effect of MAP3K8 on Prognosis and Tumor-Related Inflammation in Renal Clear Cell Carcinoma
	Introduction
	Materials and Methods
	Identifying Differential Expression of MAP3K8
	Exploring Gene Mutation Profile of MAP3K8
	Examining Prognostic Potential of MAP3K8
	Visualizing the Correlation of MAP3K8 Expression With Immune Infiltration
	Constructing PPI Networks and Functional Enrichment Analyses
	Finding Correlated Genes of MAP3K8

	Results
	MAP3K8 Expression Profile
	Promoter Methylation Level of MAP3K8
	MAP3K8 Mutation Profile
	Prognostic Potential of MAP3K8
	Coexpression and Correlation of Genes and Pathways Associated With MAP3K8
	Correlation of MAP3K8 With Tumor Immune Infiltrates (TILs)
	PPI Networks and Functional Enrichment Analyses of MAP3K8

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


