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Introduction: Epigenetic-targeted therapy has been increasingly applied in the treatment
of cancers. Lysine (K)-specific demethylase 6B (KDM6B) is an epigenetic enzyme involved
in the coordinated control between cellular intrinsic regulators and the tissue
microenvironment whereas the pan-cancer analysis of KDM6B remains unavailable.

Methods: The dual role of KDM6B in 33 cancers was investigated based on the GEO
(Gene Expression Omnibus) and TCGA (The Cancer Genome Atlas) databases. TIMER2
and GEPIA2 were applied to investigate the KDM6B levels in different subtypes or stages
of tumors. Besides, the Human Protein Atlas database allowed us to conduct a pan-
cancer study of the KDM6B protein levels. GEPIA2 and Kaplan–Meier plotter were used for
the prognosis analysis in different cancers. Characterization of genetic modifications of the
KDM6B gene was analyzed by the cBioPortal. DNA methylation levels of different KDM6B
probes in different TCGA tumors were analyzed by MEXPRESS. TIMER2 was applied to
determine the association of the KDM6B expression and immune infiltration and DNA
methyltransferases. Spearman correlation analysis was used to assess the association of
the KDM6B expression with TMB (tumor mutation burden) and MSI (microsatellite
instability). The KEGG (Kyoto encyclopedia of genes and genomes) pathway analysis
and GO (Gene ontology) enrichment analysis were used to further investigate the potential
mechanism of KDM6B in tumor pathophysiology.

Results: KDM6B was downregulated in 11 cancer types and upregulated across five
types. In KIRC (kidney renal clear cell carcinoma) and OV (ovarian serous
cystadenocarcinoma), the KDM6B level was significantly associated with the
pathological stage. A high level of KDM6B was related to poor OS (overall survival)
outcomes for THCA (thyroid carcinoma), while a low level was correlated with poor OS and
DFS (disease-free survival) prognosis of KIRC. The KDM6B expression level was
associated with TMB, MSI, and immune cell infiltration, particularly cancer-associated
fibroblasts, across various cancer types with different correlations. Furthermore, the
enrichment analysis revealed the relationship between H3K4 and H3K27 methylation
and KDM6B function.

Edited by:
Min Tang,

Jiangsu University, China

Reviewed by:
Weinan Zhou,

University of Illinois at Urbana-
Champaign, United States

Zhixue Cheng,
Third Affiliated Hospital of Sun Yat-sen

University, China
Youwen Zhang,

University of South Carolina,
United States

*Correspondence:
Fei Guo

guofei2005@126.com

Specialty section:
This article was submitted to

Computational Genomics,
a section of the journal
Frontiers in Genetics

Received: 03 April 2022
Accepted: 03 May 2022
Published: 14 June 2022

Citation:
Ding J-T, Yu X-T, He J-H,

Chen D-Z and Guo F (2022) A Pan-
Cancer Analysis Revealing the Dual

Roles of Lysine (K)-Specific
Demethylase 6B in Tumorigenesis

and Immunity.
Front. Genet. 13:912003.

doi: 10.3389/fgene.2022.912003

Frontiers in Genetics | www.frontiersin.org June 2022 | Volume 13 | Article 9120031

ORIGINAL RESEARCH
published: 14 June 2022

doi: 10.3389/fgene.2022.912003

http://crossmark.crossref.org/dialog/?doi=10.3389/fgene.2022.912003&domain=pdf&date_stamp=2022-06-14
https://www.frontiersin.org/articles/10.3389/fgene.2022.912003/full
https://www.frontiersin.org/articles/10.3389/fgene.2022.912003/full
https://www.frontiersin.org/articles/10.3389/fgene.2022.912003/full
https://www.frontiersin.org/articles/10.3389/fgene.2022.912003/full
http://creativecommons.org/licenses/by/4.0/
mailto:guofei2005@126.com
https://doi.org/10.3389/fgene.2022.912003
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/journals/genetics#editorial-board
https://doi.org/10.3389/fgene.2022.912003


Conclusion: Dysregulation of the DNAmethyltransferase activity and methylation levels of
H3K4 and H3K27 may involve in the dual role of KDM6B in tumorigenesis and
development. Our study offered a relatively comprehensive understanding of KDM6B’s
dual role in cancer development and response to immunotherapy.
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INTRODUCTION

Epigenetic dysregulation leads to aberrant transcriptional
programs that promote tumor occurrence and progression
(Hogg et al., 2020). Thus, epigenetic therapies focus on
normalizing the malignant phenotype-related DNA
methylation status or post-translational modifications on
histones, exerting their effects as tumor suppressors (Bates,
2020). Enzymes that regulate the methylation of lysine-rich
N-terminal histone “tails” contribute to the epigenetic
modulation of tumor-associated pathways, such as NF-κB and
p53 signaling pathways (Agger et al., 2009; Park et al., 2016).
Moreover, epigenetic modification, including histone
methylation, has also been identified as one of the
mechanisms that silence gene expression and then evade
immune cells in solid tumor cells (Ratnam et al., 2021).
Therefore, it is necessary to investigate the potential
mechanisms of histone methylation regulatory enzymes in pan
cancers.

Lysine-specific demethylase 6B (KDM6B) or Jumonji domain-
containing protein-3 (JMJD3), belonging to histone H3 lysine 27
(H3K27) demethylases, regulates the gene expression by histone
demethylation in response to an intracellular or extracellular
stimulation under physiological or pathological conditions.
KDM6B regulates a wide range of pathways involved in
development, inflammation, and specifically cancers, such as
WNT, NF-κB, and BMP (Salminen et al., 2014; Xu et al.,
2014; Park et al., 2016). Over-expression of KDM6B results in
unhindered transcription and disrupts core gene-regulatory
architecture by decreasing the H3K27me3 level, which plays a
dual role in cancers (Lagunas-Rangel, 2021). For example,
KDM6B serves as an oncogene in pancreatic ductal
adenocarcinoma cells via demethylating H3K27me3 to prompt
the expression of cyclin D1 cooperating with smad2/3 (Cao et al.,
2021). However, KDM6B inhibits tumorigenesis via removing
H3K27me3 to induce neuronal differentiation in neuroblastoma
(Yang et al., 2019). Nevertheless, despite the extensive clinical
statistics, there is no available cross-sectional evidence of the
correlation of KDM6B and different cancers.

Considering the potential link between genes and cancers, it is
necessary to explore the correlation between genes of interest and
the occurrence and prognosis in pan cancers and the underlying
molecular mechanisms. The publicly funded Cancer Genome
Atlas (TCGA) project and the Gene Expression Omnibus (GEO)
database contain functional genomic datasets for different types
of tumors (Sidaway, 2017; Alexandrov et al., 2020; Lee et al.,
2020), which makes it possible to perform a pan-cancer analysis.
In this article, we reviewed the experimentally determined
evidence for the correlation between KDM6B and different

cancer types or stages. A pan-cancer study of KDM6B using
the TCGA project and the GEO database was conducted here for
the first time. We also explored the potential KDM6B-associated
pathways in the pathogenesis or clinical outcomes in numerous
cancers, including expression difference, survival conditions,
genetic changes, DNA methylation, immune infiltration, and
related biological processes. Our goal was to determine how
KDM6B influences the clinical outcomes and immune
infiltration in certain cancers and recognize the potential
pathways to offer a relatively comprehensive understanding of
KDM6B’s dual role, which may serve as a new therapeutic target.

MATERIALS AND METHODS

Analysis of Gene Expression
We used the TIMER2.0 (Tumor Immune Estimation Resource
2nd Edition) website (http://timer.cistrome.org/) (Li et al., 2020)
to detect the difference of the KDM6B expression between tumor
tissues and their adjacent normal tissues of various tumors from
the TCGA database with the Wilcoxon test except the cancers
with extremely restricted or without normal tissues, such as
TCGA–DLBC (diffuse large B-cell lymphoma) and
TCGA–TGCT (testicular germ cell tumors). For these cancers,
instead, we visited the GEPIA2 (Gene Expression Profiling
Interactive Analysis 2nd Edition) web server (http://gepia2.
cancer-pku.cn/#analysis) (Tang et al., 2019) to gain boxplots
showing the expression differences between tumor tissues and
their matching normal tissues from the GTEx (Genotype–Tissue
Expression) database, with the main parameters set as follows:
p-value cutoff at 0.01 and absolute log2 fold change cutoff at 1 and
expressing as “Match TCGAnormal and GTEx data” (Cui X. et al.
, 2020; Shen Y.-T. et al., 2021). Furthermore, we obtained violin
plots of the KDM6B expression across all types of tumors at
different pathological stages (stage I to IV) in TCGA conducted
by one-way ANOVA with the “pathological stage plot” module.
Log2 TPM (transcripts per million) + 1 transformed expression
data were applied to convert the expression data in the box or
violin graph, and Pr (>F) < 0.05 was considered to be statistically
significant (Shen Y.-T. et al., 2021). Also, the Human Protein
Atlas website (https://www.proteinatlas.org/) was used to explore
the KDM6B levels across 20 tumor types by entering “KDM6B”
(Uhlén et al., 2015).

Analysis of Survival Prognosis
We employed GEPIA2 to acquire significance map data showing
the OS (overall survival) and DFS (disease-free survival)
outcomes of high and low KDM6B expressions across all
tumors in TCGA. As previously reported, cutoff-high (50%)
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and cutoff-low (50%) values were applied as thresholds to divide
the samples into the high- and low-expression cohorts (Cui X.
et al., 2020; Zhao et al., 2020; Wu et al., 2021). We also obtained
survival plots and performed a hypothesis test via the log-rank
test. Moreover, we used the Kaplan–Meier plotter web server
(http://kmplot.com/analysis/) to perform an analysis of OS,
DMFS (distant metastasis-free survival), FP (first progression),
PFS (progress-free survival), RFS (relapse-free survival), and PPS
(post-progression survival) (Lánczky and Győrffy, 2021). As
previously reported, the patients of breast, ovarian, gastric, and
lung cancers were divided into two groups by the median
expression level of KDM6B. Hazard ratio (HR) with 95%
confidence intervals and the corresponding log-rank p value
were computed, and then, the K–M survival plots were drawn
(Hou et al., 2017; Lei et al., 2021).

Analysis of Genetic Alteration and
Methylation Modification
We tested KDM6B genetic change features in the cBioPortal web
(https://www.cbioportal.org/) (Szklarczyk et al., 2015; Zhou et al.,
2019). After that, we acquired information on the frequency of
changes, type of mutation, and copy number changes in all
tumors from TCGA. Furthermore, we acquired information in
overall survival across all TCGA tumors followed with KDM6B
gene alterations or not. Furthermore, the Kaplan–Meier plots that
were generated with p log-rank values and p value < 0.05 were
considered significant. Moreover, we selected the MEXPRESS
website (https://mexpress.be/) (Koch et al., 2015) to investigate
the KDM6B DNA methylation level of multiple probes across
different tumors in TCGA datasets. The beta value,
Benjamini–Hochberg-adjusted p-value, and Pearson correlation
coefficient (R) value were calculated. We also analyzed the
relationships between the expression of KDM6B and four
DNA methyltransferases [DNMT1, DNMT2 (TRDMT1),
DNMT3A, and DNMT3B] with TIMER2.0 (Yan et al., 2021).
Heatmap colors represent the purity-adjusted partial Spearman’s
rho value.

Analysis of Immune Infiltration
We explored the association between the KDM6B expression and
immune infiltration across all tumors in TCGA with TIMER2.0.
CIBERSORT, CIBERSORT-ABS, TIMER, quanTIseq, MCP-
counter, xCell, and EPIC algorithms (Hao et al., 2021) were
applied to evaluate the immune infiltration data in all tumors
across all immune cells in TIMER2.0, including monocytes, mast
cells, macrophages, CD4+ T cells, CD8+ T cells, Treg, follicular
helper T cells, NK T cells, NK cells, neutrophils, common
lymphoid progenitors, hematopoietic stem cells, common
myeloid progenitors, endothelial cells, DCs (dendritic cells),
granulocyte–monocyte progenitors, myeloid-derived
suppressor cells, eosinophils, and cancer-associated fibroblasts.
The purity-adjusted Spearman’s rank correlation test was used to
obtain the p-values and sectional correlation values. Finally, the
data across all the immune cells were shown in the form of
heatmaps, and the data on cancer-associated fibroblasts were also
visualized as scatterplots.

Correlation of the KDM6B Expression With
TMB (Tumor Mutation Burden), MSI
(Microsatellite Instability), and MMR
(Mismatch Repair)
TMB represented Mut/Mb (the number of mutations per mega
base) of DNA in tumor cells (Addeo et al., 2021). MSI resulted
from mismatch repair deficiency and was correlated with a
favorable prognosis compared with microsatellite stable
cancers (Dan et al., 2019). TMB and MSI scores were
calculated with R based on the data downloaded from TCGA
(Cheng et al., 2021). Spearman correlation analysis was
performed to investigate the relationship between the KDM6B
expression and TMB and MSI. MMR was a DNA repair
mechanism which repaired the mismatched nucleotide bases
to normal. Thus, we explored the potential association
between the level of KDM6B and MMR genes (MLH1, MSH2,
MSH6, PMS2, and EPCAM) using TIMER2.0, with the heatmap
colors representing the partial Spearman’s rho value.

Analysis of KDM6B-Related Gene
Enrichment
We visited the functional protein association networks’
(STRING) web server (https://string-db.org/) (Szklarczyk et al.,
2015) with the basic parameters defined as follows: minimum
required interaction score (“low confidence 0.150”), maximum
number of interactors to display (“no more than 50 interactors”
in the first shell), meaning of the network edges (“evidence”), and
active interaction sources (“experiments”), as previously stated
(Li et al., 2021). Finally, we acquired the top 50 KDM6B-related
proteins with experimental evidence. With Cytoscape software
(Shannon et al., 2003), we obtained the protein–protein
interaction network of these proteins. The GEPIA2 “Similar
Gene Detection” module was applied to recognize the top
100 KDM6B-related target genes from all tumor tissues in the
TCGA dataset. To explore the correlation between KDM6B and
the chosen genes, the Pearson correlation analysis on the paired
genes was performed. Scatter plots with log2 (TPM) were drawn
to determine and show the coefficient of correlation (R-value)
and p-value (Cui X. et al., 2020). Moreover, with top 50 KDM6B-
related proteins, we transferred gene symbol ID to Entrez ID with
org.Hs.eg.db (version 3.10.0) and then performed the KEGG
(Kyoto encyclopedia of genes and genomes) and GO (Gene
ontology) analyses and visualized the results with
“clusterProfiler” (version 3.14.3) and “gplot2” (version 3.3.3) R
packages (Yu et al., 2012), with the two-tailed p value <0.05
considered statistically significant.

RESULTS

KDM6B Expression in Cancers
Using TIMER2, we investigated the KDM6B expression levels
across all tumors in TCGA. As reported (Cui X. et al., 2020), we
used normal tissues from GTEx data to assess the KDM6B
expression difference between tumor and normal tissues when
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extremely limited normal tissue samples were obtained in TCGA,
and the results were exhibited against a white background in
Figure 1A. As demonstrated in Figure 1A, KDM6B shared a
lower expression level in the tumor tissues of BLCA (bladder
urothelial carcinoma), BRCA (breast invasive carcinoma), COAD
(colon adenocarcinoma), KICH (kidney chromophobe), LUAD
(lung adenocarcinoma), LUSC (lung squamous cell carcinoma),
THCA (thyroid carcinoma) (all p < 0.001), and LIHC (liver
hepatocellular carcinoma) (p < 0.01). On the contrary, the
KDM6B expression level increased in the tumor tissues of
CHOL (cholangiocarcinoma), HNSC (head and neck
squamous cell carcinoma) (both p < 0.001), ESCA (esophageal
carcinoma) and KIRC (kidney renal clear cell carcinoma) (both
p < 0.05). For DLBC (lymphoid neoplasm diffuse large B-cell
lymphoma), LAML (acute myeloid leukemia), OV (ovarian

serous cystadenocarcinoma), and TGCT (testicular germ cell
tumors), the KDM6B level decreased in the tumor tissues of
DLBC, TGCT, and OV, while KDM6B expressed higher levels in
the tumor tissues of LAML, all with p < 0.01 (Figure 1B).

In addition, we explored the KDM6B protein expression in the
cohort of the Human Protein Atlas database across 20 different
tumor types. The results revealed that most malignant cells were
moderately positive (Figure 2). Intense staining was sometimes
seen in cervical, testicular, and endometrial cancers. Some cancers
stained poorly or negatively, including hepatocellular, renal, and
gastric cancers (Uhlén et al., 2015).

We also found that the KDM6B expression levels were
significantly related to the pathological stages of KIRC and
OV with GEPIA2 (Figure 2C). To describe the expression
differences among different stages more accurately, we

FIGURE 1 | Expression of KDM6B in different tumors. (A) Expression status of KDM6B in different cancers or specific cancer subtypes was analyzed through
TIMER2. *p < 0.05; **p < 0.01; ***p < 0.001. (B) For the types of DLBC, LAML, OV, and TGCT in the TCGA project, the corresponding normal tissues from the GTEx
database were included as controls. The box plot data were supplied. *p < 0.05.
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FIGURE 2 | Expression of KDM6B in different tumors and pathological stages. (A) KDM6B protein level across 20 cancer types in Human Protein Atlas (HPA). (B)
Representative immunohistochemical staining of KDM6B in HPA. (C) Based on the TCGA data, the KDM6B expression levels were analyzed in the main pathological
stages (stage I, II, III, and IV) of KIRC, and OV. log2 (TPM + 1) was applied for log scale.

Frontiers in Genetics | www.frontiersin.org June 2022 | Volume 13 | Article 9120035

Ding et al. KDM6B in Tumorigenesis and Immunotherapy

https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles


FIGURE 3 | Correlation between the KDM6B expression and survival prognosis of cancers in TCGA. (A) Using the GEPIA2 tool to perform overall survival and
disease-free survival analyses of different tumors in TCGA with the KDM6B expression. (B) Using the Kaplan–Meier plotter to perform a series of survival analyses,
including OS, DMFS, RFS, PFS, PPS, and FP via the expressions of KDM6B in breast cancer, ovarian cancer, lung cancer, and gastric cancer cases.
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performed the Wilcoxon signed-rank test to analyze the KDM6B
expression at different pathological stages of KIRC and OV with
the TCGA portal website (http://tumorsurvival.org/), as
previously reported (Shen E. et al., 2021). The p-value and box
figures were exhibited in the (Supplementary Figure S1). The
aforementioned results suggested that the KDM6B expression
differed in cases with diverse types and stages of certain cancers.

Survival Analysis
We divided the cases into high and low KDM6B expressing
groups and analyzed the association between the KDM6B
expression level and clinical outcomes in different cancer
cases. As shown in Figure 3A, highly expressed KDM6B was
associated with the poor prognosis of OS for THCA (p = 0.0048).
In addition, a low KDM6B expression was correlated with the
poor OS prognosis (p = 0.006) and DFS prognosis (p = 0.00029)
for KIRC. Moreover, we used the Kaplan–Meier plotter tool to
explore the survival data on other cancers (Gyorffy, 2021). The
results showed a relevance between a low KDM6B expression and
poor RFS (Figure 3B, p = 0.0012) prognosis for breast cancer.
However, a high KDM6B expression was correlated with a poor
DMFS prognosis (p = 0.0075) for breast cancer (Figure 3B). On
the contrary, high KDM6B expressions were related to poor OS
(p = 5.3e-05) and FP (p = 8.3e-11) prognosis for lung cancer
(Figure 3B) and poor OS (p = 1.3e-10), FP (P = 1e-09) and PPS
(p < 1.0e-16) prognosis for gastric cancer (Figure 3B). Table 1
showed the effects of low KDM6B expression on clinical
outcomes in various cancers based on our results.

Genetic Alteration and DNA Methylation
Modification Analysis
We detected a genetic change of KDM6B in several tumor cases
from TCGA projects with cBioPortal. The highest frequency of
change in KDM6B (>8%) was found in melanoma patients with
“mutation” as the main type (Figure 4A). The “multiple
alterations” composed of all types of the undifferentiated
stomach adenocarcinoma cases, which showed an alteration
frequency of >7% (Figure 4A). Most prostate adenocarcinoma
cases with genetic changes had an altered copy number deletion
of KDM6B (~4% frequency) (Figure 4A). Notably, the
“amplification” type was the predominant type of sarcoma
cases, with a change rate of approximately 2% (Figure 4A).
The KDM6B mutation type, location, and number of cases are

shown in Figure 4B. Moreover, we investigated the associations
between changes in the KDM6B gene and clinical outcomes in
different cancers. The data in Figure 4C indicate that the cases
without altered KDM6B showed better OS when compared with
those with KDM6B alteration in LAML (p = 0.0105) and TGCT
(p = 1.87e-14).

Next, as shown in Supplementary Figure S2, we tested the
relationship between the KDM6B level and DNA
methyltransferases, including DNMT1, DNMT2 (TRDMT1),
DNMT3A, and DNMT3B with TIMER2.0. The results
revealed that the KDM6B expression level was positively
related to DNA methyltransferases in various cancers
significantly, especially in BRCA−Basa, BRCA−Her2,
BRCA−LumA, CESC, DLBC, ESCA, KIRP, LGG, LIHC, and
THYM. With the TCGA project, we applied the MEXPRESS
to explore the possible links of KDM6B and DNA methylation to
the differential pathogeneses of cancer. For TGCT, we detected
that methylation of KDM6B DNA was significantly correlated
with a multi-probe gene expression in the non-promoter regions,
such as cg19449286 (p < 0.001 and R = 0.464), as shown in
Supplementary Figure S1B.

Immune Infiltration Analysis
Tumor-infiltrating immune cells, a significant part of the
microenvironment in a tumor, were deeply linked to the
tumor origin, progression, and metastasis (DeBerardinis,
2020). It has been conveyed that tumor-associated fibroblasts,
which comprised the microenvironment of the tumor, played a
role in immune infiltration regulation of various immune cells in
tumors (Fridman et al., 2011; Steven and Seliger, 2018; Chen and
Song, 2019). In this study, we assessed the potential association
between the immune infiltration level and KDM6B expression
across different tumors in TCGA with the CIBERSORT,
CIBERSORT-ABS, TIMER, xCell, MCP-counter, quanTIseq,
and EPIC algorithms. KDM6B was associated with multiple
immune cells, suggesting that KDM6B may affect the
progression and clinical outcomes of tumors via the tumor
microenvironment. Analysis executed with all or most of the
above-mentioned algorithms showed significantly positive
correlations between immune infiltration and KDM6B
expression in different cancers, for example, Tregs and COAD;
endothelial cell and COAD, KIRC, PAAD, SKCM-metastasis, and
STAD; neutrophils and PCGC, PRAD, and THCA; and follicular
helper T cells and GBM and UCEC (Supplementary Figure S3,

TABLE 1 | Effects of a low KDM6B expression on clinical outcomes in various cancers. The patient samples were divided into two cohorts based on the median expression
(high-expression and low-expression group) of KDM6B. The “Expression Level” showed the expression difference in tumor tissues and matched normal tissues.

Expression level Cancer type Clinical outcomes

OS DFS FP RFS DMFS PPS

Increased Kidney renal clear cell carcinoma Worse Worse — — — —

Decreased Thyroid carcinoma Better — — — — —

Decreased Breast cancer — — — Worse Better —

Decreased Lung cancer Better — Better — — —

— Gastric cancer Better — Better — — Better

OS (overall survival), DFS (disease-free survival), FP (first progression), RFS (relapse-free survival), DMFS (distant metastasis-free survival), and PPS (post-progression survival).
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FIGURE 4 | Mutation features of KDM6B in different tumors of TCGA. We analyzed the mutation features of KDM6B for the tumors in TCGA dataset using the
cBioPortal tool. The alteration frequencies with mutation type (A) and mutation site (B) are displayed. We also analyzed the potential correlation between the mutation
status and overall survival of LAML and TGCT (C) using the cBioPortal tool.
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Table 2). However, the immune infiltration of T-cell gamma delta
was negatively correlated with the KDM6B expression in BRCA-
LumA and CESC (Supplementary Figure S2, Table 2). In
addition, we detected a significantly positive association
between the KDM6B expression and tumor-associated
fibroblast infiltration levels in tumors of BRCA, HNSC−HPV−,
LIHC, LUAD, OV, PAAD, SKCM, and SKCM−Metastasis from
TCGA (Figure 5).

Analysis of TMB, MSI, and MMR
As exhibited in Figure 6A, the KDM6B expression showed a
significantly positive correlation with TMB in HNSC, UCEC,
COAD, and KIRP, whereas a higher expression of KDM6B was
negatively correlated with TMB in BRCA, LIHC, THYM,
PAAD, and SKCM. A similar relationship was found
existing between KDM6B and MSI. As exhibited in
Figure 6B, KDM6B was significantly related to six types of
cancers, including LUSC, LUAD, DLBC, GBM, COAD, and
UCEC, among which the majority of the associations were
positive, except DLBC as the only type negatively correlated
with KDM6B. The exact data on TMB and MSI are provided in
Supplementary Table S2. Table 2 shows the correlation
between the KDM6B expression level, TMB, and MSI in
various cancers, in which the KDM6B expression level was
significantly different with its matched normal tissues. As for
the MMR genes, KDM6B was positively correlated with all five
MMR genes in GBM, HNSC-HPV-, KIRC, KIRP, LIHC,

PRAD, SARC, and THCA, whereas COAD was the sole type
that only had a negative correlation with KDM6B (Figure 6C).

KDM6B-Related Protein Enrichment
Analysis
To explore the potential mechanisms of KDM6B in tumor
pathophysiology, we sought to highlight KDM6B-binding
proteins and KDM6B expression-related genes in several
pathway enrichment analyses. We gained top 50
experimentally determined KDM6B-binding proteins with
STRING. The protein–protein interaction network of these
proteins is shown in Figure 7A. With the GEPIA2 tool, we
pooled all TCGA tumor expression data to gain the top 100 genes
related to the KDM6B expression. As shown in Figure 7B, the
KDM6B expression level was positively related to that of
ELMSAN1 (MIDEAS, Mitotic deacetylase–associated SANT
domain protein) (R = 0.54), MIDN (midnolin) (R = 0.55),
MNT (MAX network transcriptional repressor) (R = 0.6),
POLR2A (RNA polymerase II subunit A) (R = 0.52), and SF1
(splicing factor 1) (R = 0.53) genes (all p < 0.001).

Furthermore, we executed GO and KEGG analyses with the
KDM6B-related proteins. The top three significant terms in BPs
(biological processes), MFs (molecular functions), and CCs
(cellular components) and KEGG pathways are shown in
Figure 8. Detailed results of the GO and KEGG analyses are
shown in Supplementary Table S2. The GO analysis revealed
that target proteins were mostly enriched in covalent chromatin

TABLE 2 | KDM6B expression level and the correlation with immune infiltration, TMB, and MSI in various cancers, in which the KDM6B expression level was significantly
different from its matched normal tissues. p < 0.05 was considered significant, and only the significant correlation was exhibited in the table.

Expression
level

Cancer type Immune infiltration TMB MSI

Positive Negative

Low BLCA (bladder urothelial carcinoma) Mast cells and neutrophils Macrophages and
monocytes

— —

BRCA (breast invasive carcinoma) Cancer-associated fibroblasts and mast cells T-cell gamma delta -0.197 —

COAD (colon adenocarcinoma) Tregs, B cells, cancer-associated fibroblasts, dendritic cells,
endothelial cells, macrophages, monocytes, and neutrophils

— 0.118 0.107

KICH (kidney chromophobe) Mast cells, monocytes, cancer-associated fibroblasts, and
neutrophils

— — —

LUAD (lung adenocarcinoma) B cells, cancer-associated fibroblasts, and endothelial cells Dendritic cells — 0.268
LUSC (lung squamous cell carcinoma) Tregs, cancer-associated fibroblasts, endothelial cells, and mast

cells
Dendritic cells and
CD8+ T cells

— 0.414

THCA (thyroid carcinoma) Endothelial cells, cancer-associated fibroblasts, mast cells, and
neutrophils

— — —

LIHC (liver hepatocellular carcinoma) CD4+ T cells, cancer-associated fibroblasts, tregs, B cells,
monocytes, and neutrophils

— −0.263 —

DLBC (lymphoid neoplasm diffuse
large B-cell lymphoma)

— — — −0.562

OV (ovarian serous
cystadenocarcinoma)

Cancer-associated fibroblasts CD8+ T cells and
dendritic cells

— —

TGCT (testicular germ cell tumors) Tregs, macrophages, and cancer-associated fibroblasts — — —

High CHOL (cholangiocarcinoma) Cancer-associated fibroblasts — — —

HNSC (head and neck squamous cell
carcinoma)

Endothelial cells, neutrophils, and cancer-associated fibroblasts CD8+ T cells 0.139 —

ESCA (esophageal carcinoma) NK cells and cancer-associated fibroblasts — — —

KIRC (kidney renal clear cell carcinoma) Endothelial cells, mast cells, monocytes, neutrophils, and NK
cells

— — —

LAML (acute myeloid leukemia) — — — —
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modification, histone modification, and histone H4 acetylation in
BP enrichment analysis; methyltransferase complex, MLL1
complex, and MLL1/2 complex in CC analysis; and histone
methyltransferase activity (H3-K4 specific), beta-catenin
binding, and unfolded protein binding in MF analysis. The
KEGG analysis indicated that target proteins were
meaningfully enriched in pathways in Cushing syndrome,
estrogen signaling pathway, and protein processing in the
endoplasmic reticulum (Figure 8). These data suggested that
histone methylation dysregulation may be associated with the
role of KDM6B during tumor pathogenesis, which is consistent
with previous studies (Qin et al., 2021; Yildirim-Buharalioglu,
2022).

Above all, the results showed that the KDM6B expression had
a different impact on the prognosis among various cancers.
Genetic alteration of KDM6B also affected the prognosis of
acute myeloid leukemia (LAML) and testicular germ cell
tumors (TGCTs). The KDM6B expression level was associated
with DNA methyltransferase activity, TMB, MSI, and immune
cell infiltration, across various cancer types with different
correlations, through which KDM6B may impact on the
clinical outcomes and immune therapeutic effects. The top 50
proteins most correlated were recognized using STRING. GO and

KEGG enrichment analyses showed that the most closely related
pathway was histone methylation regulation.

DISCUSSION

As a histone demethylase, KDM6B is responsible for the
enzymatic removal of the repressive chromatin mark
H3K27me3 which is involved in biological pathways such as
differentiation, development, and apoptosis. These biological
pathways tend to impact response reactions against
intracellular or extracellular stimulations and suggest a
functional link between KDM6B and clinical diseases,
including inflammations, especially, cancers (Zhang et al.,
2018; Mallaney et al., 2019; Cao et al., 2021). However,
whether KDM6B has influences on the pathogenesis of various
tumors via certain pathways remains unclear. This study
intended to explore the dual role of KDM6B widely.
Therefore, with the TCGA and GEO databases, we thoroughly
characterized the KDM6B expression in 33 types of tumors and
examined the related molecular properties of the expression level,
genetic alterations, or DNA methylation. We found that the
expression of KDM6B differed in different cancer types and

FIGURE 5 | Immune infiltration of cancer-associated fibroblasts. Different algorithms were used to explore the potential correlation between the expression level of
the KDM6B and the infiltration level of cancer-associated fibroblasts across all types of cancers in TCGA.
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stages. With the KM survival analyses, we revealed that an
irregular KDM6B expression may serve as a prognostic
biomarker in several cancers, such as breast cancer, lung
cancer, and gastric cancer. Moreover, we also predicted that
the KDM6B expression level was correlated with the tumor
immune microenvironment. GO and KEGG analytic
approaches were performed to recognize the KDM6B-related
biological mechanisms.

To improve the chances of cures for cancer patients, it is
necessary to explore tumor-specific target molecules for a precise
treatment through identifying the differentially expressed genes
(Andre et al., 2014). Therefore, it was valuable to perform a pan-
cancer analysis of the expression difference and potential
molecular mechanism of KDM6B across different cancers. The
observation of KDM6B downregulation across cancer types was
consistent with prior knowledge that KDM6B could regulate the
expression levels of specific genes and the interactions of protein
molecules contributing to tumor suppression (Lagunas-Rangel,
2021). In this work, we observed that KDM6B was down-
regulated in 11 of 16 cancer types (Figure 1). On the
contrary, we observed the KDM6B upregulation across 5 of 16
cancer types. Interestingly, we also observed that KDM6B
upregulated in KIRC compared with the adjacent normal
tissues, but the expression level gradually decreased as the
tumor progressed. In tumorigenesis, KDM6B induced an
epithelial−mesenchymal transition and lymph node metastasis
in KIRC (Li et al., 2015). However, our results revealed that a
higher expression level of KDM6B may be correlated with lower
stages and favorable survival outcomes, which may be attributed

to cell-type specific effects. Nonetheless, the role of KDM6B in
these cancers, especially KIRC, still needed to be further explored.

Although immunotherapy has shown increasing the
therapeutic impact in tumors, we barely obtained any reports
focusing on the relationship between the KDM6B expression and
tumor immunity through literature search. Therefore, we
explored the potential association between KDM6B expression
and immune infiltration levels of various immune cells with
TIMER2. As a result, we detected a positive relation between
the KDM6B expression and the immune infiltration level of Treg
in COAD and LUSC; endothelial cell and COAD, KIRC, PAAD
(pancreatic adenocarcinoma), SKCM (skin cutaneous
melanoma)-metastasis, and STAD (stomach adenocarcinoma);
neutrophil and PCGC (pheochromocytoma and paraganglioma),
PRAD, and THCA; and follicular helper T cells and GBM
(glioblastoma multiforme) and UCEC (uterine corpus
endometrial carcinoma). Remarkably, for example, the
immune infiltration of T-cell gamma delta was negatively
correlated with the KDM6B expression in BRCA-LumA and
CESC based on all or most algorithms. In addition, the results
showed that the KDM6B expression correlates with the degree of
the infiltration of tumor-associated fibroblasts in various cancers,
including BRCA, HNSC (head and neck squamous cell
carcinoma), HPV−, LIHC, LUAD (lung adenocarcinoma), OV,
PAAD, SKCM, and SKCM−metastasis. Cancer-associated
fibroblasts have been reported to have an important impact on
tumor metastasis, progression, and prognosis (Houthuijzen and
Jonkers, 2018; Paauwe et al., 2018). The evidence suggests the
potential role KDM6B plays in the tumor immunity.

FIGURE 6 | Correlations between the KDM6B expression and tumor mutational burden (TMB), microsatellite instability (MSI), and mismatch repair (MMR). (A)
Spearman correlation analysis of KDM6B and TMB. (B) Spearman correlation analysis of KDM6B and MSI. The abscissa represents the correlation coefficient between
genes and TMB or MSI; the ordinate represents different tumors. The size of the dots represents the size of the correlation coefficient, and the colors represent the
significance of the p value. The bluer the color, the smaller is the p value. (C)Correlations between KDM6B levels andMMR gene (MLH1,MSH2, MSH6, PMS2, and
EPCAM) expressions.
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Generally, higher TMB was related to a favorable overall
survival and better response to immunotherapy (Cui Y. et al.,
2020). MSI status, resulting from defects in MMR, is likely to
be an independent favorable predictor of survival in pan-
cancer patients, with MSI-positive tumors having a better
survival outcome (Weiss et al., 2011; Samstein et al., 2019).

With the correlation varying in different tumors, the KDM6B
expression level was correlated with TMB in nine cancer types
and with MSI in six cancer types, thus affecting the response to
immunotherapy. Our results also revealed that the KDM6B
expression was positively related to the MMR gene expression
in most tumors, except for COAD. Based on the previous

FIGURE 7 | KDM6B-related gene enrichment analysis. (A) Protein–protein interaction (PPI) network of the top 50 available experimentally determined KDM6B-
binding proteins obtained from the STRING website. (B) Using the GEPIA2 approach, we also obtained the top 100 KDM6B-correlated genes in TCGA projects and
analyzed the expression correlation between KDM6B and related genes, including ELMSAN1, MIDN, MNT, POLR2A, and SF1.
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studies, the aforementioned results suggested that KDM6B
might affect the response to immunotherapy and survival
outcomes in various cancer types via TMB, MSI, or MMR,
offering a new predictor for the immunotherapy efficacy.

Induced by DNA methylases, characteristic
hypermethylation in the promoter or enhancer of certain
genes, especially cancer-associated genes, was a specific
feature of cancer cells (Kondo et al., 2019). Based on the

positive association between KDM6B and DNA
methyltransferases in various cancers, we assumed that
KDM6B may affect the DNA methylation status in
tumorigenesis. Moreover, DNA methylation affected the
KDM6B expression level as well, which in turn affected its
function in cancers (Malouf et al., 2016; Luo et al., 2018). It was
reported that KDM6B controls the spermatogonial
compartment through the regulation of fragmentation of

FIGURE 8 | Based on the KDM6B-binding and interacted proteins, the KEGG pathway and GO analysis was performed and shown as bar chart (A) and bubble
chart (B). The top three significant terms in BPs (biological processes), MFs (molecular functions), and CCs (cellular components) and KEGG pathways are shown in bar
chart. The GO analysis revealed that target proteins were mostly enriched in covalent chromatin modification, histone modification, and histone H4 acetylation in the BP
enrichment analysis; methyltransferase complex, MLL1 complex, and MLL1/2 complex in the CC analysis; and histone methyltransferase activity (H3-K4 specific),
modification-dependent protein binding, and unfolded protein binding in theMF analysis. The KEGG analysis indicated that the target proteins were significantly enriched
in pathways of Cushing syndrome, estrogen signaling pathway, and protein processing in the endoplasmic reticulum.

Frontiers in Genetics | www.frontiersin.org June 2022 | Volume 13 | Article 91200313

Ding et al. KDM6B in Tumorigenesis and Immunotherapy

https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles


spermatogonial cysts (Iwamori et al., 2013). In TGCT patients,
we detected a possible association between non-promoter
DNA methylation and KDM6B expression, suggesting the
possible impact of KDM6B DNA methylation on TGCT
progression.

KDM6B plays oncogenic roles in several tumors. In prostate
cancer, KDM6B demethylates H3K27me3 at cyclin D1 promoter
and prompts the expression of cyclin D1 cooperating with
smad2/3 (Cao et al., 2021). Upregulated KDM6B facilitates
tumor metastasis in osteosarcoma through modulating the
lactate dehydrogenase expression (Jiang et al., 2021). In
addition to the demethylase activity, KDM6B upregulates the
expression of the MAPK signaling pathway components
including ELK1 and FOS and then mediates the growth and
survival of multiple myeloma cells (Ohguchi et al., 2017). On the
contrary, KDM6B can also serve as a tumor suppressor. In non-
small cell lung cancer patients, KDM6B significantly decreases in
the serum and may play a pro-apoptotic role via promoting the
nuclear translocation of FOXO1 (Ma et al., 2015; Ge et al., 2019).
In squamous cell carcinoma, KDM6B is repressed by the
transcription factor CSL, contributing to tumor proliferation,
occurrence, and correlated inflammation (Al Labban et al.,
2018). In neuroblastoma, KDM6B is upregulated by retinoic
acid via HOXC9 to remove the repressive chromatin marker
H3K27me3 and induce neuronal differentiation, thus inhibiting
cell proliferation and tumorigenicity (Yang et al., 2019). To
explore the specific mechanisms of its dual effects in cancers,
we used KDM6B-related proteins across all tumors to perform
GO and KEGG enrichment analyses and identified the potential
impact of H3K4 and H3K27 methylation on the pathogenesis of
cancers. As one of the predominant epigenetic mechanisms,
histone methylation has attracted increasing attention on its
potential link with tumorigenesis in recent years (Fetahu and
Taschner-Mandl, 2021). In addition to catalytically removing the
methyl groups from H3K27me3, KDM6B also bonded to the
Set1/MLL H3K4 methyltransferase complex to activate gene
transcription (Shi et al., 2014; Yu et al., 2018). H3K4
trimethylation was associated with transcriptional activation,
while H3K27 trimethylation contributed to transcriptional
silencing (Lien et al., 2020). Hypermethylation of the proto-
oncogene H3K4 may activate transcription of oncogenes and
other cancer-associated genes, eventually contributing to the
development and progression of tumors (Li et al., 2017). A
similar effect can be achieved via upgraded methionine
metabolism induced by H3K4 methylation (Tran et al., 2017).
Furthermore, a meta-analysis revealed that a higher H3K4
trimethylation level was correlated with a poorer overall
survival (Li et al., 2018). In epigenetic regulation for cancer
occurrence and development, methylation of H3K27 was
considered to be a precursor to abnormal methylation sites
and commonly existed on tumor suppressor genes (Barzily-
Rokni et al., 2011; Ryu et al., 2019). These pieces of evidence
were consistent with the carcinogenic role of KDM6B in most
tumors. Taking into account the transcriptional regulation
mechanism, KDM6B can also achieve tumor suppression via
the same way in certain cancers, such as neuroblastoma sphere-
forming cells and squamous cell carcinoma cells. KDM6B

upregulates the expression of specific genes, such as p53, p21,
HOX, and ERβ so as to restrain cell growth and boost
differentiation, senescence, and apoptosis through the histone
demethylase activity in tumor cells (Lagunas-Rangel, 2021). The
KEGG analysis also indicated that the crosstalk of the KDM6B
and IL-17 signaling pathways may influence the effects of
KDM6B in cancers (Supplementary Table S2). KDM6B,
together with KDM6A, was identified as the core regulator of
T helper (Th) cells, and the inhibition of KDM6A/B contributed
to the metabolic reprogramming followed by the suppression of
IL-17 levels in Th17 cells, which mainly produced IL-17 cytokine
(Cribbs et al., 2020; Sugaya, 2020). Substantial evidence
supported a promoting role for IL-17 in tumorigenesis. In
prostate cancer, IL-17 promoted prostate carcinogenesis
through the induction of epithelial-to-mesenchymal transition
mediated by MMP7 (Zhang et al., 2017). In pancreatic ductal
adenocarcinoma, IL-17 not only recruited neutrophils and
activated neutrophil extracellular traps but also mediated the
exclusion of cytotoxic CD8 T cells from tumors, with a higher
expression of IL17 representing poorer clinical outcomes (Zhang
et al., 2020). However, the anti-tumor effects of IL-17 in special
conditions have also been revealed. IL-17A directly induced a
decrease in differentiation, apoptosis, and proliferation of
myeloid-derived suppressor cell lines, suggesting that increased
IL-17 signaling may restore immune responses (Ma et al., 2018).
In breast cancer, the antitumor effects of IL-17E, also namely IL-
25 and a member of IL-17 family, were induced by apoptosis and
infiltration of eosinophils and B cells via binding to IL-25R on
tumor cells (Gowhari Shabgah et al., 2021). Thus, the IL-17
signaling pathway may also participate in the dual role of
KDM6B. Above all, KDM6B played dual roles in different
oncological contexts via various mechanisms and its clinical
significance remained to be further established.

Some limitations to this study should be addressed. The
survival analysis in several cancers was not assessed due to a
lack of available data. In addition, the functions of KDM6B in
pan-cancers were only tested with the bioinformatics analysis;
therefore, in vitro or in vivo experiments should be performed to
conduct a more solid conclusion.

In summary, this study assessed the dual role of KDM6B in
tumor progression and clinical outcomes across all types and
stages of cancers in TCGA for the first time. KDM6B expression
was associated with TMB, MSI, and immune cell infiltration,
particularly cancer-associated fibroblasts. Thus, KDM6B may
affect the response to immunotherapy and clinical outcomes.
Dysregulation of the DNA methyltransferase activity and the
methylation level of H3K4 and H3K27 involve in the dual role of
KDM6B in tumorigenesis and development. It is of great value to
investigate the exact role of KDM6B in tumorigenesis and
immune microenvironment to generate more precise
preventive measures and immunotherapy.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. These data
can be found at: The Cancer Genome Atlas (TCGA, https://tcga-

Frontiers in Genetics | www.frontiersin.org June 2022 | Volume 13 | Article 91200314

Ding et al. KDM6B in Tumorigenesis and Immunotherapy

https://tcga-data.nci.nih.gov/tcga/
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles


data.nci.nih.gov/tcga/) and Gene Expression Omnibus (GEO,
https://www.ncbi.nlm.nih.gov/geo/) databases.

AUTHOR CONTRIBUTIONS

Conceived and designed the study: J-TD, X-TY, and FG.
Collected the literature: J-HH and D-ZC. Wrote the
manuscript: J-TD and X-TY. Revised the manuscript: FG. All
authors read and approved the final manuscript.

FUNDING

The study was supported by the National Natural Science
Foundation of China (Nos. 81972445 and 81860342).

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fgene.2022.912003/
full#supplementary-material

Supplementary Figure S1 | Correlation between KDM6B expression and different
stages of KIRC and OV.

Supplementary Figure S2 | Association between KDM6B and DNA methylation.

Supplementary Figure S3 | Correlation analysis between the KDM6B expression
and immune infiltration with CIBERSORT, CIBERSORT-ABS, TIMER, xCell, McP-
counter, quanTIseq, and EPIC algorithms. p-values <.05 were considered
statistically significant.

Supplementary Table S1 | Spearman correlation analysis between the KDM6B
expression levels and tumor mutational burden (TMB) and microsatellite
instability (MSI).

Supplementary Table S2 | Detailed results of the GO and KEGG analyses of
KDM6B-related proteins.

REFERENCES

Addeo, A., Friedlaender, A., Banna, G. L., and Weiss, G. J. (2021). TMB or Not
TMB as a Biomarker: That is the Question. Crit. Rev. Oncol. Hematol. 163,
103374. doi:10.1016/j.critrevonc.2021.103374

Agger, K., Cloos, P. A. C., Rudkjær, L., Williams, K., Andersen, G., Christensen, J.,
et al. (2009). The H3K27me3 Demethylase JMJD3 Contributes to the Activation
of the INK4A-ARF Locus in Response to Oncogene- and Stress-Induced
Senescence. Genes Dev. 23 (10), 1171–1176. doi:10.1101/gad.510809

Al Labban, D., Jo, S.-H., Ostano, P., Saglietti, C., Bongiovanni, M., Panizzon, R.,
et al. (2018). Notch-Effector CSL Promotes Squamous Cell Carcinoma by
Repressing Histone Demethylase KDM6B. J. Clin. Invest. 128 (6), 2581–2599.
doi:10.1172/jci96915

Alexandrov, L. B., Kim, J., Kim, J., Haradhvala, N. J., Huang, M. N., Tian Ng, A. W.,
et al. (2020). The Repertoire of Mutational Signatures in Human Cancer.
Nature 578 (7793), 94–101. doi:10.1038/s41586-020-1943-3

Andre, F., Mardis, E., Salm, M., Soria, J.-C., Siu, L. L., and Swanton, C. (2014).
Prioritizing Targets for Precision Cancer Medicine. Ann. Oncol. 25 (12),
2295–2303. doi:10.1093/annonc/mdu478

Barzily-Rokni, M., Friedman, N., Ron-Bigger, S., Isaac, S., Michlin, D., and Eden, A.
(2011). Synergism between DNA Methylation and macroH2A1 Occupancy in
Epigenetic Silencing of the Tumor Suppressor Gene p16(CDKN2A). Nucleic
Acids Res. 39 (4), 1326–1335. doi:10.1093/nar/gkq994

Bates, S. E. (2020). Epigenetic Therapies for Cancer. N. Engl. J. Med. 383 (7),
650–663. doi:10.1056/nejmra1805035

Cao, Z., Shi, X., Tian, F., Fang, Y., Wu, J. B., Mrdenovic, S., et al. (2021). KDM6B is
an Androgen Regulated Gene and Plays Oncogenic Roles by Demethylating
H3K27me3 at Cyclin D1 Promoter in Prostate Cancer. Cell Death Dis. 12 (1), 2.
doi:10.1038/s41419-020-03354-4

Chen, X., and Song, E. (2019). Turning Foes to Friends: Targeting Cancer-
Associated Fibroblasts. Nat. Rev. Drug Discov. 18 (2), 99–115. doi:10.1038/
s41573-018-0004-1

Cheng, X., Wang, X., Nie, K., Cheng, L., Zhang, Z., Hu, Y., et al. (2021). Systematic
Pan-Cancer Analysis Identifies TREM2 as an Immunological and Prognostic
Biomarker. Front. Immunol. 12, 646523. doi:10.3389/fimmu.2021.646523

Cribbs, A. P., Terlecki-Zaniewicz, S., Philpott, M., Baardman, J., Ahern, D., Lindow,
M., et al. (2020). Histone H3K27me3 Demethylases Regulate Human Th17 Cell
Development and Effector Functions by Impacting on Metabolism. Proc. Natl.
Acad. Sci. U.S.A. 117 (11), 6056–6066. doi:10.1073/pnas.1919893117

Cui, X., Zhang, X., Liu, M., Zhao, C., Zhang, N., Ren, Y., et al. (2020). A Pan-
Cancer Analysis of the Oncogenic Role of Staphylococcal Nuclease
Domain-Containing Protein 1 (SND1) in Human Tumors. Genomics
112 (6), 3958–3967. doi:10.1016/j.ygeno.2020.06.044

Cui, Y., Chen, H., Xi, R., Cui, H., Zhao, Y., Xu, E., et al. (2020). Whole-Genome
Sequencing of 508 Patients Identifies Key Molecular Features Associated with

Poor Prognosis in Esophageal Squamous Cell Carcinoma. Cell Res. 30 (10),
902–913. doi:10.1038/s41422-020-0333-6

Dan, H., Zhang, S., Zhou, Y., and Guan, Q. (2019). DNA Methyltransferase
Inhibitors: Catalysts for Antitumour Immune Responses. Onco Targets Ther.
12, 10903–10916. doi:10.2147/ott.s217767

DeBerardinis, R. J. (2020). Tumor Microenvironment, Metabolism, and
Immunotherapy.N. Engl. J. Med. 382 (9), 869–871. doi:10.1056/nejmcibr1914890

Fetahu, I. S., and Taschner-Mandl, S. (2021). Neuroblastoma and the Epigenome.
Cancer Metastasis Rev. 40 (1), 173–189. doi:10.1007/s10555-020-09946-y

Fridman, W. H., Galon, J., Dieu-Nosjean, M. C., Cremer, I., Fisson, S., Damotte, D.,
et al. (2011). Immune Infiltration in Human Cancer: Prognostic Significance
and Disease Control. Curr. Top. Microbiol. Immunol. 344, 1–24. doi:10.1007/
82_2010_46

Ge, T., Zhou, Y., and Lu, H. (2019). The Diagnostic Performance of Lysine(K)-
specific Demethylase 6B (KDM6B) in Non-Small Cell Lung Cancer. Artif.
Cells Nanomed. Biotechnol. 47 (1), 2155–2160. doi:10.1080/21691401.2019.
1620758

Gowhari Shabgah, A., Amir, A., Gardanova, Z. R., Olegovna Zekiy, A., Thangavelu,
L., Ebrahimi Nik, M., et al. (2021). Interleukin-25: New Perspective and State-
of-the-art in Cancer Prognosis and Treatment Approaches. Cancer Med. 10
(15), 5191–5202. doi:10.1002/cam4.4060

Gyorffy, B. (2021). Survival Analysis across the Entire Transcriptome Identifies
Biomarkers with the Highest Prognostic Power in Breast Cancer. Comput.
Struct. Biotechnol. J. 19, 4101–4109. doi:10.1016/j.csbj.2021.07.014

Hao, J., Cao, Y., Yu, H., Zong, L., An, R., and Xue, Y. (2021). Effect of MAP3K8 on
Prognosis and Tumor-Related Inflammation in Renal Clear Cell Carcinoma.
Front. Genet. 12, 674613. doi:10.3389/fgene.2021.674613

Hogg, S. J., Beavis, P. A., Dawson, M. A., and Johnstone, R. W. (2020). Targeting
the Epigenetic Regulation of Antitumour Immunity. Nat. Rev. Drug Discov. 19
(11), 776–800. doi:10.1038/s41573-020-0077-5

Hou, G.-X., Liu, P., Yang, J., andWen, S. (2017). Mining Expression and Prognosis
of Topoisomerase Isoforms in Non-Small-Cell Lung Cancer by Using
Oncomine and Kaplan-Meier Plotter. PLoS One 12 (3), e0174515. doi:10.
1371/journal.pone.0174515

Houthuijzen, J. M., and Jonkers, J. (2018). Cancer-Associated Fibroblasts as Key
Regulators of the Breast Cancer Tumor Microenvironment. Cancer Metastasis
Rev. 37 (4), 577–597. doi:10.1007/s10555-018-9768-3

Iwamori, N., Iwamori, T., andMatzuk, M. M. (2013). H3K27 Demethylase, JMJD3,
Regulates Fragmentation of Spermatogonial Cysts. PLoS One 8 (8), e72689.
doi:10.1371/journal.pone.0072689

Jiang, Y., Li, F., Gao, B., Ma, M., Chen, M., Wu, Y., et al. (2021). KDM6B-Mediated
Histone Demethylation of LDHA Promotes Lung Metastasis of Osteosarcoma.
Theranostics 11 (8), 3868–3881. doi:10.7150/thno.53347

Koch, A., De Meyer, T., Jeschke, J., and Van Criekinge, W. (2015). MEXPRESS:
Visualizing Expression, DNA Methylation and Clinical TCGA Data. BMC
Genomics 16, 636. doi:10.1186/s12864-015-1847-z

Frontiers in Genetics | www.frontiersin.org June 2022 | Volume 13 | Article 91200315

Ding et al. KDM6B in Tumorigenesis and Immunotherapy

https://tcga-data.nci.nih.gov/tcga/
https://www.ncbi.nlm.nih.gov/geo/
https://www.frontiersin.org/articles/10.3389/fgene.2022.912003/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2022.912003/full#supplementary-material
https://doi.org/10.1016/j.critrevonc.2021.103374
https://doi.org/10.1101/gad.510809
https://doi.org/10.1172/jci96915
https://doi.org/10.1038/s41586-020-1943-3
https://doi.org/10.1093/annonc/mdu478
https://doi.org/10.1093/nar/gkq994
https://doi.org/10.1056/nejmra1805035
https://doi.org/10.1038/s41419-020-03354-4
https://doi.org/10.1038/s41573-018-0004-1
https://doi.org/10.1038/s41573-018-0004-1
https://doi.org/10.3389/fimmu.2021.646523
https://doi.org/10.1073/pnas.1919893117
https://doi.org/10.1016/j.ygeno.2020.06.044
https://doi.org/10.1038/s41422-020-0333-6
https://doi.org/10.2147/ott.s217767
https://doi.org/10.1056/nejmcibr1914890
https://doi.org/10.1007/s10555-020-09946-y
https://doi.org/10.1007/82_2010_46
https://doi.org/10.1007/82_2010_46
https://doi.org/10.1080/21691401.2019.1620758
https://doi.org/10.1080/21691401.2019.1620758
https://doi.org/10.1002/cam4.4060
https://doi.org/10.1016/j.csbj.2021.07.014
https://doi.org/10.3389/fgene.2021.674613
https://doi.org/10.1038/s41573-020-0077-5
https://doi.org/10.1371/journal.pone.0174515
https://doi.org/10.1371/journal.pone.0174515
https://doi.org/10.1007/s10555-018-9768-3
https://doi.org/10.1371/journal.pone.0072689
https://doi.org/10.7150/thno.53347
https://doi.org/10.1186/s12864-015-1847-z
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles


Kondo, N., Tohnai, G., Sahashi, K., Iida, M., Kataoka, M., Nakatsuji, H., et al.
(2019). DNA Methylation Inhibitor Attenuates Polyglutamine-Induced
Neurodegeneration by Regulating Hes5. EMBO Mol. Med. 11 (5), e8547.
doi:10.15252/emmm.201708547

Lagunas-Rangel, F. A. (2021). KDM6B (JMJD3) and its Dual Role in Cancer.
Biochimie 184, 63–71. doi:10.1016/j.biochi.2021.02.005

Lánczky, A., and Győrffy, B. (2021). Web-Based Survival Analysis Tool Tailored
for Medical Research (KMplot): Development and Implementation. J. Med.
Internet Res. 23 (7), e27633. doi:10.2196/27633

Lee, Y.-R., Yehia, L., Kishikawa, T., Ni, Y., Leach, B., Zhang, J., et al. (2020). WWP1
Gain-Of-Function Inactivation of PTEN in Cancer Predisposition. N. Engl.
J. Med. 382 (22), 2103–2116. doi:10.1056/nejmoa1914919

Lei, Y., Yu, T., Li, C., Li, J., Liang, Y., Wang, X., et al. (2021). Expression of CAMK1
and its Association with Clinicopathologic Characteristics in Pancreatic
Cancer. J. Cell Mol. Med. 25 (2), 1198–1206. doi:10.1111/jcmm.16188

Li, Q., Hou, L., Ding, G., Li, Y., Wang, J., Qian, B., et al. (2015). KDM6B Induces
Epithelial-Mesenchymal Transition and Enhances Clear Cell Renal Cell
Carcinoma Metastasis through the Activation of SLUG. Int. J. Clin. Exp.
Pathol. 8 (6), 6334–6344.

Li, Y., Yang, W., Wu, B., Liu, Y., Li, D., Guo, Y., et al. (2017). KDM3A Promotes
Inhibitory Cytokines Secretion by Participating in TLR4 Regulation of Foxp3
Transcription in Lung Adenocarcinoma Cells. Oncol. Lett. 13 (5), 3529–3537.
doi:10.3892/ol.2017.5949

Li, S., Shen, L., and Chen, K.-N. (2018). Association between H3K4 Methylation
and Cancer Prognosis: A Meta-Analysis. Thorac. Cancer 9 (7), 794–799. doi:10.
1111/1759-7714.12647

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 (W1),
W509–W514. doi:10.1093/nar/gkaa407

Li, Z., Hu, N., Dai, L., Hou, X., Hu,W., Liang,W., et al. (2021). Cullin-5 (CUL5) as a
Potential Prognostic Marker in a Pan-Cancer Analysis of Human Tumors.
Bioengineered 12 (1), 5348–5360. doi:10.1080/21655979.2021.1940042

Lien, Y. C., Wang, P. Z., Lu, X. M., and Simmons, R. A. (2020). Altered
Transcription Factor Binding and Gene Bivalency in Islets of Intrauterine
Growth Retarded Rats. Cells 9 (6), 1435. doi:10.3390/cells9061435

Luo, C., Hajkova, P., and Ecker, J. R. (2018). Dynamic DNA Methylation: In the
Right Place at the Right Time. Science 361 (6409), 1336–1340. doi:10.1126/
science.aat6806

Ma, J., Wang, N., Zhang, Y., Wang, C., Ge, T., Jin, H., et al. (2015). KDM6B Elicits
Cell Apoptosis by Promoting Nuclear Translocation of FOXO1 in Non-Small
Cell Lung Cancer. Cell Physiol. Biochem. 37 (1), 201–213. doi:10.1159/
000430345

Ma, M., Huang, W., and Kong, D. (2018). IL-17 Inhibits the Accumulation of
Myeloid-Derived Suppressor Cells in Breast Cancer via Activating STAT3. Int.
Immunopharmacol. 59, 148–156. doi:10.1016/j.intimp.2018.04.013

Mallaney, C., Ostrander, E. L., Celik, H., Kramer, A. C., Martens, A., Kothari, A.,
et al. (2019). Kdm6b Regulates Context-dependent Hematopoietic Stem Cell
Self-Renewal and Leukemogenesis. Leukemia 33 (10), 2506–2521. doi:10.1038/
s41375-019-0462-4

Malouf, G. G., Su, X., Zhang, J., Creighton, C. J., Ho, T. H., Lu, Y., et al. (2016).
DNA Methylation Signature Reveals Cell Ontogeny of Renal Cell Carcinomas.
Clin. Cancer Res. 22 (24), 6236–6246. doi:10.1158/1078-0432.ccr-15-1217

Ohguchi, H., Harada, T., Sagawa, M., Kikuchi, S., Tai, Y.-T., Richardson, P. G.,
et al. (2017). KDM6B Modulates MAPK Pathway Mediating Multiple
Myeloma Cell Growth and Survival. Leukemia 31 (12), 2661–2669.
doi:10.1038/leu.2017.141

Paauwe, M., Schoonderwoerd, M. J. A., Helderman, R. F. C. P., Harryvan, T. J.,
Groenewoud, A., van Pelt, G. W., et al. (2018). Endoglin Expression on Cancer-
Associated Fibroblasts Regulates Invasion and Stimulates Colorectal Cancer
Metastasis. Clin. Cancer Res. 24 (24), 6331–6344. doi:10.1158/1078-0432.ccr-
18-0329

Park, W.-Y., Hong, B.-J., Lee, J., Choi, C., and Kim, M.-Y. (2016). H3K27
Demethylase JMJD3 Employs the NF-κB and BMP Signaling Pathways to
Modulate the Tumor Microenvironment and Promote Melanoma Progression
and Metastasis. Cancer Res. 76 (1), 161–170. doi:10.1158/0008-5472.can-15-0536

Qin, M., Han, F., Wu, J., Gao, F.-X., Li, Y., Yan, D.-X., et al. (2021). KDM6B
Promotes ESCC Cell Proliferation and Metastasis by Facilitating C/EBPβ
Transcription. BMC Cancer 21 (1), 559. doi:10.1186/s12885-021-08282-w

Ratnam, N. M., Sonnemann, H. M., Frederico, S. C., Chen, H., Hutchinson, M.-K.
N. D., Dowdy, T., et al. (2021). Reversing Epigenetic Gene Silencing to
Overcome Immune Evasion in CNS Malignancies. Front. Oncol. 11, 719091.
doi:10.3389/fonc.2021.719091

Ryu, T. Y., Kim, K., Kim, S.-K., Oh, J.-H., Min, J.-K., Jung, C.-R., et al. (2019).
SETDB1 Regulates SMAD7 Expression for Breast Cancer Metastasis. BMB Rep.
52 (2), 139–144. doi:10.5483/bmbrep.2019.52.2.235

Salminen, A., Kaarniranta, K., Hiltunen, M., and Kauppinen, A. (2014). Histone
Demethylase Jumonji D3 (JMJD3/KDM6B) at the Nexus of Epigenetic
Regulation of Inflammation and the Aging Process. J. Mol. Med. 92 (10),
1035–1043. doi:10.1007/s00109-014-1182-x

Samstein, R. M., Lee, C.-H., Shoushtari, A. N., Hellmann, M. D., Shen, R., Janjigian,
Y. Y., et al. (2019). Tumor Mutational Load Predicts Survival after
Immunotherapy across Multiple Cancer Types. Nat. Genet. 51 (2), 202–206.
doi:10.1038/s41588-018-0312-8

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 (11), 2498–2504.
doi:10.1101/gr.1239303

Shen, Y.-T., Huang, X., Zhang, G., Jiang, B., Li, C.-j., and Wu, Z.-S. (2021). Pan-
Cancer Prognostic Role and Targeting Potential of the Estrogen-Progesterone
Axis. Front. Oncol. 11, 636365. doi:10.3389/fonc.2021.636365

Shen, E., Han, Y., Cai, C., Liu, P., Chen, Y., Gao, L., et al. (2021). Low Expression
of NLRP1 is Associated with a Poor Prognosis and Immune Infiltration in
Lung Adenocarcinoma Patients. Aging 13 (5), 7570–7588. doi:10.18632/
aging.202620

Shi, X., Zhang, Z., Zhan, X., Cao, M., Satoh, T., Akira, S., et al. (2014). An Epigenetic
Switch Induced by Shh Signalling Regulates Gene Activation during
Development and Medulloblastoma Growth. Nat. Commun. 5, 5425. doi:10.
1038/ncomms6425

Sidaway, P. (2017). TCGA Data Reveal a Highly Heterogeneous Disease. Nat. Rev.
Clin. Oncol. 14 (11), 648. doi:10.1038/nrclinonc.2017.146

Steven, A., and Seliger, B. (2018). The Role of Immune Escape and Immune Cell
Infiltration in Breast Cancer. Breast Care 13 (1), 16–21. doi:10.1159/000486585

Sugaya, M. (2020). The Role of Th17-Related Cytokines in Atopic Dermatitis. Int.
J. Mol. Sci. 21 (4), 1314. doi:10.3390/ijms21041314

Szklarczyk, D., Franceschini, A., Wyder, S., Forslund, K., Heller, D., Huerta-Cepas,
J., et al. (2015). STRING V10: Protein-Protein Interaction Networks, Integrated
Over the Tree of Life. Nucleic Acids Res. 43 (Database issue), D447–D452.
doi:10.1093/nar/gku1003

Tang, Z., Kang, B., Li, C., Chen, T., and Zhang, Z. (2019). GEPIA2: An Enhanced
Web Server for Large-Scale Expression Profiling and Interactive Analysis.
Nucleic Acids Res. 47 (W1), W556–W560. doi:10.1093/nar/gkz430

Tran, T. Q., Lowman, X. H., and Kong, M. (2017). Molecular Pathways: Metabolic
Control of Histone Methylation and Gene Expression in Cancer. Clin. Cancer
Res. 23 (15), 4004–4009. doi:10.1158/1078-0432.ccr-16-2506

Uhlén, M., Fagerberg, L., Hallström, B. M., Lindskog, C., Oksvold, P., Mardinoglu,
A., et al. (2015). Tissue-Based Map of the Human Proteome. Science 347 (6220),
1260419. doi:10.1126/science.1260419

Weiss, J. M., Pfau, P. R., O’Connor, E. S., King, J., LoConte, N., Kennedy, G., et al.
(2011). Mortality by Stage for Right- Versus Left-Sided Colon Cancer: Analysis
of Surveillance, Epidemiology, and End Results-Medicare Data. J. Clin. Oncol.
29 (33), 4401–4409. doi:10.1200/jco.2011.36.4414

Wu, Y., Wu, X., Li, Y., Zhao, W., Yue, Y., Wu, B., et al. (2021). Comprehensive
Analysis of Glutamate-Rich WD Repeat-Containing Protein 1 and its Potential
Clinical Significance for Pancancer. Biomed. Res. Int. 2021, 8201377. doi:10.
1155/2021/8201377

Xu, C. R., Li, L. C., Donahue, G., Ying, L., Zhang, Y. W., Gadue, P., et al. (2014).
Dynamics of Genomic H3K27me3 Domains and Role of EZH2 during
Pancreatic Endocrine Specification. EMBO J. 33 (19), 2157–2170. doi:10.
15252/embj.201488671

Yan, T., Zhu, S., Shi, Y., Xie, C., Zhu, M., Zhang, Y., et al. (2021). Pan-Cancer
Analysis of Atrial-Fibrillation-Related Innate Immunity Gene ANXA4. Front.
Cardiovasc. Med. 8, 713983. doi:10.3389/fcvm.2021.713983

Yang, L., Zha, Y., Ding, J., Ye, B., Liu, M., Yan, C., et al. (2019). Histone
Demethylase KDM6B Has an Anti-Tumorigenic Function in Neuroblastoma
by Promoting Differentiation. Oncogenesis 8 (1), 3. doi:10.1038/s41389-018-
0112-0

Frontiers in Genetics | www.frontiersin.org June 2022 | Volume 13 | Article 91200316

Ding et al. KDM6B in Tumorigenesis and Immunotherapy

https://doi.org/10.15252/emmm.201708547
https://doi.org/10.1016/j.biochi.2021.02.005
https://doi.org/10.2196/27633
https://doi.org/10.1056/nejmoa1914919
https://doi.org/10.1111/jcmm.16188
https://doi.org/10.3892/ol.2017.5949
https://doi.org/10.1111/1759-7714.12647
https://doi.org/10.1111/1759-7714.12647
https://doi.org/10.1093/nar/gkaa407
https://doi.org/10.1080/21655979.2021.1940042
https://doi.org/10.3390/cells9061435
https://doi.org/10.1126/science.aat6806
https://doi.org/10.1126/science.aat6806
https://doi.org/10.1159/000430345
https://doi.org/10.1159/000430345
https://doi.org/10.1016/j.intimp.2018.04.013
https://doi.org/10.1038/s41375-019-0462-4
https://doi.org/10.1038/s41375-019-0462-4
https://doi.org/10.1158/1078-0432.ccr-15-1217
https://doi.org/10.1038/leu.2017.141
https://doi.org/10.1158/1078-0432.ccr-18-0329
https://doi.org/10.1158/1078-0432.ccr-18-0329
https://doi.org/10.1158/0008-5472.can-15-0536
https://doi.org/10.1186/s12885-021-08282-w
https://doi.org/10.3389/fonc.2021.719091
https://doi.org/10.5483/bmbrep.2019.52.2.235
https://doi.org/10.1007/s00109-014-1182-x
https://doi.org/10.1038/s41588-018-0312-8
https://doi.org/10.1101/gr.1239303
https://doi.org/10.3389/fonc.2021.636365
https://doi.org/10.18632/aging.202620
https://doi.org/10.18632/aging.202620
https://doi.org/10.1038/ncomms6425
https://doi.org/10.1038/ncomms6425
https://doi.org/10.1038/nrclinonc.2017.146
https://doi.org/10.1159/000486585
https://doi.org/10.3390/ijms21041314
https://doi.org/10.1093/nar/gku1003
https://doi.org/10.1093/nar/gkz430
https://doi.org/10.1158/1078-0432.ccr-16-2506
https://doi.org/10.1126/science.1260419
https://doi.org/10.1200/jco.2011.36.4414
https://doi.org/10.1155/2021/8201377
https://doi.org/10.1155/2021/8201377
https://doi.org/10.15252/embj.201488671
https://doi.org/10.15252/embj.201488671
https://doi.org/10.3389/fcvm.2021.713983
https://doi.org/10.1038/s41389-018-0112-0
https://doi.org/10.1038/s41389-018-0112-0
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles


Yildirim-Buharalioglu, G. (2022). Lysine Demethylase 6B Regulates Prostate
Cancer Cell Proliferation by Controlling C-MYC Expression. Mol.
Pharmacol. 101 (2), 106–119. doi:10.1124/molpharm.121.000372

Yu, G., Wang, L.-G., Han, Y., and He, Q.-Y. (2012). clusterProfiler: an R Package
for Comparing Biological Themes Among Gene Clusters. OMICS A J. Integr.
Biol. 16 (5), 284–287. doi:10.1089/omi.2011.0118

Yu, S.-H., Zhu, K.-Y., Chen, J., Liu, X.-Z., Xu, P.-F., Zhang, W., et al. (2018).
JMJD3 Facilitates C/EBPβ-Centered Transcriptional Program to Exert
Oncorepressor Activity in AML. Nat. Commun. 9 (1), 3369. doi:10.1038/
s41467-018-05548-z

Zhang, Q., Liu, S., Parajuli, K. R., Zhang, W., Zhang, K., Mo, Z., et al. (2017).
Interleukin-17 Promotes Prostate Cancer via MMP7-Induced Epithelial-To-
Mesenchymal Transition. Oncogene 36 (5), 687–699. doi:10.1038/onc.
2016.240

Zhang, S., Samocha, K. E., Rivas, M. A., Karczewski, K. J., Daly, E., Schmandt, B.,
et al. (2018). Base-Specific Mutational Intolerance Near Splice Sites Clarifies the
Role of Nonessential Splice Nucleotides. Genome Res. 28 (7), 968–974. doi:10.
1101/gr.231902.117

Zhang, Y., Chandra, V., Riquelme Sanchez, E., Dutta, P., Quesada, P. R., Rakoski,
A., et al. (2020). Interleukin-17-Induced Neutrophil Extracellular Traps
Mediate Resistance to Checkpoint Blockade in Pancreatic Cancer. J. Exp.
Med. 217 (12), e20190354. doi:10.1084/jem.20190354

Zhao, J., Cheng, M., Gai, J., Zhang, R., Du, T., and Li, Q. (2020). SPOCK2 Serves
as a Potential Prognostic Marker and Correlates with Immune Infiltration in

Lung Adenocarcinoma. Front. Genet. 11, 588499. doi:10.3389/fgene.2020.
588499

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 (1), 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 © 2022 Ding, Yu, He, Chen and Guo. 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 June 2022 | Volume 13 | Article 91200317

Ding et al. KDM6B in Tumorigenesis and Immunotherapy

https://doi.org/10.1124/molpharm.121.000372
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1038/s41467-018-05548-z
https://doi.org/10.1038/s41467-018-05548-z
https://doi.org/10.1038/onc.2016.240
https://doi.org/10.1038/onc.2016.240
https://doi.org/10.1101/gr.231902.117
https://doi.org/10.1101/gr.231902.117
https://doi.org/10.1084/jem.20190354
https://doi.org/10.3389/fgene.2020.588499
https://doi.org/10.3389/fgene.2020.588499
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1038/s41467-019-09234-6
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

	A Pan-Cancer Analysis Revealing the Dual Roles of Lysine (K)-Specific Demethylase 6B in Tumorigenesis and Immunity
	Introduction
	Materials and Methods
	Analysis of Gene Expression
	Analysis of Survival Prognosis
	Analysis of Genetic Alteration and Methylation Modification
	Analysis of Immune Infiltration
	Correlation of the KDM6B Expression With TMB (Tumor Mutation Burden), MSI (Microsatellite Instability), and MMR (Mismatch R ...
	Analysis of KDM6B-Related Gene Enrichment

	Results
	KDM6B Expression in Cancers
	Survival Analysis
	Genetic Alteration and DNA Methylation Modification Analysis
	Immune Infiltration Analysis
	Analysis of TMB, MSI, and MMR
	KDM6B-Related Protein Enrichment Analysis

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


