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Background: Ovarian-tumor (OTU) domain-containing protein 6B (OTUDG6B),
one of newly identified OTU deubiquitylating enzyme families, is proved to be
associated with tumor progression. However, whether it plays a key role in pan-
cancer still remains unknown.

Methods: The profiles of OTUD6B expression in multiple cancers were
analyzed using The Cancer Genome Atlas (TCGA) database. Information of
protein expression was performed based on the HPA, GeneCards, and String
databases. K-M plotter and survival data analysis were used to analyze the
prognostic value of OTUDG6B expression, including overall survival (OS),
disease-specific survival (DSS), disease-free interval (DFI), and progression-
free interval (PFl). R package “clusterProfiler” was used for enrichment analysis
of OTUDG6B. Furthermore, we analyzed the correlation between the expression
of OTUD6B, immune infiltration, and immune-related genes. Additionally, we
preliminarily validated its tumorigenic effect in lung cancer cell lines.

Findings: OTUD6B expression was upregulated in most cancers, such as
COAD, CHOL, and LUAD, and predicted poor prognosis in most cancers in
TCGA. Results showed that OTUDG6B expression was positively correlated with
memory CD4* T cells, Th1 CD4" T cells, and CD8" T cells. In terms of the
immune-related genes, OTUD6B was found to be associated with most types
of genes, such as immunostimulatory genes KDR, TGFBR1, and IL-10.
Moreover, for most types of tumors, the immune score was found to be
negatively correlated with OTUD6B expression. In addition, lung cancer cell
lines with OTUDG6B knockdown significantly inhibited proliferation and invasion
ability of lung cancer cells.
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Conclusions: The study indicated that OTUDG6B is an oncogene and may serve
as a new potential biomarker in various tumors. OTUD6B may play a part in
TIME, which could be applied as a new target for cancer therapy.
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Introduction

Cancers are formidable in their breadth and scope of
diversity. For decades, the primary focus of cancer research
has been on malignant cancer cells, attempting to understand
the carcinogenic mechanism of dominant oncogenes whose
activation leads to the transformation from normal cells into
cancer cells (1). Despite the fact that oncogenes are the core
driving force of tumor development (2), the tumor
microenvironment (TME), especially tumor immune
microenvironment (TIME), is increasingly recognized as an
important influence on tumor development.

Previous studies have demonstrated the synergistic
interaction between cancer cells and the tumor immune
microenvironment (TIME) together, which leads to tumor
progression, metastasis, and even resistance to treatment (2—
4). Moreover, cancer immunotherapy, especially immune
checkpoint inhibitors (ICIs), has been shown to improve
survival in cancer patients in recent years (5). Unfortunately,
some patients are not sensitive to ICI treatment, because cancer
cells have also developed sophisticated ways to evade from the
immune system, which is a major obstacle to immunotherapy
(6). Furthermore, the efficacy of immunotherapy is generally
associated with the TIME. Hence, a powerful gene that plays key
role in the TIME and tumor progression needs to be identified.

DUBs (deubiquitylating enzymes) contain enzymes that
show linkage specificity when recognizing and cutting the
diubiquitin moieties. DUBs have been proved to be active in
diverse mechanisms to regulate a variety of cellular signalings,
such as DNA repair and innate immune signaling pathways,
which have been implicated in human diseases, including cancer
(7, 8). OTUs, one of the most important members of DUBs, have
been proved to modulate cellular cascade signaling and shown to
be closely related to inflammation and cancer (9, 10). Moreover,
quite a few OTUs such as DUBA, OTUBI, OTUDI, and
OTUDS are involved in the regulation of the TIME and
cancer immunotherapy. For instance, OTUD5 was illustrated
to positively regulate STING-mediated antitumor immune
responses via deubiquitylation and maintain its stability (11).
The tumor immunosuppression induced by PD-L1 has been
implicated in OTUBI (12). To date, only a few of studies have
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reported the role played by ovarian-tumor (OTU) domain-
containing protein 6B (OTUD6B), the important one of the
deubiquitylating enzyme family. Xinxin Liu (13) et al. reported
that a low level of OTUDG6B predicts poor survival and is
correlated with a high recurrence rate in hepatocellular
carcinoma. Meanwhile, in the present study we found that
OTUDG6B was closely associated with OTUBI, implying its
potential role in immune response. Despite the fact that some
researchers are illuminating the emerging functions of
OTUDG6B, most of the function and mechanism of OTUD6B
remain elusive, especially its potential correlation with immune
response; therefore, more research is needed to uncover the
essential roles for OTUD6B in tumor development
and progression.

In the present study, we evaluated the expression of
OTUDSGB in various cancers, as well as its role of prognosis
and immunity value using multiple public databases.
Furthermore, we explored the association between OTUD6B
level and TMB, MSI, TME, immune checkpoint genes, immune
infiltration cells, immune activating and immunosuppressive
genes, chemokines, and chemokine receptors. What is more,
we also conducted experiments in lung cancer cell lines to
validate its oncogenic effect. Our results provide new insights
into the remarkable functional role of OTUD6B and can be used
as a potential target for future therapeutic development in
various cancers.

Materials and methods
Data collection

RNA sequences and associated clinical data (including 33
types of cancer) were obtained from TCGA database using
UCSC Xena (https://xena.ucsc.edu/). Gene mapping data of
normal human tissue were downloaded from Genotype-Tissue
Expression (GTEx) (https://commonfund.nih.gov/GTEx). Gene
mutation and copy number alteration profiles of OTUD6B in
pan-cancer were explored in cBioPortal for cancer genomics
(http://www.cbioportal.org). We also downloaded the Simple
Nucleotide Variation and Copy Number Variation dataset at
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level 4 of all TCGA samples from GDC (https://portal.gdc.
cancer.gov/), and we integrated the samples’ mutation data,
copy number data, and gene expression data of the samples.
Protein domain information was obtained from the R package
maftools (version 2.2.10). Box plots were developed by using the
R package “ggplot2”.

Protein expression analysis

The protein expression levels of OTUD6B in human tumors
and normal tissues were acquired from the Human Protein Atlas
database (HPA: https://www.proteinatlas.org/). The protein-
protein interaction (PPI) network map of OTUD6B was
conducted using the STRING (https://string-db.org/) open
database. The subcellular localization information of OTUD6B
was downloaded from GeneCards (https://www.genecards.org/).

Survival analysis of OTUD6B

Kaplan-Meier survival analysis was performed here to find
different overall survival outcomes in TCGA cohort with high
and low OTUDG6B expressions, and it was realized using the
Kaplan-Meier plotter (https://kmplot.com/analysis/).
Univariate Cox regression analysis was performed to evaluate
the prognosis value of OTUD6B in predicting OS, disease-
specific survival (DSS), disease-free interval (DFI), and
progression-free interval (PFI) in pan-cancer. Forest plots for
Cox regression were developed with the R packages “survival”
and “forestplot”.

OTUDG6B expression in the TME, and
correlation with immune infiltration cells
and immune-related genes

The TME is a microenvironment composed of different
elements, such as tumor cells, immune cells surrounding tumor
cells, and stromal cells, which is essential for the survival and
progression of tumor cells. The intercellular equilibrium in the
microenvironment affects the proliferation of tumor cells. We
used the R software package ESTIMATE (version 1.0.13) to
calculate the stromal and immune scores in each tumor based on
gene expression in different cancers. The Tumor Immune
Evaluation Resource (TIMER2) database (http://timer.comp-
genomics.org/) was used to elucidate the association of
OTUDGB levels with macrophage, CD4" T-cell, and CD8" T-
cell infiltration. We analyzed the association of OTUD6B
expression with immune-related genes, including those
encoding chemokines (41), chemokine receptor proteins (14),
major histocompatibility complex (MHC) (15), and
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immunoinhibitory (16) and immunostimulatory (46) genes.
The Pearson correlation coefficient was also calculated, and the
heat map of each type of cancer was displayed. Next, we
extracted the OTUD6B gene and immune checkpoint pathway
gene expression data from TCGA and GTEx (17) and then
calculated the Pearson correlation between OTUD6B and 60
immune checkpoint-related genes.

OTUDG6B expression in MSI and TMB

MSI refers to the phenomenon that new microsatellite
alleles appear at a certain microsatellite locus in tumors
compared with normal tissues due to the insertion or deletion
of repeat units. TMB refers to the number of somatic non-
synonymous mutations in a specific genomic region. TMB can
indirectly reflect the ability and degree of tumor production of
neoantigens and predict the efficacy of immunotherapy for
various tumors. They are both potential biomarkers for the
efficacy prediction of immune checkpoint inhibitors (ICIs) (18,
19). We downloaded the standardized pan-cancer dataset from
the UCSC database and extracted the expression data of the
OTUDGB gene in each sample. We used the R package maftools
(version 2.8.05) of the TMB and MSI and calculated the Pearson
correlation of TMB and MSI for each tumor.

GSEA analysis

Gene set enrichment analysis (GSEA) was performed to
investigate the potential biological pathways that OTU6B may be
involved in pan-cancer. The Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways of this signature were mapped by
using R packages “GSVA” and “clusterProfiler”. Different
biological pathways of enrichment in different risk groups
were identified.

Cell culture

Lung cancer cell lines A549 and Pc9 were cultured at 37°C in
Dulbecco’s modified Eagle’s medium and RPMI-1640 with 10%
fetal bovine serum (FBS), containing 1% penicillin and
streptomycin, respectively.

Cell migration assays

Briefly, a 24-well Transwell plate was used to perform the
cell migration assay. An 8-mm polyethylene terephthalate
membrane filter (Corning) separates the lower and upper
chambers, and cells were plated in the upper chamber at 2 x
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10* cells per well in serum-free DMEM or RPMI-1640 medium.
After 24 h of growing in a chamber with an atmosphere of 5%
CO, at 37°C, 4% formaldehyde was used to fixed the lower
migrant cells for 20 min, followed by staining with crystal violet
for another 10 min.

Human lung cancer and paired normal
tissues

Human lung cancer tumor tissues were obtained from the
Department of Thoracic Surgery, The First Affiliated Hospital of
Xi’an Jiaotong University. Informed and signed contents were
obtained from each patient. The samples were de-identified
before being subjected to the described experiments in
this study.

Cell transfections and immunoblotting

Cells were transfected with indicated constructs according to
the manufacturer’s protocol using Lipofectamine 8000. The
sequence for the control siRNA (NC) was as follows: 5'-
UUCUCCGAACGUGUCACGU TT T-3'. The sequences for
OTUDG6B siRNA were as follows: 5'-GCUGACUACUAAGG
AGAAUAATT-3" and 5-AAGGAGCGAGAAGAACGGAUA-
3’. Western blot was performed to verify the transfection
downregulating the level of OTUDG6B protein.

10.3389/fimmu.2022.955091

Drug sensitivity and OTUDG6B expression

The association between drug sensitivity and OTUD6B
expression was evaluated using GSCALite (http://bioinfo life.hust.
edu.cn/GSCA). The drug sensitivity was presented through the half-
maximal inhibitory concentration (IC50). Moreover, R package
“pRRophetic” was performed to predict the potential drug
responses in accordance with OTUD6B expression.

Results

OTUDG6B expression analysis in pan-
cancer

We used data from the GTEx database to analyze the profiles of
OTUDG6B expression in different tissues of healthy people. As
shown in the histogram in Figure 1A, the OTUDG6B levels vary
across different tissue types and are particularly high in skeletal
muscle. The expression pattern of OTUD6B in pan-cancer was
subsequently evaluated. Figure 1B and Supplemental Figure 1A
present the OTUDG6B expression from TIMER and TCGA
databases, respectively. The results showed that high OTUD6B
mRNA expression was observed in 10 tumors in both methods,
including breast invasive carcinoma (BRCA), cholangiocarcinoma
(CHOL), colon adenocarcinoma (COAD), esophageal carcinoma
(ESCA), head and neck squamous cell carcinoma (HNSC),
hepatocellular carcinoma (LIHC), lung adenocarcinoma (LUAD),
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FIGURE 1

OTUDG6B expression in various tissues and tumors. (A) The level of OTUDEB in different normal tissues from the HPA database. (B) The
expression differences of OTUD6B between normal and tumor tissues from the TIMER database. (*p < 0.05; **p < 0.01; ***p < 0.001).
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lung squamous cell carcinoma (LUSC), rectum adenocarcinoma
(READ), and stomach adenocarcinoma (STAD) (Figure 1B,
Supplemental Figure 1A). Among the abovementioned, the
highest expression levels of OTUD6B were found in LUSC,
READ, and COAD in TCGA database. By contrast, it revealed a
low expression in kidney renal papillary cell carcinoma (KIRP),
kidney renal clear cell carcinoma (KIRC), and thyroid carcinoma
(THCA), relative to normal tissues (Figure 1B, Supplemental
Figure 1A). Moreover, we analyzed the protein level of OTUD6B
by using the Human Protein Atlas (HPA) database. In normal
tissue, a high level of OTUDG6B protein was found in the lung, small
intestine, colon, and rectum tissue, while the protein level was low in
the hippocampus, oral mucosa, and liver (Supplemental Figure 2A).
The protein level of OTUD6B was highest in thyroid tumor but
lowest in liver and lung cancer (Supplemental Figure 2B).

For paired tumors in TCGA, OTUD6B was upregulated in
BLCA, BRCA, CHOL, COADREAD, ESCA, LIHC, HNSC,
LUAD, LUSC, STAD, and OSCC, relative to adjacent normal
tissues (Figures 2A-P); however, as indicated in Figures 2G, L it
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was downregulated in KIRC and THRA relative to adjacent
normal tissues. Furthermore, we evaluated OTUDG6B expression
at different tumor stages according to the World Health
Organization (WHO) and found that it was highly expressed
in most advanced tumors including LUAD, ESAD, STAD,
BLCA, BRCA, COADREAD, LIHC, and OSCC (Figures 3A-
L). By contrast, a lower OTUDG6B expression in advanced
tumors was observed only in THCA (Figure 3K). From the
abovementioned, we concluded that OTUD6B plays an
important role in promoting tumor progression in most tumors.

As a newly identified OTU gene family member, we further
used the GeneCards database to explore the subcellar location of
OTUDSB for a better understanding of its function. OTUD6B is
mainly distributed in the cytosol and nucleus, probably
indicating a transfer or function between the two areas
(Supplemental Figure 2C). Moreover, the PPI network of
OTUDG6B was constructed and we found that OTUD6B was
closely associated with OTUBI1, MYSM1, USP14, USP45,
OTUD1, USP7, and UCHL3 proteins (Supplemental Figure 2C).
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Genetic alterations of OTUD6B

To further understand the structure and gene alteration of
the OTUDG6B gene, we used the cBioPortal database to explore
the genetic alterations in OTUD6B and observed a high
frequency of genetic alterations in patients with BRCA, UCS,
PRAD, and LIHC, while patients with THCA, mesothelioma
(MESO), KIRP, acute myeloid leukemia (ACC), and thymoma
(THYM) possessed no gene alteration. The “amplification” type
of CNA was the primary type in most cancers (Supplemental
Figure 1B). The correlation between gene expression and copy
number variation was also evaluated, and we observed
significant differences in 16 tumors such as LGG (neutral =
490, gain = 14, loss = 4) (p = 0.04), CESC (neutral = 281, loss = 3,
gain = 8) (p = 3.2e-3), and LUAD (neutral = 455, gain = 42, loss
= 14) (p = 1.2e-3), as shown in Supplemental Figure 1C. The
gene mutation landscape revealed that UCEC has the highest
mutation frequency at 3.4%, followed by READ with a mutation
rate of 2.2%. The predominant type of mutation in the OTU
domain or other regions is “missense” mutation (Supplemental
Figure 1D), indicating that this type of mutation may be
responsible for gene function.

Frontiers in Immunology

Prognostic value of OTUD6B
in pan-cancer

We then used Kaplan-Meier analysis to evaluate the overall
survival (OS) of patients in TCGA pan-cancer. Our results
showed that a high OTUDG6B level was significantly associated
with worse OS in patients with LUAD, BRCA, LIHC, THCA,
and PAAD (Figures 4A, C, F, H, K). In contrast, a high OTUD6B
expression was associated with better OS only in THYM
(Figure 4L). While the OTUD6B expression showed no
correlation in BLCA, UCEC, LUSC, STOD, HNSC and KIRC
(Figures 4 B, D, E, G, 1, ). Next, the forest map was generated by
univariate Cox regression analysis of OS, disease-specific
survival (DSS), disease-free interval (DFI), and progression-
free interval (PFI). The OS plot revealed that a high OTUD6B
level was significantly linked to shorter OS times in patients with
KICH, BRCA, GBM, UVM, LGG, LUAD, SRAC, MESO, and
LIHC, and a better clinical outcome was observed in patients
with KIRC (Figure 5A). DSS analysis showed that OTUD6B was
associated with worse outcomes in patients with KICH, GBM,
LGG, LUAD, UVM, MESO, and PRAD but was a protective
factor in patients with KIRC only (Figure 5B). For DFI, a high

frontiersin.org
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indicated tumor types.

OTUDG6B expression was associated with significantly reduced
DFI in patients with PAAD (Figure 5C).

In addition, our results showed that a high OTUDG6B level
was significantly correlated with poor PFI in patients with UVM,
GBM, SKCM, LIHC, KICH, LUAD, and LGG, while a low
OTUDG6B expression was correlated with better PFI in patients
with KIRC (Figure 5D). These results indicated that OTUDG6B is
likely to be an oncogene in the majority of tumors.

GSEA analysis of OTUD6B

To investigate the potential biological pathways in which
OTUD6B may be involved in affecting tumor genesis and
progression, we conducted GSEA in 33 tumors from TCGA.
Eight tumors which are focused with significant enriched
pathways were as presented in Figures 6A-H. We found that
OTUDEGB is involved in different enrichment pathways across
these tumors and also plays the same functional role in the
indicated tumors. The results showed that in PAAD, SKCM, and
STAD, OTUDG6B expression was significantly correlated with
immune-related pathways, especially for the intestinal immune
network (Figures 6B, D, E). Cycle-related pathways such as
cytosolic DNA sensing and autophagy are closely associated with
OTUDG6B in LUSC and PAAD (Figures G, H). Interestingly,
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porphyrin and fatty acid metabolism was found correlated in
LGG, PCPG, TGCT, and LGG (Figures 6A, E, F), probably
meaning that OTUD6B may play roles in intracellular metal ion
metabolism, such as iron metabolism.

Immune cell infiltration and immune-
related gene analysis

Due to immune dysfunction, immune cells cannot control
tumor growth and may even promote the growth of tumors. We
therefore performed immune correlation analysis through several
immune-related databases. Correlation analyses using data from
the TIMER2 database revealed that OTUD6B expression was
positively associated with the level of MI-like macrophage
infiltration in most tumor types while it was negatively
correlated with M2-like macrophage. Interestingly, the results
also showed that OTUDG6B expression was positively correlated
with memory CD4" T cells, Th2 CD4" T cells, and CD8" T cells
and negatively correlated with Th1 CD4" T cells in TCGA pan-
cancer (Figures 7A-C). Correlation analyses using data from the
XCELL database showed that the OTUDG6B level was significantly
positively correlated with Th1 CD4" T cells, CD8" T cells, M1-like
macrophage, and M2-like macrophage infiltration, while it was
negatively linked with Th2 CD4" T cells (Supplemental Figure 3A).
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FIGURE 5

Forest plots showing results of univariate Cox regression analysis for (A) OS, (B) DSS, (C) DFI, and (D) PFI.

To further explore the association between OTUD6B
expression and immune-related genes in pan-cancer, gene co-
expression analyses of MHC genes, immunosuppressive and
immunostimulant genes, chemokines, and chemokine receptors
were conducted (Figure 7D). The results revealed a positive
correlation between OTUDG6B expression and these genes
in most types of cancer, while in SARC, TGCT, and
STES, a negative correlation was observed. In terms of
immunostimulatory genes, OTUD6B was found to be
associated with immunosuppressive marker genes, such as
KDR, TGFBRI, and IL-10. This suggests that OTUD6B may
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be involved in immune regulation and possibly in the
immune response.

To better explore the mechanism of OTUD6B involvement
in immune regulation and its role in immune response, we
investigated the relationship between OTUDG6B and the
immune-related gene. As presented in Figure 7E, we found
that CD276 and VEGFA expression was significantly positively
correlated with the expression of OTUDG6B in nearly all types of
cancer, so were the immune checkpoint inhibitor genes HMGB1
and TLR4, suggesting that OTUD6B may provide some help for
tumor immunotherapy through these targets. Moreover, we
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FIGURE 6

Gene enrichment analysis of OTUDGEB in the KEGG database in PCPG, STAD, SARC, SKCM, TGCT, LUSC, LGG, and PAAD.

analyzed the relationship between OTUD6B expression and
RNA modifications including m1A, m5C, and m6A. A
significant positive correlation between OTUD6B and the
three types of RNA modification was found in almost all
tumors, indicating the diversity of OTUD6B modification in
tumors (Supplemental Figure 3B).
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TME analysis

Moreover, correlations between OTUD6B and immune
scores and stromal scores were measured; the results are
presented in Figure 8 and Supplemental Figure 4. Immune
scores were significantly associated with OTUD6B expression
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0.05; **p < 0.01; ***p < 0.001 and ****p < 0.0001).

in 19 of 33 cancers, and stromal scores were significantly
associated with OTUDG6B expression in 12 of 33 cancers,
respectively. In most types of tumor, the immune score was
found to be negatively correlated with OTUDG6B expression in
UCEC, CESC, ESCA, LUAD, MESO, ACC, STES, SARC, LUSC,
KIRP, STAD, THCA, THYM, SKCM, GBM, LGG, BLCA,
HNSC, TGCT, and PCPG. On the other hand, THCA, BRCA,
STAD, BLCA, LUSC, SKCM, TGCT, STES, and SARC were
negatively correlated with OTUD6B expression in stromal
scores. The stromal score was positively correlated with
OTUDG6B expression in LAML and KIRC (Supplemental
Figure 4). Based on the results analyzed above, the immune
score was consistent with analysis shown in supplemental

Frontiers in Immunology

Figure 3A showing that most tumors were negatively linked
with common lymphoid progenitors.

Analysis of TMB and MSI with OTUD6B
expression

Figure 9 displays the correlation of OTUD6B with TMB and
MSI. OTUDG6B expression was significantly associated with TMB
in KICH, LUAD, STAD, OV, COADREAD, KIRP, and COAD.
OTUDG6B expression was positively related with KICH, LUAD,
and STAD, while it was negatively related with the other five
cancers. Among the abovementioned, KICH had the highest
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FIGURE 8
Association of OTUD6B expression level with immune score across different types of cancer.

correlation coefficient with OTUD6B (Figure 9A). As indicated in
Figure 9B, OTUDG6B expression was significantly correlated with
MSI in 10 out of 33 cancer types; it was positively associated with
MSI in five (KIRC, SARC, CESC, STAD, LUSC) and negatively
associated with MSI in five (DLBC, COAD, COADREAD, HNSC,
PRAD) types of tumors respectively. In DLBC, the highest
correlation was found between OTUD6B expression and MSL
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Furthermore, Pearson’s correlation was performed to explore the
relationship between OTUDG6B expression and the status of
promoter DNA methylation (Figure 9C). Results showed that
DNA methylation had a significant positive correlation with
OTUDG6B expression in patients with TGCT, KIPAN, ACC,
PCPG, CESC, THYM, LUSC, COAD, STES, PRAD, STAD,
GBM, COADREAD, LUAD, and LGG.
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FIGURE 9

TMB, MSI, and DNA methylation analysis. The Lollipop plot represents the association between OTUD6B expression and TMB (A), MSI (B), and
DNA methylation (C) in pan-cancer. The x-axis represents Spearman'’s correlation coeficient. (TMB, tumor mutation burden; MSI, microsatellite

instability).

Knockdown of OTUDG6B in lung cancer
cells inhibits tumor self-renewal

To verify the carcinogenic and invasive capacity of
OTUDG6B, we generated stably silenced OTUD6B cell lines
using A549 and Pc9 cells to assess its viability. Western blot
analysis was performed to confirm OTUD6B and associated
protein levels; E-cadherin was higher while N-cadherin was
lower after knocking down OTUDG6B (Figure 10A). Results
showed that OTUDG6B expression was highly expressed in
lung cancer compared to normal tissues (Figure 10B). It is
also obvious that OTUDG6B silencing inhibited the
proliferation, migration, and invasion of A549 and Pc9 cells
(Figures 10C-E). The ability of OTUDG6B to inhibit tumor
proliferation was further verified in vivo in a nude mouse
model (Figure 10F).

Correlation between OTUDG6B expression
and GDSC drug sensitivity

Finally, we also investigated the response to targeted
therapy and chemotherapy based on the level of OTUDG6B.
The results revealed a significant correlation between
OTUDG6B level and multiple-drug sensitivity (Figures 11A-
K). For most targeted or chemotherapeutic agents including
crizotinib, sorafenib, imatinib, etoposide, and paclitaxel,
patients with a high OTUDG6B level displayed higher
sensitivity to these drugs, while only in erlotinib, higher
sensitivity was observed in patients with a low OTUD6B
expression (Figure 11C).
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Discussion

OTUDG6B, one of the subgroups of the OTU-containing
family, does not have linkage specificity against diubiquitin
which is different from most of other members (20). OTUD6B
has been displayed to predict better patient survival in clear cell
renal cell carcinoma and hepatocellular carcinoma through
decreasing the ubiquitylation and proteasomal degradation of
pVHL (13, 14). However, the functional role and specific
mechanism of OTUDG6B in other cancers remain a mystery.
Here we conducted a pan-cancer analysis of OTUD6B to
identify its impact on other cancer types.

Several databases were used to make a comprehensive
analysis of OTUDG6B expression and function. We firstly
evaluated the OTUDG6B expression in normal and cancer
tissues in pan-cancer. Our results show that OTUD6B
expression is relatively higher in most tumors than in normal
tissues, which indicates that OTUDG6B is an oncogenic gene in
most tumors. In addition, based on Cox proportional hazard
models and Kaplan—Meier survival curves, we found that a high
OTUDG6B expression was significantly correlated with poor
prognosis of LUAD, BRCA, LIHC, THCA, and PAAD. Since
we observed that OTUDG6B has a potential cancer-promoting
role in pan-cancers including LUAD, we further performed
experiments in lung cancer cell lines to validate its
carcinogenic role. We found alterations in E-cadherin and N-
cadherin, which suggest that the invasive ability of OTUD6B in
lung cancer may be related to EMT and may increase the risk of
lung cancer metastasis. These results suggest that OTUD6B
mainly plays an oncogenic role in tumor progression, which is
consistent with previous studies. Furthermore, we evaluated the
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FIGURE 10

The knockdown of OTUDG6B in lung cancer cells inhibits tumor self-renewal. (A) Immunoblot (IB) of OTUDEB expression in six randomly
selected lung cancer samples (T) and their paired Normal (N) samples. n = 6 independent experiments. (B) Western blot validation of OTUD6B
knockdown using siRNA in Pc9 and A549 cells. (C) Transwell migration assays in OTUD6B-knockdown Pc9 and A549 cells following
transfection with the indicated siRNAs, typical images in the upper panels and invasive cell numbers in the lower panel. Scale bars, 70 um. (D)
OTUD6B knockdown inhibits Pc9 and A549 cell migration distance as seen in wound healing assays. (E) Cell proliferation detection of lung
cancer cells was measured by clone formation. (F) Xenograft tumor models show that tumors grown from OTUD6B knockdown cells were
smaller compared with those grown from control cells. (**p < 0.01; ****p < 0.0001).

correlation between the OTUDG6B level and drug sensitivity,
indicating that in most circumstances, a low OTUDG6B level was
associated with better therapy response.

As one of the 18 DUB genes which contain the OTU
domain, OTUDG6B also has a common structure of these
family members such as catalytic triad. DUBs remove Ub
modifications and regulate nearly all Ub-dependent processes.
Due to the complexity of Ub modifications, DuBs must exhibit
different levels of specificity—they must distinguish between Ub
and Ub-like modifications. Paul P. Geurink et al. have made a
comparison of Ub and NEDD8-based (Ub-like modifier)
peptide substrates and found that OTU DUBs hydrolyzed only
Ub-based substrates but not NEDD8-based substrates under the
same conditions, suggesting that human OTU DUBs are Ub
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specific (21). However, OTUD6B was affirmed to not have a
linkage specificity against diubiquitin (20), indicating that it may
function in its own way. Our results showed that the missense
mutation occurs in the OTU domain which was accounted for
almost half of the total mutations, suggesting its mutation
tendency in OTU domain and its potential function sites.
Cancer treatments have changed dramatically in the last
decade. To date, CTLA-4, PD-1, and PD-L1 are suggested to be
the most widely targeted immune inhibitory receptors which
had been verified to cause suppression of the T-cell immune
response by binding to its corresponding ligands (15, 22, 23). It
was indeed clinically beneficial in some patients, but
unfortunately, a considerable number of patients showed
resistance or non-response. Reports suggested that this may be
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FIGURE 11

Relationship of OTUDEB expression with drug response. (A) The relationship between OTUD6B expression and GDSC drug sensitivity. Estimated
IC50 indicating the efficiency of chemotherapy to ERGs in low- and high-risk patients of pazopanib (B), crizotinib (C), erlotinib (D), epothilone B
(E), doxorubicin (F), sorafenib (G), imatinib (H), gemcitabine (I) etoposide (J), paclitaxel (K), vinorelbine.

related to the immune microenvironment which drew our
attention to the importance of TIME.

The TIME includes stromal, fibroblastic, and endothelial
cells and innate and adaptive immune cells, and the equilibrium
of the TIME was based on these types of cells. By providing
migration pathways that allow T cells to invade the tissue, the
extracellular matrix can serve as both an inhibitor and a
supporter for the adaptive immune response. Some studies
have identified that OTUs are involved in the immune
response. OTUB1 mediates the activation and metabolism of T
cells through deubiquitinating AKT. OTUDI1 can inhibit the
transcriptome activity of IRF3, thus maintaining immune
homeostasis in cells and hence dose OTUD3, PTUD4, and
A20 (16, 24-26). In light of this, we explored the potential
relationship between OTUDG6B and immune response. Our
study revealed that in most types of tumors, immune score
was negatively correlated with OTUD6B expression including
UCEC, CESC, ESCA, LUAD, MESO, and ACC. On the other
hand, THCA, PCPG, BRCA, STAD, BLCA, LUSC, SKCM,
TGCT, STES, and SARC were also found to be negatively
correlated with OTUDG6B expression in stromal scores. In
LAML and KIRC, however, it showed a positive correlation
between stromal score and OTUD6B expression. In the present
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study, we found that in most tumor types, OTUDG6B expression
was negatively linked with M1-like macrophage infiltration cells,
while it was positively linked with M2-like macrophage
infiltration cells, indicating that OTUD6B may play a role in
macrophage polarization. In terms of T cells, we showed that
OTUDG6B expression was positively correlated with CD4"
memory T cells and Th2 CD4" T cells but was negatively
correlated with CD8" T cells and Thl CD4" T cells. A
previous study has verified that the level of M1 macrophage
infiltration can be used as a reliable indicator of
immunophenotype and is significantly associated with a good
response (6). It is noteworthy to mention that immune cells can
influence the tumor progression and prognosis (27). Various
immune cells, such as CD8+ T cells, B cells, CD4+ T cells,
neutrophils, and macrophages, secrete factors that influence the
TIME, regulate tumor behavior, and have anticancer effects (28,
29). According to the abovementioned, OTUD6B may play an
important role in stimulating human immune response and
anti-immunotherapy.

IClIs is generally effective against a wide range of cancer types
and is mostly not limited by the status of certain genetic
mutations (30). In this study, OTUD6B expression has been
unraveled to be positively correlated with most of the 47
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immune checkpoint genes in almost all cancers, such as CD276,
VEGFA, HMGBI1, and TLR4. For instance, HMGBI1 is
associated with infectious and aseptic inflammatory disease
states, and cancer. Studies have shown that HMGBI is
overexpressed in various solid carcinomas, and HMGBI1 can
stimulate innate immune cell chemotaxis and activation, thus
mediating antitumor immune response and immunogenic cell
death (31). Patients with a high level of CD276 are more
sensitive to ICI treatment (32). From this, we can infer that
OTUDG6B was linked with better antitumor immune response.
Therefore, OTUD6B may provide a pathway for tumor
immunotherapy toward these targets.

In addition, we also investigated OTUDG6B expression with
TMB, MSI, and DVA methylation. We found that DNA
methylation was significantly linked with OTUD6B in most
tumors, indicating its potential effect on OTUDG6B. ICI response
has been shown to be associated with high TMB and MSI in
various carcinomas and with good prognosis (33, 34). In this
study, we showed that OTUDG6B expression was significantly
positively associated with TMB in KICH, LUAD, STAD, CESC,
GBM, and LIHC and MSI in KIRC, SARC, CESC, STAD, LUSC,
PAAD, and LIHC, respectively. The results indicated that
OTUDG6B may serve as a valuable biomarker for multiple
cancers for their treatment and prognosis.

Several limitations also exist in this study. First, the majority
of the patient data is derived from open databases, and only a
few experiments have been verified. Second, OTUD6B is highly
expressed and correlated with poor prognosis in many tumor
types; while we have validated some mechanisms, its specific
mechanism is still unknown. Therefore, further studies to
evaluate the potential value of OTUDG6B in diagnosis and
prognosis in cancers need to be carried out.

To sum up, we detected an oncogenic effect of OTUD6B and
suggested its potential as a prognostic biomarker in pan-cancer.
An increased level of OTUDG6B expression predicted a high level
of TAM infiltration and generated an immunosuppressive
microenvironment, which provides a possible target for tumor
immune therapy. Our understanding of OTU is just the tip of the
iceberg, and more functions, mechanisms, and potential
therapeutic targets need to be explored and elucidate in the future.
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SUPPLEMENTARY FIGURE 1

Gene mutation profiles of OTUD6B in pan-cancer. (A) The expression
differences of OTUD6B between normal and tumor tissues from TCGA
database. (B) Gene alteration (C) Copy number variation of OTUD6B
expression. (D) Mutant landscape of OTUDG6B.

SUPPLEMENTARY FIGURE 2
Protein expression and location of OTUD6B in normal and tumor tissues.
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