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Expression and Interaction of OTU
Deubiquitinases in Hepatocellular Carcinoma

Abstract — Deubiquitinases (DUBs) play crucial roles in cancer
progression by regulating protein ubiquitination, yet their involvement in
hepatocellular carcinoma (HCC) remains underexplored. This study
investigates the expression and interactions of OTU (Ovarian Tumor)
DUBs in HCC to evaluate their potential as diagnostic, prognostic, and
therapeutic markers. Gene Expression Omnibus (GEO) microarray
datasets were analyzed using GEO2R to compare gene expression
profiles between HCC and normal liver tissues. Differentially expressed
genes (DEGs) were identified based on stringent criteria of log fold change
(logFC) > 2.0 and adjusted P-value < 0.05. The expression profiles of 16
OTU DUBs were examined, and a protein-protein interaction (PPI)
network was constructed incorporating overlapping DEGs and selected
OTU DUBs. Kaplan-Meier (KM) survival analysis was performed using
patient data from The Cancer Genome Atlas (TCGA) to assess prognostic
significance. The analysis identified OTULIN as the only OTU DUB
meeting DEG criteria, showing significant downregulation. OTUB1,
OTUB2, and OTUDG6B exhibited near-threshold expression changes and
were included for further analysis due to their potential relevance. The PPI
network revealed OTUB1 and OTUB2 as integral components of the HCC
interactome, connecting to key regulators such as FOXM1 and ERaq,
respectively. KM survival analysis demonstrated that high expression of
OTUB1 and OTUB2 correlates with poorer overall survival, whereas
OTULIN and OTUD6B showed no significant impact. These findings
highlight the potential roles of OTUB1 and OTUB2 in modulating HCC-
related pathways, positioning them as promising candidates for
therapeutic exploration, despite their limitations as diagnostic or
prognostic marker.
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1 INTRODUCTION

Hepatocellular carcinoma (HCC) is the most
prevalent form of primary liver cancer and
represents a major global health challenge [1].
According to the 2020 World Health Organization
report, HCC is the second leading cause of
cancer-related mortality worldwide, with a rising
incidence attributed to chronic liver diseases such
as hepatitis B virus (HBV) and hepatitis C virus
(HCV) infections, as well as non-alcoholic
steatohepatitis (NASH) and alcohol-related liver
damage [2]. A significant proportion of HCC cases
are diagnosed at advanced stages, limiting
therapeutic options and contributing to poor
prognosis and high mortality rates [3]. Despite
advancements in systemic therapies, including

targeted agents, the survival outcomes for HCC
remain suboptimal [4]. Current molecular markers,
such as alpha-fetoprotein (AFP) and des-gamma
carboxyprothrombin (DCP), offer limited sensitivity
and specificity, particularly for early-stage disease
[5].

Ubiquitination is a dynamic post-translational
modification process that regulates diverse cellular
functions, including protein degradation, signal
transduction, and cell cycle progression. Its
reversal, mediated by deubiquitinases (DUBSs), is
equally crucial for maintaining cellular
homeostasis [6,7]. The human genome encodes
approximately 100 DUB genes, categorized into
six cysteine proteases families: ubiquitin carboxyl-
terminal hydrolase (UCH), ubiquitin-specific
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protease (USP), ovarian tumor protease (OTU),
Josephin, motif interacting with ubiquitin-
containing novel DUB family (MINDY) and zinc
finger with UFM1-specific peptidase domain-
containing protein (ZUFSP), alongside the
JAB1/MPN/MOV34  metalloenzyme  (JAMM)
family, a group of metalloproteases [8].

Mounting evidence suggests that alterations in
ubiquitination components, especially E3 ligases
and DUBs, are significantly linked to cancer
development [9]. While extensively studied DUB
families such as USP and UCH have revealed
numerous cancer-related roles, the OTU DUB
family  remains  relatively  underexplored,
particularly in HCC. However, accumulating
evidence underscores their involvement in cancer
progression, making them promising candidates
for therapeutic and diagnostic research. The OTU
DUB family consists of 16 members, including A20
(TNFAIP3), OTUB1, OTUB2, OTULIN, OTUDS3,
OTUD5, OTUDG6B, and Cezanne (OTUD7B), each
with unique roles in cellular signaling and cancer
biology [10]. A20, one of the most extensively
studied, functions as both a tumor suppressor and
oncogene depending on the cancer type. In HCC,

A20 primarily  exhibits  tumor-suppressive
properties by negatively regulating NF-kB
signaling [11]. OTUB1 stabilizes oncogenic

proteins like p53 and FOXM1, promoting tumor
growth, while OTUB2 supports cancer progression
through the stabilization of E3 ligases and
suppression of tumor-suppressive pathways [12-
14]. OTULIN, a key regulator of linear ubiquitin
chain assembly, is involved in maintaining immune
homeostasis and preventing inflammation, with its
dysregulation linked to tumorigenesis [15].
Cezanne is implicated in the degradation of NF-kB

pathway components, exhibiting tumor-
suppressive properties in various cancers [16].
Similarly, OTUD6B is associated with

transcriptional regulation and long non-coding
(Inc)RNA-mediated oncogenesis in HCC [17].
This study aims to address the gap in OTU
DUBs characterization by investigating their
expression, interaction networks, and prognostic
significance in HCC. By integrating differential
gene expression analysis, protein-protein
interaction (PPI) networks, and survival data, we
aim to elucidate their potential as diagnostic and
prognostic markers, as well as therapeutic targets.

2 MATERIALS AND METHODS
2.1 Selection of Microarray Datasets

The keyword ‘hepatocellular carcinoma’ was used
to search the Gene Expression Omnibus (GEO)
database (https://www.ncbi.nlm.nih.gov/geo). The
search was restricted to datasets derived from
Homo sapiens, focusing on expression profiling by
array and tissue samples. The inclusion criteria
were as follows: (1) datasets must contain
matched pairs of HCC and adjacent noncancerous
tissue samples to ensure comparability and
minimize inter-sample variability; and (2) datasets
must consist of MRNA expression profiles, as
these are essential for identifying transcriptional
changes associated with HCC.

2.2 Gene Expression Analysis

Differential gene expression between HCC and
adjacent noncancerous tissues was analyzed
using GEO2R [18], an online tool designed for
analyzing gene expression data in the GEO
database. The Benjamini-Hochberg false
discovery rate method was applied to control for
multiple testing. Genes with a log fold change
(logFC) > 2.0 and an adjusted (adj.) P-value < 0.05
were considered differentially  expressed.
Overlapping differentially expressed genes
(DEGs) across datasets were identified using a
Venn diagram analysis tool from Bioinformatics &
Evolutionary Genomics
(http://bicinformatics.psb.ugent.be/webtools/Venn
[). Expression data for OTU DUBs from the
GEOZ2R analysis were extracted and tabulated in
Microsoft Excel, regardless of whether they met
the differential expression criteria.

2.3 Construction of PPl Network and Cluster
Analysis

Interactions between DEGs and OTU DUBs were
retrieved from the Search Tool for the Retrieval of
Interacting Genes (STRING) database using a
confidence score threshold > 0.7, ensuring high
confidence interactions [19]. The PPI network was
visualized and analyzed using Cytoscape v3.8.2
[20]. Key genes were identified based on node
degree, which quantifies the number of
connections a gene has within the network,
reflecting its centrality and potential regulatory
importance. Highly connected clusters within the
network were identified using the Molecular
Complex Detection (MCODE) plug-in, which
prioritizes clusters based on their density of
interactions, providing insights into potential
protein complexes or pathway components [21].
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2.4 Assessing DEGs and DUBs Prognostic
Value

Kaplan-Meier (KM) plotter
(https://kmplot.com/analysis/) was employed to
evaluate the prognostic significance of key genes
and selected OTU DUBs in HCC [22]. Data from
364 patients in The Cancer Genome Atlas (TCGA)
database were used for this analysis, with survival
differences assessed using the log-rank test (P-
value < 0.05 considered significant) [23]. Genetic
alterations in these genes were further analyzed
using clinical data from 369 patients in the TCGA
PanCancer Atlas, accessed via the c-BioPortal
platform (https://www.cbioportal.org/) [24].

3 RESULTS

3.1 Dataset Selection and Gene Expression
Analysis

A search in the GEO database conducted in April
2021 yields 40,241 entries related to HCC. Of
these, 22 datasets meet the inclusion criteria and
are selected for further investigation: GSE166163,
GSE101728, GSE84402, GSE84598, GSE76297,
GSE84005, GSE76427, GSE64041, GSE57957,
GSE39791, GSE46408, GSE33006, GSE31370,
GSE36376, GSE25097, GSE29722, GSE14520,
GSE19665, GSE65372, GSE60502, GSE12941
and GSE22058. After applying the GEO2R for
differential expression analysis, two datasets
(GSE166163 and GSE33006) are excluded as
they did not yield genes meeting the differential
expression criteria. From the remaining 20
datasets, a pattern of overlapping DEGs is
observed. DEGs present in at least six datasets
are prioritized, resulting in a compilation of 260
DEGs, consisting of 185 downregulated and 75
upregulated genes. The selection ensures robust
identification of genes relevant to HCC. These
results align with previously reported datasets [25],
supporting the study’s methodologies and
reinforcing the consistency of observed DEGs.

3.2 Expression of OTU DUBs

Expression profiles for 16 members are extracted
and only OTULIN meets the cut-off, showing
significant downregulation with logFC=3.31 and

adj. P-value=0.01. Nevertheless, OTUBT
(logFC=1.89, adj. P-value=1.92x10°), OTUB2
(logFC=1.91, adj. P-value=1.71x10%?) and

OTUDG6B (logFC=1.43, adj. P-value=0.06) exhibit
near-threshold upregulation and are included for

further analysis due to their potential biological
relevance.

3.3 PPI Network Analysis

The analysis of interactions between 185
downregulated DEGs, 75 upregulated DEGs, and
four selected OTU DUBs generates a PPI network
comprising 259 nodes and 1,429 edges. Within
this network, 79 isolated nodes, including OTULIN,
9 upregulated and 70 downregulated DEGs, are
identified as non-interacting (Figure 1). A notable
feature of the network is a dense hub comprising
48 upregulated nodes and 1,079 edges. Among
these, CDC20 emerges as the node with the
highest degree, followed by CCNA2, BUBH1,
CDK1, TOP2A, and other key regulators such as
CENPF, KIF20A, AURKA, DLGAP5, CDCAS,
TPX2, CCNB2, RRM2, ASPM, TTK, KIF23, PBK,
and MELK, each engaging with over 50 partners.
OTUB1 is directly connected to both the
upregulated FOXM1, a critical component of the
dense hub, and the downregulated Era (ESR1),
located outside the hub. Similarly, OTUB2 is also
connected to ERa and indirectly linked to the
dense hub through this interaction, indicating its
potential regulatory influence on the network.
Further analysis using the MCODE plugin
identifies six densely connected clusters
representing potential protein complexes and
pathway components. However, none of these
clusters include the selected OTU DUBs, and the
data are not shown as they do not involve the
proteins of interest.

3.4 Survival and Genetic Alteration Analysis

Kaplan-Meier (KM) survival analysis evaluates the
prognostic significance of selected genes using
data from 364 HCC patients in the TCGA
database. Survival analysis is performed for
overall survival (OS), which measures the time
from diagnosis to death or censoring, defined as
the last follow-up date for patients still alive. The
overall cumulative survival rate in these plots
spans up to 120 months (10 years), with events
including death due to any cause. Figure 2
demonstrates that patients in the high expression
group for the top five key DEGs (CDC20, CCNA2,
BUB1, CDK1, and TOP2A) exhibit significantly
reduced overall survival compared to those in the
low-expression group for these genes (all log-rank
P-value < 0.05).
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Figure 1. PPI network depicting the interactions among the DEGs and four selected OTU DUBs. Green
nodes stand in for downregulated DEGs, red nodes for upregulated DEGs, and yellow nodes for the
selected OTU DUBs
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Figure 2. KM survival curves illustrating that the high expression group is associated with worse overall
survival compared to the low expression group for (a) CDC20, (b) CCNA2, (c) BUB1, (d) CDK1 and (e)
TOP2A
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Figure 3. KM survival curves illustrating that the high expression group is associated with worse overall
survival compared to the low expression group for (a) OTUBT and (b) OTUB2. In contrast, the survival
curves demonstrate no significant differences between high and low expression group for (c) OTUD6B

and (d) FAM105B/0OTULIN
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Figure 4. The most frequently altered genes in HCC sample are OTUD6B (8%), followed by TOP2A
(2%), CCNA2 (1.7%), OTULIN (1.4%), BUB1 (1.1%), OTUB1 (1.1%), OTUB2 (0.8%), CDK1 (0.6%) and

CDC20 (0.3%)

Similarly, patients in the high-expression group for
OTUB1 and OTUBZ2 demonstrate a worse overall
prognosis, reflected by shorter overall survival (all
log-rank P-value < 0.05). In contrast, no
statistically significant differences in overall
survival were observed between high- and low-
expression groups for OTUD6B and OTULIN (also
known as FAM105B) (all log-rank P-value > 0.05)
(Figure 3). Additionally, genetic alterations in the
PPl network and selected OTU DUBs are
analyzed using clinical data from 369 patients in
the TCGA PanCancer Atlas via the cBioPortal
platform. The overall genetic alteration rate was
identified as 15.71%, with OTUD6B exhibited the
highest alteration frequency at 8%, followed by
TOP2A at 2% and CCNA2 at 1.7% (Figure 4).
These findings highlight the potential genetic
instability associated with key DEGs and OTU
DUBs in HCC, emphasizing their relevance in
tumor progression and prognostic evaluation.

4 DISCUSSION
4.1 Expression of OTU DUBs in Cancer

Overall, the expression levels of OTU DUBs are
generally low in HCC, as indicated by their
relatively modest logFC values. This observation

may reflect their regulatory roles rather than
primary involvement in direct gene expression
changes. As members of the OTU DUB family,
they  primarily  regulate  post-translational
modifications, which influences protein stability
and signaling cascades rather than directly
impacting transcriptional activity. This is consistent
with the roles of many DUBs, which act as
modulators rather than primary drivers of gene
expression. Despite these modest logFC values,
the functional significance of OTUB1 and OTUB2
is evident from their associations with key
regulators like FOXM1 and ERa in the PPI network
and their correlation with poor overall survival, as

revealed by KM analysis. These findings
underscore the importance of focusing on
functional impacts rather than expression

magnitude when evaluating DUBs as therapeutic
targets in HCC [26].

4.2 Role of OTULIN, OTUBs and OTUDG6B in
HCC

OTULIN emerges as the only OTU DUB meeting
differential expression criteria, with significant
downregulation observed in HCC tissues. Known
for its role in regulating linear ubiquitin chains,
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OTULIN functions within the linear ubiquitin
assembly complex (LUBAC) to maintain immune
homeostasis and prevent tumor necrosis factor
(TNF)-induced apoptosis [15]. Its downregulation
in HCC suggests a loss of protective mechanisms,
potentially  exacerbating inflammation and
tumorigenesis. Despite its biological importance,
OTULIN appears as an isolated node in the PPI
network, reflecting the limited understanding of its
molecular interactions in liver cancer. Future
studies should focus on proteomic profiling and
experimental validation to clarify OTULIN’s role in
HCC pathogenesis.

Although OTUB1 and OTUB2 fail to meet strict
DEG criteria, their near-threshold upregulation and
connections in the PPI network underscore their
functional relevance in HCC. OTUB1 directly
connects to FOXM1, a key oncogenic transcription
factor in the PPI network, implicating its role in
driving cell cycle regulation and tumor
proliferation. FOXM1 is a known oncogenic driver
in HCC, controlling downstream effectors such as
KIF4A and miR-34a [27,28]. In addition to FOXM1,
OTUB1 also connects to ERa, a transcription
factor known to suppress oncogenic pathways,
including Wnt/B-catenin and YAP signaling
[29,30]. This dual connection highlights OTUB1’s
potential role in stabilizing both oncogenic and
tumor-suppressive regulators within the HCC
interactome, adding complexity to its role in cancer
progression. Similarly, OTUB2 interacts with ERa
and indirectly links to the dense hub through this
interaction. While the reduced expression of ESR1
in HCC likely diminishes its tumor-suppressive
effects, OTUB2'’s stabilization of proteins such as
PJA1 may counteract this by promoting metastasis
and proliferation [14]. These interactions position
OTUB1 and OTUB2 as critical modulators within
both oncogenic and tumor-suppressive signaling
cascades, reinforcing their candidacy for targeted
therapy.

The marginal upregulation of OTUDG6B, paired
with its high alteration frequency (8%), suggests a
significant role in HCC. Elevated levels of
OTUD6B-AS1, a tumor-associated IncRNA, are
associated with poor patient outcomes, implicating
OTUD6B in the regulation of transcriptional
networks that promote proliferation and
invasiveness [17]. Although the exact molecular
mechanisms remain unclear, its link to apoptotic
and growth pathways warrants further exploration.
Targeting IncRNA-regulated networks may offer
novel therapeutic opportunities.

4.3 Diagnostic, Prognostic and Therapeutic
Potential of OTUB1 and OTUB2

The diagnostic utility of OTUB1 and OTUB2 in
HCC is limited by their low logFC values, making
them less effective as standalone biomarkers.
However, their inclusion in multi-marker panels
alongside established diagnostic markers like AFP
or glypican-3 could enhance diagnostic sensitivity
and specificity, particularly in distinguishing HCC
from non-cancerous liver conditions.
Prognostically, their significant association with
poor overall survival supports their use in
predicting patient outcomes and stratifying
patients for clinical trials. Therapeutically, OTUB1
and OTUB2 represent promising targets due to
their pivotal roles in stabilizing key oncogenic
regulators, including FOXM1 and ERa. By
targeting these interactions, novel inhibitors could
disrupt the signaling pathways that drive tumor
proliferation and metastasis. Furthermore,
combining such inhibitors with existing treatments,
such as immune checkpoint inhibitors or
molecularly targeted therapies, may result in
synergistic effects, improving overall treatment
efficacy. Thus, OTUB1 and OTUB2 emerge as
multifaceted targets in HCC, offering promise in
diagnostics, prognostics, and therapeutic
interventions.

4.4 Future Directions

While this study highlights the relevance of OTU
DUBs in HCC, it also highlights the need for further
research. The reliance on transcriptomic and
STRING-based interaction data limits the
contextual specificity of findings. Advanced
techniques such as single-cell RNA sequencing,
spatial transcriptomics, and co-
immunoprecipitation assays are essential to
uncover cell-type-specific and interaction-specific
roles of OTU DUBs. Furthermore, exploring the
regulatory roles of IncRNAs, particularly those
associated with OTU DUBs, may uncover novel
mechanisms driving liver cancer progression.

5 CONCLUSION

This study successfully met its main and specific
objectives through comprehensive bioinformatics
analyses. Key genes such as CDC20, CCNA2,
CDK1, BUB1, and TOP2A were identified,
supporting our existing understanding of the
molecular  mechanisms underlying HCC
development and progression.
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The study also shed light on the role of OTU
DUBs, specifically OTUB1, OTUD6B, and
OTULIN, in the diagnosis, prognosis, and potential
treatment of HCC. The relatively low logFC values
of these genes pose challenges for using them as
reliable standalone markers but in the PPI
network, OTUB1 and OTUB2 are strategically
positioned to modulate the HCC interactome
through their interactions with FOXM1 and ERa,
suggesting their potential in therapeutic
interventions. The current study highlights the
need for further research on OTU DUBs,
particularly  given their ~ promising  yet
underexplored role in HCC. The upregulation of
OTUB1, OTUB2, and OTUDG6B, along with the
downregulation of OTULIN, merits deeper
investigation to unravel the complex molecular
mechanisms of HCC.
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Abbreviations / Gene Symbols

A20: TNF alpha-induced protein 3 (TNFAIP3)
ASPM: Assembly factor for spindle microtubules
AURKA: Aurora kinase A

BUB1: Mitotic checkpoint serine/threonine-protein
kinase BUB1

CCNA2: Cyclin-A2

CCNB2: Cyclin-B2

CDC20: Cell division cycle 20

CDCAB8: Cell division cycle associated 8

CDK1: Cyclin-dependent kinase 1

CENPF: Centromere protein F

DLGAPS5: Disks large-associated protein 5

ESR1: Estrogen receptor 1

FOXM1: Forkhead box protein M1

GAS6-AS2: GAS6 antisense RNA 2

KIF: Kinesin family member

MELK: Maternal embryonic leucine zipper kinase
NF-kB: Nuclear factor-kappa B

OTUB1: OTU deubiquitinase B1

OTUB2: OTU deubiquitinase B2

OTUDG6B: OTU domain-containing protein 6B
OTUD7B: OTU domain-containing protein 6B
OTULIN: OTU domain-containing deubiquitinase
with linear linkage specificity

p53: Tumor protein p53

PBK: PDZ-binding kinase

PJA1: Praja ring finger ubiquitin ligase 1RIPK:
Receptor-interacting serine/threonine-protein

kinase
RRM2: Ribonucleoside reductase regulatory
subunit M2

TNF: Tumor necrosis factor

TOP2A: DNA topoisomerase 2-alpha
TPX2: TPX2 microtubule nucleation factor
TTK: TTK protein kinase

Whnt: Wingless-related integration site
YAP: Yes-associated protein
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