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ABSTRACT

Recently, immunotherapy has been a key therapeutic strategy for cancer. Deubiquitinating enzymes
(DUBs), which are protein-modifying enzymes, have a crucial role in the pathogenesis of cancer,
autoimmune diseases, and inflammation. DUBs influence the tumor immune microenvironment by
regulating immune cell functions and key signaling pathways. Thus, the potential applications of
DUBs in immunotherapy have piqued the interest of the scientific community. This study performed
bibliometric analysis to comprehensively examine the research hotspots and trends in this field,
providing theoretical foundations and guidance for future research. Studies associated with DUBs
and immunotherapy conducted over a decade (2014 to 2024) were searched and extracted from
Web of Science Collection database. The analysis was performed using CiteSpace, VOSviewer, and
the Bibliometrix package in R software. Visualizations were generated for countries, institutions,
authors, journals, references, and keyword co-occurrences. In total, 321 articles related to DUBs and
immunotherapy were retrieved. The number of publications increased markedly since 2020. China
had the highest number of publications, while the United States exerted the most influence in this
field. Zhang Jinfang was the most influential author in this field. Zhejiang University was the
institution with the highest number of publications. Nature was the most cited journal (807 total
citations). Keyword analysis revealed that the primary research hotspots were expression, immu-
notherapy, ubiquitination, degradation, and cancer. This bibliometric analysis revealed the research
trends and emerging frontiers in DUBs and immunotherapy, offering novel strategies for the
application of DUBs in immunotherapy.
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Introduction

The ubiquitin-proteasome system (USP) serves as
a fundamental regulatory mechanism for intracellular protein
turnover, regulating both protein degradation and transport.
This pathway comprises ubiquitin (Ub), ubiquitin-activating
enzyme (E1), ubiquitin-conjugating enzyme (E2), ubiquitin
ligase (E3), and the proteasome.' Ubiquitin, which is a small
protein with 76 amino acids, is primarily utilized to label
proteins for degradation.” The E1 enzyme activates ubiquitin
to form ubiquitin adenylate. Meanwhile, the E2 enzyme trans-
fers the activated ubiquitin to the E3 enzyme, which recognizes
and binds the target protein for its ubiquitination.’ In addition
to facilitating protein degradation, ubiquitination modulates
the activity and localization of proteins, maintaining intracel-
lular protein homeostasis.”

Deubiquitinating enzymes (DUBs) are critical regulators of
the USP that reverse ubiquitination by removing ubiquitin

moieties from target proteins.” The balance between ubiquiti-
nation and deubiquitination is crucial for cellular processes
such as cell cycle progression, DNA repair, transcriptional
regulation, and immune signaling.® Recent studies have
reported that DUBs are involved in shaping the tumor
immune microenvironment (TIME) and regulating key
immune processes, such as antigen presentation, immune
checkpoint pathways, and inflammatory responses.”
Additionally, DUBs influence T-cell activation, macrophage
polarization, and regulatory T-cell function, contributing to
immune suppression or activation. Thus, targeting specific
DUBs is a potential strategy to enhance anti-tumor immune
response and improve immunotherapy efficacy.

Recent studies have identified specific DUBs that regulate
immune responses through distinct molecular mechanisms. For
example, USP7, CYLD, and A20 regulate T-cell activation,
inflammation, and tumor immune escape through the modula-
tion of NF-kB signaling and antigen presentation.® Meanwhile,
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USP22 stabilizes programmed cell death ligand 1 (PD-L1) to
promote tumor immune evasion (Yanyan.” PD-L1, which is
expressed on the tumor cell surface, binds to programmed cell
death protein 1 (PD-1) on T cells, leading to T-cell exhaustion
and immune suppression and the evasion of immune surveil-
lance by tumor cells. USP4 modulates tumor growth factor
TGEF-B signaling to regulate immunosuppressive pathways in
the tumor microenvironment.'” Moreover, studies suggest that
targeting USP15 could provide a novel therapeutic strategy for
autoimmune diseases by inhibiting the excessive production of
interferons and pro-inflammatory cytokines."' Together, these
findings demonstrate the diverse roles of DUBs in shaping
immune responses, revealing their potential as targets to
enhance the efficacy of immunotherapies.

However, a comprehensive analysis of research trends, key
contributors, and emerging hotspots in this field has not been
performed. Traditional articles provide valuable insights but
are often limited by their qualitative nature and inherent sub-
jectivity. In contrast, bibliometric analysis offers a robust, data-
driven approach to systematically map the research landscape,
identify influential studies, and track evolving trends at the
intersection of DUBs and immunotherapy.'” To the best of our
knowledge, no bibliometric studies have systematically
explored the relationship between DUBs and immunotherapy.
This study performed bibliometric analysis to systematically
evaluate research on DUBs and immunotherapy in the last
decade. This approach provided a comprehensive overview
of the field and enhanced our understanding of the role of

DUBs in immunotherapy, offering valuable insights for future
research directions and therapeutic strategies.

Materials and methods
Search strategy

Web of Science, an academic literature database platform
offered by Clarivate Analytics, Inc., encompasses information
across the hard sciences, social sciences, arts, and humanities.
This database, which is globally recognized as an independent
citation database that offers citation indexing, bibliometric
analysis, and other functionalities, is widely used in academic
research and scientific evaluation."? The literature for this
study was sourced from the Web of Science Core Collection
database. The search formula was as follows: TS = ((“USP” OR
“DUBs” OR “Deubiquitinase” OR “Deubiquitinases” OR
“Ubiquitination” OR “Deubiquitination” OR “Ubiquitin-
Proteasome System”) AND (“Immunotherapy”)). The search
was conducted on May 3, 2024, to ensure the timeliness of the
data. The search period was defined as April 30, 2014, to
April 30, 2024; In total, 326 articles were retrieved.

Data filtering processing

During the literature screening process, we followed the cri-
teria outlined below: only studies focusing on DUBs and
immunotherapy were included, the studies had to be published
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in English, and the article types were restricted to research
articles and reviews. Figure 1 illustrates the specific process
used to search for the articles. In total, 321 publications were
included in the bibliometric analysis, comprising 254 research
articles and 67 reviews. CiteSpace exports a plain text file,
while VOSviewer exports a tab-separated file that includes
details, such as the title, author, keywords, institution, country,
journal of publication, references, and citation counts.

Bibliometric data analysis

The exported data were imported into CiteSpace (6.3.R1),
VOSviewer (1.6.18), Microsoft Office Excel (2021), and
R software (4.4.0) using the Bibliometrix package for biblio-
metric analysis.

CiteSpace is an analytical software that integrates scientific
analysis and visualization for the processing and display of
bibliometric data."* This study used CiteSpace to visualize
research hotspots related to DUBs and immunotherapy, fore-
cast emerging research frontiers, and analyze keyword co-
occurrence and keyword citation bursts. The time slices were
set from April 2014 to April 2024, with each slice representing
one year. Text processing was conducted using “Title,”
“Abstract,” “Author Keywords,” and “Keyword Plus.” The
node type and link strength were set to default values. For
node filtering, the g-index was used with K set to 15.

VOSviewer efficiently handles large-scale data, visualizing
citation and collaborative relationships through network dia-
grams comprising nodes and connections."” Each node repre-
sents a document, author, organization, or keyword with the
node size corresponding to its frequency. The connecting lines
represent the relationships between nodes with line thickness
indicating the strength of these connections. Different colors
are used to denote various research areas. This study used
VOSviewer to analyze research institutions, reference co-
citation, journal co-citation, and keyword co-occurrence.

The Bibliometrix package in R was used to extract and
quantify the annual publication output and citation trends in
this field. The extracted time-series data were further pro-
cessed in Microsoft Office Excel (2021) to generate visual
representations of publication trends, providing a clear and
intuitive depiction of the research trajectory in the last decade.

Results
Analysis of publication volume

Based on the search criteria, this study identified 321 publica-
tions related to DUBs and immunotherapy published in the
last 10 years. The annual publication count serves as a crucial
indicator of the research field’s pace and emerging trends.'®
The research can be categorized into the following three stages
based on the number of publications: the “initial stage,” the
“exponential growth stage,” and the “mature growth stage.”
From 2014 to 2017, the number of published articles remained
relatively stable. During this period, research on deubiquitinat-
ing enzymes and immunotherapy was in its nascent stage,
beginning to attract attention. From 2017 to 2019, a surge in
publications occurred as researchers delved deeply into the
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field. Despite a slight decline in 2019, publication numbers
subsequently increased rapidly. From 2020 to 2023, the
research field experienced explosive growth, culminating in
2023 with over three times the number of publications com-
pared to the initial phase. The number of citations has been
increasing, particularly in 2023, which saw a peak in both the
volume of publications and citations (Figure 1(b)). During this
period, research hotspots and cutting-edge topics related to
DUBs and immunotherapy piqued the interest of the scientific
community, attracting numerous researchers and yielding
novel findings. Based on current trends, the number of pub-
lications is expected to increase in this research area.

Analysis of interstate relations

VOSviewer and SCImago were used to generate a map of inter-
country cooperation relationships (Figure 1(c)). Each line on
the map represents the cooperation relationship between
countries, with the line thickness indicating the frequency of
collaboration. China and the United States had the closest
cooperation relationship. As shown in Table 1, China, the
United States, South Korea, Italy, and France were the top
five ranked countries according to the number of publications.
Among these, China was ranked first with a total of 251 pub-
lications. “Centrality” is a metric commonly used to evaluate
the importance and influence of a node within a network."”
Although China ranked first in terms of the number of pub-
lications, the United States exhibited the highest degree of
centrality. These findings indicate that although China pub-
lishes the highest number of research papers and is involved in
numerous research projects within the field, the United States
plays a pivotal role in bridging gaps in international research
collaborations. The United States exhibited a strong cross-
disciplinary and cross-border influence, which effectively facil-
itates linkages and collaborations between diverse research
groups.

Analysis of author and research institutions

In the bibliometric analysis of author influence in the field of
DUBs and immunotherapy, citation count is one of the key
indicators of academic contribution. Analysis using
VOSviewer revealed that Zhang Jinfang was the most influen-
tial author in this field (743 citations), followed by Wei Wenyi
(701 citations) and Sun Shaocong (340 citations) (Table 2).
Studies by Zhang Jinfang and Wei Wenyi had the most sig-
nificant impact on the field of DUBs and immunotherapy
research. The high citation counts of studies by these authors
reflect their substantial academic contribution and standing in
the field.

Table 1. Top 5 countries with the highest output in DUBs and immunotherapy
research.

Rank Country Count Centrality
1 China 251 0.28
2 USA 84 0.41
3 South Korea 8 0.00
4 Italy 7 0.18
5 France 7 0.07
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Table 2. The top 5 most influential authors in DUBs and immunotherapy.

Rank Author Citations Documents H
1 Zhang jinfang 743 5 36
2 Wei wenyi 701 4 73
3 Sun shaocong 340 6 66
4 Liu lu 193 4 5
5 Bai xueli 108 4 43
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Figure 2. Analysis of research institutions (a): Visualization of research institutions (b): Visualization of overlays over time in research institutions (c): top 10 institutions
with the strongest citation bursts (d): the visualization of co-cited references (e): top 15 references with the strongest citation bursts.

Based on VOSviewer analysis of research institutions
(Figure 2(a)), a criterion of at least five publications per insti-
tution was established. In total, 530 institutions satisfied this
criterion. The institutions with the highest number of publica-
tions were Zhejiang University, Shanghai Jiao Tong
University, the Chinese Academy of Sciences, Sun Yat-sen
University, and China Medical University. The substantial

output of these institutions in the field of DUBs and immu-
notherapy research highlights their scientific strength and
research focus, contributing significantly to advancements in
this area. A superimposed visualization of institutional con-
tributions over time is presented in Figure 2(b). Recently,
Shandong University, Tianjin University, and Central South
University have initiated research on DUBs and



immunotherapy. This trend indicates the growing importance
and appeal of this research area, as well as the diversification of
research perspectives and methodologies, reflecting the
strengthening of scientific research across various regions of
China. As shown in Figure 2(c), studies from the University of
Texas, the University of Texas M. D. Anderson Cancer Center,
and the Supreme Council for Scientific Research (CSIC) were
the most frequently cited. Most of these institutions are based
in Europe and the United States, while most publications are
from China. In contrast, European and American institutions
excel in quality and impact, highlighting the complementary
nature and collaborative efforts of different regions in produ-
cing research output.

Analysis of co-cited references and citation bursts

In the last 10 years 18,272 co-citations related to research on
DUBs and immunotherapy were identified. This study selected
studies with a co-citation count of > 20 for mapping. As shown
in Figure 2(d), 19 studies satisfied this criterion. Lim et al.,'®,
Zhang'®, Burr®’, and Mezzadra®' exhibited a close co-citation
relationship. The top 15 citation bursts are highlighted in
Figure 2(f). The strongest citation burst occurred in 2018 for
the article titled “Deubiquitination and Stabilization of PD-L1
by CSN5” (burst strength = 7.37). The article, which was pub-
lished by Seung-Oe Lim in the journal Cancer Cell, demon-
strated that CSN5 can enhance the effectiveness of
immunotherapy by decreasing the ubiquitination of PD-L1
and stabilizing its protein structure. In particular, CSN5 inhib-
ited the ubiquitination of PD-L1 and enhanced its stability on
the surface of tumor cells. This may result in the overexpres-
sion of PD-L1, impairing immune cell activation and hinder-
ing tumor immune progression. Additionally, CSN5
intervention influenced the effectiveness of anti-CTLA4
immunotherapy by enhancing the function of anti-tumor
T cells and suppressing tumor growth. This article has been
extensively cited due to its significance and impact, revealing
the crucial role of CSN5 in regulating PD-L1 stability and its
implications for immunotherapy.'® Thus, DUBs may play
a critical role in tumor immunotherapy response by modulat-
ing the ubiquitination status of PD-L1. This modulation
potentially impacts the effectiveness of immune checkpoint
inhibitors and influences the prognosis of patients with cancer.
This article is also among the most frequently cited articles
overall.

Analysis of journal and co-cited journal

Studies related to DUBs and immunotherapy were published
in 158 journals and 1,923 co-cited journals. The journal with
the highest number of articles was Nature Communications (14
articles), followed by Journal for ImmunoTherapy of Cancer
(13 articles) and Frontiers in Immunology (12 articles). Table 3
lists the top 10 co-cited journals, among which three have been
cited more than 500 times each. Nature was the most cited
journal (total citations=807), followed by Nature
Communications (total citations =577) and Cancer Research
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Table 3. Top 10 co-cited journal related to DUBs and immunotherapy.

Sources Total citations Centrality IF

NATURE 807 0.01 50.5
NAT COMMUN 577 0.06 14.7
CANCER RES 522 0.06 125
CELL 490 0.02 455
P NATL ACAD SCI USA 475 0.02 9.4
J BIOL CHEM 419 0.03 4.0
SCIENCE 384 0.03 447
IMMUNITY 342 0.01 255
J IMMUNOL 332 0.04 3.6
MOL CELL 322 0.03 14.5

(total citations = 522). The journals were clustered and ana-
lyzed using VOSviewer. These journals can be broadly cate-
gorized into three groups (Figure 3(a)).

The blue cluster predominantly comprised Nature, The
Journal of Biological Chemistry, Cell, PLoS ONE, Proceedings
of the National Academy of Sciences USA, and Molecular Cell.
These high-impact journals publish research that garners sig-
nificant attention and discussion within the academic commu-
nity. Additionally, these journals often encompass various
subject areas, such as cell biology and molecular biology, and
publish studies with high citation frequency and impact
factors.

The red cluster primarily comprised Cancer Research, New
England Journal of Medicine, Clinical Cancer Research, Cancer
Cell, Journal of Clinical Oncology, and Blood. These journals
publish specialized studies in particular research areas, such as
cancer research and clinical medicine. Additionally, these jour-
nals typically publish research findings that hold substantial
academic significance and impact within their respective fields,
playing a crucial role in advancing progress in these areas.

The green cluster primarily comprised Nature
Communications, Immunity, Journal of Immunology, Journal
of Experimental Medicine, Nature Reviews Immunology,
Nature Medicine, and Frontiers in Immunology. These journals
specifically publish studies in the fields of immunology and
immunological studies. Immunology explores the structure
and function of the immune system, as well as its role in
disease development and treatment. The findings published
in these journals within this field exhibit significant impact and
citation rates.

Analysis of research hotspots and frontiers

Keywords represent the core concepts of the literature’s
subject matter, significant terms within the field, or essential
elements of the research. Analysis of keywords can reveal
research hotspots and development trends, aiding research-
ers to understand the dynamics of the field.”> As shown in
Figure 3(b-c), CiteSpace and VOSviewer analysis revealed
that the terms “expression,” “immunotherapy,” “ubiquitina-
tion,” “degradation,” and “cancer” were the most frequently
reported keywords. VOSviewer keyword clustering analysis
(Figure 3(c)) revealed that “immunotherapy,” “expression,”
and “ubiquitination” were among the keywords that
occurred at least 10 times. “cancer” and “PD-L1” were also
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with the strongest citation bursts. (f): Mechanisms of deubiquitinating enzymes and their application in immunotherapy.

frequently reported keywords, suggesting that these topics
are key areas of interest and research hotspots in the field.
As shown in Figure 3(d), “PD-1,” “prognosis,” “metastasis,”
and “inhibitor” are the current research hotspots. Figure 3(e)
illustrates the 17 keywords with the strongest citation bursts.
The keyword “Dendritic cells” had the longest citation burst
duration, extending from 2016 to 2021. This suggests the
sustained significance and ongoing research enthusiasm sur-
rounding dendritic cells in this field of study. The keyword
“deubiquitinating enzymes” had the second longest citation
burst duration, with a notable surge from 2016 to 2020,
indicating a significant impact of DUBs on immunotherapy
research. Recently, the number of studies on tumor suppres-
sors, regulatory T cells, kinases, and immune checkpoint

blockade has markedly increased. This trend indicates
a growing interest among researchers in applying DUB
inhibitors to immunotherapy.

Discussion
General information

This study performed bibliometric analysis to systematically elu-
cidate the research trends of DUBs in immunotherapy from 2014
to 2024. Since 2018, the number of publications and citations has
markedly increased in this field, reflecting the critical biological
role of DUBs in immunotherapy and highlighting the growing
research interest in this area. Numerous studies have focused on



targeting DUBs to enhance the function of immune cells, such as
T cells and dendritic cells, and consequently improve the efficacy
of anti-tumor immune responses.

An analysis of international collaborations revealed that
China and the United States were among the countries with
the highest publication volume, reflecting the growing interest
in examining the role of DUBs in immunotherapy in these
countries. However, the research approaches in China and the
United States varied. The United States has facilitated the
clinical translation of DUB inhibitors through extensive inter-
national collaborations, such as partnerships with institutions
in Germany and Australia, integrating interdisciplinary
resources. For example, the clinical trial of the USP7 inhibitor
at MD Anderson Cancer Center (NCT04504096) relied on
international cooperation for preclinical validation, demon-
strating the efficiency of multi-center collaboration.”” In con-
trast, research in China primarily focuses on the exploration of
fundamental mechanisms. For example, the study conducted
by the Tongji Medical College team demonstrated that USP7
inhibitors can enhance the expression of PD-L1 in tumors.**
This finding offers new insights into targeted therapy.
However, this approach lacks international collaboration, lim-
iting the global impact of these research outcomes.

The most frequently co-cited article (Deubiquitination and
Stabilization of PD-L1 by CSN5, published in Cancer Cell) eluci-
dates the critical role of DUBs in promoting tumor immune
evasion through PD-L1 stabilization. This study marks a pivotal
shift in DUB research from fundamental mechanistic investiga-
tions to therapeutic target exploration.'® The emergence timeline
of the keyword “immune checkpoint blockade” closely aligns with
the surge in preclinical combination therapy studies. This trend
reveals the guiding role of fundamental research in clinical trans-
lation and highlights the necessity for further exploration of the
practical applications of DUBs in immunotherapy.

Research hotspots and frontiers

Analysis of burst keywords, high-frequency keywords, and
keyword clustering revealed that the primary research hotspots
in the study of DUBs and immunotherapy are centered on
immunotherapy, DUBs, and the TIME.

Immunotherapy
The concept of immunotherapy was initially developed by
German physicians Wilhelm Busch and Paul Ehrlich during
the late 19th century. Paul Ehrlich’s concept of utilizing ser-
otherapy and immunotherapy to combat disease is considered
a major early contribution to immunomodulatory therapy.
Additionally, the concept of immunotherapy was explored by
the German physician Otto Wolff in his 1886 paper titled “The
Serum Therapy in the Diphtheria Morbid Process.”*> These
early studies established the foundation for the development of
immunotherapy and have significant implications for contem-
porary research in this field. Currently, immunotherapy, an
emerging therapeutic modality, has achieved substantial
advancements in the treatment of tumors.

The mechanisms of immunotherapy in tumor treatment
involve two primary aspects:
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First, the immune system is activated, enhancing the body’s
ability to recognize and target tumor cells. Second, a mechanism is
activated to prevent tumor cells from evading immune
responses.”® The primary strategies for activating the immune
system involve enhancing the function of immune cells, such as
T cells and natural killer (NK) cells, to improve their ability to
recognize and target tumor cells.”””® The immune escape
mechanism of tumor cells is inhibited using immune checkpoint
inhibitors, such as CTLA-4 and PD-1 inhibitors, preventing the
tumor cells from evading T-cell-mediated immune response.
Additionally, strategies, such as tumor vaccines and CAR-
T-cell therapies are utilized to enhance the immune system’s
ability to attack, as well as to restore the activity of immune cells,
enabling them to target tumor cells.”” These mechanisms syner-
gistically function to inhibit the immune escape capabilities of
tumor cells and enhance the immune system’s capacity to
recognize and target tumor cells.

DUBs and the TIME
The roles of DUBs in various pathophysiological processes
have been extensively studied. In addition to tumor immune
escape, DUBs are associated with the TIME, regulating the
immune response. In the tumor microenvironment, the anti-
tumor immune response is crucial for tumor suppression. USP
is considered a novel immunotherapeutic target for cancer.’*”!
To further illustrate this concept, Xing Huang et al. demon-
strated that USP22 inhibitors suppress hepatocellular carci-
noma growth through an immune mechanism. These
inhibitors directly bind to the C-terminus of CD274, induce
ubiquitination, upregulate CD274-targeted immunotherapeu-
tic response, and enhance anti-tumor efficacy.’” Additionally,
Ren et al. demonstrated that the pharmacological targeting of
OTUB2 promotes PD-L1 degradation, increasing the sensitiv-
ity of tumor cells to T cells. This finding indicates that OTUB2
is a viable immunotherapeutic target for cancer, providing
a foundation for establishing DUB-targeted immunotherapy.>
DUBs have not only been confirmed to play an important
regulatory role in cancer immunotherapy, but also been found
to be closely related to the pathological mechanism of auto-
immune diseases. Niraj Parihar et al. reported that DUBs and
E3 ligases specifically cleave target proteins and regulate their
activity and expression. Additionally, DUBs and E3 ligases
modulate the progression of autoimmune diseases through
a reversible process involving ubiquitination and
deubiquitina‘[ion.34 As a leading area in medical research, the
integration of modern technology with the study of DUBs,
alongside the application of targeted therapies to address
immune system dysregulation, not only advances the treat-
ment of TIME but also significantly contributes to the manage-
ment of autoimmune diseases.

Future directions

This study used a bibliometric analysis to explore the mechan-
isms of DUBs (Figure 3(f)) and their applications in immu-
notherapy (Table 4), revealing significant research potential in
areas, such as drug development, tumor biomarkers, the
TIME, and autoimmune diseases.
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Table 4. Application and research of DUBS and immunotherapy.

Diseases Mechanisms and research DUBs References
lung cancer Inhibiting USP7 boosts PD-L1 expression, synergizing with PD-1 for anti-tumor effects. usp7 10 .7150/thno.47137
lung cancer USP12 downregulation leads to excessive activation of NF-kB, inhibits T cell activation, and promotes USP12 10 .1038/541467-021
tumor growth. -25,032-5
liver cancer PRDM1 boosts USP22 transcription, reducing SPI1 degradation and enhancing PD-L1 transcription. USP22 10 .1038/541467-022
-35,469-x
liver cancer USP32 is linked to cancer signaling and cellular behavior pathways, significantly associated with USP32 10 .1186/512885-023
immune cell infiltration. -11,617-4
Triple negative breast USP15 suppresses PD-L1 transcription, increasing CD8 T cell infiltration and enhancing TNBC USP15 10 .1016/j.
cancer immunotherapy effectiveness. canlet.2024.216764
colorectal cancer Knocking down USP14 decreases IDO1 expression and enhances PD-1 inhibition. USP14 10 .1038/541467-022
-33,285-x
colorectal cancer Upregulating OTUD1 stabilizes FGL1 and inhibits tumor progression. OTUD1 10 .1038/541467-022
-33,285-x
Non small cell lung USP5 interacts directly with PD-L1, enhancing its protein stability. USP5 10 .1038/541419-021
cancer -04,356-6
gastric cancer USP7 inhibitors reduce PD-L1 expression and enhance anti-tumor immunity. USP7 10 .1016/j.
apsb.2020.11.005
Pancreatic cancer Combined application of USP8 inhibitors with anti-PD-L1 therapy suppresses pancreatic tumor growth.  USP8 10 .1038/541418-022
-01,102-z
Breast cancer USP22 inhibits CD73 ubiquitination, reducing tumor growth and metastasis. USP22 PMC9827093
USP5 regulates PD-1 protein deubiquitination to impact its function and efficacy in tumor USP5 10 .1038/541467-023
immunotherapy. -38,605-3
Deubiquitinase ATXN3 as a positive regulator of PD-L1 promotes immune evasion in tumor cells. ATXN3 10 .1172/JC1167728
Inhibiting USP18 may lead to expansion of interferon-induced gene pool, enhancing pyroptosis in USP18 10 .1038/541467-022
cancer cells. -35,348-5
USP44 stabilizes FOXP3, aiding Treg cells in dampening excessive immune responses during USP44 10.15252/
inflammation to maintain immune balance. embr.202050308
USP22 regulates PD-L1 stability via deubiquitination and controls PD-L1 levels through the USP22- USP22 10 .1186/512964-020
CSN5-PD-L1 axis. -00,612-y
OTUB1 interacts with PL-L1’s K48 polyubiquitin chain, preventing its degradation and reducing its OTUB1 10.1038/541418-020
interaction with tumor cells. -00,700-z
Autoimmune diseases Abnormal NF-kB activation in inflammation and autoimmune diseases is linked to A20 deubiquitinase ~ A20 10 .3109/
defects. 08916934.2014.900756
Autoimmune diseases OTUD1 maintains immune homeostasis; loss-of-function mutations enhance immune responses and  OTUD1 10 .1016/j.
correlate with autoimmunity. jaut.2018.07.019

Drug development

DUBs promote PD-1 post-transcriptional modification (PTM)
to regulate the stability of PD-L1.”> DUBs, which modulate the
deubiquitination of PD-L1, enhance the anti-tumor efficacy of
immune cells. PTMs targeting PD-L1 are expected to be a key
focus in drug development. Previous studies have reported
that natural food compounds, small molecule inhibitors, and
monoclonal antibodies that target the PD-L1 PTM exhibit
promising potential for cancer therapy. Thus, agents targeting
the PD-L1 PTM regulatory signaling pathway are potential
novel immunotherapy drugs.’>>® Future research must focus
on enhancing the selectivity and efficacy of DUB inhibitors,
assessing their safety and effectiveness in clinical settings, and
developing personalized immunotherapy.

Tumor biomarkers

A tumor biomarker is a biological characteristic or molecular
indicator used for diagnosing, monitoring, or assessing the
prognosis of a tumor throughout its occurrence, development,
and treatment.’” The responses of patients to DUB inhibitors
are being assessed in clinical studies.” For example, biological
samples relevant to the patients’ pathophysiological findings
were collected and utilized to analyze the levels of biomarkers,
including PD-L1 expression and T-cell infiltration, and to
perform correlation analysis with treatment outcomes.”® The

biomarkers that can accurately predict a patient’s response to
immunotherapy can be identified using this approach. The
discovery and application of biomarkers will represent
a significant research direction in future studies on DUBs
and immunotherapy.

TIME

The TIME, a complex ecosystem, plays a critical role in both
tumor development and therapy response.”> DUBs play
a crucial role in regulating the TIME. Future studies must
focus on reshaping the TIME by modulating DUBs. For exam-
ple, promoting immune cell infiltration enhances the capacity
of T cells and NK cells to recognize and attack tumors, increas-
ing the efficacy of immunotherapy.*® Enhancing immunother-
apy effectiveness by modulating the mechanisms of the TIME
lays a practical foundation for future protocols involving
DUBs and immunotherapy.

Autoimmune diseases

Autoimmune diseases, including rheumatoid arthritis, sys-
temic lupus erythematosus, and multiple sclerosis, are
a group of disorders characterized by aberrant immune
responses against the body’s own tissues and organs.*!
DUB activity modulation can modulate immune cell



function and the strength of the immune response, alleviat-
ing the symptoms of autoimmune diseases. Initial studies
should focus on exploring the mechanisms through which
DUBs influence different autoimmune diseases, especially
through the modulation of autoantigen presentation or
autoantibody production.*” Subsequent studies must focus
on the development of inhibitors or enhancers targeting
specific DUBs to alleviate aberrant immune responses.*’
The impact of these treatment strategies on patients’ quality
of life must be evaluated, focusing on mitigating disease
symptoms and delaying disease progression. These efforts
will drive the development of new and effective treatments
for autoimmune diseases, harnessing innovative strategies to
overcome therapeutic challenges.

Challenges and limitations

DUBS are crucial for modulating the activity and function of
immune cells. The inhibition of DUBs can modulate the mag-
nitude and timing of the immune response, enhancing or
suppressing immune responses against pathogens or tumor
cells. However, ubiquitinase family members are diverse with
complex functions and exhibit varying functions in different
cells and tissues. The identification of specific DUBs targets for
application in targeted immunotherapy is challenging.
Furthermore, inhibiting ubiquitinating enzymes may adversely
affect healthy cells and tissues, leading to the development of
immune disorders. Additionally, bibliometric analysis depends
on preexisting databases and indexing systems that may have
missing or incomplete data. However, this limitation has
a minor impact on the results and a negligible effect on the
direction of research and emerging trends.

Conclusions

A bibliometric analysis of publication trends indicated that
research on DUBs and immunotherapy has entered a phase of
rapid development in recent years. Collaborative links between
countries are expanding. China is leading in the number of
publications, while the United States has the highest level of
influence. The current study reveals that leading research topics
are focused on DUBs, immunotherapy, and the TIME. Future
research and applications should focus on identifying DUBs with
enhanced specificity and minimal side effects for application in
immunotherapy.
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