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Abstract: As a pivotal checkpoint in immune homeostasis, the ubiquitin-editing enzyme A20 (encoded by TNFAIP3)
exerts profound control over inflammatory cascades. Beyond its established roles in autoimmunity and malignancy,
A20 has recently emerged as a critical determinant of therapeutic outcomes. Despite a wealth of bench-to-bedside
mechanistic data, a high-level synthesis of how this research landscape has evolved over the past two decades re-
mains elusive. To bridge this gap, we conducted a comprehensive bibliometric mapping of 3,926 English-language
publications indexed in the Web of Science Core Collection from 2003 to 2025. By integrating VOSviewer, CiteSpace,
and Microsoft Excel, we dissected the intellectual architecture of the field, ranging from institutional collabora-
tive networks to shifts in keyword co-occurrence. Our analysis reveals a robust, multi-phase expansion of the A20
knowledge base, with annual outputs peaking at over 350 papers in 2025. This momentum is largely propelled
by a Sino-American research axis, with core clusters identified at University of California, San Francisco (UCSF),
Ghent University, and the Chinese Academy of Sciences. We further highlight the seminal influence of investigators
like Geert van Loo and Ingrid E. Wertz, whose work has redefined A20’s multifaceted roles in NF-kB signaling and
regulated cell death. Collectively, this study delineates the maturation of A20 from a simple negative regulator to
a context-dependent therapeutic target, offering a strategic roadmap for future translational and disease-specific
investigations.

Keywords: A20, TNFAIP3, autoimmune diseases, chronic inflammation, NF-kB signaling pathway, bibliometric
analysis

Introduction

A20 is an enzyme that is involved at the inter-
face between immune signaling and cellular
homeostasis, and is encoded by the Tumor
necrosis factor-induced protein 3 (TNFAIP3)
gene. A20 does not behave like a simple swit-
ch but rather as a smart molecular rheostat, as
it possesses two functions namely deubiqui-
tase and E3 ligase to control the inflammatory
cascade precisely. By dynamically modulating
ubiquitination of key signaling proteins, A20
may effectively inhibit the activity of NF-kappa
B and minimize the overproduction of pro-
inflammatory cytokines, which is a protective
mechanism that is important to end aberrant
signals triggered by the tumor necrosis factor
(TNF), Toll-like receptors (TLRs), and T-cell

receptors (TCRs) [1, 2]. Besides its traditional
function in transcription, newer theories have
also relocated A20 to the center stage in the
regulation of programmed cell death, such as
apoptosis [3], necroptosis [4], and pyroptosis
[5, 6]. This complex role involves altering in-
flammasome formation and type 1 interferon
reaction [7, 8], thus affirming the position of
A20 as the supreme regulator of innate immu-
nity, and cell fate.

The role of clinical necessity in the study of
A20 is underlined by the disastrous conse-
quences of its malfunction. During the last
twenty years, there has been an accumulation
of data connecting TNFAIP3 abnormalities to a
wide range of diseases such as rheumatoid
arthritis and systemic lupus erythematosus and
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inflammatory bowel disease and neuroinflam-
mation [9-18]. Perhaps most revealingly, the
identification of TNFAIP3 haploinsufficiency, a
single gene autoinflammatory disorder under-
scores the essentiality of this protein in pre-
serving systemic resting [19, 20]. Although nar-
rative reviews have superbly summarized the
biochemical detail and clinical correlates of
A20 [1, 21-23], these qualitative reports do
not always provide the longitudinal and data
driven view needed to trace the development of
the field on a global scale. Even though there
has been an explosion of literature, the intel-
lectual framework of A20 studies along with
its network of collaboration and the changing
boundaries of its research hot spots can be
quantified to a large extent.

Aiming to fill the gap in this sphere of scholarly
study, we have performed an extensive biblio-
metric analysis of 3,926 publications related
to A20 registered in the database of Web of
Science Core Collection (2003-2025). Through
the use of VOSviewer and CiteSpace, we have
gone beyond mere citation count to map the
complex development paths and institutional
collaborations that have defined the field. The
present paper is not only not a mere enumera-
tion of what was already done but rather
attempts to combine quantitative tendencies
with new mechanistic ideas and thus provides
clear guidance on how the future of A20 stud-
ies will go. Through this structured perspective,
we are able to recognize the main influencers
and cooperation structures that will probably
lead the future generation of translational and
illness specific studies.

Methods
Data source and literature retrieval

The raw bibliographic data of this analysis were
collected through the Web of Science Core
Collection (WoSCC, Clarivate Analytics). On
February 28, 2026, a broad topic search was
done using an optimized query string to ensure
coverage of all the A20 related literature avail-
able: TS = (A20) OR (TNFAIP3) OR (tumor ne-
crosis factor alpha-induced protein 3) OR (A20
protein, TNFAIP3) OR (A20 haploinsufficiency)
OR (HA20).

The sampling frame has been fixed at January
1, 2003-December 31, 2025 in order to follow
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the direction of the field through more than
twenty years. To ensure the quality of the ana-
lyzed intellectual structure we used rigorous
inclusion criteria that solely considered original
research articles and reviews. All supplemen-
tary materials were systematically excluded
including meeting abstracts, editorials, or pro-
ceedings. After a manual auditing and dedupli-
cation process, a total of 3,926 unique records
were curated in the final cohort. This selection
pipeline contains granular maps which are
mapped in the PRISMA-compliant flow diagram
(Figure 1).

Data preprocessing and export

The complete bibliographic metadata and cit-
ed references have been exported out of the
WO0oSCC in plain-text format. In order to keep a
high-fidelity dataset, a special preprocessing
pipeline was introduced that emphasized vali-
dation of metadata and elimination of incor-
rect entries. This procedure made sure that
core variables, namely, titles, keywords, author
affiliations, and citation metrics were correctly
recorded and used in downstream analysis.
The quantitative synthesis of publication trajec-
tories and descriptive statistics were done in
Microsoft Excel 2021, whereas the longitudinal
development of the intellectual structure of the
field was mapped in CiteSpace.

Bibliometric and network analysis tools

Our aim has been to obtain a multifaceted
view of the A20 research environment by syn-
thesizing three different analytical systems.
Our method was to use VOSviewer (v1.6.18) to
construct and depict the social and thematic
landscape of the field as well as the collabora-
tion networks (of countries, institutions, and
authors), journal co-citations and patterns of
keywords co-occurrences. In order to improve
the readability of this map, we used the asso-
ciation-strength normalization technique and
established a minimum of 5 keyword occur-
rences as an arbitrary cutoff value that would
be used to eliminate noise and focus on the
central thematic clusters.

At the same time, CiteSpace (v6.2.R3) was
used to be an essential software to detect
changes over time and cross-disciplinary con-
nections between knowledge. To locate major
spikes in the citation behavior, we applied
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Figure 1. Flow chart for data collection of TNFAIP3-related publications. The

in research momentum be-
cause it can effectively trans-

schematic diagram illustrates the process of data scraping and filtering. In form intricate bibliographic

the data collection step, TNFAIP3/A20-related records were retrieved from
the Web of Science Core Collection using a predefined topic search strat-
egy with the time span set from 1 January 2003 to 31 December 2025,
restricted to original research articles and review articles written in English,

resulting in 3,926 eligible publications.

Kleinberg burst detection algorithm, and then
dual-map overlays were created to follow the
direction of the knowledge migration in differ-
ent scientific areas. Our network clustering was
assessed using strict metrics based on struc-
ture: we made sure that the modularity score
was maximal when Q > 0.3 and the mean sil-
houette score was set so that S > 0.5, which
proved the strength of the intellectual clusters
that we had defined. Eventually, Microsoft Excel
2021 was utilized to process the raw data and
produce detailed graphs of the trends to illus-
trate each year of publishing dynamics.

Thematic and social topology was determined
through visualization of similarities (VOS), a
technique that underlies the VOSviewer map-
ping process, controlling the spatial placement
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datasets into an understand-
able trend of new hotspots
and changes in intellectual
direction regarding A20-rel-
ated topics.

Inclusion thresholds and methodological vali-
dation

In order to define the detail level of our biblio-
metric maps, we had to specify the particular
inclusion limits that are specific to every ana-
lytical dimension. In case of institutional co-
authorship network, there is a minimum pro-
ductivity filter (i.e., of the form > 20 publica-
tions) to identify the main stakeholders.
Likewise, in the case of keyword clustering, the
frequency threshold chosen was > 60 in order
to distil out the strongest thematic tendencies
within the dataset. All the visualized network
outcomes were subject to a rigorous manual
review to address the shortcomings of auto-
matic clustering and remove any possible mis-
interpretation bias. The independent qualita-
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Figure 2. Annual trends of TNFAIP3-related publications. The bar graph shows the number of annual publications
on TNFAIP3-related research, while the orange lines represent the proportion of annual publications corresponding
to each category. The literature search was performed in the Web of Science Core Collection, focusing on English-
language articles and review papers published between January 1, 2003, and December 31, 2025.

tive evaluation of the resulting clusters by two
domain experts ensured that the established
research hotspots corresponded to existing
biological hypotheses, and that the overall
accuracy of these findings were maintained.

Ethical considerations

Because this research is purely bibliometric in
its character and uses de-identified and pub-
licly available metadata extracted out of scien-
tific databases, it does not qualify as being
within the scope of institutional review board
(IRB) oversight. Primary data collection involv-
ing human or animal subjects was not carried
out; therefore, formal ethical approval and
informed consent were not required.

Results
Temporal trends in publication output

The historical development of the A20-related
literature in the period of 2003-2025 can be
described as a developing area of research
that is experiencing rapid and enduring grow-
th. Beginning modestly at 63 publications per
year in 2003, the yearly scholarship output
increased exponentially to 364 articles by
2025, a five-fold rise in production. Shown in
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Figure 2, this longitudinal trend results in a
compound annual growth rate (CAGR) of 7.95%,
which illustrates a strong interest in the multi-
functionality of A20. In 23 years, a total corpus
had been achieved of 3,926 papers which is
indicative of an evolutionary increase in time,
starting with an initial mechanistic discovery
and culminating in a more recent and swifter
phase of translational exploration.

Contributions by countries and institutions

The geo-economic environment of A20 science
can be described as having a clear bipolar
focus of scholarship. According to Table 1 and
Supplementary Figure 1A, there has been a
solidification of the fact that China and the
United States are both the main drivers of
production worldwide. China ranks first as the
biggest contributor to the quantity with 1,253
papers (31.92%), followed by the US with a
close second at 1,155 papers (29.42%). Both
of this Sino-US pairings control the discipline
and produce more than 60 percent of the
overall 3,926 documents. The rest beyond
this dual-powers center is underpinned by a
strong cadre of wealthy-economy countries
such as Germany (298), Japan (252) and
England (229). Although their individual contri-
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Table 1. Top TNFAIP3 research countries/regions

Rank Country/Region P’:le;)rl?ct;i:’o%fs Total Citations AverageA(l?tlitggons per H-index
1 People’s Republic of China 1253 25974 20.73 70
2 United States of America 1155 73549 63.68 139
3 Germany 298 16419 55.10 68
4 Japan 252 9096 36.10 54
5 England 229 15101 65.94 63
6 France 149 8449 56.70 48
7 India 145 3731 25.73 36
8 South Korea 138 3791 27.47 35
9 Canada 134 9619 71.78 48
10 Italy 127 5772 45.45 38

Countries/Regions are ranked by the total number of TNFAIP3-related publications in the context of autoimmunity and
inflammatory diseases from 1 January 2003 to 31 December 2025. The H-index indicates the citation impact of publications
attributed to each country within the retrieved TNFAIP3/A20 dataset. “Average citations per article” was calculated as the total
number of citations divided by the number of publications for each country/region.

Table 2. Leading institutions publishing on TNFAIP3 in autoimmune and inflammatory contexts

Country/ Number of

Total

Average Citations

Rank_ Institution Name Region Publications Citations per Article H-index
1 University of California, San Francisco USA 85 11942 140.49 52
2 Ghent University Belgium 82 7630 93.05 52
3 Chinese Academy of Sciences China 71 2113 29.76 28
4 Harvard University USA 67 5197 7757 52
5 Fudan University China 48 2450 51.04 23
6 Zhejiang University China 46 2147 46.67 21
7 Shanghai Jiaotong University China 45 1234 27.42 20
8 University of Tokyo Japan 42 2123 50.55 26
9 Flanders Institute for Biotechnology VIB  Belgium 41 4304 104.98 53
10 Sun Yat-Sen University China 40 1869 46.73 19

Institutions are ranked by the number of TNFAIP3-related publications on autoimmunity and inflammatory diseases indexed
from January 1, 2003, to December 31, 2025. The H-index indicates the citation impact of publications attributed to each
institution within the retrieved TNFAIP3/A20 dataset. “Average citations per article” was calculated as the total number of cita-

tions divided by the number of publications for each institution.

butions are less significant than those two
giants, these states play an important role as
part of the global knowledge network, making
great contributions to intellectual growth within
the field.

The current A20 research system is enabled
by a broad network of 4,466 organizations
globally. The intellectual epicenter of the sp-
here is based on a group of well-established
hubs of immunology as listed in Table 2 and
Supplementary Figure 1B. In particular, the
University of California, San Francisco (n = 85)
and Ghent University (n = 82) continue their
role as leaders when it comes to high-impact
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discoveries. Parallelly, science in China has
turned into an influential regional power, where
there is a very heavy concentration of high-
output institutions. The Chinese Academy of
Sciences (n = 71) and a constellation of re-
nowned medical universities, including Fudan
University (n = 48), Zhejiang University (n =
46), Shanghai Jiao Tong University (n = 45), and
Sun Yat-sen University (n = 40) form the foun-
dation of this activity, and they are all demon-
strating a high level of dedication to TNFAIP3
studies, which appears to be both consistent
and steady. The productivity trends of the
listed leading centers indicate that there is a
tactical focus on clarifying the molecular inter-
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section of immunological signaling and inflam-
matory diseases.

Author productivity and co-citation networks

The social structure of the A20 research com-
munity is extremely tight, with a population of
23,173 individuals who contribute to it. By
taking a close-up on productivity numbers, it is
found that a limited number of high-output
investigators who are based in Ghent Univer-
sity and UCSF are driving the momentum of
the field, far out of proportion to their share of
the overall contribution. These groups are
headed by Geert van Loo (52 articles), Rudi
Beyaert (51 articles), and Averil Ma (49 articles)
who have produced a substantial volume of
work over time, which has greatly influenced
the current perception of the biology of TNFAIP3

(Supplementary Table 1).

The citation topography, based on a broad
base of 91,378 co-cited authors, solidifies
more the enduring transatlantic line of power.
The fact that this is a U.S.-Belgian dominance
can be illustrated on the basis of the top-co-
citation ratings, in which nine out of ten most
influential scholars have an affiliation either in
the USA (six) or Belgium (three), with a growing
contribution of China (one). The fundamental
foundation of the field is still founded on the
original sources such as Ingrid E. Wertz (749
citations), Noula Shembade (663 citations),
and Eric G. Lee (641 citations), plus important
works published by Lars Vereecke (465 cita-
tions) and David L. Boone (419 citations)
(Supplementary Table 1). Taken together, these
citation trends define a well-established hierar-
chy of research in which the original discoveries
in mechanistic studies remain the catalyst of
modern day translational studies.

The social topography of the A20 field, after fil-
tering out the 45 more prolific researchers in
the field (10 or more publications), is divided
into 17 clusters (Figure 3A). The mentioned
structural modularity implies a great extent of
thematic specialization and the intellectual
isolation of the sphere. Examination of these
interactive hubs at close quarters indicates
that the Belgian research hub built up on the
long-term synergy between van Loo and
Beyaert has the highest level of internal unity.
In contrast, the high-centrality node connecting
different segments of domestic research, Ma’s
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laboratory, bridges the North American axis of
the collaborative network.

These dynamics of collaboration are reflected
in the structure of co-citation of 54 seminal
scholars (Figure 3B). In this intellectual web,
key hubs like Wertz, Shembade and Lee
become the major transmitters of information,
their large citation frequencies indicating the
importance of these nodes as the mechanisms
behind synthesis of consensus in the field.
Taken together, the bibliometric fingerprints
observed in both these papers define the
research picture that has traditionally been
directed by well-established institutional group-
ings in Western Europe and North America,
and indicates the continued geographical focus
on scientific power in the investigation of
TNFAIP3.

Journal distribution and co-citation analysis

The citation footprint of A20 studies covers
a very wide range of editorial content. As per
the summary in Supplementary Table 2, raw
output is mostly focused on broad-spectrum
and specialized immunology publications with
PLoS One (111 articles) and Frontiers in
Immunology (83 articles) being the biggest con-
tributors, and then Scientific Reports (70 arti-
cles) and the Journal of Biological Chemistry
(63 articles).

Nonetheless, by looking at the citation topogra-
phy more closely it becomes clear that there is
a profound disconnect between the sheer num-
ber of publications and the long term value of
intellectualism. Journals, such as Blood and
Proceedings of the National Academy of
Sciences (PNAS) have made smaller contribu-
tions by way of articles (33 and 27, respec-
tively), but the academic weight they bring is
disproportionately large. In particular, Blood
stands on the 5th place overall in terms of
influence counting 3,781 co-citations regard-
less the lower volume, and PNAS stands on
the 3rd world-wide with 4,182 co-citations
(Supplementary Table 2). Such dichotomy high-
lights an organizational system of knowledge
where a chosen subset of multi-disciplinary
journals is used as the leading repository of the
core discoveries in the area, actively guiding
the orientation of all the subsequent A20-
related research.
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Figure 3. Collaboration networks of authors and co-cited authors in TNFAIP3-related research. A. Author collabora-
tion network visualized using VOSviewer. Each node represents an author, with node size proportional to the num-
ber of TNFAIP3-related publications. Lines between nodes indicate co-authorship, and line thickness reflects the
strength of the collaboration. B. Co-cited author network generated by VOSviewer. Each node denotes an author,
with node size corresponding to the total number of citations. The network illustrates the influence and scholarly
prominence of researchers based on co-citation patterns.

Topography of co-citation among journals out- of Biological Chemistry (IF = 3.9) to be of para-
lines major pillars of the knowledge base of mount importance to store mechanistic infor-
TNFAIP3 (Figure 4A). We have found the Journal mation. Although its IF is not great, its 5,753
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Figure 4. Co-citation network and dual-map overlay of journals in A20-related research. A. The visualization of co-
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the corresponding journal’s weight, reflecting its importance in the research field. The connecting lines between
the nodes represent the co-citation relationship between the journals, revealing the extent to which they relate to
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the stronger the correlation between journals, and the more similar the research topics are. Consequently, the vi-
sualization above analyzes the interrelationship between journals and their standing within the academic domain.
B. Dual-map overlay of journal citations showing the citing (left) and cited (right) journals, with citation trajectories

reflecting disciplinary relationships. The figure was generated by CiteSpace.

citations and close connection through co-cita-
tion with Nature (IF = 48.5) serve as the vital
link between fundamental biochemistry and
discoveries with significant impact. These high
centrality hubs such as Cell (IF = 42.5) and
PNAS (IF = 9.1) are other core components of
this network structure, which serve as major fil-
ters and channels of seminal results. These
patterns of co-citations provide a profound bib-
liometric perspective. The intellectual strength
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of a journal in the A20 is more concerned with
the capability of the journal to preserve what is
referred to as bedrock scholarship that enables
the longevity of academic research rather than
the present-day measures of a journal impact.

The dual-map overlay (Figure 4B) gives us
a macroscopic overview of the intellectual
stream that guides in the A20 research area.
The main citation pathways (orange and green

Am J Transl Res 2026;18(6):4611-4631
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pathways) define a sound knowledge flow
between the core source fields of the study
(Molecular, Biology, and Genetics) into the tar-
get fields (Molecular, Biology, Immunology, and
Medicine, Medical, and Clinical). The fact that
this happens is a sign of maturity developing
within the field, whereby early molecular
descriptions are being used more effectively
to solve challenging problems in the field of
immunology and clinical practice. Not as an
easy transition, this pattern represents a grow-
ing interdisciplinary openness. The intensified
translational link can be seen by the fact that
clinically focused journals are citing cellular-
level A20 findings more often. Nevertheless, it
would be wise to differentiate between this
bibliometric tendency and a fully developed
paradigm called the bench-to-bedside para-
digm. Despite the growing of the cross-disci-
plinary discourse, this information indicates
some integration stages in which molecular
understanding forms the current foundation of,
and does not finish, the clinical translation
cycle.

Intellectual core and foundational seminal
works

The intellectual architecture of the TNFAIP3
domain is anchored by a resilient core of
foundational literature, as detailed in Supple-
mentary Table 3. Atop this citation hierarchy
lies the work of Lee et al. (2000) which was
cited most frequently (641 citations). This
groundbreaking article successfully redefined
the A20 as a non-redundancy molecular rheo-
stat of NF-kappa B signaling and immune
homeostasis. What is presented in this work as
the conceptual framework linking A20 to cell
fate decision is the main framework through
which modern investigators consider autoim-
mune and inflammatory diseases. Further
elaboration of this regulator biochemical com-
plexity was achieved by Wertz et al. (2004)
using 607 co-citations which introduced the
now-canonical model of the dual catalytic
identity of A20. Through its elucidation of both
its deubiquitination and E3-ligase properties,
this study gave an unchanging mechanistic pat-
tern which continues to contribute to modern
molecular studies. It is important to note that
the time of publication of all these seminal
papers shows what might be called a maturity
effect. There are 70 per cent of the top ten cita-
tions published before 2010, which means
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that the discipline has a classical reservoir of
knowledge with an overwhelming power to
shape the direction of the current A20 resear-
ch.

The conceptual architecture of A20 research,
represented as the co-citation environment
(Figure 5A), focuses on an intense interaction
among the seminal pieces by Lee et al. (2000)
and Wertz et al. (2004). The three-fold intellec-
tual triangle supported by the original results
of Boone et al. offers the organizational struc-
ture of how the regulation of innate immunity
is now being viewed. Beyond these static rela-
tionships, the citation burst analysis (Figure
5B) successfully shows the rate of develop-
ment of this field and changing priorities.
Wertz et al. citations first spike (2005-2009)
indicates an era of intense mechanistic fixation
as the biochemical nature of A20 was estab-
lished. It was followed by a strategic adjust-
ment, symbolized by the current burst of cita-
tions of Catrysse et al. (2015-2019), indicating
the diversification of the study into more sys-
temic aspects of inflammatory conditions.

Surprisingly enough, the fact that various re-
ferences are still in the active “burst” condition
at the end of 2025 emphasizes the ongoing
academic interest in the fine details of ubiqui-
tin-mediated signaling (Supplementary Table
4). The persistence of this momentum indicat-
es that the field is shifting towards a detailed
and precise approach to immune homeostasis
and abandoning the generalized models of
signaling.

Keywords and emerging research hotspots

Keyword analysis is a type of cognitive map
that helps to decode the thematic develop-
ment and main foci of the A20 investigation
scene [24, 25]. Of an extensive vocabulary of
15,568 distinct words extracted throughout
the 3,926 records, we reduced them into a net-
work of 68 high-frequency keywords (greater
than or equal to 60 mentions) to illustrate the
intellectual structure of the field (Figure 6A).
This interactive graph indicates the relative
size and connectivity of nodes which relate to
academic visibility and proximity, respectively.
The presence of terms like NF-kB, inflammation
and apoptosis suggests a continuing and well
entrenched study area that centers on the
molecular controls of cellular responses.
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Figure 5. Co-citation network and citation burst analysis of references in A20-related research. A. Co-citation net-
work of references generated using VOSviewer. Each node represents a cited reference, with node size indicating ci-
tation frequency and influence within the field. Thicker lines between nodes represent stronger co-citation relation-
ships, suggesting closer topical or conceptual links among the references. B. Citation burst analysis of references
visualized using CiteSpace. The horizontal blue line represents the timeline, while red segments indicate periods of
intense citation bursts, reflecting emerging interest and high impact during those intervals.

Our network segmentation has defined four oncology and expression (red): The regulation
functional but related thematic clusters (Figure of A20 activities in malignancy. Inflammatory
6A and Supplementary Table 5). An axis of signaling nexus (yellow): Focuses on the innate
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NLRP3 inflammasome 2016 9.77 2020 2025 ———
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artificial neural network 2021 8.59 2022 2025 J—
design 2022 7.71 2022 2025 —
progression 2022 6.42 2022 2023 ——
machine learning 2023 21.09 2023 2025 —
prediction 2021 15.52 2023 2025 ——
model 2011 12.15 2023 2025 ———r
impact 2020 6.86 2023 2025 —
classification 2009 6.31 2023 2025 ———
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Figure 6. Keyword co-occurrence network and thematic evolution of TNFAIP3 research. A. Keyword co-occurrence
network generated using VOSviewer. A total of 68 keywords with a minimum occurrence of 60 were clustered into
four distinct groups, each represented by a different color (red, green, blue, and yellow), reflecting thematic areas
within TNFAIP3 research. B. Citation burst analysis of keywords performed using CiteSpace. The top 25 keywords
with the strongest citation bursts are displayed. The blue timeline indicates the full-time span, while red segments
denote periods of intense citation activity, marking phases of emerging interest and research focus. The end of a
burst period may suggest that the topic has reached a more mature or stabilized stage within the field.

immunity-regulating biochemical cascades.
The domain of cell fate and ubiquitination
(green): The mechanism of programmed cell
death and protein modification. Genetic sus-
ceptibility and clinical risk cluster (blue):
Exploration of the etiology of TNFAIP3-
associated diseases. The structure of these
clusters is not isolated. To the contrary, it can
be most accurately defined as very penetrable
between clusters. Central hub nodes, particu-
larly the words inflammation and expression
are important crossroads between distinct
thematic domains, which indicates the compli-
cated biological character of A20 as the master
integrator of immune homeostasis.

A longitudinal analysis of keyword bursts
(Figure 6B) can be seen as a strong paradigm
shift that marks the evolution of the field by
moving out of a state of isolated molecular
characterization towards a holistic, system-
based view. At the start of the early 2000s,
the scientific narrative was mostly focused on
the biochemical architecture of the protein. The
words zinc finger proteins and induction indi-
cate the reductionist era that would simplify
A20 to its most basic elements as an inflamma-
tory signaling cascade. The mechanistic focus
then advanced into genomic and medical
extension. Instead of explaining the presence
of A20, this shifted the focus of the study to
explain where and when its malfunction hap-
pens within the pathological space of humans.
Nevertheless, this shift is marked by the popu-
larity growth of the key words connected with
different autoimmune spectra: systemic lupus
erythematosus and psoriasis. It signifies a stra-
tegic movement toward clinical relevance of
TNFAIP3, whereby scientists tried to bridge the
gap between the simple molecular mecha-
nisms and the genetics of multifactorial autoin-
flammatory illnesses.

At the close of 2025, A20 research is at a pivot
where biochemical detail intersects with the
integration of systems. The most recent frontier
can be defined as the higher complexity of the
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regulation axes at multiple levels, especially
the cross talk between the pyroptosis trigger-
ed by NLRP3, and the autophagic flux. This
transition implies that A20 can no longer be
regarded as an autonomous inhibitor but as a
rheostat in an expanded cellular quality control
system. Alongside the mechanistic investiga-
tion, the field is experiencing a high-intensity
computational paradigm shift. Artificial intelli-
gence (Al) and advanced classification models
have started to transform the prediction ability
of the field by going past descriptive observa-
tion to predicting the course of the disease
and its medical response to treatment on the
basis of data. Overall, all these tendencies
demonstrate that A20 studies have passed the
stage of maturity when mechanistic accuracy
comes along with the might of computational
synthesis in order to direct upcoming transla-
tional therapies.

Collaboration networks across countries and
institutions

The cross-border synergy in A20 research
exhibits a multifaceted network architecture,
as visualized in the geographic clusters of
countries with > 5 publications (Supplement-
ary Figure 2A). In our analysis, we have found
that Germany was the largest collaborative
hub, and it remains engaged in the scientific
diplomacy of 49 countries. Such a significant
level of extensibility is also matched by the
United States (48), England (47) and Japan
(40), whereas China (38) also exhibits a strong
but more compact international exposure.

We then divided the geopolitical structure of
the field into three main collaborative currents.
Sino-US Bilateral Axis: It is characterized by a
very high level of strategic interdependence
and acts as the leading driver of world volume.
Transatlantic-Belgian Nexus: It is a tripartite
synergy between Germany, US, and the UK,
with Belgium playing a pivotal role as a mecha-
nistic bridge between Europe. Japanese-Pacific
Integration: It is a specific network that was ini-
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tiated by Japan which effectively spans old-
style Western alliances (the US and Germany)
with emergent regional alliances, most signifi-
cantly, the Argentine alliance. Taken together
these patterns imply that although the A20
domain has its foundation in Western scholarly
customs, it is progressively being characterized
by a multi-polar fabric of knowledge transfer.

A granular investigation of the institutional
topography (more than 20 publications) found
that University of California, San Francisco
(UCSF) is the most highly linked hub of the
field and it coordinates a web of 27 individual
organizational associations (Supplementary
Figure 2B). Such a high level of centrality is
matched by major regional hubs in Asia, par-
ticularly Sun Yat-sen University (22 partners)
and the Chinese Academy of Sciences (20
partners), which are important keystones of
large-scale research projects. Further insights
into such patterns of collaboration indicate an
international outreach strategy. Although the
Chinese research network has essentially
remained US focused with intense bilateral
interaction, European institutions have man-
aged to establish a much more diverse and
varied international presence. All these organi-
zational forces together outline a research
scene, which is defined by a healthy intercon-
nection between US and China that has be-
come even more stable due to a strong
European academic nexus and more purpose
driven regional relationships in Asia.

Summary of mechanistic and translational
frontiers

The modern A20 research paradigm has con-
solidated around three domains that are func-
tionally interconnected and determine the lim-
its of the discipline at present. The biochemi-
cal dissection of A20 enzymatic duality, specifi-
cally its interaction between deubiquitinase
and E3 ligase abilities, forms the most im-
portant regulatory axis to regulate canonical
NF-kB signaling and its resultant inflammatory
cascades [21]. It is getting more mechanisti-
cally intricate. More recent investigations have
been exploring the part played by A20 as a
molecular rheostat in damping down NLRP3
inflammasome activation [8]. Consistent with
these findings, clinical definition of HA20 has
yielded a definite human paradigm, demon-
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strating how quantitative lack of proteins can
be translated into system autoinfammatory
symptoms.

From such a mechanistic core, research is
diversifying swiftly into an ever-widening range
of pathology [12, 26, 27]. Not limited to tra-
ditional immunology, A20 dysfunction is cur-
rently being identified as a key player in onco-
genesis, chemoresistance, and the preserva-
tion of tissue-specific homeostasis by modula-
tion of autophagy [28-31]. The continued in-
terest in crosstalk between A20 and pro-
grammed cell death pathways indicates that it
is shifting towards context-dependence which
is a necessary condition on the path to effec-
tive therapeutic interventions [3, 32].

Finally, the A20 knowledge base is undergoing
a strategic computational change. There is a
new translational frontier that has been open-
ed up by the combination of high dimensional
multi-omics datasets and machine learning
systems to assist in narrowing the gap be-
tween the discoveries made at the bench and
the bedside application of them. Although
these computational frameworks are not yet
explored, they show the potential of bringing
A20 together with precision medicine. Future
attempts are likely to be successful only
when we can resolve the spatiotemporal intri-
cacies of the regulation of A20 and eventually
transform these complex mechanistic observa-
tions into practical diagnostic kits and individu-
alized treatment interventions.

Discussion

Twenty years in the academic world is not just
about the simple accumulation of data regard-
ing TNFAIP3 research. TNFAIP3 research repre-
sents a major shift with A20 as a relatively new
mechanistic puzzle into a key homeostatic
rheostat of modern immunology. As we mapp-
ed longitudinally, we observed exponential
growth in the number of publications that are
currently at a critical inflection point over the
last five years. This explosion is not a statis-
tical occurrence alone but also shows a world-
wide move toward heuristics regarding decod-
ing the intricate regulatory pathways of innate
immunity, inflammation and the intricacies of
antiviral defense.
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More specifically, it can be stated that such a
wave of academic work means changing the
conceptual framework of the field. The focus of
the study has been redirected to the initial
reductionist disassembly of the A20 ubiquitin-
editing enzymes to an in-depth understanding
of its systemic impact. Rather than viewing
A20 signaling as an independent process, the
modern field now places greater worth on how
its slight fluctuations group together heteroge-
neous disease phenotypes and determine the
efficacy of clinical interventions. Due to this
shift between a general characterization and
pathological processes, it also underscores
the growing significance of the proteins, as
the main targets, in the age of precision
rheumatology.

Biochemically, A20 is not a monolithic inhibi-
tor, but it is a multifunctional checkpoint that
controls the cross-talk between innate signals
and adaptive responses and programmed cell
transformations. Regarding innate signaling,
A20 acts as an intermediary of timely termina-
tion of NF-kappa B pathways induced by TNF,
TLR, and IL-1 receptors [33-35]. It is done
through an exceptionally specific and enzymat-
ic redesigning of the ubiquitin structures sur-
rounding the key scaffolding proteins, particu-
larly RIPK1 and TRAFG6, which prevents the
conversion of physiological defense into patho-
logical over-inflammation [36].

Apart from innate sensing, A20 is a critical
gatekeeper of adaptive immune homeostasis.
Through its control over the activation levels of
T- and B-cell populations, it ensures that the
rate of lymphocyte responses is kept within
the range of tolerance, and the development of
autoimmunity is essentially prevented [22, 35,
37]. Possibly the most important thing is that
modern comprehension of A20 has shifted to
the field of cell-fate control. A20, in conjunction
with RIPK1-mediated apoptosis, necroptosis,
and the NLRP3-pyroptotic pathway, serves as
a context-specific tissue survival switch [7, 38].
Such interconnected roles indicate that A20
is not just an anti-inflammatory drug but a mas-
ter regulator that provides proteostatic equilib-
rium with cellular prosperity in various patho-
logical scenarios.

The research on A20 demonstrates a sophisti-
cated equilibrium between quantitative produc-
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tion and qualitative influence. Although China
is growing its publication volume at impressive
rates, the intellectual backbone of the field
still lies within the pioneering Western institu-
tions. UCSF, Ghent University and Harvard
have maintained significant first-mover effects
since their initial mechanistic studies on the
deubiquitination of A20 form the canonical ref-
erence point of the contemporary citation met-
rics. The cooperation patterns are also diver-
se: Chinese research networks are character-
ized by regional clustering, and the Euro-
American axis is characterized by high cross-
border integration. It is believed that this gap
indicates that emerging clusters ought to move
away from productivity-related models toward
intellectual leadership.

Journal structure and co-citation structure
provides an extremely detailed insight into the
way TNFAIP3 information spreads across the
biomedical hierarchy. The initial mechanistic
reports have attracted much attention in spe-
cific immunology and molecular biology publi-
cations, such as The Journal of Immunology,
Blood and JBC. They serve as the authoritative
records of NF-kB- and ubiquitin-based regula-
tory models. Notably, the two-map overlaid
model reveals a one-way knowledge pipeline
whereby experimental molecular findings are
progressively used to influence clinically orient-
ed fields. The downstream direction of this
flow indicates that the A20 research is not iso-
lated in fundamental biochemistry anymore,
but is actively driving the translational develop-
ment of the field into patient-centered models.

The modern A20 landscape is based on three
thematic hubs which are inherently intercon-
nected and cannot be easily categorized. Being
a feedback orchestra hub, A20 is perceived as
an inducible molecular rheostat which can
tune the kinetic signature of both NF-kB and
cytokine signals to the most basic level [1-3].
Being a cell-fate integrity hub, the new expand-
ing field has situated A20 in the center of regu-
lated cell death. The interaction between
RIPK1, RIPK3 and the NLRP3 inflammasome
makes A20 act as a central switch regulating
the shift of inflammation to apoptosis, necrop-
tosis, or pyroptosis [1, 4, 5], a finding of sig-
nificant importance to organ specific autoim-
munity. Being a genomic and precision medi-
cine hub, in addition to pathway biology, the
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development of the HA20 and TNFAIP3 muta-
tions has moved the field of research into the
area of clinical genetics [14-16]. In this case,
A20 is not a signaling medium, it now has
become a diagnostic pillar, which requires
incorporation into the risk stratification and
genetic counseling of early-onset autoinflam-
matory syndromes.

As we have demonstrated through our biblio-
metric mapping, the clinical significance of
A20 is based on the fact that it has the ability
to counteract different, though mechanistically
related pathologies. Genetic polymorphisms
or decreased TNFAIP3 expression is not just
correlatively associated with the disease in
SLE and RA; rather, they are triggers that in-
duce the cytokine storm driven by NF-kB and
amplify the proliferation of autoreactive lym-
phocytes. Equally, A20 acts as an obligatory
protector of the mucosal barrier integrity within
the gastrointestinal microenvironment, and its
failure to do so in the epithelial and myeloid
compartment leads to a loss of the tolerance of
homeostasis that leads to perpetuation of the
chronic relapsing inflammatory process which
characterizes IBD. HA20 discovery is the final
genetic proof of this model indicating that even
a quantitative reduction in A20 function is
enough to circumvent the regulatory redundan-
cies and cause early-onset systemic autoin-
flammatory diseases.

The clinical contexts confirm that the hotspots
that we have obtained within our analysis, i.e.
ubiquitination, NLRP3 and cell death, are not
individual statistical groups but components of
a cohesive biochemical axis. As illustrated in
Figure 7, A20 is a high-fidelity ubiquitin-editing
checkpoint located below TNF, TLR, and IL-1R
signaling [35, 39, 40]. Through regulation of
the enzymatic reorganization of K63- and
K48-linked ubiquitin chains of critical adaptors
such as RIPK1, TRAF6, and NF-kB essential
modulator (NEMO), A20 develops a level of
gene transcription of inflammatory genes,
which cannot shift the acute physiological reac-
tion to chronic tissue damage.

One of the main results of the longitudinal lit-
erature study is that the biological nature of
A20 is essentially dualistic. As its function as
an anti-inflammatory brake has been reported
in autoimmunity, its conduct in oncology is
often more winding and specific to the situa-
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tion. A20 may act as a tumour suppressor in
certain cancers by blocking the inflammation-
induced pro-tumorigenic events as well as
genomic stability. Nevertheless, A20 activity in
mature tumors could exert a paradoxical effect
on malignant survival. By helping to conceal
cancer cells to apoptotic or necroptotic sig-
nals, A20 can enhance immune evasion and
confer resistance to cytotoxic therapy.

This operational dichotomy, shown in Figure 8,
demonstrates how A20 is involved in the
precarious balance between inflammatory res-
ponses and controlled cell death [1, 39, 40].
A20 has other functions beyond the control of
transcription as a molecular judge in which
one outcome is chosen over others and the
choice is the repression of programmed death
induced by RIPK1 and pyroptosis initiated by
NLRP3. The fact that it controls both processes
is the reason why it may be associated with a
wide range of phenotypes, as its dysfunction
can cause autoinflammation and tissue dam-
age or allow the survival of therapy-resistant
clones. This is also important because it indi-
cates that specific tissue approaches should
be used when considering the A20 pathway in
clinical practice.

The modern direction of TNFAIP3 research
can be described as the inclination towards
translational edge. The spatiotemporal incre-
ase in burst citations of concepts like HA20,
NLRP3 inflammasome and chemoresistance
indicates a growing desire to investigate A20
activity as a therapeutic modifier in relation to
both biologics and small molecule treatment
strategies [10, 13, 17, 22]. The latest findings
in the fields of neuroinflammation and he-
matology propose that A20 signaling is spatio-
temporally granular and a vital determinant of
whether shared inflammation pathways are
resolved or deviate into clinically heteroge-
neous phenotypes.

Such mechanistic deepening is now being coor-
dinated with a very significant computational
reorientation. Combining artificial neural net-
works and machine-learning models suggests
that an attempt is made to exploit A20-
regulatory networks in prognostic stratification.
In particular, the combination of high-dimen-
sional transcriptomic and clinical samples per-
mits preliminary disease subtyping and predic-
tion of therapeutic relapse [41]. However, the
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Figure 7. Mechanistic role of A20/TNFAIP3 in autoimmune disease signaling. This schematic illustrates how A20/TNFAIP3 functions as a central ubiquitin-editing
checkpoint in autoimmune and inflammatory signaling. Upstream stimulation by TNF-a/TNFR1, TLR/IL-AR ligands, or TCR signaling promotes the assembly of
adaptor complexes involving RIPK1, TRAF6, MyD88, IRAK1/4, and related signaling intermediates. These events induce K63-linked ubiquitination and activate
the TAK1-IKK-NF-kB axis, leading to IkBa phosphorylation and degradation, NF-kB nuclear translocation, and transcription of inflammatory mediators, including
TNF-a, IL-6, IL-13, and chemokines. A20, encoded by TNFAIP3, restrains these pathways through its dual ubiquitin-editing functions: its OTU deubiquitinase domain
removes K63-linked ubiquitin chains, whereas its zinc-finger E3 ligase/ubiquitin-editing activity promotes K48-linked ubiquitination and signal termination. Reduced
A20 function or TNFAIP3 variation may therefore amplify NF-kB-dependent inflammatory responses and contribute to disease-associated immune dysregulation
in systemic lupus erythematosus, rheumatoid arthritis, inflammatory bowel disease, psoriasis, and A20 haploinsufficiency. This schematic was generated based
on established mechanistic models of A20/TNFAIP3-mediated ubiquitin editing, NF-kB suppression, and disease-associated immune dysregulation [22, 39, 40].
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Figure 8. A20 at the interface of inflammation and regulated cell death. This schematic illustrates the multifaceted role of A20 in integrating innate immune sig-
naling, adaptive immune responses, ubiquitin editing, autophagy, and regulated cell death. In innate immune pathways, TLR and TNFR activation engage adaptor
molecules such as TRIF, TRAF3, TRAF6, RIPK1, and TRAF2/5, leading to IKK activation and downstream NF-kB signaling. A20 restrains these pathways through deu-
biquitylation and ubiquitin-editing mechanisms, thereby limiting excessive inflammatory activation. In adaptive immunity, A20 modulates TCR and BCR-associated
signaling by regulating RIPK1/TRAF6-dependent NF-kB activation, contributing to the maintenance of lymphocyte homeostasis and preventing autoimmune or
excessive inflammatory responses. Beyond immune signaling, A20 also acts as a central regulator of cell death pathways. By controlling RIPK1/RIPK3/MLKL signal-
ing, A20 limits necroptosis. By regulating RIPK1/ASK1- and clAP-associated signaling under pathological conditions, A20 influences apoptosis. By suppressing TLR/
NF-kB-related inflammatory priming, A20 constrains pyroptosis. These functions collectively position A20/TNFAIP3 as a key ubiquitin-editing checkpoint that pre-
serves immune homeostasis, prevents uncontrolled inflammation, and limits inflammation-associated cell death. Symbols indicate deubiquitylation, ubiquitylation,
and autophagy. This schematic was generated based on established mechanistic models linking A20/TNFAIP3-mediated ubiquitin editing to innate and adaptive
immune regulation, NF-kB suppression, autophagy modulation, and inhibition of regulated cell death pathways [1, 4, 39, 40].
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present state of A20 research on digital devic-
es is still in its avant-garde state, and the field
continues to be challenged by retrospective
designs, small sample sizes, as well as the
lack of multi-center verifications. Therefore, at
this point, A20 ought to be considered as one
of the potential indicators in biomarker signa-
tures and risk-stratification systems, but not as
an independent index of standard clinical
management.

Through the synthesis of 20+ years of biblio-
metric information, the study places A20 not
only as an inhibitor of signaling but as a multi-
modal homeostatic hub controlling the com-
plex overlaps of inflammatory resolution, cellu-
lar viability, and immune tolerance. This do-
main has a specific pattern of longitudinal
development which is asymmetrical. The legacy
of well-known intellectual Western research
centers can still adjust the mechanistic level of
the field, however, the explosive growth of the
investigative power of China creates the critical
mass needed to conduct large-scale discovery
and clinical application.

To decode these trends of global research
gives a strategic direction of the funding agen-
cies and scientific community in promoting
more cooperative transnational partnerships.
The field is at a crucial stage where it can
turn over describing associations into detail-
ed mechanistic and interventional research.
Finally, we will be clinically effective in targeting
A20 only when we have broken down the situa-
tional logic of its regulatory action. Particularly,
what dictates the functional outcomes of the
tissue-specific environment and temporal flux-
es are the necessary and crucial preconditions
of successful therapeutic manipulation by A20
in the context of precision medicine.

Limitations and future directions

Our research has a number of limitations.
Firstly, limiting the data to that which is
WoSCC selected, due to its high compatibility
with bibliometric programs, might introduce
selection bias when leaving out papers that
are specific to Scopus or PubMed. This is why
these results are mainly applicable to the in-
dex of the WoSCC. Secondly, the final cut-off
date (December 31, 2025) and use of the
cumulative citation measure creates a time
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delay, possibly missing some highly innovative
articles released in the past few years. Also,
our macroscopic analysis of networks does not
show detailed experimental trends but general
themes. Hence, we suggest interpreting our
results as being related to the WoSCC-indexed
A20 literature instead of the full global
literature.

The future studies ought to incorporate a vari-
ety of sources such as Scopus and PubMed
and should be augmented by full-text seman-
tic mining to address the experimental subtle-
ties which typical metadata may not reflect.
Integration of multi-omics datasets based on a
machine learning framework is still important
in order to validate A20-associated signatures
as powerful clinical biomarkers. Moreover, the
auditing of funding environments by using a
specific repository of grants will be necessary
to define the structural and economic reasons
why this area of research continues to grow.

Conclusion

This paper presents the ultimate layout of the
A20 research path on a worldwide scale
between 2003-2025. This research discipline
has been changing dramatically over time as it
has combined classical molecular pathways
and new clinical problems like HA20 and thera-
py resistance. Although the maturity of the
research environment has occurred, the focus
of scholarly power still exhibits a geographical
bias, indicating that additional collaborative
networks are necessary. Taken together, our
observations support the view that A20 is an
important gatekeeper of immune and inflam-
matory routes and that its functional regulation
should be prioritized in the coming ten years of
translational research into autoimmune and
inflammatory disorders.
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Supplementary Figure 1. Global research output on TNFAIP3 (2003-01-01 to 2025-12-31): top 10 productive coun-
tries and institutions. A. Bar chart displaying the top 10 countries ranked by the total number of TNFAIP3-related
publications retrieved from the Web of Science Core Collection. B. Bar chart showing the top 10 institutions based
on publication volume in TNFAIP3-related research from January 1, 2003, to December 31, 2025.
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Supplementary Table 1. Top authors and co-cited authors contributing to TNFAIP3 studies in autoimmunity and inflammation (2003-01-01 to

2025-12-31)
Affiliation (Current or Number of Total . Average Citations . Affiliation (Current or o

Rank Author Name Major) ( Publications Citations H-index pe% Article Co-Cited Author Major) ( Citations

1 Geertvan Loo  Ghent University, 52 4934 33 94.88 Ingrid E Wertz  Genentech, Inc., USA 749
Belgium

2 Rudi Beyaert Ghent University, 51 6205 36 121.67 Noula Shembade University of Miami, 663
Belgium USA

3 Averil Ma University of California, 49 5547 34 113.20 Eric G Lee University of California 641
San Francisco, USA at San Francisco, USA

4 Christiane Ferran Harvard Medical 25 709 15 28.36 Lars Vereecke  Ghent University, 465
School, USA Belgium

5 Xu Wang Jinan University, China 22 424 14 19.27 David L Boone  University of California, 419

Davis, USA

6 Barbara A. Malynn University of California, 21 2473 17 117.76 Karen Heyninck Ghent University, 413
San Francisco, USA Belgium

7 Rommel Advincula University of California, 16 1923 13 120.19 A W Opipari University of Michigan 320
San Francisco, USA Medical School, USA

8 Haruki Kitazawa  Tohoku University, 15 749 11 49.93 Leen Catrysse  Ghent University, 303
Japan Belgium

9 Julio Villena Tohoku University, 15 749 11 49.93 S L Musone University of California 279
Japan San Francisco, USA

10 Yan Wang Qingdao University 15 427 10 28.47 Qing Zhou Zhejiang University, 270

China

Authors are ranked by the number of TNFAIP3-related publications in the field of autoimmunity and inflammatory diseases from 1 January 2003 to 31 December 2025. Co-cited
authors were ranked based on the total number of citations of TNFAIP3-related publications in the field of autoimmunity and inflammation from 1 January 2003 to 31 December
2025. The publication volume, total citation count, and H-index were obtained for each individual through the “Citation Report” function in Web of Science. Affiliation reflects the
most recent or most frequently listed institutional affiliation across included publications.



A20 (TNFAIP3) in autoimmunity and inflammation

Supplementary Table 2. Most active journals and co-cited journals publishing TNFAIP3-related research in autoimmunity and inflammation
(2003-01-01 to 2025-12-31)

Number of Total Average Latest JCR 2025
Rank Journal Name L . Citations impact  H-index Co-cited Journal Co-citation Impact
Publications Citations )
per Article  factor Factor
1 PLOS ONE 111 2918 26.29 2.6 33  JOURNAL OF BIOLOGICAL CHEM- 5753 3.9
ISTRY
2 FRONTIERS IN IMMUNOLOGY 83 1915 23.07 5.9 26  NATURE 5712 48.5
3 SCIENTIFIC REPORTS 70 1188 16.97 3.9 21  PROCEEDINGS OF THE NATIONAL 4182 9.1
ACADEMY OF SCIENCES OF THE
UNITED STATES OF AMERICA
4 JOURNAL OF BIOLOGICAL CHEMISTRY 63 4807 76.30 3.9 39  JOURNAL OF IMMUNOLOGY 4128 3.4
5 JOURNAL OF IMMUNOLOGY 54 3302 61.15 34 33 BLOOD 3781 23.1
6 INTERNATIONAL JOURNAL OF MO- 47 526 11.19 4.9 13  CELL 3385 42.5
LECULAR SCIENCES
7 BIOCHEMICAL AND BIOPHYSICAL 46 1254 27.26 2.2 21  SCIENCE 3363 45.8
RESEARCH COMMUNICATIONS
8 BLOOD 33 2883 87.36 23.1 27 NATURE GENETICS 2968 29
9 ONCOTARGET 31 765 24.68 0 18  NATURE IMMUNOLOGY 2911 27.6
10 PROCEEDINGS OF THE NATIONAL 27 2033 75.30 9.1 21  JOURNAL OF EXPERIMENTAL 2610 10.6
ACADEMY OF SCIENCES OF THE MEDICINE

UNITED STATES OF AMERICA

Journals are ranked by the number of TNFAIP3-related publications in the field of autoimmunity and inflammation between 2003-01-01 and 2025-12-31. Co-cited journals were
ranked based on the total number of citations of TNFAIP3-related publications in the field of autoimmunity and inflammation from 1 January 2003 to 31 December 2025. Citation
metrics were extracted from the Web of Science Core Collection. Journal impact factors were obtained from the latest officially released edition of Journal Citation Reports. The H-
index reflects the citation impact of TNFAIP3-related publications attributed to each journal within the retrieved dataset.
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Supplementary Table 3. Top 10 most-cited TNFAIP3-related papers in autoimmunity and inflammation (2003-01-01 to 2025-12-31)

Rank First Author (Year) Title Journal Name Citations DOI
1 Lee EG, 2000 Failure to regulate TNF-induced NF-kappaB Science 641 https://doi.org/10.1126/science.289.5488.2350
and cell death responses in A20-deficient
mice [1]
2 Wertz IE, 2004 De-ubiquitination and ubiquitin ligase Nature 607 https://doi.org/10.1038/nature02794
domains of A20 downregulate NF-kappaB
signalling [2]
3 David L Boone, The ubiquitin-modifying enzyme A20 is Nature Immunology 409 https://doi.org/10.1038/ni1110
2004 required for termination of Toll-like receptor
responses [3]
4 Averil Ma, 2012 A20: linking a complex regulator of ubiquity-  Nature Reviews 259 https://doi.org/10.1038/nri3313
lation to immunity and human disease [4] Immunology
5 Noula Shembade, Inhibition of NF-kappaB signaling by A20 Science 255 https://doi.org/10.1126/science.1182364
2010 through disruption of ubiquitin enzyme com-
plexes [5]
6 Leen Catrysse, A20 in inflammation and autoimmunity [6] Trends in Immunology 241 https://doi.org/10.1016/j.it.2013.10.005
2014
7 Lars Vereecke, The ubiquitin-editing enzyme A20 (TNFAIP3) is Trends in Immunology 224 https://doi.org/10.1016/j.it.2009.05.007
2009 a central regulator of immunopathology [7]
8 S L Musone, 2008 Multiple polymorphisms in the TNFAIP3 region Nature Genetics 212 https://doi.org/10.1038/ng.202
are independently associated with systemic
lupus erythematosus [8]
9 A W Opipari, 1990 The A20 cDNA induced by tumor necrosis fac- Journal of Biological 208  https://doi.org/10.1016/S0021-9258(18)77165-2
tor alpha encodes a novel type of zinc finger ~ Chemistry
protein [9]
10 Qing Zhou, 2016  Loss-of-function mutations in TNFAIP3 leading Nature Genetics 200 https://doi.org/10.1038/ng.3459

to A20 haploinsufficiency cause an early-
onset autoinflammatory disease [10]

The table lists the top 10 most-cited original research articles and reviews related to TNFAIP3 in the context of autoimmune and inflammatory diseases, based on citation counts
from the Web of Science Core Collection as of 31 December 2025. These articles represent seminal works that have significantly influenced the field.
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Supplementary Table 4. The details of the 25 references in which the citation burst occurred

Rank Strength

Main research content

1

10

11

12

13

14
15

16
17

18
19

20
21

22

23
24

25

23.87

54.52
40.79

27.44

27

23.06

31.69

31.33

29.53

23.04

22.29

32.76

22.93

41.95
60.2

25.35
29.28

28.81
22.27

53.59
26.51

29.39

23.42
22.94

29.37

A20 plays a crucial role in modulating the inflammatory response by terminating the TNF-
induced NF-kB signaling pathway and suppressing cell death [1].

A20 suppresses NF-kB activation through its dual ubiquitin-editing activities on RIP proteins [2].
A20 regulates TNF-independent inflammation by deubiquitinating TRAF6 to inhibit TLR-NF-kB
signaling [3].

A20 inhibits NF-kB activation through its dual ubiquitin-editing activities on RIP, thereby sup-
pressing inflammation and cancer development [11].

Two independent RA susceptibility loci were identified at 6q23 near TNFAIP3 (rs10499194 and
rs6920220) [12].

The WTCCC confirms that the 6923 SNP rs6920220 (OLIG3-TNFAIP3) is significantly associ-
ated with RA (P = 1.1 x 10%) [13].

Variants in TNFAIP3 contribute to SLE pathogenesis through A20-mediated immune regulation
(8].

Variants in TNFAIP3, including rs5029939, confer differential disease risks for SLE (P = 2.89 x
1012) and RA [14].

A20 inactivation via somatic mutations/deletions drives B-cell ymphomagenesis by unleashing
NF-kB signaling [15].

Biallelic A20 inactivation promotes cHL/PMBL pathogenesis via NF-kB dysregulation, with
higher frequency in EBV (-) than EBV (+) cHL (44% vs 12.5%) [16].

Genetic lesions in multiple negative and positive regulators of NF-kB underlie its constitutive
activation and drive lymphomagenesis in diffuse large B-cell lymphoma [17].

A20 terminates NF-kB signaling through the degradation of E2 ubiquitin-conjugating enzymes
(5]

The ubiquitin-editing enzyme A20 links chronic inflammation to cancer development by modu-
lating inflammatory signaling pathways [18].

A20 modulates ubiquitin signaling pathways in inflammation and cancer [4].

A20 maintains tissue homeostasis through ubiquitin-mediated regulation of inflammatory
signaling pathways [6].

A20 deficiency drives the development of rheumatoid arthritis via the NLRP3-IL-1 axis [19].

A20 prevents necroptosis by deubiquitinating RIPK3 at Lys5, thereby disrupting RIPK1-RIPK3
complex formation [20].

Phosphorylated A20 orchestrates ubiquitin editing to balance inflammation and cell death [21].

A20 suppresses the NLRP3 inflammasome by inhibiting RIPK3-dependent pro-IL-1f ubiquitina-
tion at Lys133 [22].

Haploinsufficiency of A20 drives autoinflammation [10].

A20 haploinsufficiency (HA20) is associated with early-onset recurrent ulcers and a heteroge-
neous clinical spectrum [23].

A20 modulates inflammation via NF-kB and cell death regulation, with mutations linked to
autoimmune diseases [24].

A20 prevents disease development by modulating ubiquitin signaling pathways [25].

A20 prevents inflammasome-driven arthritis by ZnF7-mediated inhibition of macrophage
necroptosis through the RIPK1-RIPK3-MLKL axis [26].

A20’s dual anti-inflammatory mechanisms: ubiquitin editing and suppression of cell death [27].

This table lists the 25 references with the strongest citation bursts in TNFAIP3/A20 research, identified through temporal
citation analysis (2003-01-01 to 2025-12-31). These publications represent landmark studies that gained rapid, concentrated
recognition for advancing understanding of TNFAIP3 in immunity and inflammation.
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Supplementary Table 5. High-frequency keywords and thematic clusters in autoimmune and inflam-
matory disease contexts (2003-01-01 to 2025-12-31)

Cluster ID Cluster Label Representative Mechanistic Focus
Keywords
Red Cluster Gene Expression & Cellular gene-expression, Molecular profiling, functional genomics,
Responses in Disease cancer, identification, and cellular behavior in disease contexts

cells, responses
Yellow Cluster NF-kB Signaling, Inflamma- NF-kB, inflammation,  Control of inflammatory responses, regula-

tion & Cell Survival apoptosis, inhibition,  tion of programmed cell death (apoptosis),
TNF-o and cytokine signaling
Green Cluster Ubiquitin-dependent activation, cell-death,  Post-translational control (via ubiquitina-
Regulation of Inflamma- NLRP3 inflammasome, tion) of innate immune sensor activation
some and Cell Death ubiquitination and its associated inflammatory cell death
pathways
Blue Cluster  A20 in Disease Genetics a20, disease, asso- Linking genetic variations in TNFAIP3 to dis-
and Risk ciation, risk, variants,  ease susceptibility and exploring functional
mutations consequences of coding changes

Keyword clusters were derived via co-occurrence network analysis. Each cluster aggregates mechanistic themes and disease
links, reflecting the conceptual structure of A20 research. Core foci include transcriptional regulation, innate immunity, and
autoinflammatory signaling.
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Supplementary Figure 2. Global research landscape of TNFAIP3 in autoimmunity and inflammation. A. Geographi-
cal distribution of publications by country, with node size representing the number of papers published by the coun-
try, the connecting line representing the countries’ collaborative relationship with each other, and the width of the
connecting line representing the closeness of the collaborative relationship. B. Institutional collaboration network
showing research linkages between leading institutions. Visualizations generated using VOSviewer.
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