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Editorial on the Research Topic
Autoimmune pre-disease

1 Introduction

According to the revised Witebsky postulates, diseases are of an autoimmune nature if,
(i) the clinical phenotype can be reproduced through the transfer of autoantibodies and/or
lymphocytes; (ii) the disease can be reproduced in experimental animal models; (iii)
autoreactive T cells or autoantibodies are identified; and/or (iv) distinctive clinical
observations, such as an HLA association, are found (1). These postulates mostly still
hold true despite they were made 3 decades ago. However, in psoriasis, lichen sclerosus and
lichen planus, which are considered chronic, non-communicable inflammatory diseases,
autoreactive T cells and/or autoantibodies that potentially contribute to disease
pathogenesis are also detected (2-5). Thus, rather than a clear distinction between
autoimmune and chronic non-communicable inflammatory diseases, categorization of a
given distinct disease may be better placed in the continuum between the two. Hence,
within this research topic, we cover both “classic” autoimmune diseases, such as systemic
lupus erythematosus (SLE), as well as non-communicable, inflammatory diseases with
detectable autoimmunity, e.g., psoriasis.

Autoimmune diseases develop over a long time, which at least spans over several years.
This is maybe best demonstrated by the presence of disease-specific autoantibodies years
prior to diagnosis of the corresponding autoimmune disease (6-10). The presence of
disease-specific autoantibodies, does not, however, reliably predict if clinical manifestation
of the corresponding autoimmune disease will occur in the future. Therefore, definite
biomarkers that define the transition (i) from health to autoimmunity, (ii) from
autoimmunity to autoimmune disease, and (iii) to chronicity or resolution of
inflammation (Figure 1) would allow to implement measures to slow or prevent disease
progression. This would have a significant impact on affected individuals, as well as the
healthcare system because the incidence of autoimmune and non-communicable
inflammatory diseases is rising and there are still many unmet medical needs in the care
of patients with these diagnoses (12, 13).
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Transitional stages in the pathogenesis of autoimmune diseases. Regarding the transitional stages in the pathogenesis of autoimmune diseases,
health (1) is defined by no inflammatory symptoms and absence of autoreactive T cells and autoantibodies. However, in approximately 10% of
healthy individuals autoantibodies can be detected. At this stage of autoimmunity (2) no clinical symptoms are apparent. Progression towards overt
autoimmune disease (3) occurs in some, but not all individuals with autoimmunity. Autoimmune disease is characterised by clinical symptoms, such
as dermatitis or arthritis, as well as the detection of autoreactive T cells and/or autoantibodies. Current treatment options improve disease. However,
adverse drug events as well as comorbidity are encountered frequently (4). Besides, clinical relapses of disease (flares) often occur, especially when
treatment is tapered or withdrawn, because the underlying inflammatory sensitisation of tissue is sustained even during clinically silent phases (11).

Image created with Biorender (www.biorender.com).

In total, 25 articles covering the topic of autoimmune pre-
disease were submitted to the research topic “Autoimmune Pre-
Disease”. Ten of these articles were written by PhD- and MD-
candidates from the DFG-funded Research Training Group
“Autoimmune Pre Disease” (GRK 2633) that is dedicated to
defining and modulating above-described transitional steps from
heath to clinically manifest autoimmune disease. Some of these
authors introduce themselves and their project with short clips on
YouTube. For a structured description of all articles, we allocated
each article to one of the following chapters: (i) From health to
autoimmunity, (ii) From autoimmunity to autoimmune disease,
(iii) Resolution of autoimmune disease, and (iv) New concepts in
autoimmune disease.

2 From health to autoimmunity

In SLE, rheumatoid arthritis and type 1 diabetes (T1DM) the
presence of disease-specific autoantibodies prior to clinical disease
manifestation is well-established (6-10). This is less well
characterized for autoantibodies targeting BP180 or BP230, which
characterize and cause bullous pemphigoid (14). So far, large-scale
studies demonstrated that these autoantibodies are also present in
0.9% to 2.2% of healthy volunteers (15, 16). Herein, Mai et al. review
the significance of preclinical anti-BP180 autoantibodies. They
conclude that in certain non-BP patient populations, the
prevalence of BP180 autoantibodies is increased when compared

Frontiers in Immunology

to the appropriate controls. Some of these patient populations, e.g.,
neurological diseases or type 2 diabetes (T2DM), are associated with
a higher risk to develop bullous pemphigoid. The increased
prevalence of BP180 autoantibodies in T2DM may be confounded
by the use of gliptins, oral antidiabetics that significantly increase
the risk for subsequent manifestation of bullous pemphigoid (17,
18). This concept is challenged by the original data presented by
Nitynki et al. demonstrating that the use of gliptins reduces levels of
SDF-1/CXCL12 in bullous pemphigoid and T2DM, but does not
increase autoantibodies against BP180 in diabetic patients. These
findings are in line with a report from Japan (19). Hence, future
studies are needed to clarify the impact of T2DM and gliptins on
BP180 and BP230 autoantibodies. Schanzenbacher et al. outline that
the complement system may contribute to the formation of
autoantibodies. Complement can modulate autoimmune diseases
at their initiation, as well as in the induction of tissue inflammation
in the effector phase, as shown by Papara et al. Furthermore, shift
work, circadian rhythm misalignment, and/or poor sleep may also
lead to the formation of autoimmunity and autoimmune disease.
These later aspects are covered in-depth in the review by
Stenger et al..

Data from SLE demonstrated that cell death and dysregulated
clearance of dead cells are key events in the induction of
autoimmune diseases (20-22). In this Research Topic, Brieske
et al. detail the impact of immunogenic cell death as driver of
autoimmunity in granulomatosis with polyangiitis (GPA). GPA is
an orphan anti-neutrophil cytoplasmic autoantibody (ANCA)-

frontiersin.org


https://www.grk2633.uni-luebeck.de/grk2633.html
https://www.youtube.com/@user-dz5so5fo3n
https://doi.org/10.3389/fimmu.2022.963401
https://doi.org/10.3389/fimmu.2022.942131
https://doi.org/10.3389/fimmu.2022.958392
https://doi.org/10.3389/fimmu.2022.973702
https://doi.org/10.3389/fimmu.2022.1000951
https://doi.org/10.3389/fimmu.2022.1007092
https://doi.org/10.3389/fimmu.2022.1007092
http://www.biorender.com
https://doi.org/10.3389/fimmu.2023.1159396
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Hundt et al.

associated vasculitis that, in addition to small-vessel vasculitis, is
characterized by granulomatous inflammation (23). The
dysregulated cell death in GPA leads to the release of damage-
associated molecular patterns (DAMP) such as high mobility group
box 1 (HMGB1). These, along with cytokines, contribute to the loss
of tolerance towards the proteinase 3 autoantigen in GPA, that
ultimately lead to autoantibody formation.

In an elaborate study Anaparti et al. documented alterations in
the CD4 T cell compartment of autoantibody-positive, first-degree
relative of patients with rheumatoid arthritis (RA). For this, they
performed multicolor flow cytometry for immunophenotyping of
CD4 cells from autoantibody-negative and autoantibody positive
first-degree relatives of RA patients, as well as from RA patients
themselves. Herein, they identified a higher frequency of a TIGIT+
CD4 T cell subset in autoantibody-positive, compared to
autoantibody-negative first-degree relatives. This underscores the
importance of immunophenotyping in patients and risk
populations to unravel molecular pathways in autoimmune pre-
diseases (24). Zotti et al. followed a similar approach. Contrasting
flow cytometric characterization of the lymphocyte compartment
they found significantly reduced frequencies of recent thymic
emigrants and naive T cells, and significantly increased
frequencies of central memory T cells, TH2 and TH17 cells in
antinuclear antibody (ANA)+ as opposed to ANA- healthy
individuals. Furthermore, CD4+ T cells in ANA+ individuals
were metabolically more active than those obtained from
ANA- individuals.

3 From autoimmunity to
autoimmune disease

The article by Sprow et al. has attracted the most reads within
our Research Topic. Here the researchers investigated the risk of
exacerbations of dermatomyositis and SLE patients following
COVID-19 vaccination. The risk for disease exacerbation
following COVID-19 vaccination was 22% for dermatomyositis
and 8.6% for SLE patients. Independently of these findings, the
authors conclude that, given the risks of COVID-19 infection,
vaccination should nevertheless be performed in most patients
with autoimmune skin diseases. This latter argument is of
particular importance because patients with bullous pemphigoid
experience an increased risk for COVID-19-associated mortality
(25). Similar findings and conclusions were made in Australian and
Italian patient cohorts (26, 27). Like infections, drugs are also
known to trigger autoimmune diseases; recent examples are
checkpoint- or dipeptidyl peptidase 4- inhibitors (17). Anti-TNF
treatment-induced psoriasis, termed paradoxical psoriasis, is among
the more peculiar drug-induced autoimmune diseases, because the
same class of drugs is used to treat psoriasis (28). Herein, Xie et al.
review the incidence and risk factors for paradoxical psoriasis in
individuals with inflammatory bowel disease (IBD) treated with
anti-TNF. In a cohort of 24,547 IBD patients, paradoxical psoriasis
was observed in 4.6% of cases. Risk factors for paradoxical psoriasis
manifestation were female sex, younger age at anti-TNF treatment
initiation, smoking, ileocolonic Crohn’s disease and use of
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adalimumab or certolizumab as compared to infliximab. IL-10 is
another cytokine with (mostly) anti-inflammatory activity in
autoimmune diseases (29). However, its’ role in autoimmunity
may be more complex as highlighted in the article by Biswas
et al.. The authors point out that in SLE, IL-10 seems to be also a
main driver of the extrafollicular pathogenic autoantibody response.
Hence, its’ pharmacological targeting needs to be well timed to
achieve therapeutic effects.

Four articles within the research topic focused on an in-depth
characterization of the transition from autoimmunity to
autoimmune disease. Buhre et al. described the role of IgG
subclass and Fc glycosylation shifts in the transition from pre- to
inflammatory autoimmune diseases. They introduce the concept of
a two-step model for the development of inflammatory
autoimmune diseases, which isinitiated by a state of low- or non-
inflammatory T/B cell responses that may shift towards more
inflammatory T/B cell response. The shift to the inflammatory
response is characterized by the IgG subclass distributions and IgG
Fc glycosylation patterns. Hence, these might be used as biomarkers
to detect this stepwise development towards autoimmune disease.
Also in search of molecular markers for the development of clinical
autoimmune disease important efforts were made by O’Neil et al,,
Niebuhr et al. and Wang et al. In their study O'Neil et al.
performed serum proteomics from first-degree relatives of
patients with RA. Their analysis was stratified by the presence of
absence of anti-citrullinated protein autoantibodies (ACPA).
Overall, they identified 6 proteomic clusters. One of the clusters
showed an enrichment of ACPA positive samples. Follow-up will
determine if this dataset can be used to predict future disease onset.
Wang et al. focused on Vogt-Koyanagi-Harada disease, an
autoimmune inflammatory disease characterized by bilateral
granulomatous uveitis, using publicly available expression datasets
to identify hub genes that are potentially involved in pathogenesis.
In total, six immune-related hub genes were identified. Dr. Niebuhr
et al. contrasted T cell repertoires of CD45RO CD4 T cells obtained
from bullous pemphigoid patients to those of age- and sex-matched
controls. Interestingly, the diversity of TCR repertoires from
peripheral CD4 T cells does not reflect the manifestation of
bullous pemphigoid and is thus not suited to serve as a
diagnostic marker.

4 Resolution of autoimmune disease

Once an autoimmune disease has manifested, current standard
treatment options mostly aim to improve symptoms by
immunosuppression, and (if needed) by hormone replacement;
e.g., insulin. Current innovative treatments have significantly
improved the outcomes. However, since causative treatment is
not possible, these treatments must be long-term. Their adverse
events and the underlying chronic inflammation may cause a
significant comorbidity, especially metabolic and cardiovascular
diseases. Early detection,individualization, and (in the future)
potentially curative treatments will meet these medical needs in
autoimmune diseases (12). Three articles of this Research Topic
cover these aspects. In the paper by Song et al. the authors

frontiersin.org


https://doi.org/10.3389/fimmu.2022.932627
https://doi.org/10.3389/fimmu.2022.972127
https://doi.org/10.3389/fimmu.2022.899526
https://doi.org/10.3389/fimmu.2022.847160
https://doi.org/10.3389/fimmu.2022.970906
https://doi.org/10.3389/fimmu.2022.970906
https://doi.org/10.3389/fimmu.2022.1006939
https://doi.org/10.3389/fimmu.2022.958145
https://doi.org/10.3389/fimmu.2022.1006941
https://doi.org/10.3389/fimmu.2022.936707
https://doi.org/10.3389/fimmu.2022.958145
https://doi.org/10.3389/fimmu.2022.936707
https://doi.org/10.3389/fimmu.2022.1006941
https://doi.org/10.3389/fimmu.2022.1006941
https://doi.org/10.3389/fimmu.2022.932909
https://doi.org/10.3389/fimmu.2023.1159396
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Hundt et al.

demonstrate that a change in reimbursement practices led to a
much shorter time to remission in pemphigus patients because of
early initiation of rituximab treatment. This highlights that not only
break-through discoveries in translational research but also political
implementation of these findings into the health care system are
essential for optimal patient care. By contrast to rituximab that is
effective not only in pemphigus (30, 31), but also in several
autoimmune diseases (32), Zeng et al,, in their meta-analysis show
that there is too little evidence to support the use of curcumin and
curcuma longa extract in the treatment of RA. In contrast. as
reviewed by Su et al. the hedgehog signaling pathway has recently
emerged as a potential therapeutic target in rheumatic diseases.

5 New concepts in autoimmune
disease

As mentioned above, the initial definition of autoimmune
diseases still mostly holds true (1), but a clear separation between
autoimmunity and chronic inflammation is challenged by new
methodology and new insights. Using advanced flow cytometry
Polakova et al. describe the detection of rare autoreactive T cell
subsets in patients with pemphigus vulgaris. Detection of (auto)
antigen-specific CD4+ T cells specific for defined antigens was
performed according their CD154 expression following in vitro
stimulation (33).

In addition to these methodological innovations, thorough
clinical investigations can lead to new concepts. This is
exemplified by the review on anti-desmoglein autoantibodies in
oral lichen planus by Didona and Hertl. Oral lichen planus is
considered a chronic inflammatory disease (2). Meanwhile,
autoantibodies targeting desmoglein 1 and/or 3 are hallmarks of
pemphigus (34). In their review, Didona and Hertl summarize the
evidence regarding the presence and potential clinical relevance of
desmoglein autoantibodies in oral lichen planus. The review by
Opelka et al. also focuses on autoantibodies. Here, they raise the
point that autoantibodies targeting different epitopes of the same
autoantigen, specifically type XVII collagen (COL17), lead to
distinct clinical phenotypes: bullous pemphigoid or mucous
membrane pemphigoid.

Along this line, careful clinical investigations by Baker et al.
identified three patients with cutaneous pemphigus vulgaris without
history of mucosal lesions. These observations challenge the
concept that mucosal disease manifestations are obligatory for a
diagnosis of pemphigus vulgaris (34). In the same line Sielski et al.
challenge the desmoglein compensation hypothesis that correlates
clinical presentation of pemphigus with the profile of
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Background: Paradoxical psoriasis or psoriasiform lesions induced by anti-tumor
necrosis factor (anti-TNF) therapies receive increasing attention worldwide. However,
no comprehensive meta-analysis investigating the incidence estimates and risk factors for
anti-TNF-induced psoriasis is currently available. We aimed to precisely quantify its
incidence as well as risk factors in patients with inflammatory bowel disease (IBD).

Methods: This study was registered on PROSPERO database under review registration
number CRD42021233695. The electronic databases PubMed, EMBASE, and the
Cochrane library were comprehensively searched for observational studies published as
full-length papers in English and reporting the incidence and/or predictors for psoriasis or
psoriasiform lesions in IBD patients. A random-effects meta-analysis was performed to
calculate the pooled incidence. Pooled odds ratio (OR) and 95% confidence interval for
potential predictors were combined using a fixed-effects or random-effects model.

Results: In total, 30 articles comprising 24,547 IBD patients treated by anti-TNF were
finally included. The overall pooled incidence of psoriasis and/or psoriasiform lesions
following anti-TNF therapy was 6.0% (5.0-7.0%; I* = 93.9%), with 6.9% (5.1-8.7%; I° =
92.4%) for psoriasiform lesions and 4.6% (3.6-5.6%; I° = 93.9%) for psoriasis.
Multivariable meta-regression analysis indicated regions and populations that
significantly contributed to the heterogeneity. A statistically higher risk for psoriasis or
psoriasiform lesions during anti-TNF therapy was observed in female patients (OR 1.46,
1.23-1.73), those who are at a younger age at anti-TNF initiation (OR 1.03, 1.00-1.05),
smokers (OR 1.97, 1.56-2.48), ileocolonic Crohn’s disease patients (OR 1.48, 1.03-
2.18), and those who are using adalimumalb or certolizumab (vs. infliximab) (OR: 1.48 and
2.87 respectively).
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Conclusions: The incidence of psoriasis or psoriasiform lesions was not uncommon in
IBD patients following anti-TNF therapy. Female, younger age, smoker, ileocolonic
Crohn’s disease, and the types of anti-TNF were significantly associated with such risk.
These findings may help gastroenterologists to make more individualized decisions and
understand the mechanisms of this paradoxical phenomenon.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/display_
record.php?RecordID=233695, identifier CRD42021233695.

Keywords: inflammatory bowel disease, anti-tumor necrosis factor, psoriasis, psoriasiform lesions, risk factors,

meta-analysis, incidence

Risk factors

GRAPHICAL ABSTRACT |

Anti-TNF Therapy Associated Psoriasis or
Psoriasiform Lesions in IBD Patients

DO

Genetic susceptibility

Imbalances in cytokines and cells
Incidence:6.0% (95%Cl 5.0%-7.0%)

* Female (OR 146, 1.23 to 1.73) \
* Younger age (OR 1.03, 1.00 to1.05) \
Smoking (OR 1.97, 1.56 to 2.48) J
lleocolonic CD (OR 1.35, 1.01 tol 81) Leed bosd
Adalimumab (OR 1.48, 1.03 to 2.42)

Certolizumab (OR 2.87, 1.04 to 7.91)

INTRODUCTION

Inflammatory bowel diseases (IBDs) are chronic inflammatory
disorders of the gastrointestinal tract that affect approximately 10
million patients worldwide (1, 2). The introduction of biologics
has dramatically transformed the therapeutic landscape of IBD.
Among these, anti-tumor necrosis factor (anti-TNF), such as
infliximab and adalimumab, are most extensively used in daily
practice for a couple of decades (3). Accumulative evidence has
demonstrated that anti-TNF can control the disease activity
rapidly, exert a steroid-sparing effect, promote mucosal
healing, improve the quality of life, and reduce the risk of
surgery as well (3, 4).

With increasing use of these agents, however, some
paradoxical inflammations, involving the skin, joints and
lungs, have been described and received increasing attention in
recent years (5). Of these, paradoxical psoriasis or psoriasiform

lesion induced by anti-TNF therapies is one of the most extended
concerned topics worldwide. Generally, anti-TNF treatments are
commonly used for psoriasis therapy, but psoriasis and
psoriasiform skin lesions are sometimes observed in IBD
patients receiving anti-TNF therapies. Overall, IBD patients
treated with anti-TNF therapy have a 2.4-fold increased risk of
paradoxical psoriasis compared with nonusers of anti-TNF (6).
Meanwhile, there is high inconsistency in the results of previous
studies on the incidence of psoriasis or psoriasiform lesions in
IBD patients with exposure to anti-TNF, varying from 1% (6) to
more than 30% (7). The relatively small sample sizes and limited
number of events lead to significant variation and imprecise
incidence estimates and further preclude robust conclusions to
be drawn from any of the individual studies. On the other hand,
currently, the knowledge about the risk factor for psoriasis or
psoriasiform lesions secondary to anti-TNF therapy in IBD
patients is limited and contradictory—for example, some
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studies have shown gender, smoking, and concomitant
immunosuppressive agents to be associated with an increased
risk of developing anti-TNF-induced psoriasis, while others have
not (8-16).

To date, no comprehensive meta-analysis investigating the
incidence estimates and risk factors for anti-TNF-induced
psoriasis is currently available. To fill the gap, the present
study is intended to precisely quantify the incidence of and
risk factors for developing anti-TNF-induced psoriasis or
psoriasiform lesions in IBD patients.

MATERIALS AND METHODS

This article was carried out and reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
analysis (17). The methods were stipulated in a protocol that was
registered with PROSPERO (CRD42021233695).

Literature Search and Inclusion Criteria

A literature search of English language publications was
performed using the electronic databases PubMed, EMBASE,
and the Cochrane Library from database inception to February 9,
2021. The search strategy was designed and conducted by an
experienced medical librarian with input from the study
investigators. The studies were identified by combining three
search themes: the first theme, inflammatory bowel disease; the
second theme, anti-TNF; and the third theme, a combination of
the following terms: psoriasis, psoriasiform, dermatological, skin,
and cutaneous. The detailed search strategies are available in
Supplementary Appendix S1.

Studies were included if they were on IBD patients of all ages
(including children) receiving anti-TNF treatment, were cohort
studies or case-control studies, reported the incidence of and/or
risk factors for psoriasis or psoriasiform lesions in IBD patients,
and were full-text English articles. When duplicate publications
were identified, only the article with the newest and most
comprehensive information was included. We excluded studies
with insufficient data of interest (such as those only presenting all
dermatological events), meeting abstract, case report, editorial,
review, or nonhuman investigations. Two investigators (WX and
SX) independently evaluated the eligibility, and any discrepancy
throughout was resolved by a third investigator (ZZ).

Data Extraction and Outcome Assessment
Data extraction of the eligible studies was conducted by two
independent review authors (WX and SX) using piloted data
extraction sheets: first author, publication year, country/countries,
study design, data sources, setting, study period, the diagnosis of
IBD, psoriasis, sample size, time period of observations, patients’
demographics and clinical characteristics, number of patients
developing psoriasis or psoriasiform lesions, risk factor of
interests, and risk estimates. The methodological quality of each
study was rated by the Newcastle-Ottawa Scale (NOS) which
consists of three factors: patient selection (0-4 points),
comparability of the study groups (0-2 points), and assessment of

outcome (0-3 points) (18). All relevant studies were scored from 0
to 9 on the NOS to determine the study quality.

Data Synthesis and Analysis

All calculations and graphs were performed using Stata Statistical
Software version 13.0. The incidence of psoriasis or psoriasiform
lesions in IBD patients treated with anti-TNF therapy was
pooled. The levels of heterogeneity were assessed by the I*
statistic (I* >50% was considered as a statistically significant
heterogeneity). If severe heterogeneity was present at I’ >50%,
the random-effects model (DerSimonian and Laird method) was
chosen; otherwise, the fixed-effects model was adopted (Mantel-
Haenszel method). The sources of heterogeneity were explored
by using subgroup and meta-regression analyses. On the other
hand, to explore the risk factors for developing psoriasis or
psoriasiform lesions, the patients’ demographics and clinical
characteristics (sex, age, smoking, disease phenotype, type of
anti-TNF therapy, efc.) were compared between IBD patients
with and without psoriasis/psoriasiform lesions during anti-TNF
therapy, if possible. Pooled odds ratios (ORs) with 95% CI were
calculated as an effect measure. We extracted the risk estimates
that were adjusted for most variables. When no raw data were
available, relative risks and hazard ratios were taken as good
estimates of OR, in line with previous reports (19-21). Sensitivity
analyses were performed to assess the robustness of estimates.
Graphical symmetry with funnel plot, as well as with Begg’s and
Egger’s statistical tests, was produced to help detect publication
bias. Trim-and-filled method was performed in the case of
potential publication bias. A two-sided P-value <0.05 was
considered statistically significant.

RESULTS

Study Selection and Characteristics

The study selection process is shown in Supplementary Figure
S1. Initially, we retrieved 11,467 citations, of which 107 full-text
articles were eligible for inclusion (6-16, 22-40). The
characteristics of the included studies are presented in Table 1.
In total, 30 citations were published between 2009 and 2020. All
papers were based on retrospective or prospective cohorts, and
majority of them originated from Europe and the USA. Psoriasis
or psoriasiform lesions diagnosis was mostly judged by the
treating gastroenterologist and/or dermatologist (biopsy if
necessary) (8, 10, 13-16, 22, 26, 29-31, 33-37). The median
NOS score in the included studies was 6, ranging from 5 to 8
(Supplementary Table S1).

The Incidence of Psoriasis or

Psoriasiform Lesions

The incidence of psoriasis or psoriasiform lesions associated with
anti-TNF therapy in IBD patients was reported by 29 articles,
varying from 1.1 to 29.8%. In total, 913 cases were documented
from 24,547 patients with IBD exposed to anti-TNF agents,
corresponding to a crude incidence of 3.7%. The overall pooled
incidence of psoriasis and/or psoriasiform lesions following anti-
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TABLE 1 | Characteristics of the studies included in the meta-analysis.

Author, Reference  Year Country Data Study Enrollment Population Number Outcome Diagnosis method Number
source design period of IBD of
events
Fidder et al. (22) 2009 Belgium Monocenter Retrospective 1994-2008 Adult 743 Psoriasiform  Patient or treating 39
lesions physician
Rahier et al. (23) 2010 France Multicenter  Retrospective  2004-2009  Adult 562 Psoriasiform  NA 62
lesions
Baumgart et al. (24) 2011 Germany Monocenter Prospective NA Mixed 50 Psoriasiform  NA 6
lesions
Hiremath et al. (25) 2011 USA Monocenter Retrospective NA Children 73 Psoriasis NA 6
Guerra et al. (26) 2012 Spain Multicenter ~ Retrospective NA Mixed 1,294 Psoriasis Gastroenterologists and 21
dermatologists; biopsy if
necessary
Salgueiro et al. (27) 2013 Portugal Monocenter Retrospective 2002-2012 NA 132 Psoriasis NA 11
Sherlock et al. (28) 2013 Canada Monocenter Retrospective 2000-2010  Children 172 Psoriasiform  NA 18
lesions
Afzali et al. (29) 2014 USA Monocenter Retrospective 1998-2011  Mixed 1,004  Psoriasiform  Gastroenterologists 27
lesions
Malkénen et al. (7) 2014  Finland Monocenter Prospective 2011-2013  Children 84 Psoriasiform ~ NA 25
lesions
Tillack et al. (30) 2014  Germany Monocenter Prospective 2010-2011  Adult 434 Psoriasiform  Dermatologists 21
lesions
Wiodarczyk et al. (31) 2014 Poland Monocenter Prospective 2012-2013 Adult 30 Psoriasiform  Gastroenterologists and 8
lesions dermatologists
Pugliese et al. (32) 2015 ltaly Monocenter Retrospective 2008-2013  Adult 402 Psoriasis 42
Fréling et al. (33) 2015 France Monocenter Retrospective 2000-2011  Adult 583 Psoriasiform  Dermatologists 59
lesions
George et al. (34) 2015 USA Monocenter Retrospective 2004-2013  Mixed 72 Psoriasiform  Dermatologists 18
lesions
Huang et al. (35) 2015 Canada Monocenter Retrospective 2013 Adult 71 Psoriasis Gastroenterologists and 2
dermatologist
Soh et al. (36) 2015 Republic of Monocenter Retrospective 2002-2013 NA 500 Psoriasiform  Dermatologist 13
Korea lesions
Cleynen et al. (37) 2016 Belgium Monocenter Retrospective  1994-2009  Adult 917 Psoriasiform  Dermatologist’s clinical 81
lesions, diagnosis (biopsy 42%)
psoriasis
Guerra et al. (38) 2016 Spain Multicenter ~ Retrospective  Inception—  Mixed 7,415  Psoriasis NA 125
2015
Hellstrém et al. (39) 2016 Finland Monocenter Prospective 2013-2014  Adult 118 Psoriasiform  NA 7
lesions
Protic et al. (40) 2016 Switzerland Monocenter Retrospective 2010-2013  NA 269 Psoriasis NA 23
Vedak et al. (8) 2016 USA Monocenter Retrospective 2005-2014  Adult 765 Psoriasis Dermatologists 35
Jeyarajah et al. (9) 2017 Ireland Monocenter Retrospective 2000-2015 NA 403 Psoriasis NA 8
Peer et al. (10) 2017 Australia Monocenter Retrospective 2009-2013  Adult 270 Psoriasiform  Dermatologist and biopsy 10
lesions
Andrade et al. (11) 2018 Portugal Monocenter Retrospective 2005-2015  Mixed 732 Psoriasis NA 39
Bae et al. (6) 2018 Korea Nationwide Retrospective 2007-2016 Mixed 5,428  Psoriasis NA 62
Sridhar et al. (12) 2018 USA Monocenter Retrospective 2010-2015  Children 409 Psoriasis NA 33
Weizman et al. (13) 2018 Canada Monocenter Retrospective 2004-2016 Mixed 676 Psoriasis Dermatologists and biopsy 72
Courbette et al. (14) 2019 France Monocenter Retrospective 2002-2014  Children 147 Psoriasis Dermatologists 20
Cossio et al. (15) 2020 Canada Monocenter Retrospective 2013-2016  Children 343 Psoriasis Dermatologists 20
Yaet al. (16) 2020 USA Monocenter Retrospective 2003-2015  Adult 97 Psoriasis Dermatologist and biopsy 97

NA, not available; IBD, inflammatory bowel disease.

TNF therapy was 6.0% (95% CI, 5.0-7.0%; I* = 93.9%, n = 29
studies), with 6.9% (95% CI 5.1-8.7%; I* = 88.7%, n = 15 studies)
for psoriasiform lesions and 4.6% (95% CI 3.6-5.6%; I’ =93.3%,
n = 15 studies) for psoriasis, respectively (Figures 1-3). The
results of the jackknife sensitivity analysis suggested that the
pooled estimate was robust and not influenced excessively by
omitting any single study, ranging from 5.7 to 6.5%
(Supplementary Table S2). When tested for publication bias,

P was 0.034 for Begg’s test and 0.001 for Egger’s test. Despite the
existence of a publication bias, the sensitivity analyses of the
trim-and-filled method showed that the result was roughly
reliable. We further conducted a sensitivity analysis exclusively
including the 23 studies that reported an incidence of de novo
psoriasis/psoriasiform lesion, yielding a similar pooled incidence
of 5.8% (4.8-6.9%) (6-15, 22, 24, 25, 27, 30-32, 34-38, 40)
(Supplementary Figure S2).
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Author Year Country ES (95% Cl) Weight
Fidder 2009 Belgium - 0.05 (0.04,0.07) 4.41
Rahier 2010 France |- 0.11(0.08,0.14) 3.70
Baumgart 2011 Germany —_ 0.12(0.03,0.21) 0.95
Hiremath 2011 USA + 0.08 (0.02,0.15) 1.62
Guerra 2012 Spain . 0.02(0.01,0.02) 4.89
Salgueiro 2013 Portugal —— 0.08 (0.04,0.13) 2.31
Sherlock 2013 Canada :—0— 0.10 (0.06, 0.15) 2.39
Afzali 2014 USA * 0.03 (0.02,0.04) 4.76
Malkonen 2014 Finland H — 0.30 (0.20, 0.40) 0.83
Tillack 2014 Germany - 0.05(0.03,0.07) 4.13
Wiodarczyk 2014 Poland = (.27 (0.11,0.42) 0.35
Pugliese 2015 Italy 1= 0.10(0.07,0.13) 3.41
Freling 2015 France | —-— 0.10 (0.08,0.13) 3.81
George 2015 USA - 0.03 (0.02,0.05) 4.44
Huang 2015 Canada -0—:- 0.03 (-0.01, 0.07) 2.82
Soh 2015 Korea - 0.03 (0.01,0.04) 4.55
Cleynen 2016 Belgium [— 0.09 (0.07,0.11) 4.26
Guerra 2016 Spain L 0.02 (0.01,0.02) 4.99
Hellstrom 2016 Finland - 0.06 (0.02,0.10) 2.56
Protic 2016 Switzerland | E 0.09 (0.05,0.12) 3.16
Vedak 2016 USA - 0.05(0.03,0.06) 4.49
Jeyarajah 2017 Ireland - 0.02 (0.01,0.03) 4.57
Peer 2017 Australia |+ 0.04 (0.01,0.06) 3.96
Andrade 2018 Portugal - 0.05 (0.04,0.07) 4.40
Bae 2018 Korea L 0.01(0.01,0.01) 4.99
Sridhar 2018 USA - 0.08 (0.05,0.11) 3.67
Weizman 2018 Canada 1= 0.11(0.08,0.13) 3.90
Courbette 2019 France “ . 0.14 (0.08,0.19) 1.92
Cossio 2020 Canada - 0.06 (0.03,0.08) 3.79
Overall (I-squared = 93.9%, p = 0.000) Q 0.06 (0.05, 0.07) 100.00
NOTE: Weights are from random effects analysis .
T T
-425 0 425

FIGURE 1 | Forest plots of incidence of psoriasiform lesions and/or psoriasis

associated with anti-tumor necrosis factor therapy in inflammatory bowel

disease patients.

In addition, the pooled incidence of psoriasis and/or
psoriasiform reaction was separately analyzed according to
gender (5.6%, 95% CI: 3.9-7.2% for female, n = 10 studies; 5.6%,
95% CI 3.9-7.2% for male, n = 10 studies), the types of IBD
[4.8%, 95% CI: 3.7-5.9% for Crohn’s disease (CD), n = 14 studies;
3.0%, 95% CI: 1.9-4.1% for ulcerative colitis (UC), n = 12 studies],
and anti-TNF agents (5.4%, 95% CI: 4.2-6.5% for infliximab, n =
15 studies; 4.3%, 95% CI: 2.9-5.6% for adalimumab, n = 11 studies;
6.8%, 95% CI: 3.7-9.9% for certolizumab, n = 2 studies)
(Supplementary Figures S3-S9).

Meta-Regression and Subgroup Analysis
Meta-regression analysis was conducted to investigate the source of
heterogeneity. Nine covariates, including publication year, setting,
study design, region, population, sample size, CD proportion,
infliximab proportion, and study quality, were extracted from the
29 included studies. The univariable meta-regression identified
three factors potentially related to the heterogeneity, including
study design, region, population, and sample size (Table 2). As
only 29 studies were included, we further included 3 factors in the
multivariable meta-regression, showing region (coefficient -0.244,
95% CI: -0.046 to 0.003, P = 0.029) and population (coefficient
0.023, 95% CI -0.001 to 0.047, P = 0.062) to have significantly
contributed to the heterogeneity (Table 2).

We further conducted several subgroup analyses according to
region, setting and study design, sample size, diagnosis method,
and study quality (Table 3). These results indicated that the
heterogeneity can also be partially explained by the differences in
region and population.

Risk Factors for Psoriasis or

Psoriasiform Lesions

Data on clinical associations of psoriasis or psoriasiform lesions
following anti-TNF therapy were available from 18 studies (6, 8,
9, 11-16, 25, 26, 30, 32-34, 36, 38, 40). With regard to
demographic features, the risk of psoriasis or psoriasiform
lesions during anti-TNF therapy was significantly higher in
female patients (pooled OR: 1.46, 95% CI: 1.23-1.73, I* =
45.7%, n = 11 studies), with younger age at anti-TNF initiation
(pooled OR: 1.03, 95% CI: 1.00-1.05, I = 65.5%, n = 4 studies),
and smoking (pooled OR: 1.97, 95% CI: 1.56-2.48, P =52%n=
7 studies) (Figure 4 and Supplementary Figures $10-S12). In
the study of Freéling et al., IBD patients aged <28 years had a
significantly higher risk of developing psoriasiform lesions
compared with those >46 years (hazard ratio: 5.21, 95% CI:

%
Author Year Country ES (95% ClI) Weight
:
Fidder 2009 Belgium -~ 0.05 (0.04, 0.07) 8.49
Rahier 2010 France i - 0.11(0.08,0.14) 7.63
Baumgart 2011 Germany —_— 0.12(0.03,0.21) 2.72
Sherlock 2013 Canada 4:—~— 0.10 (0.06, 0.15) 5.67
Afzali 2014 USA - E 0.03 (0.02, 0.04) 8.86
Malkonen 2014 Finland i ——+—— 0.30(0.20,0.40) 2.42
Tillack 2014 Germany - 0.05(0.03, 0.07) 8.15
Wiodarczyk 2014 Poland ; ———————————— 027(0.11,0.42) 1.10
Freling 2015 France i-o— 0.10 (0.08, 0.13) 7.77
George 2015 USA -~ 0.03 (0.02, 0.05) 8.51
Soh 2015 Korea - 3 0.03 (0.01,0.04) 8.63
Cleynen 2016 Belgium -& 0.08 (0.06, 0.09) 8.39
Hellstrom 2016 Finland —— 0.06 (0.02, 0.10) 5.97
Peer 2017 Australia -0-‘: 0.04 (0.01,0.06) 7.95
Cossio 2020 Canada _.L 0.06 (0.03, 0.08) 7.74
Overall (I-squared = 88.7%, p = 0.000) 0 0.07 (0.05, 0.09) 100.00
'
NOTE: Weights are from random effects analysis :‘
-.4’25 0 .4I25
FIGURE 2 | Forest plots of incidence of psoriasiform lesions associated with anti-tumor necrosis factor therapy in inflammatory bowel disease patients.
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Author Year Country

Hiremath 2011 USA
Guerra 2012 Spain
Salgueiro 2013 Portugal
Pugliese 2015 ltaly

Huang 2015 Canada
Cleynen 2016 Belgium
Guerra 2016 Spain
Protic 2016 Switzerland
Vedak 2016 USA
Jeyarajah 2017 Ireland
Andrade 2018 Portugal
Bae 2018 Korea
Sridhar 2018 USA
Weizman 2018 Canada
Courbette 2019 France
Overall (I-squared = 93.3%, p = 0.000)

NOTE: Weights are from random effects analysis

%

ES(95%Cl)  Weight
:
—_— 0.08(0.02,0.15) 2.00
= 0.02(0.01,002) 9.89
— 0.08(0.04,0.13) 311
[ 0.10(0.07,0.13) 535
. 0.03(-0.01,0.07) 4.06

0.01(0.00,0.02) 9.92
0.02(0.01,0.02) 10.30

— 0.09(0.05,012) 477
—— 0.05(0.03,006) 844
= | 0.02(0.01,003) 869
= 0.05(0.04,007) 8.12
0.01(0.01,001) 1030
V—— 0.08 (0.05,0.11) 599
- 0.11(0.08,013) 662
| 0.14(008,0.19) 245
O 0.05(0.04,0.06) 100.00

T
-191

2.43-11.16). No significant association was detected regarding
white race, obesity/overweight, and family history of psoriasis
(Figure 4 and Supplementary Figures S13-S16).

In relation to combinable disease characteristics and
treatment regimen, the presence of psoriasis or psoriasiform
lesions following anti-TNF exposure was significantly higher in
IBD patients receiving adalimumab (OR: 1.48, 95% CI: 1.03-
2.13, I = 52.8%, n = 6 studies) and certolizumab (OR: 2.87, 95%
CI: 1.04-7.91, I* = 62.6%, n = 2 studies) than that of infliximab,
but not associated with CD (versus UC), longer IBD duration, the
presence of extraintestinal manifestations, and concomitant
immunosuppressive therapy (Figure 4 and Supplementary
Figures S17-S34). Moreover, no significant differences were
observed regarding disease behavior and location of CD and
the extent of UC, except ileocolonic Crohn’s disease with OR of
1.48 (1.03-2.13, I* = 30.3%, n = 5 studies) (Figure 4 and

TABLE 2 | Meta-regression for the source of heterogeneity of pooled incidence.

T
191

FIGURE 3 | Forest plots of incidence of psoriasis associated with anti-tumor necrosis factor therapy in inflammatory bowel disease patients.

Supplementary Figures S17-S34). The result of Egger’s and
Begg’s tests showed no publication bias for the above-mentioned
analyses (Supplementary Table S3).

In addition, other factors were included only in the systematic
review rather than in the meta-analysis (Supplementary Table S4)
because the assessment was performed only in 1 study. In this
systematic review, no significant associations with psoriasis or
psoriasiform lesions in IBD patients receiving anti-TNF therapy were
observed, except acute psychological stressor (OR: 3.14, 95% CI: 1.10-
8.93) (16) and body mass index (OR: 1.12, 95% CI: 1.01-1.24) (30).

DISCUSSION

To our knowledge, this is the first systematic review and meta-
analysis to comprehensively investigate the incidence of and risk

Variables Number of studies Coefficient
Univariate analysis

Publication year 29 -0.002
Setting 29 -0.035
Study design 29 0.055
Region 29 -0.023
Population 27 0.0289
Sample size 29 -1.05e-05
CD proportion 23 0.012
IFX proportion 21 0.037
Psoriasis diagnosis 29 -0.016
Study outcome 29 -0.017
Study quality 29 0.115
Multivariate analysis

Region 27 -0.244
Population 0.023
Sample size -5.66e-06

P-value 95% ClI Adjusted R*
0.575 -0.009, 0.005 -5.53%
0.167 -0.085, 0.153 7.25%
0.066 -0.004, 0.111 -4.33%
0.073 -0.049, 0.023 10.60%
0.025 0.004, 0.054 26.52%
0.044 -2.06e-05, -3.01 e-07 20.38%
0.294 -0.011, 0.351 -5.44%
0.618 -0.116, 0.190 -7.63%
0.407 -0.057, 0.024 -2.69%
0.382 -0.058, 0.023 -4.99%
0.275 -0.010, 0.033 0.85%
0.029 -0.046, 0.003 47.63%
0.062 -0.001, 0.047
0.234 -1.52 e-05, 3.92¢-06
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TABLE 3 | Subgroup analyses of pooled incidence of psoriasis or psoriasiform lesions associated with anti-tumor necrosis factor therapy in inflammatory bowel disease

patients.
Subgroup Number of studies Pooled incidence (95% ClI) P
Region
Europe 17 7.4% (5.7-9.1%) 94.6%
North America 9 6.0% (4.0-7.9%) 86.2%
Asia-Pacific 3 2.2% (5.0-7.0%) 77.0%
Setting
Monocenter 25 6.8% (5.5-8.2%) 87.3%
Multicenter 4 2.5% (1.5-3.6%) 95.0%
Study Design
Retrospective 24 5.6% (4.6-6.6%) 94.3%
Prospective 5 13.7% (6.2-21.2%) 87.5%
Population
Children 6 11.01% (7.0-15.1%) 81.3%
Adult 12 6.6% (4.8-8.4%) 86.9%
Mixed 9 3.7% (2.6-4.7%) 93.3%
Sample size
<500 16 8.2% (5.9-10.2%) 84.2%
>500 13 4.9% (3.8-6.0%) 95.8%
Diagnosis method
Gastroenterologist/dermatologist 15 5.6% (4.1-7.2%) 91.3%
Not reported 14 6.4% (5.0-7.7%) 94.1%
Newcastle-Ottawa Scale score
<7 19 4.9% (3.9-5.9%) 91.8%
>7 10 7.8% (5.5-10.1%) 91.0%

factors for psoriasis or psoriasiform lesions secondary to anti-
TNF therapy in IBD patients. The overall estimated pooled
incidence was 6.0% psoriasis and/or psoriasiform lesions in
IBD patients following anti-TNF therapy. Regarding risk
factors, female, younger age at anti-TNF therapy initiation,
smoking, and adalimumab or certolizumab usage were

Risk factors No. Study Odds ratio (95%CI)

7

Demographic characteristics

Female 11 146 (1.23-1.73)
Age of anti-TNF therapy 4 097 (0.95-1.00)
Smoking 7 1.97 (1.56-2.48)
White 3 0.74 (0.37-1.47)
Obesity 2 095 (0.41-2.24)
Overweight 2 0.94 (0.53-1.68)
Family history of PsO 2 2.73 (0.97-7.68)
Disease characteristics
€D (vs.UC) 1 1.17(0.83-1.65)
Behavior (CD)
Inflammatory 6 0.95 (0.73-123)
Stricturing 6 1.16 (0.87-1.55)
Penetrating 6 0.92 (0.65-1.29)
Stricturing/Penetrating 6 137 (0.87-2.16)
Location (CD)
Terminal Tleum 5 0.90 (0.51-1.60)
Colon 5 119 (0.82-1.73)
Tleocolonic 5 135 (1.01-1.81)
Upper tract (CD) 4 1.03(0.29-3.72)
Perianal (CD) 6 115 (0.87-1.52)
Location (UC)
Rectum 3 1.22(0.27-5.47)
Left sided 3 152 (0.73-3.15)
Extensive 3 082 (0.42-1.63)
Extra-intestinal manifestations 2 158 (0.91-2.74)
IBD duration 2 0.96 (0.90-1.02)
Treatment regimen
Adalimumab (vs. Infliximab) 6 148 (1.03-2.13)
Certolizumab (vs. Infliximab) 2 287 (1.04-7.91)
Concomitant immunosuppressants 5 0.48 (0.14-1.64)

45.7%
65.5%
52%
0.0%
0.0%
0.0%
53.9%

36.0%

49.5%
0.0%

42.6%
61.1%

55.3%
32.7%
30.3%
85.0%
46.6%

0.0%
0.0%
24%
0.0%
512%

52.8%
62.6%
93.8%

significantly associated with an increased risk of developing
psoriasis or psoriasiform lesions during anti-TNF therapy in
IBD patients. These findings have the potential to inform
clinical practice for more individualized decisions or
precautions and may help us to understand the mechanism of
this paradoxical phenomenon.

&.f

fhite

i

FIGURE 4 | Forest plots of the odds ratio for the risk of developing psoriasiform lesions and/or psoriasis in inflammatory bowel disease patients receiving anti-tumor

necrosis factor therapy.
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Anti-TNF agents have assumed the dominant position in the
treatment of IBD over the past couple of decades. A large body of
evidence confirms the overall good safety profile of the anti-TNF
agents. However, with the increased use of these agents,
paradoxical inflammation or autoimmune diseases induced by
anti-TNF agents have been continuously reported, including
cutaneous, articular, ocular, and neurological involvements (41,
42). Of these, paradoxical psoriasis or psoriasiform lesions, being
the most prevalent and well-known paradoxical adverse events
associated with anti-TNF agents, have been under intense
investigation in recent years. At present, paradoxical psoriasis
or psoriasiform lesions can no longer be considered rare in
clinical routine, with incidence estimates of greater than 20%
with the use of anti-TNF agents in some research. For the
incidence of psoriasis/psoriasiform rash, our results, overall,
were comparable to the results from the 2021 meta-analysis
(43). The primary outcome of dermatological reactions in IBD
patients receiving anti-TNF therapy from 26 studies was 19.4%
(95% CI: 15.2-24.4%, I* = 95%) in this meta-analysis. In the
secondary outcome of psoriasis/psoriasiform rash, there was a
pooled incidence of 5.6% (95% CI: 4.2-7.4%, P = 95%), with 6.1%
(95% CI: 3.4-10.6%, I* = 96%) for infliximab therapy and 5.9%
(95% CI: 2.5-13.5, I> = 93%) for adalimumab therapy. In addition
to this, our work has reported more detailed and more specific
information on anti-TNF associated psoriasis/psoriasiform rash.
In the meta-regression and subgroup analyses, we also noticed
that the regions and population contributed to the heterogeneity.
Taken together, gastroenterologists should be aware of the
paradoxical phenomenon, and the current findings could be
instrumental in guiding therapeutic decision in clinical routine.

Currently, the molecular mechanisms and pathogenesis of
paradoxical psoriasis/psoriasiform rash associated with anti-
TNF agents are poorly understood, and multiple factors might
be involved, including the genetic predisposition, preexisting
autoimmune condition, and increased secretion and imbalance
of cytokines and cells (interferon—c, Th1, Th2, Th17 cytokines,
etc.). Clinically, the risk factors for developing psoriasis/
psoriasiform rash after anti-TNF therapy are under exploration
but are inconclusive. The present study, for the first time, has
systematically reviewed the literature surrounding the risk
factors. The meta-analyses revealed a statistically increased risk
of developing psoriasis or psoriasiform lesions during anti-TNF
therapy in IBD patients who are female, of a young age at anti-
TNF therapy initiation, smoking, and using adalimumab or
certolizumab. In the general population, psoriasis can manifest
at any age, but with the highest peak between the ages of 20 and
40 years (44). The function of the immune system, and so does
autoimmunity, is affected by various factors, including age (45).
Overall, age is closely related to the strength of the immune
system response, which is expected to decline in senescence (46,
47). From this aspect, the association between advanced age and
low risk of psoriasis or psoriasiform lesions secondary to anti-
TNF therapy can also be, in part, instinctively understood. In this
study, we found that smoking, past and present, is the major risk
factor for developing psoriasis during anti-TNF treatment in IBD
patients. In fact, the adverse effects of smoking on psoriasis onset

have been documented in the general population. The possible
pathophysiological mechanisms of the associations included
oxidative stress and free radical damage induced by smoking,
which could trigger a cascade of systemic inflammation and the
subsequent development of psoriasis (48, 49). However, it is still
challenging to understand whether or how smoking work
together with TNF blockade to orchestrate the psoriasis
occurrence. In vitro, cigarette smoke chemical components
could activate nuclear factor kappa-B activation and
proinflammatory cytokine production, including IL-1f3 and IL-
6 (50). The full blockade of TNF-o. may impair the homeostasis
of normal skin and cause an imbalance in cytokines and cells,
which may be further exacerbated by the presence of smoking,
and finally paradoxical adverse events occur (50). For
paradoxical skin inflammation, the IFN-o. pathway was
considered to play a key role. However, cigarette smoking was
found to decrease the production of IFN-o and increase the
production of IFN-B in vitro (51). Unraveling the synergistic
effect between smoking and TNF blockade on the incidence of
paradoxical psoriasis can be extremely complex in people with
IBD, yet smoking cessation before starting anti-TNF therapy
merits consideration in IBD patients from the perspective of
decreasing the risk of paradoxical adverse events. In addition,
current evidence suggests that paradoxical inflammation during
treatment with anti-TNF agents seems to be a drug class effect. In
the present study, the significantly higher risk of adalimumab or
certolizumab therapy than infliximab therapy was identified,
although both of them were associated with an increased risk
of paradoxical psoriasis or psoriasiform skin lesions. In fact,
potential differences between adalimumab and infliximab in IBD
have been reported. In a nationwide cohort study of biologic-
naive adults with UC, the adalimumab-treated patients showed a
substantially higher rate of all-cause hospitalization and serious
infection requiring hospitalization and a trend toward a higher
rate of UC-related hospitalization (52). Besides these, infliximab
drug levels were found to be associated with the depth of
remission in patients with CD, but no such relationship was
detected for adalimumab (53). However, there is no plausible
mechanism evidence to explicitly explain the difference among
different types of anti-TNF-associated psoriasis or psoriasiform
rash. Future clinical and basic science studies are needed to
experimentally validate the presented findings.

However, there were several limitations to our study. First,
due to the nature of observational design in the original studies,
the present study is vulnerable to potential biases (information
or selection bias), which cannot allow us to conclude definite
causal relationships. Second, the heterogeneity for the pooled
incidence among the studies was very high. For this, we
performed a series of subgroup analyses, meta-regression, and
risk factor exploration. To a large extent, they could explain the
source of heterogeneity. Third, various diagnosis criteria of
psoriasis or psoriasiform skin lesions were applied in the
included studies, mostly by interview or read codes rather
than by dermatologists. Establishing a close collaboration
between gastroenterologists and dermatologists is necessary
to overcome this limitation in the future. Fourth, not all
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studies made enough adjustment for potential confounders,
and we cannot fully unify the confounders, which can potentially
lead to either an overestimation or an underestimation of
the associations. Lastly, despite all the potential risk factors
evaluated, for some of them, especially for disease activity,
cumulative anti-TNF dosages were only included into the
systematical review, and further investigations are required to
explore their association.

CONCLUSION

In summary, the overall estimated pooled incidence of
psoriasis/psoriasiform lesions secondary to anti-TNF therapy
was 6% in IBD patients. Female, young age at anti-TNF therapy
initiation, smoking, ileocolonic CD, and adalimumab or
certolizumab use were associated with a substantially
increased risk of developing psoriasis or psoriasiform lesions
during anti-TNF therapy. These findings have the potential to
inform clinical practice for more individualized decisions or
precautions and may help us to understand the mechanism of
this paradoxical phenomenon.
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Background: Vaccination against COVID-19 reduces the risk of severe COVID-19
disease and death. However, few studies have examined the safety of the COVID-19
vaccine in patients with autoimmune skin disease.

Objectives: We sought to determine the incidence of disease exacerbation in this
population following COVID-19 vaccination as well as the associated factors.

Methods: We performed a chart review of all patients seen in the autoimmune skin
disease clinic of the principal investigator during the study period. All patients included for
analysis were systematically and prospectively asked about COVID-19 vaccination status,
manufacturers, vaccine dates, autoimmune symptoms after the vaccine, and timing of
symptom onset using a standardized template as part of their visit. Demographics and
autoimmune disease diagnosis were also collected. Analysis used Chi-square and
Fisher’s exact tests.

Results: 402 subjects were included for analysis. 85.6% of patients were fully vaccinated,
with 12.9% unvaccinated and 1.5% partially vaccinated. 14.8% of fully vaccinated patients
reported worsening autoimmune signs and symptoms after the vaccine. Fully vaccinated
dermatomyositis patients were more likely to report worsening autoimmune signs and
symptoms after the vaccine (22.7%) than fully vaccinated lupus erythematosus patients
(8.6%) (p=0.009). Patients fully vaccinated with the Moderna vaccine trended towards an
increased likelihood of reporting worsening autoimmune signs and symptoms after the
vaccine (19.1%) than those with the Pfizer-BioNTech vaccine (12.0%) (0=0.076). Of the
patients who had autoimmune symptoms after vaccination, 20% had symptoms after the 1st
dose, 82% after the 2nd dose, and 4% after the 3rd dose with median onset (95%
confidence interval) of 7 (2,14), 14 (14,21), and 18 (7,28) days later, respectively.

Conclusions: More fully vaccinated dermatomyositis patients had exacerbation of
autoimmune signs and symptoms after the vaccine than fully vaccinated lupus
erythematosus patients. However, given the risks of COVID-19, clinicians should still
promote vaccination in most patients with autoimmune skin disease.
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INTRODUCTION

COVID-19, the disease resulting from infection with the SARS-
CoV-2 virus, was officially declared a pandemic by the World
Health Organization on March 11, 2020. Since then, COVID-19
has led to enormous amounts of death, altered how society
approaches many aspects of daily life, and placed significant
strain on healthcare systems worldwide (1). Development of
vaccines targeting SARS-CoV-2 occurred at a historically quick
pace and led to FDA emergency use authorization of two
vaccines using mRNA technology administered in a two-dose
series (Pfizer-BioNTech and Moderna) and one adenovirus-
based vaccine administered in one dose (Johnson & Johnson).
The Pfizer-BioNTech and Moderna vaccines eventually received
full FDA approval, and booster doses became recommended 5
months after the initial two-dose vaccine series or 2 months after
a Johnson & Johnson (J&J) vaccine.

All of the COVID-19 vaccines used in the United States have
been shown to significantly reduce the risk of hospitalization and
death (2). However, many patients with autoimmune diseases
experience hesitancy with regards to receiving a COVID-19
vaccine (3). Patients with immune-mediated inflammatory
diseases were not included in the COVID-19 vaccine clinical
trials, leading to questions about vaccine efficacy and safety in
this patient population (4, 5). A few studies have examined the
incidence of flares in rheumatic disease patients following
COVID-19 vaccination and found a range of 3%-13.4% (6-8).
However, these studies used either online patient surveys or
physician-reported registries to generate their data, which could
be possible limitations in determining true flare incidence rates.

The exact mechanisms by which the COVID-19 vaccines
could trigger autoimmune disease flares have not been fully
elucidated, but some studies may give potential clues. New onset
blistering diseases, including bullous pemphigoid (BP), have
been reported following the COVID-19 vaccine (9, 10). One
study showed that lesions in patients with new onset BP after
COVID-19 vaccination had a high clonality of T cells reactive to
SARS-CoV-2 derived epitopes while control tissues from prior to
the widespread use of COVID-19 vaccines did not (10). This
indicates that in these patients there was an ongoing adaptive
immune response likely resulting from the vaccine and driving
BP lesion formation (10). Thus, the COVID-19 vaccine may lead
to an unintended T cell response that can result in new onset
autoimmune disease or possibly drive flares in patients who
already have an autoimmune disease diagnosis.

Given the lack of knowledge of the safety of the COVID-19
vaccine in patients with autoimmune disease, the aim of our study
was to determine the incidence of disease exacerbation in patients
with autoimmune skin disease following COVID-19 vaccination as
well as to assess the factors associated with these flares.

METHODS
Study Design

All patients included for analysis were systematically and
prospectively asked questions by the principal investigator (PI),

author VPW, using a standardized template as part of their
standard of care visit as shown here:

Did you get the vaccine? ™

When? ™

If yes, did you have a reaction to the vaccine? ™
When?

Which vaccine did you get?

We performed a chart review in Epic of all patients seen in the
autoimmune skin disease clinic of the PI at the University of
Pennsylvania during the study period to collect this prospectively
collected data. Data was manually extracted and stored in a
password-protected Excel file. Data collected included
demographic data, autoimmune disease diagnosis, and data about
the COVID-19 vaccine and reactions obtained from the template.
Characteristics of the study population are summarized in Table 1.
Patients were considered unvaccinated if they had never received a
COVID-19 vaccine, partially vaccinated if they received only one
dose of the Pfizer-BioNTech or Moderna vaccines, and fully
vaccinated if they received at least one dose of the J&]J vaccine or
atleast two doses of any vaccines. Patients were categorized into the
following autoimmune disease diagnoses based on chart review:
lupus erythematosus (LE), dermatomyositis (DM), morphea,
pemphigus, bullous pemphigoid (BP), Behcet’s disease, mucous
membrane pemphigoid (MMP), and other. The pemphigus group
included patients with pemphigus vulgaris and pemphigus
foliaceus. The “other” group of autoimmune disease diagnoses
included patients who had multiple overlapping autoimmune
disease diagnoses as well as others not included here with only 1-
2 patients per diagnosis. A full list of autoimmune disease diagnoses
included in the “other” group can be found in Table 2. Responses
recorded in the template were assessed to determine if the patient
experienced an autoimmune disease exacerbation (e.g., increased
erythema and itchiness of dermatomyositis skin lesions or increased
swelling of joints in patients with lupus arthritis) with careful
attention to distinguish from typical known vaccine-related
adverse events (such as fever and sore arm). This assessment of
whether or not patients experienced autoimmune disease
exacerbations after receiving the COVID-19 vaccine was also
collected. Patients’ interim or initial history, physical exam
findings, and assessment and plan were also collected and were
assessed to determine if any patients who experienced autoimmune
disease exacerbations after the vaccine required an escalation in
treatment. Patients who experienced autoimmune disease
exacerbations were called to ask if they had stopped any of their
autoimmune disease treatments at the time of vaccination, as some
patients stopped their immunosuppressive medications in an
attempt to increase vaccine response. This study was approved by
the institutional review board at the University of Pennsylvania and
was carried out in accordance with the Declaration of Helsinki and
the Health Insurance Portability and Accountability Act.

Statistical Analysis
Descriptive statistics were performed on patient demographic
data, autoimmune disease diagnosis, vaccine manufacturer, and
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TABLE 1 | Characteristics of the study population.

TABLE 2 | Autoimmune diseases included as “other”.

Characteristic Patients (N=402)

No. (%)
Age Group
<18 1(0.2)
18-30 28 (7.0)
31-40 35 (8.7)
41-50 63 (15.7)
51-60 102 (25.4)
61-70 103 (25.6)
71-80 52 (12.9)
80+ 18 (4.5
Sex
Male 74 (18.4)
Female 328 (81.6)
Race
White 262 (65.2)
Black 71(17.7)
Asian/Pacific Islander 25 (6.2)
American Indian/Alaskan Native 1(0.2
Other 16 (4.0)
Unknown 27 (6.7)
Ethnicity
Non-Hispanic 382 (95.0)
Hispanic 7(1.7)
Unknown 133.2)
Autoimmune Disease Diagnosis
Lupus Erythematosus 105 (26.1)
Dermatomyositis 133 (33.1)
Morphea 13 (3.2)
Pemphigus 19 @4.7)
Bullous Pemphigoid 13 (3.2)
Behcet’s Disease 2(0.5)
Mucous Membrane Pemphigoid 10 (2.5)
Other 107 (26.6)
COVID-19 Vaccination Status
Unvaccinated 52 (12.9)
Fully Vaccinated 344 (85.6)
Partially Vaccinated 6 (1.5)

COVID-19 Vaccine Manufacturer
Pfizer-BioNTech

First dose, second dose, third dose
187 (46.5), 184 (45.8), 25 (6.2)

Moderna 143 (35.6), 140 (34.8), 14 (3.5)
JaJ 19 (4.7), 0 (0.0), 1 (0.2)
Unknown 1(0.2), 1(0.2), 0(0.0)
n/a 52 (12.9), 77 (19.2), 362 (90.0)

timing of autoimmune disease symptom onset after vaccination.
Further analyses used Chi-square and Fisher’s exact tests.
Analysis was conducted with IBM SPSS Statistics for Windows,
Version 26.0 (Armonk, NY).

RESULTS

402 subjects were included for analysis. Ages ranged from 17-96
with a median age (95% confidence interval) of 58 (56,60). Most
patients (81.6%) were female. Patients came from a variety of
racial backgrounds, with 65.2% white and 17.7% Black. The study
population was largely non-Hispanic (95.0%). Most patients
(59.2%) had either LE or DM. Patients were largely fully
vaccinated (85.6%). More patients received the Pfizer-BioNTech
vaccine for all 3 doses than other vaccine manufacturers while J&J
was given to the least number of patients.

Other Autoimmune Diseases

Mixed connective tissue disease
Multicentric reticulohistiocytosis
Neutrophilic dermatosis
Neutrophilic urticarial dermatosis
Overlap of multiple autoimmune diseases
PASH syndrome

Primary Sjogren syndrome
Psoriasis

Pyoderma gangrenosum
Raynaud’s phenomenon
Rheumatoid nodules

Sneddon Wilkinson disease
Solar urticaria

Sweet’s syndrome

Alopecia areata

CREST syndrome

Cutaneous polyarteritis nodosa
Cutaneous sarcoidosis
Diabetic dermopathy
Disseminated porokeratosis
Eczema

Eczematous dermatitis
Epidermolysis bullosa acquisita
Erythema nodosum
Erythromelalgia

Frontal fibrosing alopecia
Granuloma annulare
Hypocomplementemic urticarial
vasculitis

IgA vasculitis

Lichen planopilaris

Lichen planus

Lichen sclerosis

Lichenoid mucositis

Livedo vasculopathy

Livedoid vasculitis

Systemic sclerosis

Thyroid acropachy

Unclear blistering disease

Undifferentiated connective tissue disease
Urticarial eruption

Urticarial hypersensitivity reaction

Vitiligo

Across all diagnoses, 14.8% of fully vaccinated patients had
autoimmune disease exacerbations or flares after the COVID-
19 vaccine. 45.1% of these patients required an escalation in
treatment, representing 6.7% of all fully vaccinated patients.
19.6% of fully vaccinated patients who experienced flares
had stopped their autoimmune disease treatment at the time
of their COVID-19 vaccine. Most of these patients paused their
autoimmune disease medications for 1-2 weeks starting at the
time of receiving a vaccine dose. Fully vaccinated DM patients
were more likely to report an autoimmune disease exacerbation
after the COVID-19 vaccine (22.7%) than fully vaccinated
LE patients (8.6%) (p=0.009) (Figure 1). The two fully
vaccinated Behcet’s disease patients both experienced
significant flares after the COVID-19 vaccine. These patients
were not included in the “other” category to draw attention to
the severity of their flares. The proportion of fully vaccinated
patients who had autoimmune disease exacerbations
after COVID-19 vaccination varied by diagnosis
(p=0.004) (Figure 2).

Figure 3 shows the proportion of fully vaccinated patients
who reported autoimmune disease exacerbation by COVID-
19 vaccine manufacturer. There was a trend towards more
fully vaccinated patients who received the Moderna vaccine
having an autoimmune disease exacerbation (19.1%)
compared to Pfizer-BioNTech (12.0%) and J&J (10.5%)
(p=0.198) (Figure 3).

The COVID-19 vaccination status of LE patients differed
significantly from that of DM patients (p=0.005) (Figure 4).
89.5% of DM patients were fully vaccinated compared to
77.1% of LE patients (p=0.010). 42.9% of the LE patients in
our sample were Black compared to 7.5% of DM patients. In
both the LE and DM patient samples, a higher proportion of
white patients were fully vaccinated than Black patients
(Figure 5). There was a trend towards increased vaccination
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FIGURE 1 | The percent of fully vaccinated patients reporting symptoms of autoimmune disease exacerbation after the COVID-19 vaccine by diagnosis, highlighting
the higher incidence in dermatomyositis patients compared to lupus erythematosus patients. **P < 0.01.
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FIGURE 2 | The percent of fully vaccinated patients reporting symptoms of autoimmune disease exacerbation after the COVID-19 vaccine by diagnosis, highlighting
the variation across all diagnoses seen.

rates in patients with DM, morphea, BP, Behcet’s disease, and  interval) was 7 (2, 14), 14 (14, 21), and 18 (7, 28) days after
MMP compared to other diseases such as LE and pemphigus  the first, second, and third vaccine doses, respectively.
(p=0.061) (Figure 6).

Of the patients who had autoimmune exacerbations after
vaccination, 20% had flares after the first dose, 82% after the  DISCUSSION
second dose, and 4% after the third dose. Some patients
experienced disease flares after multiple doses. The median  Several studies have shown that some autoimmune disease patients
time to autoimmune exacerbation onset (95% confidence experience flares after the COVID-19 vaccine (6-8). However, these
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FIGURE 3 | The percent of fully vaccinated patients reporting symptoms of autoimmune disease exacerbation after the COVID-19 vaccine by vaccine manufacturer,
highlighting the trend of increased incidence with the Moderna vaccine. NS, Not significant.
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FIGURE 4 | The COVID-19 vaccination status of lupus erythematosus and dermatomyositis patients is shown here. A higher proportion of dermatomyositis patients
were fully vaccinated compared to lupus erythematosus patients.
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FIGURE 5 | The proportion of fully vaccinated lupus erythematosus and dermatomyositis patients is seen here by racial background (white and Black). In both
diseases, a higher proportion of white patients were fully vaccinated compared to Black patients.
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FIGURE 6 | The percent of patients who are fully vaccinated, partially vaccinated, and unvaccinated within each diagnosis, highlighting the variation across all
diagnoses seen.

studies used either on-line patient surveys or physician-reported  study compared to past studies. Past studies that used online patient
registries to generate their data, representing possible limitationsin  surveys and physician-reported registries are more likely to include
determining true flare incidence rates. In this study, we  patients with mild autoimmune disease than patients from our
prospectively and systematically evaluated patients to determine if ~ study which were all recruited from a single tertiary care center that
they experienced autoimmune disease exacerbations following the ~ specializes in autoimmune skin disease with a high volume of
COVID-19 vaccine. The rate of fully vaccinated patients reporting ~ moderate-to-severe autoimmune disease patients. Since these sicker
autoimmune disease exacerbations in our study (14.8%) is higher ~ patients have increased flare rates generally, it is possible that they
than the previously reported incidences of rheumatic disease flares  also have increased flare rates with specific environmental triggers,
(3%-13.4%) following COVID-19 inoculation (6-8). Perhaps this such as the COVID-19 vaccine. As our study included patients from
difference results from differences in the populations sampledinour ~ a dermatology clinic, it is also possible that the ubiquitous
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prevalence of skin disease in our population played a role in the
increased rate of disease exacerbations seen. As 19.6% of the fully
vaccinated patients who experienced disease exacerbations in our
study stopped their autoimmune disease treatment at the time of
vaccination, it is possible that some of these flares were due to
medication discontinuation. However, most patients who flared did
not stop their medication for the vaccine and so it was not a factor
contributing to their disease exacerbation.

The low rate of flares requiring an escalation in treatment in
our study (6.7% of fully vaccinated patients or 45.1% of patients
who flared) is reassuring and indicates that the COVID-19
vaccine is relatively safe and well tolerated by many patients
with autoimmune skin disease. However, it does raise questions
of risk-benefit analysis for patients who have had severe vaccine-
related flares on the necessity of additional vaccine doses or
booster shots. As new variant-specific vaccines are being
developed, such as the Omicron-based vaccine, it is not clear
either how safe these will be for autoimmune disease patients
with past COVID-19 vaccine-related flares.

It is not totally obvious why the incidence of flares varied
across diagnoses or specifically why DM patients were more
likely to flare after the COVID-19 vaccine than LE patients. Only
speculation is possible. Both DM and LE pathogenesis are
believed to be in part driven by type 1 interferons which the
COVID-19 vaccines have been shown to upregulate (11-13).
However, the immune cells driving interferon expression in these
diseases differ, with plasmacytoid dendritic cells playing a key
role in LE interferon expression compared to myeloid dendritic
cells in DM (14, 15). These differences in pathogenesis may be
partly responsible for the differences in flares seen in these
diseases after the COVID-19 vaccine. There is a lack of data
comparing the flare rates of LE to DM patients, but studies
looking at each disease individually report a lower rate of flares in
LE than DM (16, 17). Thus, it is possible that more flares were
seen in our study after the vaccine in DM patients than LE
patients due to an increased tendency to flare at any given time.

Though the incidence in autoimmune disease exacerbation
after vaccination did not differ significantly by COVID-19
vaccine manufacturer, there was a trend towards increased
flares following the Moderna vaccine. Studies have shown the
Moderna vaccine to be more immunogenic than the Pfizer-
BioNTech or J&J vaccines, resulting in greater spike protein-
specific antibody levels, neutralizing antibody levels, and spike
protein-specific T cell responses (18). Data indicates that
increased vaccine immunogenicity may correlate with
increased vaccine-related side effects due to heightened
immune system activation (18). This could explain why the
more immunogenic Moderna vaccine had the highest rate of
flares in our study as there was possibly an increased immune
response with off-target autoimmune effects. There was also a
trend towards the fewest autoimmune disease exacerbations
occurring after the J&J vaccine in our study. This also seems to
correlate with what is known about vaccine immunogenicity as
J&J has been shown to result in lower levels of vaccine-induced
antibodies and have a less robust T-cell response than the mRNA
vaccines (18).

While the vaccination rate differed significantly between LE
and DM patients with DM patients more likely to be fully
vaccinated, this is likely explained in large part due to
differences in the racial makeup of these two disease populations
as well as variation in vaccine acceptance across racial
backgrounds. COVID-19 vaccination rates among Black people
in the US are lower than other racial groups (19). Black patients
made up a larger share of LE patients in our study than DM
patients and also had lower vaccination rates than white patients
in both disease populations, which is consistent with previous data
on differences in vaccination rates by race and helps to explain the
differences observed across disease diagnoses.

Most patients who experienced autoimmune disease
exacerbations after the COVID-19 vaccine in our study had
increased symptoms after the second dose (82%). Studies have
shown that higher levels of antibody response occur after the second
dose of COVID-19 vaccines compared to the first dose (20). This
increased humoral response may parallel the increased
autoimmune response seen after the second COVID-19 vaccine
dose in our study. Additionally, prior infection with COVID-19 has
been shown to play a role in the level of immune response after each
dose of the COVID-19 vaccine, with increased immunogenicity
seen in previously infected individuals after the first vaccine dose
(21). Thus, one possible mechanism for patients experiencing
autoimmune disease exacerbations after the first vaccine dose is a
prior COVID-19 infection which resulted in a more robust immune
response after the first dose with increased autoimmune side effects.

There are several limitations to this study. Patients may have
not accurately remembered details about their COVID-19 vaccine
and any possible disease flares they experienced afterwards. Some
patients were seen several months after they received the COVID-
19 vaccine, increasing the possibility of recall bias. It is also
possible that some patients who experienced flares temporally
correlated with the COVID-19 vaccine were coincidental and that
vaccine was not an autoimmune trigger. However, comparing the
disease exacerbation rate by diagnosis and vaccine manufacturer
helps to mitigate this potential limitation.

This study demonstrates that most patients with autoimmune
skin disease tolerate the COVID-19 vaccine well, but a small
number of patients do experience disease flares requiring an
escalation in treatment (6.7%). Given the risks of hospitalization
and death associated with COVID-19, clinicians should continue
to promote vaccination in most patients.
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Province for Integrated Traditional Chinese and Western Medicine on Prevention and Treatment of Cardio-Cerebral Diseases,
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Background: Modern pharmacological research found that the chemical components of
Curcuma longa L. are mainly curcumin and turmeric volatile oil. Several recent randomized
controlled trials (RCT) have shown that curcumin improves symptoms and inflammation in
patients with arthritis.

Methods: Pubmed, Cochran Library, CNKI, and other databases were searched to collect
the randomized controlled trials (RCTs). Then, the risk of bias of RCTs were assessed and
data of RCTs were extracted. Finally, RevMan 5.3 was utilized for meta-analysis.

Results: Twenty-nine (29) RCTs involving 2396 participants and 5 types of arthritis were
included. The arthritis included Ankylosing Spondylitis (AS), Rheumatoid Arthritis (RA),
Osteoarthritis (OA), Juvenile idiopathic arthritis (JIA) and gout/hyperuricemia. Curcumin
and Curcuma longa Extract were administered in doses ranging from 120 mg to 1500 mg
for a duration of 4-36 weeks. In general, Curcumin and Curcuma longa Extract showed
safety in all studies and improved the severity of inflammation and pain levels in these
arthritis patients. However, more RCTs are needed in the future to elucidate the effect of
Curcumin and Curcuma longa Extract supplementation in patients with arthritis, including
RA, OA, AS and JIA.

Conclusion: Curcumin and Curcuma longa Extract may improve symptoms and
inflammation levels in people with arthritis. However, due to the low quality and small
quantity of RCTs, the conclusions need to be interpreted carefully.

Keywords: curcumin, Curcuma longa extract, rheumatoid arthritis, ankylosing spondylitis, osteoarthritis, juvenile
idiopathic arthritis, systematic review, meta-analysis
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1 INTRODUCTION

Arthritis is a general term for various types of arthritic diseases,
which are related to various factors such as degenerative diseases
and autoimmunity. It is characterized by chronic inflammation of
one or more joints, which usually causes pain and is often disabling.
The main clinical symptoms are joint pain, swelling, stiffness, and
limited mobility (1, 2). Epidemiology shows that arthritis is the most
common in women, and the incidence of arthritis increases with
age. Meanwhile, the prevalence of arthritis of different etiologies
varies in the population (3, 4). Current research shows that there are
more than 100 different forms of arthritis, with osteoarthritis (OA)
and rheumatoid arthritis (RA) being the most common; other types
mainly include arthritis associated with autoimmune diseases (5-7).
Although these disorders have different etiologies, all of them are
characterized by pain and limited mobility due to joint
inflammation (7). At present, the drugs and non-drug methods
for the treatment of arthritis are mainly related to the progression of
joint pain and tissue joint inflammation, especially in the treatment
of pain, the drugs are basically the same (8, 9). Among them, OA is a
degenerative joint disease, the number of which is increasing with
the aging of the population (10). According to the World Health
Organization (WHO) survey, there are currently more than 400
million patients with osteoarthritis worldwide. In Asia, 1 in 6 people
will develop OA at some point in their life. OA is more common in
middle-aged and elderly people, and more women than men (11).
Market research reports show that the OA therapeutics market was
estimated at USD 6.8 billion in 2019 and is expected to reach USD
10.1 billion by 2024, growing at a CAGR of 8.1% from 2019 to 2024.
The report shows that this increase is partly due to the rapid
increase in the elderly and obese population and the consequent
increase in the prevalence of OA (12-14). Rheumatoid arthritis
(RA) is an autoimmune disease with erosive arthritis as the main
symptom. The main symptoms are joint morning pain, swelling,
pain and dysfunction. As a systemic inflammatory and destructive
joint disease, the prevalence in the adult population worldwide is
approximately 1-2% (15, 16). At present, RA is still difficult to cure,
but standard diagnosis and treatment can achieve standard
treatment. However, without regular treatment, it can lead to
joint deformity and loss of function (17). Other types of arthritis
are also associated with inflammation and pain, causing a huge
burden on patients, but there is still no treatment for the
underlying cause.

The main goal of current arthritis treatment is to reduce joint
pain caused by joint inflammation, daily wear and tear of the
joint, and muscle strain (18). Existing drugs for the treatment of
arthritis are analgesics, steroids and non-steroidal anti-
inflammatory drugs (NSAIDs), as well as biologically targeted
drugs, which reduce symptoms such as severe pain and
inflammation (19, 20). However, these drugs have a large
number of side effects, which prevent them from providing
sustained relief of disease symptoms and progression after
long-term use. For example, the side effects of NSAIDs are
severe gastrointestinal tract and insufficient pain relief after
drug treatment, and biologically targeted drugs have immune
disorders and adverse cardiovascular events (21-23). Therefore,
the current treatment of arthritis has entered the stage of

comprehensive management and treatment, and replacement
therapy has gradually become an important part of the
comprehensive management and treatment model (24, 25).

Curcuma longa L. is a potential alternative medicine for the
treatment of arthritis, and they have been used as many ethnic
medicines and gourmet condiments in several countries including
China, Bangladesh, India and Pakistan (26). They have long been
used as anti-inflammatory treatments in traditional Chinese
medicine (TCM) and Ayurvedic medicines (27). The main
components of turmeric are curcumin and demethoxycurcumin,
bisdemethoxycurcumin and turmeric essential oil. Among them,
curcumin is a natural compound, and current studies have shown
that curcumin has good anti-inflammatory, immunosuppressive
and anticancer properties (28-30). Evidence from multiple clinical
trial studies suggests that curcumin can reduce the subjective
experience of pain in patients with system-related disorders of
muscle disease. Therefore, it is very important to systematically
review the effects of Curcuma longa L. and curcumin in patients
with arthritis.

2 MATERIALS AND METHODS

2.1 Protocol

This systematic review and meta-analysis were conducted strictly
in accordance with the protocol (CRD42022286421) and
PRISMA-guidelines (see Supplementary Materials).

2.2 Literature Search Strategy

Web of Science, Cochrane Library, PubMed, The
ClinicalTrials.gov, China Biology Medicine (CBM), VIP
Database, China National Knowledge Infrastructure (CNKI),
MEDLINE Complete, Wanfang Database, Embase were
searched for RCTs related to Curcumin and Curcuma longa
Extract in the treatment of arthritis. The search period is from
the establishment of the database to Fib. 2022. The search strategy
of Pubmed and Embase is shown in Table S1 as an example.

2.3 Selection Criteria

(1) Participants: Patients diagnosed with any type of arthritis by
recognized standards. (2) Intervention: the intervention of
experimental group is curcumin, with no restrictions on
dosage, dosage form, and usage; the intervention of control
group can be non-curcumin interventions such as placebo and
conventional therapy. (3) Outcomes: Efficacy indicators,
inflammatory indicators, adverse events. (4) Study design: RCT's

2.4 Literature Screening, Data Extraction
and Quality Assessment

Two researchers independently reviewed the literature according
to Selection criteria, and conducted literature screening and data
extraction. If there are differences, they should be resolved
through consultation and discussion. The literature quality
evaluation uses the risk bias assessment tool of the systematic
reviewer manual recommended by the Cochrane Collaboration
to evaluate the methodological quality of the included studies
(31). The content of the assessment includes random allocation
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method, allocation concealment, whether blind method is used
for participants, the completeness of the result data, whether
there is selective reporting, and other biases.

2.5 Statistical Analysis

The RevMan 5.3 software recommended by the Cochrane
Collaboration was used for meta-analysis. The risk ratio (RR)
or mean difference (MD) and its 95% confidence interval (CI) are
used as the efficacy and safety statistics. The 2 test is used to
evaluate the heterogeneity of the literature. P > 0.1 or I 2 < 50%
means that the studies are homogeneous. The studies can be
combined and analyzed using a fixed-effects model; otherwise, a
random-effects model is used for analysis.

3 RESULTS
3.1 Results of the Search

According to the search strategy, 1981 related papers were
initially retrieved. After deduplication, reading the title and
abstract, and the full text, 30 RCT's were finally included, while
7 records were excluded (32-38) (Figure 1).

3.2 Description of Included Trials
The included RCTs involved 5 types of arthritis: RA, AS, OA,
Juvenile idiopathic arthritis (JIA) and gout/hyperuricemia; they

also involved 11 countries: Iran, India, China, Australia, Belgium,
Armenia, Indonesia, Thailand, Japan, Italy, Romania. The study
size is between 20-200 participants. The drugs in the experimental
group involved curcumin, curcuminoids and Curcuma longa
Extract, and their types of preparation were different. 39, 40
and 41 used two different doses of curcumin intervention (high-
dose group and low-dose group), so they are divided into 39 a
(low-dose group), 39 b (high-dose group), 40 (low-dose group),
40 (high-dose group), 41 (low-dose group) and 41 (high-dose
group). The interventions of Chandran et al. (42) were divided
into Curcumin 500 mg and Curcumin 500 mg+diclofenac sodium
50 mg, so they were also divided into Chandran et al. (42)
(Curcumin only) and Chandran et al. (42) (Curcumin
+Diclofenac sodium). At the same time, their control group
was divided into two groups, matching the two experimental
groups. 43 include 2 experimental groups and 2 control groups; it
was divided into 43 (Curcuma longa Extract v.s. placebo) and 43
(Curcuma longa Extract+Glucosamine v.s. Glucosamine). The
details of study characteristics are presented in Table 1.

3.3 Risk of Bias Assessments

3.3.1 Selection Bias

Nine RCTs did not described the random sequence generation
methods and were rated as unclear risk of bias (39, 40, 44, 49, 51,
54, 60, 63-65). Other studies have explained the method of
generating random sequences, so they are assessed as low risk
of bias.

Records identified through Chinese
databases searching
(n =749):
-CNKI (176) -Wan Fang (256)
-VIP (156)  -CBM (161)

Records identified through other
language databases searching
(n=1232):

-PubMed (234) -EMBASE (61)
-The Cochrane Library (17)
-Web of Science (499)
-Medline Complete (411)
-ClinicalTrials.gov (10)

] [ Identification ]

] [ Eligibility ] [ Screening

Included

[

FIGURE 1 | Flow diagram of clinical trials.

Records after duplicates removed
(n=1981)

Records screened

(n=1981)

|

Full-text articles assessed

Records excluded based
on the title and abstract:
(n =1944)

for eligibility
(n=37)

Full-text articles excluded,
with reasons
(n=7)

|

Studies included in
qualitative synthesis
(n=30)

!

Studies included in
quantitative synthesis
(meta-analysis)
(n=30)
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TABLE 1 | The characteristics of the included studies.

Disease RCTs Country Number of Intervention Outcomes Age (years) Course of Duration
Participants disease (years)
(Female/male)
Trial Control Trial Control Trial Control Trial Control
RA Javadi et al. (44) Iran 21/3 23/2 Curcumin nanomicelles 40mg Tid wheat flour DAS28, Tender joint count, 53.71+275 5628+25 85+ 736+ 12
(placebo) 500mg Swollen joint count, ESR, 9.08 529  weeks
Tid adverse events

Amalraj et al. India 8/16 7/5 Curcumin 250mg or 500mg placebo DAS28, ESR, CRP, Tender 36.7 + 10.7 39.6 +8.8 - - 12

(39) joint count, Swollen joint (250mg); 38.3 + weeks

count, RF, adverse events 5.8 (500mg)

Jacob et al. (40) India 7/9 5/3 Curcumin 250mg or 500mg placebo DAS28, ESR, CRP, RF 18-65 18-65 - - 12

weeks

Chandran et al.  India 24/6 14/1 Curcumin 500 mg or Curcumin 500  Diclofenac sodium DAS28, ESR, CRP, adverse 47.8 + 8.60 48.87 + - - 8 weeks

(42) mg-+diclofenac sodium 50 mg 50 mg events (Curcumin only); 10.78

47 + 16.22
(combination)

Lin et al. (45) China 32/32  33/31 Curcumin 100 mg Tid Methotrexate DAS28, adverse events 48.39 + 9.70 45 +10.31 943+ 1194+ 12
+Methotrexate 12.5mg once a 12.5mg once a 7.93 8.02  weeks
week week

Pourhabibi- Iran 22/0 22/0 Curcumin 500 mg placebo ESR, CRP 50.68 + 9.93 50.36 + 977+ 8.09+ 8weeks

Zarandi et al. 9.70 3.49 3.13

(46)

OA Hashemzadeh  Iran 29/7  31/4 Curcuminoids (SinaCurcumin ™) Placebo WOMAC score, adverse 5411 +5.80 56.54 + 451+ 471+ 6weeks

et al. 2007 (47) 40mg events 5.77 0.48 0.48

Italy 14/9 19/8 Cartidoint Forte (containing Placebo + physical  VAS, WOMAC score, 71.3+88 71.0+80 68= 7.2+ 8 weeks
glucosamine hydrochloride (GH), therapy adverse events 7.6 6.0
chondroitin sulfate (CS) and Bio-
Curcumin) + physical therapy

Haroyan et al. Armenia  62/5 65/3 Curcuminoids 999mg (CuraMed® Placebo WOMAC score, ESR, CRP, 54.65+8.84 56.04 +8.55 - - 12

(48) 1500mg) adverse events weeks

Nakagawa et al.  Japan 14/4 18/5 Curcumin 180 mg Placebo VAS, adverse events 719+53 66.1+7.2 - - 8 weeks

(49)

Madhu et al. India 4119  42/18  Curcuma longa Extract 1000 mg or ~ Glucosamine VAS, adverse events 56.63 + 10.58; 56.80 + - - 6 weeks

(43) Curcuma longa Extract 1000 mg+ 1500 mg or 58.17 +9.30  7.99; 56.77
Glucosamine 1500 mg Placebo +9.98

(Microcrystalline
cellulose) 800mg

Srivastava et al.  India 53/25  50/32 Curcuma longa Extract 500 mg Placebo 500mg VAS, WOMAC score, 50.23 + 8.08 50.27 + - - 16

(50) +Diclofenac 50 mg +Diclofenac 50 mg  adverse events 8.63 weeks

Khanna et al. India 42/38 Curcumagalactomannosides Chondroitin VAS, WOMAC score 53.4 + 6.64 51.56+5.95 - - 12

(51) 400mg + glucosamine sulphate 415 mg+ weeks
hydrochloride 500mg glucosamine

hydrochloride 500
mg
Shep et al. (52)  India 48/21  45/25 Curcumin (BCM—95®) 1500 mg Diclofenac sodium  VAS, KOOS, adverse 53.09 + 4.17 5214 + 0.62+ 0.62=+ 4 weeks
100mg events 3.76 0.29 0.26
Thomas et al. India 16/19 21/16  Curcuminoids 500mg Chondroitin VAS, WOMAC score, 51.7 £ 5.52 52.3+4.59 351+ 338+ 6weeks
(53) sulphate 830 mg+  adverse events 0.56 0.72
(Continued)
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TABLE 1 | Continued

Disease RCTs Country Number of Intervention Outcomes Age (years) Course of Duration
Participants disease (years)
(Female/male)
Trial Control Trial Control Trial Control Trial Control
glucosamine
hydrochloride 1000
mg
Wang et al. (24) Australia 18/18 21/13 Curcuma longa Extract 1000 mg Placebo VAS, WOMAC score, 61.3+8.5 62.4 +8.8 - - 12
adverse events weeks
Pinsornsak et al. Thailand  62/13 Curcumin 1000 mg-+diclofenac Diclofenac 75 mg VAS - - - - 12
(54) 75mg weeks
Jamali et al. (55) Iran 22/14  23/18 Curcumin ointment Placebo (Vaseline VAS, adverse events 68.86+6.27 67.94+6.72 722+ 691+ 6 weeks
ointment) 4.46 4.68
Kuptniratsaikul ~ Thailand ~ 41/11  45/10 Curcuma longa Extract 2000 mg Ibuprofen 800 mg  VAS, adverse events 61.4 +8.7 60.0+84 159+ 186+ 6weeks
et al. (56) 1.63 2.2
Kuptniratsaikul ~ Thailand ~ 157/14 139/21  Curcuma longa Extract 1500 mg Ibuprofen 1200 mg WOMAC score, adverse 60.3 + 6.8 60.9+69 428+ 433+ 4 weeks
et al. (57) events 4.45 4.31
Panahi et al. (58) Iran 14/5 17/4 Curcuminoid 1500mg Placebo (inert VAS, WOMAC score, 57.32 + 8.78 57.57 - - 6 weeks
starch) adverse events 9.05
Lopresti et al. Australia  24/27  26/24 Curcuma longa Extract (Curcugen)  Placebo KOOS, adverse events 59.59 + 6.57 57.92 + - - 8 weeks
(59) 1000mg 6.22
Henrotin et al. Belgium  79/17  34/11 Curcuma longa Extract 280mg or Placebo VAS, KOOS, adverse 60.9 £ 9.78; 633+769 741+ 76+ 12
(41) 197mg events 61.4 £7.49 7.29; 9.3 weeks
6.6 +
4.67
Kertia et al. (60) Indonesia 24/15  29/12 Curcuminoid 90mg Diclofenac sodium  COX-2 64.05 + 8.83 64.56 + 3.44 + 336+ 4 weeks
90mg 8.86 2.72 2.57
Panahi et al. (66) Iran 14/5 17/4 Curcuminoids (C3 complex®) 1500  Placebo (inert SOD, GSH, MDA 57.32 + 8.78 57.57 + - - 6 weeks
mg starch) 9.05
Gupte et al. (61) India 11/6 23/2 Curcuma longa Extract 800mg Ibuprofen + VAS, WOMAC score, 57 7.5 54 +8 almost 1-11 6 weeks
placebo adverse events
AS Ahmadi et al. Iran 12/0 12/0 Nanocurcumin Placebo Inflammatory factor 23-32 27-46 3-22 6-17 16
(Ahmadi et al., weeks
2020 (62)
Juvenile Allicaie and Romania 16 (not 16 (not  Protein Curcumin Complex 1800mg Placebo VAS, ACR Pedi30, ACR 8-16 - - 36
oligoarthritis  Ailioaie (63) known) known) Pedi50, ACR Pedi70, ACR weeks
Pedi90, adverse events
Allicaie and Romania 28 (not 20 (not  Ultra Bioavailable Curcumin Placebo JADAS-71 Mean: 13.8 - - 24
Allioaie (64) known) known) 1200mg weeks
Gout/ Bupparenoo Thailand 20 (8/ 19 (7/  Curcumin 1000mg Placebo Serum uric acid, urine uric 55.5 + 8.7 55.2+13.0 - - 8 weeks

hyperuricemia et al. (65)

12)

12)

acid clearance, fasting
plasma glucose, blood
lipids, adverse events
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63 and 39, 40, 45, 51, 60, 64, 66 did not specify whether to
perform allocation concealment and were therefore assessed as
unclear risk of bias. Other studies have described the method of
allocation concealment, so they are assessed as low risk of bias.

3.3.2 Performance Bias and Detection Bias

39, 40, 42, 49-51, 63 and 54, 58, 64, 65 stated that they used
blinding, but did not describe how the blinding was performed,
and was rated as unclear risk of bias. 45, 52, 53, 61 did not
describe whether blinding was used, and its primary outcome is
subjective evaluation index, which is easily affected by non-
blinding, so it is assessed as a high risk of bias. 56 described
only the blinding for outcome assessment and not the blinding of
patients, it was rated as low risk for blinding of outcome
assessment and high risk for bling of participants and
personnel. 43 used blinding only on the participants, not the
measurers, and thus it was rated as having low risk of bias in
performance bias and having high risk of bias in detection bias.
The other RCT's described the method blind implementation to
patients and researchers or their outcomes are objective
indicators, and are therefore considered to be a low risk of bias.

3.3.3 Attrition Bias and Reporting Bias

The remaining RCT's did not have incomplete outcomes or the
reasons for the missing and the number are balanced, hence they
are therefore assessed as low risk of bias. Allioaie and Ailioaie 63
and Allioaie and Ailioaie 64 only have abstracts and no proposals
for outcomes, so we do not have enough information to rate
whether there is selective reporting, so it is assessed as unclear

risk of bias. The other RCTs do not have selective reporting and
are therefore considered to be a low risk of bias.

3.3.4 Other Potential Bias

Ailioaie and Ailioaie 2018 only have abstracts, so we do not have
enough information to rate whether there is selective reporting, so it
is assessed as unclear risk of bias. 39-41, 49, 51, 53, 54, 59, 67, 68
claimed that authors have received funding from company that
produces curcumin or Curcuma longa Extract; or that claimed that
authors are the employees of company that produces curcumin or
Curcuma longa Extract, hence they were rated as high risk of bias.
Other sources of bias were not observed in 5 RCTs; therefore, the
risks of other bias of the RCTs were low. (Figure 2)

3.4 The Outcomes for RA

3.4.1 Efficacy Indicators

(1) DAS28: Five (5) RCTs reported the DAS28. The result of
heterogeneity analysis was 12 = 85% and P<0.00001, which
showed that there was statistical heterogeneity among the 5
studies, so the random effects model was used. The results of
Meta analysis showed that there was a statistical difference
between the experimental group and the control group
(P<0.0001), which indicates that curcumin may decrease
DAS28 [WMD -1.06 (-1.53, -0.59)] (Figure 3).

(2) tender joint count: Two (2) RCTs reported the tender joint
count. The result of heterogeneity analysis was 12 = 95% and
P<0.00001, which showed that there was statistical heterogeneity
among the 2 studies, so the random effects model was used. The
results of Meta analysis showed that the difference between the
experimental group and control group is of no statistical
significance [SMD -3.91 (-8.60, 0.78), P=0.10] (Figure 4A).
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FIGURE 2 | Risk of bias [(A) graph; (B) summary].
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Test for overall effect: Z = 4.42 (P < 0.0001)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other biases

FIGURE 3 | The results of DAS28.

Experimental Control Mean Difference Mean Difference Risk of Bia:
Study or Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C1 ABCDEF
Javadi et al. 2019 287 074 24 29 102 25 138%  -0.03[-0.53,0.47] 1 2000
Amalraj et al. 2017a 214 016 12 353 047 6 147%  -1.39[-1.78,-1.00] - 22272000
Amalraj et al. 2017b 18 036 12 353 047 6 144%  -1.73[-2.16,-1.30] d 22272000
Jacob et al. 2018a 216 062 8 353 049 4 125%  -1.37[-2.01,-0.73] - 22272000
Jacob et al. 2018b 159 0.37 8 353 049 4 134%  -1.94[-2.48,-1.40] - 22272000
Chandranetal. 2012a 355 073 14 389 143 6 79%  -0.34[-1.55,0.87] - 29272000
Chandranetal.2012b 358 071 12 389 143 6 7.8%  -0.31[1.52,0.90] r 00722000
Lin et al. 2019 228 08 64 307 081 64 154%  -0.79[-1.07,-0.51] . ®200

Total (95% CI) 154 121 100.0%  -1.06 [-1.53, -0.59] (2

Heterogeneity: Tau? = 0.35; Chi* = 45.96, df = 7 (P < 0.00001); I = 85% Bra—- p

5
Favours [experimental] Favours [control]

(3) swollen joint count: Two (2) RCTs reported the swollen
joint count. The result of heterogeneity analysis was 12 = 95%
and P<0.00001, which showed that there was statistical
heterogeneity among the 2 studies, so the random effects
model was used. The results of Meta analysis showed that the
difference between the experimental group and control group is
of no statistical significance [SMD -3.75 (-8.32, 0.81),
P=0.11] (Figure 4B).

3.4.2 Inflammatory Indicator

(1) ESR: Five (5) RCTs reported the ESR. The result of
heterogeneity analysis was 12 = 91% and P<0.00001, which
showed that there was statistical heterogeneity among the 5
studies, so the random effects model was used. The results of
Meta analysis showed that there was a statistical difference
between the experimental group and the control group

(P<0.0001), which indicates that curcumin may decrease ESR
[SMD -3.09 (-4.60, -1.58)] (Figure 5A).

(2) CRP: Four (4) RCTs reported the CRP. Since Chandran
and Goel (42) differed in baseline CRP, the endpoint results were
not comparable and the data were excluded. The result of
heterogeneity analysis was 12 = 93% and P<0.00001, which
showed that there was statistical heterogeneity among the 4
studies, so the random effects model was used. The results of
Meta analysis showed that there was a statistical difference
between the experimental group and the control group
(P=0.0005), which indicates that curcumin may decrease CRP
[WMD -0.35 (-0.55, -0.15)] (Figure 5B).

(3) RF: Two (2) RCTs reported RE. The result of
heterogeneity analysis was 12 = 0% and P=0.97, which showed
that there was no statistical heterogeneity among the 2 studies, so
the fixed effects model was used. The results of Meta analysis

A Experimental Control Std. Mean Difference Std. Mean Difference Risk of Biat
Study or Mean SD Total Mean SD Total Weight IV, Random.95% Cl 1V, Random, 95% CI ABCD F
Javadi et al. 2019 204 201 24 22 2 25 353% -0.08 [-0.64, 0.48] 2000
Amalrajetal. 2017a 283 0.83 12 10.67 197 6 326%  -5.75[-8.09,-3.41] u 22272000
Amalrajetal. 2017b 258 0.67 12 1067 197 6 322% , - = 22272000
Total (95% CI) 48 37 100.0%  -3.91[-8.60,0.78] L
Heterogeneity: Tau? = 16.18; Chi? = 41.36, df = 2 (P < 0.00001); I = 95% Hoo <o o 00
Test for overall effect: Z = 1.63 (P = 0.10) Favours [experimental] Favours [control]

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of i and personnel bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other biases
B
Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bia:
Study or Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% Cl ABCD F
Javadi et al. 2019 121 153 24 124 166 25 352% -0.02 [-0.58, 0.54] 2000
Amalrajetal. 2017a 292 067 12 9.92 193 6 326%  -5.49[-7.75,-3.24] L] 2727272000
Amalraj et al. 2017b 2 074 12 992 193 6 321%  -6.08[-8.53,-3.63 = 22272000
Total (95% CI) 48 37 100.0%  -3.75[-8.32,0.81] *
Heterogeneity: Tau? = 15.30; Chi? = 41.43, df = 2 (P < 0.00001); I* = 95% P
Test for overall effect: 2 = 1.61 (P = 0.11) Favours [experimental] Favours [control]
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other biases
FIGURE 4 | (A) Tender joint count; (B) Swollen joint count.

Frontiers in Immunology | www.frontiersin.org

36 July 2022 | Volume 13 | Article 891822


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Zeng et al.

Curcumin for Arthritis

A Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI ABCD
Javadi et al. 2019 2033 1199 24 2142 1512 25 176%  -0.06[0.62,0.50] 2@
Amalraj et al. 2017a 21 48 12 1269 173 6 87% -9.64(-13.34,-595) - Reee ®
Amalraj et al. 2017b 212 29 12 1269 173 6 83% -10.10(-13.96,-6.24] - 2000 ®
Jacob et al. 2018a 2075 565 8 130.75 19.57 4 72%  -8.67[-13.07,-4.27) - PO000 [ d
Jacob et al. 2018b 205 4.98 8 130.75 19.57 4 70% -8.85[-13.33,-4.37] - 2222000
Chandran et al. 2012a 2486 177 14 2475 135 6 16.9% 0.01 [-0.95, 0.96] 0972200
Chandran et al. 2012b 2492 226 12 2475 135 6 16.8% 0.01[-0.97, 0.99] 97272000
Pourhabibi-Zarandi etal. 2022 16.09 983 22 245 7.37 22 17.5%  -095[-1.58,-0.32] 0000
Total (95% CI) 12 79 100.0%  -3.09 [4.60, -1.58] U
Heterogeneity: Tau? = 3.29; Chi* = 80.03, df = 7 (P < 0.00001); I = 91% v o - 100
Test for overall effect: Z = 4.00 (P < 0.0001) Favours [experimental] Favours [oontrol]
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
() Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other biases

B Experimental Control Mean Difference Mean Difference Risk of Bias
Study or Mean SD Total Mean SD Total Weight IV, Random.95%Cl 1V, Random, 95% CI ABCOD E
Amalraj et al. 2017a 068 01 12 108 015 6 198%  -0.40[-053,-0.27] - 222720800
Amalraj et al. 2017b 059 008 12 108 015 6 19.9%  -0.49[-0.62, -0. - 72222000
Jacob et al. 2018a 066 0.1 8 105 0.13 4 19.4%  -0.39[-0.54,-0. - 2222000
Jacob et al. 2018b 062 006 8 105 013 4 197%  -0.43[-0.56, 0. - ?? 7101 b O
Pourhabibi-Zarandi etal. 2022 0.16 012 22 022 011 22 21.2%  -0.06[-0.13,0.01] “ Ll
Total (95% CI) 62 42 100.0%  -0.35[-0.55, -0.15] L 4
Heterogeneity: Tau® = 0.05; Chi = 58.82, df = 4 (P < 0.00001); I = 93% ) g 5 H )
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Risk of bias legend,
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of and personnel bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other biases

¢ Experimental Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean _ SD Total Mean  SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI ABCDEFEG
Amalrajetal. 2017a 244 57 12 728 245 6 21.9% -48.40[-68.27,-28.53] - 22272000
Amalrajetal. 2017b 238 6 12 728 245 6 21.8% - 2222000
Jacobetal. 2018a 2343 343 8 756 17.73 4 28.1% -52.17[69.71,-34.63] - 2222000
Jacob et al. 2018b 2115 2.69 8 756 17.73 4 28.3% -54.45[-71.92,-36.98] - 2727272000
Total (95% CI) 40 20 100.0% -51.30 [-60.59, -42.01] ]
Heterogeneity: Chi? = 0.27, df = 3 (P = 0.97); 1= 0% 200 100 6 100 200
Test for overall effect: Z = 10.82 (P < 0.00001) Favours [experimental] Favours [control]
Risk of bias legend
(A) Random sequence generation (selection bias)
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(G) Other biases

FIGURE 5 | The results of ESR (A), CRP (B) and RF (C).

showed that there was a statistical difference between the
experimental group and the control group (P<0.00001), which
indicates that curcumin may decrease RF [WMD -51.30 (-60.59,
-42.01)] (Figure 5C).

3.4.3 Adverse Events

Four (4) RCTs reported the adverse events. The result of
heterogeneity analysis was 12 = 0% and P=0.93, which showed
that there was no statistical heterogeneity among the 4 studies, so
the fixed effects model was used. The results of Meta analysis
showed that the difference between the experimental group and
control group is of no statistical significance [RR 0.36 (0.11,
1.15), P=0.08] (Figure 6).

3.5 The Outcomes for OA

3.5.1 Efficacy Indicators

The efficacy indicators include pain (include VAS and WOMAC-
pain), physical function and stiffness. The efficacy indicators
were divided into subgroups according to the intervention
methods (Table 2).

(1) Pain: The results of Meta analysis showed that there was a
statistical difference between the experimental group and the control
group (VAS: P<0.0001; WOMAC-pain: P<0.00001), which indicates
thatcurcuminmaydecrease VASand WOMAC-pain[VAS:SMD-2.03
(-3.03,-1.03); WOMAC-pain: SMD-0.69 (-0.83,-0.55)] (Figures7, 8).

(2) Physical function: The results of Meta analysis showed
that there was a statistical difference between the experimental
group and the control group (P=0.001), which indicates that
curcumin may decrease WOMAC-physical function [SMD -1.65
(-2.65, -0.64)] (Figure 9).

(3) Stiffness: The results of Meta analysis showed that there was a
statistical difference between the experimental group and the control
group (P=0.0007), which indicates that curcumin may decrease
WOMAC-stiffness [SMD -0.22 (-0.35, -0.09)] (Figure 10).

3.5.2 Inflammatory Indicators
The inflammatory indicators include ESR, CRP and COX-2.

(1) ESR: Two (2) RCTs reported the ESR. The result of
heterogeneity analysis was 12 = 0% and P=0.41, which showed
that there was no statistical heterogeneity among the 2 studies, so
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Experimental Control Risk Ratio Risk Ratio Risk of Bias
s s E T E T Nei M-H, Fi 95% C M-H, Fi 95% C ABCDEEFG
Javadi et al. 2019 0 24 0 25 Not estimable ®
Amalraj et al. 2017a 0 12 0 6 Not estimable
Amalraj et al. 2017b 0 12 0 6 Not estimable
Chandran et al. 2012a 1 14 1 6 15.4% 0.43[0.03, 5.78] - 1
Chandran et al. 2012b 1 12 2 6 29.4% 0.25[0.03, 2.24] L
Lin et al. 2019 2 64 5 64 55.1% 0.40[0.08, 1.99] —
Total (95% CI) 138 113 100.0%  0.36 [0.11, 1.15] -
Total events 4 8
Heterogeneity: Chi? = 0.14, df = 2 (P = 0.93); I = 0% ‘0 001 0‘1 FA 1000’

Test for overall effect: Z = 1.72 (P = 0.08)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other biases

FIGURE 6 | Adverse events.

Favours [experimental] Favours [control]

TABLE 2 | The subgroup analysis of OA efficacy indicators and adverse events.

Outcomes Subgroup Overall effect Heterogeneity test Figure
MD 95%CI P 12 P Statistical Studies Sample
(%) method (N) size (N)
VAS Curcuma longa Extract and curcumin -1.33  [-2.23, P=0.004 94  P<0.0001 Random 6 431 Figure 7
(C.) v.s. placebo -0.43]
C. v.s. NSAIDs -0.07  [-0.32, P=0.62 0 P=0.54  Random 2 230
0.19]
C.+ NSAIDs v.s. NSAIDs -9.37  [-10.45, P<0.0001 - - Random 1 160
-8.28]
C. v.s. Articular cartilage nutrition drug =~ -2.71 [-5.91, P=0.09 98 P<0.0001 Random 2 204
0.39]
WOMAC-pain C. v.s. placebo -0.66  [-0.88, P<0.0001 34 P=0.21  Fixed 4 315 Figure 8
-0.43]
C. v.s. NSAIDs 0.04 [-0.18, P=0.72 - - Fixed 1 331
0.25]
C.+ NSAIDs v.s. NSAIDs -4.1 [-4.65, P<0.0001 - - Fixed 1 160
-3.55]
C. v.s. Articular cartilage nutrition drug~ -1.33  [-1.69, P<0.0001 1 P=0.32  Fixed 2 1562
-0.98]
WOMAC-physical ~ C. v.s. placebo -0.79  [-1.27, P=0.001 75 P=0.008 Random 4 315 Figure 9
function -0.31]
C. v.s. NSAIDs 0.07 [-0.14, p=0.51 - - Random 1 331
0.29]
C.+ NSAIDs v.s. NSAIDs -3.81 [-4.34, P<0.00001 - - Random 1 160
-3.29]
C. v.s. Articular cartilage nutrition drug -3.1 [-4.34, P<0.00001 84 P=0.01  Random 2 162
-1.86]
WOMAC-stiffness C. v.s. placebo -0.35  [-0.57, P=0.002 26 P=0.25 Fixed 4 315 Figure 10
-0.12]
C. v.s. NSAIDs 0.05 [-0.17, P=0.65 - - Fixed 1 331
0.27]
C.+ NSAIDs v.s. NSAIDs -0.45  [-0.77, P=0.005 - - Fixed 1 160
-0.14]
C. v.s. Articular cartilage nutrition drug ~ -0.32  [-0.64, P=0.05 0 P=0.49  Fixed 2 162
-0.00]
Adverse events C. v.s. placebo 1.18 [0.71, P=0.52 25 P=0.25 Random 8 629 Figure 13
1.94]
C. v.s. NSAIDs 0.55 [0.34, p=0.01 70  P=0.03 Random 3 561
0.88]
C.+ NSAIDs v.s. NSAIDs 0.53 [0.10, P=0.45 - - Random 1 160
2.79]
C. v.s. Articular cartilage nutrition drug ~ 0.58 [0.27, P=0.16 0 P=0.49 Random 2 158
1.24]
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Std. Mean Difference
IV. Rand 95% Cl

Risk of Bias
ABCDEFG

Experimental Control Std. Mean Difference
_Study or Mean SD Total Mean SD Total Weight IV, Random. 95% CI

1.1.1 C v.s. placebo
Wang et al. 2020 31.2 19.26 36 39.8 2849 34 7.8% -0.35[-0.82,0.12]
Jamali et al. 2020 452 178 36 56.6 165 36 7.8% -0.66 [-1.13,-0.18]
Henrotin et al. 2019a 38 4 49 49 1 23 7.6% -3.24[-3.98, -2.50]
Henrotin et al. 2019b 37 4 47 49 1 22 7.6% -3.53 [-4.32, -2.74]
Panahi et al. 2014 36 18 19 35 15 21 7.7% 0.06 [-0.56, 0.68]
Madhu et al. 2013a 19.48 17.84 29 46.03 20.84 29  7.8% -1.35[-1.92, -0.78]
Sterzi et al. 2016 146 17.3 23 226 185 27 7.8% -0.44 [-1.00, 0.12]
Subtotal (95% CI) 239 192 54.1% -1.33 [-2.23, -0.43]

Heterogeneity: Tau? = 1.39; Chi2 = 100.61, df = 6 (P < 0.00001); I? = 94%
Test for overall effect: Z = 2.89 (P = 0.004)

1.1.2 C v.s. NSAIDs

Shep et al. 2019 22 841 70 22 6.1 69  7.9%
Kuptniratsaikul et al. 2009 27 25 45 341 23 46 7.9%
Subtotal (95% Cl) 115 115 15.8%

Heterogeneity: Tau? = 0.00; Chi? = 0.37, df = 1 (P = 0.54); I>= 0%
Test for overall effect: Z = 0.49 (P = 0.62)

1.1.3 C+NSAIDs v.s. NSAIDs

Srivastava et al. 2016 4.03 0.08 78 511 0.14 82 7.3%
Subtotal (95% Cl) 78 82 7.3%
Heterogeneity: Not applicable

Test for overall effect: Z = 16.93 (P < 0.00001)

1.1.4 C v.s. Articular cartilage nutrition drug

Madhu et al. 2013b 36.33 28.99 28 29.29 20.58 24 7.8%
Thomas et al. 2021 3.64 0.52 35 493 063 37 7.8%
Khanna et al. 2020 28 031 40 526 045 40  7.3%
Subtotal (95% CI) 103 101 22.8%

Heterogeneity: Tau? = 7.33; Chi* = 119.76, df = 2 (P < 0.00001); I* = 98%
Test for overall effect: Z=1.71 (P = 0.09)

Total (95% CI) 535 490 100.0%
Heterogeneity: Tau? = 3.28; Chi* = 506.09, df = 12 (P < 0.00001); I* = 98%
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FIGURE 7 | The results of VAS.
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FIGURE 8 | WOMAC-pain.
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FIGURE 9 | WOMAC-physical function.
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the fixed effects model was used. The results of Meta analysis
showed that there was a statistical difference between the
experimental group and the control group (P<0.0001), which
indicates that curcumin may decrease ESR [WMD -1.00 (-1.26,
-0.74)] (Figure 11A).

(2) CRP: Three (3) RCTs reported the CRP. The result of
heterogeneity analysis was 12 = 94% and P<0.00001, which
showed that there was statistical heterogeneity among the 3
studies, so the random effects model was used. The results of
Meta analysis showed that there was no a statistical difference
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FIGURE 10 | WOMAC -stiffness.
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FIGURE 11 | The results of ESR (A) and CRP (B).
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between the experimental group and the control group [SMD
-1.00 (-1.86, 0.42), P=0.21] (Figure 11B).

(3) COX-2 was only reported by 60, who found no significant
difference in COX-2 between the diclofenac sodium group and
the curcumin group (P=0.89).

3.5.3 Oxidative Stress Related Outcomes
The indicators related to oxidative stress include SOD, GSH,
and MDA.

Two (2) RCTs reported MDA. The result of heterogeneity
analysis was 12 = 94%, P<0.0001, which showed that there was
statistical heterogeneity among the 2 studies, so the random
effects model was used. The results of Meta analysis showed that
there was a statistical difference between the experimental group
and the control group (P=0.02), which indicates that curcumin
may decrease MDA [WMD -2.06, (-3.80 to -0.32)]. (Figure 12).

Only Panabhi et al., 2016 reported improvements in SOD and
GSH and found higher serum SOD activity in the curcumin
group compared to placebo (P<0.001). However, there was no

statistically significant difference in GSH levels between the
curcumin group and the placebo group (P=0.064).

3.5.4 Adverse Events

The subgroup analysis results were shown in Table 2. 49, 53, 61
and 67 claimed that no serious adverse events were observed in
either the experimental group or the control group. The
summary result showed a borderline difference [RR 0.74, (0.54,
1.00), P=0.05; random effect model]. (Figure 13). If the study
increases, it may be possible to find fewer adverse events with the
addition of curcumin.

3.6 The Outcomes for AS

Only Ahmadi et al., 2020 (62) reported on AS. They reported
that 12 patients received Nanocurcumin and 12 received Placebo.
They found that the AS patients in the Nanocurcumin group had
significantly increased Treg cells, increased IL-10 and TGF-B
levels, and decreased IL-6 levels compared to control group.
They also found that Nanocurcumin decreased the expressions

Experimental Control Mean Difference Mean Difference
_Study or Subgroup  Mean  SD Total Mean SD Total Weight IV.Random.95%Cl IV, Random, 95%Cl
Panahi et al. 2016 17 2 27 20 1 26 471%  -3.00[-3.85,-2.15] -
Srivastava et al. 2016 3.69 0.12 78 491 0.11 82 52.9% -1.22[-1.26,-1.18] u
Total (95% ClI) 105 108 100.0%  -2.06 [-3.80, -0.32] -
Heterogeneity: Tau? = 1.49; Chi? = 16.95, df = 1 (P < 0.0001); I> = 94% _:1 _'2 0 é ‘j’

Test for overall effect: Z = 2.32 (P = 0.02)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other biases

FIGURE 12 | The results of MDA.
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FIGURE 13 | Adverse events.

of miR-17 and miR-27 and increased the expressions of miR-
146a and FoxP3 (P<0.05).

3.7 The Outcomes for JIA

Two RCTs reported on JIA. Ailioaie et al.,, 63 enrolled 32
patients, ages 8-16, and randomly assigned them to curcumin
group (receiving 600 mg three times a day) or placebo group for
9 months, while all patients received standard treat. Their study
showed that compared with the control group, ACR Pedi30,
ACR Pedi50, ACR Pedi70, and ACR Pedi90 were significantly
improved in the curcumin group (P<0.05), and the addition of
curcumin (1800mg/day) did not increase the incidence of
adverse events. In another study, 48 children (mean age, 13.8
years) with extensive oligoarticular and polyarticular JIA were
randomly assigned to experiment group (receiving curcumin
1,200 mg+blue laser) or control group (receiving placebo) for 6
months. They found that curcumin+blue laser reduced disease
activity according to the Disease Activity Score (JADAS-71) and
pain levels (0-10 cm VAS), it also increased their functional
activities of daily living (CHAQ scores) compared to
placebo (64).

3.8 The Outcomes for Gout/Hyperuricemia
Only 65 reported on hyperuricemia. They found that curcumin
intervention tended to reduce serum uric acid compared with
placebo, but the difference was not statistically significant
(P=0.532). There were no significant differences in urine uric
acid clearance, fasting plasma glucose, and blood lipids between
the two groups (P>0.05). Compared with the placebo group,
curcumin did not increase the incidence of adverse events
(P>0.05), and the most common adverse event was diarrhea.

4 DISCUSSION

The mechanism of Curcumin and Curcuma longa Extract in the
treatment of arthritis is shown in Figure 14.

4.1 Curcumin and Curcuma longa Extract
for RA

This study systematically evaluated the clinical efficacy and safety
of curcumin in the treatment of RA. The clinical efficacy
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indicators DAS28, ESR, CRP and RF were lower than those in the
control group, indicating that curcumin may improve the
symptoms of RA and inhibit the inflammatory response. For
safety, the addition of curcumin may not increase the probability
of adverse events.

Sun et al. constructed a model of destabilization of the medial
meniscus (DMM) in mice. They found that curcumin can reduce
the expression of IL-1p, interferon-y (IFN-v), IL17c, IL-18, TNE-
o, (vascular cell adhesion molecule 1 (VCAMI1), and inhibit the
inflammatory response in mice (69). This is similar to the
findings of this study. This meta-analysis shows that curcumin
can reduce inflammation indicators (RF, ESR, CRP). Recent
studies have shown that curcumin may inhibit osteoclast (OC)
differentiation in RA patients by down-regulating the expression
of RANK gene and related proteins (70). Curcumin combined
with methotrexate can effectively improve the joint and systemic
symptoms of RA patients, and can improve bone destruction,
and has a significant intervention effect on the RANK/RANKL/
OPG system (45). Curcumin can also inhibit the proliferation of
fibroblast-like synovial cells (RA-FLS) and reduce the secretion
of TNF-o. and IL-6 in RA patients (71). Curcumin has a
therapeutic effect on rats with type II collagen-induced arthritis
(CIA). It can effectively inhibit macrophage-related
inflammation and reduce the synovial homogenate of joints. It
can also reduce the degradation of IxBo. and the expression of
COX-2 in RAW 264.7 cells (72). Xu et al. found that curcumin
can reduce osteoclast production by inhibiting NF-kB signaling
activation in RA (73). Curcumin can inhibit synovial
angiogenesis in adjuvant arthritis (AA) rats. The mechanism
may be related to reducing the expression of HIF-1o. and down-

FIGURE 14 | The mechanism of Curcumin and Curcuma longa Extract in the treatment of arthritis.

regulating the expression of target genes VEGF and VEGER,
which may be one of the mechanisms of its treatment of RA (74).

4.2 Curcumin and Curcuma longa Extract
for OA

The meta-analysis of OA found that: (1) Compared with placebo,
Curcumin and Curcuma longa Extract may reduce pain, improve
joint function, and improve joint stiffness; and the addition of
Curcumin and Curcuma longa Extract did not increase adverse
events. (2) Curcumin and Curcuma longa Extract and NSAIDs
have similar effects in improving joint pain, function, and
stiffness, but with a lower incidence of adverse events.
However, when curcumin was used in combination with
NSAIDs, it improved joint pain, function, and stiffness more
than NSAIDs alone, without increasing the rate of adverse
events. But, due to the small number of RCTs, definitive
conclusions are difficult to draw. (3) Compared with articular
cartilage nutritional drugs, Curcumin and Curcuma longa
Extract may improve joint pain, joint function, and joint
stiffness without increasing the incidence of adverse events. (4)
Compared with the control group, Curcumin and Curcuma
longa Extract could reduce ESR and MDA levels. For SOD,
GSH and COX-2, no clear conclusions could be drawn due to the
small number of RCTs.

OA is a common chronic disease that mainly affects the knee
joint, resulting in joint pain and loss of function (10). Knee OA
carries a high societal cost, but management options are few and
not ideal (75). Current medical treatment options are limited to
analgesics, intra-articular corticosteroids, and NSAIDs (76).
Although they have some efficacy in relieving pain, they are
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associated with gastrointestinal, renal, and cardiovascular
complications and are generally contraindicated in patients
with comorbidities (77). Curcuma longa L. has a long history
of medicinal use (78-80). Curcumin, the main and most
pharmacologically active ingredient in Curcuma longa L., is
“generally recognized as safe” by the US FDA (81-83). Current
in vitro and preclinical studies have demonstrated the potential
of curcumin, Curcuma longa Extract, and other Curcuma longa
Extract multi-herbal preparations to delay OA progression and
relieve OA-related pain (84-86).

Compared to previous systematic reviews (86, 87), this study
pooled the largest number of RCTs, including more evidence and
relevant content. This improves the quality and evidence of this
study to provide more realistic and precise effect sizes. In
addition, we found that OA patients in the curcumin group
may be less likely to initiate pain medication and more likely to
discontinue their existing pain medication because of its efficacy
and better safety profile compared to the NSAIDs group. A
previous systematic review report on the effects of Curcuma
longa Extract on chronic inflammatory diseases, including
rheumatic diseases, showed no significant between-group
differences in inflammatory markers between Curcuma longa
Extract and placebo (88), however, our results found that
Curcuma longa Extract could improve ESR in OA patients.
Although Curcumin and Curcuma longa Extract are effective
and safe for OA, these results are only from short-term studies
(maximum follow-up of 16 weeks), but are expected to be
effective and safe drugs, as most current OA drug treatments
have poor safety profiles (89). Furthermore, the meta-analyses
showed significant heterogeneity, which could be explained by
study-level covariates such as BMI and age.

4.3 Curcumin and Curcuma longa Extract
for AS

AS mainly affects the axial skeleton, sacroiliac joints, and
peripheral joints, causing structural changes and dysfunction,
and is a chronic autoimmune inflammatory disease (90-92).
Chronic inflammation of the spine resulting from the
progression of AS leads to the formation of new bone on the
spine, ultimately resulting in spinal immobility and stiftness (93).
Previous studies have suggested that the pathogenesis of AS may
be related to bacterial infection and human leukocyte antigen
B27 (HLA-B27), and recent studies also suggest that T
lymphocytes may mediate AS (94, 95). This notion is
supported by changes in peripheral blood (PB) CD4+ T cell
frequency in patients with AS, including an increase in Th17
frequency with Th2 and a decrease in CD4+CD25+ regulatory T
(Treg) cells (93, 95-97). Numerous studies have shown that
patients with AS have a decreased Treg/Th17 ratio, suggesting
that immune phenotype changes may be one of the pathogenesis
of AS, and that regulating the balance of Treg/Th17 may reduce
disease activity (96, 98, 99). Treg/Th17 functional balance is
critical for the prevention of autoimmune and inflammatory

diseases by preventing deleterious damage to the host and
generating an effective immune response.

The current flow cytometry analysis of PB from AS patients
showed that daily treatment with nanocurcumin for 4 months
significantly increased the percentage of PB Treg cells compared
to patients receiving placebo. Recent studies have found that
curcumin can enhance Treg differentiation by increasing the
expression of FoxP3 (94, 96). The results showed that FoxP3
gene expression was significantly increased in AS patients after
nano-curcumin treatment, which confirmed the effect of nano-
curcumin in enhancing Treg cells in these patients. In
conclusion, this RCT study showed that administration of
nanocurcumin (80 mg/kg bw/day) for 4 months increased the
Treg population and the expression levels of FoxP3, TGF-f3 and
IL-10, as well as inhibited the IL-6 cytokine level. Furthermore,
nanocurcumin could effectively alter the expression of Treg-
related miRNAs (decreased miR-17, miR-27 and increased miR-
146a) during the follow-up of AS patients. More research is still
needed in the future to further explore the exact biological
process that curcumin modulates in AS patients. In addition,
higher-quality multiple RCTs provide higher-quality evidence,
thereby providing clinical value.

4.4 Curcumin and Curcuma longa Extract
for JIA

The pathogenesis of JIA is related to a variety of factors,
including genetic factors, immune responses, and
environmental exposures. The pathogenesis of JIA is associated
with aberrant activation of phagocytes (monocytes,
macrophages, and neutrophils), suppression of Treg cells,
hyperactivation of Thl and Th17 cells, activation of NF-xB,
and proinflammatory cytokines (IL-1, IL-6, IL-17, IL-18, IL-21,
IL-22, IL-23, Interferon-y [IFNYy] and TNF-o) (100-103).
Currently, immunomodulatory drugs are the cornerstone of
the treatment of JIA for these pathological processes of
immune inflammation. Ailioaie et al., 63 included 32 children
(ages 8-16 years) with JIA. They found that compared with the
control group, ACR Pedi30, ACR Pedi50, ACR Pedi70, and ACR
Pedi90 were significantly improved in the curcumin group
(P<0.05), and the addition of curcumin (1800mg/day) did not
increase the incidence of adverse events. In another study, 48
children (mean age, 13.8 years) with extensive oligoarticular and
polyarticular JIA were randomly assigned to experiment
group (receiving curcumin 1,200 mg+blue laser) or control
group (receiving placebo) for 6 months. They found that
curcumin+blue laser reduced disease activity according to the
Disease Activity Score (JADAS-71) and pain levels (0-10 cm
VAS), it also increased their functional activities of daily living
(CHAQ scores) compared to placebo (64)

In the Miserocchi et al. (104) cohort study, 27 patients (age
17.4 + 8.9 years) with oligoarticular JIA-associated uveitis were
recruited and received curcumin (500 mg per day) and JIA
standard of care for 12 months. Uveitis is a serious extra-articular
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complication of JIA. The severity of uveitis was assessed by slit-
lamp examination and FC500 laser flare at baseline and 1, 3, 6, 9,
and 12 months after curcumin initiation. A total of 22 patients
(81%) had inactive uveitis at the end of the study. Five patients
remained stable, and three developed uveitis flares. During the
study period, curcumin supplements were well tolerated and no
one experienced ocular side effects or allergic reactions [7].
Although the above studies have shown curcumin in JIA with
considerable evidence of its clinical adjunctive value, more large-
scale, randomized, placebo-controlled RCTs are needed in the
future to confirm or revised the findings of these RCTs.

4.5 Curcumin and Curcuma longa Extract
for Gout/Hyperuricemia

Hyperuricemia and gout is a metabolic abnormal syndrome
caused by disturbance of purine metabolism. Because blood
uric acid exceeds its saturation in blood or tissue fluid, sodium
urate crystals are formed and deposited in the local joints, which
induces local inflammation and tissue destruction symptoms
(105, 106). The deposition of sodium urate crystals in the kidneys
can cause acute kidney disease, chronic interstitial nephritis or
kidney stones, which is called uric acid nephropathy. The
common symptoms of hyperuricemia and gout are joint
swelling and pain, starting from the feet, and then to the finger
joints or wrists. Epidemiology shows that the number of patients
with hyperuricemia and gout is increasing year by year
worldwide, and it is expected to reach 1.42 billion in 2030
(107, 108). Patients with hyperuricemia and gout have poor
compliance, with more than 50% of patients failing to follow
doctor’s orders for examination or re-examination, and the
number of hyperuricemia and gout patients is still increasing
(109; 110). Curcumin has shown potential effects in
hyperuricemia and gout (65). Basic studies have shown that
curcumin can inhibit the degradation of IxBo, the activation of
NF-xB signaling pathway, and the inflammatory genes
downstream of NF-xB in monosodium urate-stimulated THP-
1-derived macrophages (111). Curcumin protected THP-1 and
RAW264.7 cells from monosodium urate-induced
mitochondrial damage by preventing the reduction of
mitochondrial membrane potential, reducing mitochondrial
reactive oxygen species, and then inhibiting the activity of the
NLRP3 inflammasome. Animal studies have also shown that
intraperitoneal injection of curcumin attenuates monosodium
urate crystal-induced paw and ankle swelling, inflammatory cell
infiltration, and MPO activity in a mouse model of acute gout.
These results were related to inhibition of IxkBa. degradation,
phosphorylation levels of NF-xB subunits (p65 and p50) (111).
In vitro and in vivo studies on hyperuricemia have shown that
curcumin and its degradation products have xanthine oxidase
inhibition (112-114) and uric acid production by inhibiting
URAT1 (115). Therefore, the drug may be effective in reducing
serum uric acid. In addition, curcumin has been reported to
reduce serum uric acid levels in other diseases (non-alcoholic
fatty liver disease (NAFLD) and diabetes mellitus) (116; 117).

4.6 The Safety of Curcumin and Curcuma
longa Extract

According to RCTs reporting adverse events, Curcumin and
Curcuma longa Extract did not increase the occurrence of adverse
events. According to the report of Food and Agriculture
Organization of the United Nations/World Health Organization
(FAO/WHO) and European Food Safety Authority (EFSA), the
acceptable daily intake (ADI) value of curcumin is 0-3 mg/kg; it is
also approved by the US Food and Drug Administration as a
botanical (79). According to the relevant safety and toxicity clinical
trials, the acceptable dose of curcumin to obtain the maximum
efficacy is 4-8 g/d. The dose of 8 g/d curcumin was shown to be safe
in both phase I and II clinical trials (118), and it has been reported
that curcumin up to 12 g/d is still tolerated by humans (119). Studies
have shown that curcumin has no obvious sub-chronic toxicity
damage after animal toxicity test, and has no potential mutagenic or
teratogenic effects (120). For example, Krishnaraju et al. conducted
toxicological evaluations on the safety of demethyl curcumin (DC)
through acute oral administration, acute skin, primary skin and eye
irritation, and dose-dependent 90-day subchronic toxicity studies.
They found that the acute oral median lethal dose (LDso) of DC in
female SD rats was >5 000 mg/kg, and the acute dermal LD50 was
>2000 mg/kg, and no weight change or adverse effects were
observed after autopsy, which proved the broad-spectrum safety
of DC (121). Dandekar P et al. evaluated the toxicology of
curcumin-loaded nanoparticles. The results of acute toxicity
studies showed that the dose of 2000 mg/kg was non-toxic, and
the subacute toxicity studies demonstrated the safety of long-term
administration at the usual therapeutic dose of 100 mg/kg curcumin
and twice the therapeutic dose (122).

4.7 The Strengths and Limitations

The strengths of this study is that to our knowledge, this is the
first systematic review and meta-analysis of RCTs on the efficacy
of turmeric and its curcumin on arthritis. The limitations of this
study are: (1) Because curcumin has not been widely used in
clinical practice, the sample size of the included studies is limited.
(2) There may be omissions in the collection of documents and
data extraction or the researcher’s subjective judgment is not
strict. (3) The RCTs included in this study were at high risk of
bias. The authors of some RCTs were funded by drug
manufacturers or were employees, which may introduce bias.
(4) Languages are limited to English and Chinese, and related
studies in other languages are not included.

5 CONCLUSION

In summary, Curcumin and Curcuma longa Extract may
improve symptoms and inflammation levels in people with
arthritis. However, due to the low quality and small quantity of
RCTs, the conclusions need to be interpreted carefully. Limited
by the sample size of the included studies, large-sample, multi-
center clinical trials are still needed for correction or verification.
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Background: Vogt-Koyanagi-Harada (VKH) disease is an autoimmune
inflammatory disorder characterized by bilateral granulomatous uveitis. The
objective of this study was to identify immune hub genes involved in the
pathogenesis and progression of VKH disease.

Methods: High throughput sequencing data were downloaded from the Gene
Expression Omnibus (GEO) and an immune dataset was downloaded from
ImmPort. Immune differentially expressed genes (DEGs) were obtained from
their intersection in the GEO and ImmPort datasets. Immune hub genes for
VKH disease were selected through differential expression analyses, including
Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGGQG),
Disease Ontology (DO), protein-protein interaction (PPI) network, and
clustering analyses. Confidence in the immune hub genes was subsequently
validated using box plots and receiver operating characteristic (ROC) curves.

Results: A total of 254 DEGs were screened and after the intersection with
ImmPort, 20 genes were obtained as immune DEGs. Functional enrichment
analysis indicated that the key genes were mainly involved in several types of
immune pathways (such as the lymphocyte mediated and leukocyte mediated
immune responses, natural Killer cell mediated cytotoxicity, and antigen
binding) and immunodeficiency diseases. Following PPl network analysis, the
top seven genes in cluster 1 were selected as potential immune hub genes in
VKH. After evaluating the accuracy of the hub genes, one gene (GNLY) was
excluded because its expression level was statistically similar in VKH patients
and healthy controls. Finally, six immune hub genes, namely KLRC2, KLRC3
SH2D1B, GZMB, KIR2DL3, and KIR3DL2 were identified as playing important
roles in the occurrence and development of VKH disease.

Conclusion: Six immune hub genes (KLRC2, KLRC3 SH2D1B, GZMB, KIR2DL3,
and KIR3DL2) identified by our bioinformatics analyses may provide new
diagnostic and therapeutic targets for VKH disease.
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Introduction

Vogt-Koyanagi-Harada (VKH) disease is an autoimmune
inflammatory disorder with both intraocular and extraocular
manifestations. Heavily pigmented races, such as Asians (1-3),
Latin Americans (4, 5), and Middle Easterners (6-8), have high
incidence rates of VKH disease, women are more susceptible
than men (9, 10) and 20-to-50-year-olds are primarily affected
(I1). The disease progresses through prodromal, acute uveitic,
chronic convalescent and chronic recurrent phases (12) and
patients characteristically present with bilateral granulomatous
uveitis. Retinal detachments, disk edema, vitritis and eventually
sunset glow fundus are typical intraocular findings in VKH
disease, accompanied by a series of systemic symptoms, such as
headache, tinnitus, poliosis, vitiligo, and meningismus (13). The
etiology and pathogenesis of the disease have not been fully
clarified. Although melanocytes have been widely acknowledged
as targets of autoimmune responses in VKH disease (14, 15),
microbial infection (16), gene susceptibility (17), immune-
related cells and pathways also have vital roles in its
pathogenesis. For example, CD4+ T cells, Thl cells, Th17 cells,
and a series of cytokines have been found to be associated with
the disease (14, 18-22). However, the underlying molecular
mechanisms of the pathogenesis of VKH disease remain to be
elucidated. Therefore, further research is essential to better
understand its occurrence and progression.

Since the ocular tissue samples of patients with VKH disease
(such as aqueous humor and choroid) are difficult to obtain,
basic research on the pathogenesis of this disease is challenging,
limiting the scope to further understand the mechanisms of
immune-related cells and pathways involved in its progression.
The rapid development of high throughput sequencing
technology has facilitated the availability of key genes for the
identification of diagnostic and therapeutic biomarkers of VKH
disease. Since blood samples are easier to obtain than ocular
tissues, evaluating gene expression in the peripheral blood of
VKH patients may help enhance comprehension of the
pathogenesis of VKH disease. To date, no bioinformatics
analysis has focused on the mechanism of immune genes in
VKH disease. Thus, we analyzed VKH disease-related datasets to
screen differentially expressed genes (DEGs) in peripheral blood
from VKH patients and healthy controls and then intersected
these DEGs with an immune dataset to obtain immune DEGs.
Subsequently, functional enrichment analyses of immune DEGs
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were conducted. Protein-protein interaction (PPI) network and
clustering analyses were conducted to identify potential immune
hub genes, and their value in clinical diagnosis of VKH disease
was predicted using receiver operating characteristic
(ROC) curves.

Materials and methods
High throughput sequencing data

Clinical data from patients with VKH disease and healthy
controls were obtained from the Gene Expression Omnibus
(GEO, https://www.ncbi.nlm.nih.gov/geo/). The dataset
GSE166663 was downloaded, including a total of 14 samples,
among which seven were from VKH patients and seven from
healthy controls. The consent of patients and the approval of
ethics committee were unnecessary because the data were
downloaded from public databases.

Differential expression analysis

The “limma” and “pheatmap” packages of R software
(version 4.1.3) ( https://www.r-project.org/) were used to
perform differential expression analysis and to draw a
heatmap. The expression profiles of VKH patients and healthy
controls were compared to identify the DEGs. A t-test was used
to determine P-values in DEG analysis.

Genes retained were selected using the criteria of P-value
<0.05 and [log2(Fold Change)|>1. A dataset including 1793
genes from the immune database (ImmPort, https://www.
immport.org) was also obtained and intersected with
GSE166663 to identify immune DEGs. The “VennDiagram”
package of R software (version 4.1.3) was employed to
generate a Venn diagram.

Functional enrichment analyses

The “clusterProfiler”, “org.Hs.eg.db”, “enrichplot”,
“ggplot2”, “GSEABase”, and “DOSE” packages of R software
(version 4.1.3) were used to obtain the Gene Ontology (GO)
functions, Kyoto Encyclopedia of Genes and Genomes (KEGG)
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enrichment, and to conduct Disease Ontology (DO) analyses of
immune DEGs and visualize the obtained data. P values <0.05
were considered statistically significant.

Protein-protein interaction network

The STRING database (https://cn.string-db.org/) was
utilized to predict PPIs with the protein species set to
“HomoSapiens” and the lowest interaction threshold set to
“low confidence” (0.15). The PPI network was then visualized
using Cytoscape software (https://cytoscape.org/). Further
clustering analysis was conducted using molecular complex
detection (MCODE), an application of Cytoscape. Genes in
the key sub-network were selected as potential immune
hub genes.

Validation of hub genes

Box plots were drawn using the “ggpubr” package of R
software (version 4.1.3) and showed the potential immune hub
gene expression levels in VKH patients and healthy controls.
ROC curves were drawn using the “pROC” package of R
software (version 4.1.3) to assess the levels of potential
immune hub genes in VKH disease. Immune hub genes were
selected using the criteria of P-value <0.05 and area under curve
(AUCQC) value >0.8.

Results
Identification of immune DEGs

A high throughput sequencing dataset, GSE166663, was
downloaded from GEO and we compared VKH patients with
healthy controls to obtain DEGs. The top 50 DEGs identified
from the high throughput sequencing dataset are shown in the
heatmap (Figure 1A). Intersection analysis identified 13
downregulated genes and seven upregulated genes (Table 1).
The Venn diagram of immune DEGs is shown in Figure 1B.

Functional enrichment analysis of
immune DEGs

Functional enrichment analysis of immune DEGs was
performed using R software (version 4.1.3). The results of GO
analysis revealed that the significantly enriched genes were
mainly involved in humoral immune response, lymphocyte
mediated and leukocyte mediated immunity, and antigen
binding (Figure 2). KEGG analysis indicated that antigen
processing and presentation, natural killer cell mediated
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cytotoxicity, and graft-versus-host disease were significantly
enriched in the gene sets (Figure 3A). Finally, DO analysis
showed that the immune DEGs primarily participated in the
progression of human immunodeficiency virus infectious
disease (Figure 3B).

Protein-protein interaction network
analysis of immune DEGs

PPI network analysis was performed using the STRING
online database and Cytoscape software. After removing eight
genes which were not related to other molecules, the PPI
network contained a total of 12 nodes and 31 edges. In
Figure 4A, nodes represent genes and edges represent
interactions between genes, with the upregulated genes marked
in red and downregulated genes marked in blue. Clustering
analysis established one key module (Figure 4B) and seven key
genes (KIR2DL3, KIR3DL2, SH2D1B, KLRC3, KLRC2, GNLY,
and GZMB) identified using MCODE were selected as potential
hub genes for VKH disease.

Identification of immune hub gene
expression levels and diagnostic values

To validate these potential immune hub genes, both the box
plots and the ROC curves with AUC calculated were made with
R software (version 4.1.3). Box plots were used to validate the
expression levels of the seven immune potential hub genes
(Figure 5). Significantly lower expression levels of KLRC2
(P=0.035), KLRC3 (P=0.017), SH2D1B (P=0.0019), GZMB
(P=0.023), KIR2DL3 (P=0.0021), and KIR3DL2 (P=0.0048)
were found in VKH patients than in healthy controls.
However, the expression level of GNLY (P>0.05) showed no
statistically significant difference between the two groups. Thus,
GNLY could not be considered as an immune hub gene in VKH
disease. ROC curves were used to assess the sensitivity and
specificity of the key genes in diagnosing VKH disease
(Figure 6). The AUC values >0.8 in all seven potential hub
genes indicated their diagnostic value for VKH diseases. After
excluding GNLY as explained above, KLRC2, KLRC3 SH2D1B,
GZMB, KIR2DL3, and KIR3DL2 were validated as six immune
hub genes in both expression levels and diagnostic values.

Discussion

In the present study, immune-related key genes involved in
VKH disease were identified and the role of immune
mechanisms in VKH disease was furtherly explored.
Moreover, six immune hub genes were identified and verified
as having diagnostic value in VKH disease. The results of both
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FIGURE 1

identify immune DEGs.

In total, 254 differentially expressed genes (DEGs) were identified in Vogt-Koyanagi-Harada (VKH) patients and healthy controls (HC) and the top
50 DEGs are shown in (A) the heatmap, with significantly up-regulated genes marked in red and significantly down-regulated genes marked in
blue. (B) Venn diagram of immune DEGs. Clinical dataset of VKH disease (GSE166663) and immune dataset (ImmPort) were intersected to

1773 ImmPort

GO and KEGG enrichment analyses indicated that the gene sets
were primarily enriched in several types of immune pathways,
including lymphocyte mediated and leukocyte mediated
immune responses, natural killer cell mediated cytotoxicity,
and antigen binding, which are closely related to the
pathogenesis of VKH disease. In addition, DO analysis
suggested that the immune DEGs were mainly involved in
human immunodeficiency virus infectious disease. As VKH
disease is an autoimmune inflammatory disorder with virus
infection playing an important role in its pathogenesis (12, 23),
the results of the present DO analysis were consistent with those
of previous studies. Since monocytes were thought to be
significantly involved in the development of autoimmune
diseases, peripheral blood mononuclear cells (PBMCs) have
gradually become a breakthrough in studying the pathogenesis
of VKH disease. Single-cell RNA sequencing (scRNA-seq), the
latest advanced technology, has been used in a recent study,
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identifying six subpopulations of human blood monocytes,
among which the proinflammatory monocyte subpopulation is
a promising therapeutic target for treating VKH disease (24).
Another research purified the CD4+ T cells from PBMCs and
extracted total RNA of CD4+ T cells. RNA-seq was conducted,
revealing that circular RNAs (cicRNAs) may have an important
immunomodulatory function in the development of VKH
disease (25). As the existing researches have revealed the
crucial role of immune cells and molecules in the development
of VKH disease, our research group innovatively intersected the
screened DEGs between VKH patients and healthy controls with
the immune dataset and finally found out six immune hub genes
in VKH disease, furtherly providing a new insight into the
pathogenesis and treatment of this disease.

It has been revealed in previous studies that autoimmune
response against melanin in multiple organs may cause the
clinical manifestations of VKH disease and that cell mediated
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TABLE 1 Immune differentially expressed genes of Vogt-Koyanagi-
Harada disease.

Gene symbol log,FC P-value Entrez ID
HLA-DQB1 -2.10 0.0262 3119
KIR2DL3 -1.87 0.0006 3804
KIR3DL2 -1.19 0.0070 3812
KLRC2 -2.04 0.0400 3822
KLRC3 -1.04 0.0379 3823
SFTPD -1.57 00111 6441
GNLY -L11 0.0041 10578
PLXNA4 -1.02 0.0262 91584
EREG -3.09 0.0151 2069
SCGB3A1 221 0.0048 92304
SH2D1B -1.78 0.0006 117157
GZMB -1.56 0.0006 3002
TRDJ1 155 0.0070 28522
HSPAIA 1.14 0.0379 3303
SLPI 1.54 0.0262 6590
IGHV2-26 175 0.0252 28455
IGHV3-15 1.57 0.0007 28448
IGKV1D-12 1.93 0.0200 28903
IGLV8-61 1.37 0.0262 28774
TRAJ7 229 0.0007 28522

immune responses play an important role in its occurrence and
progression (26-28). Among all the immune-related cells, T cells
have proven crucial in the development of VKH diseases. Since the
experimental autoimmune uveitis model of VKH became widely
accepted in the 1990s, several animal experiments have indicated
that with leukocyte infiltration of the retina, CD4+ T cells, Th1 cells
and Th17 cells may be activated to trigger autoimmune responses
and ocular inflammation (29, 30). Since it is difficult to obtain
aqueous humor or choroid samples from VKH patients, studies of
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peripheral blood lymphocytes have been widely conducted to
identify the immune responses involved in human VKH disease.
Those studies have shown that CD4+CD25high Treg cells, which
may suppress the proliferation of CD4+CD25- T cells, are deficient
in VKH patients (31), clarifying how CD4+ T cells cause
autoimmune responses in affected human eyes. In addition, Th1
cells (14, 19, 21), Th 17 cells (18, 32), and their related cytokines
(such as IL-6, IL-12, IL-17, IL-23, and IEN-y) were found to be
involved in the pathogenesis of human VKH disease. The finding
that uveal pigment is an antigen in the development of VKH disease
(33) suggested that antigen binding plays an important role in its
pathogenesis. It has been widely accepted that the combination of
CD4+ T cells and melanocyte-related proteins plays an important
role in the pathogenesis of VKH disease (34). In addition, Sugita
et al. found that MART-1 is a vital antigen in HLA-A2+ VKH
patients (15). Tyrosinase family proteins, especially TRP1 and
TPR2, have also been found to play a part in the progression of
VKH disease (35). These previous studies provide context for the
results of our functional enrichment analyses and indicate that the
immune DEGs are pivotal in the pathogenesis and development of
VKH disease.

Among the six immune hub genes identified in the present
analysis, KIR2DL3 and KIR3DL2 have been found to be related
to VKH disease. KIR2DL3 and KIR3DL2, members of inhibitory
killer immunoglobulin-like receptors (KIR), may prevent the
activation of natural killer cells and T cells (36). A number of
KIR genes and human leukocyte antigen (HLA) genes (ligands
for KIRs) have previously been used to analyze the gene
susceptibility of autoimmune diseases (37). Studies have
shown that some inhibitory KIR-HLA combinations are lower
in VKH patients than in healthy controls, consistent with our
bioinformatics analysis results. In addition to inhibitory KIRs,
activating KIRs also play an important part in the pathogenesis
in VKH disease, with higher levels of activating KIR-HLA

bindings in VKH patients than in healthy controls (38-40).
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primarily participating in the pathogenesis of human immunodeficiency virus infectious disease (P<0.05).

Other immune hub genes are also key to the human immune
system. KLRC2 and KLRC3 are both members of killer cell lectin
like receptor C (KLRC), a gene family located within the natural
killer complex, which can regulate specific humoral and cell-
mediated immunity. Although there has been no research to
date on the role of KLRCs in the pathogenesis of VKH disease,
they have been found to be involved in the development of other
autoimmune diseases and tumors. For example, Fatma et al.
found that KLRC2+ CD4+ T cells target oligodendrocytes in
multiple sclerosis (41). Moreover, the study conducted by
Mathilde et al. found that KLRC3 overexpressed in
glioblastoma undifferentiated cells and furtherly revealed that

the gene expression of KLRC3 was related to glioblastoma
aggressiveness (42). SH2 domain containing 1 B (SH2D1B)
regulates signal transduction through receptors expressed on
the surface of antigen-presenting cells. It is mainly expressed in
innate immune cells and the expression of SH2D1B is associated
with antigen presentation in human cells. Yasser et al. exposed
human cells to SH2D1B-overexpression vaccines, and found
that SH2D1B could improve antigen presentation in innate
immune cells (43). Granzyme B (GZMB) can encode proteins,
mainly including the granzyme subfamily of proteins and
peptidase S1 family of serine proteases, process cytokines, and
degrade extracellular matrix proteins, thus playing an important

FIGURE 4

(A) Protein-protein interaction (PPI) network for 12 immune differentially expressed genes (DEGs) with the upregulated genes marked in red and
the downregulated genes marked in blue. (B) Cluster 1 consisting of seven genes was constructed using MCODE.
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FIGURE 5

Validation of immune potential hub genes in the gene expression level. The expressions of KLRC2, KLRC3, SH2D1B, GZMB, KIR2DL3, and
KIR3DL2 were significantly lower in Vogt-Koyanagi-Harada patients (VKH) than in healthy controls (HC). The expression level of GNLY was not

statistically significantly different between the two groups.

role in chronic inflammation. Similar to KLRCs, there have been
studies showing its role in autoimmune diseases. For example,
overexpression of CD4+ GZMB+ CTL cells were found in
Sjogren’s syndrome (44). GZMB was also proved important in
the pathogenesis of inflammatory skin diseases due to GZMB-
mediated proteolysis involved in processes such as tissue
remodeling and autoantigen generations (45). All the six
immune hub genes identified in the present study are relevant
to autoimmune responses, and further research is needed to
better understand their involvement in VKH disease.

Conclusion

All in all, we obtained 20 immune DEGs (13 downregulated
genes and seven upregulated genes) in VKH disease and finally
screened out six immune hub genes (KLRC2, KLRC3 SH2D1B,
GZMB, KIR2DL3, and KIR3DL2) associated with VKH disease,
some of which have not been mentioned in the present
researches of VKH disease until now. As far as we know, this
is the first research to find out immune hub genes in the
pathogenesis of VKH disease. Further analyses validating the
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Validation of the diagnostic value of immune potential hub genes. Receiver operating characteristic values and area under the curve (AUC)
statistics indicated that all seven potential hub genes had diagnostic value for Vogt-Koyanagi-Harada disease.
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expression levels and diagnostic levels of these hub genes are of
great significance to provide new diagnostic and therapeutic
targets of VKH disease in future works. However, it should be
noted that this study only includes bioinformatic analyses, thus,
further experimental validations are necessary.
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The complement system (CS) is an ancient and highly conserved part of the
innate immune system with important functions in immune defense. The
multiple fragments bind to specific receptors on innate and adaptive immune
cells, the activation of which translates the initial humoral innate immune
response (IR) into cellular innate and adaptive immunity. Dysregulation of the
CS has been associated with the development of several autoimmune
disorders such as systemic lupus erythematosus (SLE), rheumatoid arthritis
(RA), ANCA-associated vasculitis, and autoimmune bullous dermatoses
(AIBDs), where complement drives the inflammatory response in the effector
phase. The role of the CS in autoimmunity is complex. On the one hand,
complement deficiencies were identified as risk factors to develop
autoimmune disorders. On the other hand, activation of complement can
drive autoimmune responses. The anaphylatoxins C3a and Cb5a are potent
mediators and regulators of inflammation during the effector phase of
autoimmunity through engagement of specific anaphylatoxin receptors, i.e.,
C3aR, C5aR1, and C5aR2 either on or inimmune cells. In addition to their role in
innate IRs, anaphylatoxins regulate humoral and cellular adaptive IRs including
B-cell and T-cell activation, differentiation, and survival. They regulate B- and
T-lymphocyte responses either directly or indirectly through the activation of
anaphylatoxin receptors via dendritic cells that modulate lymphocyte function.
Here, we will briefly review our current understanding of the complex roles of
anaphylatoxins in the regulation of immunologic tolerance and the early events
driving autoimmunity and the implications of such regulation for therapeutic
approaches that target the CS.
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Introduction

The complement system (CS) is an ancient and highly
conserved part of the innate immune response (IR)
comprising soluble proteins and membrane-bound receptors
bridging innate immunity and adaptive immunity (1). Aside
from its well-appreciated canonical activation pathways, non-
canonical mechanisms have been recently described, which
orchestrate the cleavage and activation of complement factors
both in the circulation and intracellularly in immune cells (2).
The broad implications of complement activation for health and
disease have been reviewed elsewhere (3). Canonical
complement activation occurs via three different pathways, i.e.,
the classical pathway (CP), the lectin pathway (LP), and the
alternative pathway (AP), all of which converge at the level of
C3, eventually resulting in terminal pathway (TP) activation and
subsequent membrane attack complex (MAC) formation (4).
While the CP and the LP have critical roles in the initiation of
the complement cascade and/or pathogen recognition, the AP
accounts for amplification and the majority of terminal
complement activation (5). In autoantibody-mediated
autoimmune diseases, the deposition of immunoglobulin G
(IgG) immune complexes can activate the CP (6). During this
process, several cleavage products of C3 and C5 are formed that
can activate multiple cells of the immune system via their
corresponding complement receptors (7-9). The two cleavage
fragments C3a and Cb5a, the so-called “anaphylatoxins”,
significantly contribute to inflammation and the activation of
cells through ligation of their cognate anaphylatoxin receptors
C3aR, C5aR1, and C5aR2. Anaphylatoxins are potent
chemoattractants that recruit several types of phagocytes to
the site of inflammation and mobilize reactive oxygen species
in macrophages (10), eosinophils (11), and neutrophils (12). Due
to their strong pro-inflammatory properties, they significantly
contribute to the pathogenesis of many acute and chronic
inflammatory diseases (13).

Autoimmune diseases are a group of chronic inflammatory
diseases in which a combination of genetic and environmental
factors leads to activation of self-reactive lymphocytes that
escaped the multiple layers of central and peripheral tolerance
(14). The underlying mechanisms leading to the loss of self-
tolerance are multifaceted (15). Most autoreactive lymphocytes
are removed at two main checkpoints, i.e., the thymus and the
bone marrow by central tolerance mechanisms including
deletion and editing. After lymphocytes exit the primary
lymphoid organs, several mechanisms of peripheral tolerance
ensure that many self-reactive lymphocytes, which escaped
central tolerance, are removed from the system (16-18). For
this complex process to be successful, a tightly regulated
interplay of dendritic cells (DCs), CD4" T cells, and B cells is
required. Dysregulation can lead to a break of tolerance that
initiates and drives the early phase of autoimmunity, followed by
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the effector phase where innate and adaptive effector cells
promote multiple inflammatory responses. The CS is critically
involved in the immunopathology of several autoimmune
diseases, including systemic lupus erythematosus (SLE),
rheumatoid arthritis (RA), and autoimmune bullous
dermatoses (AIBDs) such as bullous pemphigoid (BP) and
epidermolysis bullosa acquisita (EBA) where it significantly
shapes the effector phase of such diseases by recruiting effector
cells to the sites of inflammation (19-24).

During the past decade, our understanding of the
mechanisms underlying complement-mediated inflammation
during the effector phase of several autoimmune diseases has
markedly improved. In contrast, we are still at the beginning to
delineate the multiple (path)ways by which the CS contributes to
the initiation of autoimmunity. Here, we provide an overview of
our current understanding and potential future developments in
the field.

The dual role of complement
in autoimmunity

The role of complement in autoimmunity is complex. On the
one hand, complement activation is associated with the progression
of several autoimmune disorders (19, 20, 23, 24). On the other
hand, complement can also protect from autoimmunity.

The deficiency of complement factors that drive the
activation of the CP such as Cl1, C2, and C4 is strongly
associated with the development of SLE (25). As part of the
C1 complex, binding of Clq to IgG or IgM immune complexes
results in activation of the CP (26). Roughly 90% of patients with
deficiency in Clq develop lupus-like manifestations (27).
Recently, an elegant study shed new light on the role of Clq
in the development of SLE (28). The authors demonstrated that
Clq limits tissue damage by acting as a “metabolic rheostat” for
effector CD8" T cells that drive autoimmune inflammation
through the generation of autoantigen fragments via granzyme
B. In contrast to patients with Clq deficiency, only 10%-20% of
patients with a C2 deficiency develop lupus (29). The milder
disease manifestation in C2-deficient patients might be
explained by a C2 bypass mechanism that leads to activation
of terminal complement by Clq and mannose-binding lectin
(MBL) (30).

While the incidence of SLE among C3 deficiency is very low
(19), reports for C4 deficiency differ depending on the ancestral
and ethnic background of the patients (31-35). In a study with
over 6,000 lupus patients and healthy controls of European
ancestry, both C4 isoforms appeared to be protective relative to
complete C4 deficiency. However, patients deficient in C4A were
at a higher relative risk than patients deficient in C4B (36).
When either human C4A or C4B was expressed in a lupus-
susceptible strain (37), mice expressing C4A developed less
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humoral autoimmunity than C4B-expressing mice. This
included a decrease in the number of germinal centers (GCs),
autoreactive B-2 cells, autoantibodies, and memory B cells,
where the higher efficiency of C4A in inducing self-antigen
clearance was associated with the follicular exhaustion of
autoreactive B-2 cells. In summary, recent findings provided
detailed insights into the mechanisms underlying the protective
effects of Clq in the context of autoimmunity; however, the
picture regarding the protective effects of C2 and C4 is still
sketchy and demands further studies.

In contrast to the protective effect of Clq, C2, and C4, C3
cleavage fragments serve as important cofactors to mount a
strong humoral IR. An elegant series of experiments from the
Carroll lab demonstrated that binding of C3d-opsonized
antigens to complement receptor 2 (CR2; CD21) serves as an
important mechanism to foster the uptake of immune
complexes by naive B-2 cells within the lymphatics and deliver
them to follicular DCs (FDCs) in the B-cell compartment.
Furthermore, they identified CR2/CD21 as an important
coreceptor for the CD19/CD81 complex that augmented B-cell
receptor (BCR)-mediated activation through antigen-tagged
C3d that links the CD21/CD19/CD81 complex with the BCR.
Finally, CR2 is critical to retain antigens on FDCs, which is
crucial for the GC reaction and formation of memory B
cells (38).

C3 activation initiates the formation of C5 convertases that
activate the terminal pathway. This pathway is characterized by
the cleavage of C5 into C5a and C5b, the latter of which initiates
the formation of the C5b-9 complex that can form pores as the
MAC and destroy pathogens. Aside from its beneficial cytolytic
effector functions, the MAC also contributes to inflammation
and tissue damage and is closely linked to several autoimmune
diseases, such as SLE, where its deposition is associated with
disease intensity and used as a marker for treatment response
(39). The smaller C5 cleavage, C5a, binds to two distinct
receptors, ie., C5aR1 (CD88) that mediates many of the
effector functions of C5a and C5aR2 (C5L2; GPR77), which
has initially been considered a mere decoy receptor due to its
missing coupling to G-proteins. However, more recent findings
identified several C5aR2-mediated functions in inflammation
and immunity either in concert with C5aR1 or even independent
of C5aR1 (40-43). C5a is a crucial player in the effector phase of
various autoimmune disorders, where it drives disease
progression through the recruitment and activation of
neutrophils and macrophages, depending on the disease
(44-49).

By binding to its cognate C3aR, the second anaphylatoxin,
C3a, adds to the inflammatory response by activation of innate
and adaptive immune cells. In addition to its function as a
chemoattractant and activator of eosinophils and mast cells, C3a
regulates B-cell and T-cell responses (50, 51). Similar to C5a,
C3a plays important roles in the effector phase of different
autoimmune disorders including SLE and autoimmune
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encephalitis (52, 53), where C3a/C3aR signaling promotes the
infiltration of neutrophils and macrophages/monocytes. Also,
elevated levels of C3a have been associated with disease
progression in RA and SLE (54, 55). Of note, C3a can also
exhibit anti-inflammatory properties such as preventing the
mobilization and degranulation of neutrophils in acute
inflammation (56). In summary, C3 cleavage fragments
promote humoral autoimmune responses, the MAC can
facilitate tissue damage in the context of autoimmunity, and
the chemoattractant properties of anaphylatoxins orchestrate the
effector phase of many autoimmune disorders.

From the break of tolerance to
early autoimmunity

The maintenance of tolerance underlies a complex interplay
between DCs, T follicular helper (TFH) cells, and B cells, where
dysregulation can lead to a break of tolerance and the
development of autoimmunity. Here, we discuss our current
understanding of anaphylatoxin receptor signaling as a
regulator of early autoimmunity.

DCs are specialized in priming different types of effector T
cells and thus possess the unique ability to control both
immunity and tolerance. DCs capture antigens at several
mucosal surfaces and then migrate to the lymph nodes, where
major histocompatibility complex (MHC)-I- or II-loaded
peptides are recognized by T cells via the T-cell receptor
(TCR) (57). Immature DCs can keep tolerance by presenting
self-antigens to T cells in the absence of appropriate
costimulation. After receiving appropriate stimuli from pattern
recognition receptors, they can differentiate into mature DCs
(58) that show a reduced endocytic activity associated with a
strong upregulation of MHC-II and costimulatory molecule
expression (59). These changes enable them to efficiently drive
activation of naive T cells and their differentiation into distinct
effector T cells through immunomodulatory signals mediated
via cell-to-cell contacts and the release of a defined set of
cytokines such as IL-12, IL-23, and IL-6 (57, 60).

Activation of C5aR1 on DCs has a strong impact on
proliferation and differentiation of naive T cells (48). In anti-
neutrophil cytoplasmic antibody (ANCA)-associated vasculitis
(AAV), ANCAs produced by autoreactive B-2 cells activate
neutrophils, resulting in direct endothelial injury and extensive
glomerular deposition of myeloperoxidase (MPO) (61, 62).
Here, the response of MPO-specific T cells to glomerular
MPO, mediated by C5aR1 on DCs, contributes significantly to
necrotizing glomerulonephritis (63, 64). In experimental anti-
MPO glomerulonephritis, genetic or pharmacologic C5aR1
targeting resulted in attenuated Tyl immunity and increased
frequency of regulatory T cells (Tregs) eventually mitigating
autoimmunity to MPO (48) (Figure 1A).
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Furthermore, a strong link between complement receptor
signaling and the regulation of DCs and TFH cells in the context
of immunological tolerance has been described. Activation of the
C5/C5a/C5aR1 axis controlled the development of maladaptive
Tu2/Tul7 development by shifting the balance between
immunogenic pulmonary CD11b" conventional DCs (cDCs)
and tolerogenic plasmacytoid DCs (pDCs), thereby regulating
Th2 cytokine production (65-67). Recently, pulmonary C5aR1*
and C5aR1™ ¢cDC2 subsets have been described (68), which
showed a distinct impact on cDC function after one-time
allergen exposure. Ex vivo allergen pulsing resulted in low
expression of CD40 and MHC-II in the C5aR1" ¢DC2 subset,
leading to minor antigen-specific proliferation of CD4" T cells.
In sharp contrast, missing C5aR1 activation either in C5aR1"
cDC2s or by C5aR1 targeting induced strong CD4" T-cell
proliferation, suggesting that C5aR1 activation on pulmonary
cDC2s controls pulmonary tolerance toward aeroallergens by
downregulation of CD40 (Figure 1B). Furthermore, several
studies found C5aR1 activation on T cells as a key mechanism
to control Tyl differentiation both in mice and man (69-73).

10.3389/fimmu.2022.958392

For example, in a model of lupus-like chronic graft-versus-host
disease (GVHD), genetic or pharmacological ablation of C5aR1
in CD4" T cells protected from the generation and expansion of
TFH cells, GC B cells, and autoantibodies (74). Furthermore,
C5aR1 antagonism initiated in mice with established
bronchiolitis obliterans syndrome ameliorated disease
manifestation and reduced the associated differentiation of
TFH and GC B cells. These findings emphasize the critical role
of C5aRl in supporting TFH cell differentiation and its
subsequent impact on the GC reaction and (auto)antibody
production (Figure 2A).

In addition to its impact on DC and TFH functions,
anaphylatoxin receptor activation also regulates the function of
Tregs. Natural CD4" FoxP3" Tregs (nTregs) are crucial for
immune homeostasis, the persistence of self-tolerance, and
hence underlie strict control mechanisms to ensure protective
immunity (75-77). Based on findings showing that the
activation, differentiation, and expansion of conventional
CD4" CD25 T cells are linked to C3aR and C5aR1 signaling
(69, 78-80), Kwan et al. (81) investigated the modulation of
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FIGURE 1
Impact of the anaphylatoxins on DC-mediated and intrinsic T cell activation. (A) The genetic absence or pharmacological targeting of C5aR1 on
DCs leads to attenuated T helper type 1 (Twl) immunity and an increased frequency of Regulatory T cells (Tregs). (B) C5aR1 signaling on naive
mucosal conventional DC2 (cDC2) controls the expression of CD40 and MHC-II which determines the threshold of naive CD4* T cell
activation. Mucosal antigen exposure is associated with decreased C5aR1 expression; the lack of C5aR1 expression in cDC2s releases the break
on CD40 and MHC-II expression resulting in strong CD4" T cell proliferation and the break of mucosal tolerance. (C) T cell activation triggers
the secretion of preformed C3 and C5 into the extracellular space, which can be cleaved into C3a, C3b, C5a, and C5b by canonical and non-
canonical mechanisms. Binding of these complement fragments to their respective receptors on the T cell induces CD4" Ty,1 and CD8" effector
T cell functions. C3 and C5 are also processed intracellularly by proteases such as cathepsin L (CTSL) in the case of C3 and an unknown
protease in the case of C5, respectively. Intracellular C3a is critical to maintain low-level mechanistic target of rapamycin (mTOR) activity by
binding to C3aR on lysosomes, thereby contributing to the homeostatic survival of CD4* T cells. The cleavage of intracellular C5 into C5a and
C5b is enhanced by CD46-mediated signaling. C5a engages C5aR1 triggering NOD-like receptor family pyrin domain containing 3 (NLRP3)
inflammasome assembly, eventually driving Tyl differentiation of CD4™ T cells and CD8™ effector T cell functions. Importantly, autocrine
engagement of surface-expressed C5aR2 by C5a-desArg can control intracellular C5aR1 activity. Created in BioRender.com.
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nTreg functions by C3a and C5a. They found that C3aR and
C5aR1 activation on nTregs inhibited their function by inducing
phosphorylation of the transcription factor Foxol, resulting in
reduced FoxP3 expression on nTregs.

More recent work by Liszewski et al. (82) unraveled a novel
and unexpected role for an intracellular CS, which they termed
the “complosome,” that regulates key metabolic pathways
critical for the survival of peripheral human T cells and their
effector functions. They showed that circulating human CD4"
and CD8" T cells continuously generate low levels of C3a and
C3b by cathepsin L-mediated cleavage of intracellular C3,
resulting in mammalian target of rapamycin (mTOR)
activation via lysosome-bound C3aR engagement and
interaction of complosome C3b with surface-bound CD46.
These mechanisms were shown to be crucial for T-cell
homeostasis, CD4" Ty1 effector function, and CD8" cytotoxic
T-cell effector activity (83). This interesting finding implicates
that human Tyl and Ty17 responses are regulated by autocrine
and intracellular complement activation, shedding new light on
the role of complement in controlling immunological
tolerance (Figure 1C).

In addition to its impact on cellular immunity, anaphylatoxins
also regulate humoral IR. Effective humoral IRs rely on high-affinity
antibodies generated by affinity maturation in the GCs within the
secondary lymphoid organs (84, 85). Here, B-2 cells go through
repeated cycles of somatic hypermutation, clonal expansion, and
affinity-governed positive selection. Positive selection is orchestrated
by costimulatory signals from TFH cells that have been recruited to
the GCs after antigen capture. Depending on these signals, non-self-
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reactive GC B cells survive and proliferate, whereas self-reactive GC
B cells undergo either further differentiation or cell death (85-88).
In this stringently regulated process, mTOR signaling and
expression of the proto-oncogene c-MYC exert crucial functions
(89, 90). In a recent study, Cumpelik et al. (91) found
downregulation of the complement inhibitor decay-accelerating
factor (DAF, CD55) in GC B cells via B-cell lymphoma 6 (Bcl-6)
associated with simultaneously increased expression of MAC
inhibitor CD59. The reduced complement regulation resulted in
increased C3 and C5 cleavage on GC B cells leading to increased
generation of C3a and C5a and consecutive enhanced C3aR and
C5aR1 signaling. Importantly, this process was indispensable for
positive selection and GC function, as disruption of this pathway
decreased mTOR activity in response to BCR-CD40 signaling,
eventually leading to a premature GC collapse and defective
affinity maturation (Figure 2B).

Furthermore, combined C3aR and C5aR1 signaling was
shown to modulate antibody production and class switch
recombination of B-2 cells (92). Using C3aR”"C5aR1”" mice,
Paiano et al. found that C3aR/C5aR1 signal transduction was
indispensable for CD40 upregulation, IL-6 production,
proliferation, and IL-21 production by follicular CD4" T cells.
Furthermore, using immunized mice deficient in systemic C3
and C5 and transfecting them with wild-type bone marrow
(BM), the study showed that locally produced complement was
necessary for this signaling pathway and sufficient for the initial
B-2 antibody response.

In addition to B-2 cells that generate high-affinity antibodies
against foreign antigens, B-1 cells mediate the first line of
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immune defense through low-affinity natural IgM antibodies.
Interestingly, B-1 cells have also been shown to drive the
establishment of autoimmune-mediated diseases, such as type
1 diabetes (93) and SLE (94). Their regulation is also highly
dependent on C5a (95), as the C5a/C5aR1 axis controls the
trafficking of B-1 cells into the BM, the peritoneal cavity, and
from the BM to the spleen, emphasizing the importance of the
C5a/C5aR1 axis in early autoimmunity.

Based on a growing body of evidence showing that
complement not only controls the effector phase of many
autoimmune disorders but the early events of humoral and
cellular adaptive immune responses, complement pathways
and mediators have sparked the interest as therapeutic targets
to treat autoimmune disorders (96). At this point, only a few
complement inhibitors have been approved for therapeutic use,
including the C5 inhibitor eculizumab, the plasma C1 protease
inhibitor (C1INH), the C3 inhibitor pegcetacoplan, and the
C5aR1 antagonist avacopan. While eculizumab treatment has
been approved for the treatment of paroxysmal nocturnal
hemoglobinuria (PNH), atypical hemolytic uremic syndrome
(aHUS), and neuromyelitis optica spectrum disorders
(NMOSDs), CIINH is used for the treatment of hereditary
angioedema (96). Pegcetacoplan is currently approved for the
treatment of PNH (97) and the first C5aR1 inhibitor, avacopan,
for the treatment of AAV (98).

Conclusion

Apart from the well-known functions of recruiting and
activating innate effector cells that drive the pro-inflammatory
environment of many autoimmune diseases, anaphylatoxin
receptor signaling appears to also ignite the early events of
humoral and adaptive immunity, leading to the loss of
tolerance as a first step to induce autoimmunity. Exemplarily,
local generation of C3a and C5a in tissues or inside DCs, T cells,
and B cells and activation of their cognate anaphylatoxin
receptors in an autocrine or paracrine fashion function as one
important rheostat to keep tissue homeostasis and immunologic
tolerance. The growing understanding of the multiple facets of
anaphylatoxin functions opens new perspectives for spatially
and temporarily tailored targeting strategies that consider the
interindividual differences in immune responses. A few drugs are
already Food and Drug Administration (FDA)-approved that
target the complement system at the level of C3, C5 or more
specifically inhibit C5a-mediated C5aR1 activation. The multiple
complement inhibitors that are currently tested in clinical trials
open up a wide range of new treatment options for clinicians to
inhibit the distinct activation pathways or complement
fragment-mediated activation of specific complement receptors
(99, 100). However, the already approved drugs and the
compounds tested in ongoing clinical trials are designed for
the treatment of acute inflammation. In light of the impact on
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humoral and cellular adaptive immune responses of C3 and C5
cleavage fragments, it will be of major importance in future
studies to define endpoints in clinical studies of autoimmune
diseases that also take these crucial functions of complement
mediator molecules into account. Also, it will be crucial to
discriminate between intracellular and extracellular
complement and complement receptor targeting given the
major impact of complosome activation for T-cell activation in
particular (101).

Open questions

- How can we translate our findings that anaphylatoxins
shape early autoimmunity into appropriate therapeutic
approaches?

- When do we target the CS?

- Where do we target the CS, i.e., extracellular complement

vs. intracellular complement?

- What is the contribution of C5aR2 to early autoimmunity?
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Use of gliptins reduces levels of
SDF-1/CXCL12 in bullous
pemphigoid and type 2
diabetes, but does not increase
autoantibodies against BP180 in
diabetic patients

Antti Natynki®, Paivi Leisti®, Jussi Tuusa®, Outi Varpuluoma®,
Laura Huilaja®, Kentaro Izumi? Sanna-Kaisa Herukka?,
Olavi Ukkola®, Juhani Junttila®, Nina Kokkonen®

and Kaisa Tasanen™

Department of Dermatology, PEDEGO Research Unit, Medical Research Center Oulu, Oulu
University Hospital and University of Oulu, Oulu, Finland, 2Department of Dermatology, Hokkaido
University Graduate School of Medicine, Sapporo, Japan, *Institute of Clinical Medicine -
Neurology, University of Eastern Finland and Department of Neurology, Kuopio University Hospital,
Kuopio, Finland, “Department of Internal Medicine, Research Unit of Internal Medicine, Medical
Research Center Oulu, Oulu University Hospital and University of Oulu, Oulu, Finland

The use of dipeptidyl peptidase 4 (DPP4) inhibitors, (also known as gliptins), is
associated with an increased risk of bullous pemphigoid (BP), an autoimmune
blistering skin disease. To explore the mechanism behind gliptin-associated BP
we investigated circulating autoantibodies against the major BP autoantigen
BP180 in serum samples from patients with type 2 diabetes (T2D) with
preceding gliptin medication (n = 136) or without (n = 136). Sitagliptin was
the most frequently prescribed gliptin (125/136 patients). Using an ELISA assay,
we showed that IgG autoantibodies against the immunodominant NC16A
domain of BP180 were found in 5.9% of gliptin treated and in 6.6% of non-
gliptin treated T2D patients. We found that 28% of gliptin treated patients had
IgG autoantibodies recognizing the native full-length BP180 in ELISA, but
among non-gliptin treated the seropositivity was even higher, at 32%. Further
ELISA analysis of additional serum samples (n = 57) found no major changes in
the seropositivity against BP180 during a follow-up period of about nine years.
In immunoblotting, full-length BP180 was recognized by 71% of gliptin treated
and 89% of non-gliptin treated T2D patients, but only by 46% of the age-and
sex-matched controls. The chemokine stromal derived factor-1(SDF-1/
CXCL12) is one of the major substrates of DPP4. Immunostainings showed
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that the expression of SDF-1 was markedly increased in the skin of BP patients,
but not affected by prior gliptin treatment. We found that the use of gliptins
decreased the serum level of SDF-1a in both BP and T2D patients. Our results
indicate that the autoantibodies against the linear full-length BP180 are
common in patients with T2D, but seropositivity is unaffected by the use

of sitagliptin.

KEYWORDS

bullous pemphigoid, autoimmunity, BP180, gliptins, DPP4, SDF-1 (CXCL12)

Introduction

Bullous pemphigoid (BP) is the most common autoimmune
subepidermal blistering skin disease primarily affecting elderly
people. It is characterized by intense pruritus and tense bullae
(1). The major target of BP IgG autoantibodies is BP180, a
transmembrane hemidesmosomal protein of basal keratinocytes
(2). Around 85% of BP autoantibodies target the juxtamembranous
extracellular 16th non-collagenous (NC16A) domain of BP180,
and levels of anti-NC16A IgG antibodies correlate with the severity
of BP (1, 3).

Epidemiological data have convincingly demonstrated that
the most evident risk factors for BP are certain neurological
diseases (4-7) and the use of dipeptidyl peptidase 4 (DPP4)
inhibitors (gliptins) (8-14). Gliptins are oral anti-diabetic drugs
that are widely used to treat type 2 diabetes (T2D) (15), but the
exact mechanism by which the use of gliptins increases the risk
for BP is unknown (13). Furthermore, data about the clinical and
immunological similarities and differences of regular BP (rBP)
and gliptin-associated BP (BP+g) are scarce and partially
conflicting (13). The target of gliptins, the DPP4 protein (also
known as CD26), is ubiquitously expressed and has multiple
functions in various cell types (16). The various effects of the
inhibition of DPP4/CD26 activity include, for example, regulation
of inflammatory cells such as T lymphocytes (17). In addition to
BP, DPP4 and its inhibition have been linked to several other skin
diseases including psoriasis, atopic dermatitis, T-cell lymphoma,
hypertrophic scars, and sclerotic disorders (17).

One of the best characterized substrates of DPP4 is stromal
cell-derived factor-1 (SDF-1 or CXCL12), a lymphocyte and
monocyte attracting chemokine (18). Alternative splicing
generates several SDF-1 isoforms of which SDF-1a is the most
common (19). DPP4 cleaves the first two amino (N)-terminal
amino acids of SDF-1 and inhibits its binding to CXC
chemokine receptor 4 (CXCR4) or atypical chemokine
receptor 3 (ACKR3, previously named CXCR7) (18, 20-22).
CXCR4 is ubiquitously expressed in most cells and the SDF-1/
CXCR4 axis participates in embryonic neural and vascular
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development and later maintains homeostasis in tissues e.g.,
during leukocyte trafficking and skin inflammation (18). In the
skin the expression of SDF-1 is increased during wound healing
in fibroblasts and injured keratinocytes (23, 24). Moreover, the
cutaneous expression of CXCR4 and its ligand SDF-1 are
upregulated in patients with atopic dermatitis (25), psoriasis
and keratinocyte-originating basal and squamous cell
carcinomas (26).

We and others have previously found that patients with an
elevated risk for developing BP ie. those with neurological
disorder such as Alzheimer’s disease, multiple sclerosis, and
Parkinson’s disease, have an increased prevalence of BP180
autoantibodies (27-30). In the present study we investigate
how the use of gliptins influences the rates of seropositivity for
anti-BP180 IgG autoantibodies in patients with T2D. Given the
major role of SDF-1 as a DPP4 substrate and lymphocyte
attractant, and its involvement in inflammatory skin diseases,
we have also analyzed the amount of SDF-1 in serum and skin
samples from patients with BP.

Material and methods
Patients

Patients with T2D treated with gliptin medication (T2D+g)
and age- and sex-matched T2D patients who were not using
gliptins were recruited from the ARTEMIS (31) and OPERA
(32) study cohorts. Information concerning medication, skin
diseases and cutaneous symptoms was collected from hospital
records and patient questionnaires. BP serum and skin samples
were collected in the Department of Dermatology, Oulu
University Hospital at the time of diagnosis as described
earlier (33). Patients using gliptins at the time of BP diagnosis
were designated as BP+g. Age-matched healthy control sera
were collected in Kuopio University Hospital from patients
attending the hospital for knee replacement operations (30).
Additional age-matched healthy control sera were obtained from

frontiersin.org


https://doi.org/10.3389/fimmu.2022.942131
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Natynki et al.

the OPERA cohort and the Northern Finland Biobank Borealis,
Oulu, Finland (https://www.oulu.fi/university/node/38474). All
subjects gave written informed consent before the sample
collection. The study was performed according to the
principles of the Declaration of Helsinki. Ethics Committees of
the Northern Ostrobothnia Hospital District and Kuopio
University Hospital approved the collection of patient samples.
All available patients were invited to attend a follow-up visit
approximately 9 years after the date of baseline sample
collection. ELISA assays were performed on samples obtained
at study baseline, and again at the follow-up visits, but only
baseline samples were analyzed by immunoblotting.

ELISA assays

A commercial MESACUP BP180 ELISA kit (Medical and
Biological Laboratories Co., Ltd., Nagoya, Japan) was used to
measure serum BP180-NC16A IgG autoantibodies according to
the manufacturer’s instructions. The cut-off value for positivity
was set at > 9 U/ml

The methodology for the detection of full-length BP180 (FL-
BP180) autoantibodies has been previously described (34).
Briefly, 96 well plates (Nunc Maxisorp, Thermo Fisher
Scientific, Inc., Waltham, MA, USA) were coated with 125 ng/
well of mammalian cell expressed DDDDK-tagged BP180
protein. Plates were incubated with 1:100 serum dilutions.
Absorbances were measured at 450 nm using a Victor2 1420
multilabel plate reader (Wallac, Turku, Finland). The cut-off
value for positivity was determined by obtaining the maximal
Youden index value from a ROC curve analysis using 16 known
seropositive BP samples and 27 samples from age-matched
healthy controls. SPSS software was used to determine a cut-
off value of 1.950, with sensitivity of 0.938 and specificity of 0.889
(Supplementary Table 1 and Supplementary Figure 1).

Serum SDF-10ot levels were measured using a human CXCL12/
SDF-1ot Immunoassay (Quantikine® ELISA DSA00, R&D Systems
Inc., MN, USA) according to the manufacturer’s instructions.

Immunoblotting and epitope mapping

FL-BP180 was expressed in COS7 cells transfected with
human BP180 c¢cDNA (35) and prepared as described
previously (36). Fifty ng of each recombinant human
glutathione-S-transferase (GST)-BP180-fusion protein
expressed in E. coli spanning most of the BP180 polypeptide
were used as an antigen. Immunoblotting and preparation of
GST-BP180 fusion proteins were performed as described
previously (30). Serum samples were diluted to 1:100 in 5%
non-fat milk-TBS-0.1% Tween-20 and 1:50 000 peroxidase-
conjugated anti-human IgG (Sigma-Aldrich, St. Louis, MO,
USA) was used as a secondary antibody. Anti-GST (1:3000,
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Thermo Fisher Scientific, Rockford, IL, USA) with peroxidase-
conjugated anti-rabbit IgG (Sigma-Aldrich) were used to detect
fusion proteins. Protein bands were visualized with ECL Prime
substrate (GE Healthcare, Buckinghamshire, UK) on a LAS
Imager 3000 (Fujifilm, Tokyo, Japan). Epitope mapping data
of 14 age and sex-matched healthy controls from our previous
work (30) were used as a control.

Immunohistochemistry

Three-pm thick sections of formalin-fixed and paraffin-
embedded lesional skin samples of BP patients (n = 4 gliptin-
treated, n = 7 without gliptin usage) and healthy control skin
(n = 5) were deparaffinized and rehydrated. After heat-induced
antigen retrieval in 10 mM Tris-1 mM EDTA (pH 9.0), the
sections were immunostained with anti-human SDF-1a
antibody (aa 1-93, 1:20000, PA5-114344, Invitrogen/Thermo
Fisher Scientific, Inc.) and a Rabbit-specific HRP/DAB (ABC)
detection THC kit (Abcam, Cambridge, UK). The average
number of strongly stained infiltrated SDE-1 positive cells was
calculated from the three areas with the most abundant positive
cells in the epidermis and dermis using a x40 high power field
objective. Stained cells in the blister fluid and inside capillaries
were excluded from the analysis.

Data analysis

Statistical analyses were conducted using the IBM SPSS
software (v. 27) (IBM, Armonk, NY, USA). Differences
between groups in FL-BP180 and BP180-NC16A levels (non-
normally distributed, homoscedastic, symmetric distributions
within groups, unequal group sizes) were analyzed using the
Kruskal-Wallis test with Dunn’s corrected P values for multiple
comparisons. Differences within the BP and T2D groups in SDF-
lo. measurements (non-normally distributed, heteroscedastic,
unequal group sizes) were analyzed separately (2 families, 3 or 4
comparisons per family) using Welch’s ANOVA and Dunnett’s
T3 adjustment for multiple comparisons. Mean and median
values, 95% confidence intervals and percentiles were reported,
as appropriate. The numbers of immunohistochemically stained
SDF-1 positive cells in the skin samples were compared using the
Kruskal-Wallis test with Dunn’s corrected P values for multiple
comparisons. In epitope mapping, antibody-detected bands were
densitometrically analyzed using the Image] software package
(NIH, Bethesda, MD, USA) and classified in an ordinal scale: “0”

»

= no band, “1” = weak, “2” = strong, “3” = very strong, as
described previously (36). Differences between groups in epitope
mapping were compared pairwise using the Fisher-Freeman-
Halton exact test. A two-tailed P value of 0.05 or less was

considered statistically significant.
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Results
Study population

Our study included 136 T2D patients treated with gliptin
medication (T2D+g) and 136 age- and sex-matched T2D
patients who were not using gliptins from the ARTEMIS (31)
and OPERA (32) study cohorts (Table 1). After an average
interval of nine years after the baseline sampling (range 7-13
years), 179 patients were invited for the follow-up visit, 57
accepted the invitation and were subjected to serum sampling
(Table 1). Total skin examination was performed to 28 patients
who either had increased anti-BP180-NCI16A values or reported
skin symptoms in patient questionnaire.

Gliptin medication does not affect the
prevalence of autoantibodies against
folded BP180 in patients with type 2
diabetes

Although the exact details of the timing and duration of
gliptin medication were not obtained in all cases, the
information of type of gliptin used and other medications was
available for all patients. At baseline 125 gliptin users had
sitagliptin as the prescribed agent, eight had vildagliptin, two

10.3389/fimmu.2022.942131

had linagliptin and one had saxagliptin. When serum samples
were analyzed by ELISA, in the T2D+g group, 8 out of 136 sera
(5.9%) were classified as positive for anti-BP180-NCI16A IgG
antibodies, as were 9 out of 136 (6.6%) in the non-gliptin T2D
group (Figure 1A and Table 1).

The data collected for the 57 cases who participated to
follow-up visit revealed that 21 of them had continued the use
of gliptins from baseline to follow-up visit and four of them had
not been using gliptin during the whole study period. Before the
follow-up sampling 16 patients had stopped using gliptins and
16 patients who had not been receiving gliptins at baseline had
started their use before the follow-up visit. At the follow-up
sitagliptin was the prescribed agent for 36 patients and
vildagliptin for one patient. Three patients who had BP180-
NC16A ELISA values just above positive cut-off at baseline,
remained weakly positive (9.9-11.6 U/ml) at follow-up. One
gliptin user with a negative baseline value (8.8 U/ml) turned
weakly positive (10.9 U/ml) although he/she had discontinued
gliptin use during the follow-up period. Taken together, there
were no major changes in anti-BP180-NC16A IgG positivity in
either the T2D or T2D+g groups during the follow-up period
(Figures 1A, B and Table 1).

All 272 baseline samples and 57 follow-up samples were
further analyzed by ELISA for FL-BP180 seropositivity
(Figure 1C). We found that 28% (38/136) of T2D+g sera
recognized FL-BP180, but among the T2D cases the

TABLE 1 Characteristics and presence of BP180 IgG autoantibodies of T2D patients with (+g) or without use of gliptins at baseline and after a 9-

year follow-up.

T2D"
n 136
Females n (%) 47 (35)
Age (mean + SD? years) 66.7 + 8.0
BP180-NC16A-ab U/ml median (range) 2.0 (0.0-26.4)

BP180-NC16A-ab positives n (%) 9 (7)

FL-BP180-ab U/ml median (range) 0.9 (0.0-21.9)
FL-BP180-ab positives n (%) 44 (32)
Follow-up
n 20
Females n (%) 4 (20)
Age (mean * SD years) 733 £6.7
BP180-NC16A-ab U/ml median (range) 2.8 (1.5-12.2)
BP180-NC16A-ab positives n (%) 2 (10)
FL-BP180-ab U/ml median (range) 0.0 (0.0-2.0)
FL-BP180-ab positives n (%) 1(5)

T2D+g* P value
136
48 (35) ns.’
67.2+78 ns.
2.3 (0.0-40.8) ns.
8(6) ns.
0.1 (0.0-29.5) ns.
38 (28) ns.
Follow-up
37
11 (30) ns.
73.0 + 6.8 ns.
2.4 (1.0-18.8) ns.
2(5) ns.
0.0 (0.0-90.3) ns.
7 (19) ns.

Follow-up cases were classified to T2D and T2D+g groups according to their use of gliptins at the time of follow-up, regardless of their use of gliptins at baseline. During the follow-up, 16
T2D cases started to use gliptins and were switched to the T2D+g group and 16 T2D+g cases stopped using gliptins and were switched to T2D group. Four T2D and 21 T2D+g cases
remained in their respective groups from baseline to follow-up. IgG autoantibody levels in serum samples were measured using BP180-NC16A ELISA and full-length (FL) BP180 ELISA.

"Type 2 diabetes.

*Type 2 diabetes with gliptins.
SNonsignificant.

9Standard deviation.
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FIGURE 1

1gG autoantibodies against the NC16A domain of BP180 and full-length BP180 in serum samples of T2D patients with (+g) or without use of
gliptins. Commercially available BP180-NC16A ELISA and full-length (FL) BP180 ELISA (in-house) with a cut-off value of 9.0 and 1.950 U/ml
(dashed line), respectively, were used. n = 136 for both T2D and T2D+g groups at baseline (A, C). In total, 57 follow-up serum samples were
analyzed (B and D). (A) There was no significant difference in serum anti-BP180-NC16A IgG antibody levels between T2D and T2D+g groups at
baseline. (B) Similar amounts of anti-BP180-NC16A IgG antibodies and numbers of positive cases were seen when the same individual cases
were compared between baseline and follow-up. (C) Serum anti-FL-BP180 IgG antibody levels were similar in T2D and T2D+g groups at
baseline. (D) Significant changes were seen between baseline and follow-up in anti-FL-BP180 IgG antibody levels in the T2D+g group: the
number of positive cases decreased from 9 to 2 (one case was positive both in baseline and follow-up). Whiskers indicate 5th and 95th
percentiles. Statistically significant differences between groups with associated two-sided P values are shown. =, switch to; +g, gliptins; Ab,
antibodies; BP, bullous pemphigoid; Ctrl, control; ns; nonsignificant; T2D, type 2 diabetes; U/ml, units per milliliter.

proportion of seropositive samples was higher, at 32% (44/136)
(Table 1). Only 14% (8/57) of follow-up samples were positive
(Table 1). In T2D patients who were gliptin users both at the
baseline and follow-up, average level of IgG antibodies against
FL-BP180 decreased from baseline to follow-up (Figure 1D).
Also, the group that had discontinued gliptin usage before
follow-up sampling had lower average anti-FL-BP180 antibody
levels and fewer positive cases at follow-up than baseline, but the
difference was not statistically significant (Figure 1D). In other
groups, there were no clear changes in FL-BP180 antibody levels
or positivity at the group level.
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A diagnosis of BP was present in one T2D+g female patient
at the age of 66 years (four years after the baseline, in 2012) who
had initially been treated with sitagliptin but was changed to
vildagliptin medication before BP onset. The diagnosis of BP was
based on positive direct immunofluorescence findings, but the
BP180-NC16A ELISA was negative. The patient’s BP180-
NCI16A ELISA value was 2.6 U/ml at baseline in 2008 and
7.8 U/ml at follow-up in 2020. Her FL-BP180 ELISA was
negative at both baseline and follow-up. No other patients
who was positive for anti-BP180-NC16A or FL-BP180
autoantibodies had skin symptoms suggestive of BP.
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Use of gliptins does not induce major
changes in anti-BP180 IgG autoantibody
profiles in patients with type 2 diabetes

A subset of patient sera containing all BP180-NC16A ELISA
positive (T2D+g: n = 8; T2D: n = 9), and ELISA negative baseline
samples (T2D+g: n = 9, including the only BP T2D+g case; T2D:
n = 9), and healthy controls (n = 13) were analyzed by
immunoblotting against FL-BP180 (Figures 2A, B). We found
that 89% T2D sera and 71% of T2D+g sera detected linear FL-
BP180 in immunoblotting, while 46% of control sera contained
anti-BP180 autoantibodies (Table 2). The recognition of FL-
BP180 in immunoblotting showed a weak tendency towards
correlation with the FL-BP180 ELISA positivity in T2D
group (Table 2).

The same T2D+g, T2D and control serum samples whose
anti-FL-BP180 autoantibodies were analyzed in immunoblotting
were subjected to detailed epitope mapping using GST-fusion
proteins (FP) covering the whole BP180 polypeptide (Figure 2A).
Each serum detected a unique combination of several fusion
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proteins. When compared to previously published control serum
results (30), T2D sera recognized intracellular and mid-
extracellular epitopes slightly more frequently (Figures 2C, D).
In addition, FP7 (aa 661-825) and FP13 (aa 1278-1497) were
significantly more frequently recognized by T2D than T2D+g
sera (Figures 2C, D, Supplementary Tables 2-4). Only one T2D
+g patient had serum antibodies targeting the NC16A domain
(FP5) in immunoblotting. Accordingly, the baseline and follow-
up samples of this patient were positive in the BP180-NCI16A
ELISA, but no BP-related skin symptoms were found by the
clinical examination.

Gliptin treatment reduces the serum
level of SDF-1a in patients with type 2
diabetes and bullous pemphigoid

Another approach to understand the mechanism behind
gliptin-associated BP was to investigate how the use of gliptins
in patients with BP and T2D modifies the amount of the
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