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 CURRENT
OPINION Implications of juvenile idiopathic arthritis genetic

risk variants for disease pathogenesis
and classification

Peter A. Nigrovica,b, Marta Martı́nez-Boneta,d, and Susan D. Thompsonc

Purpose of review
We assess the implications of recent advances in the genetics of juvenile idiopathic arthritis (JIA) for the
evolving understanding of inflammatory arthritis in children.

Recent findings
JIA exhibits prominent genetic associations with the human leukocyte antigen (HLA) region, extending
perhaps surprisingly even to the hyperinflammatory systemic JIA category. Some HLA associations resemble
those for adult-onset inflammatory arthritides, providing evidence for pathogenic continuity across the age
spectrum. Genome-wide association studies have defined an increasing number of JIA-linked non-HLA loci,
many again shared with adult-onset arthritis. As most risk loci contain only noncoding variants, new
experimental methods such as SNP-seq and innovative big-data strategies help identify responsible
causative mutations, termed functional SNPs (fSNPs). Alternately, gene hunting in multiplex families
implicates new genes in monogenic childhood arthritis, including MYD88 and the intriguing innate immune
gene LACC1.

Summary
Genetic data indicate a continuity between JIA and adult arthritis poorly reflected in current nomenclature.
Advancing methodologies will help to identify new pathogenic mechanisms that inform the understanding
of biologic subdivisions within JIA. Resulting insights will facilitate the application of lessons learned across
the age spectrum to the treatment of arthritis in children and adults.
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INTRODUCTION

Juvenile idiopathic arthritis (JIA) encompasses a
range of clinical phenotypes characterized by
chronic inflammatory arthritis of unknown cause
beginning before age 16 years [1]. Clinical and epi-
demiological features have been employed to cate-
gorize patients with JIA into seven categories under
the International Leagues of Associations for Rheu-
matology (ILAR) nomenclature. The ILAR categories
represent a work in progress, and their shortcomings
are now broadly appreciated. These include intricate
and often counterintuitive inclusion and exclusion
criteria; category-switching among patients fol-
lowed over time; and growing evidence that ILAR
boundaries fail to reflect underlying disease biology.
More fundamentally, the age cutoff at the 16th
birthday was determined without pathophysiologic
or epidemiological basis, and yet has come to repre-
sent a yawning nomenclature gap that divides
pediatric and adult rheumatology [2

&&

]. With the

number of new immunomodulatory medications
now outstripping the availability of patients to test
them in, it is more important than ever to categorize
arthritis patients in a way that maximizes the oppor-
tunities for mechanism-directed therapy.

aDivision of Rheumatology, Immunology and Allergy, Brigham and Wom-
en’s Hospital, bDivision of Immunology, Boston Children’s Hospital,
Harvard Medical School, Boston, Massachusetts, cCenter for Autoim-
mune Genomics and Etiology, Cincinnati Children’s Hospital Medical
Center, Department of Pediatrics, University of Cincinnati, Cincinnati,
Ohio, USA and dInstituto de Investigación Sanitaria Gregorio Marañon,
Madrid, Spain

Correspondence to Peter A. Nigrovic, MD, Brigham and Women’s
Hospital and Boston Children’s Hospital, Hale Building for Transforma-
tive Medicine 6002-L, 60 Fenwood Road, Boston, MA 02115, USA.
Tel: +1 617 525 1031; fax: +1 617 525 1010;
e-mail: pnigrovic@bwh.harvard.edu

Curr Opin Rheumatol 2019, 31:401–410

DOI:10.1097/BOR.0000000000000637

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights reserved. www.co-rheumatology.com

REVIEW

mailto:pnigrovic@bwh.harvard.edu


KEY POINTS

� Juvenile idiopathic arthritis represents a heterogenous
group of clinical phenotypes with divergent
genetic signatures.

� Some forms of pediatric and adult inflammatory arthritis
exhibit overlapping genetic associations, strongly
suggesting pathophysiological continuity across the
age spectrum.

� Genetic findings represent important clues to key
disease pathways, but challenges in defining causal
variants and the mechanisms they engage limit the
degree of insight gained so far into disease processes.

� Experimental methods, such as SNP-seq, as well as
advanced bioinformatic methods, hold the potential for
illuminating new mechanisms in juvenile idiopathic
arthritis as well as potential new avenues to therapy.
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FIGURE 1. Inverse relationship between allele frequency
and effect size in genome-wide association study data.
Depicted are 24 GWAS ‘hits’ associated with blood
lipoproteins or lipids from reference [7]. The y-axis depicts
effect size as the absolute value of the b-coefficient, defined
as the proportion of one standard deviation of change
(corrected for age and other clinical factors) per allele copy;
statistics reflect Pearson correlation. The arrow depicting a
SNP with allele frequency 0.39 and effect size b (absolute
value) ¼ 0.10 is an intronic SNP in the statin target
HMGCR. The outlier with allele frequency 0.01 and b

(absolute value) ¼ 0.47 is PCSK9, a newer lipid drug target.
GWAS, genome-wide association study.

Pediatric and heritable disorders
The challenge is to identify these patient sub-
groups. Recent attempts at this difficult problem
have employed clinical and blood-based biomarkers,
joint trajectories, and informed expert opinion
[3–5]. Such studies limited their attention to pediat-
ric patients, and face the further challenge that dis-
tinct pathophysiologies commonly yield convergent
clinical phenotypes. For example, seronegative and
seropositive adult rheumatoid arthritis (RA) display
remarkable clinical overlap despite fundamental dif-
ferences in the role of autoantibodies, complement,
and synovial T cells [2

&&

]. Phenotypic convergence is
illustrated similarly in animal models of arthritis;
wherein similar clinical features can emerge through
remarkably different pathways [6]. Thus, whereas
patient phenotyping is important for subgroup defi-
nition, and indeed will be required for clinical prac-
tice, complementary approaches remain essential.
GENETICS AS A TOOL TO UNDERSTAND
HUMAN POLYGENIC DISEASE

One of these approaches is genetics. As genetic
endowment precedes disease risk, genetic variants
associated at a statistically robust level with diseased
risk conclusively implicate related causal mecha-
nisms. Critically, the magnitude of the associated
risk bears no necessary relationship to the impor-
tance of the related gene or to its potential as a drug
target. This is because observed risk reflects the
impact of the variant, not of the gene itself.
Genome-wide association studies (GWAS) detect
risk modulation resulting from common variants,
typically with a minor allele frequency (MAF)
greater than 5%, whose ‘survival’ in the population
all but guarantees that their functional impact is
 Copyright © 2019 Wolters Kluwer H
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modest. This principle was well illustrated by an
early GWAS characterizing loci associated with
blood lipids [7]. Figure 1 depicts the linear relation-
ship between variant effect size and allele frequency,
with the gene encoding HMG Co-A reductase – the
target of blockbuster statin therapy – hidden anon-
ymously in the middle (arrow).

A further challenge in the interpretation of
GWAS studies is the ambiguity of each ‘hit’. The
single nucleotide polymorphisms (SNPs) studied by
GWAS tag large linkage disequilibrium blocks. Only
rarely will the tagging SNP itself be causal. Unfortu-
nately for investigators, in most cases the variant
that is truly causal is only rarely evident. Linkage
disequilibrium blocks often contain multiple genes,
and in the large majority of cases (>85%) none of
these feature any coding variant. Thus most true
causal variants – we have termed these functional
SNPs, or fSNPs [8

&&

] – reside somewhere in the vast
stretches of noncoding DNA that make up 98% of
the genome and act via regulation of gene expres-
sion. As many common noncoding variants reside
in linkage disequilibrium with each tagging SNP,
fSNP identification poses a challenging problem.
The challenge is further compounded by the fact
that some loci contain several cooperating fSNPs
within the same linkage disequilibrium block, for
ealth, Inc. All rights reserved.
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example in the CD40 risk locus for RA and the
STAT4 risk locus for JIA [8

&&

].
Multiple approaches are being developed to

address these challenges. The Immunochip was
designed to focus genetic studies on 186 loci of
immunologic interest, each characterized in greater
depth by means of multiple tagging SNPs (196 524 in
total) to better localize potential causal variants
[9,10]. Bioinformatic strategies can help predict
noncoding variants, in particular, those that func-
tion by modulating the binding of DNA regulatory
proteins, such as transcription factors. These strate-
gies incorporate multiple lines of evidence, includ-
ing epigenetic marks and predicted and/or
experimentally determined TF binding motifs
[11]. Fine mapping employs dense SNP analysis
together with targeted DNA sequencing to more
carefully explore loci known to contain fSNPs
[12

&

]. Finally, tools have been developed to identify
noncoding variants using high-throughput experi-
mental strategies. These include SNP-seq, a method
we developed that employs restriction enzyme pro-
tection to identify SNPs that modulate the binding
transcription factors (discussed further below) [8

&&

].
An alternative method is the massively parallel
reporter assay (MPRA), wherein target cells are trans-
fected simultaneously with a large number of SNP-
containing DNA constructs to test, which best pro-
mote expression of a reporter gene [13]. Finally,
families bearing multiple affected members can be
studied to identify rare but highly potent gene
variants, combining traditional Mendelian genetics
with high-resolution next-generation DNA sequenc-
ing. We will discuss the impact of these methods on
the evolving understanding of JIA.
HUMAN LEUKOCYTE ANTIGEN
ASSOCIATIONS IN JUVENILE IDIOPATHIC
ARTHRITIS

Extensive and well documented associations
between JIA and the HLA region have been recog-
nized for more than 40 years, differing with disease
phenotype [14–16]. Principal component analysis
demonstrates that age of onset, rather than oligoar-
ticular or polyarticular presentation, is a main driver
of HLA association [17

&

]. Adult seropositive RA risk
haplotypes containing HLA-DRB1�01/�04 actually
appear protective in seronegative arthritis, emerging
as a risk gene only in adolescence; similarly, HLA-
B27 is overrepresented only in children presenting
with arthritis after early childhood [18].

Advances in serological approaches, allele-
specific DNA hybridization, and most recently
imputation using high-density SNP genotyping
have further enhanced the resolution of these
 Copyright © 2019 Wolters Kluwe
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studies. Hinks et al. [19
&&

] characterized the HLA
region in 5043 JIA patients by imputing SNPs, classi-
cal HLA alleles and HLA amino acids. Bivariate anal-
ysis was used to correlate these results with ILAR
subcategory. They found three subtypes – persistent
oligoarticular, extended oligoarticular, and seroneg-
ative polyarthritis – to be genetically indistinguish-
able, at least by HLA associations. Importantly, these
associations overlapped markedly with those of sero-
negative adult RA. Correspondingly, seropositive
polyarticular JIA resembled seropositive adult RA,
enthesitis-related arthritis resembled adult ankylos-
ing spondylitis, and psoriatic JIA (poorly represented
in this cohort, and difficult to distinguish unambig-
uously in children) bore some similarity to adult
psoriatic arthritis. In other words, HLA associations
point to extensive continuities in arthritis across the
age spectrum.

A further comparison of 214 patients with JIA-
associated uveitis with 362 patients with uveitis-free
JIA identified an association with serine at position
11 in HLA-DRB1 that achieved significance in girls
but was less clear in boys, of whom fewer were
available for study [20

&

]. Whereas cases and controls
were not fully matched on arthritis phenotype, and
no correction for age of onset was employed, the
specificity of this result for uveitis itself – as opposed
to a uveitis-prone form of JIA with a predilection for
early childhood – remains unclear. Using an in-
silico approach to model antigen presentation at
13 common HLA-DRB1 alleles, the authors found
that alleles with Ser11 (together with three adjacent
amino acids in nearly perfect LD) could be distin-
guished by peptide binding preferences, potentially
helping to identify antigens involved in the devel-
opment of uveitis.

HLA associations are typically regarded as strong
evidence for the involvement of antigen-specific T
cells in disease pathogenesis. In this context, it is
remarkable that the strongest GWAS signal in sys-
temic JIA (sJIA), often considered an autoinflamma-
tory disease, is also the HLA region. Ombrello and
colleagues compared 770 sJIA patients to 6947 con-
trols, finding that HLA-DRB1�11 and its defining
amino acid glutamate 58 exhibited an odds ratio of
2.3, whereas only one other locus – LOC284661 on
chromosome 1 – achieved genome-wide signifi-
cance, with another (IL1RN, encoding the IL-1
receptor antagonist) identified via candidate gene
studies [21

&&

,22
&

]. No evidence of shared genetic
architecture was found when weighted genetic risk
scores were used to compare sJIA with other JIA
subtypes [23

&

]. Mechanisms exist whereby HLA
alleles can modulate immunity without serving as
antigen presenting molecules, for example, through
linked non-HLA genes in the locus, as targets of
r Health, Inc. All rights reserved.
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staphylococcal enterotoxins, and by modulating
expression of gene elsewhere in the genome
[24,25]. Nevertheless, as the HLA haplotype impli-
cated in sJIA is also associated with JIA of other
types, the most straightforward interpretation of
this finding is that antigen-specific T cells play a
role in sJIA biology, at least in some patients
[17

&

,26,27]. This conclusion is further supported
by the clinical efficacy of T-cell costimulatory block-
ade with CTLA4-Ig in sJIA [28]. Genetics thus
inform, but do not yet resolve, the evolving under-
standing of sJIA as autoinflammatory, autoimmune,
or potentially both [29,30

&

].
NONHUMAN LEUKOCYTE ANTIGEN
ASSOCIATIONS IN JUVENILE IDIOPATHIC
ARTHRITIS

As noted above, despite their relatively weak effect
size, genetic associations outside of the HLA region
are likely to provide important clues to disease
pathophysiology. Prior to 2013, genetic studies in
childhood arthritis (combined oligoarticular and
polyarticular forms) had identified only two associ-
ated genetic loci beyond the HLA region: PTPN22
and PTPN2. The Immunochip enabled a broader
study of JIA despite the relatively limited number
of available patients. Hinks et al. [31

&&

] compared
2816 oligonegative and seronegative polyarticular
JIA patients with 13 056 controls, identifying 14
new loci at genome-wide significance threshold
(P<5�10�8) and an additional 11 at a suggestive
level (P<1�10�6). These 27 non-HLA genes are
listed in Table 1, together with an additional nine
loci added by McIntosh et al. [32

&

] using traditional
SNP microarrays encompassing regions excluded
from the Immunochip (albeit none to genome-wide
significance).
GENETICS AS A TOOL TO UNDERSTAND
DISEASE MECHANISMS

What do these findings tell us about the pathogen-
esis of JIA? Importantly, the ‘label’ for each locus
cannot be assumed to represent the gene responsible
for the increment in risk. In cases where the tagging
SNP correlates with a mis-sense coding variant, a
causal connection is typically considered likely. But
such cases are relatively uncommon – only 2 out of
17 confirmed JIA loci (Table 1) – and even these
attributions remain uncertain until experimentally
confirmed. For noncoding variants, the regulated
gene (or genes) need not reside even within the same
linkage disequilibrium block, as modulation of
expression can operate over considerable distances
[25]. For some loci, regulatory effects may operate
 Copyright © 2019 Wolters Kluwer H
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via perturbation of the densely interconnected sig-
naling network within the cell, without the directly
modulated gene itself participating in a key patho-
genic pathway, a possibility termed the ‘omnigenic
hypothesis’ that may help explain the so-called
missing heredity left over after accounting for the
effects of GWAS-defined risk variants [33

&

].
With these caveats, it still makes sense to

consider the potential significance of the identified
loci for the pathogenesis of JIA, beginning with the
coding variants for which the causative gene is
plausibly inferred. For JIA, as illustrated in
Table 1, these are limited to TYK2 (loss-of-function
allele protective), SH2B3 (loss-of-function allele
associated with risk), possibly LTBR (synonymous
coding variant), and the splice variant in ERAP2 (loss
of function allele protective). To these we can add
genes for which fine mapping localizes the fSNP to a
single gene, including STAT4, PTPN2, IL2RA, IL2RB,
ZFP36L1, and probably COG6 and PRR5L (i.e. where
the fSNP-containing LD region r2>0.9 resides
entirely within the gene, suggesting but not proving
that the gene itself is a regulated target). The expres-
sion of these genes at the mRNA level across key
hematopoietic lineages, as well as major functions,
are listed in Table 2. Most are widely expressed.
Broadly, most affect T-cell function, supporting an
important role for T cells in JIA pathogenesis, con-
sistent with the strong HLA association, epigenetic
studies that localize GWAS hits to regions of open
chromatin implicated in CD4þ T-cell function, and
evidence for clonal skewing of T-cell populations
[34–37]. Expression of JIA risk genes is also abun-
dant in innate lineages, including natural killer
cells, monocyte and neutrophils, again consistent
with epigenetic data available from neutrophils and
concordant with the key role of neutrophils in
arthritis generally [34,38].
New approaches to identifying noncoding
variants

Two recent studies help to refine the analysis of JIA
risk loci beyond the HLA. Our group approached the
problem of finding noncoding variants using molec-
ular biology, asking whether candidate causal SNPs
could be screened experimentally to identify those
that bind transcription factors, and are therefore,
more likely to be causal [8

&&

]. We developed a
method termed SNP-seq, whereby all common SNPs
within linkage disequilibrium of GWAS-identified
tagging SNPs (e.g. linkage disequilibrium, r2>0.8)
are positioned within synthetic DNA constructs
flanked by binding sites for the type IIS restriction
enzyme BpmI (Fig. 2). Unlike most restriction
enzymes, type IIS enzymes cut DNA at a defined
ealth, Inc. All rights reserved.
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Table 1. Thirty-seven genomic loci associated with oligoarticular and polyarticular juvenile idiopathic arthritis by genome-

wide association studies

Locus Chromosome Odds ratio Significance Seropos RA Seroneg RA Reference

Genome-wide significance

1 HLA-DQB1 – HLA-DQA2 6 6.01 3.14�10�174 X X Hinks et al. [31&&]

2 PTPN22 1 1.59 3.19�10�25 X X Hinks et al. [31&&]

3 STAT4 2 1.29 1.28�10�13 X X Hinks et al. [31&&]

4 PTPN2 18 1.31 1.44�10�12 Hinks et al. [31&&]

5 ANKRD55 5 0.78 4.40�10�11 X Hinks et al. [31&&]

0.79 2.73�10�11 X Hinks et al. [31&&]

6 IL2-IL21 4 0.79 6.24�10�11 X Hinks et al. [31&&]

7 TYK2 19 0.56 1�10�10 X Hinks et al. [31&&]

8 IL2RA 10 0.72 8�10�10 X Hinks et al. [31&&]

9 SH2B3-ATXN2 12 1.20 2.60�10�9 X Hinks et al. [31&&]

1.20 1.61�10�9 X Hinks et al. [31&&]

10 ERAP2-LNPEP 5 1.32 7.50�10�9 Hinks et al. [31&&]

1.31 7.37�10�9 Hinks et al. [31&&]

11 UBE2L3 22 1.24 6.20�10�9 X Hinks et al. [31&&]

12 C5orf56-IRF1 5 0.84 1.02�10�8 Hinks et al. [31&&]

0.76 9.73�10�10 Hinks et al. [31&&]

13 RUNX1 21 0.78 1.06�10�8 X Hinks et al. [31&&]

0.78 5.44�10�9 X Hinks et al. [31&&]

14 IL2RB 22 0.84 1.55�10�8 Hinks et al. [31&&]

15 ATP8B2-IL6R 1 1.33 2.75�10�8 Hinks et al. [31&&]

1.36 1.26�10�8 Hinks et al. [31&&]

16 FAS 10 1.18 2.93�10�8 Hinks et al. [31&&]

17 ZFP36L1 14 0.77 1.59�10�8 Hinks et al. [31&&]

0.77 1.24�10�8 Hinks et al. [31&&]

Suggestive significance

18 LTBR 12 1.20 5.10�10�8 Hinks et al. [31&&]

1.24 4.54�10�9 Hinks et al. [31&&]

19 IL6 7 1.19 5.80�10�8 Hinks et al. [31&&]

1.19 3.36�10�8 Hinks et al. [31&&]

20 COG6 13 0.84 1.61�10�7 X Hinks et al. [31&&]

0.84 4.52�10�8 X Hinks et al. [31&&]

21 13q14 13 1.18 1.77�10�7 Hinks et al. [31&&]

22 CCR1-CCR3 3 0.78 1.88�10�7 Hinks et al. [31&&]

23 PRR5L 11 0.80 3.35�10�7 Hinks et al. [31&&]

0.78 1.90�10�8 Hinks et al. [31&&]

24 PRM1-RMI2 16 0.81 4.46�10�7 Hinks et al. [31&&]

0.85 2.40�10�7 Hinks et al. [31&&]

25 RUNX3 1 1.16 4.66�10�7 Hinks et al. [31&&]

26 TIMMDC1-CD80 3 1.20 6.30�10�7 Hinks et al. [31&&]

1.22 3.64�10�7 Hinks et al. [31&&]

27 JAZF1 7 1.25 6.60�10�7 X Hinks et al. [31&&]

1.28 1.12�10�7 X Hinks et al. [31&&]

28 AFF3-LONRF2 2 1.25 8.83�10�7 X Hinks et al. [31&&]

1.24 8.10�10�7 X Hinks et al. [31&&]

29 JAK1 1 0.78 4.18�10�7 McIntosh et al. [32&]

30 PRR9_LOR 1 1.43 5.12�10�8 McIntosh et al. [32&]

Implications of JIA genetic risk variants Nigrovic et al.
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Table 1 (Continued )

Locus Chromosome Odds ratio Significance Seropos RA Seroneg RA Reference

31 PTH1Rc 3 1.23 1.87�10�7 McIntosh et al. [32&]

32 ILDR1_CD86 3 1.45 6.73�10�8 McIntosh et al. [32&]

33 LINC00951 6 1.42 5.80�10�7 McIntosh et al. [32&]

34 AHI1_LINC00271 6 1.18 3.48�10�7 McIntosh et al. [32&]

35 HBP1 7 0.84 7.29�10�7 McIntosh et al. [32&]

36 WDFY4 10 1.27 1.79�10�7 McIntosh et al. [32&]

37 RNF215 22 1.19 3.09�10�7 McIntosh et al. [32&]

The first 17 loci achieved genome-wide significance (<5�10�8); the latter 20 approached but did not achieve this threshold, and so are considered
unconfirmed. Where two sets of data are presented for a single locus, the second represents an imputed variant determined to have a level of significance greater
than the measured variant. For LTBR, IL6, COG6, and PRRL5 these imputed variants achieve genome-wide significance. Genes in bold represent plausible
candidates for the causative gene at that locus, because the linked allele represents a nonsynonymous coding variant (TYK2, SH2B3), a truncating splice variant
(ERAP2), or because dense mapping at the locus narrows the causative variant to within one gene (linkage disequilibrium i2>0.9; STAT4, PTPN2, IL2RA, IL2RB,
ZFP36L1, COG6, PRRL5; LD data are not available for McIntosh et al. loci [32

&
]). LTBR and PTH1Rc contain coding variants, but they are synonymous. The

seropositive and seronegative RA columns reflect the presence of an overlapping (r2>0.8) ‘hit’ SNP in seropositive RA per Okada et al. [55] (n¼29 880 cases,
88.1% seropositive, 9.3% seronegative, 2.6% unknown) or Viatte et al. [56], Viatte et al. [57], and Wei and Viatte [58] (n¼3323 cases, all CCP negative). On
the basis of the smaller size of the seronegative cohort, some true overlap may be missed. Acknowledgements to Marc Sudman (Cincinnati Children’s Hospital
Medical Center) for the data and analysis upon which this table is based.

Pediatric and heritable disorders
distance (for Bpm1, 15 base pairs) adjacent to their
binding site, in a sequence-nonspecific manner.
This method enables a screening approach whereby
a library of constructs containing different alleles
can be incubated with nuclear extract containing
mixture of transcription factors, exposed to BpmI,
regenerated by PCR, and then quantitated via next-
generation sequencing (the ‘seq’ in SNP-seq) to
identify those sequences which were shielded from
cleavage by a protein bound from the nuclear
extract. Using this method, we screened 608 SNPs
 Copyright © 2019 Wolters Kluwer H

Table 2. Expression and function in human hematopoietic cells o

CD4 T CD8 T B DC NK Monoc

TYK2 X X XX XX XX XX

SH2B3 X X X XX XX XX

LTBR XX X XX

ERAP2 XX XX XX X XX X

STAT4 XXX XXX X XXX

PTPN2 XX XXX XX XX XXX XX

IL2RA XX X X X X

IL2RB XX XX XXX

ZFP36L1 XX XX XXX XX XX XXX

PRR5L X XX XX

Data reflect mRNA and reflect approximate relative expression as extracted manual
www.ImmGen.org (version May 2019). Expression data not available for COG6.
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(1223 alleles) from the 27 JIA-associated loci impli-
cated by Hinks and colleagues to identify 148
candidate fSNPs that displayed evidence for allele-
specific protein binding. Pursuing the STAT4 locus
in detail, we tested each SNP, confirming that two
SNPs (rs8179673 and rs10181656, residing 502 bp
apart on the same haplotype) exhibited both allele-
specific protein binding and allele-dependent
regulatory function in luciferase reporter constructs.
To ‘close the loop’ on these fSNPs, we employed a
DNA pulldown assay termed Flanking Restriction
ealth, Inc. All rights reserved.
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yte Neutrophil Selected functions

XX Signal transduction for cytokines
including type I IFN, IL-6, IL-23

X Negative regulator of signals from TNF
and growth factors (a.k.a. LNK)

XX Receptor for lymphotoxin and LIGHT

X Antigen trimming for presentation by
MHC I (a.k.a. LRAP)

XX Signal transduction, Th1 differentiation

XX Phosphatase, negative regulator of JAKs
and other signaling molecules

IL-2 receptor alpha chain (a.k.a. CD25)

XX IL-2 receptor beta chain

XXXX Regulate mRNA stabilty, impacting
lineages including B cells and
chondrocytes

XX mTORC2 regulation, fibroblast migration

ly from human gene expression data (D-Map and Garvan) at
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FIGURE 2. SNP-seq methodology to screen noncoding DNA variants for regulatory protein binding. Step 1: a library of
synthetic DNA constructs is generated containing each allele of each candidate noncoding variant near a GWAS tagging
SNP within its local 31 bp context. Step 2: the library of constructs is exposed to nuclear extract from candidate cells, and
nonbinding proteins are washed away. Step 3: constructs are incubated with a type IIS restriction factor (here BpmI);
constructs in which a protein binds the candidate SNP are shielded from cleavage. Step 4: PCR using one biotinylated and
one nonbiotinylated PCR primer are used to regenerate the library for another round of screening, typically repeated 5–10
times to enable sufficient amplification, followed by next-generation sequencing to identify surviving sequences as candidate
fSNPs. fSNPs, functional SNPs; GWAS, genome-wide association study.
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Enhanced Pulldown (FREP), developed previously in
the lab to identify transcription factors recognizing
an fSNP of interest [39]. Knockdown of the tran-
scription factors identified in this way established
specific modulation of STAT4 expression, confirm-
ing regulation of this T-cell regulatory gene via a pair
of haplotype-linked JIA risk fSNPs.

Harley and colleagues used new computational
methods developed by the Weirauch lab to show
that particular transcription factors occupy multiple
loci associated with individual complex genetic dis-
orders [40

&&

]. Interestingly it was noted that that
about half of gene loci for systemic lupus erythema-
tosus (SLE) and multiple sclerosis are occupied by
the Epstein–Barr virus (EBV) enhancer protein
EBNA2, along with co-clustering human TFs. EBNA2
interacts with multiple human transcription factors,
reprogramming cells to promote viral survival, sug-
gesting a mechanism by which EBV infection could
distort immune responses to favor development of
SLE. Intriguingly, a similar EBNA2 signature was
found in other autoimmune diseases, including
 Copyright © 2019 Wolters Kluwe
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JIA, but not for unrelated diseases, such as breast
or prostate cancer. This finding raises the possibility
that many loci are associated genetically with JIA
because they are susceptible to aberrant regulation
by EBV, such that infection with this nearly ubiqui-
tous pathogen could help trigger JIA in a genetically
susceptible host. The remarkable corollary is that
development of a successful strategy to vaccinate
against EBV – still a distant goal – could markedly
reduce the incidence of JIA and other autoimmune
diseases. This earth-shattering possibility remains to
be tested using other methods.
Subdivisions within arthritis as defined by
nonhuman leukocyte antigen loci

Just as HLA associations have been employed to
explore the similarities between forms of arthritis,
non-HLA loci can serve a similar purpose. McIntosh
and colleagues evaluated the overlap between JIA
‘hits’ and those from adult RA, principally from
seropositive patients [32

&

]. A large meta-analysis
r Health, Inc. All rights reserved.
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of 30 000 RA patients and 74 000 controls had
defined 101 genetic loci associated with either
increased or decreased risk of RA. McIntosh sought
overlap between these loci and those associated with
oligonegative and seronegative polyarticular JIA.
Correcting for the different tagging SNPs used in
these studies, and the more limited power afforded
by the smaller JIA cohort, they estimated that if
these diseases were identical, then overlap should
emerge in 25.9 loci (95% confidence interval
16.5–32.7). In fact, only nine were found among
non-HLA GWAS-wide hits (Table 1). This finding
illustrates that seronegative forms of JIA – like sero-
negative forms of adult RA – bear only modest
genetic similarity to adult seropositive RA.

Seronegative JIA is even more distant from sJIA.
Ombrello and colleagues developed a genetic risk
score from their sJIA GWAS study and showed essen-
tially no overlap at all with seronegative JIA, con-
firming that the marked clinical division between
these subgroups corresponds to an equally stark
genetic division [23

&

].
By contrast, the similarity between seropositive

forms extends across the age spectrum. Prahalad [41]
and colleagues demonstrated that children with
RFþ JIA shared both HLA and non-HLA associations
with RFþ adult RA [42

&

]. Although far more limited
data are available for seronegative adult RA, some
associated loci confer risk for both seronegative
RA and seronegative JIA, but not seropositive RA
(Table 1) [2

&&

]. Thus, even beyond the HLA, genetic
signatures provide strong evidence for the continu-
ity of arthritis across the age spectrum.
RARE VARIANTS THAT PRESENT AS
CHILDHOOD-ONSET ARTHRITIS

Although most childhood arthritis likely originates
via a complex interplay between multiple predispos-
ing genes, a subset of cases may arise through highly
penetrant single-gene defects. For example, Blau
syndrome is an autosomal dominant autoinflamma-
tory disease arising through activating mutations
affecting the intracellular sensor NOD2. Patients
with Blau syndrome often present in childhood with
arthritis affecting the hands and wrists, sometimes
together with uveitis, and so can be easily mistaken
for JIA, especially when the characteristic granulo-
matous skin rash remains absent. Severe erosive
polyarthritis has recently been described from a
spontaneous gain-of-function mutation in MYD88,
encoding a signal transducer downstream of IL-1 and
Toll-like receptor signaling [43

&

]. A small number of
familial cases admixed with ‘garden-variety’ JIA
could markedly skew the apparent recurrence risk
of JIA in siblings, ls, estimated currently at 11.6 [44].
 Copyright © 2019 Wolters Kluwer H
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A gene recently implicated in ‘familial JIA’ is
LACC1 (laccase domain containing 1). Positional
techniques identified homozygous LACC1 coding
variants in members of several consanguineous
Saudi Arabian families presenting with childhood-
onset febrile arthritis resembling sJIA [45

&&

]. Other
forms of familial childhood-onset arthritis, includ-
ing highly inflammatory polyarthritis (without
fever) and spondyloarthritis, have since been iden-
tified in other patients bearing LACC1 mutations,
though a screen of 23 systemic JIA and 44 polyar-
ticular JIA patients from monoplex families failed to
identify pathogenic LACC1 mutations, suggesting
that this gene may not drive ‘garden-variety’ JIA
[46–48]. Murine studies show that LACC1 encodes
a regulator of fatty acid metabolism, termed FAMIN
(fatty acid metabolism-immunity nexus) by the
authors, expressed principally in myeloid cells (mac-
rophages, dendritic cells, and neutrophils) but also
in B cells [49

&

,50]. The human expression profile is
likely similar, although protein was rarely observed
in B cells [51]. LACC1 deficiency impairs the energy
reserves of macrophages and neutrophils, translat-
ing into a reduced production of reactive oxygen
species that may contribute to the association of
LACC1 mutations with Crohn’s disease and leprosy
[52,53]. LACC1-deficient mice demonstrate exag-
gerated inflammatory responses to immune stimuli,
potentially reflecting aberrant function of energeti-
cally deprived macrophages [49

&

]. Under inflamma-
tory conditions, mice lacking LACC1 also generate
more TNF and IL-17, with enhanced Th17 cells
development and exacerbated experimental arthri-
tis and colitis, though inflammatory disease did not
occur spontaneously [50]. By contrast, in human
carriers of a LACC1 mutation associated with
Crohn’s disease, production of IL-1b and other cyto-
kines was actually reduced in response to innate
immune stimulants, such as NOD2 ligands, impli-
cating this protein in the regulation of related intra-
cellular pathogen detection and thereby potentially
in pathogen clearance [54]. Together, these studies
implicate LACC1 as an interesting new ‘node’ in the
pathogenesis of inflammatory diseases including
arthritis, though its pathophysiological role remains
to be clarified.
CONCLUSION AND IMPLICATIONS

Technical and bioinformatic advances have yielded
important new insights into the genetics of JIA. At a
most basic level, studies of both HLA and non-HLA
associations show that the ‘hard stop’ between JIA
and adult arthritis at age 16 fails to correspond to a
biologic dividing line. Rather, inflammatory arthri-
tis is likely to represent a continuum across the age
ealth, Inc. All rights reserved.
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spectrum. This general claim does not preclude the
existence of specific forms of arthritis restricted to
one age group or another. In particular, oligoarticular
arthritis accompanied by chronic anterior uveitis is
common in early childhood and essentially nonexis-
tent as a de novo phenotype in adults, whereas sero-
positive arthritis is rare in young children and HLA-
B27þ axial spondyloarthritis tends to appear first in
the teenage years. Whether residual differences
between pediatric and adult arthritis reflect true path-
ological differences, or instead differences in ‘sub-
strate’ – such as immune function, environmental
exposures (including microbiome), and tissues that
are growing or senescing – remains to be determined.
Genetics will help to guide this determination and
should be considered a key ‘litmus test’ for proposed
revisions in arthritis nomenclature.

We remain distant from the ultimate goal of
personalized medicine in arthritis care, which is to
define which therapy will provide each patient
with the most benefit at the lowest risk. We
remain even further from the prospect of specifi-
cally reprogramming immunity to achieve a cure,
although the EBNA2 association with JIA presents
the tantalizing prospect of prevention. Study of
the loci implicated in JIA as well as adult arthritis
over coming years should provide further insights
onto genes, pathways and cells critical for disease
pathogenesis, and thereby new roads forward in
the understanding and management of arthritis
across the age spectrum.
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 CURRENT
OPINION Cutaneous manifestations of pediatric lupus
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Purpose of review
To review recent evidence on cutaneous manifestations of lupus, with a focus on evidence for pediatric patients.

Recent findings
Cutaneous manifestations of SLE are common and may precede signs or symptoms of systemic disease.
Early recognition and initiation of therapy improves quality of life by reducing cutaneous disease activity.
Antimalarials are first line for moderate-to-severe disease. Photo protection is a critical component of
therapy and perhaps the only modifiable risk factor for SLE. Recognition of cutaneous vasculopathy may
reduce mortality from vascular occlusion.

Summary
There is a critical need for better understanding of pathogenesis, risk factors and outcomes in cutaneous
lupus to determine optimal treatment and surveillance strategies. Correlation of clinical phenotypes with
biomarkers may help to stratify patients, optimize targeted interventions, and influence prognosis.

Keywords
cutaneous lupus erythematosus, cutaneous manifestations of systemic disease, pediatric, scarring, systemic
lupus erythematosus

INTRODUCTION

Cutaneous manifestations of SLE are common, affect-
ing up to 85% of patients with SLE; they may be the
first sign of disease in 25% of patients [1,2]. Recogniz-
ing the dermatologicmanifestations of lupus is critical
forclinicians. Fourof thepossible11AmericanCollege
of Rheumatology (ACR) classification criteria for sys-
temic lupus erythematosus (SLE) are mucocutaneous
manifestations (malar rash, discoid rash, photosensi-
tivity, and nasasl/oral ulcerations. The recently
updated Systemic Lupus Erythematosus International
Collaborating Clinics (SLICC) classification criteria
now include all subtypes of cutaneous lupus [3,4].

Patients with cutaneous lupus erythematosus
may have isolated skin disease, which is distinct
from SLE, or cutaneous manifestations of SLE. The
skin may flare independent of visceral disease, and
treatments may improve cutaneous disease, sys-
temic disease, or both, suggesting intrinsic differ-
ences in pathogenesis. The incidence of isolated
cutaneous lupus is 4.3 per 100 000, which is compa-
rable to the incidence of SLE in female individuals
[5]. Not all patients with isolated CLE develop SLE,
but population-based studies of adults suggest a
frequency of evolution ranging from 0 to 28%, with
an interval between onset of SLE diagnosis ranging
from months to 30þ years [6–8].

The current classification for lupus-related skin
manifestations includes lupus erythematosus-specific

disease, which is referred to as cutaneous lupus eryth-
ematosus (CLE), and lupus-nonspecific disease, which
tends to be associated with active SLE (Tables 1 and 2).
Lupus erythematosus-specific manifestations demon-
strate histopathology distinct for cutaneous lupus.
These include: acute cutaneous lupus (ACLE), sub-
acute cutaneous lupus (SCLE), and chronic cutaneous
lupus (CCLE), of which discoid lupus erythematosus
(DLE), lupus panniculitis, tumid lupus and chilblain
lupus are themajor subtypes. The skin findings in each
group are clinically distinct and can help to prognos-
ticate risk for SLE, particularly in adults.

LUPUS-SPECIFIC CUTANEOUS
MANIFESTATIONS

Cutaneous findings are lupus erythematosus-
specific (Table 1) when the histopathology
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KEY POINTS

� Cutaneous manifestations of lupus are common and
may be independent, or associated with SLE.

� Skin disease often precedes signs and symptoms
of SLE.

� Antimalarials are first-line treatment of moderate-to-
severe CLE and improve quality of life by reducing
cutaneous disease activity.

� JAK inhibitors are first-line treatment in monogenic
forms of chilblain lupus and improve both skin and
systemic disease.

� Photo protection is a critical component of therapy and
perhaps the only modifiable risk factor for SLE.

Table 1. Lupus erythematosus-specific lesions, based on the mod

Lupus-specific subtype (CLE) Clinical phenotype

Acute cutaneous lupus (ACLE):
Localized (malar rash)
Generalized
TEN-like

Violaceous to pink in color, nonscarrin
generalized can mimic polymorphou
eruption; TEN-like demonstrates exub
interface dermatitis leading to cleav
DEJ

Subacute cutaneous lupus
(SCLE)

Annular
Papulosquamous or

psoriasiform
TEN-like SCLE

Violaceous to red, scaly annular plaqu
psoriasis-like (more white scaling); n
TEN-like is because of exuberant int
dermatitis leading to sheet-like bliste

Chronic cutaneous lupus (SCLE) See subtypes below

Localized discoid lupus (DLE)
Generalized DLE
Verrucous DLE
Mucosal DLE
Lichenoid DLE

Violaceous scaly plaques that lead to s
conchal bowls, scalp, face, V-shape
the neck. Verrucous DLE is more hyp
Mucosal DLE includes scarring chan
conjunctiva, oral/nasal mucosa, gen
Lichenoid DLE associated with erosiv
erythema and features of lichen plan
histopathology

Lupus panniculitis/lupus
profundus

Tender, deep subcutaneous nodules an
that lead to scarring; proximal uppe
buttocks, face/scalp and trunk. In ch
location is most common

Tumid lupus Smooth, indurated nonscarring violace
and plaques without epidermal chan
differentiated from urticaria by chron
histopathology with abundant mucin
absence of interface dermatitis

Chilblain lupus Painful, cold-induced violaceous plaqu
sites

Lupus erythematosuss-specific skin disease is characterized by histopathologic chang

Pediatric and heritable disorders
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demonstrates interface dermatitis with vacuolar
change along the basement membrane, sometimes
basement membrane thickening, mucin deposition
in the dermis, and perivascular and periadnexal
infiltrate with neutrophils, lymphocytes, dermal
edema and vasodilation [9].
ACUTE CUTANEOUS LUPUS
ERYTHEMATOSUS

Acute cutaneous lupus erythematosus (ACLE) fre-
quently presents as malar rash, but patients may
have generalized violaceous to pink edematous pap-
ules and plaques that can mimic polymorphous
light eruption. The presence of vesicles correlates
with exuberant interface dermatitis along the der-
mal epidermal junction. When localized to the face,
ealth, Inc. All rights reserved.

ified Gilliam classification [9]

Comments

g,
s light
erant

age at the

Highest risk for SLE in both adults and children (but
may precede diagnosis of SLE by years)

es or
onscarring;
erface
ring

Adults: antibodies to SSA, SSB, and/or U1RNP, 1/3
of cases medication induced. Progression to SLE
20–40% of the time, but typically mild

Children: same serologic profile, less drug induced,
higher risk for SLE, association with C2/C4
deficiency

carring;
d region of
ertrophic.
ges in
ital region.
e palmar
us on

Adults: risk for SLE 25–30% and may not attenuate
with time; systemic disease is typically mild.
Generalized disease higher risk for SLE

Children – risk uncertain, may be 30%; SLE
disease phenotype unknown

d plaques
r extremities
ildren, facial

Adults: risk for SLE up to 35%, but systemic disease
is generally mild

Children: association with C2/C4 deficiency,
uncertain risk for SLE

ous papules
ge,
icity,
and

Adults: rare SLE; many patients have a positive
ANA without other antibodies

Children: never reported in the literature

es at acral Adults: commonly idiopathic perniosis or sporadic
chilblains (when associated with SLE)

Children: early onset disease familial chilblain
lupus (monogenic) associated with high risk SLE

es of interface dermatitis. SLE, systemic lupus erythematosus.
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Table 2. Lupus erythematosus-nonspecific skin disease

Lupus erythematosus-
nonspecific skin disease Clinical phenotype Comments

Vasculitis
Urticarial vasculitis

Palpable purpura

Fixed edematous plaques that resolve with purpura
and burning, histopathology: vasculitis

Nonblanching purpuric papules and plaques,
dependent distribution

Associated with lupus nephritis in >50%
and mutations in DNASE1L3, encoding
an endonuclease [76]

Associated with active SLE, elevated serum
interferon alpha levels, dsDNA
antibodies, malar rash [77]

Vasculopathy
Atrophie blanche

Degos-disease like lesions

Periungual telangiectasias

Livedo reticularis

Thrombophlebitis

Raynaud’s phenomenon

Erythromelalgia

Ivory depressed sclerotic plaques on the lower legs

Pink papules that heal with porcelain atrophic
scarring, cone-shaped arterial infarct

Ragged cuticles, with dilated loops and drop out

Net-like vascular mottling; lower legs

Superficial venous clotting

Pain and discoloration precipitated by cold exposure

Intense burning pain precipitated by cold exposure;
chronic

Markers for cutaneous thrombosis associated
with high-risk SLE

Nonscarring alopecia
Lupus hairs
Telogen effluvium
Alopecia areata-like

Diffuse nonscarring hair loss associated with active
SLE, which can be patchy and mimic alopecia
areata; lupus hairs are short re-growing hairs
following a shed

Other:
Sclerodactyly

Rheumatoid nodules

Calcinosis cutis

Bullous SLE

Papulonodular mucinosis

Cutis laxa/anetoderma

Thickening and tightening on fingers/toes

Subcutaneous nodules on extensor surfaces

Calcified nodules

Neutrophil predominant bullous disease in SLE

Pink dermal papules, diffuse dermal mucin

Atrophic patches lacking elastin

Rare in SLE

Rare in SLE

Rare in SLE, calcium deposition on
pathology

Associated with lupus nephritis

þAntiphospholipid antibodies

þAntiphospholipid antibodies

Typically seen in the setting of active SLE. Findings are reactive and not specific for lupus on histopathology. SLE, systemic lupus erythematosus.

Cutaneous manifestations of pediatric lupus Arkin et al.
the eruption is photo-distributed involving the
malar cheeks, crossing the nasal bridge, and sparing
the philtrum and nasolabial folds (Fig. 1). When
more generalized, it typically involves the v-shaped
region of the neck, upper shoulders/back, and
exposed areas of the arms and legs.

Toxic epidermal necrolysis (TEN)-like ACLE is a
rare variant characterized by an annular photo-dis-
tributed eruption that rapidly progresses to full
thickness epidermal necrosis with skin sloughing
and mucous membrane involvement [10

&

]. This
must be differentiated from drug-induced Stevens
Johnson Syndrome/TEN (SJS/TEN, bullous lupus
 Copyright © 2019 Wolters Kluwe
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(which is neutrophil predominant), and vesicula-
tion of other forms of CLE [11]. TEN-like ACLE is
associated with systemic symptoms, hematologic
and renal manifestations of SLE, and often anti-Ro
and antidsDNA antibodies [11]. Histopathology
demonstrates interface dermatitis with full thick-
ness epidermal necrosis and a lymphocytic infil-
trate, in contrast to drug-induced SJS/TEN, which
is pauci-inflammatory. Direct immunofluorescence
may reveal granular IgG, IgM and/or C3 (lupus
band) [10

&

,11].
Pediatric patients with ACLE commonly present

during adolescence, whereas adults often present in
r Health, Inc. All rights reserved.
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FIGURE 1. Acute cutaneous lupus. Violaceous, edematous, vesiculated plaques crossing the nasal bridge and sparing the
nasal folds and philtrum characteristic of acute cutaneous lupus. Photo courtesy of J. Teng, MD PhD.

Pediatric and heritable disorders
their third decade of life. ACLE patients have the
highest female : male ratio compared with other CLE
subtypes [12,13

&

]. Nearly all patients eventually
meet SLE criteria, but cutaneous manifestations
may precede the onset of systemic symptoms by
months to years [12]. Compared with other CLE
subtypes, adults with ACLE have the highest inci-
dence of SLE manifestations including arthritis, neu-
rological involvement, oral ulcers, and the presence
of anti-La, anti-Sm, anti-RNP, and antidsDNA anti-
bodies [13

&

].
SUBACUTE CUTANEOUS LUPUS

Subacute cutaneous lupus (SCLE) presents as a
photo-distributed, nonscarring eruption with two
 Copyright © 2019 Wolters Kluwer H

FIGURE 2. Subacute cutaneous lupus. Arcuate violaceous plaq
cutaneous lupus.

414 www.co-rheumatology.com
well characterized variants: papulosquamous
lesions (ring-like) (Fig. 2) and psoriasiform lesions
(associated with fine white scaling).

Histologically, SCLE demonstrates epidermal
atrophy with loss of rete ridges and epidermal disar-
ray, homogenous eosinophic staining of keratino-
cytes, vacuolar alteration of the dermal epidermal
junction, thickening of the basement membrane
and a lymphocytic infiltrate. Dermal mucin may
be present. Biopsy should be performed at the active
border of new lesions.

Adults with SCLE often have antibodies to Anti-
Ro/SSA, Anti-La/SSB, and/or U1RNP. They are
reported to develop SLE 20–40% of the time, but
typically follow a mild course, with rare renal or
neurologic involvement [6–8]. Medications are a
ealth, Inc. All rights reserved.

ues with central clearing characteristic of annular subacute
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FIGURE 3. Discoid lupus. Dyspigmented, scarred and photodistributed plaques on the malar cheeks and nasal bridge
characteristic of discoid lupus erythematosus.

Cutaneous manifestations of pediatric lupus Arkin et al.
trigger in one-third of cases, including antihyper-
tensive agents, terbinafine, protein pump inhibi-
tors, anticonvulsants, tumor necrosis factor (TNF)
inhibitors and antihistamines [14]. Drug-induced
SCLE is clinically, histopathologically and immuno-
logically indistinguishable from idiopathic SCLE,
but must be differentiated from drug-induced SLE
[15]. Most adults with SCLE carry the HLA-A1, B8,
DR3 haplotype [16]. Skin biopsies are associated
with a single nucleotide polymorphism in the
TNF-a gene promoter located near this HLA region,
which leads to a robust TNF-a signature [17].

In children, both drug-induced and idiopathic
SCLE are rare. Generalized cutaneous involvement is
the norm. As in adults, antibodies to SSA/SSB/
U1RNP are associated, but the incidence of SLE in
children is considerably higher than in adults (66–
100%) [12,18

&

]. Risk factors for SCLE in children
include C2 and C4 deficiencies, which predispose
patients to more severe manifestations of SLE
[19,20].

Neonatal lupus (NLE) may be considered a subset
of SCLE because of passive immunologic injury.
Infants present with annular, violaceous patches
and plaques within the first few weeks of life because
of trans-placental maternal passage of SSA, SSB, or
U1RNP antibodies. Only 1–2% infants born to anti-
body-positive mothers develop NLE, but those with an
affected infant have a 20–25% rate of recurrence
with future pregnancies [21]. Most mothers (50%)
are unaware of their antibody status but have positive
antibodies and are at risk for autoimmune disease,
most commonly Sjogren’s syndrome [22]. NLE is asso-
ciated with a wide spectrum of manifestations includ-
ing cardiac (congenital heart block, conduction
defects, dilated cardiomyopathy), neurologic (hydro-
cephalus and macrocephaly, neurodevelopmental
 Copyright © 2019 Wolters Kluwe
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abnormalities primarily in thosewith congenital heart
block), hematologic (transient thrombocytopenia,
neutropenia, anemia) and hepatic complications
(cholestasis, hepatobiliary disease and rarely fulmi-
nant liver failure) [23–26]. Skin manifestations are
transient, resolve within 4–6 months, and respond
to topical steroids and strict photo protection.
CHRONIC CUTANEOUS LUPUS
ERYTHEMATOSUS

Chronic cutaneous lupus erythematosus (CCLE)
encompasses the CLE subtypes of discoid lupus
erythematosus (DLE), chilblain lupus, tumid lupus,
and lupus panniculitis. DLE and lupus panniculitis
are unique in producing scarring in visible, cosmeti-
cally sensitive areas.

DLE is characterized by violaceous, scaly pla-
ques, which resolve with dyspigmentation and scar-
ring in photo-distributed areas (Fig. 3). In adults,
untreated disease is associated with disfigurement,
occupational disability, emotional stress and lower
health-related quality of life [27]. Increasing cuta-
neous disease activity correlates with worsening
quality of life but responds to therapy, highlighting
the need for earlier, more effective targeted inter-
ventions to improve outcomes. A variety of cutane-
ous manifestations have been defined including
verrucous DLE (thickened warty plaques), mucosal
DLE (scarring in the eye, nose, mouth and genital
region) and lichenoid DLE (erosive painful plaques
and histopathologic features that overlap with
lichen planus) [28].

Studies in adults suggest a progression rate to
SLE of 17–25% without attenuation over time [7,8].
Biomarkers are an area of active investigation
[29

&&

,30]. Generalized disease (above/below the
r Health, Inc. All rights reserved.

rved. www.co-rheumatology.com 415



Pediatric and heritable disorders
head and neck); nailfold telangiectasias; nephropa-
thy; arthralgias and/or arthritis; leukopenia, throm-
bocytopenia, elevated erythrocyte sedimentation
rate levels, hematuria, proteinuria, dsDNA antibod-
ies, and ANA titers greater than 1 : 160 correlate with
evolving SLE [7,30].

Small retrospective studies of pediatric DLE
demonstrate that 25–30% of children with skin-
limited disease are ultimately diagnosed with SLE
over months to years [31,32]. Biomarkers and risk
factors to identify those at highest risk remain
poorly understood. One recent Brazilian investiga-
tion found that children who presented with early-
onset SLE were more likely to present with hepatos-
plenomegaly and discoid lupus, suggesting that
cutaneous disease may modify the phenotype of
SLE [33

&&

].
LUPUS PANNICULITIS/PROFUNDUS

Lupus erythematosus panniculitis (LEP) presents
with tender, deep subcutaneous nodules and pla-
ques that favor the shoulders, lateral upper arms,
and buttocks, face/scalp and trunk [34]. In children,
facial involvement is common and can mimic mor-
phea, particularly when localized to the perioral
location. In adults, lupus profundus has a 2 : 1
female predominance and typically presents in
the third to fourth decades. Longstanding disease
activity results in deep atrophic scarring, with cos-
metic disfigurement and significant impairment in
quality of life [35]. When overlying changes of
discoid lupus are present including erythema, scal-
ing and follicular plugging, the disease is termed
lupus profundus [36].

LEP is rare and affects only 2–3% of all SLE
patients. Up to 35% of adults with LEP will develop
SLE, although most patients have mild systemic
disease [37,38]. In children, LEP is exceedingly rare,
with only 20 cases reported [39–43]. Early comple-
ment deficiency of both C2 and C4 are reported in
young children with widespread involvement [44–
46]. The incidence of SLE is unknown, and children
should be followed closely.

Histopathology is critical for diagnosis as the
clinical findings can mimic other forms of panni-
culitis, including infection and lymphoproliferative
disease. Most cases of lupus panniculitis include
histopathologic features of a predominantly lobular
lymphocytic infiltrate involving adipocytes. Sup-
portive features include hyaline fat necrosis within
adipocytes, lymphoid follicle formation and calcifi-
cation. Direct immunofluorescence is helpful
approximately half the time, and may demonstrate
granular staining of IgM, IgG and C3 at the dermal
epidermal junction [47].
 Copyright © 2019 Wolters Kluwer H
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The histologic and clinical features may overlap
with subcutaneous panniculitis-like T-cell lym-
phoma (SPTCL), which also presents with ulcerating
plaques and nodules, but typically favors the lower
extremities. Distinguishing the entities is critical as
SPTCL (but not LEP) predisposes to the development
of hemophagocytic lymphohistiocytosis (HLH) and
high mortality [48]. Histologic features favoring the
diagnosis of SPTCL over LEP include an infiltrate of
lymphocytes with pleomorphic nuclei, cytotoxic T-
cell immunophenotyping, numerous mitoses and a
monoclonal T-cell receptor gamma delta gene rear-
rangement [49]. Recently, Ki-67 positive ‘hotspots’
in cytotoxic atypical CD8þ T cells rimming adipo-
cytes was found to reliably distinguish SPTCL from
LEP even in cases of evolving disease [50

&&

]. Many
speculate that SPTCL and LEP may represent oppo-
site ends of a continuous disease spectrum, necessi-
tating close follow up.
CHILBLAIN LUPUS

Chilblain lupus is characterized by painful bluish to
violaceous papules and nodules on the fingers, toes,
heels, and often the nose, ears and cheeks, which are
precipitated by cold and wet exposure. In young
children, it may be the first clinical sign of the mono-
genic, autoinflammatory disorder familial chilblain
lupus (OMIM #610448), which has been mapped to
mutations in the TREX1, SAMHD1 and most recently
the STING genes [51

&&

,52–54]. These genes are
involved in the cellular processes of detecting intra-
cellular DNA. Defective gene function leads to an
accumulation of intracellular nucleic acid, producing
an increased type I interferon signature and resulting
in auto-inflammation and autoimmunity [52,54,55].
In addition to cold-induced acral lesions, which can
lead to ischemia and auto-amputation, patients
develop end-organ disease from SLE [55]. Mutations
in the TREX1 and SAMHD1 genes are also known to
cause Aicardi–Goutières syndrome, which is an auto-
inflammatory syndrome characterized by early-onset
encephalopathy, increased levels of IFN-a, chilblain
lupus, antinuclear antibodies and arthritis [53,56].

Familial chilblain lupus must be differentiated
from sporadic chilblain lupus, which typically
presents in middle aged adults, and idiopathic per-
niosis, which often presents in adolescents and
young adults. The lesions are clinically and often
histologically identical, but referred to as chilblains
when associated with underlying collagen vascular
disease. Age of onset is critical to risk stratify prog-
nosis, as familial chilblain lupus presents in early
childhood. Those with idiopathic perniosis and spo-
radic chilblain lupus improve with topical steroids,
antimalarials, and efforts to keep their hands and
ealth, Inc. All rights reserved.
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feet warm. In familial chilblain lupus, the JAK1 and
STAT2 systems regulate induction of interferon-
induced genes, and JAK inhibition is the pathophys-
iologic treatment of choice [51

&&

,57
&

,58
&&

–60
&&

].
TUMID LUPUS

Tumid lupus (tumid lupus erythematosus) is a
poorly understood entity characterized by chronic
smooth, indurated nonscarring pink to violaceous
papules and plaques without epidermal change,
which are typically photodistributed [61]. Histopa-
thology is characteristic and includes a superficial
and deep, perivascular and frequently periadnexal
infiltrate of CD8>CD4-positive T lymphocytes, with
abundant mucin deposition and absent interface
dermatitis [62]. Tumid lupus erythematosus has
been associated rarely with mild SLE [61]. There
are no reports of tumid lupus erythematosus in
children. Clinically, tumid lupus erythematosus is
differentiated from other histopathologic mimics
including Jessner’s lymphocytic infiltrate (which
is more commonly CD8-predominant) and pseudo-
lymphoma (which includes variable numbers of B
and T cells); the latter are both mucin-poor.
TREATMENT OF LUPUS-SPECIFIC
SUBTYPES CUTANEOUS LUPUS
ERYTHEMATOSUS

To date, no therapeutic agents have been licensed
specifically for patients with cutaneous lupus, and
topical and systemic drugs are mostly used ’off-
label’. Recent consensus guidelines recommend
antimalarials as first-line treatment for patients at
high risk for scarring or systemic disease [63

&&

]. A
Cochrane review demonstrated that the overall
response rate to antimalarials was 64% (95% confi-
dence interval 55–70), with significant heterogene-
ity across subtypes of CLE. It was most effective for
patients with ACLE (91%) followed by tumid lupus
(68%), SCLE (63%), DLE (57%), tumid lupus (48%)
and chilblain lupus (31%) [64

&&

].
In refractory disease, combination therapy with

quinacrine (combined with either hydroxychloro-
quine or chloroquine) is effective and well tolerated,
particularly in DLE and SCLE, but is limited by
increasingly difficult access and cost [64

&&

–67
&&

].
Relative to hydroxychloroquine, quinacrine has
been shown to more broadly suppress TNF-a
and IFN-a release from peripheral blood mononu-
clear cells of patients with CLE, suggesting a differ-
ent mechanism of action with greater inhibition
of pro-inflammatory cytokines [68

&&

]. Addition of
quinacrine if insufficient response to 8 weeks of
hydroxychloroquine is reasonable, but it is only
 Copyright © 2019 Wolters Kluwe

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
available as a compounded formulation. A dose of
100 mg once daily is typically administered to adults
of 60 kg weight, and therefore appropriate adjust-
ments for pediatric dosing should be weight-based.
There is no compounded risk of retinopathy when
quinacrine is added to hydroxychloroquine, but
blood counts and liver function should be followed
every few months. Chloroquine can not be added to
hydroxychloroquine because of risk for retinopathy,
but a switch from hydrochloroquine to chloroquine
can be made if response is inadequate.

Other treatments for refractory cutaneous dis-
ease include addition of methotrexate, mycopheno-
late mofetil, belimumab, or thalidomide [63

&&

,69
&&

].
A thalidomide-derivative, lenalidomide, has been
shown to be effective for refractory cutaneous lupus
in adults and in a small case series of children
[67

&&

,70
&&

,71
&

,72]. Recently, BIIB059, a humanized
monoclonal antibody that binds plasmacytoid den-
dritic cells and inhibits the production of type I
interferon and other inflammatory mediators, was
shown to improve skin disease in patients with SLE
and reduce type I IFN responses in both blood and
skin [73

&&

]. For monogenic forms of chilblain lupus
because of STING, TREX1 and SAMHD1 mutations,
JAK inhibitors are first-line from a mechanistic
standpoint and have been shown to improve both
skin and visceral disease [59

&&

,60
&&

].
Topical therapies may help with pruritus and

active inflammation, but should not be used as
monotherapy for patients with extensive disease,
tumid lupus, or lupus panniculitis/profundus. Top-
ical calcineurin inhibitors (pimecrolimus, tacroli-
mus) are useful for adjuncts as there is no risk for
steroid atrophy [63

&&

,74].
Photo protection is a critical component of ther-

apy. Ultraviolet irradiation induces keratinocyte apo-
ptosis and necrosis in a dose-dependent fashion. This
induces autoantibody binding to exposed nuclear
antigens on keratinocyte blebs, enhancing autoim-
munity and driving visceral disease [75,76]. Ultravi-
olet A (UVA) and UVB are both pathogenic
wavelengths. Patients should be counseled to wear
broad-spectrum physical blocker sunscreens contain-
ing zinc oxide and titanium oxide, including indoors
as fluorescent bulbs emit predominantly UVA. Photo
protective clothing, including hats and long-sleeved
rash guards, are a helpful adjuvant.
LUPUS ERYTHEMATOSUS-NONSPECIFIC
FINDINGS

Findings are lupus erythematosus-nonspecific when
thehistopathologylackscharacteristicfeaturesofcuta-
neous lupus including mucinand interface dermatitis.
In contrast to the lupus erythematosus-specific
r Health, Inc. All rights reserved.
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findings, a wide spectrum of lupus erythematosus-
nonspecific findings are associated with active
disease manifestations of SLE [77]. Manifestations
are listed in Table 2.

For the purposes of this review, the discussion
will be limited to thrombotic vasculopathy, which is
associated with high-risk SLE and poor prognosis. A
classic observational study of 1000 SLE patients
found that the most common causes of death after
5 years of active disease were thrombotic events
including stroke, acute myocardial infarction and
pulmonary embolism [78]. Careful examination of
the skin reveals cutaneous clues suggestive of vascu-
lar thrombosis including atrophie blanche, Degos-
like lesions, nailfold telangiectasias, livedo reticula-
ris, acral non palpable purpura or reticulate ery-
thema, cutaneous necrosis, splinter hemorrhage,
thrombophlebitis, and erythromelalgia (Table 2).
Early identification of these cutaneous signs of
thrombosis should prompt consideration of antith-
rombotic therapy that may lower mortality.
CONCLUSION

There is a critical need for better understanding of
pathogenesis, risk factors and outcomes in cutane-
ous manifestations of lupus to determine optimal
treatment and surveillance strategies. Correlation of
clinical phenotypes with biomarkers may help to
stratify patients, optimize targeted interventions,
and improve prognosis.
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 CURRENT
OPINION Interleukin-18 in pediatric rheumatic diseases

Giusi Prencipe, Claudia Bracaglia, and Fabrizio De Benedetti

Purpose of review
IL-18 is a pleiotropic cytokine involved in the regulation of innate and adaptive immune responses. IL-18
pro-inflammatory activities are finely regulated in vivo by the inhibitory effects of the soluble IL-18-binding
protein (IL-18BP). The elevation of circulating levels of IL-18 has been described in children with systemic
juvenile idiopathic arthritis (sJIA). In the recent years, the role of IL-18 in the pathogenesis of secondary
haemophagocytic lymphohistiocytosis (sHLH), also referred to as macrophage activation syndrome (MAS),
in the context of autoinflammatory diseases, including sJIA, is emerging.

Recent findings
A large number of studies in patients and animal models pointed to the imbalance in IL-18/IL-18BP levels,
causing increased systemic levels of free bioactive IL-18, as a predisposing factor in the development of
MAS. Although the exact mechanisms involved in the development of MAS are not clearly understood,
increasing evidence demonstrate the role of IL-18 in upregulating the production of interferon (IFN)-g.

Summary
On the basis of the first emerging data on the possibility of blocking IL-18, we here discuss the scientific
rationale for neutralizing the IL-18/IFNg axis in the prevention and treatment of sHLH and MAS.

Keywords
IFNg, hemophagocytic lymphoistiocytosis, IL-18, IL-18BP, macrophage activation syndrome

INTRODUCTION

Interleukin (IL)-18 has emerged as a mediator in
autoinflammatory diseases associated with the
development of macrophage activation syndrome
(MAS). IL-18 blockers, such as the recombinant IL-
18-binding protein (IL-18BP) and the neutralizing
humanized IL-18 monoclonal antibody, are being
developed and make IL-18 a potentially targetable
molecule in patients.

INTERLEUKIN-18 PRODUCTION AND
INTERLEUKIN-18 RECEPTOR

IL-18 is a pro-inflammatory cytokine belonging to
the IL-1 family [1

&&

]. IL-18 is synthetized as a biolog-
ically inactive precursor (proIL-18), which is subse-
quently cleaved by intracellular caspase-1 into the
biologically active 17.2-kDa mature form. The pri-
mary cellular source of IL-18 are macrophages and
dendritic cells, but it is also expressed in a wide range
of cells, including Kupffer cells, keratinocytes, astro-
cytes, endothelial cells and intestinal epithelial cells
[2]. In contrast to proIL-1b, whose production
requires an inducing stimulus, proIL-18 is constitu-
tively expressed and accumulated intracellularly.
Pro-inflammatory stimuli only partially regulate
its expression [3]. The secretion of IL-18 is, therefore,

mainly regulated by cleavage of proIL-18 by inflam-
masome-mediated activation of caspase-1. Inflam-
masomes are multimolecular complexes with a
major role in innate immune responses that sense
pathogen-associated and danger-associated molecu-
lar patterns [4]. The best characterized inflamma-
somes mediating IL-18 processing in immune cells
are the NLRP3 and the NLRC4 inflammasomes [5,6];
in intestinal epithelial cells, it could be also mediated
by the NLRP6 and Nlrp9b inflammasomes [7,8

&&

].
The secreted mature form of IL-18 binds to the

IL-18 receptor (IL-18R), which consists of two sub-
units (IL-18Ra, IL-18Rb): IL-18 binds the low-affin-
ity IL-18Ra chain and then the inactive IL-18/IL-
18Ra complex recruits the IL-18Rb chain, forming a
high-affinity complex that, in turn, initiates the
signalling cascade via an MyD88-dependent path-
way (Fig. 1) [11]. Although most cells express the
IL-18Ra chain, the IL-18Rb chain is expressed only
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Rome, Italy

Correspondence to Fabrizio De Benedetti, MD, Piazza S.Onofrio, 4,
00165, Rome, Italy. Tel: +39 06 68592659;
e-mail: fabrizio.debenedetti@opbg.net

Curr Opin Rheumatol 2019, 31:421–427

DOI:10.1097/BOR.0000000000000634

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights reserved. www.co-rheumatology.com

REVIEW

mailto:fabrizio.debenedetti@opbg.net


KEY POINTS

� IL-18 is a pleiotropic cytokine involved in the regulation
of innate ad adaptive immune responses.

� The IL-18-binding protein finely regulates the activity of
IL-18.

� High serum IL-18 levels play a central role in
predisposing patients with autoinflammatory diseases
to the development of secondary hemophagocytic
lymphoistiocytosis (HLH), also referred to as
macrophage activation syndrome (MAS).

� The imbalance in IL-18/IL-18BP levels, with high free
unbound IL-18 levels, plays a role in the pathogenesis
of MAS as a cofactor for the production of IFNg.

� The neutralization of the IL-18/IFNg axis is a promising
novel targeted therapeutic strategy in MAS/HLH.
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by T cells, natural killer, natural killer T, dendritic
and mast cells [12]. However, exposure of immune
cells to inflammatory cytokines, particularly IL-12,
IL-15 or IL-2, increases the expression of both recep-
tor chains, thereby increasing the responsiveness to
IL-18 in some cells and/or making responsive to IL-
18 cells that were, because of lack of IL-18Rb chain,
unresponsive to IL-18 [13–17]. These observations
explain the reason why IL-18-mediated effects on
target cells are mainly achieved in synergism with
other cytokines.
MODULATION OF ITERLEUKIN-18
ACTIVITY

Compared with other cytokines, the concentrations
of IL-18 able to activate in-vitro IL-18R expressing
cells are high (in the range of 10–100 ng/ml) [18].
In vivo, the activity of IL-18 is modulated by the
inhibitory effects of soluble IL-18 binding protein
(IL-18BP). IL-18BP is a member of the immunoglob-
ulin superfamily that binds to IL-18 and inhibits its
biological activities by preventing its interaction
with the IL-18R [19]. It is constitutively expressed
and secreted by monocytes and macrophages. In the
serum of healthy individuals, IL-18BP is present in
more than 20-fold molar excess over that of IL-18
and has an extremely high affinity for IL-18 (it
neutralizes >95% IL-18 at a molar excess of two).
In the circulation, IL-18 is mainly present as an
inactive IL18/IL-18BP complex rather than as a free
bioactive cytokine [2]. Circulating IL-18BP levels are
significantly elevated during sepsis and other
inflammatory diseases and IL-18BP expression is
up-regulated in response to IL-18-induced IFNg pro-
duction [20–23], highlighting its role as a negative
 Copyright © 2019 Wolters Kluwer H
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feedback loop of the IL-18-mediated responses.
IL-18BP explicates its action also by binding to
the anti-inflammatory cytokine IL-37. IL-37 is
another member of IL-1 family that binds, although
with a lower affinity, to the IL-18Ra and recruits the
orphan decoy IL-1R8, leading to activation of anti-
inflammatory pathways [24]. After binding to IL-
18BP, IL-37 forms a complex with IL-18Rb, depriv-
ing the b-chain of forming a functional receptor
complex with IL-18Ra and, therefore, inhibiting
IL-18 activity [25]. Recently, a role for microRNA-
134 in negatively regulating the IL-18BP production
has also been demonstrated in patients with adult
onset Still’s disease (AOSD) [26

&

].
INTERLEUKIN-18-MEDIATED BIOLOGICAL
FUNCTIONS

IL-18 is involved in the regulation of innate and
adaptive immune responses. It was originally dis-
covered in endotoxin-activated Kupffer cells as an
IFNg-inducing factor [27]. Indeed, IL-18, in concert
with IL-12 and IL-15, stimulates the production of
IFNg in T cells, natural killer, and B cells, as well as in
macrophages [17,28–30]. Due to the low or absent
expression of IL-18Rb chain on several target cells,
the presence of IL-18 alone is not sufficient to
induce IFNg production. Indeed, IL-12 and IL-15
have an essential role in the up-regulation of IL-
18R expression, which is necessary to initiate the
signalling cascade [28,31]. Furthermore, IL-18 pro-
motes the production of IFNg also in synergy with
other Th1-related cytokine, such as IL-23 and IL-2
[16,32]. IL-18 exerts other functions beyond IFNg

production, ranging from regulating Th2 cell differ-
entiation to modulating the activity of macro-
phages, mast cells, basophils, as well as synovial
fibroblasts [reviewed in details in [2]]. Recently,
several studies in animal models have shown the
crucial role of IL-18 in intestinal epithelial cells
in maintaining intestinal barrier functions both
during inflammation and homeostasis, with high
IL-18 levels causing intestinal tissue damage and loss
of barrier integrity [7,33].
INTERLEUKIN-18 IN INFLAMMATORY
DISEASES

Elevated circulating IL-18 levels in children with
systemic juvenile idiopathic arthritis (sJIA) and in
patients with AOSD have been reported in several
studies. Unlike other forms of JIA, sJIA is considered
a polygenic autoinflammatory disease with dysre-
gulation of innate immune system [34]. Although
patients with oligoarticular and polyarticular JIA
have serum IL-18 levels comparable with those
ealth, Inc. All rights reserved.
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observed in healthy individuals, sJIA and AOSD
patients show markedly high IL-18 levels (up to
1000-fold higher) [35,36]. In these patients, IL-18
levels remain elevated even during clinically inac-
tive disease and normalize only much later, during
prolonged remission [37]. IL-18 levels in synovial
fluids from sJIA patients are elevated and correlated
with circulating IL-18 levels [38,39]. IL-18 has been
 Copyright © 2019 Wolters Kluwe
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proposed as a biomarker for diagnosis and disease
activity in sJIA and AOSD patients [40].

A number of recent articles have focused on the
significance of IL-18 in MAS [41,42

&&

]. MAS is the
most severe complication of inflammatory systemic
disorders, particularly of sJIA and AOSD [43], and is
a major cause of morbidity and mortality. MAS is
classified among the secondary or acquired forms of
r Health, Inc. All rights reserved.
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HLH (sHLH). While the cause of familial haemopha-
gocytic lymphohistiocytosis (fHLH) is a permanent
defect in cytotoxicity caused by mutations in genes
encoding proteins required for cytotoxic activity of
lymphocytes and natural killer cells, the exact
mechanisms involved in the pathogenesis of sHLH
are not yet clearly understood [44].

Shimizu et al. [45] reported that MAS developed
preferentially in sJIA patients with very high-serum
IL-18 levels and identified a low IL-6/IL-18 ratio as a
risk factor for MAS. Recently, Weiss et al. [42

&&

]
measured circulating total and free unbound IL-18
levels in patients with fHLH, in patients with several
genetically defined autoinflammatory diseases and
in patients with MAS occurring in the context of
sJIA. Very high total and free IL-18 levels distinguish
MAS from fHLH. Moreover, among all the patients
with known autoinflammatory diseases tested, IL-18
levels are markedly elevated only in patients with
diseases characterized by recurrent episodes of
sHLH, such as NLRC4-associated autoinflammatory
disease and X-linked inhibitor of apoptosis (XIAP)
deficiency, further supporting the key role of ele-
vated IL-18 levels in the predisposition to HLH.
NLRC4-associated autoinflammatory disease is a
distinct autoinflammatory syndrome characterized
by early-onset enterocolitis and recurrent or fatal
HLH, caused by gain of function mutations in the
NLRC4 gene [6,46]. Similarly, patients with XIAP
mutations present with inflammatory bowel dis-
ease, and/or humoral immunodeficiency, and recur-
rent episodes of HLH [47]. In these diseases, patients
have normal natural killer cytotoxicity and
markedly increased IL-18 levels [6,46,48]. Moreover,
we recently identified a novel disorder involving
dyshematopoiesis, autoinflammation and HLH,
caused by a mutation in the CDC42 gene, encoding
for a RHO GTPase, and characterized by very
markedly increased IL-18 levels (unpublished obser-
vation). Interestingly, high IL-18 levels have been
also reported in a patient with purine nucleoside
phosphorylase (PNP) deficiency [49]; we recently
observed a PNP-deficient patient presenting with
high IL-18 levels and with HLH (unpublished obser-
vation). Altogether, data in patients provide strong
evidence of an association between high levels of
IL-18 and predisposition to the development of
recurrent HLH. Data in animals, described below,
support a pathogenic role.
INTERLEUKIN-18 IN THE PATHOGENESIS
OF HEMOPHAGOCYTIC
LYMPHOHISTIOCYTOSIS

Similarly to fHLH patients, MAS patients are also
characterized by transient and partial decreased T
 Copyright © 2019 Wolters Kluwer H
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and natural killer cell cytotoxicity, which can be in
part caused by the inflammatory background and,
in part, influenced by a genetic component [50,51].
High levels of IL-18 are known to be associated with
decreased number and dysfunction of natural killer
cells [52,53], supporting the hypothesis of a role of
IL-18-mediated dysregulation of natural killer cells.
Accordingly, in natural killer cells from sJIA patients
an impaired response to IL-18 stimulation, likely
because of a defect in IL-18Rb phosphorylation,
has been observed [54].

Recent data in patients and experimental mod-
els demonstrated that an imbalance in the IL-18/IL-
18BP ratio is important in sHLH. Experiments in
mice have used the repeated Toll-like receptor 9
(TLR9) stimulation model, mimicking a viral infec-
tion, as a model of infection-associated sHLH [55].
Following repeated TLR9 stimulation, IL-18 trans-
genic mice, overexpressing IL-18, develop more
severe manifestations, compared with wild-type
(wt) mice [42

&&

]. Similarly, in IL-18BP-deficient
mice, repeated TLR9 stimulation induces more
severe disease [56

&&

]. In addition, although TLR9-
stimulated wt mice show an increase in IL-18 levels
similar to that observed in IL-18BP-/- mice, the levels
of free IL-18 are detectable exclusively in IL-18BP-/-
mice, further supporting the role of an imbalance
between IL-18BP and IL-18. Consistently, in patients
with HLH secondary to various causes, an imbalance
of IL-18/IL-18BP has been reported [57].

It is noteworthy that IL-18BP-deficient mice
and IL-18 transgenic mice, with constitutive high
circulating levels of free IL-18, do not show a hyper-
inflammatory phenotype in the absence of stimula-
tion [42

&&

,56
&&

]. Mice mutated in NLRC4 have
chronically elevated IL-18 levels, but do not show
hyperinflammation, possibly because of undetect-
able levels of free IL-18. In agreement with results in
mice, patients with NLRC4-associated disease, XIAP
deficiency, CDC42-associated disease and sJIA have
chronically elevated levels of IL-18 in the absence of
overt HLH/MAS and, in the case of sJIA, even during
prolonged clinically inactive disease [37,48,58]. It is
common experience in clinical practice that MAS/
HLH requires a trigger. This is typically an infection,
usually viral, further underscoring the similarities
with, and therefore, the relevance of, the TLR9
murine model. Other environmental triggers may
indeed be hypothesized, including microbiota alter-
ations, vaccination and stress. A case of spontane-
ously resolving MAS developing at birth in a
neonate born by a mother with well controlled
AOSD (no MAS) and very high levels of IL-18 [59]
underscores the importance of the triggers and their
variable nature: in this case, the stress of vaginal
delivery and/or exposure to microbiota.
ealth, Inc. All rights reserved.
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The need for a trigger, in both patients and mice
with high levels of IL-18, appears to represent the in-
vivo counterpart of the well known behaviour of IL-
18 in vitro since its identification as an IFNg inducing
factor to the other biological functions identified.
Indeed, in in-vitro assays where IL-18 was used as a
stimulus for IFNg production, a second stimulus,
typically, but not only, IL-12, was found to be neces-
sary to induce IFNg. In fHLH, IFNg is emerging as a
pivotal mediator, as demonstrated by the efficacy of
its neutralization in murine models and, more
recently, by the therapeutic efficacy of an anti-IFNg

antibody in humans [60]. In murine and human
fHLH,overproductionof IFNg is a direct consequence
of defective cytotoxicity and, indeed, in animal mod-
els, inflammasomeactivation has beendemonstrated
to be dispensable for the development of HLH [61

&&

].
Recent studies in patients and animals support a role
of IFNg overproduction also in the pathogenesis of
sHLH, including MAS in the context of sJIA [62,63].
Indeed, both TLR9-stimulated IL-18 transgenic mice
and IL-18BP-/- mice show a significant up-regulation
in the levels of IFNg and IFNg-inducible genes,
including CXCL9. Consistent with the pivotal role
of IL-18-mediated overproduction of IFNg, blocking
of either IL-18 or IFNg leads to marked amelioration
of the disease features in these mice [42

&&

,56
&&

]. Nota-
bly, in all patients with NLRC4-associated disease,
CDC42-associated disease and sJIA, high IL-18 levels
are associated with high levels of IFNg and CXCL9,
the chemokine specifically induced by IFNg, only
during HLH episodes [62,64

&

]. Consistently, a
decreased IL18/IFNg ratio has been reported to be
associated with the presence of MAS in sJIA [65]. A
positive correlation between IL-18 and CXCL9 levels
has also been observed in sJIA patients with MAS,
further supporting the involvement of the IL-18/
IFNg axis [66].

Altogether, these observations support the con-
clusion that high IL-18 levels represent a predisposing
factor, a co-stimulus, for the development of HLH:
following a trigger, likely viral infections, an imbal-
ance in the IL-18/IL-18BP ratio may take place and
lead to increased production of IFNg that is a pivotal
mediator of HLH. A model of the pathophysiology of
HLH can be envisaged in which different upstream
mechanisms, namely on one hand, the defect in
cytotoxicity and on the other increased circulating
IL-18 levels, possibly variably combined with envi-
ronmental triggers/genetic background, converge to
activate a common final vicious circle [67].
THERAPEUTIC PERSPECTIVES

Two strategies have been developed to block IL-18:
the recombinant IL-18BP tadekinig-a and the
 Copyright © 2019 Wolters Kluwe
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neutralizing humanized IL-18 monoclonal antibody
GSK1070806. A phase II clinical trial in patients with
established AOSD with tadekinig-a showed that the
most frequent adverse events were injection site
reactions followed by upper airway infections,
arthralgia and gastrointestinal disorders. Three seri-
ous adverse events were reported: one episode of
gastroenteritis, one severe back pain and one toxic
optic neuropathy. Approximately 50% of the 23
recruited patients met the primary outcome defined
as improvement of joint count by at least 20% and
CRP reduction at least 70% or normal CRP (�5 mg/l)
or normal ferritin (�150 mg/l) [68

&&

]. These efficacy
results, albeit preliminary, suggest levels of efficacy
different from those that are routinely observed
with IL-1 or IL-6 inhibition in sJIA or AOSD without
MAS. On the other hand, very satisfactory results
with tadekinig-a were reported in an infant with
severe NLRC4-MAS refractory to multiple anti-
cytokine therapies, suggesting the efficacy of IL-18
targeting in hyperinflammatory conditions charac-
terized by high levels of IL-18 [64

&

]. A phase 3 study
to assess the safety and efficacy of tadekinig-a
in patients with NLRC4-induced disease or XIAP
deficiency is ongoing (NCT03113760). In agreement
with the hypothesis of a crucial role of the IL-18/
IFNg axis in sHLH pathogenesis, favourable
response in NLRC4-induced disease have also been
reported with the anti-IFNg antibody emapalumab
in two patients [69]. A cautionary note should be
mentioned when using IL-18BP as a treatment.
Indeed, IL-18BP inhibits also IL-37. High plasma
IL-37 levels have been observed in sJIA patients.
IL-37 has been shown to inhibit the production of
inflammatory cytokines in mononuclear cells from
these patients, suggesting a protective anti-inflam-
matory role of IL-37 [70

&

]. Data in mice support the
hypothesis that high doses of IL-18BP may interfere
with the IL-37-mediated anti-inflammatory effects:
in mice with collagen-induced arthritis treated with
IL-18BP, the administration of high doses of IL-18BP
did not induce the decrease in pro-inflammatory
cytokines that was observed in mice treated with
lower doses [71]. This highlights the complexities
of the regulatory role of IL-18BP in the modulation
of the inflammatory responses through several
mechanisms.
CONCLUSION

A long time after being characterized as an IFNg-
inducing cytokine, IL-18 has been progressively
identified as a predisposing factor to sHLH. Consis-
tent with its known role as a cofactor in vitro, data in
humans and animals underscore the requirement
of an additional trigger in the presence of high
r Health, Inc. All rights reserved.
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systemic IL-18 levels for the development of the
disease. A better understanding of the regulation
of its release, of its modulation by IL-18BP and of
IL-18BP interplay with the anti-inflammatory
effects of IL-37 is needed. The ongoing trials will
provide additional in-vivo evidence to clarify these
issues as well as proof of concept of efficacy
in humans.
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what’s new?
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Purpose of review
The present review highlights the advances in disease outcome achieved with currently available biologic
medications and future perspectives for JIA management.

Recent findings
In the last two decades, the management of juvenile idiopathic arthritis (JIA) has been revolutionized by
appropriate legislative initiatives, the existence of very large collaborative networks and the increased
availability of the novel biologic medications.

Summary
A more rational approach to the management of JIA is being fostered by the recent publication of
therapeutic recommendations, consensus treatment plans and for a treat-to-target strategy.

Keywords
biologic, juvenile idiopathic arthritis, methotrexate

INTRODUCTION

Juvenile idiopathic arthritis (JIA) [1,2] is a heteroge-
neous group of conditions, which encompasses all
forms of arthritis of unknown cause, lasting for at
least 6 weeks, with onset before the age of 16 years.
The diagnosis, because of the lack of a single patho-
gnomonic clinical or laboratory feature, is still clini-
cal and based on the International League Against
Rheumatism (ILAR) classification (Table 1), which
recognizes six different categories of JIA, whose
features develop during the first 6 months of illness
[3,4], although an updated classification has been
recently proposed [5

&

]. Indeed, the treatment of JIA
has improved tremendously in the last 20 years,
thanks to appropriate legislative initiatives, the exis-
tence of very large collaborative networks, such as
the Paediatric Rheumatology International Trials
Organisation (PRINTO) and the Pediatric Rheuma-
tology Collaborative Study Group (PRCSG), and the
availability of new potent medications, in particular
the biological disease-modifying antirheumatic
drugs (DMARDs) [6,7

&&

].

CURRENT TREATMENTS

Intra-articular steroid injections (IAI; triamcinolone
hexacetonide or methylprednisolone acetate as
the most used drugs), systemic steroids and

methotrexate (MTX) have played a major role
in the treatment of JIA for many years. A recent
trial has confirmed that the effectiveness of
intra-articular steroid injections is not enhanced
by concomitant administration of methotrexate
[8]. Nevertheless, JIA patients’ prognosis has dra-
matically changed in the last decades, thanks to
the introduction of biologic agents at the beginning
of 2000s. These medications have shown to be effec-
tive in a sizeable proportion of patients refractory or
intolerant to MTX, although MTX remains the most
widely used conventional treatment in the manage-
ment of JIA for its effectiveness at achieving disease
control, its acceptable toxic effects, worldwide avail-
ability and low cost [9,10]. Among biologics, there
are currently five anti-tumor necrosis factor (TNF)
drugs available in JIA: four with published results
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KEY POINTS

� The treatment of JIA has improved tremendously in the
last 20 years, thanks to appropriate legislative
initiatives, the existence of very large collaborative
networks such as the Paediatric Rheumatology
International Trials Organisation (PRINTO) and the
Pediatric Rheumatology Collaborative Study Group
(PRCSG), and the availability of new potent
medications, in particular biologics.

� In addition to consolidated therapies, currently used in
the treatment of JIA, new medications are emerging,
aimed at inducing remission through a treat-to-target
approach, but also exploring new perspectives, as an
early and more aggressive therapy in line with the
concept of a window of opportunity.

� Safety profile of biologics seem to be acceptable, by
this issue remains controversial.

� New agents, some of them already in use in the adult
setting, are indeed necessary to treat patients with JIA
resistant to the current available treatments.
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[etanercept (ETN), adalimumab (ADA), infliximab
(IFX) and golimumab], and one which has recently
completed enrollment (certolizumab pegol)
[11

&&

,12,13,14
&

].
Table 2 shows the TNF inhibitors approved by

the European Medicines Agency (EMA) and the
Food and Drug Administration (FDA) for use in
JIA. ETN was the first TNF inhibitor to gain approval
 Copyright © 2019 Wolters Kluwe

Table 1. International League Against Rheumatism and

new classification of Juvenile Idiopathic Arthritis

ILAR JIA classification New JIA classification

Systemic arthritis Systemic JIA

Oligoarthritis –

Rheumatoid factor positive
polyarthritis

Rheumatoid factor positive JIA

Rheumatoid factor negative
polyarthritis

–

Enthesitis-related arthritis Undifferentiated spondyloarthropathy

Psoriatic arthritis –

Undifferentiated arthritisa –

– Early-onset ANA-positive JIA

– Other JIAb

– Unclassified JIAb

Data from [3,4,5
&
]. JIA, juvenile idiopathic arthritis; ILAR, International League

Against Rheumatism.
aDoes not represent a definite subset but includes patients that do not fit any
category 1–6 or fit more than one.
bProvisional JIA categories: other JIA is arthritis for at least 6 weeks, which
does not fit criteria for disorders A–D, unclassified is arthritis for at least 6
weeks, which fits more than one disorder A–D.

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
nearly two decades ago. The sustained efficacy and
the good safety profile of ETN have been confirmed
in the open-label, multicentre CLIPPER study [15],
by the national JIA German database BiKer [16

&

], as
well as in other multicentric studies, which showed
a low rate of serious infections, just slightly
increased compared with MTX alone [17].

Among TNF inhibitors, a recently approved
treatment in polyarticular-course JIA (pJIA) is goli-
mumab, a fully human monoclonal antibody that
can be administered by subcutaneous injection (a
trial with intravenous infusion is on-going).
Although the primary endpoint of the study was
not met in the withdrawal phase (JIA flare rates with
golimumab vs. placebo: 41 vs. 47%; P¼0.41), goli-
mumab caused a significant improvement in JIA
and, therefore, has been approved by EMA for the
treatment of children with pJIA and weight above
40 kg [14

&

]. Other alternatives to TNF inhibitors for
treatment of pJIA include tocilizumab and abata-
cept, both approved for use in pJIA [18

&&

,19].
The IL-6 inhibitor tocilizumab (TCZ) and the

IL-1 inhibitors (anakinra and canakinumab) are the
most commonly prescribed biologic agents in sys-
temic JIA (sJIA), whereas, rilonacept has not gone on
to receive an approval for a JIA indication [20–25].
The introduction of biologics in the treatment of
sJIA has significantly increased the proportion of
patients with inactive disease and reduced the
occurrence of functional limitations because of
the disease [26,27]. Yokota et al. [23,28] described
more than 400 patients with sJIA, all treated with
TCZ and reported that, compared with previous
studies, there were more serious adverse events,
especially infections, but with an overall acceptable
safety profile. Among 26 cases of macrophage acti-
vation syndrome (MAS), no deaths occurred, under-
ling the importance of early detection and
treatment of such a severe complication [29

&

]. Grom
et al. [30] reported episodes of MAS occurring in
individuals with sJIA treated with canakinumab,
but implicated infectious triggers rather than being
caused by canakinumab.
NEW TREATMENT PERSPECTIVES

In the era of a personalized medicine, with therapies
tailored on individual patient’s features with the
help of individual or multiple biomarkers [31,32],
the abrogation of inflammation remains the most
important goal, that should be achieved through a
treat-to-target (T2T) strategy, as recently suggested
by consensus-based pediatric recommendations
[33

&&

]. In addition to a step-by-step approach still
guiding JIA management, there is the feeling that a
more aggressive approach to JIA patients may lead to
r Health, Inc. All rights reserved.
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Table 2. Interventional studies in juvenile idiopathic arthritis sponsored by pharmaceutical companies or investigator’s initiated

studies

Drug Target Dosage Approval

Abatacept CD80/86 10 mg/kg week 0, 2, 4, then q4 weeks EMA/FDA

Adalimumab TNF-a 24 mg/m2 q2 weeks; max 40 mg EMA/FDA

Anakinra IL-1 1–4 mg/kg/day EMA

Canakinumab IL-1 �2 years: 4mg/kg/dose q 4 weeks
Maximum dose: 300 mg

EMA/FDA

Etanercept TNF-a,b 0.8 mg/kg/week or 0.4 mg/kg twice weekly; Maximum dose: 50 mg EMA/FDA

Infliximab TNF-a 6–10 mg/kg q2 weeks to 2 months -

Tocilizumab IL-6 pJIA more than 2 years, less than 30 kg 10 mg/kg q4 weeks
pJIA >2 years, more than 30 kg 8 mg/kg q4 weeks
sJIA more than 2 years, less than 30 kg 12 mg/kg q2 weeks
more than 2 years, >30 kg 8 mg/kg q2 weeks

EMA/FDA

More information can be found at https://clinicaltrials.gov/; https://www.nih.gov/health-information/nih-clinical-research-trials-you/. pJIA, polyarticular juvenile
idiopathic arthritis; sJIA, systemic juvenile idiopathic arthritis; yrs, years.

Pediatric and heritable disorders
a better control of the disease. In particular, in 2014,
Nigrovic raised the possibility that early cytokine
blockage might abrogate disease progression, often
cause of destructive and therapy-resistant arthritis,
reflecting a potential ‘window of opportunity’ in the
care of sJIA patients [34]. Years later, this concept
has been confirmed by studies highlighting the
possibility to treat sJIA patients starting with first-
line, short course monotherapy with rIL-1RA, in
order to induce and maintain inactive disease and
to prevent disease-related and glucocorticoid-
related damage [35

&&

].
A more aggressive approach has also been stud-

ied by Wallace et al. [36] in patients with pJIA, who
were randomized blinded to MTX, ETN, and rapidly
tapered to prednisolone or MTX monotherapy and
assessed for clinical inactive disease (CID) after 1 year
of treatment. Patients who received steroids earlier
in the disease course achieved CID easier than the
others, demonstrating that a more aggressive ther-
apy, together with a shorter disease duration prior to
treatment and a robust response at 4 months, can
favor and prolong CID [36,37].

A Finnish 1-year study by Tynjala et al. demon-
strated in pJIA that MTX with IFX proved to be
superior to MTX alone or compared with the com-
bination of MTX, sulfasalazine and hydroxychlor-
oquine [38]. Recently, a Dutch group reported a
2-year trial comparing three treatment-strategies:
sulfasalazine or MTX as sequential DMARD-mono-
therapy versus MTX with 6 weeks prednisolone
versus MTX and ETN. Inactive disease on therapy
was similar in the three arms after 2-year of treat-
ment (70–72%), whereas drug-free inactive disease
favoured arms 1 and 3 (45 and 41%, respectively)
versus arm 2 (31%). Although the study did not
have sufficient power to demonstrate statistically
 Copyright © 2019 Wolters Kluwer H
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significant results, it was able to demonstrate that
inactive disease could be achieved in 71% of recent-
onset JIA patients, with 39% drug free, using a
tightly controlled treat-to-target approach [39

&

].
Anticytokines combination therapy so far has

been avoided because of severe infectious side
effects in adult studies [40]. No studies on combina-
tion of biologics are currently available in children.
UVEITIS

Iridocyclitis is a potentially very severe complica-
tion that occurs more often in a sub-group of
patients characterized by early disease onset and
positive circulating antinuclear antibodies (ANA).
Recently, two controlled trials showed the efficacy
of ADA in children with iridocyclitis resistant to
treatment with topical steroid and MTX
[41

&&

,42
&&

]. In particular, the results from the Syca-
more Study Group showed that ADA therapy is able
to control inflammation and is associated with a
lower rate of treatment failure than placebo among
children and adolescents with active JIA-associated
uveitis who were taking a stable dose of MTX [41

&&

].
Similar results in uveitis were reported by the BiKer
register between 2002 and 2013, showing that the
early use of MTX in JIA and the combination of MTX
with TNF inhibitors have a protective effect against
uveitis [43].

Rituximab [44] and TCZ [45] also represent a
promising treatment option for uveitis. Recently, in
Germany, an algorithm for a standardized treatment
strategy for uveitis according to severity in the indi-
vidual patient has been proposed [46]. The algo-
rithm suggests MTX for uveitis not responding to
low-dose (twice a day) topical corticosteroids, and a
TNF alpha antibody (preferably ADA) if uveitis
ealth, Inc. All rights reserved.
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Treatment of juvenile idiopathic arthritis Giancane and Ruperto
inactivity is not achieved. In very severe active
uveitis, systemic corticosteroids should be consid-
ered for bridging until DMARDs take effect, whereas
another biologic (TCZ, abatacept or rituximab)
should be considered in case TNF-a blocking
antibodies fail.
SAFETY

The safety profile of biologics is, so far, acceptable
especially for anti-TNF agents. Several registries
have shown a low rate of side effects [16

&

,47,48].
TNF inhibitors are, however, associated with an
increased risk of tuberculosis, and therefore a screen-
ing for this infection is mandatory for patients who
are destined to use these biologics [49

&

,50]. In 2008,
the FDA issued a black box warning about the pos-
sible increase of lymphomas associated with use of
anti-TNF in children, which, however, was not con-
firmed in future studies [51–57]. Currently, several
national registries and one large international regis-
try called Pharmachild [58

&&

], conducted by PRINTO
and the Paediatric Rheumatology European Society
(PRES) have set up a worldwide pharmacovigilance
system, called Pharmachild, that has enrolled
already over 8000 JIA patients. Results from Pharma-
child and national registries from Germany and
Sweden has showed that infection and infestations
are the most frequent adverse events (29.4–30.1%)
followed by gastrointestinal disorders (11.5–19.6%)
[58

&&

]. These results followed a large body of evi-
dence on safety in JIA patients under immunosup-
pressive therapy, published from claim data
[11

&&

,48], and showing an increased infection rate
in patients with JIA related to the disease more than
therapy. The same authors reported Coccidioides,
Salmonella and herpes zoster infections as more
frequent among JIA patients [11

&&

,59], whereas
other studies confirmed the higher incidence of
herpes zoster infection in JIA [60–62,63

&&

]. More
recently, Aeschlimann et al. [63

&&

], through a
meta-analysis, observed on a total of 19 trials
accounting for 21 individual studies, 17 serious
infections reported among 810 children, with bron-
chopulmonary infections and varicella being the
most frequent events. These results remain contro-
versial, as showed recently by Laxer et al., who
highlighted, through another meta-analysis, that
treatment with biologics during clinical trial study
periods does not increase the risk of serious infec-
tions in children with JIA compared with controls.
However, the analyses were underpowered and
study periods were relatively short. Careful moni-
toring for serious infections remains necessary for all
patients with JIA, and particularly those receiving
biologic agents [63

&&

].
 Copyright © 2019 Wolters Kluwe
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OUTCOME IN THE ERA OF BIOLOGIC
DISEASE-MODIFYING ANTIRHEUMATIC
DRUGS

The advent of the biologic therapies has highly
improved physical and functional outcomes of
patients with rheumatic disease [33

&&

], but this
has not been possible especially in less resourced
countries [64]. Indeed, there is a huge variability in
the prevalence of disease phenotypes and disparities
in therapeutic choices and outcomes across geo-
graphical areas and wealth status of countries, as
recently demonstrated by the EPOCA study (epide-
miology, treatment, and outcome of childhood
arthritis throughout the world). The authors pro-
vided a thorough overview of the prevalence of ILAR
categories, therapeutic choices and health status of
9081 JIA patients from 49 countries in five conti-
nents, with evidence of more systemic arthritis [125
(33%) of 379 patients] and enthesitis-related arthri-
tis [113 (29.8%) of 379) in southeast Asia, oligoar-
thritis in southern Europe [1360 (56.7%) of 2400]
and rheumatoid factor-negative polyarthritis in
North America [165 (31.5%) of 523]. Prevalence of
uveitis was highest in northern Europe [161 (19.1%)
of 845 patients] and southern Europe [450 (18.8%)
of 2400] and lowest in Latin America [54 (6.4%) of
849], Africa and Middle East [71 (5.9%) of 1209], and
southeast Asia [19 (5.0%) of 379]. Median age at
disease onset was lower in southern Europe (3.5
years, IQR 1.9–7.3). The most relevant discrepancy
was in biologic prescription, which was greater in
northern Europe and North America, likely respon-
sible for disease-related damage and highlights the
need for improved access to more effective treat-
ments in poor countries [65

&

].
NOVELTIES FROM THE ADULT
EXPERIENCE

The adult experience in rheumatoid arthritis (RA)
has opened the way to the use of new possible
molecular targets, extending the armamentarium
beyond the currently approved medications for chil-
dren with JIA (Table 2).

Since 2012, Janus kinase (JAK) inhibitors have
demonstrated their efficacy in several forms of adult
inflammatory arthritis, such as RA and psoriatic
arthritis (PSA), with the advantage of being provided
as oral therapies. JAK represents a family of intracel-
lular, nonreceptor tyrosine kinases that transduces
cytokine-mediated signals via the JAK-STAT path-
way. Tofacitinib is a small molecule that blocks JAK3
and JAK1 and, to a lesser extent, JAK2 and in turn
several cytokines that are important to lymphocyte
function. Tofacitinib taken orally has been shown to
be effective in RA [66]. Trials with tofacitinib both as
r Health, Inc. All rights reserved.
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tablets and syrup in pJIA and sJIA, have been started
in children [67

&&

]. Among the other kinase inhib-
itors that have been developed, baricitinib, an anti-
JAK1/JAK2 that is taken orally, showed efficacy in a
phase 3 study in RA in which an inadequate
response to or unacceptable side effects were associ-
ated with conventional on-label therapies [68].
Recently, the safety and efficacy of baricitinib in
elderly patients (aged�65 years) was compared with
patients aged less than 50, and at least 50 and less
than 65 years, from pooled data of the two studies of
patients with inadequate response to conventional
DMARDs. The authors showed similar efficacy of
baricitinib in elderly and younger patients and inci-
dence of SAEs or withdrawal because of adverse
events similar to placebo. Herpes zoster was more
frequent in the baricitinib-treated patients and at 24
weeks, four patients died (all in patients�50 years of
age). One patient experienced a SAE for hospitaliza-
tion because of thrombophlebitis and six because of
fractures [69

&

]. Given the effects of JAK inhibitors on
IL-6 signalling, lipid profile abnormalities are simi-
lar to those seen with IL-6R antagonist TCZ. RA
patients have an increased cardiovascular morbidity
and mortality when compared with healthy con-
trols, but reassuringly, clinical trials and long-term
 Copyright © 2019 Wolters Kluwer H

Table 3. List of pediatric investigation plans in juvenile idiopathic

Target Drug

TNF Etanercept (sc)
Adalimumab (sc)
Golimumab (sc)
Certolizumab pego

IL-6 Tocilizumab (sc)
Sarilumab (sc)
Clazakizumab (sc)
Olokizumab (sc)
Sirukumab (sc)

IL-1 Canakinumab (sc)
Anakinra (sc)

CTL4Ig Abatacept (sc)

JAK Baricitinib (oral)
Peficitinib (oral)
Tofacitinib (oral)
Upadacitinib (oral)

IL-27 Secukinumab (sc)

IL-17A Ixekizumab (sc)

IL-12–23 Ustekinumab (sc)

PDE4 Apremilast (oral)

H4R Toreforant (oral)

Histone deacetylase inhibitor Givinostat (oral)

More information could be found at http://www.ema.europa.eu/ema/. ERA, enthe
juvenile idiopathic arthritis; JPsA, juvenile psoriatic arthritis; PDE4, phosphodiesteras
waiver has been granted for fostamatinib oral (target SYK) meaning that the drug w
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extension data have not borne out an increased risk
of cardiovascular disease with any of the JAK inhib-
itors [70].

Other IL-6 inhibitors, directed against the cyto-
kine and not against its soluble receptor, have been
developed: they include sarilumab, sirukumab and
clazakizumab [71–73].

Targeting IL-17 has proven to be useful in PSA
and ankylosing spondylitis. Ustekinumab is a
monoclonal antibody that targets IL-12 and IL-23
and showing in adults to significantly reduce signs
and symptoms of PSA including skin lesions [74]. No
studies are currently available in children. Secuki-
numab is an anti-interleukin-17A monoclonal anti-
body that has been shown to be significantly more
effective than placebo in the treatment of both PSA
and ankylosing spondylosis [75,76].

It should also be kept in mind that studies in RA
have shown that triple therapy (MTX, sulfasalazine,
and hydroxychloroquine) is noninferior to biologic
with MTX in patients who had active disease despite
MTX therapy [77].

Studies with secukinumab in children with PSA
and enthesitis-related arthritis and one with sarilu-
mab in systemic JIA are on-going. Table 3 shows a
list of pediatric investigations plans in pediatrics.
ealth, Inc. All rights reserved.

arthritis per target molecule

PIP indication

l (sc)

ERA, JPsA
All JIA categories, JIA-associated uveitis
pJIA
JIA-associated uveitis

pJIA
pJIA
pJIA, JIA-associated uveitis
pJIA
pJIA, ERA

sJIA
sJIA

All JIA categories

JIA-associated uveitis, pJIA, sJIA
ERA, JIA-associated uveitis, pJIA, sJIA
All JIA categories pJIA, sJIA
pJIA, sJIA

ERA, JPsA

All forms of JIA

pJIA

All forms of JIA

All forms of JIA, JIA-associated uveitis

pJIA

sitis-related arthritis; H4R, histamine 4 receptor antagonist; IL, interleukin; JIA,
e 4; pJIA, polyarticular juvenile idiopathic arthritis; sc, subcutaneous. Note a
ill not be studied for JIA.
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CONCLUSION

Over the last two decades, biologics have dramati-
cally improved the prognosis and outcomes of
patients with JIA. However, despite progress in the
field, clinical trials of new biologics continue to rely
on gross categories based on clinical phenotypes of
the patient population rather than specific biomark-
ers or genetic data. Ideally future trials will be
designed around more selective JIA subpopulations
(ERA, PSA) and other features, such as the presence
or absence of comorbidities, such as uveitis, to facil-
itate future drug studies.
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 CURRENT
OPINION Predicting disease severity and remission in

juvenile idiopathic arthritis: are we getting closer?

Jaime Guzmana, Kiem Oenb, and Thomas Loughinc

Purpose of review
To summarize current research on the prediction of severe disease or remission in children with juvenile
arthritis, and define further steps needed towards developing prediction tools with sufficient accuracy for
clinical use.

Recent findings
High disease activity, poor patient-reported outcomes, ankle or wrist involvement, and a longer time from
onset to the start of treatment herald a severe disease course and a low chance of remission. Other studies
confirmed that age less than 7 years and positive ANA are the strongest predictors of uveitis development.
Preliminary evidence suggests ultrasound findings may predict flare in patients with clinically inactive
disease, and several new biomarkers show promise. A few prediction tools that combine predictors to
estimate the chance of remission or a severe disease course in the medium-term to long-term have shown
good accuracy when internally validated in the population in which they were developed.

Summary
Promising candidate tools for predicting disease severity and long-term remission in juvenile arthritis are
now available. These tools need external validation in other populations, and ideally formal trials to assess
whether their use in practice improves patient outcomes. We are definitively getting closer, but we are not
there yet.

Keywords
juvenile arthritis, prediction, prognosis, remission

INTRODUCTION

Juvenile Idiopathic Arthritis (JIA) is a heterogeneous
group of conditions that share chronic arthritis of
unknown cause starting before the 16th birthday as
their defining characteristic [1]. JIA is currently clas-
sified into seven categories but even within each
category, patients have different clinical courses and
outcomes [2

&&

].
Predicting disease severity and remission has

long been a research aim in JIA [3–6], with the
underlying goal of identifying children at high risk
of poor outcomes who may benefit from more
intensive treatment. But, prediction means different
things for different people. For some, it means sim-
ply identifying patient features associated with
severe disease. For others, it means knowing exactly
what is going to happen, but of course the future
cannot be predicted with absolute certainty.

Since the 1970s, multiple studies have focused
on the identification of JIA features independently
associated with a poor prognosis. The implication
was that knowing, which features were important

would allow clinicians to improve their implicit
predictions and act accordingly. The last decade
has seen the publication of models that combine
predictors to generate explicit predictions for each
patient; these are often stated as the patient’s likeli-
hood of experiencing remission, a severe disease
course or other important outcome [7,8,9

&&

–11
&&

].
Here we summarize current JIA prediction

research and consider further steps needed to get
us closer to the ultimate goal of having practical
prediction tools with sufficient accuracy for clinical
use.
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KEY POINTS

� JIA disease severity and remission can be defined –
and their prediction studied – in different ways, and
those choices will likely determine the overall accuracy
of predictions and the specific predictors included in a
prediction model, ‘one size will not fit all.’

� Recent studies confirm that high levels of disease
activity, the pattern of joint involvement, longer disease
duration and a few routine laboratory tests at baseline
are strong predictors of a severe JIA disease course or
lack of remission many years later.

� A few prediction models have achieved good
prediction accuracy in internal validation and need to
be tested in external validation in other cohorts.

� Several novel laboratory and ultrasound predictors
show promise but studies need to assess how much
value they add to combinations of routine clinical and
laboratory predictors.

Table 1. Basic terms used in this review

Outcome: The target that we are trying to predict.
Predictor: An explanatory variable assessed at a defined time that

is associated with a later outcome.
Prediction model: The combination of predictors in a statistical

model or computer algorithm.
Prediction: The output of the model for an individual patient, often

expressed as a chance or ‘risk’ of the outcome.
Prediction tool: The embodiment of the prediction model that could

be used in practice. Previously a score or point system but now
often a risk calculator available online or in a smartphone app.

Internal validation: Testing the accuracy of models using multiple
data splits of a cohort; accuracy is always measured in patients
not involved in model development.

External validation: Testing the accuracy of a promising model in
a separate group of patients, recruited at a different location or
time.

Predicting disease severity and remission in JIA Guzman et al.
We reviewed original studies that:
(1)
1040
Were published in English in full in MEDLINE
indexed peer-reviewed journals from 1 June
2017 to 31 March 2019.
(2)
 Included children with JIA diagnosed using the
ILAR criteria [1].
(3)
 Identified candidate clinical, imaging or labora-
tory features (biomarkers included) at a well
defined point of the disease.
(4)
 Reported the ability of those features to predict
outcomes assessed at a later time.
(5)
 Predicted disease severity or remission, broadly
defined. Disease severity included poor quality
of life, poor function or joint damage. Remis-
sion included inactive disease, response to treat-
ment, or flare.
HOW WE KNOW A PREDICTION IS GOOD

Although building models that produce individual
predictions is relatively new in JIA research, the cor-
responding methods have been well developed in
statistics and used extensively in other medical fields
[12]. Multivariable prediction models go by different
names (e.g. prognostic models, risk scores, prediction
rules or clinical prediction tools). Although there is
no magic method to produce perfect models, there
are good practices for model development and expert
guidance to report this kind of research [12–14]. To
start, Table 1 defines basic terms used in this review.

The goal is to develop a model that will be good
at predicting outcomes in future patients and
 Copyright © 2019 Wolters Kluwe
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reasonably easy to incorporate in practice. Splitting
patients’ data prior to modeling and reserving a ‘test
set’ is one way to emulate this. The test patients are
not exposed to any part of the modelling process. In
this way, these patients are entirely new to the
model, just like future patients would be. This pro-
cess is called internal validation and should be
repeated many times, for example, through cross-
validation or bootstrapping, to properly assess
model performance [13]. Reporting only the appar-
ent performance of a model in the same set of
patients used for its development often results in
an overoptimistic assessment. Once a model is cho-
sen, its predictive potential for future patients
should be assessed by applying it to a temporally
or geographically separate population; this is known
as external validation. Ultimately, the final proof of
the worthiness of a prediction tool is its ability to
improve patient outcomes or the cost-effectiveness
of care whenever incorporated in practice, ideally
shown in a formal randomized trial [15].

Numerous attributes can be measured to assess
model performance. For a dichotomous outcome, it
is important to assess discrimination and calibration
accuracy. Discrimination refers to the model’s abil-
ity to assign higher probabilities or scores to patients
who eventually develop the outcome versus those
who do not. Calibration refers to how closely the
predicted probability of an outcome corresponds to
the observed proportion of events, that is, if the
mean probability of an outcome for a given group
of patients is 20%, indeed 20% of them develop the
outcome. The relationship between discrimination
and calibration is shown clearly in Fig. 1.

Borrowing from the diagnostic test literature, it
is common to assess discrimination by calculating
sensitivity and specificity after selecting a model
cut-off, but a better way is to calculate Harrell’s
r Health, Inc. All rights reserved.
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FIGURE 1. The relationship between discrimination and calibration accuracy of prediction tools. In this example 30% of
patients develop the outcome of interest. The charts show predicted and observed outcome frequencies for each decile of
risk. Tool A clearly discriminates the 30% who develop the outcome from the 70% who do not and the predicted and
observed frequencies for each decile are very close (on the diagonal line). Tool B clearly discriminates the 30%, but the
predicted frequencies are different than the observed frequencies. Tool C does not discriminate the 30% well, but the
predicted frequencies are almost perfectly calibrated (e.g. patients told to have a 20% chance of the outcome indeed develop
the outcome 20% of the time). Tool D does not discriminate the 30% with the outcome well and the predicted frequency
almost never coincides with the observed frequency (poor discrimination and poor calibration).

Pediatric and heritable disorders
c-index (equivalent to the area under the receiver
operating characteristic curve, AUC). The c-index
considers all possible patient pairings where one
member of the pair experiences the outcome of
interest and the other does not. The pair is concor-
dant if the estimated probability of the outcome is
higher for the member that did experience the
outcome than for the other member, and it is dis-
cordant if the opposite is true. The c-index is calcu-
lated dividing the number of concordant pairs by
 Copyright © 2019 Wolters Kluwer H

438 www.co-rheumatology.com
the total number of pairs. A value of 0.5 corresponds
to chance alone, whereas a value of 1.0 corresponds
to perfect separation of patients with the outcome
from those without it. In the cardiovascular litera-
ture, a value greater than 0.70 is considered helpful
and values greater than 0.80 are considered excel-
lent [16]. Calibration can be shown graphically by
dividing patients into groups (e.g. deciles) according
to their predicted probability of the outcome and
plotting this against the observed frequency of the
ealth, Inc. All rights reserved.
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Table 2. Five questions to assess the worthiness of a

juvenile idiopathic arthritis prediction tool

Is the predicted outcome clinically meaningful and unambiguously
measured?

Are the predictors included in the tool easily and reliably
ascertained in practice? Or, is the extra accuracy worth the effort
of adding predictors hard-to-get in practice?

Predicting disease severity and remission in JIA Guzman et al.
outcome (Fig. 1). The Hosmer–Lemeshow test can
be applied to the predicted and observed outcome
frequencies (a large P-value is optimal).

On the basis of these considerations and impor-
tant clinical matters, clinicians may use the five
simple questions in Table 2 to assess whether a
prediction tool is ‘ready for prime time.’
Has the tool been internally validated?
Has the tool been externally validated?
Has the tool been shown to improve patient outcomes or the cost-

effectiveness of care when used in practice?

OUTCOMES PREDICTED IN RECENT
STUDIES

The most significant studies published during the
period of this review are listed in Table 3 [17–
20,21

&

,22–25,26
&

,27,28,29
&&

,30,31
&

–33
&

,34–37,38
&

,
39,40

&

,41,42,43
&

–47
&

,48,49]. Studies that provide
individual predictions are listed first, followed by
those that identify predictors. Recent studies have
concentrated on predicting inactive disease, non-
remission, poor quality of life, persisting pain and
onset and complications of uveitis. Others focused
on predicting response to methotrexate or biologics,
or on predicting flare after stopping these treat-
ments.

One problem with predicting inactive disease or
remission is that these may be transitory, somewhat
unstable states [50,51], and that different definitions
of inactive disease identify different subsets of
patients [52

&

]. This means that studies seeking to
identify important predictors or useful prediction
models will likely have different results depending
on how inactive disease or remission were defined
and at what point in the disease course they were
ascertained. Given the transitory nature of remis-
sion in many patients, perhaps a better way of
approaching prediction is aiming to predict the
overall course of the disease [2

&&

], or the overall
proportion of time in remission [22,51].

Long-term outcomes have been reported for
several prospective cohorts, including 8-year out-
comes in the Nordic cohort [37], 10-year outcomes
in the German Biologics in Pediatric Rheumatology
Register (BIKER) cohort [33

&

], and 30-year outcomes
in a Norwegian cohort [47

&

,48]. Recent articles
aimed to predict trajectories of pain or quality of
life overtime, instead of single-time measurements
[38

&

,40
&

,43
&

].
PREDICTORS IDENTIFIED IN RECENT
STUDIES

Recent studies confirm findings from older studies
and show that multiple clinical and laboratory fea-
tures assessed earlier in the disease are associated
with later outcomes (Table 3). Patients with poly-
arthritis, particularly RF-positive polyarthritis, and
enthesitis-related arthritis have poorer outcomes
 Copyright © 2019 Wolters Kluwe

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
than children with oligoarthritis [10
&&

,18,22,38
&

].
Children with systemic JIA have poor outcomes in
the short-term, but a lower chance of disease flares
afterwards [32

&

].
As in older literature [6], the most consistent

predictors of a lower chance of remission were mea-
sures of high disease activity at baseline (number of
active joints, the physician global assessment of
disease activity, duration of morning stiffness and
higher levels of ESR or CRP). Note that because
indicators of disease activity are correlated with
one another, prediction models may only include
one and disregard the others.

Patient-reported outcome measures at baseline
were also associated with remission at a later date
[10

&&

,19,25,31
&

,40
&

]. However, it is unclear how
much predictive ability patient-reported outcomes
add, beyond their association with disease activity
(patients with greater disease activity will tend to
report greater pain, greater functional impairment
and poorer quality of life).

Three recent studies [9
&&

,10
&&

,23] reported that
the pattern of joint involvement adds predictive
information, supporting older studies that reported
wrist or ankle involvement were associated with a
poor prognosis [53].

A shorter time between disease onset and the
start of treatment was predictive of early remission
[10

&&

] and of response to methotrexate (MTX) [29
&&

]
and biologic agents [32

&

,33
&

]. A longer duration of
inactive disease before discontinuation of treatment
was associated with a lower chance of flare in one
study of stopping methotrexate [29

&&

], but not in
another study of stopping biologic agents [32

&

].
Several cohorts have confirmed that age less

than 7 years and ANA positivity are the strongest
predictors of uveitis development [30,37,39,45

&

],
whereas female sex and JIA category have a minor
role after the first 2 are considered [54]. One study
reported that age more than 5 years at uveitis onset,
less use of topical corticosteroids and use of adali-
mumab and methotrexate were predictors of remis-
sion of uveitis. Predictors for uveitis complications
r Health, Inc. All rights reserved.
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were older age at JIA onset, more severe inflamma-
tion, use of topical corticosteroids and short interval
between JIA diagnosis and uveitis development
[26

&

].
Two studies identified older age at onset, longer

disease duration, female sex and higher number of
active joints as likely predictors of persisting pain
[40

&

,43
&

]. Another two studies reported that greater
disease activity, polyarthritis and worse patient-
reported outcomes at baseline, were likely predictors
of a poor quality of life [31

&

,38
&

].
Four small studies examined the ability of ultra-

sound findings to predict flare [21
&

,34,36,49]. Their
results differ, but in our opinion, they suggest signs
of synovitis on ultrasound may predict flare.
Although novel biomarkers (genetic markers, tran-
scriptome profiles, microbiota, serum S100 proteins,
TNF-alpha) were investigated as predictors of inac-
tive disease or response to treatments [11

&&

,17,27]
and hold great allure, the studies are not definitive at
this point. Because of their cost and limited avail-
ability, biomarkers should clearly increase predic-
tion accuracy above clinical features and routine
laboratory tests, before they are incorporated in
prediction tools.
HOW GOOD ARE THE PREDICTIONS?

Although most studies focused on identification of
predictors, three recent studies reported on predic-
tion models that produce individualized predictions
[9

&&

–11
&&

].
Rypdal et al. [9

&&

], using data from 410 patients
from the Nordic cohort, showed that a simple model
can predict the absence of remission-off-medication
8 years later. Internal validation by cross-validation
showed an AUC of 0.78 (IQR 0.72–0.82). To achieve
this, the authors forced into the model active joint
count, physician global assessment, morning stiff-
ness and ESR and CRP values, and then added other
predictors that improved model accuracy. Further,
they presented models to predict functional
impairment (two measures), and joint damage.
The later models were developed on smaller subsets
of the cohort, perhaps adding some overfitting
(AUC in internal validation of 0.73, 0.74 and
0.73, respectively). The exclusion of laboratory tests
had little impact on model performance. An online
calculator was provided: http://predictions.no/.

Guzman et al. [10
&&

], using data from 1074
patients from the Research in Arthritis in Canadian
Children emphasizing Outcomes (ReACCh-Out)
cohort, developed a model to predict early remis-
sion-on-medication. The model fell short of conven-
tional thresholds of discrimination accuracy with
a c-index of 0.69 (CI 0.67–0.71), but had good
 Copyright © 2019 Wolters Kluwe

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
calibration. With 18 variables including measures
of disease activity, disease duration, pattern of joint
involvement, routine bloodwork and patient-
reported outcomes, the model is complex and cer-
tain predictors (e.g. ethnicity) may be peculiar to
their population. An online calculator was provided:
https://andrew-j-henrey.shinyapps.io/JIA_Remission_
Calc/.

Van Djikhuizen et al. [11
&&

], using clinical vari-
ables, plasma biomarkers measured by Luminex,
and gut microbiota information found no satisfac-
tory models to predict inactive disease within the
first 2 years of diagnosis for their full cohort. Models
for subsets of patients performed better. A model
derived from 52 patients with oligoarthritis
included baseline JADAS 71 score and a lower rela-
tive abundance of Mogibacteriaceae in stool (AUC
0.69 in internal validation). A model derived from
88 ANA positive patients included shorter duration
of morning stiffness and higher baseline haemoglo-
bin (AUC 0.72). Lastly, a model derived from 29
patients with RF-negative polyarthritis included
shorter duration of morning stiffness, higher hae-
moglobin and lower levels of the plasma biomarker
CXCL-9 (AUC 0.69). The authors rightly point out
that the small number of patients and large number
of considered predictors may have resulted on over-
fitted models.

These three studies should be considered
together with two previous studies. In 2012, Bula-
tovic et al. [7] reported a predictive model for lack of
response to methotrexate with an AUC of 0.65. It
included erythrocyte sedimentation rate and SNPs
in three genes (MDR-1/ABCB1, MRP-1/ABCC1 and
PCFT). In 2017, Guzman et al. [2

&&

] reported a pre-
dictive model for a severe disease course (defined by
longitudinal trajectories of quality of life, pain,
number of active joints and medication require-
ments and side-effects over 5 years) with a c-index
of 0.85 (CI 0.80–0.90) in internal validation. The
model included JIA category, active joint count,
pattern of joint involvement and other routine
information at diagnosis. An online calculator was
provided: https://shiny.rcg.sfu.ca/jia-sdcc/.
THE WAY FORWARD

The current status of JIA prediction research can be
described as one of opportunity. Several readily
available JIA features have been confirmed as pre-
dictors of later disease outcomes, suggesting their
inclusion may result in successful models; several
well established JIA inception cohorts worldwide
contain these baseline variables and have docu-
mented mid-term and long-term outcomes; there
are now well accepted outcome criteria and
r Health, Inc. All rights reserved.
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outcome measures for JIA; and there are a few prom-
ising prediction models that have been internally
validated.

Our assessment of published prediction models
suggests that increasing the stability of a dichoto-
mous outcome may improve model performance.
This may be achieved by using repeated assessments
of existing outcome criteria. One method is to
define disease trajectories over time [2

&&

], another
is to calculate cumulative time spent in disease states
defined by American College of Rheumatology or
JADAS criteria [55,56].

Immediate next steps include external valida-
tion of promising models [2

&&

,9
&&

] and new efforts
to develop models for short-term prediction using
global measures of the disease course, rather than
single-time events. Existing JIA cohorts should
greatly assist both these initiatives. Once validated
internally and externally, prediction models should
be trialed in practice to test if they improve out-
comes or result on more cost-effective care.
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 CURRENT
OPINION The role of epigenetics in paediatric

rheumatic disease

Amandine Charrasa and Christian M. Hedricha,b,c

Purpose of review
Autoimmune/inflammatory disorders can be stratified along a spectrum based on the primary involvement
of innate vs. adaptive mechanisms. Stratifying patients based on molecular mechanisms rather than clinical
phenotypes may allow for target-directed and individualized treatment.

Recent findings
Epigenetic events are gene regulatory mechanisms that contribute to inflammation across inflammatory
diseases and resemble shared mechanisms that may be used as disease biomarkers and treatment targets.
Significant progress has been made dissecting the epigenome in paediatric rheumatic diseases and
identifies associations with clinical phenotypes, treatment responses and disease outcomes. Here, we will
summarize and discuss epigenetic patterns in autoimmune/inflammatory disorders, underlying molecular
alterations and their effects on gene expression and immune phenotypes.

Summary
Structured investigation of epigenetic events, their causes and effects on immune phenotypes in
autoimmune/inflammatory, will improve our understanding of disease, deliver new diagnostic tools and
treatment options.

Keywords
chromatin, epigenetic, inflammation, methylation, paediatric

INTRODUCTION

Autoimmune/inflammatory disorders are character-
ized by inflammatory tissue damage that is the result
of pathological immune activation [1]. Autoinflam-
matory diseases are characterized by seemingly
unprovoked systemic or organ-specific inflammation
that is drivenby innate immunemechanisms (at least
initially) in the absence of high-titer autoantibodies
and autoreactive lymphocytes (Fig. 1) [2,3]. Autoim-
mune diseases result from a dysfunction of the
adaptive immune system, are characterized by the
presence of self-reactive B and T lymphocytes and/or
autoantibody production (Fig. 1).

It became increasingly clear that the division of
inflammatory conditions into either autoinflamma-
tory or autoimmune innature isanoversimplification
that does not fully reflect their molecular pathophys-
iology. Thus, a continuum of inflammatory disorder
was proposed, stratifying disease along an inflamma-
tory spectrum with monogenic autoinflammatory
conditions at one, and ‘classical’ autoimmune dis-
eases at the other end. Between these extremes, a
numberof inflammatoryconditions are characterized
by ‘mixed’ immunological patterns (Fig. 1) [1,4,3].

Reclassification of inflammatory disorders based on
mechanisms involvedmayallowpatient stratification
and allow target- and outcome-directed therapeutic
interventions in the future.

A group of regulatory mechanisms that is shared
between conditions along the spectrum are epige-
netic events [5,6]. They encompass modifications to
the chromatin that are both reversible and heritable,
and centrally contribute to the regulation of
gene expression and genome stability without
affecting the underlying DNA sequence [7,8–13].
Epigenetic mechanisms include DNA methylation,
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KEY POINTS

� Epigenetic mechanisms regulate gene expression and
contribute to the inflammatory phenotype in paediatric
rheumatic disease.

� Epigenetic mechanisms associated with autoimmune/
inflammatory disease include DNA methylation, histone
modifications and the expression or noncoding RNAs.

� Disease- and phenotype-specific epigenetic marks may
help to stratify patients based on
molecular mechanisms.

� Alterations to the epigenome may provide tools for
disease prevention, modifications to phenotypes or
target-directed treatment.

Autoinflammation

Autoimmunity

Rare monogenic 
autoinflammatory

disease

Rare monogenic 
autoimmune disease

polygenic autoimmune 
disease

polygenic autoinflam-
matory
disease

Mixed with combinaison
of innate immune and 

adaptative immune 
system dysregulation

FMF, TRAPS, CAPS

Crohn Disease, 
CNO, AGS

jSLE, JIA, JDM

FIGURE 1. ‘Inflammatory spectrum’ from autoinflammation
to autoimmunity. Autoimmune/inflammatory disorders can
be stratified along a spectrum based on the involvement of
primarily innate vs. adaptive immune responses. Exemplary
disorders discussed in the text are included. Figure modified
from [3]. FMF, familial Mediterranean fever; TRAPS, tumor
necrosis factor receptor-associated periodic syndrome;
CAPS, cryopyrin-associated autoinflammatory syndrome;
CNO, chronic nonbacterial osteomyelitis; AGS, Aicardi–
Goutières syndrome; jSLE, juvenile systemic lupus
erythematosus; JIA, juvenile idiopathic arthritis; JDM, juvenile
dermatomyositis. Based on [3].
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posttranslational histone modification and noncod-
ing RNA (Fig. 2) [14]. Here, we will discuss the
current understanding of epigenetic alterations in
paediatric rheumatic disease, its molecular causes
and possible clinical implications.
GENE REGULATION THROUGH EPIGENETIC
EVENTS

The addition of a methyl-group to the 5’ position of
the cytosine-pyrimidine ring is a potent mechanism
that reduces the binding of transcription factors and
RNA polymerases to DNA [10,12]. In nonembryonic
tissues, DNA methylation predominantly occurs at
cytosine–phosphate–guanosine (CpG) dinucleoti-
des and is established and controlled by DNA meth-
yltransferases (DNMTs) (Fig. 3). The link between
aberrant DNA methylation and altered gene expres-
sion was first established in cancer [15,16]. More
recently, disrupted DNA methylation has been
linked to the pathophysiology of autoimmune/
inflammatory disorders [17]. Historically, two clas-
ses of DNMTs have been distinguished: mainte-
nance DNMTs were claimed responsible for
remethylation of the daughter strand during cell
division, whereas de-novo DNMTs were believed
to act independent of preexisting patterns and/or
cell division [10–12]. More recently, it became clear
that the situation is more complex and functions
are redundant. The methyl-CpG-binding domain
(MBD) protein family has six members (MBD1-4,
Kaiso and methyl-CpG-binding protein (MeCP)2)
[18,19], which act as structural proteins and recruit
histone deacetylases (HDACs) and other chromatin
remodelling factors. This translates DNA methyla-
tion into histone modifications, solidifying chroma-
tin compaction and transcriptional repression [12].

DNA methylation is reversible, and in the absence
of DNMT activity, loss of methyl-groups can be
observed after several cell divisions. Furthermore,
active DNA demethylation can be achieved involving
DNA oxidation (Fig. 3) [20]. Hydroxymethylation of
DNA is the product of oxidation of methylated cyto-
sines withinCpGs and mediatedby the hydroxytrans-
ferase ten eleven translocation (TET) protein family
[20–24]. Reduced affinity to MBDs and increased
capacity of transcription factors to bind to hydrox-
ymethylated regions suggest DNA hydroxymethyla-
tion to be an ‘activating’ epigenetic mark [25–28].

Altered DNA methylation and hydroxymethyla-
tion became accepted molecular pathomechanisms
in various autoimmune/inflammatory conditions
[12]. However, DNA methylation and hydroxyme-
thylation patterns are complex and we are only
beginning to understand their precise implication
in autoimmune/inflammatory conditions.
r Health, Inc. All rights reserved.
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FIGURE 2. The three main epigenetic mechanisms. Epigenetic mechanisms include (a) posttranslational modifications to
histones, including acetylation (of lysine), methylation (of lysine and arginine), phosphorylation (of serine and threonine) or
ubiquitinylation (of lysine); (b) CpG DNA methylation; and (c) noncoding RNA expression, which contributes to the regulation
of targeted genes in concert with (a) and (b).

Pediatric and heritable disorders
Histones are small, arginine and lysine rich pro-
teins. In the nucleus of eukaryotic cells, histones are
organized in octamers that build complexes with
segments of 147 base pairs of genomic DNA that are
then referred to as nucleosomes. The N-terminal
part of histones (’tail’) is accessible to posttransla-
tional modifications that impact three-dimensional
arrangement of nucleosomes thereby regulating
gene expression [10–12]. Posttranslational modifi-
cations are manifold, and include methylation of
arginine or lysine residues, acetylation, ubiquityla-
tion and SUMOylation of lysine and phosphoryla-
tion of serine or threonine groups [29]. They
act sequentially or in combination and define the
‘histone code’ [30].

Although some histone modifications, includ-
ing histone H3 lysine 18 acetylation (H3K18ac) or
H3 lysine 4 trimethylation (H3K4me3), confer
accessibility of chromatin structures to the tran-
scriptional complex, H3 lysine 9 (H3K9me3) and/
or lysine 27 (H3K27me3) trimethylation mediate
chromatin contraction [5,10–12,17]. Several fami-
lies of enzymes are involved in this, including lysine
acetyltransferases, HDACs, lysine methyltransfer-
ases and lysine demethylases [31]. Alterations to
 Copyright © 2019 Wolters Kluwer H
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the histone code are involved in the pathophysiol-
ogy of autoimmune/inflammatory disorders [10–
12,32] and even more complex as compared to
DNA methylation [10–12].

Transcription of noncoding regions of the
genome reflects another regulatory mechanism
[33]. It occurs at the interface between the transcrip-
tion of genes, chromatin remodelling and the trans-
lation of mRNA into proteins. Several classes of
noncoding RNAs have been reported and classified,
including short regulatory noncoding RNAs, short
interfering RNAs and micro-RNAs, and long non-
coding RNAs (lncRNA: >200 nucleotides) [34]. Non-
coding RNA expression can confer an ‘open’
chromatin conformation and/or mediate inter-
actions between core promoters and (potentially
distant) enhancers [33]. LncRNAs affect three-
dimensional chromatin arrangement, protein decoy
and their putative role as molecular scaffolds,
lncRNAs act as a reservoir for small noncoding RNAs
[35,36]. Most lncRNAs can be processed by nuclear
ribonucleases (Drosha) and cytoplasmic Dicer into
micro-RNAs (miRNAs), which function as transla-
tional regulators [10,12,33,37–41]. Micro-RNAs
are 21–23 base-pairs long and interfere with gene
ealth, Inc. All rights reserved.
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expression through duplex formation with target
genes or transcripts, usually at the 3’ untranslated
region (3’UTR), resulting in transcriptional repres-
sion, mRNA cleavage or translational arrest
[12,37,38–40]. Micro-RNAs mediate fine-tuning of
30–80% of human genes [42]. Dysregulated ncRNA
expression has been linked with autoimmune/
inflammatory disease but remains incompletely
understood.
EPIGENETICS AND INFLAMMASOMES

Inflammasomes are cytoplasmic multiprotein com-
plexes consisting of a sensor (NLRP1, NLRP3,
NLRC4, AIM2 or pyrin), which, following ligand
contact, becomes activated and triggers inflamma-
some assembly. In the case of NLPR3, this happens
through the recruitment of the adaptor molecule
apoptosis speck-like protein with a CARD domain
(ASC) [43,44]. The result of inflammasome assembly
is the activation of inflammatory caspases, which
result in the cleavage of pro-IL-1b and pro-IL-18 into
their active forms. Activated IL-1b and IL-18 are
then released from cells. Furthermore, inflamma-
tory caspases induce proinflammatory cell death,
‘pyroptosis’ [45] that is mediated through gasder-
min D, a pore forming protein (Fig. 4) [46]. Muta-
tions in inflammasome-associated genes were
 Copyright © 2019 Wolters Kluwe
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among the first identified to cause monogenic auto-
inflammatory conditions [43]. In addition to gene
mutations, epigenetic mechanisms are involved in
the dysregulation of inflammasome activation in
autoinflammatory disorders.

Cryopyrin-associated periodic syndromes (CAPSs)
are caused by gain-of-function mutations in the
NLRP3 gene and result in spontaneous inflamma-
some assembly and IL-1b release [47]. Vento-Tormo
et al. [48] studied DNA methylation and inflamma-
some expression during macrophage differentiation
and activation. Monocytes stimulated with IL-1b

underwent enhanced demethylation of inflamma-
some-associated genes (IL1B, IL1RN, NLRC5 and
PYCARD) in CAPS patients as compared to controls
(Fig. 4). Changes were corrected in response to
anti-IL-1 blocking strategies. Thus, reduced DNA
methylation may alter disease phenotypes through
the amplification of inflammation in individual
CAPS patients and responds to treatment.

The more common autoinflammatory disorder
familial Mediterranean fever (FMF) is caused by
autosomal recessively inherited mutations in the
MEFV gene, encoding for pyrin. Initially, pyrin
was discussed as a regulator of the NLRP3 inflam-
masome [49]. It is now known that it builds com-
plexes with ASC, forming its ‘own’ inflammasome
and activating the transcription factor NFkB [43,50–
r Health, Inc. All rights reserved.
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53]. The MEFV gene contains a CpG rich regulatory
region (CpG island; CGI) spanning part of the first
intron and the second exon [54]. Kirectepe et al. [55]
described an inverse correlation between MEFV
transcription and CGI methylation in leukocytes
from FMF patients. Authors did not observe differ-
ential gene expression between FMF patients with
MEFV mutations as compared to FMF patients with-
out mutations, suggesting a link between DNA
methylation and altered splicing in exon 2 [56].
This may also explain why some patients with het-
erozygous mutations develop disease in a recessive
condition and [57] why clinical phenotypes can
change after moving to distant countries [58].
Although preliminary, these findings offer molecu-
lar mechanisms triggering disease expression in
genetically predisposed patients and/or altering
inflammatory phenotypes in FMF. This makes
DNA methylation a promising candidate in the
search for molecular biomarkers and/or future tar-
get-directed and individualized treatments.

Chronic nonbacterial osteomyelitis (CNO) is an
autoinflammatory bone disorder. In monocytes
from CNO patients, impaired activation of mito-
gen-activated protein kinases (MAPKs) extracellular
signal responsive kinase (ERK)1/2 result in reduced
phosphorylation/activation of the transcription fac-
tor Sp-1 and altered phosphorylation of histone H3
at position serine 10 (H3S10p), an activating epige-
netic mark [59]. Reduced nuclear abundance of Sp-1
and impaired H3S10p contribute to altered expres-
sion of immune-regulatory cytokines IL-10 and
IL-19, resulting in an imbalance between proinflam-
matory [IL-1b, tumor necrosis factor (TNF)-a, IL-6,
IL-20] and anti-inflammatory cytokines. This con-
tributes to enhanced IL-1b mRNA expression and
increased NLRP3 inflammasome assembly and IL-1b

release [60]. Reduced DNA methylation of NLRP3
and PYCARD, encoding for ASC, contributes to
increased gene expression (Fig. 4) [61

&

]. Currently,
it remains unknown which mechanisms mediate
DNA demethylation. However, it is tempting to
speculate that reduced IL-10 and IL-19 expression
and the resulting dysbalance towards proinflam-
matory cytokines may be involved [60]. Another
possible contributor to DNA demethylation is the
reduced activation of ERK1/2 [59,62]. Indeed, T
lymphocytes from systemic lupus erythematosus
(SLE) patients undergo DNA demethylation as a
result of reduced MAPK activation [63,64].
EPIGENETICS AND NUCLEAR FACTORKB-
RELATED PATHWAYS

The transcription factor nuclear factor (NF)KB plays
an important role for cell survival, proliferation,
 Copyright © 2019 Wolters Kluwe
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migration and tissue invasion, and is a master regu-
lator of inflammation. The NFKB family form homo-
dimers and hetero-dimers, which explains their
involvement in various biological functions and
differential regulation of target genes [65]. Inhibi-
tors of KB proteins (IkBs) retain NFKB dimers in the
cytoplasm. Their phosphorylation results in their
degradation and the translocation of NFKB to the
nucleus. Proinflammatory cytokines and pathogen-
associated molecular patterns mediate NFKB activa-
tion through their binding to cytokine receptors
(Fig. 4) [65].

Epigenetic mechanisms alter the activation of
NFKB in several paediatric inflammatory condi-
tions. Tumor necrosis factor receptor-associated
periodic syndrome (TRAPS) is a dominantly inher-
ited disease caused by mutations in the TNF
receptor superfamily 1A (TNFRSF1A) gene. Conse-
quences include abnormal TNFR1 cleavage, ligand-
independent activation of mutant TNFR1, activa-
tion of NFKB/MAPK, the generation of reactive oxy-
gen species and TNFR1 misfolding and retention
within the endoplasmic reticulum leading to acti-
vation of the unfolded protein response (UPR)
[18,19,21,28,66]. Studying missense (p.T50 M,
p.C88R) or splice (p.C472) mutations in TNFRSF1A,
Harrison et al. [67

&

] observed hypersensitivity of
dermal fibroblast to lipopolysaccharide and
increased IL-1b, IL-6 and TNF-a expression. In
response to activation of the UPR, IL-1b downregu-
lates miR-146a and miR-155. This affects negative
regulation of NF-kB and increases proinflammatory
cytokine production (Fig. 5).

Juvenile dermatomyositis (JDM) is a systemic
inflammatory disease affecting small vessels, lead-
ing to vascular and muscle damage [68]. Muscle
biopsies from treatment-naive JDM patients showed
the downregulation of miRNA-10a due to increased
local TNF-a production. Micro-RNA-10a interacts
with MAP3K 7, which participates in phosphoryla-
tion-dependent ubiquitination leading to IkB pro-
teolysis [69]. Thus, reduced miRNA-10a in JDM is
accompanied by overproduction of NFKB-depen-
dent inflammatory mediators, including IL-6, IL-8,
TNF-a, vascular cell adhesion molecule (VCAM)1
and monocyte chemoattractant protein (MCP)1
(Fig. 5) [70]. Micro-RNA-126 inhibits the expression
of VCAM-1 [71] that mediates adhesion of leuko-
cytes to endothelial cells and signal transduction. In
JDM, reduced miRNA-126 expression may promote
extravasation of inflammatory cells into the muscle
through VCAM-1. Thus, the regulation of VCAM-1
through miRNA-126 is a promising candidate in the
search for new target-directed treatments, but more
detailed deciphering of molecular mechanisms is
certainly required [72].
r Health, Inc. All rights reserved.
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EPIGENETIC MECHANISMS AND
CYTOKINE DYSREGULATION
Immune and stroma cells, such as epithelial
cells or fibroblasts, produce cytokines. Cytokines
constitute a complex signalling network that
modulates cell function and immune homeostasis.
Aberrant epigenetic regulation of cytokines has
been implicated in the pathophysiology of cancer,
infectious and autoimmune/inflammatory disease
[12,33,60,73].

Aicardi–Goutières syndrome (AGS) is a rare
inflammatory encephalopathy. It shares phenotypic
features with congenital infections and SLE. Muta-
tions in TREX1, RNaseH2 and SAMHD1 are associ-
ated with AGS. TREX1 is an intracellular nuclease
that is involved in the pathophysiology of SLE and
familial chilblain lupus. RNase H2 is involved in
hydrolysing cytoplasmic RNA:DNA hybrids and is
responsible for degrading mRNA. SAMHD1 regu-
lates cell’s intrinsic-antiviral and innate-immune
responses [74]. Epigenetic events are involved in
the pathophysiology of AGS. Pulliero et al. [75]
investigated miRNA expression in cerebrospinal
fluid lymphocytes from AGS patients. A total of
22 miRNAs were upregulated, most of which are
involved in the regulation of cell replication arrest,
the induction of neurotoxicity and inflammation,
and the inhibition of angiogenesis. Overall, dysre-
gulated miRNAs are related to neuronal develop-
ment, growth and differentiation, which may also
explain why SLE patients with polymorphisms in
AGS-associated genes (e.g. TREX1) more frequently
exhibit neurological involvement [76]. A detailed
analysis of miR-509 unveiled involvement in IL-1a

regulation contributes to T-cell recruitment and
proliferation. Exact underlying causes for dys-
regulated miRNA expression, however, remained
elusive.

Studies in juvenile-onset SLE (jSLE), JIA and
FMF patients identified dysregulation of miR-155,
with reduced expression in jSLE and JIA and
increased expression in FMF [77–79]. Other than
for most of the aforementioned miRNAs, func-
tional data on miRNA-155 are available. MiRNA-
155 contributes to proinflammatory signalling
[80]. In peripheral blood mononuclear cells
(PBMCs), miR-155 suppresses protein phosphatase
(PP)2Ac expression. Authors suggested a miRNA-
155/PP2Ac feedback loop regulating IL-2 release
[81]. The role of the PP2A/IL-2 axis is supported by
data from studies in SLE cohorts [82]. Increased
activity of PP2A in T cells from SLE patients con-
tributes to impaired production of IL-2 [83]. Thus,
delivery of miR-155 may be a potential future
therapeutic intervention in SLE and JIA to rescue
IL-2 expression.
 Copyright © 2019 Wolters Kluwe
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NONCODING RNAS IN JUVENILE
IDIOPATHIC ARTHRITIS
Juvenile idiopathic arthritis (JIA) is a group of related
conditions that together compose the most com-
mon chronic paediatric rheumatic entity [84].
Although previously considered as a group of auto-
immune diseases driven by altered T-cell responses,
recent evidence suggests an important role for
innate and adaptive mechanisms [85,86]. Hu et al.
explored the transcriptome of neutrophils from
treatment-naive polyarticular JIA patients. Authors
reported the dysregulated expression of miRNAs and
measured regulatory effects [87]. Among dysregu-
lated miRNAs with largest effects are miR-15/16,
miR-320, miR-384 and miR-223, which positively
correlate with immunologically meaningful gene
signatures including adaptive immunity, pathogen
response and T-cell differentiation, and miR-320
and miR-185, which negatively correlated with
immunologic gene signatures [88]. Authors also
validated the expression of five miRNAs: miR-127-
3p, miR-34a, miR-379, miR-494 and miR-551a [88].
miR127-3p is functionally involved in the B-cell
differentiation through posttranscriptional regula-
tion of BLIMP1 (required for plasma cell differentia-
tion and maintenance [89]) and XBP1 genes
(activated in B cells during their differentiation to
plasma cells [90]) [91]. MiR-34a is involved in the
regulation of immune responses to viral infections
and regulates inflammatory cytokine and chemo-
kine expression [92]. In mice, miR-494 inhibits the
expression of the phosphatase and tensin homolog
PTEN and activates downstream Akt-NFKB path-
ways, which contribute to myeloid-derived sup-
pressor cell (MDSC) accumulation [93]. Studies
in rheumatoid arthritis (RA) patients suggest a dual
proinflammatory and anti-inflammatory role of
MDSCs during arthritis progression that remains
incompletely understood [94]. Studies in oligoartic-
ular and polyarticular JIA cohorts identified the
upregulation of miRNA-16 and miRNA-146a in
the plasma of patients, which positively correlate
with IL-6 and inversely correlate with TNF-a levels.
Demir et al. [95] identified increased miRNA-16 and
reduced miRNA-204 levels in the plasma of patients
with oligoarticular or polyarticular JIA and claimed
that this imbalance may play a role in the associated
dysregulation of cytokine expression.

Long noncoding RNAs exert regulatory roles
and participate in various biological processes,
including chromatin remodelling, histone modifi-
cations and DNA methylation, and can serve as
transcription factors or enhancers [96]. An interest-
ing characteristic of lncRNAs is their relatively low
expression level with highly tissue-specific patterns
when compared to protein-coding genes [97].
r Health, Inc. All rights reserved.
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Studying neutrophils form polyarticular JIA
patients, Jiang et al. [98] observed altered expression
of lncRNAs. Six protein-coding genes and adjacently
transcribed lncRNAs were differentially expressed in
patients with inactive vs. active JIA: chondroitin
sulfate synthase 1 that is involved in cell prolife-
ration and morphogenesis, interferon induced
transmembrane protein 3 (IFITM3), leukocyte
immunoglobulin like receptor A5, phosphogluco-
mutase 5, promyelocytic leukaemia (PML) and zinc
finger CCHC-type containing 2. Although the func-
tion of some of these genes is not known, IFITM3
and PML mRNA expression is also increased in labial
salivary glands in primary Sjögren’s syndrome and
associated with immune responses [98,99]. Increas-
ing evidence suggests a role of PML during NLRP3
inflammasome activation and TNF signalling [100].

Taken together, long and short noncoding
RNAs are involved in the pathophysiology of JIA.
Although their molecular origin and the exact
involvement in the molecular pathophysiology
are only incompletely understood, noncoding RNAs
promise potential as disease biomarkers and/or
therapeutic targeting.
EPIGENETIC PATTERNS AS BIOMARKERS

Epigenetic patterns are dynamic, can be induced by
environmental influences and are heritable. Thus,
disease-specific and/or outcome-specific epigenetic
marks may be used as diagnostic tools and for
the prediction of disease outcomes. In oncology,
epigenetic alterations are already used as diagnostic
and/or prognostic tools which may even guide
therapy [101].

Aforementioned reduced MEFV DNA methyla-
tion in PBMCs from patients with FMF correlates
with inflammation [55] and may therefore be used
as a predictor of disease flares.

Spreafico et al. [102] examined DNA methyla-
tion in CD4þ T cells from polyarticular and
extended oligoarticular JIA patients before and after
withdrawing anti-TNF therapy and found differen-
ces between patients who maintained inactive
disease and those who flared. Furthermore, genes
in the MHC cluster were differentially methylated
and associated with outcome. They concluded that
DNA methylation may modulate responsiveness to
therapy and may allow patient stratification.

Long interspersed nuclear elements (LINEs) encode
for a family of eukaryotic retro-transposons that are
transcribed and translated into reverse transcriptase-
like proteins. The human genome contains approx-
imately 100 000 truncated and 4000 full-length
LINE elements that degenerated to an extent that
they are epigenetically silenced and no longer
 Copyright © 2019 Wolters Kluwer H
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expressed [103]. Huang et al. [104] established a link
between reduced methylation of LINE1 in PBMCs
and increased risk for the development of jSLE and
increased disease activity. Moreover, a correlation
between total homocysteine levels and LINE1 meth-
ylation was found, which may have preventive or
therapeutic implications in jSLE patients.

In addition to DNA methylation, miRNAs have
been studied as potential indicators of disease activ-
ity [105]. Ma et al. [106] observed reduced plasma
levels of miRNA-155 in oligoarticular and polyartic-
ular JIA patients when compared to controls. They
also noted a reduction in enthesitis-associated JIA
which was less pronounced when compared to poly-
articular JIA. Thus, miR-155 may be differentially
expressed between JIA subclasses. Abulaban et al.
[107] tested the presence of miRNAs in cell-free
urine from patients with SLE and/or lupus nephritis.
Micro-RNA-125a, micro-RNA-127, micro-RNA-
146a, micro-RNA-150 and micro-RNA-155 were sug-
gested to be differentially expressed in patients with
vs. without lupus nephritis [108–110]. Thus, miR-
NAs may be used as biomarkers for lupus nephritis.
EPIGENETICS AS TREATMENT TARGET

CpG DNA methylation inhibitors have been among
the first epigenetic treatments available (Fig. 6)
[111]. Methylation inhibitor function was described
for 5-azacytidine (azacytidine) and 20-deoxy-5-aza-
cytidine (decitabine) [112]. Both inhibitors are
approved for the treatment of acute myeloid
leukaemia, chronic myelomonocytic leukaemia
and myelodysplastic syndromes [113]. Several in-
vitro studies suggest therapeutic potential for DNMT
inhibitors in systemic inflammatory disease [114].
However, a central limitation of these agents is their
untargeted effect and associated risk of severe side-
effects through activation of otherwise methylated
genes [115]. Provided that potent anti-inflamma-
tory treatments with known and predictable side-
effects are available, no clinical trials in paediatric
autoimmune/autoinflammatory diseases have been
performed with DNMT inhibitors.

A hypothetical but promising approach may be
specific editing of the epigenome using CRISPR/
Cas9 technology [116]. Fusion molecules of Cas9
and the catalytic domain of DNMTs have been
generated to methylate target regions [117]. One
can imagine the future possibility of specifically
methylating regions of interest or to inactivate
DNMTs expression in a cell-specific manner.

DNA methylation can also be altered indirectly.
One approach may be depletion or reduction of
the DNMT substrate S-adenosyl methionine (SAM).
Methotrexate, a frequently used therapeutic agent in
ealth, Inc. All rights reserved.
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paediatric rheumatic disease, partially depletes SAM
and thereby reduces DNMTs activity [115,118,119].
Cyclosphophamide is a cytotoxic agent used in
patients with SLE or JDM. It indirectly affects DNA
methylation by preventing DNA replication [120].

Another possible target is DNMT induction. For
instance, DNMT1 is regulated by the PKCz/MAPK/
mTOR pathway [121]. Gorelik et al. [64] demon-
strated that oxidative stress contributes to PKCd

nitration, preventing its activation in SLE. Thus,
rapamycin (Sirolemus), an inhibitor of mTOR,
may have positive impact on RA [122,123] and lupus
nephritis [124] through DNMT1 activation.

Although histones modifications have not sys-
tematically been studied as therapeutic targets in
 Copyright © 2019 Wolters Kluwe
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autoimmune/inflammatory disease, some currently
used treatments affect histone modifications, for
example, through HDAC inhibition (Fig. 6). Indeed,
HDAC inhibition is a promising concept in systemic
autoimmune/inflammatory conditions [125].

An example for a current treatment affect medi-
cation with HDAC activity is mycophenolate mofe-
til. It is used in jSLE patients with lupus nephritis
[126]. Yang et al. [127] reported effects on H3/H4
acetylation in CD4þT cells with a decreased expres-
sion of CD40L.

Vorinostat (Zolinza) is currently tested in a clin-
ical trial in Crohn’s disease [128]. Butyrate exerts
anti-inflammatory effects through activation of
G-protein-coupled receptors and HDAC inhibition.
r Health, Inc. All rights reserved.
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It is currently used on the treatment of inflamma-
tory bowel disease and may be a candidate for other
autoimmune/inflammatory conditions [129].

Although promising in some regards, the exact
effects of HDACs on histone acetylation are incom-
pletely understood, unpredictable and not targeted.
As histone marks are complex, region and tissue
specific, HDAC treatment holds significant risk for
side-effects.

Noncoding RNAs participate in the induction
and limitation of immune responses [130]. Xu et al.
[70] suggested that the administration of miRNA-
10a may provide an effective strategy in JDM.
Lashine et al. [81] suggest to deliver miR-155 in jSLE,
thereby rescuing IL-2 expression. Hydroxychloro-
quine is an antimalaria agent frequently used in
SLE treatment [131]. Its impact on disease-associated
miRNAs expression was demonstrated in mice [132].
Therapeutically targeting lncRNAs could be an inter-
esting strategy to modify the expression of several
miRNAs at a time. Moreover, lncRNAs could be
interesting candidates because of their expression
in a highly cell-specific and tissue-specific manner.

Dietary interventions can alter epigenetic
marks and may therefore resemble preventive or
disease-modifying interventions. SAM is the main
donor of methyl groups for histone and DNMTs
[133]. Inappropriate intake of methionine, choline
(betaine precursor), vitamins B12 and B6 and/or acid
folic can reduce SAM production [134]. Epigalloca-
techin gallate (the most abundant catechin in green
tea), curcumin, genistein (an isoflavone found in
soybeans), caffeic acid (coffee) or chlorogenic acid
(found in aubergine, peaches, prunes and potatoes)
can impact SAM abundance by positively regulating
its expression (Fig. 6) [135].

Acetyl-CoA participates in various biochemical
reactions in protein, carbohydrate and lipid metab-
olism. It is the product of glycolysis and fatty acid
degradation through b-oxidation. Acetyl-CoA is the
first element of Krebs cycle and contributes to cit-
rate, succinate, malate and fumarate production
[136]. With the exception of citrate, these molecules
are competitive inhibitors of a-ketoglutarate, a
cofactor necessary for TETs enzymes and histone
demethylases [137]. Citrate allows for the genera-
tion of a-ketoglutarate, which is essential for the
function of TET enzymes and histone demethylases.
Acetyl-CoA is the substrate of histone acetyltrans-
ferases [138]. Ascorbic acid (vitamin C) is involved in
many biological processes by facilitating histone
demethylase [139] and TETs activity [140] (Fig. 6).

Taken together, therapeutic or dietary altera-
tions to the epigenome are possible and a promising
concept. However, currently available approaches
cannot be directly targeted making side-effects
 Copyright © 2019 Wolters Kluwer H
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unpredictable. Thus, they are holding a significant
risk of side-effects and are unpredictable.
CONCLUSION

As of today, paediatric rheumatic diseases are not
curable, significantly interfere with the individual’s
quality of life, psychomotor and/or psychosocial
development and mental wellbeing in a vulnerable
age-group and may limit life expectancy [141]. We
are only beginning to understand the involvement
of epigenetic mechanisms in paediatric rheumatic
disease. Studies focussing on epigenetic dysregula-
tion in childhood inflammatory disease may help to
understand the pathophysiology of disorders that
are associated with genetic risk factors that require
additional molecular ‘triggers’ to result in a clinical
phenotype (e.g. JIA, SLE and so on), may answer the
question of why monogenic disease may present
differently in individuals from the same family
(e.g. CAPS) and may inform us on why individuals
with monogenic autoinflammatory disease (e.g.
FMF) experience changes to their disease phenotype
when moving to a different country. Understanding
the exact disease-specific and/or stage-specific epi-
genetic alterations may deliver tools for early
and correct diagnosis and outcome prediction, dis-
ease prevention, individualized and target-directed
management.
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 CURRENT
OPINION Update on the treatment and outcome of systemic

lupus erythematous in children

Jackeline Rodriguez-Smitha and Hermine I. Brunnera,b

Purpose of review
Provide an update of studies published in last 2 years on the outcomes and therapies in childhood-onset
systemic lupus erythematous (cSLE).

Recent findings
Additional evidence has been provided about the benefits of universal hydroxychloroquine in SLE patients,
although antimalarial maculopathy may be more prevalent than previously thought. Recent studies support
lower glucocorticoid doses than used in the past may provide comparable therapeutic benefits, and cSLE
patients can mount adequate immunogenic response and sustain long-term seroprotective titers when
vaccinated. Long-term studies of adults with cSLE confirmed that damage accrual increases with disease
duration. Cardiovascular disease, renal transplants, replacement arthroplasties, and myocardial infarctions
occur between 20 and 40 years of age. Higher prednisone doses predicted higher damage trajectory and
antimalarial exposure was protective. There were no prospective clinical trials published in pediatric
patients with cSLE, but positive results from phase II trials with bariticinib and ustekinumab in adult SLE may
raise the expectation that these drugs could be beneficial when used in cSLE.

Summary
The dire need for more clinical trials and licensed medications for cSLE persist as well as decreasing
damage accrual.

Keywords
childhood-onset systemic lupus erythematosus, damage, hydroxychloroquine, outcomes, prednisone, treatment

INTRODUCTION

Systemic lupus erythematous (SLE) is a heterogeneous
autoimmune disease driven by autoantibodies and
proinflammatory cytokines with the potential to
cause multisystem damage. Childhood-onset SLE
(cSLE) occurs before the age of 18 years and typically
has a more severe clinical course than adult-onset SLE
(aSLE) [1]. Standard therapy includes glucocorticoids,
antimalarials, and additional systemic immunosup-
pression when disease is severe or refractory. Most
therapies in SLE are used off label [2]. Treatments for
cSLE remain understudied, especially with respect
to their impact on the physical, mental, and psycho-
social development that occurs during childhood
and adolescence. This review provides an update of
publications over the preceding 2 years relevant to
the treatment and outcome of cSLE.

TREATMENT

Glucocorticoid and antimalarials

Glucocorticoids, mainly prednisone and methyl-
prednisolone, together with antimalarials continue

to be the backbone therapies for SLE. Although most
recent publications have studied adults, some of the
reported findings appear applicable to cSLE. The use
of high-dose glucocorticoids in SLE is increasingly
being challenged. Ruiz-Arruza et al. [3] published
a case–control study of aSLE patients treated with
a restrictive regimen of oral prednisone (average
15 mg/day in year 1 and average of 2.8 mg/day in
years 2–5 post diagnosis, mandatory hydroxychlor-
oquine, and intravenous pulse methylprednisolone
for flares) vs. a historic control group of aSLE patients
treated with high-doses oral prednisone (average
36 mg/day in year 1 and average 9.4 mg/day in years
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KEY POINTS

� Recent studies have reaffirmed that hydroxychloroquine
has steroid-sparing affects, decreases flares, damage
accrual, infections, and increases survival.

� Reduced glucocorticoids doses have equal or better
therapeutic benefits than higher doses
of glucocorticoids.

� Phase II trials with baricitinab and ustekinumab in adult-
onset SLE patients have been shown that these drugs
are likely safe and efficacious with the potential
beneficial use in cSLE.

� Outcome studies in adults with cSLE show renal,
neuropsychiatric, and musculoskeletal are the most
prevalent damaged organs, cardiovascular disease
continues to occur early, and most patients remain on
glucocorticoid therapy.

Therapy and prognosis of SLE in children Rodriguez-Smith and Brunner
2–5), less strictly enforced use of hydroxychloro-
quine (100 vs. 52%), and fewer methylprednisolone
pulses for flares (32 vs. 12%) [3]. The restrictive pred-
nisone group accrued less glucocorticoid-related and
cardiovascular disease, while experiencing similar
overall SLE-related damage. This suggests that lower
doses of oral steroids, when combined with hydrox-
ychloroquine and intravenous methylprednisolone
pulses provide similar disease control but can reduce
overall damage with SLE.

Similar observations were made in the Lupus-
Cruces and Bordeaux Study [4]. Herein lupus
nephritis was treated with bi-weekly 125 mg pulse
intravenous methylprednisolone and intravenous
cyclophosphamide and low-dose oral prednisone.
The latter was rapidly weaned for the Lupus-Cruces
study. Comparison was made with the Lupus Bor-
deaux group where patients received less intrave-
nous methylprednisolone pulses with higher doses
and slower wean of oral prednisone. The Lupus-
Cruces group achieved remission of lupus nephritis
faster and at a higher rate. Thus, lower oral cortico-
steroid doses did not result in worse outcomes and
had the added benefit of lessening glucocorticoid-
related side effects. In addition, pulse methylpred-
nisolone use, instead of higher steroid daily oral
doses, may provide added therapeutic benefits.

Retinopathy from hydroxychloroquine is irre-
versible, and there is currently no treatment. Recent
studies suggest that the prevalence of retinopathy
with antimalarial use is higher (1.6–8.0%) than
previously believed (0.4–1.9%) [5]. In part, these
observations may be due to more sensitive screening
modalities such as spectral-domain optical coher-
ence tomography (SD-OCT). Risk factors for ocular
 Copyright © 2019 Wolters Kluwe
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toxicity with hydroxychloroquine use is a daily dose
exceeding the recommended maximum weight-
adjusted dose, exposure to hydroxychloroquine
for over 5 years, impaired renal function, tamoxifen
use, and macular disease [6

&&

]. The risk of ocular
toxicity from hydroxychloroquine intake for up to
5 years is less than 1% and increases to less than 2%
for up to 10 years. Ocular toxicity risk rises close to
20% with 20 years of daily hydroxychloroquine
intake, and the incidence of ocular toxicity is 4%
during each year thereafter [6

&&

]. The American
Academy of Ophthalmology (AAO) published
revised recommendations on screening for antima-
larials in 2016 [7

&

]. The recommended maximum
daily dose of hydroxychloroquine is 5 mg/kg based
on real weight, instead of ideal body weight as was
suggested previously [8]. Screening includes SD-
OCT with multifocal electroretinogram and fundus
autofluorescence. The cSLE Quality Indicators [9]
and the SHARE recommendations [10

&

] suggest that
children with cSLE should receive annual eye exams
while on hydroxychloroquine therapy of any dura-
tion, high prevalence of renal disease, cotherapy
of glucocorticoids, other ocular manifestation of
cSLE, and anticipated long-term use of hydroxy-
chloroquine. Despite heightened concerns, univer-
sal hydroxychloroquine therapy continues to be
recommended for cSLE [9,10

&

].
Given the profound benefits of antimalarial

therapy, the AAO emphasized that questionable
abnormalities on ocular screening should be verified
using another validated testing method prior to
discontinuing antimalarials with SLE [7

&

]. This is
because there is mounting evidence that continuing
antimalarials has multiple benefits such as main-
taining disease remission, decreasing SLE flare rates,
protecting against thrombosis, and increasing sur-
vival. These benefits were reaffirmed by recent pub-
lications that confirmed that antimalarials provide
protection against infections, decreases mortality,
are steroid sparing, and decrease damage accrual
[11,12]. A long-term clinical outcome study in
adults with cSLE and a median disease duration of
20 years reported that monotherapy with hydroxy-
chloroquine was associated with avoidance of
damage as measured by the Systemic Lupus Inter-
national Collaborating Clinics/American College
of Rheumatology Damage Index [SDI score; odd
ratio¼0.16, 95% confidence interval (CI): 0.042–
0.633, P¼0.009] [13

&&

]. This is in line with a longi-
tudinal cSLE study which showed that antimalarials
protected against an increase in damage trajectory
even when high-dose prednisone therapy was
deemed necessary [14

&

]. Notably, these cSLE studies
found benefits despite quite likely limited adher-
ence to hydroxychloroquine in a sizable proportion
r Health, Inc. All rights reserved.
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Pediatric and heritable disorders
of cSLE patients. The benefits of hydroxychloro-
quine are more pronounced in the setting of supe-
rior adherence [15].
Cytokine targeted therapies

Target-specific therapies against proinflammatory
cytokines linked to the pathogenesis of lupus are
underway. Since 2017, a few phase II, multicenter,
randomized, double blind placebo controlled trials
on aSLE showed promising results by targeting type
1 interferons, IL-12 and IL-23, and dual APRIL (a
proliferation-inducing ligand)/B lymphocyte stimu-
lator (Table 1) when added to the standard of care
(SoC) treatment of aSLE [16

&

,17
&&

,18]. Addition of
baricitinib (4 mg/day) to SoC therapy was superior
to placebo in achieving resolution of arthritis or rash
and aSLE improvement as measured by the SLE
responder index-4 (SRI-4). With these results, the
US Food and Drug Administration (FDA) granted
baricitinib fast-track status and a confirmatory
phase III study is underway.

Anifrolumab, a monoclonal antibody (mAB) of
the interferon alpha receptor, achieved greater
response as measured by the SRI-4 with sustained
reduction of oral steroids, greater improvement in
organ-specific disease features, such as cutaneous
and arthritis disease, and improved disease control
compared with placebo [19]. However, one of the
two phase III trials of anifrolumab failed to reach its
primary endpoint. The second phase III trial of fixed
dose of anifrolumab is still underway.

Comparedtoplacebo,ustekinumab,mAbagainst
p40 shared by IL-12 and IL-23, resulted in higher rates
of achieving a SRI-4 response (33 vs. 62%; P¼0.006)
[17

&&

]. Post-hoc analyses suggested a beneficial effect
on cutaneous involvement with aSLE. Unlike the
previously mentioned drugs, ustekinumab holds a
pediatric indication from the FDA for the treatment
of psoriasis in children more than 12 years.

The phase II trial with atacicept did not yield
significantly greater SRI-4 response compared with
the placebo. But a subgroup of patients with more
severe or serologically active disease treated with
150 mg of atacicept experienced higher rates of
SRI-4 response compared with placebo group [18].
Belimumab

Belimumab is approved for the treatment of active
aSLE based on a series of clinical trials. A long-term
extension study of belimumab of aSLE patients fol-
lowed for 13 years revealed that adverse effects and
infections rate remain stable over time [20

&

]. Based
on observed analysis, SRI response increased from
33% (88/268) at year 1 to 76% (68/90) at year 12.
 Copyright © 2019 Wolters Kluwer H
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Low-SLE activity status (SELENA-SLEDAI score �2)
increased from 8% (25/296) at baseline to 62% (46/
74) at year 12, and 13% of patients were able to
discontinue corticosteroids [20

&

]. Another study
compared organ damage in SLE patients enrolled
in the BLISS long-term extension study of belimu-
mab with matched control from a SLE Toronto
Cohort not receiving belimumab [21]. Over a 5-year
period, development of damage was significantly
lower in the belimumab group vs. controls (differ-
ence in SDI change¼�0.434; 95% CI �0.667 to
�0.201; P<0.0001). Intravenous belimumab has
been approved for cSLE therapy by the FDA in
2019 [22].
Vaccines

Infections are a major source of SLE morbidity and
mortality, with vaccines offering protection. Cur-
rent vaccine guidelines recommend that SLE
patients receive inactivated vaccines according to
schedules for the general population, and receiving
pneumococcal polysaccharide vaccine (PPSV23). If a
patient has not received the 13 valent pneumococ-
cal conjugate vaccine (PCV13), then the PCV13
should be administered at least 8 weeks prior to
the PPSV23 vaccine. Generally, live or live-attenu-
ated vaccines are contraindicated in immunocom-
promised patients. In SLE patients, live vaccines are
recommended on a case-to-case basis given the var-
iability in immunosuppressive treatments used for
disease control [23]. Such vaccines include vaccines
against varicella, live herpes zoster, measles,
mumps, rubella, yellow fever, intranasal influenza,
oral polio, and oral typhoid. No supporting evidence
has been shown that vaccine administrations may
cause lupus flares or newly initiate lupus features in
susceptible individuals [24]. A recent review of vac-
cination practices, safety, and efficacy summarizes
evidence that administration of pneumococcal,
influenza, hepatitis B, diphtheria and tetanus tox-
oid, hemophilus influenzae Type B (HIB), and
human papilloma virus (HPV) vaccines does not
prompt SLE flares [25].

Despite lack of strong evidence, it is recom-
mended to give vaccines when SLE is quiescent or
has low activity because most information of vac-
cine efficacy stems from patients with stable, con-
trolled SLE [23]. There is some evidence that high
disease activity and immunosuppressive therapies
(high cumulative dose of prednisone, mycopheno-
late, rituximab) can impact seroconversion rates and
antibody titer levels to some vaccines [26,27,28

&

].
Nonetheless, studies have shown that SLE patients
can mount an adequate immunogenic response
after vaccinations to protect against hepatitis A,
ealth, Inc. All rights reserved.
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hepatitis B, HPV, HIB, clostridium tetani, and diph-
theria [23,29]. Sequential vaccination of PCV13 and
PPSV23 protective serotype levels (>70% of sero-
types >1.3 mg/dl) were reported in 65 and 59% of
children with cSLE, as compared with healthy con-
trols with rates of 100 and 95% of the cases [28

&

]. A
steeper decline of antibody titers was observed when
rubella and hepatitis A titers were measured annually
for 3 years postdiagnosis in cSLE patients compared
with controls. Despite faster decline in titers, cSLE
patients sustained adequate seroprotection rates
for rubella (95% at diagnosis and 90% at 12 and
36 months) and hepatitis A (95% at diagnosis, 90%
at 12 and 89% at 36 months), respectively [26,30].

HPV vaccination is important because SLE
patients are at higher risks of abnormal pap smears
and precancerous cervical lesions compared with
healthy women [31,32]. In cSLE, HPV vaccination
was reported to be safe, not increase lupus flares,
result in high seroconversion rate more than 94%
[33,34]. For quadrivalent HPV vaccine, antibodies
persisted 5 years post vaccination (84–96%) in SLE
patients, although titer levels for serotypes 6 and 16
were lower compared with controls [27].

Vaccines are an effective method to keep SLE
patients healthy and decrease morbidity. The safety
and efficacy of inactivated vaccines have been dem-
onstrated by numerous studies. There is still need for
large prospective studies on long-term immunity of
vaccines in children past 5 years and if revaccination
may be required if titers decline below seroprotec-
tive levels.
OUTCOME

Time to diagnosis and mortality rates of cSLE
patients have improved. Most cSLE patients enrolled
in the Childhood Arthritis and Rheumatology
Research Alliance Registry were diagnosed by a pedi-
atric rheumatology within 1.4 months of symptom
onset [35]. However, delays in diagnosis of 3–12
months occurred in 23% and severe delay of over
1 year in 9% of patients, respectively. There were no
significant differences in disease activity among
children with rapid as compared with moderately
or severely delayed cSLE diagnosis. A family history
of lupus and residence in a state with higher density
of pediatric rheumatologists were associated with
earlier diagnoses while low family income and
younger age at symptom onset was associated with
severe delay, suggesting health disparities in diag-
nosing cSLE in North America.

Despite lower mortality with cSLE, morbidity
remains high [13

&&

,14
&

,35,36]. An international
multicenter study of 1048 cSLE patients with mean
disease durations of 3.8 years, showed that almost
 Copyright © 2019 Wolters Kluwer H
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half the patients had disease-related damage mea-
sured by SDI [37]. Two studies addressed the long-
term outcomes of adults diagnosed with cSLE. One
was a cohort of 111 adult patients with cSLE in
the Netherlands with median disease duration of
20 years [13

&&

] and the second in Canada assessing
the damage trajectory in 473 cSLE patients with
median follow-up 5.6 years (with maximum fol-
low-up of 26 years) [14

&

]. Both studies reaffirmed
that damage accrual increases with disease duration,
and often affects the musculoskeletal (i.e., avascular
necrosis and osteoporosis) and neuropsychiatric
system (i.e., cognitive impairment). Premature car-
diovascular damage remains a concern. Hydroxy-
chloroquine use was associated with lower damage
accrual. In a long-term study of Dutch cSLE patients
with median disease durations of 20 years, where
65% had a low disease score (SLEDAI-2K score�4) at
the time of the study, most types of cSLE manifes-
tations developed during the initial 2-years post
diagnosis. However, 68% of the patient still needed
steroid therapy, and drug free remission was rare
[13

&&

]. Cardiovascular disease, renal transplants,
arthroplasties, and myocardial infarction occurred
early, that is, at median ages of 20, 24, 34, and
39 years, respectively. Lim et al. [14

&

] reported steady
damage accrual throughout the disease course. Pre-
dictors of damage acquisition were treatment with
high doses of prednisone, cyclophosphamide use,
lupus headache, acute confusion, and threatening
major organ manifestations (lupus nephritis class
III–V, stroke, vasculitis, and myocarditis). African-
Caribbean patients with SLE had more organ dam-
age and persistently steeper damage trajectory than
Whites and Asians.

A prospective international multicenter cohort
of 467 patients showed that cSLE often impacts
emotional health and is associated with marked
worries about well being. The least impacted
domains of health-related quality of life (HRQoL)
were social and physical aspects, activities of daily
living, and social functioning [38]. Lower HRQoL
was associated with female sex, high disease activity,
presence of damage, non-White ethnicity, and the
need for cyclophosphamide or rituximab therapy.
For reasons not entirely clear, European and Asian
patients had the highest HRQoL and North and
South American patients had the lowest HRQoL.

The latest outcome studies confirm that there is
a deep lasting impact of cSLE into adult life. Disease
durations beyond 30 years were associated with
significantly worse physical and mental health
(SF36) compared with patients with a disease dura-
tion of less than 10 years [13

&&

]. As may be expected,
adults with cSLE have lower HRQoL compared with
the general population. Particularly cSLE-associated
ealth, Inc. All rights reserved.
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altered physical appearance, that is, rash or alopecia,
negatively impacted HRQoL, irrespective of overall
disease activity [13

&&

]. On average, active renal dis-
ease had no acute negative impact on HRQoL.
Adults with cSLE with or without organ damage
(SDI>0 vs. SDI¼0) only differed importantly in
their physical function.
CONCLUSION

There remains a great need for research in and
approval of drugs for cSLE. Profound morbidity from
cSLE continues, making research in better treatment
strategies mandatory. Despite recent data of more
common retinotoxicity from antimalarial long-term
use, steroid-related ocular side effects are currently
more common than hydroxychloroquine retinopa-
thy. Thus, research in the evidence-driven use of
intravenous and oral corticosteroids seems of utmost
importance and better insights about optimal use of
antimalarials are needed given their steroid sparing
effects and other beneficial impact on cSLE. Future
needs include rigorous studies of medicine for cSLE in
tested in clinical trials, development of treatment
strategies targeted to improve HRQoL.
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 CURRENT
OPINION Microbiome and autoimmune diseases: cause and

effect relationship

Ana Rita Nogueiraa,b,c and Yehuda Shoenfeldc,d

Purpose of review
The human body is the host of trillions of different prokaryotic microorganisms that colonize the skin and
the mucosae. The interaction between human cells and these organisms is mediated by the immune system,
sustaining a very complex and fragile balance. The immune cells need to prevent uncontrolled growth of
pathogenic microbes and promote tolerance toward the existence of the beneficial ones. Growing
evidence associates the disruption of this symbiotic relationship with the development of autoimmune
diseases.

Recent findings
Human studies led to the identification of gut dysbiosis patterns in patients with rheumatoid arthritis, lupus
and multiple sclerosis. Interestingly, the inoculation of pathogenic bacteria in animal models was
associated with the development of these autoimmune diseases.

Summary
A better understanding of the microbiota–human interaction will enable the development of novel treatment
choices. Currently, new molecules using helminth compounds are under investigation and have already
revealed promising results.

Keywords
helminth, microbiome, multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus

INTRODUCTION - THE MICROBIOME

The human body hosts trillions of microorganisms
[1]. From prokaryotic organisms to fungi, viruses
and protozoans, these organisms colonize the skin
and mucosa living in a symbiotic balance with us.
This colonization starts immediately after birth,
although the microbiota–human interaction may
start earlier, during the pregnancy [2].

Recently, the human microbiota has been stated
as an important environmental factor with the abil-
ity to shape the onset and the progression of many
diseases. Its interaction with the immune system is
of paramount importance [3]. On one hand, the
immune system prevents the excessive growth of
pathogens, which could lead to severe infections.
On the other hand, it has to promote some degree of
tolerance toward those antigens, to ensure the sur-
vival of the beneficial microorganisms. In its turn,
the microbiota enables the degradation of xenobi-
otics and complex carbohydrates, participating in
the regulation of energy and the production of
many vitamins and nutrients. It also has an impor-
tant role in the protection against the colonization
of pathogens [1].

The microbiota is a complex and dynamic eco-
system within the human organism. Some authors
state it as a prokaryotic organ with complex endo-
crine functions [4]. The exact mechanisms that
modulate the interaction between these microor-
ganisms and the host are still not fully understood.
Often, a specific bacteria plays a protective role in
the development of one disease but is associated
with a higher incidence of another disease, unveil-
ing the singular complexity of the microbe–host
relation [3,5]. Unquestionably, symbiosis relation
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KEY POINTS

� The interaction between the human microbiome and the
immune system is complex and fragile. Different
patterns of dysbiosis have been identified in patients
with autoimmune diseases.

� Experiments using animal models demonstrated a clear
connection between the presence of specific gut
bacteria and the development of an
autoimmune disease.

� Novel treatment strategies aiming to modulate the
microbiome in patients with autoimmune diseases are
under investigation.

Infections and environmental aspects of autoimmunity
between humans and bacteria can be disturbed. The
disruption of the microbial balance in the gut
can alter the bowel permeability and promote the
translocation of bacterial products, leading to
inflammation [1].
THE MICROBIOME AND AUTOIMMUNE
DISEASES

In the last decades, large population studies have
been conducted and shed some light on the compo-
sition of the human microbiota [6]. Many of these
bacteria are not eligible to be cultivated in vitro and
others have not yet been scientifically described [1].
The investigation of the microbial genome and
metabolic pathways is now possible, originating
the expression ‘microbiome’. The microbiome pres-
ent in the gut is one of the best studied. After a
process of rapid change in early childhood, it
remains stable during the adult life and goes
through a deteriorating stage in the elderly [1].
 Copyright © 2019 Wolters Kluwer H
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Furthermore, the composition of gut microbiome
can be clustered in three main enterotypes that are
independent of age, sex or geographical background
[5].

Historically, one of the first established associ-
ations between the host microbiota and the devel-
opment of an autoimmune disease was concerning
the oral colonization with Porphyromonas gingivalis,
the presence of periodontal disease and the onset of
rheumatoid arthritis. The proposed mechanism
is the local protein citrullination by this bacteria
and the development of antibodies against those
proteins, that cross-react with human antigens.
Although the causation is still controversial in the
literature, an experiment with mice was able to
demonstrate the association with oral exposure to
P. gingivalis, the development of anti-citrullinated
protein antibodies and the onset of arthritis and
bone erosions [7].
RHEUMATOID ARTHRITIS

Other research studies have assessed the presence of
specific bacteria species in the gut and analyzed their
role in development of the disease using mice mod-
els. Scher et al. [8] found a higher prevalence of
Prevotella copri in faecal samples of newly diagnosed
rheumatoid arthritis patients, compared to healthy
study participants. When germ-free mice were colo-
nized with these bacteria, they were more prone to
develop an inflammatory response, with higher
incidence of enteritis. This evidence was supported
by Maeda and Colleagues’ [9] work in which the
mice colonized with P. copri developed arthritis
earlier than the control group. A similar experiment
was performed using Collinsella aerofaciens, found to
be increased in another group of rheumatoid
ealth, Inc. All rights reserved.
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Microbiome and autoimmune diseases Nogueira and Shoenfeld
arthritis patients. After inoculate the mice with
these bacteria, the animals developed lower levels
of tight junction proteins in the gut, increased
expression of interleukin-17 and a higher suscepti-
bility to collagen-induced arthritis [10] (Fig. 1).
SYSTEMIC LUPUS ERYTHEMATOSUS

Recently, other authors highlighted the transloca-
tion of Enterococcus gallinarum from the gut to the
liver and lymph nodes, in lupus-model mice. Fur-
thermore, when these mice were treated with van-
comycin or immunized against E. gallinarum, their
survival improved and a decrease in the levels of
autoantibodies and Th17 lymphocytes was noticed.
Following these observations, high titres of E. galli-
narum antibodies and bacterial DNA in the liver were
identified in patients suffering from lupus and auto-
immune hepatitis, but not in healthy donors[11

&&

].
 Copyright © 2019 Wolters Kluwe
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On the other hand, when Mu et al. [12] inoculated
Lactobacillus in lupus-prone mice, the severity of
nephritis was significantly lower. Furthermore,
anti-inflammatory effects were observed, namely
repair of the damaged gut barrier, lower levels of
proinflammatory cytokines and an improved T reg-
ulatory cell (Treg)–T helper cell 17 balance (Fig. 2).
MULTIPLE SCLEROSIS

In another example, Beker et al. [13] demonstrated
higher levels of Akkermansia muciniphila in multiple
sclerosis patients, when compared to their healthy
twin siblings. Then, germ-free mice were colonized
with gut microbiota from the affected group or from
the healthy siblings. The animals transplanted with
the microbiota from multiple sclerosis patients
developed autoimmune encephalomyelitis at a
higher frequency. In another study, multiple
r Health, Inc. All rights reserved.
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Infections and environmental aspects of autoimmunity
sclerosis patients were found to have higher levels of
A. muciniphila and Acinetobacter calcoaceticus and
decreased quantity of Parabacteroides distasonis.
When mice were colonized with P. distasonis, higher
levels of Treg lymphocytes were observed, raising
the hypothesis of a protective role [14] (Fig. 3).
CONCLUSION

Identifying how dysbiosis affects the onset and
development of some diseases is the main challenge.
It may be difficult to distinguish whether the alter-
ation of the microbiota results as a consequence of
the disease process or it is a trigger to disease onset.
All these studies reflect the importance of micro-
organisms in the human health. Moreover they
establish a clear cause–effect relation in disease
development, when certain bacteria strains are inoc-
ulated in animal models, adding important evi-
dence to future research studies. This will help us
understand how microbiota changes can be induced
to promote the growth of the good bacteria.

New treatment choices are currently under
development. Faecal transplant, pre and probiotics
have already been considered in the treatment of
some autoimmune diseases, with promising prelim-
inary results [3]. Moreover, the use of helminth-
based compounds is currently under investigation.
Experiments with animal models have already
shown encouraging results with tuftisin–phosphor-
ylcholine, a helminth-derived molecule, conjugated
with tuftisin, a tetrapeptide naturally present in
humans. This molecule is able to favourably alter
the microbiome of mice with lupus, prevent the
development of lupic nephritis and significantly
reduce the levels of proteinuria in the animals with
the disease [15

&

]. The 20th century was marked by
antibiotic development and infectious disease con-
trol. However, in the 21st century, new hypothesis
are being designed and we will probably be able to
use microorganisms in our own benefit, in the
next years.
 Copyright © 2019 Wolters Kluwer H
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Sjögren’s syndrome
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Purpose of review
The purpose of this article is to draw attention to the role of Epstein–Barr virus (EBV) virus in the
pathogenesis of the primary Sjögren’s syndrome. The article introduces the problem of consequences of
EBV acute infection, and its reactivation, in association with the immune response modulation by the virus
and with an increased risk of developing systemic autoimmune diseases and EBV-associated cancers.

Recent findings
The knowledge about the mechanisms by which the virus may stay for years in a latent phase,
unrecognized by the host response immune cells is constantly expanding. There are several mechanisms
and theories about EBV influence on the autoimmune process in Sjogren’s syndrome (pSS), including the
similarity (molecular mimicry) between viral EBNA-2 protein and Ro-60 antigen or EBER-1 and EBER-2 viral
proteins and La antigen.

Summary
The influence of EBV infection on the development and course of pSS has been proven. It has also been
established that both EBV and pSS result in the increased risk of tumor (especially lymphoma) development.
In the light of these findings, new ways to manage EBV infections are being sought. Optimal methods for
assessing EBV infection status are being devised. Research also aims at finding therapies, which target EBV
through the inhibition of the autoimmune process and of viral activity. The present article is an attempt to
discuss the most important phenomena and elements linking EBV infection to the primary Sjögren’s
syndrome.

Keywords
epigenetics, Epstein–Barr virus infection, molecular mimicry, primary Sjögren’s syndrome

INTRODUCTION

Although primary Sjögren’s syndrome (pSS) is a one
of the most common systemic autoimmune disease,
considerably less attention is devoted to it, com-
pared to other such diseases, as: rheumatoid arthri-
tis, systemic lupus erythematosus (SLE), or even
antiphospholipid syndrome (APS). This may be
because of the fact that although pSS may affect
vital organs, it often has a slow and quite mild
course, with the dominant symptom being dryness
of mucous membranes, primarily causing kerato-
conjunctivitis, dental caries, and erosions in oral
mucosa. A frequent symptom of pSS is a chronic
fatigue, being a highly unspecified complaint and
not considered by doctors as a potential clinical
marker of chronic autoimmune disease. Other man-
ifestations pSS, such as interstitial lung disease
(ILD), vasculitis, or the involvement of the central
and peripheral nervous system or symptoms similar
to multiple sclerosis (SM-like syndrome) progress

slowly and covertly, which leads to their diagnosis
often in later stages of the disease. What is particu-
larly important, this rheumatic autoimmune disease
(RAD) significantly increases the risk of the
development of lymphoproliferative diseases.
Pathogenesis of pSS is still unclear; the damage of
endothelium barrier, release of autoantigens, lym-
phocyte B hyperproliferation with lymphocyte T
control breakdown, the production of autoantibod-
ies to ribonucleoprotein are all considered as lying at
the root of its pathogenesis [1,2]. Viral infections,
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KEY POINTS

� The EBV plays an important role as an autoimmune
trigger factor for pSS development.

� EBV has immunomodulatory properties, affects host’s
immune response, CD4þ and CD8þ T-cell activity and
infected B lymphocytes.

� Molecular mimicry between virus proteins, EBNA-1 in
particular, and Ro-60 antigen is one of the most
important mechanisms of autoimmunity induction by
EBV in pSS patients.

� EBV infection results in an increased risk of EBV
associated malignances; the risk of some of those
malignancies is raised by pSS as well, which may lead
to the risk accumulation.

� Prospects for the future treatments include epigenetics-
based therapies and protection against EBV infection
by developing an effective EBV vaccine.

Infections and environmental aspects of autoimmunity
especially with the Epstein–Barr virus (EBV), take a
prominent place among environmental factors,
which trigger the development of pSS by causing
a damage of epithelium and stimulation of the
innate and adaptive immune systems [3]. EBV is
widespread in the world; it is estimated that up to
90% of the population is infected with this virus.
The EBV belongs to the Herpesviridae family, which
also includes Herpes Zoster or cytomegalovirus
(CMV), EBV is characterized by its viral genetic
material consisting of double-stranded DNA
(dsDNA). EBV targets B-lymphocytes and its partic-
ularly important feature is the ability to remain in a
latent (dormant) state and to adapt to the host cell
cycle [4,5]. EBV has been shown to be an immuno-
modulator and activator of oncogenesis processes,
being associated with the occurrence of Burkitt’s
lymphoma, nasopharyngeal cancer (NPC), and post-
transplantation lymphoproliferative disease (PTLD)
in particular [6]. The aim of this review is to present a
potential role of the EBV infection in the develop-
ment of pSS and an impact of this infection on the
course of this chronic systemic autoimmune rheu-
matic disease (SARD).
CHARACTERISTIC OF PRIMARY
SJÖGREN’S SYNDROME

The prevalence of pSS is estimated from 0.1 to 0.8%
or even 1.4%, depending on the area or country the
epidemiological data are collected from [7,8] and
the classification criteria being deployed [9,10].
Sjogren’s syndrome is also referred to as ‘the auto-
immune epithelitis’, because epithelial damage
 Copyright © 2019 Wolters Kluwer H
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caused by the influence of triggering environmental
factors on the genetically susceptible individual
begins the autoimmune process. HLA-B8, LA-
DW3, HLA-DR3, and DRw52 are among the known
genetic factors that play a role in a predisposition to
pSS [4,11]. Currently, epigenetic phenomena that
cause variability and polymorphism of specific
genes are also taken into account as factors in the
development of autoimmune diseases, including
pSS [12,13]. Yin et al.[14] discovered that the T-cell
costimulatory CD70 gene overexpression on CD4þ T
cells is a result of the hypomethylation of a CD70
promoter – a phenomenon that may contribute to
the autoreactivity in pSS. It is known that the acti-
vation of the interferon pathway, called ‘interferon
signature’, is important in the pathogenesis of pSS,
as interferons are key players in a response to bacte-
rial and viral infections [15]. It has been shown that
the polymorphism of genes for interferons may be
important for the genetic susceptibility to pSS. Of
other genes studied in connection with pSS, a regu-
latory factor 5 (IRF 5) and STAT4 proved to be good
candidates for further research on their association
with the development of pSS [16].

As it was mentioned above, pSS begins with the
epithelial damage, which results in the release of
autoantigens, activation of the innate and acquired
immune response, including interferon (IFN) path-
way, and the activation of T lymphocytes, dendritic
cells, and macrophages to the production of B-lym-
phocyte activating factor (BAFF). The activation of
the innate response by Toll-like receptors (TLR-9,
TLR- 7) additionally increases the secretion of BAFF.
The B-cell hyperreactivity and overproduction of
autoantibodies, primarily for Ro and La ribonucleo-
proteins antigens, is an immunological indicator of
pSS. In the first stage of pSS, macrophages, dendritic
cells, and autoreactive T cells (CD4) – and in later
stage, autoreactive B cells – create infiltrations in
exocrine glands, especially in salivary and lacrimal
glands. Such infiltrations may also be found in other
organs and systems, for example, lungs, respiratory,
urinary, central and peripheral nervous system, and
alimentary tract. Frequently vasculitis occurs in pSS,
often as a result of the presence of cryoglobulins [17].

However, it is not the assessment of genetic sus-
ceptibility or immunological activity measured in
immunological tests, but clinical symptoms that
bring the patient to the physician and lead directly
to the diagnosis of pSS. The main and well known
clinical hallmark of this disease is the eye and mouth
dryness, but the presence of this symptom may indi-
cate that the disease has been already developing,
unrecognized, for a long period of time. Patients with
other pSS symptoms, for example ILD, recurrent
parotid glands lithiasis and parotitis, cholelithiasis,
ealth, Inc. All rights reserved.
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or nephrolithiasis may remain under the care of
specialists other than rheumatologists for a long
time, without pSS being diagnosed. Primary Sjögren’s
syndrome is most often expected in women at the
mean age of 30–55 years old – this being associated
with the role of hormonal imbalance in pSS patho-
genesis (hypothalamic–pituitary–adrenal axis –
HTPA) [18]. In the elderly population, symptoms of
exocrine gland dysfunction, symptoms of dryness,
arthralgia, and arthritis are often present, but many
be a result not only of pSS, but of other, independent,
or accompanying, diseases or even the effect of the
received treatment [19]. By contrast, a younger group
of patients revealed enhanced autoimmune activity
(autoantibodies production) without obvious dry-
ness symptoms [20

&

]. Children may also be affected
by pSS, although this diagnosis is rarely considered in
this group of patients [21].
THE CHARACTERISTIC OF EPSTEIN–BARR
VIRUS

As mentioned above, EBV is a herpesvirus 4 (human
herpesvirus-4, HHV-4), with DNA genetic material.
It is widely distributed in the world, occurring in two
subtypes: a more frequent type A (EBV1) and type B
(EBV2) – occurring mainly in Africa [4,5]. The differ-
ences between types are found in the Epstein–Barr
Nuclear Protein-2 (EBNA-2) antigen gene sequence.
It is particularly important that the human popula-
tion constitutes an exclusive reservoir for this virus.
What is interesting, this two subtypes of EBV may
coexist together in one subject. EBV-associated dis-
eases are presented in Table 1.

The genome of this virus is well known, its
characteristic feature is its occurrence in two forms:
 Copyright © 2019 Wolters Kluwe

Table 1. EBV-associated diseases and autoimmune

diseases with the role of EBV in pathogenesis

Diseases associated with EBV
Autoimmune disease
associated with EBV

Mononucleosis SLE

Nasopharyngeal cancer RA

Non-Hodgkin lymphomas pSS

Burkitt’s lymphoma SSc

Posttransplant lymphoproliferative
disease

SM

Cervical cancer Allergic diseasesa

Gastric cancer DM-1

Breast cancer Chronic fatigue syndromeb

aStudies suggest that the EBV infection could precipitate atopic diseases
[22,23].
b[24,25].

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
the linear DNA structure, which occurs in the lytic
phase of infection and the episomal form (circular)
in the latent phase [4,5]. The creation of the
episomal form, with the ‘concealment’ of certain
viral proteins (antigens), is particularly important in
the autoimmune process and allows for the reacti-
vation of the infection under certain conditions.
The significant virus proteins and their main func-
tions and properties are presented in Table 2
[4,5,30].

The latent phase is a virus strategy for how to
avoid the elimination by the host. Depending on
the expression of the virus proteins, there are three
types of latency – a fact important mainly in oncol-
ogical diagnostics [26]. There are three types of
latency:
(1)
r H

rved.
Type I: EBNA-1 and EBE-1, EBER-2 (encoded
RNA) – Burkitt lymphoma; gastric cancer;
(2)
 Type II: latent membrane proteins (LMP1,
LMP2A, LMP2B) – nasopharyngeal cancer,
Hodgkin disease, NK/T cell lymphoma;
(3)
 Type III: EBNA-1, EBNA-2, EBNA-3A, EBNA-3B,
EBNA 3C, EBNA-LP, LMP-1,2A,2B – immuno-
suppressive lymphoma (PTLD, AIDS).
The simplified scheme of EBV life cycle is pre-
sented in Fig. 1.

Importantly, the target cells for the virus are
relatively long living B-lymphocytes. They are tar-
geted both in the acute phase of infection, when the
infection leads to host cell death, and in the latent
phase, when the virus, residing – thanks to EBNA-1
protein – in the form of an episome, maintains
activity in the host cells. This ‘hidden’ virus repli-
cates simultaneously with the host cells replication
cycle and residues in a daughter cells. Additionally,
EBV infection, by the means of the apoptosis inhi-
bition by EBNA proteins and LMP -1 (in-vitro study),
leads to immortalization of B cells and enhanced
B-cell proliferation [27].
DETECTION OF ANTIBODIES TO
RECOGNIZE THE VIRUS STATUS

The assessment of the presence of antibodies for
specific virus proteins is a tool for establishing the
status of EBV infection in human body. In Table 3,
the main principle for the interpretation of the EBV
antibodies results is presented. Viral capsid antigen,
early antigen, Epstein–Barr virus nucleolar antigen,
EBV-DNA PCR

However, the discussion on the interpretation of
results of serological test is still ongoing. It is known
that in some clinical situations, for example organ
transplants, the EBV-specific antibodies may not
ealth, Inc. All rights reserved.
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Table 2. Significant EBV proteins

Protein Main functions/properties

EBNA-1 (Epstein–Barr nuclear protein-1) The maintenance of the virus genome, creation of episomes; a protein undetectable for
cytotoxic T lymphocytes.

EBNA-2 (Epstein–Barr nuclear protein-2) Lymphocyte B immortalization; an activator of the transcription of viral genes and
protooncogene c-myc; differentiates EBV types.

EBNA-3A (Epstein–Barr nuclear protein-3A) A nuclear regulator of transcription; a protein necessary in the process of immortalization.

EBNA-3B (Epstein–Barr nuclear protein-3B) A nuclear regulator of transcription; induces a vimentin and CD40 expression.

EBNA-3C (Epstein–Barr nuclear protein-3C) A nuclear regulator of transcription; a protein necessary in the process of
immortalization; induces the expression of viral genes (LMP-1) and CD21.

EBNA-LP (Epstein–Barr leader protein) Activates the blast transformation of B lymphocytes; regulatory factor of cells apoptosis;
interacts with EBNA-2.

LMP-1 (Latent membrane protein-1) Activates the blast transformation of B lymphocytes; oncogenic protein.

LMP-2A (Latent membrane protein-2A) Membrane protein; expressed only in episomal form of EBV; unexplained function.

LMP-2B (Latent membrane protein-2B) Membrane protein; expressed only in episomal form of EBV; unexplained function.

EBER-1 (Epstein–Barr encoded RNA-1)
EBER-2 (Epstein–Barr encoded RNA-2)

A short noncoding RNA transcription regulator, involved in the information transfer,
induction of antiapoptotic Bcl-2 gene and IL-10. High EBERs expression in
nasopharyngeal cancer, Burkitt’s lymphoma, mononucleosis.

Protein Z (ZEBRA) The influence on the transition from the latent cycle to the lytic phase; R protein stimulation.

Protein R An activator of the transcription.

FIGURE 1. Simplified scheme of EBV infection. Figure presents a schematic chart of the EBV infection and its two main
pathways: (a) lytic pathway with a host cell death and releasing of progeny virions; (b) lysogenic pathway with a virus latency
in host B cells and the replication of the viral genetic material simultaneous to the replication of host cells.
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Table 3. The interpretation of presence of the EBV

antibodies

Recent
infection

Previous
infection Reactivation PTLD

Avidity Low High High

VCA-IgM þ þ/� þ þ/�
VCA-IgG þ þ þ þ/�
EA - IgG þ � þ þ/�
EBNA-1 IgG � þ/� þ þ/�
EBERs � � � þ
EBV DNA PCR þ � þ þ

VCA, viral capsid antigen; EA, early antigen; EBNA, Epstein–Barr virus
nucleolar antigen; EBERs, EBV-DNA PCR; þ, positive; �, negative.
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emerge at all or in a time or sequence other
than standard.

In table EBNA-2 and LMP-1 antibodies to latent
proteins are not presented, as their variable expres-
sion limits their introduction to wider diagnostic
[28]. Still their presence may be of importance in
PTLD, Hodgkin’s lymphoma or nasopharyngeal
cancer.

The transduction of the virus from latent to lytic
state (reactivation) is possible in specific circum-
stances, such as a decrease of immune-resistance,
therapy with immunosuppressive drugs or steroids,
hormone disbalance and increase of the antitumor
necrosis factor activity. It is known that other pro-
teins such as EBV trans-activator protein Z (called
also ZEBRA) and protein R (BRLF1) are a transcrip-
tion activators and are considered as strong indica-
tors of reactivation. Protein Z inhibits the protein
LMP-2, which is ‘a start signal’ for virus replication.
Both proteins, ZEBRA in particular, are considered as
potential biomarkers of cancer and PTLD develop-
ment. Although reports are ambiguous, Dardari et al.
[29] found that IgG-ZEBRA antibodies increase only
in the young NPC patient group. EBNA-2 is an acid
nuclear phosphoprotein, which is a gene transcrip-
tion activator for both viral and cells genes,
influences the expression of protooncogene c-myc,
impacts other latent proteins, and stimulates the
expression of CD23 and CD21 receptors [30]. It also
allows to distinguish two types of EBV virus, but is
not used in routine screening in EBV infection [5].
Epstein–Barr virus-driven malignances

EBV is an oncogenic virus, due to its biology with
tropism to B-cells. As its main place of entry into the
host’s body is the epithelium of oral cavity and sali-
vary glands, EBV causes neoplasms derived mainly
 Copyright © 2019 Wolters Kluwe
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from lymphoid and epithelial tissue. The breakdown
of the host immune regulation, B-cell immortaliza-
tion and stimulation of B-cell proliferation – the
mechanisms similar to those recognized in pSS – lead
to the monoclonal proliferation and development of
carcinogenesis, including lymphoma.

Recently, the role of exosomes – extracellular
vesicles transferring proteins, DNAs, mRNAs, miR-
NAs between cells – in viral and cancer ethiopatho-
genesis is studied [31

&&

]. Exosomes may be secreted
from EBV infected cells. They contain pathogenic
factors, such as latent membrane proteins (LMP1,
LMP2A), noncoding RNAs protein (EBERs), hypoxia-
inducible factor-1a (HIF1a). It is considered that the
EBV exosomes are involved in the pathogenesis of
infection – in the internalization, survival, and
spread of EBV; they may also play a role in the
EBV-associated carcinogenesis. It was demonstrated
that exosomes transfer EB-specific miRNA (ebv-miR-
BART13-3p) from B cells to salivary epithelial cells in
patients with pSS [32]. The virus proteins such as
ZEBRA, LMPs, or EBERs mentioned above are impor-
tant in the pathogenesis of cancer. In the peripheral
blood of patients with EBV-associated cancers, espe-
cially NPCs, the genomic DNA of EBV is found [33].
MECHANISMS OF INDUCTION OF
AUTOIMMUNITY BY EPSTEIN–BARR
VIRUS IN PSS

Molecular mimicry

Molecular mimicry is defined as structural similarity
between microbial/viral peptides to self-peptides. It
leads to the activation of autoreactive T or B cells
[34,35

&

]. Molecular mimicry concerns not only
infectious factors, but may also occur in case of
microbiota, viruses, and chemical agents, leading
to the induction of autoimmunity in genetically
susceptible subjects [35

&

,36].
In case of EBV, evident similarity has been shown

by cross-reactivity between EBNA1 and the Ro (SSA)
autoantigen, resulting in cross-reactive antibodies. It
is possible that through this mechanism Epstein–
Barr is also associated with the pathogenesis of mul-
tiple sclerosis. It has been shown that anti-EBNA-1
antibodies increase in patients with multiple sclerosis
[37]. Recently, attention has been paid to the cross-
reactivity of EBNA-1 and the human protein: hetero-
geneous nuclear ribonucleoprotein L (HNRNPL) in
patients with multiple sclerosis [27]. However, signif-
icance of HNRNPL as auto-antigen in multiple scle-
rosis still needs explanation.

Fox et al.[38] study showed that anti SS-B/La
antibodies may precipitate with cytoplasmic pro-
teins complexed with EBER-1 and EBER-2 viral
r Health, Inc. All rights reserved.
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proteins. In 1981, Lerner et al. [39] also discovered
that anti-Ro/La autoantibodies precipitate proteins
complexed with EBERs.

Many of these observations come from the study
of patients suffering from other SARDs, such as
systemic lupus erythematosus or rheumatoid arthri-
tis. In patients with SLE, molecular mimicry with
EBV was described primarily with association to the
virus infection and stimulation of anti-Ro autoanti-
body production [40]. In the case of rheumatoid
arthritis, mimicry concerned antibodies to viral cit-
rullinated peptides, correlated with ACPA human
antibodies [41].
T-cell costimulatory gene CD70
overexpression

T-cell costimulatory gene CD70 overexpression on
CD4þ T cells occurs because of the hypomethylation
of CD70 promoter. It may contribute to the autor-
eactivity in pSS [Yin], and in EBV infection [14,42].
CD70 is the membrane-bound ligand of the CD27
receptor derived from receptors for tumor necrosis
factor superfamily [14]. Its expression on activated
T, B, and dendritic cells is transient. CD70/CD27
costimulation plays an important role in T-cell acti-
vation. CD70 is expressed also by B cells in EBV-
associated malignancies [42].
Hypothesis of genetic susceptibility for
autoimmunity process triggering by EBV

In some individuals exists a susceptibility for the
development of autoimmune diseases as a conse-
quence of EBV infection. It is associated with the
increased virus uptake by B cells (expression of CD21
receptors) or by epithelial cells [43]. Autoreactive
infected EBV B cells (maintained in target organ)
send a costimulatory signals to autoreactive T cells
but this signal leads to the activation of T-cell
apoptosis [43].
CD8R T-cell deficiency

The theory about impaired EBV-specific T-cell
response in autoimmune diseases is based on genetic
susceptibility to CD8þ deficiency and imbalance
between CD4þ and CD8þ T cells (increased CD4þ/
CD8þ ratio). It was proposed years ago (1980s). This
mechanismleads to autoimmunitydevelopment – as
was highlighted in many of SARDs, for example
rheumatoid arthritis, SLE, SSc, SM, and also in path-
ogenesis of pSS [44]. However, there is still a discus-
sion on whether the deficiency may result from the
accumulation of CD8þ T cells in the target organs
specific for autoimmune disease. It is known that
 Copyright © 2019 Wolters Kluwer H
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infections, including EBV, may stimulate CD8þ T
cells as a host defense cells, but it can also be a cause
for their sequestration in the EBV target organs.

Pender [45] presented theory that CD8þ defi-
ciency, increasing CD4þ/CD8þ ratio, combined
with sunlight deprivation and vitamin D deficiency
impairs the host control over EBV infection. It is also
associated with the increased susceptibility to the
development of EBV-associated autoimmune dis-
eases. Vitamin D decreases CD4þ/CD8þ ratio due
to the increase in CD8þ T cells numbers and could
play a significant role in CD8þ T-cell response [46].
Rancan et al. [44] found that LMP2A reduces the
reactivity of CD8þ T cells against EBV-infected B
cells. In conclusion, LMP2A decreased immune
response against EBV.
The role of viral IL-10

EBV produces viral interleukin-10 (vIL-10). It is a
product of the EBV replication gene BCRF1, which
has a structural and functional similarity with the
human cytokine IL-10 [47]. It is important that vIL-
10 inhibits cytokine production by CD4þ T lympho-
cytes and B-cell proliferation and differentiation. It
influences the initial steps of immune response,
inhibiting macrophages, dendritic cells, and lym-
phocytes T, and antiviral activity of interferons. This
downregulation of T-cell dependent host response is
one of the viral strategies to avoid elimination by the
host. It confirms both immunomodulatory and
immunosuppressive effects of EBV [47].
Lipocalin, a-fodrin, and EBV early antigen

Antibodies directed against EBV early antigen diffuse
component (EA-D), which is a marker of EBV reacti-
vation, also recognize a-fodrin fragments released
after epithelial cell degradation. This antibodies also
binds tear lipocalin, a major tears protein, and this
way modify its protective function on epithelial cells.
Navone et al.[48] suggest that tear lipocalin is a puta-
tive autoantigen target in pSS. This observations also
proves a similarity between EBV protein (EA-D) and
human antigens (a-fodrin and lipocalin).
Immunomodulating and antiapoptotic viral
antigens associated with lytic and latent
phase of EBV infection

During the lytic cycle, EBV expresses an immuno-
modulatory (BCRF1, BARF1, BNLF2A, BGLF5, BILF1)
and antiapoptotic (BHRF1, BALF1) proteins, making
EBV capable to alter or modify host’s immune
response to virus, inhibit B-cell apoptosis, and
stimulate the polyclonal and monoclonal
ealth, Inc. All rights reserved.
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lymphoproliferation. In the latent phase, the infected
B cells express latent proteins, but the progressive
downregulation of this expression allows the infected
cells to differentiate into a germinal center centrocyte
and transform to the memory stage [49

&

].
DISCUSSION

Croia et al. [50] found that memory B cells and
plasma cells maintained in salivary glands ectopic
lymphoid structures (ELS) in patients with pSS are
positive for LMP2A and EBV lytic-phase antigen
BFRF1. The authors performed interesting experi-
ment, generating human SS/SCID mouse chimeras
and engrafted them salivary glands (including ELS)
from human. After that, human anti-EBNA-1 and
anti-VCA antibodies were still produced and their
production was closely related to the production of
topical anti-Ro/La antibodies. This proves that the
salivary glands of EBV-infected patients with pSS
may be a source of EBV-antibodies. As it has been
recently demonstrated, the level of anti-EBV anti-
bodies is also significantly increased in serum of the
majority of patients with pSS. It is also important
that plasma B cells that produce anti-Ro autoanti-
bodies (particularly the Ro-52 subunit) are associ-
ated with the infection and stimulation of the EBV
virus. The correlation between EBV reactivation or
even acute infection and pSS is widely investigated.
It was proved that EBV early antigen was confirmed
to be more likely found in sera of patients with pSS
than in those of healthy controls. EBV early antigen
correlated with autoantibodies production [51]. I
was presented and discussed that EBV reactivation
is significantly more often observed in individuals
with pSS or dryness symptoms than in healthy group.
EBV infection should be taken into account as a
triggering factor of dryness symptoms and salivary
glands dysfunction [52,53]. The role of EBV in the
 Copyright © 2019 Wolters Kluwe

Table 4. Comparison of main Epstein-Barr virus (EBV) activities a

EBV

Epidemiology Affected about 90% population

Genetic susceptibility CD 70; CD8þ T-cell deficiency

Modulation of immune
response

Activation and modulation of IFN pathway, in
on T-cell response, and maturation and prolife
B-cells
Formation of germinal centers

Targeted cells B cells

Targeted organs Salivary glands, oropharyngeal epithelium

Oncology Burkitt’s lymphoma
Nasopharyngeal cancer
Lymphoproliferative disease
Gastric and breast cancers

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
malignances of lymphoid structures and in epithelial
malignances is well documented. The presence of
specific viral proteins and the vasculogenic mimicry
of cells infected with EBV lead to the development of
vascular networks of the tumor. This development
correlates with the tumor growth and is independent
from VEGF and the control of the vascularization by
healthy epithelial cells. The knowledge of this mech-
anism may facilitate the diagnosis and monitoring of
cancer treatment [54

&&

].
There are discovered epigenetic mechanisms that

induce a carcinogenesis. These include viral DNA
methylation, which regulates a type of virus latency
and also influences the methylation of host cell DNA,
which may lead in turn to the progression of carci-
noma [55]. Because of the DNA methylation, some
cellular genes are inactivated, which leads to cell life
cycle dysregulation and antiapoptotic effects [55].

Currently, the attention is also focused on exo-
somes, which may be potentially diagnostic and
prognostic markers in the EBV- and pSS-related
cancers [56

&&

,57]. Exosomes may also be the target
of an anticancer therapy, but this needs further
studies. Expanding knowledge about exosomes
may also be helpful in developing an effective
EBV vaccine, which will also have an impact on
diseases mediated by this virus, including pSS [56

&&

].
EBV mainly modulates the humoral response

due to its tropism to B cells and an increase in
autoantibodies production. This leads to the con-
clusion that the effective viral suppression could
reduce the activity of the autoimmune disease,
whereas the therapy with the depletion of CD20
lymphocytes brings two effects: lowering of the
autoimmune disease activity and of the EBV activity
as well. Thus, such therapy may affect both the
disease and the stimulating factor [58]. The compar-
ison of main features of EBV infection and of pri-
mary Sjögren’s syndrome were presented in Table 4.
r Health, Inc. All rights reserved.

nd primary Sjögren’s syndrome (pSS)

pSS

0.8–1.2% of general population

CD 70; CD8þ T-cell deficiency

fluence
ration of

Activation of IFN pathway
Activation of immune response with activation of B-

cells and autoantibodies production
Formation of germinal centers

B cells

Salivary glands, epithelium

Predominant MALT lymphomas (B cells lymphoma, rare
T, and NK cells lymphomas)

rved. www.co-rheumatology.com 481



Infections and environmental aspects of autoimmunity
Future perspectives

The knowledge about role of EBV in pSS pathogenesis
and influence of this virus on human immune system
instigates the search for therapies that may inhibit
virus activity and this way also inhibit the develop-
ment of autoimmune diseases, including pSS. Antivi-
ral agents as acyclovir, ganciclovir, or vidarabine are
mainly used in EBV replication in AIDS with hairy
leucoplakia. Immune modulators such as monoclo-
nal antibodies, mainly anti-CD20, but also anti-CD21
and anti-CD24, are used in transplant recipients and
in AIDS in the situation of development of EBV-
related LPD, and in cases of EBV-DNA presence in
the peripheral blood of patients after organ transplan-
tation [34]. Anti-CD-20 antibodies and immunoglo-
bulins in combination with antiviral therapy are the
method of elimination of infected B cells [34]. Vac-
cines against EBV are still only in clinical trials (CT).
Main candidates for vaccine targets are EBV glycopro-
tein 350 (gp350), lytic proteins (ZEBRA and R pro-
tein), and latent proteins EBNA-2, EBNA-LP [59

&&

,60].
The gp350 vaccine approached second phase of CT; it
stimulates EBV neutralizing antibodies. This vaccine
reduces acute EBV infections, such as mononucleosis,
but does not influence the lytic phase of the infection
[59

&&

]. Attempts of combining vaccines for gp350
protein and for other lytic and latent proteins can
be more effective [59

&&

,60]. The search for an effective
protection against EBV infection and its reactivation
is of particular importance for the inhibition of the
development of certain EBV-associated cancers or for
augmenting their therapy, and for the prevention of
posttransplant lymphoproliferative disease. The
knowledge of epigenetic mechanisms, including
those associated with EBV infection, gave rise to
the search for new epigenetics therapies. Forexample,
targeting CD70-positive malignancies with CD70-
specific monoclonal antibodies may potentially
impair cellular immune responses, which would be
particularly important for the treatment of cancers by
killing CD70-positive tumor cells [61]. As the example
of the epigenetic therapy, a treatment of gastric can-
cer associated with EBV infection (EBVaGC) can be
mentioned, where decitabine and azacytidine-DNA
demethylating agents, which inhibit the EBVaGC cell
growth, are applied [55].
CONCLUSION

The main problem with the interpretation of the
significance of EBV infection is the extremely wide
proliferation of this virus in human global popula-
tion. In many of the autoimmune diseases, links
between these conditions and EBV infection or its
reactivation were demonstrated [34]. Of these dis-
eases, pSS – considering the same target cells (B-cells),
 Copyright © 2019 Wolters Kluwer H
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molecular mimicry between the main pSS autoanti-
bodies (Ro-60) and viral protein (EBNA-1) and tro-
pism to the same glandular structures – seems to be
particularly associated with EBV infection. It needs to
be studied further, whether patients with pSS associ-
ated to the EBV infection are more likely to develop
symptoms of dryness or how such individuals com-
pare to EBV negative pSS patients (i.e. do they consti-
tute a separate subpopulation of pSS patients)? Both
the infection with EBV and the development of pSS
are important risk factors for the emergence of lym-
phoproliferative disease, so it can be assumed, that
coexistence of this both immune stimulators and
deregulatory states strongly enhances the risk of
LPD. There are prospects for the introduction in
the future of EBV-inhibiting therapy and drugs influ-
encing effector cells (B cells), which may be beneficial
for pSS treatment.
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unique biomarkers can identify underlying inflammatory and immunopatholo-
gical mechanisms of specific diseases. Front Immunol 2013; 4:142.

16. Nordmark G, Kristjansdottir G, Theander E, et al. Additive effects of the major
risk alleles of IRF5 and STAT4 in primary Sjögren’s syndrome. Genes Immun
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syndrome. EBioMedicine 2016; 10:216–226.

33. Shotelersuk K, Khorprasert C, Sakdikul S, et al. Epstein-Barr virus DNA in
serum/plasma as a tumor marker for nasopharyngeal cancer. Clin Cancer Res
2000; 6:1046–1051.

34. Toussirot E. Epstein-Barr virus in autoimmune diseases. Best Practice Res
Clin Rheumatol 2008; 22:883–896].

35.
&
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 CURRENT
OPINION Zika autoimmunity and Guillain–Barré syndrome

Itai Katza,b, Boris Gilburda,b, and Ora Shovmana,b

Purpose of review
To summarize the recent data regarding Guillain–Barré syndrome (GBS) as an autoimmune disorder
following infection with Zika virus (ZIKV) infection, including the proposed pathogenic mechanisms and the
role of autoantibodies.

Recent findings
The loss of self-tolerance that leads to autoimmune diseases is a multifactorial process that may be
illustrated as ‘the mosaic of autoimmunity’. Infectious agents may contribute to the development of
autoimmunity by several proposed mechanisms. One of the central mechanisms is molecular mimicry,
which is also the most plausible mechanism in the case of ZIKV-induced autoimmune disorders.
A recent meta-analysis found a low prevalence of GBS associated with ZIKV infection. Nevertheless, the
estimated cost of illness for patients with GBS associated with ZIKV are tremendous and exceed 4.7 million
dollars per year in Brazil alone.

Summary
Currently, there is sufficient data to indicate that ZIKV infection is one of many triggers and factors that
may contribute to the development GBS. Thus, it is advised to evaluate and determine ZIKV exposure and
infection in the management of potential GBS patients.

Keywords
autoantibodies, autoimmunity, Guillain–Barré syndrome, molecular mimicry, zika virus

INTRODUCTION

Zika virus (ZIKV) caught the attention of the interna-
tional community with the major outbreaks in Yap
island (2007), French Polynesia (2013) and the wide-
spread outbreak in the Americas (2015). ZIKV is a
member of the Flavivirus genus, an arbovirus trans-
mitted by the bite of a female Aedes mosquito. Addi-
tional transmission routes are blood transfusions,
sexual contactora perinatal transmission.Themajor-
ity of ZIKV infections are asymptomatic, and there-
fore it is plausible that the true prevalence of ZIKV
infection is significantly underreported. Whenever
symptoms are present, patients usually present with a
mild illness with one or more of the following symp-
toms – rash, fever, arthralgia, conjunctivitis, myalgia
and/or headaches [1]. Although affected individuals
are rarely symptomatic, ZIKV can cause acute severe
symptoms and complications, such as adverse fetal
outcomes, or possibly incite autoimmune disorders,
such as immune thrombocytopenic purpura (ITP)
and Guillain–Barré syndrome (GBS) [2

&&

,3,4
&

]. In this
review, we will discuss the suggested pathophysio-
logical mechanisms for the development of GBS
following a ZIKV infection, including the role of
autoantibodies, and the most recent research regard-
ing GBS associated with ZIKV.

AUTOIMMUNITY

Autoimmune diseases are a group of disorders in
which there is a loss of self-tolerance leading to
damage and dysfunction of specific or multiple
organs and tissues. GBS is one of over 80 diseases
that have been identified and classified as autoim-
mune diseases [5].

More specifically, GBS is a heterogenous disease
compiled from a subset of conditions, held together
by a common thread of rapidly progressive immune-
mediated peripheral neuropathies. Typically, GBS
presents as a symmetric rapidly progressive muscle
weakness or even paralysis that is self-resolving in
about 70% of the cases. Nonetheless, GBS may persist
or lead to devastating complications, such as respira-
tory failure, dysautonomia and even death [6]. In an
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KEY POINTS

� Zika virus outbreak affects millions across the world.

� Guillain–Barré syndrome is associated with Zika
virus infection.

� The main mechanism currently implicated in Guillain–
Barré syndrome following Zika infection is
molecular mimicry.

� Guillain–Barré syndrome associated with Zika virus
infection has a high illness cost of more than 4.7
million dollars per year in Brazil alone.

Zika autoimmunity and Guillain--Barr�e syndrome Katz et al.
attempt to prevent these devastating outcomes,
it is important to identify individuals who have a
high risk of developing GBS, and diagnose this
condition early.
THE MOSAIC OF AUTOIMMUNITY

Various factors associated with the development of
autoimmune diseases have been identified up until
now, including genetic, hormonal and environmen-
tal factors, which contribute to the mosaic of auto-
immunity [7].

Although the genetic code is predetermined and
currently, screening at the DNA level is not feasible
for prevention, environmental factors can be modi-
fied or avoided entirely. Thus, the field of environ-
mental autoimmunity, also known as the ecology of
autoimmunity, has become an area of increasing
interest. The most prominent environmental factors
include chemical exposure, lifestyle habits, such as
sun exposure, coffee and alcohol consumption, and
microbiome disturbances and exposure to infectious
agents, such as ZIKV [8,9

&

].
PATHOPHYSIOLOGICAL MECHANISMS

Numerous infectious agents, including ZIKV, have
been pinpointed as culpable participants in the
development of an autoimmune disease. For exam-
ple: Campylobacter jejuni, HIV and ZIKV were all
found to be associated with GBS [10–13]. The asso-
ciation between specific infectious agents, including
ZIKV, and autoimmune diseases is a well accepted
notion among immunologists. The causative effect
of infectious agents on the induction of autoimmu-
nity can be ascribed to several postulated mecha-
nisms. The first is based on the similarities between
foreign antigens and self-epitopes, causing cross
reactivity, referred also as molecular mimicry
[14

&

,15]. Another possible mechanism is of epitope
spreading, defined as divergence of the immune
 Copyright © 2019 Wolters Kluwe
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response from the original stimuli (in many cases
an infectious agent) towards a de novo self-epitope
released by the primary immune response in the
target tissue or to a subdominant epitope [16]. A
similar, yet distinct mechanism, is bystander activa-
tion, which occurs by significant activation of anti-
gen-presenting cells (APC). An infectious agent
activates Toll-like receptors (TLR), which in turn
leads to a release of interferon-a (IFNa), potentially
activating autoreactive T cells in addition to the
specific infection primed T cells [16]. The final
mechanism is persistent viral infection. This
hypothesis purports that a chronic infection or even
the mere presence of a viral epitope alone may
suffice to stimulate the immune response, resulting
in a prolonged immune-mediated assault [17]. It is
currently thought that both GBS and microcephaly
associated with ZIKV share these mechanisms and
the targeted epitopes [18–20]
AUTOANTIBODIES

The presence of serum autoantibodies is a key fea-
ture in most autoimmune diseases, and these anti-
bodies have been employed for the diagnosis and
classification of autoimmune diseases for over five
decades. Moreover, some autoantibodies are utilized
clinically as disease activity markers as well as prog-
nostic tools, guiding medical decision-making [21].
Nonetheless, autoantibodies are not unique to auto-
immune diseases; their presence can be detected
during massive tissue damage, certain types of can-
cers and even in healthy people [22].

Autoantibodies may play a role in the pathogen-
esis of some autoimmune disease. For instance, it is
strongly believed that anti-GQ1b antibodies target-
ing Schwann cells are involved in the pathogenesis of
Miller–Fisher syndrome (MFS), a subtype of GBS [23].
Moreover, MFS can occur postinfection with ‘molec-
ular mimicry’ as the main underlying mechanism.

The presence of serum antibodies is predomi-
nantly a consequence of a previous exposure to
immunogenicepitopes.Hence,different populations
throughout the world will develop different ‘sets’ of
antibodies and even autoimmune diseases, based on
their exposure to different pathogens. The genetic
heterogeneity between different populations may
also contribute to the variance between these ‘sets’
of autoantibodies and autoimmune diseases.

The prevalence of various autoantibodies, as
well as antiinfectious antibodies, among selected
healthy populations was determined by Shapira
et al. [21]. Similarly, GBS incidence rates fluctuate
across the globe, from a low of 0.16 per 100 000/year
(CI 0.11–0.21) in Naples, Italy to as high as 2.53 per
100 000/year (CI 1.87–3.35) in Curacao [24]. GBS
r Health, Inc. All rights reserved.
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incidence rates as high as 4.41 per 100 000/year were
reported during the Zika outbreaks in Cúcuta,
Colombia [25

&

].
RECENT EVIDENCE

A recent meta-analysis conducted by Barbi et al.
[26

&&

] that was based on three studies, explored
the association between GBS and ZIKV. The preva-
lence of GBS associated with ZIKV was found to be
1.23% (95% CI 1.17–1.29%) [26

&&

]. This result by
itself is not impressive, but the extent of the ZIKV
outbreak and the numerous people that have been
exposed to it heightens the significance of ZIKV as a
risk factor for development of GBS.

Highlighting the significance of the ZIKV – GBS
association is a recent cost of illness study conducted
in Brazil. The authors estimate the direct cost of GBS
associated with ZIKV at more than 4.7 million dol-
lars per year [27

&&

].
A recent novel study assessed the association

between ZIKV and autoimmune diseases other than
GBS using a panel of 14 autoantibodies. In this
study, the authors reported a lack of association of
rheumatic and thyroid autoimmunity with ZIKV
disease, but found an association with ITP [2

&&

].
Following the same methodology, we replicated this
research with sera from 179 ZIKV-positive patients,
divided into two groups – GBS patients and con-
trols. In agreement with the above-mentioned
research, no increased prevalence of autoantibodies
was found in the patients’ sera (unpublished data).
CONCLUSION

Statistical data summarizing the pathologic poten-
tial of ZIKV infection in different autoimmune dis-
eases is not yet available. Identifying the potential
association between ZIKV and autoimmune diseases
could help stratify the potential risk for travelers,
residents and healthcare providers of endemic areas.
Moreover, defining and quantifying ZIKV as a risk
factor for autoimmune diseases may help physicians
with the early diagnosis and treatment of ZIKV-
associated autoimmune diseases.

Currently, there is sufficient data to implicate
ZIKV infection is one of the many triggers and
factors that are involved in the development of
GBS. Thus, it is advised to evaluate and determine
the neurological status in ZIKV suspected patients
and to evalute ZIKV infection in suspected yet bor-
derline GBS patients.
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 CURRENT
OPINION From hepatitis C virus immunoproteomics to

rheumatology via cross-reactivity in one table

Darja Kanduc

Purpose of review
To give an overview of molecular and immunologic data that link hepatitis C virus (HCV) infection to
rheumatic diseases in the human host.

Recent findings
A high level of peptide sharing exists between immunopositive HCV epitopes and human proteins that,
when altered, associate with rheumatic manifestations.

Summary
The findings suggest the involvement of HCV infection in the induction of most rheumatic diseases via a
mechanism of autoimmune cross-reactivity.

Keywords
cross-reactivity, hepatitis C virus epitopes, peptide sharing, rheumatic diseases, rheumatology-related proteins

INTRODUCTION

It is well known that infection by hepatitis C virus
(HCV) may be accompanied by a constellation of
rheumatic manifestations such as ankylosing spon-
dylitis, Behçet’s disease, Crohn’s disease, rheuma-
toid arthritis (RA), Sjögren syndrome, systemic
lupus erythematosus (SLE), systemic sclerosis
(SSc), and pain, inter alia [1

&&

,2,3]. Instead, it remains
obscure how the virus, in spite of its hepatotropism,
can trigger so many and various rheumatic diseases
in so different and distant organs.

The present review deals with the multidisease
scenario dominated by the hepatitis pathogen
and concentrates on the multiple peptide com-
monalities existing between the virus and the
human host [4]. The issue under analysis is
whether such peptide commonalities might offer
a molecular platform for the rheumatic disorders
clustered around the HCV infection [5,6]. Specifi-
cally, the question is if the anti-HCV immune
responses that follow HCV infection can be con-
nected to rheumatology-related proteins by cross-
reactivity. To answer, the currently known HCV
epitope repertoire was reviewed and analyzed
for peptide matches with human proteins that –
when altered, inhibited, mutated, modified,
or improperly functioning – associate with
rheumatic manifestations.

HEPATITIS C VIRUS IMMUNOME VERSUS
HUMAN PROTEINS INVOLVED
IN RHEUMATIC DISEASES:
THE PEPTIDE SHARING

The sequence-by-sequence exploration of the HCV
immunome vs rheumatology-related proteins pro-
duced a list of 21 HCV epitopes sharing 20 hexapep-
tides with 21 rheumatology-related proteins.
Peptide sharing and methodological details are
described in Table 1.

Prima facie, Table 1 highlights a peptide platform
that is remarkable in mathematical and pathological
terms, and supports cross-reactivity as a possible
mechanism linking HCV infection to rheumatic
diseases.
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KEY POINTS

� HCV infection associates with numerous rheumatic
diseases by still unknown mechanism(s).

� Review of the currently available HCV immunome
reveals that HCV epitopes and rheumatology-related
proteins share peptide sequences, thus suggesting
cross-reactivity as a possible mechanism linking anti-
HCV immune response to rheumatic diseases.

� Numerous rheumatic diseases associated with HCV
infection appear to be immunologically allocated in a
restricted number of HCV epitopes.

� A single HCV epitope might cross-react with numerous
rheumatology-related proteins, in this way explaining
the ‘overlap syndromes’ in HCV rheumatology

From HCV immunome to rheumatology via cross-reactivity Kanduc
UNEXPECTED PEPTIDE SHARING
BETWEEN HEPATITIS C VIRUS EPITOPES
AND RHEUMATOLOGY-RELATED
PROTEINS: THE ROLE OF CHANCE

Mathematically, the datum that 20 hexapeptides are
shared between 20 immunopositive HCV epitopes
and 21 rheumatology-related proteins is unex-
pected. The quantitatively high dimensions and
the unexpectedness of such a peptide sharing are
impressive when considering that the mathematical
chance for two proteins to share a hexapeptide
is equal to 20�6 (or 1 in 64,000,000 or
0.000000015625). Hence, it is even more remarkable
the heptapeptide sharing that occurs between the
HCV immunome and the human proteins BANK1,
LRP5, and S40A1, alterations of which are involved
in SLE, SSc, PM/DM [13

&&

,14,15], OS [23], and HC
polyarthritis [34], respectively (Table 1).
THE PEPTIDE SHARING BETWEEN
HEPATITIS C VIRUS EPITOPES AND
RHEUMATOLOGY-RELATED PROTEINS:
THE RHEUMATOLOGIC POTENTIAL

The peptide sharing illustrated in Table 1 and the
consequent potential cross-reactions involve pro-
teins with crucial functions as, for example:
(1)
1040
HLA-DRB1�-1, that it is essential for the proper
function of the immune response against patho-
gens and is strongly implicated in the develop-
ment of RA [7];
(2)
 HLA-DRB1�13, endowed with a protective role
towardsnumerous systemicautoimmunediseases
such as SLE, Ps or PsA, RA, SSc, MS, and MG [8,9];
(3)
 ADA2A, alterations of which underlie the
chronic pain associated with rheumatic
 Copyright © 2019 Wolters Kluwer H
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diseases. Indeed, ADA2A is involved in norad-
renergic activity and is an important mediator
of pain perception and analgesia [10,11,39];
(4)
 ADAMTS7 and ADAMTS12 that drive an innate
pathway protective against heterotopic ossifica-
tion and are important for human tendon
health [12].
Of note, Table 1 highlights that eight out of 21
rheumatology-related proteins that could undergo
cross-reactive attacks are associated with SLE. This
datum is in keeping with the observation that there
is a significant higher proportion of HCV infection
in SLE patients [40].

Given the caveats that immune responses are
modulated by physico-chemical factors and struc-
tural contexts, vary among individuals depending
on the age, sex, and genotype, and have to be
analyzed in relation to the immunoreactivity/
immunotolerance status of the host, it is notewor-
thy that the anti-HCV immune response that targets
a single HCV epitope could contemporaneously
cross-react with numerous human proteins, each
of which is involved in specific rheumatic manifes-
tations. For example, the HCV epitope KWVPGA-
VYTFYGMWPLLLLL (IEDB ID: 34338) shares the
sequence PLLLLL with four proteins related to rheu-
matic diseases: the above mentioned ADAMTS7
[12]; CATG that relates to RA and SLE [16], DNSL3
that is altered in SLE [18–20], and LRP5 that asso-
ciates with OS [23].

An additional example is the HCV epitope
HLHAPTGSGKSTKVP (IEDB ID: 24219) that shares
portions of its sequence (PTGSGK and GSGKST) with
the human proteins IFIH1, involved in ADM [22

&&

];
NOD2 that associates with GA, AID and Crohn’s
disease [26–29] diseases, and TAP2, a protein that
relates to SD, RA, and SLE [35]. It is almost like the
entirety of rheumatology can reside in an antiviral
immune response against two HCV epitopes alone,
that is, KWVPGAVYTFYGMWPLLLLL and HLHAPT-
GSGKSTKVP.

Hence, it comes as a due observation that the
possibility that a single HCV epitope may cross-react
with multiple rheumatology-related proteins could
also underlie the repeatedly reported development
of two or more autoimmune rheumatic diseases in
one patient, that is, the ‘overlap syndromes’ [41].

As a final comment, the data reported in Table 1
and Supplemental Tables 1 and 2 (http://links.
lww.com/COR/A43) appear to be of further
relevance in light of the fact that a pentapeptide
can be a sufficient minimal determinant in antigen-
antibody recognition, MHC-binding, and for induc-
ing humoral and cellular responses [5,42

&

]. Hence,
using hexapeptides as scanning probes greatly
ealth, Inc. All rights reserved.
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Table 1. Peptide sharing between immunopositive HCV epitopesa and human proteins related to rheumatic manifestationsb

IEDB IDc Epitoped Rheumatology-Related Proteine Disease(s)f Referenceg

62807 taaVTSPLTtsqtl 2B11. HLA-DRB1�-1 RA, SSc [7,8]

62807 taaVTSPLTtsqtl 2B1D. HLA-DRB1�13 SLE, Ps, PsA, RA,
SSc, MS, MG

[9]

51150 qivggvylLPRRGPr ADA2A. Alpha-2A adrenergic receptor Pain [10,11]

34338 kwvpgavytfygmwPLLLLL ATS7. ADAM-TS7 HO [12]

62924 talVVAQLLripqai ATS12. ADAM-TS12 HO [12]

38545 lpinaLSNSLLRhhnlvyst BANK1. B-cell scaffold protein with ank
repeats

RA, SLE, PM/DM [13&&,14,15]

34338 kwvpgavytfygmwPLLLLL CATG. Cathepsin G SLE [16]

59309 sllsprpisylkgsSGGPLL

66046 trktsersQPRGRR CILP2. Cartilage intermediate layer protein
2

OA [17]

51956 QPRGRRqpipkvrr

34338 kwvpgavytfygmwPLLLLL DNSL3. Deoxyribonuclease gamma SLE [18–20]

4150 argsppsvASSSASqlsaps GOG8B. Golgin subfamily A member 8B SS, SLE [21]

17542 fqvahlhaPTGSGKs IFIH1. Interferon-induced helicase C
domain-containing protein 1

ADM [22&&]

24219 hlhaPTGSGKstkvp

52320 qsfqvahlhaPTGSGKstkv

34338 kwvpgavytfygmWPLLLLL LRP5. Low-density lipoprotein receptor-
related protein 5

OS [23]

24479 hpnIEEVAL MEFV. Pyrin BD, EA [24]

25795 IEEVALsttgeipf

102922 vtvshpnIEEVALst

25795 ieeVALSTTgeipf MUC19. Mucin-19 SS [25]

24219 hlhaptGSGKSTkvp NOD2. Nucleotide-binding
oligomerization domain-containing
protein 2

GA, AID, CD [26–29]

52320 qsfqvahlhaptGSGKSTkv

2991 aLVVGVVcaailrrhvgpge PDCD1. Programmed cell death protein 1 jSLE [30&&,31]

62038 svAHDGAGkrvyyltrdptt PKHM1. Pleckstrin homology domain-
containing family member 1

OP [32]

67625 vAHDGAGkrvyylt

16031 fgplwilqASLLKV PSME3. Proteasome activator complex
subunit 3

SLE [33]

2005 ailssLTVTQLLrr S40A1. Solute carrier family 40 member
1

HC [34]

24219 hlhaptGSGKSTkvp TAP2. Antigen peptide transporter 2 AS, RA, SLE [35]

52320 qsfqvahlhaptGSGKSTkv

37098 llALLSCLtvpasa VGFR1. Vascular endothelial growth factor
receptor 1

SSc [36]

AS, ankylosing spondylitis; BD, Behçet’s disease; CD, Crohn’s disease; RA, rheumatoid arthritis; SS, Sjögren syndrome.
aThe immunopositive HCV linear epitope repertoire (389 sequences) was assembled from the Immune Epitope DataBase (IEDB, www.iedb.org) [37] and is
described in Supplemental Table 1, http://links.lww.com/COR/A43. HCV epitope sequences were dissected into hexapeptides overlapped each other by 5
amino acid (aa). Each hexapeptide was analyzed for occurrence(s) within a library of rheumatology-related proteins.
bA library consisting of 356 rheumatology-related proteins (Supplemental Table 2, http://links.lww.com/COR/A43) was assembled from the human proteome at
UniProtKB resource (www.uniprot.org/) [38] using the keywords adrenergic, arthritis, arthralgia, myalgia, SS, SLE, vasculitis.
cFurther details and references at www.iedb.org [37].
dHexa-/heptapeptides shared with rheumatology-related proteins given in capital characters; heptapeptides formed by overlapping hexapeptides given bold.
eRheumatology-related proteins indicated by UniProtKB/Swiss-Prot entry and name, and listed in alphabetical order. Further details at www.uniprot.org/ [38].
fAmyopathic dermatomyositis (ADM), autoinflammatory disease (AID), erosive arthritis (EA), granulomatous arthritis (GA), hemochromatosis (HC), heterotopic
ossification (HO), juvenile SLE (jSLE), multiple sclerosis (MS), myasthenia gravis (MG), osteoarthritis (OA), osteopetrosis (OP), osteosclerosis (OS), polymyositis/
dermatomyositis (PM/DM), psoriasis (Ps), psoriatic arthritis (PsA).
gFurther details and references on disease(s) at www.ncbi.nlm.nih.gov/omim/.
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underestimates the actual peptide sharing between
HCV epitopes and rheumatology-related proteins
and, in consequence, the dimensions of the poten-
tial cross-reactivity and autoimmune diseases.
CONCLUSION

This review supports cross-reactivity as a possible
causal mechanism that links HCV infection to
numerous rheumatic diseases in the human host.
Indeed, Table 1 holds the main pathologic entities
in current rheumatology and defines a disease-by-
disease correspondence with specific sequences
shared between immunoreactive HCV epitopes
and rheumatology-related proteins. Remarkably, a
handful of HCV epitopes circumscribe the most part
of the rheumatologic diseasome. In this regard,
Table 1 explains the HCV capability of triggering
multiple, different, and often co-existent rheumatic
diseases in the human host.
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 CURRENT
OPINION The association between hepatitis B, hepatitis C

and systemic sclerosis: a cross-sectional study

Shmuel Tiosanoa,b,c, Arnon D. Cohend,e,�, and Howard Amitala,b,c,�

Purpose of review
To investigate the association between systemic sclerosis (SSc) to chronic hepatitis B virus (HBV) and
hepatitis C virus (HCV) carriage. We utilized the database of Clalit Health Services, the largest healthcare
organization in Israel and performed a cross-sectional study.

Recent findings
The study included 2431 SSc patients and 12 710 age-and-sex matched controls, HBV was found in 38
SSc patients (1.56%) and 64 controls (0.5%). HCV was found in 30 SSc patients (1.23%) and 83 controls
(0.65%). In multivariable logistic regression model, HBV was found to be associated with smoking, dialysis
treatment and SSc [odds ratio (OR) 2.97, 95% confidence interval (CI) 1.92–4.53]. HCV was found to be
associated with dialysis treatment and SSc (OR 1.73, 95% CI 1.1–2.66). A trend was found between both
HBV and HCV toward low socioeconomic status. SSc patients with HBV had demonstrated higher rates of
end-stage renal disease requiring dialysis treatment.

Summary
In our study, HBV and HCV were found to be associated with SSc. Common immune mechanisms or
therapeutic modalities may serve as mediators of this association.

Keywords
autoimmunity, hepatitis B virus, hepatitis C virus, infection, systemic sclerosis

INTRODUCTION

Systemic sclerosis (SSc) is an autoimmune connec-
tive tissue disease of unknown cause. SSc has two
variants: Diffuse and limited. SSc is manifested in
obliterative vasculopathy and excessive collagen
deposition in target organs – mainly the skin,
esophagus, intestines, heart and kidneys. Diffuse
disease is more severe form of SSc, in which skin
thickening ensues rapidly and the involvement of
internal organs is significant. Some of the patients
develop end-stage renal disease requiring dialysis
treatment. Limited SSc is the benign form that
develops slowly, in which skin thickening involves
mainly the fingers, hands and face. Internal organ
involvement is less frequent than the diffuse form of
the disease. Pulmonary hypertension is common in
both forms of the disease.

Postulated pathogenetic mechanisms of SSc
include genetic predisposition [1–3], occupational
and environmental factors as well as infections [4–6].

Hepatitis B virus (HBV), a DNA virus and hepa-
titis C virus (HCV), an RNA virus, have an estab-
lished association with autoimmunity [7,8].
However, there have been scarce reports regarding

the association between HBV and HCV to sclero-
derma. The aim of this study was to evaluate the
association between SSc and HBV/HCV using the
database of a large health maintenance organization
(HMO).

METHODS

This cross-sectional study is one of a series of explor-
ative and analytic studies based on the chronic
disease registry of Clalit Health Services (CHS), the
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KEY POINTS

� In a large cross-sectional study, higher rates of HBV
and HCV were found among SSc patients.

� After adjusting for confounders, HBV was found to be
associated with smoking, dialysis treatment and SSc,
and HCV was found to be associated with dialysis
treatment and SSc.

� A trend was found between both HBV and HCV toward
low SES.

Infections and environmental aspects of autoimmunity
largest healthcare provider in Israel. Data analysis
methods were applied in order to extract patient
data. CHS covers about 4 400 000 enrollees ranging
all socioeconomical strata and all ethnicities.

CHS holds chronic disease registry that receives
pharmaceutical, medical and administrative data
regarding its live enrollees in a real-time fashion.
The chronic disease registry acquires data regarding
all CHS’s enrollees in all physician encounters, both
as outpatients (primary and specialist physicians)
and as inpatients (from hospital discharge notes).
CHS’s chronic disease registry uses datamining tech-
niques and possesses internal validation algorithms.
The diagnoses in CHS’s chronic disease were previ-
ously found to be highly validated [9]. Our study
group has previously investigated HCV as well as
other autoimmune diseases using CHS’s data with
a similar research technique [10–12]. The data
 Copyright © 2019 Wolters Kluwer H

FIGURE 1. Study flowchart. CHS, Clalit Health Services; HB
sclerosis.
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extracted from CHS’s database for current study
regarding included age, sex, socioeconomic status
(SES), smoking and alcohol consumption status, as
well as diagnoses of chronic diseases such as SSc,
end-stage renal disease requiring dialysis treatment
and HBV and HCV carriage (Fig. 1). Diagnoses were
treated in the study regardless of the time in which
they were entered into the electronic medical
record. The study sample was divided into a group
containing all patients with past diagnosis of SSc
according to the chronic disease registry and a group
of randomly selected controls without SSc. The con-
trol group was selected randomly from CHS’s data-
base, enrolling five controls frequency-matched by
age and sex for each SSc patient.

Chi-square statistical test was used to assess the
distribution of categorical variables (including HBV/
HCV) between SSc patients and controls, and stu-
dent’s t-test was used for continuous variables.
The association between HBV/HCV and SSc was
examined by multivariate logistic regression models
(separate model for each hepatitis virus). We also
conducted subanalysis comparing characteristics of
SSc patients with and without viral hepatitis. Odds
ratios (ORs) and 95% confidence intervals (CIs)
were computed. Statistical analysis was performed
using R Statistical Software version 3.4.4 [13].
Ethical approval was granted by the central ethics
committee of CHS, located in the Tel-Aviv, Israel.
Because of the design of the study, participants were
exempted from the need to sign an informed
consent form.
ealth, Inc. All rights reserved.

V, hepatitis B virus; HCV, hepatitis C virus; SSc, systemic

Volume 31 � Number 5 � September 2019



Table 1. Baseline characteristics of study participants

No SSc
N¼12 710

SSc
N¼2431 P

Age 62.7�18.9 63.0�18.9 0.45

Sex: female 10390 (81.7%) 1987 (81.7%) 1.000

SES: <0.001

Low 4769 (39.7%) 994 (44.4%)

Medium 4543 (37.8%) 821 (36.7%)

High 2699 (22.5%) 423 (18.9%)

Smoking 3628 (28.5%) 704 (29.0%) 0.7

Alcohol abuse 48 (0.38%) 17 (0.70%) 0.04

Dialysis 103 (0.81%) 68 (2.80%) <0.001

Hepatitis B 64 (0.50%) 38 (1.56%) <0.001

Hepatitis C 83 (0.65%) 30 (1.23%) 0.003

SES, socioeconomic status; SSc, systemic sclerosis.

Hepatitis B, hepatitis C and systemic sclerosis Tiosano et al.
RESULTS

The study included 2431 SSc patients and 12 710
controls. Mean age of study participants was about
63, and 81.7% of the study population were women
(Table 1). Higher rates of alcohol abuse and end-
stage renal disease requiring dialysis treatment were
found among SSc patients comparing to controls.
Lower SES was more common among patients with
SSc compared to controls. However, smoking rates
did not significantly differ among groups, with
about 29% of ever smoking. Rates of both HBV
and HCV were higher among SSc patients as com-
pared to controls (1.56 vs. 0.5% and 1.23 vs. 0.65%,
respectively). Smoking and dialysis treatment were
found to be independently associated with HBV in a
multivariate logistic regression model (Table 2). Age,
male sex and dialysis treatment were found to be
associated with HCV in a multivariate logistic
regression model (Table 3). SES had demonstrated
 Copyright © 2019 Wolters Kluwe

Table 2. Multivariate logistic regression model for

covariates associated with hepatitis B virus

Odds ratio CI P

Age, per year 1.01 1.00–1.02 0.134

Sex: male 1.13 0.66–1.85 0.644

SES:

Medium 0.83 0.53–1.29 0.413

High 0.40 0.19–0.77 0.010

Smoking 1.63 1.04–2.50 0.029

Alcohol abuse 1.20 0.07–6.19 0.859

Dialysis 4.79 1.95–10.02 <0.001

SSc 2.97 1.92–4.53 <0.001

CI, confidence interval; SES, socioeconomic status; SSc, systemic sclerosis.

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
a trend with medium and high SES associated with
decreased probability of both HBV and HCV as
compared to low SES. After adjusting for age, sex,
SES, smoking, alcohol abuse and dialysis treatment,
SSc was found to be independently associated with
both HBV and HCV [OR 2.97 (1.92–4.53) and OR
1.73 (1.10–2.66), respectively]. The characteristics
of SSc patients with and without viral hepatitis were
rather similar, excluding higher rates of alcohol
abuse and dialysis treatment among SSc patients
with HBV (Table 4).
DISCUSSION

This is the first large-scale study ever published
regarding comorbid viral hepatitis and SSc.

Using the database of the largest HMO in Israel,
we were able to identify 38 and 30 cases of
SSc patients with HBV/HCV, respectively. The
r Health, Inc. All rights reserved.

Table 3. Multivariate logistic regression model for

covariates associated with hepatitis C virus

Odds ratio CI P

Age, per year 1.02 1.01–1.03 <0.001

Sex: male 2.10 1.35–3.21 <0.001

SES:

Medium 0.88 0.58–1.33 0.537

High 0.50 0.27–0.89 0.025

Smoking 1.09 0.71–1.65 0.697

Alcohol abuse 3.17 0.73–9.50 0.069

Dialysis 4.13 1.68–8.64 <0.001

SSc 1.73 1.10–2.66 0.014

CI, confidence interval; SES, socioeconomic status; SSc, systemic sclerosis.
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Table 4. Subanalysis of systemic sclerosis patients with and without viral hepatitis

SSc without HBV
N¼2393

SSc with HBV
N¼38 P

SSc without HCV
N¼2401

SSc with HCV
N¼30 P

Age 63.0�19.0 64.5�13.0 0.49 63.0�19.0 67.7�14.2 0.08

Sex: female 1958 (81.8%) 29 (76.3%) 0.51 1962 (81.7%) 25 (83.3%) 1.00

SES: low 977 (44.3%) 17 (48.6%) 0.12 979 (44.3%) 15 (53.6%) 0.59

SES: medium 805 (36.5%) 16 (45.7%) – 813 (36.8%) 8 (28.6%) –

SES: high 421 (19.1%) 2 (5.71%) – 418 (18.9%) 5 (17.9%) –

Smoking 689 (28.8%) 15 (39.5%) 0.21 695 (28.9%) 9 (30.0%) 1.00

Alcohol abuse 15 (0.63%) 2 (5.26%) 0.03 17 (0.71%) 0 (0.00%) 1.00

Dialysis 64 (2.67%) 4 (10.5%) 0.02 68 (2.83%) 0 (0.00%) 1.00

SES, socioeconomic status; SSc, systemic sclerosis.

Infections and environmental aspects of autoimmunity
association between SSc and HBV/HCV did not
wane even after adjusting for risk factors for hepati-
tis viruses, such as alcohol abuse, smoking and
dialysis treatment. SSc patients with HBV had dem-
onstrated higher rates of alcohol abuse and dialysis
treatment as compared to those without HBV; how-
ever, no significant difference was recorded between
SSc patients with and without HCV.

The link between HBV infection and autoimmu-
nity is assumed to depend upon mechanisms of loss
of immune tolerance and molecular mimicry, as
well as producing actual autoantibodies [7,14,15].
In the light of these pathways, HBV was found to be
involved in the pathogenesis of autoimmune hepa-
titis, systemic lupus erythematosus, uveitis, rheu-
matoid arthritis, type 1 diabetes and more. In spite
of this milieu of autoimmune diseases, we did not
find any analytical studies connecting between HBV
and SSc. Hence, our study is the first large-scale
analysis to demonstrate this association in a real-
life population.

The cross-sectional association of HCV and SSc
has been previously reported [16]. An exact patho-
genetic mechanism is uncertain; however, a term
called ‘HCV syndrome’ argues that the hepatotropic
qualities of HCV cause polyoligoclonal B-lympho-
cyte expansion and subsequent production of dif-
ferent autoantibodies and immune complexes [8].
Hence, HCV is known to be associated with a variety
of autoimmune diseases, primarily cryoglobuline-
mia, a small-vessel systemic vasculitis. Interferon-a,
an immunomodulatory agent used to treat HBV and
HCV, had been suggested as a possible cause of
SSc among viral hepatitis patients [17]. However,
Abu-Shakra et al. [18] have described HCV patient
who had developed SSc even without interferon-a
treatment, suggesting that there are other causes
rather than interferon-a that are responsible for that
association.
 Copyright © 2019 Wolters Kluwer H
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The literature is scarce in reports regarding HBV
and SSc coinfection; however, other autoimmune
diseases have been widely reported to occur among
HBV patients, mainly autoimmune hepatitis, sys-
temic lupus erythematosus and antiphospholipid
syndrome [7,14].

The tendency of HBV patients is to develop
autoimmune diseases by loss of immune tolerance.
The possible mechanisms of this process are molec-
ular mimicry of antigens and self-proteins, the gen-
eration of HBV antigens and antibodies immune
complexes, or by apoptosis/tissue damage that
exposes intracellular antigens [7]. Increased rates
of alcohol abuse and dialysis treatment seen among
SSc patients with HBV in our cohort also reflect the
relative immune compromise among those patients.

Although most of the literature focuses on SSc
incidence following infection, it should be noted
that the association between viral hepatitis and SSc
that we found can also be explained by an opposite
mechanism of high susceptibility for infections
among SSc patients. This may be either by systemic
immune compromise of SSc patients (e.g. while
treated with corticosteroids or biologic medica-
tions). Another possible mechanism is a mirco-
trauma of sclerosed skin or a mucous membrane,
or digital ulcers which serve as a port of entry to local
infectious agents such as hepatitis viruses. In that
sense, exposure to either self or foreign body prod-
ucts poses a unique hazard to SSc patients [19,20].
Nosocomial transmission of pathogens in chroni-
cally ill SSc patients is also reasonable, and this
corresponds with the high proportion of SSc
patients with HBV who require dialysis treatment
that was shown in our study.

Whether the hepatotropic qualities of HBV/
HCV or common characteristics and risk factors of
viral hepatitis and SSc are responsible for the
observed association in our study remains obscure.
ealth, Inc. All rights reserved.
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For example, an Italian study that tested the sera of
50 SSc patients for hepatitis E, another haptotropic
virus, found that none of them had anti-hepatitis E
virus antibodies [21]. However, abundant liver dis-
eases were previously reported to coexist among SSc
patients, including primary biliary cirrhosis, pri-
mary sclerosing cholangitis, autoimmune hepatitis
and idiopathic portal hypertension and cirrhosis .

The current study population represents the
whole set of patients diagnosed with SSc enrolled
in CHS. The mean age of 63 among patients with SSc
reflects the longitudinal follow up of about 20 years
in CHS database for patients ever diagnosed with the
disorder. Thus, a Spanish study that reported mean
onset age of SSc is about 45, corresponds well with
our observation [23]. The sex composition in our
sample of 81.7% women was very similar to 83% of
women shown in their study. However, smoking
rates in both studies differed dramatically – we
report about 29% of ever smoking and as compared
to 48% in the Spanish study. A previous Canadian
study among SSc patients has reported that 16% of
patients were current smokers and 42% were past
smokers [24]. Thus, our study probably underesti-
mates the true smoking rates because it was not built
as a survey or questionnaire and was not aimed a
priori to discover smoking rates among SSc patients,
and merely relied on documented diagnoses.

The SES status of SSc patients in our study was
lower from controls, and a trend was observed
toward lower SES in SSc patients with HBV and
HCV. This has two practical implications; first, there
is less social support for coping with the burden of a
chronic disease, such as SSc. For example, a recent
study that followed African-American SSc patients
found that lower median household income was
associated with increased mortality [25

&&

]. Second,
lower SES is associated with lack of awareness and
treatment for viral hepatitis. A recent National
Health and Nutrition Examination Survey
(NHANES) analysis found that HBV infection aware-
ness was higher among persons with high education
levels, and HCV infection awareness was lowest with
low educational level [26

&

]. This implies that SES
may serve both as cause and as a marker for viral
hepatitis comorbidity among SSc patients.

The strengths of this study are derived from its
large sample size and the validity of the diagnoses in
CHS’s chronic disease registry. The registry has valu-
able historic depth that allows investigators to track
the natural history of rare diseases and discover
novel associations between them in retrospective
analysis. Although CHS insures roughly half of Isra-
el’s population, this allows the results of this study
to be considered generalizable to other populations.
 Copyright © 2019 Wolters Kluwe
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The main drawbacks of current study are the
absence of information regarding temporal relation-
ship between the diagnoses of SSc and viral hepati-
tis, which precludes discussion regarding causal
relationship between them. In addition, there is
no standardized diagnostic technique of diseases
(neither viral hepatitis nor for SSc) in CHS’s chronic
disease registry. However, this drawback is inherent
to big databases and was previously mitigated by
CHS [9]. Furthermore, we do not have laboratory
results, thus we cannot discuss viral serotype, viral
load or liver function tests. Lastly, the study does not
contain pharmacotherapy data, so discussion
regarding medications patients had taken is limited.
CONCLUSION

This study has shown that SSc is associated with
HBV and HCV. Further prospective studies are
needed in order to detect the cause of this associa-
tion and to facilitate future prevention.
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 CURRENT
OPINION The dilemma of treating hepatitis C virus-

associated cryoglobulinemia

Dario Roccatello�, Roberta Fenoglio�, and Savino Sciascia

Purpose of review
The present review focuses on the new therapeutic opportunities offered by the combination of biological
drugs, mainly Rituximab, with direct-acting antiviral agents (DAAs).

Recent findings
Hepatitis C virus (HCV) is known to be the etiologic agent in the majority of patients with mixed
cryoglobulinemia syndrome. Clinical research has been focused on antiviral drugs and, more recently, on
the new, highly potent DAAs. New DAAs assure sustained virologic response (SVR) rates greater than 90%
with relief of mild-to-moderate symptoms.

Summary
Mixed cryoglobulinemia may present with multiorgan vasculitis involving kidneys, joints, skin, and
peripheral nerves. Data on DAAs efficacy in HCV-associated cryoglobulinemic vasculitis are disappointing
possibly because of the inability of these drugs to suppress the immune-mediated process once it has been
triggered. Immunosuppression has often been employed in the past as a first-line therapy in
cryoglobulinemic vasculitis despite the potential risk of the infection exacerbation. However, more
manageable Rituximab-based therapeutic approaches have been more recently used without increase of
viral load. Rituximab substantially changed the outcome of HCV-associated cryoglobulinemic vasculitis by
providing long-term remission. A combination schedule of DAAs and Rituximab may result in eradication of
both cryoglobulinemic vasculitis and HCV infection.

Keywords
cryoglobulinemic vasculitis, direct-acting antiviral agents, mixed cryoglobulinemia syndrome, Rituximab

INTRODUCTION

Mixed cryoglobulinemia syndrome is characterized
by the appearance in the circulation of mixed cry-
oglobulins, a particular type of immune complexes
that may deposit in several tissues. Several condi-
tions can be found to be associated with MC, but
most of them are related to a HCV infection [1–6].
While circulating cryoglobulins may be detected in
about 40% of infected patients and are usually
asymptomatic, a cryoglobulinemic vasculitis occurs
in a minority of cases (<2%) [7] with long-term HCV
infection and older age [8,9].

Purpose of the present review is to provide data
on the therapeutic opportunities of CRYOGLOBU-
LINEMIC VASCULITIS offered by the DAAs and
biological drugs, mainly Rituximab.

PATHOGENIC ASPECTS RELEVANT TO
THERAPY

HCV infects not only hepatocytes but also B-lym-
phocytes, macrophages, peripheral dendritic cells

and monocytes [10]. More specifically, HCV-RNA,
HCV-NS3 and core proteins have been restrictively
found in CD19-positive B cells [11], which inciden-
tally are the target cells for Rituximab-based regi-
mens. HCV stimulation enhances the expression of
lymphomagenesis-related genes [12]. Under this
trigger effect, permanent clones of B-lymphocytes
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KEY POINTS

� Mixed cryoglobulinemia is an immune-mediated
process that becomes independent from the triggering
virus. Rituximab is much more selective than
conventional immunosuppressive treatments at
interfering with the downstream processes following the
disease trigger.

� Data on DAAs efficacy in HCV-associated
cryoglobulinemic vasculitis are disappointing possibly
because of the inability of these drugs to suppress the
immune-mediated process once it has been triggered.

� Rituximab, able to deplete CD19 positive-B cells,
known to be HCV reservoirs, could contribute to viral
eradication making its combination with DAAs
particularly attractive in the treatment of HCV-related
cryoglobulinemic vasculitis.

Infections and environmental aspects of autoimmunity
produce oligoclonal or monoclonal IgM that are
known to display rheumatoid factor activity, favour-
ing the formation of immune complexes formed by
the monoclonal IgM itself, HCV, and anti-HCV
polyclonal IgG antibodies. Due to the presence of
IgM, these immune complexes escape the splenic
and hepatic macrophage removal system [13], and,
when phagocytosed, are not degraded by monocytes
as shown both in humans [14] and in murine mod-
els [15]. The release of pro-inflammatory cytokines
and pro-cathepsin D from activated macrophages
perpetuates tissue damage [15]. On the basis of these
pathogenic principles, it seems unlikely that antivi-
ral agents can effectively interfere with the patho-
genesis of mixed cryoglobulinemia vasculitis once
the immune process is definitively triggered, and
impact the immune-mediated injury.
RITUXIMAB AS A TARGET THERAPEUTIC
APPROACH FOR CRYOGLOBULINEMIC
VASCULITIS

Rituximab is a monoclonal antibody directed at the
lymphocyte membrane protein CD20. Rituximab
selectively depletes the CD20/CD19þveB lympho-
cytes, thereby abolishing IgM production and new
cryoglobulin formation. It is noteworthy that HCV
proteins and RNA have been restrictively detected in
these cells [11].

Several hundreds of Rituximab-treated patients
have been reported in the literature [16–37]. This
agent has been proven to be effective in the man-
agement of skin ulcers, renal manifestations in 75–
90% of case, and sensitive-motor neuropathy in
70%. Rituximab depletes bone marrow B-cell clonal
expansion resulting in a decrease of serum
 Copyright © 2019 Wolters Kluwer H
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cryoglobulins and rheumatoid factor with normali-
zation of C4 levels [35–39].

We prospectively evaluated the very long-term
effects (mean follow-up 72.47 months) of Rituximab
in patients with severe cryoglobulinemic vasculitis
[35]. Rituximab was given to 31 patients (27
HCVþve) with mixed cryoglobulinemia (type II in
29 subjects and type III in 2) and diffuse membrano-
proliferative glomerulonephritis (16 cases), sensitive-
motor neuropathy (26 cases) and severe skin ulcers (7
cases). Rituximab was given at a dose of 375 mg/m2

(days 1, 8, 15 and 22, followed by two more doses 1
and 2 months later, the so-called ‘4 plus 2 protocol’).
Five patients also received 3 pulses of 500 mg of
methylprednisolone. No other immunosuppressive
or antiviral drugs were added. A complete remission
of pretreatment active manifestations in all cases of
purpuric lesions and nonhealing vasculitic ulcers
(Fig. 1), and in 80% of the peripheral neuropathies
was achieved. Re-induction with Rituximab was
given in nine relapsing patients after a mean of
31.1 months, resulting again effective. After 6 years
of follow-up, the survival rate was 75% and the
probability of remaining symptom-free for 10 years
without any therapy was 60% after a single ‘4 plus 2’
cycle, whereas the likelihood of living symptom-free
for 5 years after relapse was 80% if treated with the
same protocol. Viral load did not increase in HCVþve
patients. This open study showed Rituximab to be
well tolerated and effective for treating the most
severe cases of mixed cryoglobulinemia, even in a
very long-term perspective (6 years).

Sixteen open-label trials with at least 10 patients
with 440 patients could be recruited [16–31].
Median complete remission was 68%, partial remis-
sion was 14%, and no response was 10%.

Focusing on case series reporting renal outcomes
[16–18,21,23–27,30,31], 143 patients could be
identified, but only a minority had biopsy-proven
evidence of cryoglobulinemic glomerulonephritis.
Median rates of renal complete and partial remission
were 57 and 20%, respectively.

Among the three RCTs [32–34], in 2010 Dam-
macco et al. [32] investigated the safety and efficacy
of a combined use of pegylated-interferon-a (peg-
IFNa) and ribavirin (RBV), with or without Ritux-
imab, in HCV-related mixed cryoglobulinemia.
Twenty-two patients with HCV-related mixed cry-
oglobulinemia received peg-IFNa weekly plus RBV
for 48 weeks plus Rituximab 375 mg/m2 once a week
for 1 month followed by two five-monthly infusion.
Fifteen additional patients received peg-IFNaI and
RBV with the same modalities, but without Ritux-
imab. In Rituximab group complete remission was
achieved in 54.5% (versus 33.3% of the control
group, P<0.05).
ealth, Inc. All rights reserved.
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FIGURE 1. Skin with cryoglobulinemic vasculitic lesions.

The dilemma of treating HCV-associated cryoglobulinemia Roccatello et al.
In a prospective multicenter RCT investigating
Rituximab in severe cryoglobulinemic vasculitis , 59
patients were randomized to receive a conventional
treatment (consisting of one of the following three
options: glucocorticoids; azathioprine or cyclophos-
phamide; plasmapheresis) or Rituximab (2 infusions
of 1 g each) [34]. Rituximab resulted to be the best
therapy for all three target-organ manifestations
(skin ulcers, active glomerulonephritis, or refractory
peripheral neuropathy). The number of patients
who achieved the primary endpoint was statistically
higher in the Rituximab group both at 1and 2 years
(P<0.0001).

In a single-center, open-label, RCT, Rituximab
was compared with the best available therapy in
patients affected by HCV-associated cryoglobuline-
mic vasculitis . Six months after the beginning of the
treatment 10 out of 12 patients in the Rituximab
group (83%) and 1 of 12 patients in the control
group (8%) were in remission (P< 0.001) [33]. No
effects of Rituximab on HCV viremia was observed.

Notably, by examining results from 11 studies
using Rituximab (administered either in 4 weekly
infusions or as 1 g given 15 days apart) in which
renal outcome was addressed, the median complete
remission rate of 57%. In a large cohort of renal
patients given the 4þ2 regimen, complete remis-
sion was achieved in 75% of cases. The ‘4þ2’ pro-
tocol might intensify the depleting effect of
Rituximab on lymphocytes when compared with
other Rituximab regimens (i.e. ‘Lymphoma’ and
‘Rheumatoid Arthritis’ protocols), thus maintaining
 Copyright © 2019 Wolters Kluwe
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a more prolonged B-cell depletion and improving
clinical outcome.

Mixed cryoglobulinemia is an immune-medi-
ated process that becomes independent from the
triggering virus. Rituximab is much more selective
than conventional immunosuppressive treatments
at interfering with the downstream processes fol-
lowing the disease trigger [35–36], and is definitely
safer. No increase in viraemia could be detected
possibly because of Rituximab-depleting effects of
the CD19þve cells, which serve as reservoir for HCV.
Rituximab specifically targets the nephrotoxic Ig-
producing cells inducing a lymphocyte subpopula-
tion re-assessment.
THE POTENTIAL ROLE OF DIRECT
ANTIVIRAL AGENTS

Before the advent of direct-acting antiviral agents
(DAAs), chronic HCV infection was mainly treated
with peg-IFN and RBV [37], which achieved eradica-
tion of infection in fewer than 50% of naıve patients
with genotype 1 infection [38,39].

With regard to HCV-associated cryoglobuline-
mic vasculitis , PegIFN/RBV therapy was found to be
consistently effective only when given with Ritux-
imab either in a combined [32] or sequential
[21] scheme.

The new DAAs showed significant antiviral effi-
cacy (>90% cure) and a good tolerance profile. The
new drugs target the three nonstructural proteins:
NS5A and NS5B RNA polymerase, the NS3 serine
r Health, Inc. All rights reserved.
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protease and its cofactor, NS4A. Daclatasvir was the
first NS5A inhibitor to be launched [42], followed
by ledipasvir [43] and ombitasvir [37]. Overall,
these DAAs are effective against a wide spectrum
of HCV genotypes [41]. To date, sofosbuvir is the
most advanced DAA. Initially approved to be used
in association with RBV for HCV infection (geno-
types 2 and 3), it was the first all-oral, PegIFN-free
regimen. Multidrug regimens are combinations of
an NS3/4A inhibitor, an NS5A inhibitor and a non-
nucleoside NS5A inhibitor [44–46]. A full 3D treat-
ment regimen achieves an SVR rate of more than
95% when administered for 12 weeks to naıve
patients, and more than 90% in prior nonrespond-
ers.

DAAs could be expected to modify the incidence
of vasculitis being the result of a prolonged history
of HCV infection. However, these agents do not
possess the immunomodulatory effects of the inter-
ferons. They likely do not interfere with the patho-
genesis of mixed cryoglobulinemia vasculitis nor
effectively impact on the development of the
immune-mediated injury once the immune disor-
der is established. In addition to the uncertainty of
their pharmacokinetics and safety in the case of
renal impairment implies caution in nephritic
patients.

Results of the DAAs regimens in patients with
HCV-related cryoglobulinemic vasculitis are diffi-
cult to interpret. Makara et al. [40] reported remis-
sion of multiorgan involvement and withdrawal of
serum cryoglobulins 4 weeks after initiating DAA
therapy in a severe case of HCV-associated cryoglo-
bulinemic vasculitis . But this patient also had
received 1600 mg of Rituximab in four doses
5 months earlier. Sise et al. [47] showed that
patients with cryoglobulinemic vasculitis had sus-
tained virological response rate at 12 weeks of 83%
(10 out of 12 patients) with a sofosbuvir-based DAA
regimen. Patients with glomerulonephritis (7 out
of 12) showed a reduction in proteinuria and eGFR
improvement. But only two patients had a substan-
tial amelioration of serum creatinine (one concom-
itantly treated with Rituximab and one whose renal
involvement was not documented by renal biopsy).
Functional changes were negligible in four
patients, whereas serum creatinine increased over
time in the remaining patient. As regard to the
urinary abnormalities, the only patient who had
nephrotic range proteinuria at baseline (dropped to
nonnephrotic values) received Rituximab together
with DAAs. Another patient who showed a moder-
ate reduction of proteinuria (from 1574 to 800 mg/
g sCr) was concomitantly treated with ustekinu-
mab, ananti-IL-12–23 monoclonal antibody,
whose effects in proteinuric patients is at present
 Copyright © 2019 Wolters Kluwer H
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unpredictable. Proteinuria decreased from 2141 to
400 mg/g sCr in a patient who had not undergone
biopsy. Of the remaining four patients, proteinuria
was negative in one case, not determined in
another, and only determined by urinalysis in
two cases.

Sollima et al. [41] treated seven patients with
HCV-associated cryoglobulinemic vasculitis with
new DAAs within an expanded access program.
Nephropathy was the most frequent manifesta-
tion, presenting as a severe nephrotic syndrome,
stages III and IV chronic kidney disease or both.
Patients were treated with a variety of DAA regi-
mens, including ombitasvir/paritaprevir/ritonavir
and dasabuvir, sofosbuvir with ribavirin, sofosbu-
vir with daclatasvir and sofosbuvir with simeprevir,
depending on HCV genotypes. Treatment was
given for 12 weeks in five cases and 24 weeks in
two. All patients achieved SVR at posttreatment
week 12 (confirmed at week 24 in five of them,
on a longer follow-up). Serum cryoglobulins were
undetectable in four patients at the end of treat-
ment but increased again in three during follow-
up. At posttreatment week 12, clinical response was
observed only in two patients. Specifically, the
response was partial in one patient and complete
in another who experienced vasculitis relapse
despite still undetectable HCV RNA. Cornella
et al. [48] reported five patients with genotype 1
chronic HCV-related hepatitis complicated by
mixed cryoglobulinemia who received 24 weeks
triple therapy with bocepriviror, telaprivir and
sofosbuvir. Clearance of serum cryoglobulins was
not achieved in any of these patients.

Lauletta et al. [49] described 22 patients with
HCV-associated cryoglobulinemic vasculitis treated
with new DAAs. Despite a sustained virological
response in 63.7%, only partial benefits were
observed in patients with peripheral neuropathy.
The authors inferred that the pathogenic process
underlying cryoglobulinemic vasculitis might have
progressed despite viral clearance and that a ‘point
of no return’ might have been overstepped. In a
prospective study on HCV patients with symptom-
atic or asymptomatic cryoglobulinemia receiving
DAAs, 71% of patients with vasculitis achieved a
complete clinical response, including all 7 patients
with kidney involvement. Since vasculitis relapsed
in some patients, the authors speculated that
incomplete suppression of the B-cell clonal prolifer-
ation might underlie the risk of virus-independent
relapses [50

&

].
Emery et al. [51] retrospectively evaluated 18

HCV-CV before and after treatment with DAA þ
pegINF. High sustained virological response (16/
18) did not directly translate into improved
ealth, Inc. All rights reserved.
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immunological outcomes (with only 29.4% of
patients having complete cryoprecipitate clear-
ance). Among the seven patients with severe cryo-
globulinemic vasculitis included in the study, only
one had a complete clinical response, three showed
a partial clinical response and two no improvement.
The authors concluded that patients with life-
threatening vasculitis were not susceptible of immu-
nological and clinical response. In a prospective
international multicenter cohort study on 148
patients with symptomatic HCV-CV receiving DAAs
followed-up for 15.3 months, DAAs therapy
achieved high virological responses in most
patients, with some immunological and clinical
benefits but only partial hematological changes
(and detectable cryoglobulins in half of the patients)
[52

&&

]. Factors associated with no or partial response
to therapy included severe form of cryoglobuline-
mic vasculitis and peripheral neuropathy [52

&&

].
CONCLUSION

DAAs therapy in HCV-associated cryoglobulinemic
vasculitis was found to achieve high virological
responses with some immunological, clinical and
hematological changes. However, these observa-
tions emphasized the role of DAAs in eradicating
HCV infection even in mixed cryoglobulinemia
patients, a subset that had been found less respon-
sive to conventional antiviral treatment with Peg-
IFN/RBV.

General drawbacks of these studies included the
lack of histological evidence of renal involvement in
the vast majority of cases, what made uncertain the
nature of the functional impairment or the urinary
abnormalities in patients with comorbidities poten-
tially responsible for the renal manifestations. More-
over, Del Padre et al. [53] observed that the clonal B
cell could persist after the withdrawal of HCV, but
underwent functional changes that might decrease
their capacity to secrete pathogenic antibody.
Events able to perturb immunologic homeostasis
could reactivate these cells and lead to the resur-
gence of cryoglobulinemic vasculitis . Finally, virus
eradication does not necessarily mean that the
immunological process has been stopped and sev-
eral patients continue to have B lymphocyte clonal
expansion after SVR.

A complete remission of mixed cryoglobuline-
mia associated with sustained virological response
following a combined regimen of Peg-
IFNþRBVþDAA plus Rituximab was described by
Urraro et al. [42]. A combination of DAAs and Rit-
uximab can be effective both in cryoglobulinemic
vasculitis treatment and in HCV eradication. Ritux-
imab, able to deplete CD19 positive-B cells, known
 Copyright © 2019 Wolters Kluwe
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to be HCV reservoirs, could contribute to viral erad-
ication making its combination with DAAs particu-
larly attractive in the treatment of HCV-related
cryoglobulinemic vasculitis . However, the optimal
combination protocol of Rituximab plus DAAs need
to be defined [54

&

]. Severe cryoglobulinemic vascu-
litis, especially with renal involvement, should first
be treated with a Rituximab-based protocol [55

&&

].
DAAs may be administered concomitantly or may
be delayed (especially in the absence of a high viral
load) pending on individual circumstances.
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 CURRENT
OPINION The dark side of Sjögren’s syndrome: the possible

pathogenic role of infections

Elena Bartoloni, Alessia Alunno, and Roberto Gerli

Purpose of review
To highlight recent findings on pathogenic mechanisms and clinical associations which characterize the
role of infectious agents as triggers for Sjögren’s syndrome development.

Recent findings
Several candidate infectious agents have been identified to induce the autoimmune and inflammatory
pathways leading to Sjögren’s syndrome clinical appearance in the setting of a genetic background. This is
reinforced by the demonstration that Sjögren’s syndrome patients are characterized by higher prevalence
of seropositivity to virus and bacterial agents in comparison with general population. Moreover, these
agents may infect salivary gland epithelial cells. Stronger evidence confirmed the role of some viruses, like
Epstein–Barr, as triggers of the disease and different mechanisms have been demonstrated to interplay.
Recent experimental and clinical studies supported the adjunctive role of an altered buccal and intestinal
microbial composition and chronic inflammatory response to Helicobacter pylori in disease induction.
Finally, latent viral infections and immune system chronic stimulation induced by persistent infections may
participate in disease lymphoproliferative evolution.

Summary
Different viral and bacterial agents have been identified as triggers in Sjögren’s syndrome induction and
contributors to the chronic immune system stimulation underlying lymphoproliferative complication. Deeper
knowledge of involved microbial agents and pathogenic mechanisms linking Sjögren’s syndrome and
infections may help the identification of preventive therapeutic strategy.

Keywords
infections, microbiome, salivary gland, Sjögren’s syndrome, virus

INTRODUCTION

Sjögren’s syndrome may be considered one of the
best model to investigate the complex and still
unknown mechanisms underlying the pathogenesis
of chronic autoimmune systemic diseases. In
genetically predisposed individuals, multifactorial
concurrent events, mainly consisting of genetic sus-
ceptibility, epigenetic alteration and environmental
triggers, induce an impairment of both innate and
adaptive immune response,breakdown of self-immu-
nological tolerance and activation of autoreactive B
and T lymphocytes with final inflammatory infiltra-
tion of target tissue and aberrant autoantibody
production [1]. Among the wide spectrum of endog-
enous and exogenous environmental exposures,
infectious agents, particularlyviruses, have been long
considered as the most relevant triggers [2]. Several
mechanisms, including molecular mimicry, epitope
spreading, polyclonal lymphocyte activation, patho-
gen persistence in the host and epigenetic changes,
have been suggested to contribute to disease

induction following exposure to infectious agents
[2] (Fig. 1). Moreover, recent evidence highlighted
adjunctive mechanisms contributing to disease path-
ogenesis following exposure to microbial-derived
molecules. In this setting, the upregulation of type
I and II interferon stimulated genes, also known as
‘IFN signature’, in both peripheral blood and minor
salivary gland tissue from Sjögren’s syndrome
patients regulates several pathogenic events, includ-
ing apoptosis of salivary epithelial cells, endogenous
autoantigen exposure, upregulation of B-cell activat-
ing factor (BAFF) and autoantibody production [3,4].
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KEY POINTS

� Viral and bacterial agents and intestinal dysbiosis
deserve a particular growing interest in the
investigation of environmental factors involved in the
induction of Sjögren’s syndrome.

� Immunopathogenic mechanisms identified to elicit
Sjögren’s syndrome-specific immune system activation
following an infectious stimulus are numerous and
include epigenetic alteration, direct damage and
inflammatory infiltration of salivary gland, molecular
mimicry and induction of disease-
specific autoantibodies.

� Chronic immune system stimulation and inflammatory
stimulus induced by microbial agent infection may also
be implicated in the induction of pathogenic
mechanisms associated with lymphoproliferative
disease in Sjögren’s syndrome patients.

Infections and environmental aspects of autoimmunity
In Sjögren’s syndrome, plasmocytoid dendritic cells,
highly represented in the lymphocytic foci of salivary
gland, represent the main source of type I interferon
(IFNa and IFNb) following activation of Toll-like
 Copyright © 2019 Wolters Kluwer H

TLRs 2/4

Epigenetic
alterations

B cell

Dysbiosis

Virus 

Type I
IFN

TLRs 3/7 

TLRs 3/7 

BAFF

NF-κB 

FIGURE 1. Schematic representation of pathogenic event casc
syndrome. In the setting of a favorable genetic background, endo
debris or dysbiosis may modify epigenetic expression, induce infl
hyperactivation. Particularly, the epigenetic induction of the transc
like receptors 3 and 7 and type I interferon signature represent cr
Following Toll-like receptor stimulation, activation of inflammasom
cytokines. These events finally lead to production of autoantibodie
thus perpetuating the autoimmune response.

506 www.co-rheumatology.com
receptors (TLRs), which are expressed in different
cells of the innate immune system. Different factors,
including apoptotic self-nucleic acids, exosomes or
neutrophil extracellular traps, have been identified as
triggers of TLR pathway [3]. In this setting, microbial
pathogen-associated molecular patterns (PAMP) may
also act as molecules activating TLRs. Microbial prod-
ucts as bacterial lipoproteins and peptidoglycan from
Gram-positive bacteria may act as agonists of TLR2,
which activation induces IL15 and IL17-mediated
proliferation of innate and adaptative immune cells
in salivary gland of Sjögren’s syndrome patients [5].
Similarly, activation of TLR3 and TLR4 by viral dou-
ble-stranded RNA upregulates adhesion molecules on
epithelial glandular cells and stimulates cell apopto-
sis and BAFF secretion, thus driving immune system
hyperactivation [5]. To support this evidence, a
recent case–control study including a huge Sjögren’s
syndrome cohort demonstrated a significant increas-
ed risk of developing the disease in individuals with
a history of multiple infections [6

&

]. In particular,
infection of the respiratory, skin and urogenital tract
was associated with an approximately three-folded
risk of developing Sjögren’s syndrome with
ealth, Inc. All rights reserved.
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e is associated with systemic production of proinflammatory
s cross-reacting with bacterial and viral-derived antigens,

Volume 31 � Number 5 � September 2019
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associated anti-Ro/SSA and La/SSB positivity [6
&

].
Indeed, anti-Ro/SSA and La/SSB antibodies may
represent an epiphenomenon of infectious agent
exposure via several mechanisms including molecu-
lar mimicry. In a wide population of patients with
different systemic autoimmune diseases, presence
of anti-Ro/SSA directly correlated with antibody
response to cytomegalovirus (CMV), Epstein–Barr
virus (EBV) and Toxoplasma, whereas anti-La/SSB
correlated with immunological response to EBV early
antigen suggesting that an infectious trigger may
elicit the later development of a systemic auto-
immune disease [7].

However, despite recent novel findings on
mechanisms underlying disease pathogenesis, con-
clusive demonstration for a viral or bacterial infec-
tion as primary trigger of the disease is still
uncertain. Moreover, the multifactorial pathogen-
esis and the wide spectrum of disease manifesta-
tions suggest that different multiple infectious
agents may cooperate in disease pathogenic events
[8].

In this review, we will highlight the most recent
and novel findings on the role of infectious agents
as putative environmental triggers of the disease
both at glandular and systemic level also focusing
on the possible role of these agents in the patho-
genesis of lymphoproliferative risk associated with
the disease.
PUTATIVE VIRAL TRIGGERS

Epstein–Barr virus

In Sjögren’s syndrome, the immune response driven
by EBV, a human DNA herpes virus with peculiar
tropism for B cells and epithelial cells, represents
one of the best examples of the multiple mecha-
nisms by which an infectious trigger may elicit
aberrant activation of immune system in genetically
predisposed individuals. First of all, high viral load
of EBV genome and viral gene products have been
depicted in saliva as well as in epithelial cells and
lymphocytes from salivary and lacrimal gland biop-
sies of Sjögren’s syndrome individuals as compared
with controls, suggesting a condition of chronic
infection of epithelium [9]. Of interest, presence
of EBV in saliva and salivary gland correlated with
disease severity and extraglandular manifestations,
including vasculitis, reinforcing the direct role of
EBV in disease pathogenesis [9]. Moreover, a mech-
anism of molecular mimicry may be hypothesized
by the recent demonstration that a peptide on EBV
nuclear antigen-1 (EBNA-1), which plays an essen-
tial role in viral DNA transcription and replication
during the cell cycle, may cross react with an epitope
 Copyright © 2019 Wolters Kluwe
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on 60-kDa SSA/Ro antigen and that plasma cells
infected with EBV express a specific immunoreac-
tivity to 52-kDa SSA/Ro antigen [10]. EBV may also
induce cleavage of a-fodrin, production of autoanti-
bodies and direct stimulation of B cells in the pro-
duction of inflammatory cytokines, including BAFF
[11]. In particular, the EBV-derived RNA-SSB/La
complex is able to activate TLR3 leading to type I
interferon and proinflammatory cytokine produc-
tion [11]. Significantly, EBV-specific proteins
expressing virus latent infection and reactivation,
like nuclear egress protein 2 and latent membrane
protein 2A, were detected in salivary gland of Sjög-
ren’s syndrome patients containing germinal cen-
ter-like structures, thus suggesting that these ectopic
lymphoid structures may provide a niche for EBV
chronic infection [11]. To support this evidence,
higher frequency of antibodies to EBV early antigen
diffuse, an indicator of virus replication, has been
demonstrated in sera of Sjögren’s syndrome patients
in comparison with healthy controls and antibody
status was associated with increased risk of articular
involvement [12]. Indeed, Sjögren’s syndrome
patients display a systemic immune response to
different antigens of EBV replication cycle. Robust
evidence supports a positive association between
immune response against EBV early antigen and
Sjögren’s syndrome, further highlighted by the pos-
itive correlation between anti-SSA and anti-SSB anti-
bodies and serology of past EBV infection [8]. In a
recent study, increased frequency of antibodies to
EBNA-2, an indicator of virus reactivation, and to
early lytic stage antigens was detected in sera of
Sjögren’s syndrome patients in comparison with
healthy individuals [13]. Significantly, Sjögren’s
syndrome sera were characterized by a specific high
response to gp42, an envelope glycoprotein
involved in viral infection of B cells and epithelial
cells. The increased frequency of antigp42 antibod-
ies in Sjögren’s syndrome in comparison with both
healthy controls and other systemic autoimmune
diseases suggests that EBV reactivation may be
involved in direct infection of epithelial cells in
Sjögren’s syndrome patients suffering from sicca
syndrome [13]. Finally, EBV infection has been
implicated in lymphomagenesis in Sjögren’s syn-
drome [14

&&

]. The interferon regulatory factor 5,
which regulates the transcription of type I inter-
feron genes and cytokines including IL17, may
allow latent EBV survival favouring B-cell malignant
transformation [14

&&

]. Moreover, chronic stimula-
tion of B cells by latent EBV transcripts may regulate
the transcription of viral oncoproteins and non
coding RNAs like EBV-encoded small RNA (EBER)-
1 and EBER-2 which have been associated to B-cell
lymphomagenesis [14

&&

].
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Cytomegalovirus

The specific ability of CMV to replicate in salivary
gland and infect acinar and ductal epithelial cells
suggests its direct involvement in the pathogenesis
of the disease. However, although it is demonstrated
that the immune response to CMV is associated
with increased risk of autoimmune diseases, a direct
association between CMV infection and Sjögren’s
syndrome is controversial. Past cohort studies dem-
onstrated increased levels of IgG and IgM anti-CMV
antibodies in Sjögren’s syndrome patients in compar-
ison with controls. On the contrary, a recent study
depicted a protective effect of the immune IgG
response to CMV in Sjögren’s syndrome [8]. In this
setting, mouse models may offer interesting clues in
the investigation of CMV role in the pathogenesis of
the disease. Acute murine CMV infection-induced
rapid integrin a4-dependent CD8þ T-cell recruit-
ment in mice salivary glands. Moreover, murine
CMV infection induced the expression of specific
chemokines, including CXCL9 and CXCL10, able
to stimulate the chemokine receptor CXCR3, a mol-
ecule important for CD8þT-cell migration in salivary
gland [15]. Features of human Sjögren’s syndrome,
including focal inflammation in salivary glands, were
demonstrated in female NZM2328 mice after murine
CMV infection [8]. Significantly, virus DNA levels
were detectable in the salivary glands up to 14–28
days after intraperitoneal infection and correlated
with the extent of acute local inflammation [8].
Human T lymphotropic virus type I

Human T lymphotropic virus type I (HTLV-I) retro-
virus infection has been associated with Sjögren’s
syndrome in endemic areas, as in Japan. Virus DNA
has been specifically detected in CD4þ T cells infil-
trating Sjögren’s syndrome salivary glands and in
salivary gland epithelial cells suggesting a specific
affinity of HTLV-I toward CD4þ T lymphocytes [16].
Specific virus-associated proteins, including tax and
HTLV-I bZIP, have been detected in ductal epithelial
cells of labial salivary glands from HTLV-I-positive
Sjögren’s syndrome patients and result in the
production of inflammatory cytokines and chemo-
kines, including soluble intracellular adhesion
molecule and CXCL-10/interferon-g-induced pro-
tein [16,17]. Moreover, HTLV-I Sjögren’s syndrome
asymptomatic carriers seem to display a specific
phenotype characterized by absence of germinal
centers and low expression of CXCL13 in salivary
glands and lower frequency of anti-Ro/SSA in
peripheral blood with respect to HTLV-I-seronega-
tive patients suggesting that this virus may induce
specific immunological abnormalities in Sjögren’s
syndrome infected individuals [16].
 Copyright © 2019 Wolters Kluwer H
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Mumps virus

Presence of mumps virus, a member of Paramyxovir-
idae family, has been demonstrated in saliva and
minor salivary glands of Sjögren’s syndrome
patients. In a recent study, histologic and immuno-
histochemical analysis of salivary gland tissue dem-
onstrated higher concentration of mumps virus
protein in ductal cells, epithelial cells and connective
tissue surrounding acini and ducts in primary and
secondary Sjögren’s syndrome in comparison with
rheumatoid arthritis patients and sicca controls [18].
Moreover, higher salivary gland expression of a
specific immune response to virus infection, includ-
ing IFN-g and IFN-b, IFI16 protein, CD11c antigen
and NKG2 receptor for natural killer cells, in
Sjögren’s syndrome patients in comparison with
other groups suggests a persistent latent infection
of virus in Sjögren’s syndrome salivary gland tissue
and its direct role in epithelial damage causing sicca
syndrome [18].
Hepatitis B virus and hepatitis C virus

Although the rate of hepatitis B virus infection was
similar or significantly less frequent in Sjögren’s
syndrome patients in comparison with the general
population also in highly endemic areas like
Taiwan, both murine models and population studies
demonstrated a link between hepatitis C virus
(HCV) infection and Sjögren’s syndrome [19,20].
In particular, HCV expresses a peculiar tropism for
lacrimal and salivary epithelial cell cytoplasm
inducing a local chronic antigenic stimulus that
drives expansion of autoreactive memory B cell in
infected individuals [19]. Finally, the detection of
HCV RNA and HCV core antigen in salivary epithe-
lial cells of patients with HCV-associated Sjögren’s
syndrome and the development of Sjögren’s syn-
drome-like exocrinopathy in transgenic mice carry-
ing the HCV envelope genes suggest a direct role of
HCV in sialadenitis [19].
ORAL AND INTESTINAL MICROBIOTA

Recent evidences suggest that normal human micro-
bial imbalance may be an important etiopathogenic
factor for Sjögren’s syndrome and differences in
bacterial composition of oral and gut microbiota
in Sjögren’s syndrome patients have been reported
in recent studies [21,22]. In fact, Sjögren’s syndrome
patients display a very heterogeneous buccal
mucosa microbiome with the largest variation in
bacterial community composition if compared with
non-Sjögren’s syndrome sicca individuals and
healthy population. In particular, higher Firmicutes/
Proteobacter ratio was detected in Sjögren’s syndrome
ealth, Inc. All rights reserved.
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and non-Sjögren’s syndrome sicca individuals in
comparison with healthy controls, whereas lower
Streptococcus and higher Gemella concentration
mainly characterized Sjögren’s syndrome patients
in comparison with non-Sjögren’s syndrome sicca
patients [21]. Significantly, in association with host
genetic, dentition state and environmental factors,
such as medication, diet and oral hygiene, oral dry-
ness contributes more to oral bacterial composition
than disease phenotype [22]. Especially phylum Pro-
teobacteria and its genera Haemophilus, Lautropia and
Neisseria and Lactobacillus, pathogens involved in
dental caries, appear to be sensitive to the amount
of saliva in the oral cavity [21].

Specific oral microbiota in Sjögren’s syndrome
patients can affect gut microbiota composition [22].
Imbalance in the intestinal microbiota, also called
intestinal dysbiosis, may result in increased epithe-
lial permeability with subsequent infiltration of
subepithelial space and lamina propria by microbial
products. Then, these molecules bind to specific
receptors on the surface of antigen-presenting cells
and proinflammatory T cells, resulting in polariza-
tion and activation of specific lymphocyte subsets,
B-cell differentiation and autoantibody production
[23]. Recent studies suggested that a dysbiotic intes-
tinal microbiome, mainly driven by depletion of
Faecalibacterium, Bacteroides, Parabacteroides and
Prevotella and abundance of Escherichia, Shigella
and Streptococcus genera, is a hallmark of Sjögren’s
syndrome both in murine models and human host
[24

&

,25]. Moreover, peptides from gut microbiota
may activate Ro60-reactive T cells by a mechanism
of molecular mimicry leading to autoantibody pro-
duction and dysregulation of immune response
[24

&

]. Severe intestinal dysbiosis in Sjögren’s syn-
drome patients is correlated with higher disease
activity and intestinal inflammation, as reflected
by higher levels of fecal calprotectin [26]. Endoge-
nous epitopes generated by intestinal microbiome
may promote hyperactivation and clonal transfor-
mation of B cells by epigenetic induction of tran-
scription genes associated with TLR3 and 7 and type
I interferon. Stimulation of TLR7 by microbial
debris may activate innate response through the
nuclear factor kappa-light-chain-enhancer of acti-
vated B cells and the NLR family pyrin domain-
containing 3 (NLRP3) inflammasome [5]. Of note,
increased expression of the complex P2X7 receptor-
NLRP3 in Sjögren’s syndrome patients has been
associated to higher risk of lymphoma [27]. These
findings suggest that intestinal microbiome may
be considered a potential pathway in Sjögren’s
syndrome pathogenesis, disease perpetuation and
lymphoproliferation.
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NEW EVIDENCE FOR OLD INFECTIOUS
AGENTS

Mycobacterium tuberculosis and
nontuberculous mycobacterial

Tubercular infection has been associated with higher
risk of developing systemic autoimmune diseases and
several mechanisms related to the complex patho-
genesis of tubercular infection may explain this asso-
ciation [28]. Among these, PAMP molecules induce a
proinflammatory and immune response by TLR2
and 4-mediated activation of dendritic cells and cyto-
kine production. Moreover, low virulence strains of
Mycobacterium tubercolosis (MT) persist lifelong inside
macrophages producing mycobacterial heat shock
protein 16 (HSP16) which allows MT survival in
granuloma and perpetuation of TLR2-mediated sys-
temic inflammatory and autoimmune response [28].
Moreover, MT HSP65 and HSP70 may interfere with
thedifferentiation ofTh1 and Th2cells,modulate the
expression of adhesion and costimulating molecules
and amplify the immune response by a mechanism of
molecular mimicry between mycobacterial and
human HSPs [28]. Significantly, higher frequency
of anti-SSA/Ro antibodies was detected in sera of
tubercular infection patients in comparison with
controls [28]. In a recent wide, population-based
dataset study in Taiwan, risk of incident Sjögren’s
syndrome was significantly associated with a history
of nontuberculous mycobacterial infection, in par-
ticular in individuals aged 40–65 years and without
bronchiectasis. Although further studies are needed
to investigate underlying mechanisms, this study
supports the hypothesis of a direct link between
infection and induction of autoimmunity in individ-
uals with a history of mycobacterial infection [29].
Helicobacter pylori

The worldwide prevalence of Helicobacter pylori (HP)
infection and its unique ability to long-term survive
in the host environment identified this microorgan-
ism as potential trigger of chronic autoimmune
response [30]. Indeed, chronic presence of HP may
activate immune system with cytokine production,
infiltration of gastric mucosa by neutrophils and
macrophages, activation of effector T cells and anti-
body production [30]. As seen for other infectious
organisms, molecular mimicry with activation of
autoreactive T cells, breakdown of immunologic tol-
erance by bacterial-derived HSP60, microchimerism
and immunological response to HP antigens are
identified as mechanisms associated with induction
of autoimmunity after bacterial gastric colonization
[31]. In the past, several studies attempted to identify
r Health, Inc. All rights reserved.
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a connection between HP infection and risk of inci-
dent Sjögren’s syndrome with controversial results
[31]. A recent meta-analysis involving more than six
hundred Sjögren’s syndrome patients demonstrated
a small but significant higher rate of HP infection in
Sjögren’s syndrome in comparison with healthy con-
trols [32]. Moreover, in Sjögren’s syndrome patients,
serum antibody titers to HP significantly correlated
with disease activity index, age, disease duration and
C-reactive protein levels [31,33]. These results and
the shared increased risk of mucosa-associated lym-
phoid tissue (MALT) lymphoma characterizing both
Sjögren’s syndrome patients and individuals with HP
infection suggest an intriguing common immuno-
logic pathway underlying the two conditions.
Indeed, HP may modulate the expression of some
micro-RNAs controlling cell proliferation and sur-
vival. In a gastric MALT lymphoma mouse model
chronic HP induced the overexpression of micro-
RNA 155 which is involved in B cell growth and is
increased in lymphoproliferative disease [34].
Saccharomyces cerevisiae

The mechanism of molecular mimicry of self-anti-
gens behind the induction of anti-Saccharomyces
cerevisiae autoantibodies (ASCAs) may indicate their
pathogenic role in several autoimmune diseases, as
demonstrated in Crohn’s disease [35]. In a recent
study, a nearly 5% prevalence of ASCA was depicted
for the first time in a Sjögren’s syndrome cohort
[36]. Significantly, all ASCA positive patients were
characterized by anti-SSA/Ro 52/60 and anti-SSB/La
positivity and S. cerevisiae mannan displayed high
similarity with antiRo60, thus reinforcing the
molecular mimicry hypothesis. Moreover, ASCA
positive patients were characterized by higher prev-
alence of pulmonary, cutaneous and articular
involvement in comparison with ASCA negative.
All together these data indicate a possible patho-
genic and prognostic significance of ASCA in Sjög-
ren’s syndrome patients.
CONCLUSION

Infectious agents may be still considered essential
pathogenic triggers in both induction and perpetu-
ation of immune system dysregulation which
underlies the etiopathogenesis of Sjögren’s syn-
drome. Although the specific agents directly
involved in the induction of the disease in geneti-
cally predisposed individuals have not been still
identified, recent studies highlighted interesting
pathogenic mechanisms which interplay with
Sjögren’s syndrome immune pathway dysfunction
 Copyright © 2019 Wolters Kluwer H
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and perpetuate the disease. Moreover, robust evi-
dence supports a role of infections in the initiation
and perpetuation of lymphoproliferative damage
which affects long-term prognosis of the disease.
Surely, identification of microorganisms involved
and deeper knowledge of all pathways of interaction
between host and infectious agent may provide
novel insights and open new scenarios for possible
strategies to prevent disease onset.
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ealth, Inc. All rights reserved.

Volume 31 � Number 5 � September 2019
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being triggered by viral infection? Subplot: infections that cause clinical
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30. Radić M. Role of Helicobacter pylori infection in autoimmune systemic
rheumatic diseases. World J Gastroenterol 2014; 20:12839–12846.

31. Smyk DS, Koutsoumpas AL, Mytilinaiou MG, et al. Helicobacter pylori and
autoimmune disease: cause or bystander. World J Gastroenterol 2014;
20:613–629.

32. Chen Q, Zhou X, Tan W, Zhang M. Association between Helicobacter pylori
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 CURRENT
OPINION Osteoarticular manifestations of Mayaro

virus infection

Carlos Arenı́vara,d, Yhojan Rodrı́guezb, Alfonso J. Rodrı́guez-Moralesc,
and Juan-Manuel Anayaa

Purpose of review
To carry out an update on the state of the art of the Mayaro virus (MAYV) infection and its osteoarticular
implications.

Recent findings
There is a wide distribution of MAYV in Latin America and documented exported cases to the United States
and Europe. Although osteoarticular involvement is not the most frequent, it is one the most associated with
disability. The main mechanisms related to arthropathy involves cellular infiltrates (i.e. macrophages,
natural killer cells, lymphocytes) together with production of cytokines, such as IL-6, IL-7, IL8, IL-12p70.

Summary
MAYV infection is an emerging disease, which has been reported in many and increasing number of
countries of Latin America. There is a high risk of epidemic outbreaks, given the inadequate vector control
(Aedes mosquitoes). Its main symptoms, like other arbovirus infections, involve the presence of headache,
rash, conjunctivitis, and arthralgias. MAYV arthropathy is usually severe, can last in time, and is associated
with severe disability. There is currently no treatment for MAYV. Prevention of MAYV as a public health
burden will be achieved by integrating vector control with vaccines (still under development).

Keywords
arthropathy, Latin America, Mayaro virus, outbreaks

INTRODUCTION

Viral vector-borne diseases have become very rele-
vant because of different socioeconomic and envi-
ronmental factors that have allowed its geographic
distribution to expand. This has generated a crisis in
public health, especially in developing countries
[1

&

,2,3
&

]. Additionally, the impact of these diseases
has been associated with high rates of physical
and even mental disability and quality of life
impairment [2,3

&

]. These infections are mainly
transmitted by species of mosquitoes in the genus
Aedes (Aedes aegypti and Aedes albopictus), which are
widely distributed in Asia, Latin America, and Africa.
The main viruses transmitted by the vectors are
Mayaro (MAYV), chikungunya (CHIKV), Zika
(ZIKV), yellow fever (YFV), and dengue (DENV) [4].

MAYV is an emerging pathogen in the Togavir-
idae family, genus Alphavirus, and is the cause of
Mayaro fever, a disease that is similar to CHIKV
infection. Infected patients show an acute febrile
episode of variable severity, usually self-limited
(typically 3–5 days), accompanied by a clinical
course of arthralgia with or without arthritis [5,6].

Arthropathy is usually frequent and is a cause of
temporary or permanent disability of a significant
sector of the population. This, in turn, represents a
substantial economic burden for the countries
affected by this phenomenon. In this article, a
narrative literature review was done in order to
synthesize the information currently available on
epidemiology, pathophysiology, osteoarticular and
muscular manifestations, diagnosis, and treatment
of people infected with MAYV.
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dente, Bogotá, cPublic Health and Infection Research Group, Faculty of
Health Sciences, Universidad Tecnológica de Pereira (UTP), Pereira,
Risaralda, Colombia and dHospital de Especialidades ’’Dr Antonio Fraga
Mouret‘‘ del C.M.N. ‘La Raza’, Mexico City, Mexico

Correspondence to Juan-Manuel Anaya, MD, PhD, Center for Autoim-
mune Diseases Research (CREA), School of Medicine and Health
Sciences, Universidad del Rosario, Cra 24-63-C-69, Bogotá, Colombia.
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KEY POINTS

� There is a high risk of MAYV outbreaks, given the
inadequate vector control (Aedes mosquitoes) in
tropical countries of Latin America.

� Mayaro virus arthropathy may be severe and leads
to disability.

� Prevention of MAYV as a public health threat would be
achieved by integrating vector control with vaccines
(still under development).

Osteoarticular manifestations of MAYV infection Arenı́var et al.
EPIDEMIOLOGY

The first reported cases of MAYV infection occurred
in 1954 in Trinidad and Tobago, where the virus was
isolated for the first time in five people [7]. However,
there is evidence that, during the construction of
the Panama Canal in the 1910s, the workers were
infected by the same virus [8]. After that, the virus
was found in six patients from Belem, Brazil, in
April 1955 [9]. Later in Bolivia a strain of MAYV,
previously known as Uruma, was associated with
15 of the ‘fevers of the jungle’ of that time [10].
Furthermore, between 1958 and 1960 in Santander,
Colombia, of 12 strains of arboviruses that had been
isolated, 4 strains corresponded to MAYV [11]. In
1964, in Suriname, a fever illness was reported in
Dutch soldiers and, although it was not identified
serologically, the presence of MAYV was suspected
[12]. Later in 1965, the virus was isolated in serum
from Peruvian patients through neutralization tests
on Vero cell cultures [13]. In 1997, an outbreak of
hemorrhagic fever was reported in Ecuador. A sero-
prevalence of 46% was documented in the Equato-
rial Amazonian natives [14]. One year later, the virus
was reported in French Guiana with a seropreva-
lence of 6.3% [15]. In Venezuela, the first cases, in
four relatives with specific IgG and IgM titers against
the virus, were reported in 2000 [16].

Then, 10 years later, 77 cases were reported in
what was the biggest outbreak reported in Latin
America [17]. In 2001, two cases of MAYV were
documented in Mexico, one of which resulted in
a fatal outcome with liver failure and encephalo-
pathy [18]. In Bolivia and Peru, between 2000 and
2007, the virus was found in rural areas in those
countries [19]. In a study done between 2010 and
2013 in 4 Peruvian cities, the virus was reported in
0.8% of the people [20]. In 2015, the virus was
isolated in an 8-year-old patient in Haiti [21]. In
2018 and 2019, Peru have reported 37 cases, in the
Cuzco and Ayacucho regions. According to the
Pan American Health Organization (http://www.
paho.org/), in 2019, in Ecuador, five cases of MAYV
 Copyright © 2019 Wolters Kluwe
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among 34 samples that were negative for DENV,
CHIKV and ZIKV, were reported. Two of the con-
firmed cases occurred in Guayaquil, its largest city.

With respect to imported cases, some from Peru
and Bolivia were reported in the United States
[22,23]. Furthermore, two cases in Europe, one from
Suriname in 2008 and one from Brazil in 2013 were
imported into the Netherlands [24,25]. In 2016, a
case was imported into France from French Guiana
[26], whereas another case was imported into
Switzerland from Peru [27]. In Germany, in 2012,
one case was reported in a woman with a fever who
had been in Peru and in whom serology specific for
MAYV was confirmed [5]. A few years later, in the
same country, a case was reported that had been
imported from French Guiana [28]. These reports
have made it possible to describe the wide distribu-
tion of the virus throughout Latin America and
abroad through travel. However, it is necessary to
create public health policies that would prevent
an epidemic, as well as to include MAYV in the
surveillance, integrated with other arboviruses.
TRANSMISSION

The main epidemic outbreaks of vector-borne infec-
tions have shown that the epidemiological behavior
follows a seasonal pattern related to a higher inci-
dence of cases in the rainy season, a situation that
varies between countries, as also occur with other
arboviruses. The MAYV transmission occurs with
the bite of a female hemophagous mosquito. Vector
function has been described in different species of
mosquitoes, such as: Aedes, Culex, Mansonia, and
Psorophora, each of which has a different vector
capacity. Of these, the Aedes genus is the most
important because it feeds primarily on humans.
It frequently bites several human beings in a single
meal, and its habitat is close to people [11,29].

Once the mosquito feeds on an infected person,
the virus infects the mosquito’s intestinal epithelial
cells where it replicates until it reaches the hemo-
lymph stage after which it will live in the salivary
glands of the mosquito and reinitiate the cycle of
infection with the next meal [30]. Like other alpha-
viruses, there is the possibility of other transmission
routes, which are still a matter for research [30].
CLINICAL FINDINGS AND
OSTEOARTICULAR MANIFESTATIONS

After a bite from a mosquito infected with MAYV,
the onset of symptoms occurs at 8 days according to
some authors. However, MAYV’s incubation period
has not been well established [5,6,31]. The clinical
course is usually similar to and shared with that of
r Health, Inc. All rights reserved.
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Table 1. Main clinical findings in chikungunya virus, dengue virus, Mayaro virus, and Zika virus

Viruses

Clinical findings MAYV CHIKV DENV ZIKV

Fever (þþþþ) (þþþ) (þþþþ) (þþ/�)

Myalgia/arthralgia (þþþ) (þþþþ) (þþþ) (þþ)

Edema in limbs � � � (þþ)

Rash (þþ) (þþ) (þþ) (þþþ)

Retro-ocular pain (þþ) (þ) (þþ) (þþ)

Conjunctivitis � (þ) � (þþþ)

Lymphadenopathies (þ) (þþ) (þþ) (þ)

Hepatomegaly (þ) (þþ) � �
Thrombocytopenia (þþ) (þþ) (þþþ) (�/þ)

Hemorrhages � (þ) (þþþ) (�/þ)

þ, presence; –, absence; MAYV, Mayaro virus; CHIKV, chikungunya virus; DENV, dengue virus; ZIKV, Zika virus.

FIGURE 1. Distribution of arthralgia in Mayaro virus
infection. Any joint 69%.
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other arboviruses. However, there are relevant clini-
cal differences between the infections (Table 1). An
infection by alphaviruses like MAYV usually starts
with fever, arthralgias/arthritis, myalgias, maculo-
papular exanthema, and retro-ocular pain. Dizzi-
ness, vomiting, anorexia, lymphadenopathy, and
jaundice are also frequent [6]. Debilitating acute
and chronic musculoskeletal disease accompanied
by high-intensity fever (>39 8C) may be observed in
up to 100% of affected individuals. Headaches have
been found in 60–100% of those infected, arthralgia
in 50–89%, myalgias in 75%, joint edema in 58%,
retro-ocular pain in 44–63%, and rash in up to 49%
of cases [32].

The clinical characteristics of joint manifesta-
tions are usually similar to those present in other
alphavirus infections. They generally coincide with
the onset of febrile symptoms and rash (3–5 days
after the mosquito bite). All the symptoms may
disappear within a couple of weeks after they had
started except for the arthralgia. The main joints
affected are ankles, wrists, toes, fingers, elbows,
shoulders, and knees (Fig. 1). The arthralgias have
a prolonged course in more than 50% of the cases
[33]. In addition, the arthralgias present a symmet-
rical pattern associated with morning stiffness and
nocturnal worsening of symptoms.

In the study by Santiago et al. [33], it was found
that up to 54% of MAYV cases had persistent arthral-
gias. The appearance of anti-MAYV antibodies
correlated with better clinical results except for
persistent arthralgias [33]. The appearance of neu-
tralizing antibodies occurs in 100% of the cases, and
they are a fundamental part of the recovery of these
patients. However, the magnitude of this response
did not differ between patients who developed
persistent arthralgia and those who recovered
completely, thus suggesting that neutralizing
 Copyright © 2019 Wolters Kluwer H
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antibodies alone cannot completely protect individ-
uals from the development of persistent arthralgia
[33].
PATHOGENESIS OF OSTEOARTICULAR
MANIFESTATIONS

Currently, there are few studies that demonstrate
the pathophysiological mechanism of the MAYV in
relation to osteoarticular complications. However,
there are studies of alphaviruses that can shed light
ealth, Inc. All rights reserved.
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on the action of this virus at the osteoarticular level.
Dissemination occurs through the lymphatic sys-
tem [34], affecting the liver, spleen, and other sites,
where most viral replication happens. The acute
phase of the disease occurs in the muscle, bone,
and joints [35]. In murine models, it has been
observed at the level of joints and muscles, inflam-
matory infiltrates, macrophages, natural killer
cells, and both CD4þ and CD8þ T lymphocytes
[36,37,38]. In in-vitro studies, it has been observed
that MAYV infection is associated with apoptosis
[39]; tumor necrosis factor (TNF)-a is produced and
induces the appearance of arthritis and fever. An
increase in the generation of reactive oxygen spe-
cies, which was confirmed in infected HepG2 cells,
has also been observed [40

&&

]. The production of IL -
6, IL-7, IL8, IL-12p70, IL-15, IP-10, and MCP-1 has
been described during the acute phase. In particular,
MCP-1 is crucial during the migration of monocytes
in the acute phase of the infection [33]. Moreover,
the presence of IL-2 and IL-9 favors cellular prolifer-
ation whereas IL-7 and IL-13 may remain elevated
for up to 3 months after infection. In the chronic
phase, high levels of IL-1b, IL-5, IL-10, IL-12p70, IL-
17, interferon (IFN)-g, and TNFa are characteristic.
Finally, chronic arthropathy as a secondary infec-
tion is associated with high levels of G-CSF, IL-1Ra,
IL-8, IL-17, IFN-g, MCP-1, PDGF-BB, and TNF-a [33].
DIAGNOSIS

MAYV infection should be suspected in patients
with rash, fever, polyarthralgia, and a history of
living or having recently been in areas where the
virus is endemic. MAYV shares many serological
characteristics with other viruses in the alphavirus
genus, and this leads to a high degree of cross-
reactivity with serological tests [31].

The diagnosis of MAYV can be done with viral
RNA determination through real-time reverse tran-
scription-PCR (RT-PCR) or through serology for
MAYV. A complete review of the diagnosis of MAYV
was published elsewhere [41

&&

].
TREATMENT AND PREVENTION

Currently, there is no approved treatment for dis-
eases caused by alphaviruses [20,42]. Due to the
similarity of the clinical and biochemical findings
for arthritis secondary to alphavirus and rheumatoid
arthritis (RA), it was initially thought that the treat-
ment of MAYV arthropathy could be similar to that
used for RA. However, the use of steroids has been
tried on patients with polyarthritis with dubious
results under a risk–benefit assessment [31]. Further-
more, the use of antimalarials has been shown be
 Copyright © 2019 Wolters Kluwe
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beneficial for the prolonged polyarthralgias of these
patients [43].

Another medication that could be useful in the
near future could be Harrigntonine. This compound is
isolated from trees belonging to the family Cephalo-
taxus (Coniferous) [44]. It improves arthritis in murine
models and is able to inhibit the replication of CHIKV.
However, studies are needed to assess its effectiveness
in MAYV infection [44]. Recently, the use of two drugs
with antiviral effect, thienopyridine derivatives and
epicatechin, on MAYV replication raised expectations
for their use in clinical trials [45

&&

,46]. In extreme cases
of thrombocytopenia or hemorrhage, blood transfu-
sion is indicated. In mild cases, it is possible for the
patient toremainathome. In somecases, thepatient is
hospitalized for a study and diagnostic protocol. Few
cases have been described that require admission to
the intensive care unit.

To prevent transmission, greater integrated con-
trol of the vector is required. Fumigation programs
of urban and rural areas are recommended, together
with avoiding exposure in areas of high mosquito
activity, using repellents, impregnating clothing
with permethrin, using appropriate clothing (pants
and long-sleeved shirt), and using mesh and mos-
quito nets [42,47]. There is no vaccine available yet
although a live-attenuated vaccine is under study in
murine models [48].
CONCLUSION

Tropical diseases have been neglected by govern-
ments and the pharmaceutical industry, although
they represent a significant economic burden for
the affected developing countries. Emerging viral
infections are not the exception. They have a major
potential to spread and significant morbidity. The
ecology of the mosquito has changed with the pass-
ing of time and is covering more and more of the
northern and southern regions of the planet as well as
reaching altitudes beyond the historical maximums
and affecting populations previously considered
exempt from the problem because of their height
above sea level. That is why it is necessary to increase
efforts to control the spread of mosquitoes as well as
to enhance the surveillance, including this arbovirus.

The main clinical manifestations of MAYV
infection are arthralgia fever and maculopapular
rash. Arthralgias can be self-limiting or become
chronic. Further studies are needed to evaluate
the long-term outcome for patients affected by
MAYV and their treatment.
Acknowledgements

None.
r Health, Inc. All rights reserved.

rved. www.co-rheumatology.com 515



Infections and environmental aspects of autoimmunity
Financial support and sponsorship

None.

Conflicts of interest

There are no conflicts of interest.
REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1.
&

Lorenz C, Azevedo TS, Virginio F, et al. Impact of environmental factors on
neglected emerging arboviral diseases. PLoS Negl Trop Dis 2017;
11:e0005959.

This is the first space-time study about several arboviruses, including Mayaro,
highlighting their importance as potential public health problems.
2. LaBeaud AD. Why arboviruses can be neglected tropical diseases. PLoS

Negl Trop Dis 2008; 2:e247.
3.
&

Marcondes CB, Contigiani M, Gleiser RM. Emergent and reemergent arbo-
viruses in South America and the Caribbean: why so many and why now? J
Med Entomol 2017; 54:509–532.

This article emphasizes the importance of studying the vector given the environ-
mental conditions associated with social, political and economic factors.
4. Esposito DLA, Fonseca BALD. Will Mayaro virus be responsible for the next

outbreak of an arthropod-borne virus in Brazil? Braz J Infect Dis 2017;
21:540–544.

5. Theilacker C, Held J, Allering L, et al. Prolonged polyarthralgia in a German
traveller with Mayaro virus infection without inflammatory correlates. BMC
Infect Dis 2013; 13:369.

6. McGill PE. Viral infections: alpha-viral arthropathy. Baillieres Clin Rheumatol
1995; 9:145–150.

7. Anderson CR, Downs WG, Wattley GH, et al. Mayaro virus: a new human
disease agent. II. Isolation from blood of patients in Trinidad, B. W. I. Am J Trop
Med Hyg 1957; 6:1012–1016.

8. Srihongse S, Stacy HG, Gauld JR. A survey to assess potential human
disease hazards along proposed sea level canal routes in Panama and
Colombia. IV. Arbovirus surveillance in man. Mil Med 1973; 138:422–426.

9. Causey OR, Maroja OM. Mayaro virus: a new human disease agent. III.
Investigation of an epidemic of acute febrile illness on the river Guama in
Para, Brazil, and isolation of Mayaro virus as causative agent. Am J Trop Med
Hyg 1957; 6:1017–1023.

10. Schaeffer M, Gajdusek DC, Lema AB, Eichenwald H. Epidemic jungle fevers
among Okinawan colonists in the Bolivian rain forest. I. Epidemiology. Am J
Trop Med Hyg 1959; 8:372–396.

11. Groot H, Morales A, Vidales H. Virus isolations from forest mosquitoes in San
Vicente de Chucuri, Colombia. Am J Trop Med Hyg 1961; 10:397–402.

12. Karbaat J, Jonkers AH, Spence L. ARbovirus Infections in Dutch Military
personnel stationed in Surinam: a preliminary study. Trop Geogr Med 1964;
16:370–376.

13. Buckley SM, Davis JL 3rd, Madalengoitia J, et al. Arbovirus neutralization tests
with Peruvian sera in Vero cell cultures. Bull World Health Organ 1972;
46:451–455.

14. Izurieta RO, Macaluso M, Watts DM, et al. Hunting in the rainforest and
Mayaro virus infection: an emerging alphavirus in Ecuador. J Glob Infect Dis
2011; 3:317–323.

15. Talarmin A, Chandler LJ, Kazanji M, et al. Mayaro virus fever in French Guiana:
isolation, identification, and seroprevalence. Am J Trop Med Hyg 1998;
59:452–456.

16. Torres JR, Russell KL, Vasquez C, et al. Family cluster of Mayaro fever,
Venezuela. Emerg Infect Dis 2004; 10:1304–1306.

17. Auguste AJ, Liria J, Forrester NL, et al. Evolutionary and ecological character-
ization of Mayaro virus strains isolated during an Outbreak, Venezuela, 2010.
Emerg Infect Dis 2015; 21:1742–1750.
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OPINION Porphyromonas gingivalis and rheumatoid arthritis
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Gabriele Di Carlob, Dimitrios P. Bogdanosc, Ramona Lucchettia,
Andrea Pillonib, Guido Valesinia, Antonella Polimenib, and Fabrizio Contia

Purpose of review
To explore the pathogenic association between periodontal disease and rheumatoid arthritis focusing on
the role of Porphyromonas gingivalis.

Recent findings
In the last decades our knowledge about the pathogenesis of rheumatoid arthritis substantially changed.
Several evidences demonstrated that the initial production of autoantibodies is not localized in the joint,
rather in other immunological-active sites. A central role seems to be played by periodontal disease, in
particular because of the ability of P. gingivalis to induce citrullination, the posttranslational modification
leading to the production of anticitrullinated protein/peptide antibodies, the most sensitive and specific
rheumatoid arthritis biomarker.

Summary
The pathogenic role of P. gingivalis has been demonstrated in mouse models in which arthritis was either
triggered or worsened in infected animals. P. gingivalis showed its detrimental role not only by inducing
citrullination but also by means of other key mechanisms including induction of NETosis, osteoclastogenesis,
and Th17 proinflammatory response leading to bone damage and systemic inflammation.

Keywords
periodontal disease, periodontitis, porphyromonas gingivalis, rheumatoid arthritis

INTRODUCTION

Several evidence from the literature revealed a strict
association between rheumatoid arthritis and peri-
odontal disease from an epidemiological point of
view [1,2]. Moving from these, a growing amount of
studies has been conducted, showing pathogenic
and clinical similarities [3].

Rheumatoid arthritis is a systemic inflammatory
autoimmune disease characterized by chronic
inflammation and joint tissue destruction, poten-
tially leading to functional disability [4]. Similarly,
patients with periodontal disease experience a
chronic inflammatory status, starting from anaero-
bic bacteria dysbiosis, involving tooth supporting
tissues [5]. The cause of rheumatoid arthritis is not
fully understood, but a multifactorial pathogenesis,
involving both environmental and genetic factors
has been widely accepted [6,7]. Among the sug-
gested environmental triggers, periodontal disease
is currently considered a risk factor for rheumatoid
arthritis and seems to play a central role in disease
initiation [7,8]. Porphyromonas gingivalis, a Gram-
negative anaerobic bacterium, has been located at
the center of the pathogenic hypothesis linking
rheumatoid arthritis and periodontal disease, due

to its ability to induce proteins’ citrullination via
endogenous peptidylarginine deiminase enzyme
(PPAD). In this review, we will focus on the current
evidence about the detrimental role of P. gingivalis in
rheumatoid arthritis [9,10].

PERIODONTAL DISEASES

Periodontal disease is highly prevalent in the gen-
eral population: the moderate form affects 40–60%
of adults, whereas 10–15% could experience a
severe form, potentially leading to tooth loss
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KEY POINTS

� Epidemiological and pathogenic relationships between
rheumatoid arthritis and periodontal disease have been
widely confirmed.

� Porphyromonas gingivalis plays a central role, thanks
to the ability to induce protein citrullination.

� Beyond citrullination, Porphyromonas gingivalis could
act through other pathogenic mechanisms, involving
toll-like receptors and NETosis.

Infections and environmental aspects of autoimmunity
[11,12]. Gingivitis usually occurs first and can be
reversed with oral hygiene methods. However, once
the inflammation extends to the deeper tissues, the
loss of periodontal attachment and bone could
determine progressive loosening of teeth, eventu-
ally leading to their loss. Periodontal disease patho-
physiology has been well characterized: the
activation of host-derived proteinases leads to loss
of marginal periodontal ligament fibers and apical
migration of the junctional epithelium, allowing
apical spread of the bacterial biofilm along the root
surface [13]. Gingival inflammation is initiated by
bacterial biofilm, whereas periodontal disease initi-
ation and progression depend from oral dysbiosis,
because of nutrients, gingival inflammation, and
tissue breakdown products. Current evidence sup-
ports the influence of several factors, including
smoking and systemic diseases, in determining
inflammatory responses leading to dysbiotic micro-
biome changes [14,15].

The first periodontal disease classification, pub-
lished in 1999, emphasized individual features of
periodontitis and thus differences in phenotype.
Accordingly, four different forms of periodontitis
were recognized: necrotizing, chronic, aggressive,
and systemic diseases related [16]. This system clas-
sification has been applied for many years; however,
a system based exclusively on disease severity does
not allow to assess other important disease aspects,
including disease activity, complexity, treatment
strategies, and trigger risk factors. A new classifica-
tion for periodontal disease has been published in
2018, co-commissioned by the American Associa-
tion of Periodontology and the European Federation
of Periodontology, replaced the old 1999 classifica-
tion [17

&&

]. Some important changes were intro-
duced, including a multidimensional staging and
grading system for periodontal disease, indicating
disease severity and extent. According with this
classification, periodontal disease is categorized in
four stages, ranging from 1 – least severe – to 4 –
most severe. Moreover, risk and rate of disease
 Copyright © 2019 Wolters Kluwer H
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progression have been divided into three grades,
ranging from lowest – grade A – to the highest risk
– grade C. In this grading, risk factors, such as
smoking and the presence of concomitant systemic
diseases, such as diabetes, have been considered
[17

&&

].
RHEUMATOID ARTHRITIS AND
PERIODONTAL DISEASE:
EPIDEMIOLOGICAL STUDIES

The close relationship between RA and periodontal
disease moves from several epidemiological studies,
demonstrating a higher frequency of periodontal
disease in patients with rheumatoid arthritis in
comparison with healthy controls, regardless of
rheumatoid arthritis disease duration or the pres-
ence of confounding factors, such as cigarette smok-
ing [18]. Recently, Fuggle and colleagues performed
a systematic review and meta-analysis, by evaluating
17 studies. Patients with rheumatoid arthritis
showed a 13% greater risk of periodontal disease
in comparison with non-rheumatoid arthritis, rang-
ing from 4 to 23% (RR¼1.13) [2]. Certainly, this
review shows several limitations, deriving from dif-
ferences in the definitions used in the studies for
periodontal disease, heterogeneity in rheumatoid
arthritis populations (for instance, disease duration
ranged from 3.4 months to 16.3 years), lack of data
about rheumatoid arthritis disease activity and
treatments. Finally, data about temporal relation-
ship between rheumatoid arthritis and periodontal
disease were frequently lacking [2].

Some studies evaluated also the frequency of
rheumatoid arthritis in periodontal disease cohorts.
The study conducted by Demmer and colleagues
examined whether periodontal disease was associ-
ated with rheumatoid arthritis development in the
First National Health and Nutrition Examination
Survey and its epidemiological follow-up study.
The cross-sectional phase of the study demonstrated
a two-fold increase in the odds of prevalent rheuma-
toid arthritis in patients with periodontal disease. In
the longitudinal phase, rheumatoid arthritis cumu-
lative incidence during 20 years of follow-up was
4.7%, with higher odds for women [19].
RHEUMATOID ARTHRITIS AND
PERIODONTAL DISEASE: THE ROLE OF
PORPHYROMONAS GINGIVALIS

Given such epidemiological link, there was – and
there still is – an urgency towards the discovery of
the possible pathogenic mechanisms relating peri-
odontal disease to rheumatoid arthritis develop-
ment, briefly summarized in Fig. 1.
ealth, Inc. All rights reserved.
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FIGURE 1. Possible pathogenic mechanisms linking periodontal disease to rheumatoid arthritis development.

Porphyromonas gingivalis and rheumatoid arthritis Perricone et al.
Several studies have demonstrated the appear-
ance of autoantibodies, including anti-citrullinated
protein antibodies (ACPA) many years before disease
onset, suggesting that triggering of these immune
reactions must, therefore, take place somewhere
other than in the joints [20,21].

Periodontal disease and oral microbiota,
together with lung microbiota, are the initial sites
for development of rheumatoid arthritis immune
response. It appears that the detrimental agent is
P. gingivalis, a Gram-negative anaerobic bacterium,
characterized by its unique ability to citrullinate
proteins via the endogenous PPAD. This bacterial
enzyme was firstly identified and purified by
McGraw and colleagues [22] and subsequently
cloned and expressed by Rodriguez et al. [23].

These two studies demonstrated that PPAD, dif-
ferently from human PAD, is not Ca2þ dependent
and could be activated at higher pH and preferen-
tially acts by citrullinating C-terminal arginines.
The generation of citrullinated peptides derives
from the combined action of arginine gingipains
(Rgp) cleaving polypetides into short peptides with
C-terminal arginines followed by rapid PPAD-
catalyzed citrullination [22,23].

The posttranslational modifications exerted by
P. gingivalis could determine the chronic exposure
 Copyright © 2019 Wolters Kluwe
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of citrullinated peptides, localized at level of perio-
dontium, potentially leading to break of immune
tolerance in genetically predisposed individuals.
Finally, this could determine the production of
ACPA [24].

P. gingivalis could contribute to rheumatoid
arthritis development also by other mechanisms.
After the infection, neutrophils can release neutro-
phil extracellular traps, structures characterized by
active proteases and PADs, generating citrullinated
epitopes and triggering the production of ACPA.
Neutrophils could also be attracted to the gingival
crevice undergoing necrosis, thereby releasing dam-
age-associated molecular patterns, leading to local
and systemic inflammation [25–27].

Other virulence factors, such as lipopolysaccha-
ride, fimbriae, gingipains, and lipoproteins, are pro-
duced by P. gingivalis. These factors could be
recognized by Toll-like receptors, protease activated
receptors, and/or NOD2 receptors, localized at level
of gingival epithelial cells and phagocytes, such as
dendritic cells. In response to these interactions,
host cells release inflammatory cytokines and che-
mokines that activate complement system, RANKL
signaling pathways, and the differentiation of T
helper cells, finally contributing to osteoclastogen-
esis [28,29]. The possible implication of P. gingivalis
r Health, Inc. All rights reserved.
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in rheumatoid arthritis inflammatory status has
been recently confirmed by a study performed by
our group: by enrolling a wide rheumatoid arthritis
cohort, we identified a significant association
between the percentage of P. gingivalis in the tongue
biofilm and disease activity, in terms of disease
activity score values and remission rate [30].
RHEUMATOID ARTHRITIS AND
PORPHYROMONAS GINGIVALIS: MOUSE
MODELS

Accumulating evidence from experimental murine
models show that P. gingivalis is associated and even
can provoke the onset of arthritis. Since 1998 is
known that gingival inflammation, bacterial infec-
tion, alveolar bone destruction, and subsequent
tooth loss, the characteristic features of periodontal
disease, are caused by P. Gingivalis infection [31]. It
was already clear that a genetic susceptibility was
required to sustain the progression of the alveolar
bone loss [32]. This was later confirmed in HLA-
restricted mouse models. Indeed, Sandal et al.
expanded such concept suggesting that P. gingivalis
infection can be detrimental per se because it was
shown that the exposure of the gingiva of DR1 mice
to the pathogen results in a transient increase in the
percentage of Th17 cells, both in peripheral blood
and cervical lymph nodes, a burst of systemic cyto-
kine activity, a loss in femoral bone density, and the
generation of ACPA. Importantly, these antibodies
are not produced in response to P. gingivalis treat-
ment of wild-type C57BL/6 mice, but P. gingivalis
exposure triggered the expression of arthritis in
arthritis-resistant mice, supporting the idea that
periodontal infection may be able to trigger auto-
immunity if other disease-eliciting factors are
already present [33]. Liao et al. proposed that P.
gingivalis may play a crucial role in the pathogenesis
of periodontitis-associated rheumatoid arthritis
[34]. Cantley et al. showed that preexisting peri-
odontitis induced by oral gavage with P. gingivalis
can exacerbate experimental arthritis in a mouse
model of collagen-induced arthritis (CIA). Also, it
was observed that preexisting periodontitis devel-
oped more severe arthritis, which developed at a
faster rate. The authors compared these mice with
those with periodontitis only which also showed
evidence of loss of bone within the radiocarpal joint,
whereas those mice with collagen-arthritis only had
signs of alveolar bone loss [35

&&

]. It was Kinloch et al.
[36] that proposed an animal model linking an
immune response to P gingivalis enolase, the sero-
positive subset of rheumatoid arthritis, defined by
antibodies to citrullinated a-enolase in the context
of DR4. Finally, the evidence pointed out at that
 Copyright © 2019 Wolters Kluwer H
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specific strain (W83) of P. gingivalis that possesses
the PPAD. This P. gingivalis strain exacerbated CIA,
as manifested by earlier onset, accelerated progres-
sion, and enhanced severity of the disease, includ-
ing significantly increased bone and cartilage
destruction. In this experiment, increased levels of
autoantibodies to collagen type II and citrullinated
epitopes were observed as a PPAD-null mutant did
not elicit similar host response, suggesting that
citrullination is detrimental for arthritis onset
[37]. Gully et al. further confirmed that PPAD is
required for the onset of arthritis, because they
developed a genetically modified PPAD-deficient
strain of P. gingivalis W50 and then experimental
arthritis was induced. They found that the develop-
ment of experimental periodontitis was signifi-
cantly reduced in the presence of the PPAD-
deficient P. gingivalis strain. When experimental
arthritis was induced in the presence of the PPAD-
deficient strain, there was less paw swelling, less
erosive bone damage to the joints and reduced
serum ACPA levels when compared to the wild-type
P. gingivalis inoculated group [38]. The final model
linking CIA, P. gingivalis, and citrullination was
developed by Jung et al., showing that synovial
inflammation and bone destruction in CIA mice
infected with W83 and 2561 strains of P. gingivalis
were more severe than in uninfected CIA mice, and
that the W83 strain was arthritogenic even before
autoimmune reaction was initiated. Citrullination
was detected only in synovial tissue of CIA mice and
CIA mice inoculated with P. gingivalis, but not in
normal control mice [39]. Marchesan et al. rein-
forced the importance of P. gingivalis in aggravating
CIA and suggested that the main inflammatory
pathway leads to a shift versus an increased Th17/
Th1 ratio when P. gingivalis infection is present in
mice receiving either CFA/CII or IFA/CII immuniza-
tions [40]. This result was recently confirmed by de
Aquino et al. that found that mice with experimen-
tally-induced arthritis that were exposed to P. gingi-
valis presented higher joint damage and Th17
frequencies when compared to noninfected mice.
The aggravation of arthritis by periodontitis was
accompanied by increased TNF and interleukin
(IL)-17 production and articular neutrophil infiltra-
tion, whereas arthritis aggravation and changes
in neutrophil infiltration were absent in IL-17RA-
deficient mice [41]. The exact mechanism of bone
resorption is yet not known, it is possible that
P. gingivalis enhances RANKL through the activation
of toll-like receptor 2 mediated by MyD88 and NF-kB
in osteoblasts [42]. Finally, Yamakawa et al. used
the mouse model of rheumatoid arthritis, the
SKG mouse, to find a link with periodontitis [43].
These authors demonstrated that the presence of
ealth, Inc. All rights reserved.

Volume 31 � Number 5 � September 2019



Porphyromonas gingivalis and rheumatoid arthritis Perricone et al.
P. gingivalis induced severe bone destruction in joint
tissue and a decrease in bone density together with
higher levels of ACPA, MMP-3, IL-2, IL-6, CXCL1,
and macrophage inflammatory protein (MIP)-1a.
Not surprisingly, the osteoclastogenesis of BMCs
was enhanced in the infected group. Very recently,
it was suggested a role for the anaphylotoxin C5a in
mediating these harmful effects because the addi-
tion of a neutralization antibody against C5a sup-
pressed osteoclast differentiation [44].
RHEUMATOID ARTHRITIS AND
PORPHYROMONAS GINGIVALIS: IN-VIVO
STUDIES

A number of studies evaluated the presence of anti-
bodies directed against P. gingivalis in the sera of
patients affected by rheumatoid arthritis, compared
 Copyright © 2019 Wolters Kluwe

Table 1. Studies evaluating the presence of antibodies directed a

Study Country RA (N) Contro

Yusof, 1995 [45] Malaysia 25 10 HC
25 RPP
15 AP

Moen, 2003 [46] Norway 116 serum
52 SF

43 non
100 HC

Ogrendik, 2005 [47] Turkey 20 30 HC

Mikuls, 2009 [48] USA 78 39 PD
40 HC

Hitchon, 2010 [49] Canada 82 205 N
47 NA
60 non

Okada, 2011 [50] Japan 80 38 HC

de Smit, 2012 [51] The Netherlands 96 36 HC

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
with healthy controls and periodontal disease indi-
viduals, showing contrasting results, summarized in
Table 1 [45–52,53,54–57]. Anti-P. gingivalis antibod-
ies have been demonstrated to be significantly more
frequent and with higher titers in patients with
rheumatoid arthritis in comparison with healthy
controls. The association between rheumatoid
arthritis and periodontal disease leads to increased
antibodies titers. Some studies observed an associa-
tion between anti-P. gingivalis and rheumatoid
arthritis-specific laboratory features, such as ACPA
positivity [48,49,55] and disease activity assessed by
DAS28 [55]. Moreover, the study conducted by Seror
and colleagues on a French rheumatoid arthritis
cohort demonstrated an association between anti-
P. gingivalis antibodies and erosive damage, as eval-
uated by using modified Sharp/van der Heijde score
erosion subscale. Specifically, patients with high
r Health, Inc. All rights reserved.

gainst P. gingivalis

ls Antibody type Results

Anti-P. gingivalis Immunoglobulin G (IgG) levels
HC vs. RPP (P<0.05)
HC vs. AP (P<0.01)

-RA-SF Anti-P. gingivalis IgG levels comparable in case
and controls

Anti-P. gingivalis IgG levels significantly higher
in RA patients than controls

Anti-P. gingivalis IgG highest in PD, lowest in
controls, and intermediate in
RA (P¼0.0003).

RA pts: significant correlations
between P. gingivalis titer
and CRP, anti-CCP-IgM,
and -IgG-2.

AN relatives
N HC
-NAN HC

Anti-P. gingivalis Anti-P. gingivalis levels higher
in RA compared to relatives
and controls (P¼0.005),
higher in RA ACPAþ than
RA ACPA- (P¼0.04) and
relatives (P<0.001).

Anti-P. gingivalis RA showed significantly higher
levels of anti-Pg and
anti-CCP antibodies than
controls (P¼0.04 and
P<0.0001).

Anti-Pg titer displayed a
significant correlation with
RF levels, probing depth,
and clinical attachment level
(P¼0.03, P¼0.03, and
P¼0.02).

Anti-P. gingivalis RA patients with severe PD
higher IgG- and IgM-anti
P. gingivalis titers than
non-RA controls with severe
PD (P<0.01 resp. P<0.05).
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Table 1 (Continued )

Study Country RA (N) Controls Antibody type Results

Arvikar, 2013 [52] USA 50 DMARDs
naı̈ve

43 late RA

72 HC Anti-P. gingivalis 34% of the 50 patients with
early RA had positive IgG
antibody responses to Pg,
as did 13 (30%) of the 43
patients with late RA.

Quirke, 2014 [53] UK 80 82 HC
44 PD

Anti-RgpB
Anti-PPAD

Anti-PPAD elevated in the RA
sera compared with controls
(P<0.05) and PD
(P<0.01).

Seror, 2015 [54] France 694 80 HC Anti-P. gingivalis Anti–P gingivalis titers did not
significantly differ between
RA and HC.

Anti–P gingivalis titers
significantly higher among
patients who had never
smoked compared to those
ever smoked (P¼0.0049).
Among nonsmokers, high
anti–P gingivalis levels
associated with a higher
prevalence of erosive
change (modified Sharp/
van der Heijde score
erosion subscale;
P¼0.0135).

Lee, 2015 [55] Korea 248 85 HC Anti-P. Gingivalis
Anti-ENO1

Significantly higher levels of
anti-P. gingivalis and anti-
ENO1 in RA patients than
HC (P¼0.002, P¼0.0001,
respectively. Anti-ENO1
titers significantly correlated
with DAS28, ACPA titers,
ESR values (P¼0.009,
P¼0.01, P¼0.001,
respectively).

Kharlamova, 2016 [56] Sweden 1974 377 NRA Anti-RgpB Anti-RgpB levels significantly
elevated in PD compared to
NRA, and in ACPAþ RA
compared to ACPA�.
Significant association
between anti-RgpB IgG and
RA (OR 2.96). Interactions
between anti-RgpB and both
smoking and the HLA–DRB1
SE in ACPAþ.

Johansson, 2016 [57] Sweden 192 Presymptomatic
individuals 251

HC 198

Anti-RgpB Anti-RgpB IgG levels
significantly increased in
presymptomatic individuals
and in RA compared with
controls (P<0.001).

Anti-RgpB antibodies elevated
and stable in the
presymptomatic individuals
with a trend towards lower
levels after RA diagnosis.

ACPA, anti-citrullinated protein antibodies; anti-ENO1, antibodies anti human alpha enolase; antiRgpB, antibodies anti protein arginine gingipain; AP, adult
periodontitis; HC, healthy control; NAN, North American Native population; NRA, nonrheumatoid arthritis; PBC, population-based control; RA, rheumatoid
arthritis; RPP, rapidly progressive periodontitis.
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anti-P. gingivalis antibody levels were more likely to
have erosive disease than those with lower titers
[54]. In the last years, the presence of antibodies
directed against protein arginine gingipain (anti-
RgpB) has been investigated: Kharlamova et al. in
2016 observed that the levels of these antibodies
were significantly higher in patients with periodon-
tal disease compared to non-rheumatoid arthritis,
and in ACPA positive patients with rheumatoid
arthritis compared to ACPA negative. Moreover,
these authors demonstrated an interaction between
anti-RgpB and both smoking and HLA–DRB1 shared
epitope in ACPA positive patients [56]. Interest-
ingly, Johansson et al. in 2016 assessed the presence
of anti-RgpB in a large cohort of presymptomatic
individuals. They found antibodies levels signifi-
cantly increased in these individuals and in rheu-
matoid arthritis compared with controls. Moreover,
anti-RgpB levels were stable in the presymptomatic
individuals with a trend towards lower levels after
rheumatoid arthritis diagnosis [57]. The results of
the studies published so far have been reviewed by
Bae et al. in 2018, who performed a meta-analysis. By
including 14 studies, the authors concluded that
anti-P. gingivalis antibodies levels were significantly
higher in rheumatoid arthritis than controls; how-
ever, subgroup analysis revealed the lack of differ-
ence between rheumatoid arthritis and non-
rheumatoid arthritis controls, in particular patients
with periodontal disease. Meta-analysis of the cor-
relation statistic showed a significant and positive
correlation between anti-P. gingivalis levels and
ACPA [58].
CONCLUSION

The relationship between rheumatoid arthritis and
periodontal disease has been widely confirmed
from an epidemiological and pathogenic point of
view. P. gingivalis is certainly the central player of
this link, thanks to its ability to perform protein’s
citrullination and by inducing autoantibodies pro-
duction in genetically susceptible individuals [9,10].

Other interesting scenarios have been opened
in the last years, involving new oral pathogens
and new posttranslational modifications, such as
carbamylation. Aggregatibacter Actinomycetemcomi-
tans, a Gram-negative, facultative anaerobe, non-
motile bacterium, associated with localized and
aggressive periodontal disease, has attracted grow-
ing interests. This bacterium seems to be able to
induce hypercitrullination in host neutrophils, by
using a pore-forming toxin leukotoxin A mimicking
membranolytic pathways. Moreover, this leuko-
toxin could induce changes in neutrophil morphol-
ogy resembling extracellular traps formation and
 Copyright © 2019 Wolters Kluwe
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finally releasing hypercitrullinated antigens [59].
Moreover, the action exerted in neutrophils could
facilitate the release of myeloperoxidase, leading
to carbamylation: this is a posttranslational modifi-
cation that, by means of new antigens production,
could induce autoantibodies formation, the so-
called anticarbamylated antibodies [60,61].

There is a lot more to explore on the common
features between the pathophysiology of the oral
cavity and the joint. Surely, P. gingivalis represents
the perfect example of infection that is associated
with rheumatoid arthritis, and possibly with other
autoimmune diseases [62,63]. Certainly, these
pathogenic suggestions need confirmation by
further studies.
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OPINION Infections as triggers of flares in systemic

autoimmune diseases: novel innate immunity
mechanisms
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Purpose of review
The innate immune response (IIR) has to be immediate facing pathogens, and effective to induce a long-lasting
adaptive immunity and immune memory. In genetically susceptible individuals, beyond a first defense, a chronically
activated by infections IIR may represent a trigger for the onset or flares in systemic autoimmune diseases. This
article reviews the recent scientific literature in this regard and highlights the key issues needing investigation.

Recent findings
Thanks to its high specificity mediated by pattern recognition receptors, the IIR is not called unspecific
anymore. The discovery of these increasingly accurate recognizing molecular mechanisms has also
evidenced their involvement in breaking self-immune tolerance and to maintain chronic inflammation in
autoimmune responses. Neutrophil extracellular traps (NETS) as the main source of antinuclear antibodies;
the ‘neutrophils-pDC activation loop’ theory; and the Th1/Th2/Th17 misbalances induced by microbial
products because of chronically activated innate immune cells, are some of the recent uncovered IIR origins
involved in infectious-induced systemic autoimmune diseases.

Summary
A deeper understanding of the genetic predisposition and the pathogen-derived factors responsible to
exacerbate the IIR might potentially provide therapeutic targets to counteract flares in systemic autoimmune
diseases.

Video abstract
http://links.lww.com/COR/A44

Keywords
infectious-induced autoimmune diseases, innate humoral factors, innate immune cells, innate immune mechanisms

INTRODUCTION

Innate immune cells (neutrophils, eosinophils,
basophils, mast cells, macrophages, natural killers,
innate lymphoid cells, monocytes, dendritic cells
and platelets) bear intracellular and extracellular
pattern recognition receptors (PRRs), such as Toll-
like receptors (TLRs), Nod-like receptors, RIG-I-like
receptors, C-type lectin receptors, Absent in mela-
noma 2-like receptors, oligoadenylate synthase
family proteins and cyclic GMP-AMP synthase,
focused on recognizing conserved pathogen-asso-
ciated molecular patterns (PAMPs) present in large
groups of microorganisms [1]. This specialized
molecular identification elicits an immediate
defensive response but, to become efficient, it must
also activate a long-lasting adaptive immunity and
induce immune memory. The innate immune
response (IIR) also involves soluble mediators
(defensins, complement system, collectins/ficolins

and pentraxins) that destroy and/or opsonize
microbes [2]. Infections in individuals with genetic
or functional alterations in any of these recognizing
molecules may produce chronic activation and lead
to dysfunctional changes in IIR mechanisms, rep-
resenting triggers for the onset or flares in systemic
autoimmune diseases.
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KEY POINTS

� The ‘neutrophils-pDC activation loop’ theory in
antinuclear antibodies-bearing autoimmune diseases
(and IFN-a as key cytokine) has emerged as a central
mechanism of their immunopathology.

� NADPH oxidase inhibitors (as NETs production
blockers) have been theoretically proposed as reducers
of fungal and bacterial infection-induced flares in
autoimmune systemic diseases; pilot studies of clinical
research are desirable to evaluate their
therapeutic efficacy.

� The overactivation state of the innate immune response
in autoimmune patients might be because of genetic
predisposition or induced by pathogen-derived factors;
both likelihoods might coexist and need
tight investigation.

� A direct cause–effect association between infections
and many innate immune factors is very well
supported; others require further research to assign
them a role as inducers, witnesses or enhancers in
autoimmune diseases.

Infections and environmental aspects of autoimmunity
NEUTROPHIL EXTRACELLULAR TRAPS:
ARISING AS THE MAIN SOURCE TO
INDUCE ANTINUCLEIC ANTIBODIES

NET release was described as an antimicrobial neu-
trophils mechanism; nevertheless, it was later found
in other noninfectious conditions, such as gout,
malignancy and atherosclerosis. Likewise, NET
exacerbation has been described in autoimmune
diseases (https://www.sciencedirect.com/topics/
immunology-and-microbiology/autoimmune-dis-
eases) including rheumatoid arthritis (RA), antineu-
trophil cytoplasmic antibodies (ANCA)-associated
vasculitis (AAV) and psoriasis [3]. Neutrophils from
systemic lupus erythematosus (SLE) patients have
showed higher susceptibility to NET production
and this effect frequently correlates with the acti-
vation state of plasmacytoid dendritic cells (pDC),
allowing the emergence of the ‘neutrophils-pDC
activation loop’ theory [4]. NET production
induced by infections has been proposed as a plen-
teous source of neutrophil-derived self-DNA, acti-
vating pDC via TLR9 and TLR7, inducing high levels
of IFN-a, and exacerbating the autoimmune dis-
order. This theory is supported by the evidence that
IFN-a is a potent NET inducer and promotes auto-
antibody-secreting autoreactive B cells [5].

The higher neutrophil susceptibility to NET pro-
duction might be an intrinsic genetic feature of
autoimmune patients or be produced by patho-
gen-derived factors. In this regard, Konig et al.
showed that Aggregatibacter actinomycetemcomitans,
 Copyright © 2019 Wolters Kluwer H
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a periodontal pathogen, induces hypercitrullination
of host neutrophils, such as observed in joints from
RA patients. This effect was mediated by the A.
actinomycetemcomitans-derived leukotoxin A (LtxA)
through inducing NET-like structures and releasing
hypercitrullinated proteins. In addition, the effect
of the RA-associated risk allele HLA-DRB1 was just
observed in RA patients exposed to A. actinomyce-
temcomitans [6]. Furthermore, although RA and cys-
tic fibrosis in common present airway inflammation
and NET production has been implicated in their
autoimmunity process; these diseases present differ-
ent profiles of anti-NET protein antibodies. RA
patients develop anticitrullinated protein autoanti-
bodies (ACPAb) but not antibactericidal permeabil-
ity-increasing protein autoantibodies (ABPIAb). In
contrast, cystic fibrosis ABPIAb-positive patients
showed no ACPAb. Interestingly, ABPIAb recognize
the BPI C-terminus lacking posttranslational
modifications and NET induction by Pseudomonas
aeruginosa results in BPI cleavage by P. aeruginosa
elastase. The presence of ABPIAb was associated with
the detection of P. aeruginosa on sputum culture and
with diminished lung function in cystic fibrosis
patients [7]. This evidence reveals a likely involve-
ment of this infection in autoimmunity develop-
ment to NET-derived proteins in cystic fibrosis.
EOSINOPHILS FACING UP PATHOGENS:
FRIENDS OR FOES IN AUTOIMMUNITY?

Activated eosinophils can produce extracellular
traps (EETs) to kill pathogens too, but their contri-
bution to release nuclear autoantigens might be
minor. Their association with the autoimmune pro-
cess may be owing to the tissue injury caused
by their ability to bind autoantibodies recognizing
self-cells and their strong cytotoxic properties [8].
Eosinophils have been identified in inflammatory
infiltrates in organ-specific autoimmune diseases
and the absence of eosinophils significantly reduces
the disease severity in animal models of auto-
immune bowel diseases and of autoimmune myo-
carditis [9,10].

Eosinophils are specialized cells against
helminths but, paradoxically alive helminths,
excretory/secretory helminths products, and hel-
minths-derived synthetic molecules have been used
to treat autoimmune diseases, such as inflammatory
bowel disease (IBD), type 1 diabetes (T1D), multiple
sclerosis and RA [11]. Infection with parasitic worms
polarize the immune response to Th2 by avoiding
chronic inflammatory responses involved in auto-
immune diseases (Th1 and Th17). This effect is
mediated by a differentiation of macrophages
toward M2 phenotype, tolerogenic dendritic cells
ealth, Inc. All rights reserved.
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and regulatory T cells, all together producing immu-
noregulatory molecules (IL-10 and TGFb) [12]. Yet,
recognizing helminth-purified products by the
immune system does not necessarily involve eosin-
ophil participation. Th2 polarization is a subsequent
process dependent on the emitted signals during
antigen presentation and some pathogenic antigens
possess inherent tolerogenic properties [13]. Hence,
as there is evidence supporting eosinophil partici-
pation in both tissue injury and protective Th2
polarization, their real contribution in infection-
induced autoimmunity needs to be elucidated.
IN PERSISTENT INFECTIONS, BASOPHILS
AND MAST CELLS CONTRIBUTE TO
CHRONIC INFLAMMATION AND FLARES
IN AUTOIMMUNE PROCESS

Basophils and mast cells are phenotypic and func-
tionally related cells intensely studied as key effector
cells in IgE-associated immune responses (hel-
minths infection and allergy). But, these cells addi-
tionally play a critical role in innate immune
responses to bacteria and viruses and, there is emerg-
ing evidence of their active contribution in the
pathogenesis of cancer, inflammatory diseases
[14,15] and, as this review discusses: infection-
induced autoimmunity. Basophils are differently
activated in SLE depending on the disease severity
and they have been implicated in the pathogenesis
of lupus nephritis [16]. As expected, activated mast
cells have been found in skin autoimmune diseases,
such as bullous pemphigoid and epidermolysis bul-
losa acquisita [17]; but surprisingly, also in systemic
autoimmune diseases, such as multiple sclerosis and
RA [18–20].

Basophils and mast cell activation by infections
induces degranulation and secretion of stored proin-
flammatory mediators, such as tumor necrosis factor
(TNF), histamine, serotonin, heparin, and proteases;
followed by de-novo synthesis and secretion of
prostaglandins and leukotrienes and, cytokines
and chemokines (IL-3, IL-4, IL-5, IL-6, IL-8, and
IL-13) [21]. Mast cells elicit type I interferons (IFNs)
but only in response to viral infection [22]. Overall
these molecules induce survival, activation and dif-
ferentiation of B cells with the consequent antibod-
ies production via BAFF, IL-4, and IL-6; mainly
inducing Th2 type responses and IgE antibodies,
but it would block the Th1 polarization usually
associated to autoimmune responses [23]. Hence,
the pathogenic role of infection-activated basophils
and mast cells in systemic autoimmune disorders
might be just during persistent infections and
intense immune responses, mainly attributable to
their contribution to the persistence of chronic
 Copyright © 2019 Wolters Kluwe
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inflammation as described in RA, Crohn’s diseases,
scleroderma, multiple sclerosis, pulmonary and
hepatic fibrosis and, autoimmune heart disease [24].
THE PROINFLAMMATORY ROLE OF
MONOCYTES AND MACROPHAGE
INDUCED BY MICROBIAL PRODUCTS IN
AUTOIMMUNE DISEASES

Monocyte and macrophage activation has reproduc-
ibly been reported in several autoimmune diseases.
On the basis of clinical evidence, Epstein–Barr virus
(EBV) infection is a suspected cause of relapses in RA
[25]. EBV replication activates the TLR8 molecular
pathway in purified systemic sclerosis monocytes.
Viral interleukin 10 (vIL-10), a lytic phase protein
from EBV homolog of human IL-10 (hIL-10), indu-
ces significantly lower STAT3 phosphorylation in
comparison with hIL-10, and it is less efficient
downregulating inflammatory genes – vIL-10 levels
are significantly higher in plasma from SLE patients
compared with matched unaffected controls [26

&

].
On the other hand, tracking of adoptively trans-
ferred Ly6C high GFP monocytes infected with
murid herpesvirus 68 (a mouse virus closely related
to EBV), into arthritic CCR2-/- mice showed that this
monocyte subset delivers viruses to inflamed RA
joints [27

&

]. This evidence indicates to vIL-10-
induced monocyte activation as an EBV-related
virus mechanism responsible for flares in RA.

Classically activated macrophages (M1) have
been described exerting a strong microbicide activ-
ity in different autoimmune disease [28,29]. This
effect is mediated by producing reactive oxygen
species, nitric reactive species and pro-inflammatory
cytokines (IL-1, IL-6, IL-12, IL-23, and TNF-a). M1
can be originated by in-vitro stimulation with Th1
cytokines (IFNa or TNF-a) and importantly with
Gram-negative (lipopolysaccharide) and Gram-
positive (lipoteichoic acid) PAMPs [30].

Regarding virus infections, human cytomegalo-
virus (HCMV)-positive cells were found in islets and
exocrine areas from patients with fulminant T1D.
This infection was accompanied with higher num-
bers of macrophages and, CD4þ and CD8þ T
lymphocytes. Parallelly, 11 viral genes mainly asso-
ciated with latent HCMV infection were identified
in the PBMCs of SLE patients. A functional analysis
of the US31 gene (a human cytomegalovirus protein
highly represented in SLE patients) expression could
induce monocyte activation and M1 differentiation
via a direct US31/NF-kB2 interaction [31]. In a T1D
model, following lymphocytic choriomeningitis
virus infection, macrophages accumulate near
islets and in close contact to islet-infiltrating
(autoimmune) CD8þ T cells. Disruption of IFNa/b
r Health, Inc. All rights reserved.
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receptor signaling in macrophages resulted in
restricting trafficking of autoreactive-specific T cells
into the islets [32]. These evidences support and
strengthen the idea of the proinflammatory M1
involvement in AD induced by microbial products.
SELF-ANTIGENS PRESENTING DENDRITIC
CELLS AS INITIATORS OF AUTOIMMUNITY

Dendritic cells are a heterogeneous population of
professional antigen-presenting cells that connect
and modulate innate and adaptive immune
responses. Dendritic cells are involved in the initia-
tion of both immunity and immunological toler-
ance but, some infections may induce changes
in their tolerogenic/immunogenic balance and
instigate the development or flares in autoimmune
diseases. Certain pathogen-derived molecular struc-
tures can per se emulate self-antigens (molecular
mimicry); additionally, during an infection, den-
dritic cells capture and process foreign and self-
antigens and; after trauma of immune-privileged
sites, hidden antigens can be exposed and taken
up by migrating dendritic cells [13]. Whatever
the self-antigen source, in genetically prone indi-
viduals, processing and presentation by skewed
dendritic cells may activate low-affinity autoreac-
tive preexisting T cells and induce an autoimmune
response.

The pathogenic role of dendritic cells interact-
ing with the commensal intestinal microbiota on
the tolerance loss to glycoproteins in IBD was
recently shown. In this condition, more colonic
dendritic cells express TLR2 and TLR4 with higher
levels of CD40. In Crohn’s disease, mature CCR7þ
dendritic cell group with proliferating T cells and
production of higher levels of IL-12 and IL-6 are
associated with the disease activity. IL-6 producing
intestinal dendritic cells induced by local bacteria
broke T cells’ regulatory activity, resulting in toler-
ance loss to gut self-antigens and tissue damage [33].
This idea is strengthened by the results obtained in a
Toll-like receptor 7 (TLR7)-dependent mouse model
of SLE, where the authors showed that a gut micro-
biota lactobacillus (Lactobacillus reuteri) induced
autoimmunity by increasing plasmacytoid dendritic
cells (pDC) and interferon signaling [34

&&

].
PLATELET ACTIVATION BY INFECTIONS:
CAUSE OR EFFECT IN SYSTEMIC
AUTOIMMUNE DISEASES

In addition to their pivotal role in hemostasis, pla-
telets are also recognized as crucial players in innate
and adaptive immunity, and growing evidence is
positioning them as participants in autoimmune
 Copyright © 2019 Wolters Kluwer H
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diseases. Platelets express functional TLRs and
FcgRII. Hence, these cells can recognize microorgan-
isms directly or opsonized [35]. Upon activation,
platelets recruit immune cells to the injured site
by secreting proinflammatory factors. Simulta-
neously, they secrete antimicrobial and hemostatic
factors, such as P-selectin, beta-thromboglobulin
and PF4, which are constitutively found in serum
of RA, SLE and multiple sclerosis patients correlating
positively with platelet activation and disease sever-
ity [36–38]. In mouse models of RA and autoim-
mune neuroinflammation, thrombocytopenia
ameliorates inflammation [39]. In humans, antici-
trullinated protein autoantibodies in RA [40] and
self-immune complexes in SLE, directly stimulate P-
selectin expression, soluble CD40L secretion and
platelet aggregation [41]. Currently, the available
discoveries indicate a likely platelet implication as
both inducers and witnesses in the autoimmunity
induced by infections.
NATURAL KILLER CELLS AND INNATE
LYMPHOID CELLS: MUCH MORE THAN
THE LYMPHOID LINEAGE INNATE IMMUNE
CELLS

Natural killer cells’ response to malignant trans-
formed cells or to intracellular pathogenic invasion
is modulated by activating or inhibitory receptors
upon recognizing surface ligands on target cells and
inflammatory cytokines. A reduced frequency and
over-activated state of peripheral natural killer cells
was reported in children with autoimmune hepatitis
type 2. These natural killer cells displayed increased
IFNg and reduced IL-2 production [42]. Chronic
liver inflammation and injury may be produced
by viral infections reverting the natural killer cells’
tolerance by altering their activating/inhibitory bal-
ance, cytokine profile and migratory pattern [43,44].
In the liver, natural killer cells can mediate the
recruitment, activation and release of cytotoxic
agents from neutrophils, thus contributing to the
tissue damage. Additionally, activated natural killer
cells producing high levels of IFNg can induce
strong Th17 immune responses in an autoimmune
disease-like EAE mice model [45] and, in infection-
induced autoimmune disease, the increased IFN-g-
mediated immune response can be even more harm-
ful for tissues than the pathogen per se.

ILC lack antigen specificity but express PRRs,
such as TLRs (1, 2, 4, 5, 6, 7, and 9). These cells
respond to cytokines and are able to activate T cells
via MHC II receptors. ILC1, ILC2, and ILC3 share
transcription factors and cytokine profiles with Th1,
Th2, and Th17 cells, respectively. ILCs have shown
multiple beneficial effects including protection
ealth, Inc. All rights reserved.
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against infections, maintenance of homeostasis, tis-
sues repair, and mediation of normal inflammatory
responses. Therefore, many studies suggests that
alterations in ILC functions may contribute to the
abnormal immune activation leading to autoimmu-
nity [IBD, RA, multiple sclerosis, SLE, psoriasis, Sjög-
ren syndrome, ankylosing spondylitis, autoimmune
hepatitis (AIH), and chronic inflammatory dis-
orders] [46]. The common pattern is that ILC1
and ILC3 increase in peripheral blood and accumu-
late in inflamed tissues, which promote chronic
inflammation by producing IFN-g and IL-17A,
respectively [47]. ILC1 secrete IFN-g and TNF, which
are recognized as critical pro-inflammatory factors
 Copyright © 2019 Wolters Kluwe

FIGURE 1. ‘A series of unfortunate events’ starting with an i
presence of activated T and B-autoreactive cells and, autoantibod
very well known, the first undesirable event is the presence of gen
immune factors in this regard is limited. NET induction by bacteria
neutrophil-derived self-DNA, which in turn would activate pDC via
initiate the tolerance loss in antinuclear antibody-bearing autoimm
event involved in the origin or flares in pathogen-induced autoimm
of other innate and adaptive immune cells. A chronic production
cells (ILC1, ILC3, natural killer, basophils, mast cells, monocytes,
indisputable event contributing to the presentation of self-antigens
autoreactive preexisting T and B cells. ILC2 contribution in isotype
production might be a key event to be evaluated. The current evid
witnesses in infection-induced autoimmunity is an event deserving
against helminths, polarizing the immune response towards Th2 a
inducing M2macrophages, tolerogenic dendritic cells, and regula
high potential to discover new therapeutic strategies to avoid the
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underlying a variety of autoimmune diseases [48].
Some studies have shown that ILC3 can directly
participate in intestinal pathogenesis of IBD partic-
ularly through IL-23. During an infection, the num-
ber of IL-17-producing ILC3 increases in the
inflamed ileum and colon of patients with Crohn’s
disease [49], and GM-CSF from ILCs play a key role
in the initiation of autoimmune arthritis [50].
Inversely, ILC2 in blood and tissues seem to corre-
late with anti-inflammatory activity, ILC2 located in
lung and respiratory tract mediate allergic responses
and secrete anti-inflammatory cytokines. Neverthe-
less, ILC2 produce cytokines such as IL-4, IL-5, and
IL-13 in response to stimulation by IL-25, IL-33, and
r Health, Inc. All rights reserved.

nfection-induced-overactivated innate immune response. The
ies is just the final result of several uncontrolled events. As
etic predisposition, yet the current information about innate
and fungus might represent an abundant source of
TLR9 and TLR7, inducing high levels IFN-a; this event would

une diseases. Humoral innate factors might be a relevant
unity because of their high production enhancing the action

of proinflammatory mediators by activated innate immune
and macrophages) in response to infections is an
by skewed dendritic cells, which might activate low-affinity
switch, B-cell proliferation and enhancing autoantibody
ence about platelet involvement as both inducers and
special attention. Finally, thanks to their specialized function
voiding chronic inflammatory (Th1 and Th17 responses) and
tory T cells, eosinophils are crucial innate immune cells with
tragic culmination of unfortunate events in autoimmunity.
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thymic stromal lymphopoietin (TSLP), and these
cytokines play an important function in fibrosis
in several autoimmune diseases [49]. Altogether,
these evidence suggest that a chronic ILC1 and
ILC3 activation by pathogenic agents might induce
an overproduction of their respective proinflamma-
tory cytokines. On the other hand, ILC2 enhances
the antibodies production, isotype switch and B-cell
proliferation, a pivotal aspect in some autoimmune
diseases.
INNATE HUMORAL FACTORS AS
ENHANCERS OF THE AUTOIMMUNE
RESPONSES

In the IIR, the complement system can be activated
by pathogen-derived lectins induced by collagen-
like humoral pattern recognition molecules (PRMs),
such as mannose-binding lectin (MBL), the ficolins/
collectins and pentraxins (PTXs). The deficiency of
some complement proteins or in the control of their
activity has been widely described in autoimmune
diseases [51], and MBL genotypes have been associ-
ated with the risk of rheumatic fever and rheumatic
heart disease (RHD) [52,53]. In two studies in
patients with rheumatic fever, the results showed
that polymorphism in MBL2 and ficolin-2 genes are
involved in the pathogenesis [54]. Ficolins-2 and
Ficolins-3 bind DNA to clearance apoptotic cell
debris by phagocytic cells to prevent autoimmunity
[55]. Pentraxins (PTXs) have a crucial role in main-
taining immune homeostasis; hence defects in PTX
expression has been associated with increased
sensitivity to some pathogens and, failing PTX-
mediated apoptotic cell clearance is thought to be
involved in the pathophysiology of some auto-
immune diseases, such as SLE [56].

Defensins are a group of antimicrobial peptides
of the IIR. a, b, and u defensins, moreover, function
as chemokines. Defensins have been involved in
virus-induced autoimmunity in the central nervous
system (CNS). Granulocyte-secreted defensins
induce recruitment of mast cells to the luminal
space followed by production of inflammatory cyto-
kines, affecting the blood–brain barrier and, allow-
ing access of activated T cells and invader virus;
enhancing in this way, the immune-related injury.
During the antiviral immune response, defensins
augment the production of neutralizing antibodies
associated to autoimmune events with variable neu-
rologic involvement [57]. In summary, humoral
factors of the innate immune system might be
involved in pathogen-induced autoimmunity devel-
opment and flares as their high production enhan-
ces the action of other innate and adaptive immune
cells.
 Copyright © 2019 Wolters Kluwer H
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CONCLUSION

A direct cause–effect relationship between infec-
tion-activated innate immune cells and humoral
factors, and autoimmunity is a little explored
research field by autoimmunologists. The autoim-
munity process might be the final result of ‘a series
of unfortunate events’ starting with an infectious-
induced-overactivated innate immune response
(Fig. 1). The continuous discovery of new IIR mech-
anisms with high potential to specifically recognize
and act against certain pathogens make them poten-
tial exploration targets to investigate their highly
probable participation in the tolerance loss to auto-
antigens and simultaneously, as latent therapeutic
targets to the treatment of systemic autoimmune
diseases.
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William Rios-Rios for their invaluable assistance with
the review.

Financial support and sponsorship

This work was supported by the Department of Clinical
Research of the Biochemical Sciences Faculty, Universi-
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Purpose of review
Complement system dysfunction in terms of upregulation, downregulation, or dysregulation can create an
imbalance of both host defense and inflammatory response leading to autoimmunity. In this review, we
aimed at describing the role of complement system in host defense to inflection and in autoimmunity
starting from the evidence from primary and secondary complement system deficiencies.

Recent findings
Complement system has a determinant role in defense against infections: deficiencies of complement
components are associated with increased susceptibility to infections. Primary complement system
deficiencies are rare disorders that predispose to both infections and autoimmune diseases. Secondary
complement system deficiencies are the result of the complement system activation with consumption.
Complement system role in enhancing risk of infective diseases in secondary deficiencies has been
demonstrated in patients affected by systemic autoimmune disorders, mainly systemic lupus erythematosus
and vasculitis.

Summary
The relationship between the complement system and autoimmunity appears paradoxical as both the
deficiency and the activation contribute to inducing autoimmune diseases. In these conditions, the presence
of complement deposition in affected tissues, decreased levels of complement proteins, and high levels of
complement activation fragments in the blood and vessels have been documented.

Keywords
autoimmunity, complement system, infections, primary deficiency

INTRODUCTION

Complement system plays an essential role in both
innate and adaptive immune responses. A dysfunc-
tion in this system in terms of upregulation, down-
regulation, or dysregulation can cause a wide range
of effects, including disturbance of normal host
defense and altered inflammatory response [1]. Pri-
mary complement defects are included among
immunodeficiency diseases and are characterized
mainly by infections but also by autoimmune dis-
eases [2]. Moreover, infections represent important
triggering factors of autoimmune diseases. There-
fore, a vicious circle is set up in which complement,
infections, and autoimmunity represent actors with
interconnected roles and mutual exchange of inputs
in the scenario of human diseases (Fig. 1). Comple-
ment system can be activated through three path-
ways: the classical, the alternative and the lectin
pathways. The activation process can be divided
into three main phases: the first is the recognition
step, with binding between different recognition
molecules and foreign molecules on the microbial
surface, turning on the complement ‘engine’; the

second phase is the formation of convertase
enzymes that cleave the key proteins C3 and C5;
the third step is the constitution of the membrane
attack complex (MAC) leading to microorganism
lysis [3]. A large variety of microorganisms have
been recognized as target of mannan-binding lectin
(MBL) of the lectin pathway, including gram-posi-
tive and gram-negative bacteria, viruses, fungi, and
protozoa [4]. MAC specifically kills gram-negative
bacteria. Gram-positive bacteria are protected from
MAC-dependent lysis by their thick peptidoglycan
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KEY POINTS

� Complement system dysfunction creates an imbalance
of both host defense and inflammatory response
leading to autoimmunity.

� Deficiencies of complement components are associated
with increased susceptibility to infections.

� Primary complement system deficiencies are rare
disorders that predispose to both infections and
autoimmune diseases.

� Secondary complement system deficiencies are a
hallmark of autoimmune diseases as SLE and vasculitis.

FIGURE 1. Complement system activation: linking host defense a
PMN, polymorphonuclear cells.
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layer [5
&

,6]. The importance of the complement
system in the defense against infections is supported
by the observation that a deficiency of complement
components is always associated with increased
susceptibility to infections. Aim of this review is
to describe the role of complement system in host
defense to infection and in autoimmunity starting
from the evidence from primary and secondary
complement system deficiencies.
PRIMARY COMPLEMENT DEFICIENCY

Primary deficiencies of complement components
are rare disorders that predispose to infections
and/or autoimmune diseases. They are classified
into two main groups: integral component defects
r Health, Inc. All rights reserved.

nd autoimmunity. CS, Complement system; NK, natural killer;
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and regulatory component defect [1,2,7]. Prevalence
of primary complement deficiencies is difficult to
establish as most deficiencies have a heterogeneous
genetic background and that prevalence varies in
different populations [8]. Screening of the general
population for complement system deficiency in
Western Countries and Japan has shown that this
is a rare condition with an estimated frequency of
approximately 0.03% [9]. Generally, most inherited
disorders of the complement system leading to defi-
ciency are autosomal recessive except for deficiency
of C1-inhibitor protein (C1-INH), which is auto-
somal dominant, deficiency of properdin which is
X-linked recessive, and MBL and factor I deficiencies
which are autosomal codominant [10].
Primary complement deficiency and
infections

Main targets of complement activation are pyogenic
organisms and neisserial microbes, but a role of
complement proteins in the defense against viral
infection has also been demonstrated. Increased
susceptibility to infections occurs in patients with
defects of complement proteins. Conversely, some
organisms take advantage of the complement sys-
tem to increase their virulence [11]. Recent findings
support the hypothesis that some viruses and intra-
cellular bacteria bind complement regulatory pro-
teins and receptors as a means of escaping defense
mechanisms [12].

Early, severe, bacterial infections in childhood
suggest, among other possible causes, a complemen-
tary defect. Infections related to primary comple-
ment deficiencies can be distributed into two main
categories: recurrent encapsulated bacterial infec-
tions (with or without rheumatic disorders) and
recurrent Neisseria infections. Commonly, the
defects that compromise the initial activation are
associated with infections by encapsulated bacteria,
such as Streptococcus pneumoniae and Haemophilus
influenzae, conversely if the defect affects final com-
ponents gram-negative infections, including Neisse-
ria meningitidis and Neisseria gonorrhoeae infections,
are observed [10]. Infections with meningococcal
serogroups W-135 and Y are particularly common
in individuals with terminal complement deficien-
cies as well as in patients with properdin deficiency
[10].

Low incidence of infection has been demon-
strated in patients with C1q, C1r, C1s, and
C4 deficiencies. Conversely, homozygous C2-
deficient individuals are often healthy but more
susceptible to infections caused by encapsulated
bacteria with onset of symptoms in early child-
hood [13,14].
 Copyright © 2019 Wolters Kluwer H
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The frequency of MBL deficiency in the general
white population has been estimated between 5 and
10%. Most individuals with MBL deficiency geno-
type are healthy. However, children with low levels
of MBL are at increased risk of infection with menin-
gococcal agents. Adult MBL deficiency has been
associated with susceptibility to many bacterial
infections, particularly encapsulated bacteria, and
with clinical severity of fungal, protozoal, and viral
infections [15].

Differently from the defects of C2 and MBL, that
often do not cause diseases, patients with primary
C3 deficiency are particularly prone to infections
with S. pneumoniae and Neisseria, which begin
shortly after birth. H. influenzae can also be involved.
Respiratory tract infections are prominent, includ-
ing pneumonia, tonsillitis, sinusitis, and otitis [10].
Severe infections are characteristic in childhood.
This emphasizes the key role of C3 as an opsonin
for bacteria in early childhood, which is less crucial
in adulthood, when protective antibodies responses
have been developed [1,2,7]. Properdin deficiency is
the only one of the early components of the alter-
native pathway for which more than a few cases
have been reported. The disorder affects one-half of
the males within the affected family because it is
X-linked [16]. Patients with properdin deficiency are
highly susceptible to Neisserial infections. The risk
of contracting meningococcal disease in deficient
patients has been estimated to be 250 higher than
that of the general population [17]. Course of the
disease is often fulminant and is frequently com-
plicated by sepsis. Patients with late complement
component deficiencies are highly susceptible to
Neisserial infections caused mainly by N. meningi-
tidis. Risk of contracting meningococcal disease is
5–10 000 higher in patients with late complement
deficit [18]. Patients tend to have their first episode
after age 10, are infected with an unusual serogroups
(Y and W-135) and to a lesser extent X. Interestingly,
these infections tend to be recurrent and mild with a
low mortality rate, unlike that seen in properdin
deficiency suggesting a role of MAC in promoting
complications of the disease [19].
Primary complement deficiency and
autoimmunity

The relationship between the complement system
and autoimmunity appears paradoxical as both the
deficiency and the activation of complement system
contribute to inducing autoimmune diseases [20].
A quite lacking clearance of immunocomplexes
occurring in the presence of reduced levels of com-
plement system components can cause an excess
of circulating immunocomplex along with a high
ealth, Inc. All rights reserved.
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concentration of apoptotic cells with resultant
inflammatory damage. Immunocomplexes trigger
humoral immune responses leading to autoimmune
mechanisms and tissue injury. Therefore, immuno-
complex diseases can arise in complement defi-
ciency disorders because of the abnormalities in
complement system regulation and activation [21].

Genetic deficiency of early components of com-
plement system can be related to the occurrence of
autoimmune diseases (Table 1). Deficiency of C1q
affects the classical complement system pathway,
whereas deficiency of C2 and C4 also interfere with
the lectin pathway. Thus, in the absence of C2 but
not in absence of C4 or C1q, bypass mechanisms
 Copyright © 2019 Wolters Kluwe

Table 1. Main defects in complement system pathways and regu

Component Genetic locus

Classical pathway deficiencies

C1q 1p36.12 (A, B) 1p36.11

C1r and C1s 12p13

C4 6p21.3

C2 6p21.3

C3 19p13.3-p13.2

Lectin pathway deficiencies

MBL 10q11.2-q21

Ficolins (M, L) 9q34

H ficolin 1p36.11

MASPs 3q27-q28 (1), 1p36.3-p3

Alternative pathway deficiencies

Properdin Xp11.3-p11.23

Factor B 6p21.3

Factor D 19p13.3

Terminal pathway deficiencies

C5, C6, C7, C8,
and C9

9q33-q34 (C5), 5p13 (C
1p32, and 9q34.3 (C8
5p14-p12 (C9)

Regulatory component defect

C1-INH SERPING1

Factor H 1q31.3

CD59 11p13

CD46 1q32.2

CR1 (CD35) 1q32.2

CR2 (CD21) 1q32.2

CR3 (CD18) 21q22.3

AAE, Acquired angioedema; ANCA, antineutrophil cytoplasmic antibody; APS, ant
glomerulonephritis; HAE, hereditary angioedema; HUS, hemolytic uremic syndrome
immune thrombocytopenia; PE, preeclampsia; PNH, paroxysmal nocturnal hemoglo
erythematosus.

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
modulate complement system activation. Evidence
reported that almost 40% of individuals with C2
deficiency (C2D), the most frequent hereditary defi-
ciency in complement classical pathway, develop
systemic autoimmune disease, particularly systemic
lupus erythematosus (SLE), whereas 60% of individ-
uals C2D do not suffer from any apparent disease,
probably because of the compensatory mechanisms
[22,23

&

,24
&

].
Genes of complements C2 and C4 isotypes are

closely located within the human leukocyte antigen
(HLA) region and the relationship between comple-
ment deficiencies and immunocomplex diseases
can be linked to the association with other HLA
r Health, Inc. All rights reserved.

lators: associated immune-mediated diseases

Immune-mediated diseases

(C) IC diseases, SLE, HUVS

IC diseases, SLE, GNP, chronic
immune thrombocytopenia

SLE or lupus-like, IC diseases, type
1 diabetes mellitus, primary
biliary cirrhosis

SLE or lupus-like

IC diseases, HUS, GNP

SLE or lupus-like, RF/RHD, PE

RF/RHD, PE

PE

6.2 (2) RF/RHD

–

HUS, GNP

–

6, C7),
),

SLE or lupus-like disease, IC
diseases, ANCA-associated
vasculitis, APS, myasthenia
gravis, thrombotic
microangiopathy

HAE, AAE, SLE

ITP, GNP, HUS

PNH

HUS

IC diseases, GNP

CVID

Leukocyte adhesion deficiency

iphospholipid syndrome; CVID, common variable immunodeficiency; GNP,
; HUVS, hypocomplementemic urticarial vasculitis; IC, immunocomplex; ITP,
binuria; RF, rheumatic fever; RHD, rheumatic heart disease; SLE, systemic lupus
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disease susceptibility genes [22]. C4 is encoded by
two genes: C4A and C4B on human chromosome 6p
in the major histocompatibility complex. Complete
deficiencies of complement components C4A and
C4B represent genetic risk factors for SLE or lupus-
like disease that depend on racial and genetic back-
grounds [25]. C4 deficiency is also associated with
autoimmune disorders that are not characterized by
abnormalities of immunocomplex clearance (e.g.,
type 1 diabetes mellitus, primary biliary cirrhosis)
[22].

Among complement proteins, a primary role in
clearance activity is attributed to C1q. Although
complete C1q deficiency is less frequent, that con-
dition is associated with a higher prevalence with
SLE. In mice with experimental C1q deficiency, the
expression of autoimmune disease is strongly influ-
enced by the genetic background [26]. SLE-like
diseases have been associated also with late-comple-
ment component deficiencies (MAC components,
C5, C6, C7, C8, and C9) [22].

Innate immune disturbances may be responsible
for adverse pregnancy outcomes [27,28]. Studies
demonstrated associations between MBL deficiency
and immune-mediated inflammatory conditions
including pregnancy syndrome such as preeclamp-
sia [29

&

,30]. Furthermore, MBL deficiency has been
associated per se with several autoimmune diseases
including SLE and inflammatory arthritis [31].

In the context of deficiencies in complement
system components, abnormalities in the regulators
also have been associated with autoimmunity.
Hereditary angioedema (HAE) because of deficiency
of C1-INH is associated with enhanced consump-
tion of the early complement system components
that could affect immunocomplex clearance allow-
ing autoimmunity. HAE patients have been reported
to show an enhanced production of autoantibodies
likely related also to an increased activation of B
cells [32]. Some patients with HAE exhibit immuno-
logical abnormalities including anticardiolipin
autoantibodies [33], C1-INH autoantibodies [34],
thyroid autoimmunity [35], and in a minimum
percentage defined systemic autoimmune diseases
[36]. In this view, we might assume that in HAE the
levels of complement components although
reduced can be sufficient to avoid the immunocom-
plex precipitation: thus, the chance of autoimmu-
nity can be not increased.

Moreover, mutations in the regulatory proteins
factor I and H result in secondary C3 deficiencies
[37]. As C3 is the major complement component
and participates in all three pathways of activation,
C3 deficiencies are associated in some cases with
autoimmune diseases such as SLE. C3 deficiency is
due to gain-of-function mutation in the C3 gene is
 Copyright © 2019 Wolters Kluwer H
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recently described in vasculitis patients with persis-
tently low levels of C3 and normal C4 [38]. The
impact of complement dysregulation in the pres-
ence of abnormal activity of regulators factor H,
factor I, CD46, and factor B have been described
in atypical hemolytic uremic syndrome (aHUS) [39],
paroxysmal nocturnal hemoglobinuria (PNH) [40],
and C3 glomerulopathies (membranoproliferative
glomerulonephritis) [22]. Homozygous mutations
in the complement factor I gene was identified as
monogenic cause of small vessels vasculitis arising
from immunocomplex deposition, resulting in
complete absence of alternative pathway activity,
decreased classical complement system activity,
with low levels of serum factor I, C3, and factor H
and normal C4 [41,42]. Dysregulation of comple-
ment system because of factor H defects is increas-
ingly documented to be associated with renal
diseases with a wide range of clinical and pathologi-
cal patterns [43].

Complement regulators such as complement
receptor type 1 and 2 exert a key role in B-cell
receptor-induced proliferation and also on differen-
tiation of B cells to plasmablasts and their immuno-
globulin production. Reduced expression of
complement receptor type 1 and type 2 on the B
cells of patients with SLE and rheumatoid arthritis
has been described [44,22].
SECONDARY COMPLEMENT DEFICIENCY

Secondary complement deficiencies are relatively
common. Any pathologic process that results in
activation of the complement cascade may cause
complement system consumption. The role of com-
plement system in enhancing infective diseases in
secondary complement deficiencies was mainly
demonstrated in patients affected by autoimmune
diseases.
Secondary complement deficiency and
autoimmunity

The association between complement deficiency
and SLE appears paradoxical: complement defi-
ciency causes SLE, and yet SLE causes activation
and consumption of complement components.
Complement system is involved in both the early
and late stages of disease development and organ
damage. These observations suggest that the early
part of the classical pathway plays a protective role
against the development of SLE, whereas central and
terminal component can contribute to disease
development. Deficiency of classical pathway com-
ponents displays a hierarchical association with the
development of SLE. Individuals with deficiency of
ealth, Inc. All rights reserved.
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C1q have the highest prevalence of SLE and the
most severe manifestations of the disease [45–47].
C1q may influence the immune response to self-
antigens contained within the surface blebs gener-
ated by apoptotic cells [48]. Apoptotic DNA is nor-
mally opsonized by systemic immunoglobulin M
(IgM), C1q, and early complement activation prod-
ucts C4 and C2. This opsonized debris is removed by
tissue macrophages; therefore, organs are protected
from its pathological accumulation. Inefficient local
and systemic removal may result in increased levels
of opsonized debris in the circulation. Altered func-
tion of complement receptors has been proposed to
be responsible for the development of anti-dsDNA
antibodies [49]. In addition, autoantibodies to C1q
develop as part of the autoantibody response [50]. In
SLE, they were detected in 28–60% of cases. Anti-
C1q antibodies are associated with proliferative
lupus nephritis [51,52]. Their absence carries a neg-
ative predictive value for development of lupus
nephritis of close to 100% [53]. Anti-C1q in combi-
nation with anti-dsDNA and low complement has
the strongest serological association with renal
involvement [54]. The anti-C1q titers correlate with
global disease activity scores in patients with renal
involvement, and higher titers seem to precede
renal flares [55–57]. After treatment-induced remis-
sion of a renal flare, anti-C1q has the tendency
to decrease or even become undetectable [56].
Anti-C1q antibodies are detected in all patients with
hypocomplementemic urticarial vasculitis but also
in systemic sclerosis (26%), rheumatoid arthritis
(19%), undifferentiated connective tissue disease
(15%), and Sjögren syndrome (14%) [54].

Complement system is also implicated in the
effector inflammatory phase of the autoimmune
response that characterizes SLE [58–60]. Comple-
ment proteins are deposited in inflamed tissues
causing consumption of complement [61]. Circulat-
ing immunocomplexes reach lymphoid organs and
trigger the production of antigen-specific antibodies
[62]. Immunoglobulin G (IgG), IgM, and C4 content
of immunocomplexes may influence tissue deposi-
tion preference such as the kidney glomeruli causing
tissue damage with lupus nephritis [63

&&

,64]. Also
during SLE disease flares, the complement system is
activated giving rise to partial deficiency or dysfunc-
tion because of consumption [65].

Acquired C1-INH deficiency with consequent
recurrent angioedema is a rare condition identified
as acquired angioedema (AAE). The defect is caused
by increased catabolism, which is often associated
with the presence of serum autoantibodies against
C1-INH [66]. Unlike those with HAE, AAE patients
have no family history of angioedema and are char-
acterized by the late onset of symptoms. The
 Copyright © 2019 Wolters Kluwe
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reduction in C1-INH function leads to activation
of the complement system pathways and comple-
ment consumption, as well as activation of the
contact system leading to the generation of the
vasoactive peptide bradykinin, increased vascular
permeability, and angioedema [67].

Complement system has an established role in
antineutrophil cytoplasmic antibody (ANCA)-asso-
ciated vasculitis (AAV) [68

&&

]. Evidence from animal
models and clinical observations revealed that alter-
native pathway is activated and the production of
C5a is crucial. Stimulation of neutrophils with C5a
and ANCA results in neutrophil degranulation and
activation of the coagulative system pathways [69].
Biopsy samples of involved tissue showed a certain
degree of immunocomplex and complement C3c
deposition that was associated with proteinuria and
poor renal function [70–72]. Similar results were
found in other studies that analyzed renal biopsy
samples from patients with ANCA-associated pauci-
immune glomerulonephritis (GNP) and detected
deposition of C3c, C3d, C4d, and C5b-9 in the
majority of specimens, whereas hypocomplementia
is rare in patients [73]. Plasma and urinary levels of
complement fragments are increased during the
flare of disease suggesting an important role in
the pathogenesis [74,75]. The first evidence of the
role of complement activation in the pathogenesis
of AAV was provided by the mouse model of mye-
loperoxidase (MPO)-ANCA vasculitis [76]. C5-defi-
cient mice or wild-type mice pretreated with cobra
venom factor to deplete complement, failed to
develop GNP and vasculitis. Furthermore, pretreat-
ment with anti-C5 antibodies to block C5 prior to
administration of anti-MPO IgG could also prevent
the development of ANCA-associated GNP in mice
[77]. Therefore, targeting complement components
such as C5a might be an interesting strategy in these
diseases. As activation of complement contributes to
disease activity in complement-mediated diseases as
SLE, monoclonal antibody against C5 (eculizumab)
has been tested in murine models of SLE [78]. Prom-
ising results were obtained in small cohorts of
SLE patients with refractory lupus nephritis and
concomitant thrombotic microangiopathy (TMA)
[79,80]. TMA is a life-threatening, infrequent, com-
plication of SLE and antiphospholipid syndrome
(APS). Complement activation plays a key role in
the pathogenesis of secondary TMA because of SLE
and APS; therefore, a therapy that targets the com-
plement pathway is an attractive intervention
(Table 2). Several studies have demonstrated the
therapeutic efficacy of eculizumab in PNH and aHUS
[81–83], leading to Food and Drug Administration
approval for these indications. Small studies have
assessed the use of eculizumab in other renal
r Health, Inc. All rights reserved.
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Table 2. Studies on treatments targeting complement system in autoimmune diseases

Clinical trials
Design and phase

(identifier)
Autoimmune

conditions
Complement system-
targeted treatment

Efficacy and Safety of LNP023 in
Primary IgA Nephropathy Patients

Interventional randomized,
parallel assignment, phase
2 (NCT03373461)

Primary IgA
nephropathy

LNP023: factor B inhibitor,
small molecule

CCX168 (Avacopan) in Patients with
ANCA-Associated Vasculitis
(ADVOCATE)

Interventional randomized,
parallel assignment, phase
3 (NCT02994927)

ANCA vasculitis CCX168: C5aR inhibitor,
small molecule

Controlled Trial Evaluating Avacopan
in C3 Glomerulopathy

Interventional randomized,
parallel assignment, phase
2 (NCT03301467)

C3 GNP CCX168: C5aR inhibitor,
small molecule

BIVV009 in Participants with ITP Interventional, single group
assignment, phase 1
(NCT03275454)

ITP BIVV009: C1s inhibitor,
humanized mAb

C1-Esterase Inhibitor (Cinryze) for
Acute Treatment of Neuromyelitis
Optica Exacerbation

Interventional, single group
assignment, phase 1
(NCT01759602)

Neuromyelitis optica C1 esterase inhibitor, human

Terminal Complement Inhibition in
Patients with CCAD Using
Eculizumab

Interventional, single group
assignment, phase 2
(NCT01303952)

CCAD Eculizumab: C5 inhibitor,
humanized mAb

BIVV009 in Healthy Volunteers and
Patients with Complement
Mediated Disorders (BIVV009-01)

Interventional randomized,
parallel assignment, phase
1 (NCT02502903)

BP, CCAD, warm
AHA

BIVV009: C1s inhibitor,
humanized mAb

Clinical Trial to Evaluate Safety and
Efficacy of CCX168 in ANCA-
Associated Vasculitis

Interventional randomized,
parallel assignment, phase
2 (NCT02222155)

ANCA vasculitis CCX168: C5aR inhibitor,
small molecule

An Open Label Study of the Effects of
Eculizumab in Neuromyelitis
Optica

Interventional, single group
assignment, phase 2
(NCT00904826)

Neuromyelitis optica Eculizumab: C5 inhibitor,
humanized mAb

Safety and Efficacy of Eculizumab in
Refractory Generalized Myasthenia
Gravis

Interventional randomized,
parallel assignment, phase
3 (NCT01997229)

Myasthenia gravis Eculizumab: C5 inhibitor,
humanized mAb

ALXN1210 in Children and
Adolescents with Atypical
Hemolytic Uremic Syndrome

Interventional, single group
assignment, phase 3
(NCT03131219)

Atypical HUS Ravulizumab: C5 inhibitor,
humanized mAb

Eculizumab to Enable Renal
Transplantation in Patients with
History of Catastrophic APS

Interventional, single group
assignment, phase 2
(NCT01029587)

Catastrophic APS Eculizumab: C5 inhibitor,
humanized mAb

Safety and Efficacy of Eculizumab in
Patients with Relapsing
Neuromyelitis Optica

Interventional, single group
assignment, phase 3
(NCT02003144)

Neuromyelitis optica Eculizumab: C5 inhibitor,
humanized mAb

AHA, Autoimmune hemolytic anemia; ANCA, antineutrophil cytoplasmic antibody; BP, bullous pemphigoid; C5aR, C5a receptor; CCAD, chronic cold agglutinin
disease; GNP, glomerulonephritis; HUS, hemolytic uremic syndrome; APS, antiphospholipid antibody syndrome; IgA, Immunoglobulin A; ITP, chronic immune
thrombocytopenia; mAb, monoclonal antibody.

Infections and environmental aspects of autoimmunity
diseases, including C3 GNP, immunoglobulin A
nephropathy, but no reports have yet been pub-
lished regarding the use of eculizumab in patients
with AAV [84–86] (Table 2).
Secondary complement deficiency and
infections

The most common bacterial infections in SLE
patients, even in those who are on immunosup-
pressive medications, are the same infections and
pathogens seen in general population: S. pneumoniae
respiratory tract infections, Escherichia coli urinary
 Copyright © 2019 Wolters Kluwer H
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tract infections, and Staphylococcus aureus skin and
soft-tissue infections [87]. Herpes zoster is the most
common viral pathogen in patients with lupus with
rates higher than reported in age-matched popula-
tions with a particular risk for SLE patients on cyclo-
phosphamide and azathioprine, and patients on
more than 60 mg daily of prednisone are at higher
risk for bacterial suprainfection [88]. Over 90% of
patients with SLE are seropositive for cytomegalovi-
rus as compared with 60–70% of the general popu-
lation [89]. Women with SLE have a high prevalence
of human papillomavirus and triple the prevalence
of an abnormal pap smear as compared with healthy
ealth, Inc. All rights reserved.
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controls [90]. Fungal infections are rare and include
Candida species, Pneumocystis jirovecii, and Cryopto-
coccus neoformas [91]. Infections are one of the major
causes of mortality and of hospitalization in patients
affected by SLE [92]. They represent one of the three
major causes of death, along with renal and cardio-
vascular diseases [93]. Immunosuppressive therapies
including glucocorticoids are associated with the risk
of infections as well as the presence of lymphopenia
and hypocomplementemia, but severe organ involve-
ment such as lupus nephritis is also a major risk factor.
In particular, acquired deficiency of the early compo-
nents of the complement system (C1q, C4, and C2)
predisposes SLE patients to infections by encapsulated
organisms[19].Decreased levelsofcomplementrecep-
tors 1 and 2 have been reported on B cells, polymor-
phonuclear cells, and red blood cells in patients with
SLE enhancing infective risk [94].

Differentiating bacterial infection from disease
relapse in SLE is a challenge for rheumatologist if
based on clinical features alone because the clinical
signs and symptoms of bacterial infection are similar
to those of recurrent SLE patients such as fever,
malaise, joint pain and myalgia [91]. Several bio-
markers have been employed to identify bacterial
infection. For instance, the levels of C-reactive pro-
tein (CRP), procalcitonin (PCT), white blood cell
count (WBC) and erythrocyte sedimentation rate
would increase during bacterial infection. However,
the sensitivity and specificity of each of the above
biomarkers alone is low [95]. Meanwhile, these lev-
els would misleadingly be reduced in SLE patients
with bacterial infection who are treated with immu-
nosuppressants. Used as biomarkers of conventional
disease activity, complement C3 and C4 may play a
role in the progress of bacterial infection, but the
mechanism for this role is not known. It has been
demonstrated that serum levels of C3 and C4 were
similar in infected and noninfected SLE patients
[96

&

]. Feng et al. [97] explored the diagnostic role
of C3, C4, CRP, PCT, WBC, neutrophil CD64
(nCD64) index, lymphocyte subsets, and their com-
bination in differentiating bacterial infection from
disease relapse in SLE. They set up a bioscore system
to evaluate the significance of these biomarkers in
identifying bacterial infection and disease relapse.
The combination of nCD64 index, C3, C4, CRP,
WBC and B cells in a bioscore resulted more valuable
to monitor bacterial infection in SLE and may have
more reference value for physicians to differentiate
bacterial infection from disease relapse in SLE.
CONCLUSION

Primary complement defects increase the suscepti-
bility to infections but also to autoimmune diseases.
 Copyright © 2019 Wolters Kluwe
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Immunodeficiency disease and autoimmune dis-
ease, far to be separated entities, share a deep dysre-
gulation of the complement system [7]. The
presence of one of the two conditions does not
exclude the other and overlapping symptoms are
often observed. Infections related to primary com-
plement deficiencies compose recurrent encapsu-
lated bacterial infections and Neisseria infections.
The evidence of the link between complement acti-
vation and autoimmune diseases characterizes sec-
ondary complement deficiency. This includes the
presence of complement deposition in affected tis-
sues, decreased levels of complement proteins and
high levels of complement activation fragments in
the blood, urine, and/or synovial fluid of patients
[98

&&

,99,100]. Secondary complement deficiencies
are characterized by an increased risk of infections,
hospitalization, and increased morbidity also due to
immunosuppressive medications.
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8. Sjöholm AG, Jönsson G, Braconier JH, et al. Complement deficiency and
disease: an update. Mol Immunol 2006; 43:78–85.

9. Tedesco F. Inherited complement deficiencies and bacterial infections.
Vaccine 2008; 8:I3–I8.

10. Pettigrew HD, Teuber SS, Gershwin ME. Clinical significance of complement
deficiencies. Ann NY Acad Sci 2009; 1173:108–123.

11. Walport MJ. Complement: first of two parts. N Engl J Med 2001; 344:
1058–1066.

12. Lindahl G, Sjobring U, Johnsson E. Human complement regulators: a major
target for pathogenic microorganisms. Curr Opin Immunol 2000; 12:44–51.
r Health, Inc. All rights reserved.

rved. www.co-rheumatology.com 539



Infections and environmental aspects of autoimmunity
13. Ram S, Lewis LA, Rice PA. Infection of people with complement deficiencies
and patients who have undergone splenectomy. Clin Microbiol Rev 2010;
23:740–780.

14. Jönsson G, Truedsson L, Sturfelt G, et al. Hereditary C2 deficiency in
Sweden: frequent occurrence of invasive infection, atherosclerosis, and
rheumatic disease. Medicine (Baltimore) 2005; 84:23–34.

15. Neth O, Hann I, Turner MW, Klein NJ. Deficiency of mannose-binding lectin
and burden of infection in children with malignancy: a prospective study.
Lancet 2001; 358:614–618.
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 CURRENT
OPINION Periodontal bacteria and the rheumatoid

arthritis-related antigen RA-A47: the
cross-reactivity potential

Alberta Lucchese

Purpose of review
The purpose of this review is to evaluate the mechanisms that underlie the association between periodontal
pathogens and rheumatoid arthritis (RA).

Recent findings
This review focuses on the cross-reactivity hypothesis as a mechanism that might contribute to explain the
pathologic evolution of periodontal infections from periodontitis to RA. The scientific rationale is that
immune reactions following infection by periodontal bacteria might cross-react with RA autoantigens, in this
way eventually leading to autoimmunity.

Summary
Using the rheumatoid antigen associated with RA-A47 arthritis as an antigen model and analyzing five
periodontal bacteria (eg, Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, Treponema
denticola, Tannerella forsythia and Prevotella intermedia), an extremely varied pattern of peptide sharing
was found. In the context of the cross-reactivity hypothesis, the data allow us to glimpse the possibility of
distinguishing the periodontal bacteria capable of attacking the periodontal tissue from those that are
additionally equipped with a rheumatologic potential by virtue of the sharing of peptide sequences with RA
antigens.

Keywords
antigen RA-A47, autoimmunity, cross-reactivity, periodontal pathogens, rheumatoid arthritis

INTRODUCTION

From a clinical point of view, there is a correlation
between periodontal disease and rheumatoid
arthritis (RA) since both RA and periodontal dis-
ease are complex, multifactorial, chronic inflam-
matory diseases with damage to soft and hard
tissues [1

&

].
Recent studies have explained this correlation

by bacterially induced immunologic dysregulation
leading to autoimmunity [1

&

].
In fact, several authors have shown a significant

association between RA and Porphyromonas
gingivalis, a periodontal bacterium endowed with
peptidylarginine deiminase activity and protein
citrullination that generate auto-antigens related
to RA (such as fibrinogen, alpha-enolase, collagens
or vimentin) and promote an autoimmune
response largely restricted to RA [2,3]. The connec-
tion of periodontitis and RA by peptidylarginine
deiminases appears to be supported by the finding
that also the periodontal bacterium Aggregatibacter

actinomycetemcomitans induces autoantigen hyper-
citrullination in host neutrophils, thus further link-
ing periodontal infection to autoimmunity in RA
[4,5,6

&

].
However, the strength of this connection, its

temporal link and the possible correlation between
the severity of periodontitis and RA pathology
remain unclear [7,8

&

]. In fact, it has been reported
that antibodies against citrullinated proteins occur
in sera from RA patients even up to a decade prior
to RA development [6

&

,8
&

,9]. Such a finding was
confirmed in a parallel study in animals [10]. In
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KEY POINTS

� The mechanistic link between periodontal bacteria and
RA remains unknown.

� Likewise, it is unknown how the oral periodontal
disease may result in an inflammatory disease that
primarily affects synovial joints.

� Porphyromonas gingivalis, Treponema denticola and,
at a lesser extent, Aggregatibacter
actinomycetemcomitans share numerous peptide
sequences with epitopes derived from the autoantigen
RA-A47.

� The bacterial vs. RA-A47 peptide sharing suggests a
contributing role for cross-reactivity in the
RA etiopathogenesis.

Periodontal bacteria and the RA-related antigen RA-A47 Lucchese
addition, recently it was reported that protein
citrullination as well as expression of peptidylar-
ginine deiminases are increased in gingival con-
nective tissue of patients with periodontitis
compared with periodontally healthy controls
independently of the presence of P. gingivalis
and A. actinomycetemcomitans [8

&

].
In addition to the citrullination reaction, other

pathogenic mechanisms have been proposed. For
example, recently it has been reported that Trepo-
nema denticola, the presence of which is related to
periodontal condition in patients with RA [1

&

],
increases expression and activation of a metallopro-
teinase (i.e. the collagenase MMP-2) in the perio-
dontium via reversible DNA and histone
modifications [11]. Such a finding is of interest as
host-derived matrix metalloproteinases and bacte-
rial proteases mediate destruction of extracellular
matrices and alveolar bone in periodontitis. Accord-
ingly, it has also been found that glycosylation of
extracellular matrix metalloproteinase inducer
(EMMPRIN) participates to the activation of matrix
metalloproteinases and leads to the destruction of
periodontal tissue [12].

However, although a significant association has
been repeatedly demonstrated between periodonti-
tis and RA independently of other confounders
[13

&

], nonetheless it remains unknown the molecu-
lar mechanism able to explain how oral infections
can affect distant body sites, such as synovial joints
in RA.

Here, this review focuses on the cross-reactivity
hypothesis [14–16] as a mechanism that might
contribute to explain the pathologic evolution of
periodontal infections from periodontitis to RA.
The scientific rationale is that immune reactions
following infection by periodontal bacteria might
 Copyright © 2019 Wolters Kluwe
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cross-react with RA autoantigens, in this way even-
tually leading to autoimmunity.

To this end, this study used a well known RA
autoantigen – that is the rheumatoid arthritis-
related antigen RA-A47 (also called Hsp47 or col-
lagen-binding protein or colligin-2 or serpin H1)
[17,18] – as a model. Indeed, as reported by Hat-
tori et al. [18], in an inflammatory context, the
endoplasmic reticulum-resident RA-A47 delocal-
izes to the surface of chondrocytes, thus exposing
immunoreactive sequences that may become, in
this way, also the hittable targets of cross-reactive
immune response triggered by the periodontal
bacteria.

Then, the possibility of RA-A47 cross-reactivity
with periodontal bacteria was investigated search-
ing for peptide commonalities with P. gingivalis, A.
actinomycetemcomitans, T. denticola and, in addition,
with the periodontal bacteria Tannerella forsythia,
and Prevotella intermedia that have been identified in
RA synovial fluid [19].
PEPTIDE SHARING BETWEEN
PERIODONTAL BACTERIA AND THE
RHEUMATOID ARTHRITIS-RELATED
ANTIGEN RA-A47

Periodontal bacteria were analyzed for occurrences
of antigen RA-A47 pentapeptides using Uniprot
resources (https://www.uniprot.org) [20] according
to already described methodologies [21]. The result-
ing findings are reported in Table 1.

It can be seen that P. gingivalis, T. denticola and,
at a lesser extent, A. actinomycetemcomitans share
numerous pentapeptides (47, 46, and 9, respec-
tively) with the autoantigen RA-A47. In contrast,
T. forsythia shares a single pentapeptide with the
rheumatoid arthritis-related antigen RA-A47 and no
peptide match was found in the P. intermedia prote-
ome (Table1).
IMMUNOLOGIC POTENTIAL OF THE
PEPTIDE SHARING BETWEEN THE
AUTOANTIGEN RA-A47 AND THE
PERIODONTAL BACTERIA

The peptide sharing illustrated in Table 1 could be
immunologically significant. In fact, review of the
immunpositive epitopes cataloged at Immune Epi-
tope Database (IEDB, https://www.iedb.org/) [22]
documents a high immunologic potential of the
peptide sharing illustrated in Table 1 as many of
the common pentapeptides are also present in a
high number of RA-A47 epitopic sequences that
have been experimentally validated as immunopos-
itive in the human host (Table 2).
r Health, Inc. All rights reserved.
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Table 2. RA-A47 epitopes containing peptides shared with periodontal bacteria

IEDB IDa EPITOPEb IEDB IDa EPITOPEb IEDB IDa EPITOPEb

419940 lSSLII 470933 SPKAATLAERSAGL 664501 HRTGLynyy

420085 rlygpssVSFADdfvrssk 471230 spvvvasSLGLVsl 713033 KKAVAISL

455563 KLSSLIILm 471669 tlaERSAGL 717726 msGKKDLy

465691 GLGELLRSl 479050 gvVEVTHdlqk 718313 nfRDKRSal

465928 glynyyDDEKEKLQI 493417 MRSLLllsa 735618 vHAGLGELl

466156 gvVEVTHdl 541700 EELRSPKLFy 751570 TDGALLVNAmf

466244 hlagLGLTEa 542338 GLAFSlyqa 751955 ttdgKLPEV

467310 klqlvEMPLA 556194 sLGGKAttasqakav 770103 aERSAGLAF

469035 NPFDQdiygreel 570221 AEVKKPAAA 771817 EELRSPKLF

469984 rlygpssVSFADdfv 601191 RSLSNstarnvtw 777633 RSAGLAFSl

470684 SLPKGvvev 609801 LEKLLTKeql 777634 RSAGLAFSly

aEpitopes listed according to increasing IEDB ID number. Epitope references at www.immuneepitope.org [22]
bPeptide sequences shared with periodontal bacteria are given in capital letters.

Table 1. Pentaptide sharing between periodontal bacteria and the antigen RA-A47

Bacteriuma Peptides shared with the antigen RA-A47b,c

Aggregatibacter
actinomycetemcomitans (714)

AAAAA, AEKLS, AEVKK, DDEKE, EVKKP, KEKLQ, LGLTE, MRSLL, RSALQ

Porphyromonas gingivalis
W83 (242619)

AAAAA, AAAPG, AALAA, AAQTT, AEVKK, ATLAE, EAIDK, EELRS, EKEKL, EKLLT, EKLQI, EQLRD,
ERSAG, GELLR, GLAFS, GTAEK, HAGLG, HRTGL, KAATL, KADLS, KKAVA, KLPEV, KNKAD, KPAAA,
LEAAL, LGGKA, LLSAF, LLVNA, LSAEQ, LTEAI, NKADL, NPFDQ, PAAAA, QAVEN, RDKRS, SAGLA,
SALQS, SLGLV, SLPKG, SPKAA, SPKLF, TDGAL, VAISL, VENIL, VGVMM, VSFAD, VSLGG

Prevotella intermedia (28131) —

Treponema denticola ATCC
35405 (243275)

AAAAA, AAAAP, AAPGT, AEVKK, AGLAF, ALQSI, DDEKE, DEKEK, EAALA, EKLLT, ELLRS, EMPLA,
EVKKP, GELLR, GKKDL, GLGEL, GRLVR, IDKNK, KAVAI, KAVLS, KKAVA, KLLTK, KLPEV, KLSSL,
LEAAL, LEKLL, LGGKA, LGLVS, LLEAA, LVRDT, LYLAS, MPHHV, NILVS, NKADL, RSAGL, RSALQ,
RSLSN, SAGLA, SLIIL, SLLLL, SSLII, TAEKL, TVGVM, VENIL, VEVTH, VSLGG

Tannerella forsythia (28112) KEKLQ

aTaxonomy ID in parentheses.
bThe primary sequence of the antigen RA-A47 was dissected into pentapeptides overlapped each other by four amino acids. Pentapeptides were analyzed for
occurrence(s) within each bacterium as described [21].
cThe autoantigen RA-A47 is described at https://www.uniprot.org/uniprot/P50454 [20].

Infections and environmental aspects of autoimmunity
CONCLUSION

The present study shows that the periodontal bac-
teria P. gingivalis, T. denticola and, at a much lesser
extent, A. actinomycetemcomitans share numerous
peptide sequences with epitopes derived from the
autoantigen RA-A47. Immunologically, this finding
offers a molecular basis for supporting the cross-
reactivity hypothesis [13

&

,14,15] as an etiopatho-
genic autoimmune mechanism that may contribute
to explain how a periodontal pathogen can be caus-
ally linked to RA and how an oral disease can affect
distant areas of the body, such as the synovial joints.

Of note, this study indicates a different cross-
reactivity potential for the five periodontal bacteria
analyzed here, thus warranting further analyses.
 Copyright © 2019 Wolters Kluwer H
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Actually, in the context of the cross-reactivity
hypothesis, the data allow a glimpse of a possible
distinction between periodontal bacteria capable of
attacking periodontal tissue and those that addition-
ally are carriers of a cross-reactive potential by virtue
of the sharing of peptide sequences with RA antigens.
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 CURRENT
OPINION Impact of infections in autoimmune rheumatic

diseases and pregnancy

Luis J. Jaraa,d, Maria del Pilar Cruz-Dominguezb,d, and Miguel A. Saavedrac,d

Purpose of review
To provide an update about the impact of infections in autoimmune rheumatic diseases (ARDs), from the
analysis of the role of infections in pregnant women without ARDs, to the identification of maternal–fetal
infections and their role in the maternal–fetal outcome of women with ARDs.

Recent findings
Recent studies indicate that patients with ARDs and pregnancy are also susceptible to presenting infections
of varying degrees, including serious infections, which contribute to the morbidity and mortality observed in
pregnancy and postpartum of these patients.
Any type of infectious agent will interact with a hormonal, immunological and metabolic environments
modified by ARD, treatments, and by the changes inherent in pregnancy. Therefore, infections in the
pregnancy of patients with ARDs should be considered as a risk factor for an unfavorable maternal–fetal
outcome.

Summary
The recognition of infections in the pregnancy of ARDs as a risk factor is the first step to prevent, identify, and
treat them in a timely manner, and thus contribute to the favorable course of pregnancy in these patients.
Patients with ARDs and major organ involvement, use of high doses of steroids, immunosuppressant and
biological therapies, adolescence, and obesity are populations susceptible to developing infections.

Keywords
infections and autoimmune rheumatic diseases, infections and pregnancy, pregnancy and immune response

INTRODUCTION

Abortion, stillbirth, preterm birth, and low birth
weight are associated with quality of health services
provided to the mother and her child, maternal age,
parity, BMI, nutrient intake, stress and infections
[1–3]. The 2009 H1N1 pandemic reminded us that
pregnant women are susceptible to infections. In
Mexico, 85 people died, of which 17% were preg-
nant. Therefore, an H1N1 infection is a risk factor
associated with a worse outcome during pregnancy.
These patients showed an over expression of CD69,
a marker of early activation of immune cells, and
high levels of serum cytokines [4,5

&

].
Women with autoimmune rheumatic diseases

(ARDs) face risk factors that may affect fertility,
pregnancy outcomes, and breastfeeding. Pregnan-
cies in ARD patients are high risk and only proper
planning can guarantee a successful pregnancy
[6,7]. In systemic lupus erythematosus (SLE), activ-
ity at pregnancy onset, autoantibodies, active lupus
nephritis, and discontinuation of hydroxychloro-
quine and azathioprine are part of the factors

associated with pregnancy failure. During the preg-
nancy and lactation period, patients with SLE expe-
rience relapses and immunological activity in
association with high levels of prolactin [8,9

&

]. How-
ever, despite the evidence that pregnant women are
more susceptible to certain infections than nonpreg-
nant women [10], the impact of infections in
patients with ARDs and pregnancy is little known.
A meta-analysis identified 17 maternal deaths attrib-
uted to lupus nephritis and 7 maternal deaths
(41.2%) were caused by infections [11]. Therefore,
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KEY POINTS

� Infections during pregnancy of patients with ARDs can
increase maternal and fetal morbidity and mortality.

� Infections in ARDs and pregnancy can interact with the
hormonal, immunological and metabolic environment
and activate inflammatory/immunological response
mechanisms that contribute to the maternal and fetal
complications of these patients.

� Studies on the impact of infections on ARDs are scarce,
although infections in women without ARDs are
associated with serious complications of pregnancy.

� Infections in ARDs should be recognized as a risk factor
for an adverse pregnancy outcome.

Impact of infections in ARDs and pregnancy Jara et al.
the purpose of this review will be to analyze the
role of infections in the pregnancy of patients
with ARDs.
MECHANISMS IN AUTOIMMUNE
RHEUMATIC DISEASES, PREGNANCY,
AND INFECTIONS

The immune response to an infectious process
oscillated between tolerance and immunological
activity: however, recent findings indicate that
between these two extremes there is a large number
of functions of the immune system, such as control
of chronic infections, management of tissue repair,
tissue metabolism, maintain symbiosis with com-
mensally agents, and contribution to the develop-
ment of tissues [12

&&

]. In this regard, the
development of normal pregnancy depends on hor-
monal changes, and immunological modifications,
as an elevation of TH2 cytokines on TH1 cytokines.
Therefore, immune-neuro-endocrine disorders
described in patients with ARDs, can lead to an
adverse maternal–fetal outcome [13]. These altera-
tions may explain the susceptibility to certain infec-
tions observed during pregnancy [10].
Gestational weight and the risk of infections

A recent study in SLE pregnancies, found that 42%
of these patients were overweight [14]. Obesity in
pregnancy is an inflammatory state and these
patients have an increased placental oxidative
stress, apoptosis, and consequently increase the
number of circulating nucleic acids from the pla-
centa and adipocyte necrosis. These alterations can
have a negative effect on the fetus [15

&

]. In support
of these studies, babies of obese mothers had less
eosinophils, CD4 T-helper cells, monocyte and
 Copyright © 2019 Wolters Kluwe
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dendritic cells, elevated levels of C-reactive protein
and worse outcomes to bacterial infection [16]. The
impact of maternal obesity on the neonatal immune
system has not been studied in ARDs.
Microbiota, pregnancy, and risk of infections

The microbiota is one of the most important factors
for the development of ARD [17,18]. The role of
microbiota in ARDs has been demonstrated in an
experimental model, which shows that mice
develop autoantibodies in adult life in association
with neonatal blockade of lymphotoxin, with colo-
nization of the gut with commensal, and with seg-
mented filamentous bacteria flora. This
experimental model suggests that neonatal coloni-
zation with the intestinal microbiota can influence
the immune response in adult life [19]. Changes in
the microbiota in the vagina and gut, during preg-
nancy, are dependent on the hormonal and meta-
bolic alterations [20,21]. The role of gut, oral, and
skin dysbiotic microbiota is associated to loss of
mucosal tolerance and trigger of ARD. The vaginal
microbiome with high prevalence of Lactobacillus
species produces lactic acid and H2O2 that prevent
bacterial vaginosis. Lactobacillus vaginal deficiency
is associated with infections and premature births.
In humans, helminths infections are associated
with type T helper 2 immune response, and preg-
nancy can increase the susceptibility to helminths
because Th-2 allows tolerance to a fetus–placental
allograft. Helminths infection could be a worrying
factor because of the secretion of antigens from the
mother to fetal circulation and placenta, with
increase in pro-inflammatory cytokines, miscar-
riage, chorionitis, preterm delivery, abnormal mat-
uration of the postnatal immune system and
susceptibility to ARD [22

&&

]. The role of microbiota
and the risk of infections in ARDs and pregnancy
have not been studied.
Placenta, amniotic fluid, and risk of
infections

Macrophages are essential for the clearance of
infections or repair the inflammation-associated
injury. Activated M1 macrophages are pro-inflam-
matory, and activated M2 macrophages are anti-
inflammatory. The deciduous macrophages show
an M2 type immunosuppressive phenotype for
tolerance, but if the pathogens invade, the decid-
uous macrophages change to an M1 phenotype
[23]. Collectins and C1q constitutive of the gesta-
tional tissue are important soluble collagens in the
recognition and elimination of pathogens and
immune tolerance to maintain pregnancy and
r Health, Inc. All rights reserved.
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parturition. Collectins include surfactant protein A
and D, mannose-binding lectin (MBL), scavenger
receptor collectin placenta-1, and others involved
in antimicrobial defense and regulation of inflam-
mation. During pregnancy, MBL increases in
maternal circulation but decreases sharply after
delivery. The polymorphisms of MBL in the pro-
moter region significantly decrease the MBL asso-
ciated to placental lesions, placental insufficiency,
inflammatory infiltrates, abortions, and chorioam-
nionitis. Amniotic fluid has antimicrobial func-
tions contributed in part by progressive increase
of collectins from the fetal lungs giving major
protection against infection and inflammation.
Complement component C1q of classical pathway
involved in innate host defense. The decrease of
C1q during pregnancy can cause miscarriages, pre-
term delivery, and preeclampsia. Amniotic fluid
shows C1q level more than a hundred times that
plasma and is found in placenta. However, increase
of C1q in the placenta contribute to villitis, associ-
ated to maternal infection or placental tissues
affected by immune system [24].
ADVERSE EFFECTS OF PREGNANCY AND
THE RISK OF INFECTIONS

Adverse effects of pregnancy in ARDs include mis-
carriage, stillbirths, intrauterine growth restriction,
premature rupture of membranes, among others [6].
However, the risk factors in ARDs and pregnancy do
not include infections. This contrasts markedly with
the role of infections in ARDs without pregnancy
[25–27], and with the susceptibility to infections in
pregnant women without ARDs [10]. These contra-
dictory data can be explained by an underreporting
of infections in ARDs and pregnancy, by a greater
care of patients with ARDs, or by the presence of
protective factors in ARDs during pregnancy. In
support of these concepts, a study of a cohort of
509 women with SLE, 729 births, and 9 stillbirths,
showed that patients with SLE have a higher risk of
stillbirths, in association with complications related
to placental alterations. Only one case of stillbirth of
a patient with SLE was associated with infection
[28]. Another multicenter study that included
1000 patients with antiphospholipid antibody syn-
drome, analyzed the prevalence and causes of mor-
bidity and mortality during a period of 10 years.
Infections were observed in 26% of patients and
were one of the main causes of mortality. In relation
to pregnancy, no cases of infections associated with
maternal or fetal morbidity or mortality were
observed [29]. In contrast, a systematic review of
the literature from 2009 to 2014, found that the
early miscarriage (spontaneous loss of pregnancy
 Copyright © 2019 Wolters Kluwer H
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before week 12) is related to infections in 15% of
cases and the late miscarriage (fetal loss of preg-
nancy after week 12), is caused by infections in more
than 66% of patients. The infectious agents most
frequently associated with miscarriage were malaria,
brucellosis, cytomegalovirus and HIV, dengue fever,
influenza virus and vaginal infection with bacterial
vaginosis [30

&

]. Urinary tract infections with recur-
rent bacteriuria, and pyelonephritis, chlamydia
infection and gonorrhea urinary tract infections,
can affect the course of pregnancy; gonorrhea infec-
tion is associated with premature rupture of mem-
branes, preterm birth, chorioamnionitis, small-for-
gestational-age infants, and spontaneous abortion
[31

&

]. The newborn of mother with gonorrhea is at
risk to develop conjunctivitis, scalp abscesses, and
disseminated gonococcal infections, which include
arthritis, sepsis, or meningitis [32]. In relation to the
treatment, it is necessary to follow the recommen-
dations of The Center for Disease Control (CDC) and
US Preventive Services Task Force (USPSTF) [33,34].
Influenza infection in pregnant women tends to be
more severe and with higher mortality than in the
general population. This is because of physiological
respiratory and immunological changes of the preg-
nant woman. Influenza infection is associated with
an increased risk of miscarriage, preterm labor,
small-for-gestational-age infants, and fetal death
[31

&

,35–37]. Therefore, every pregnant woman
should be vaccinated to prevent influenza infection
[31

&

]. In relation to ARDs and pregnancy, emphasis
has recently been placed on infections, especially in
SLE and pregnancy. A meta-analysis that included
studies retrospective, prospective, population-
based, cross-sectional, and case and control of
patients with SLE and pregnancy, published in
2001 to 2016 showed that postpartum infection
have a high impact on the maternal–fetal outcome
of SLE patients [38

&&

]. Another recent study based on
a population from USA (1987–2013) showed that
women with SLE have a higher risk of having infec-
tions peripartum and greater exposure to antibiot-
ics. Preterm infants have a high risk of infections.
Women with lupus nephritis were more likely to
have had an infection compared with women with-
out SLE [39

&

]. These studies strengthen the concept
that infections in pregnancy of patients with ARDs
are a risk factor for the final outcome of these
pregnancies, especially in premature births.
ANTIRHEUMATIC DRUGS, PREGNANCY,
AND RISK OF INFECTIONS

The exposure of antirheumatic drugs during
pregnancy is limited by the potential maternal–
fetal adverse effects, including embryotoxicity,
ealth, Inc. All rights reserved.
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teratogenicity, or effects on the fetal immune sys-
tem. In this sense, patient with ARDs, especially SLE,
and APS have a high prevalence of premature births,
low-birth-weight babies, low-birth weight for their
gestational age [29,39

&

]. Therefore, these newborns
have an immune system immature as well as
decreased placental passage of maternal antibodies
that makes them susceptible to infections [40]. The
available information is also limited and comes
mainly from the inadvertent exposure of these drugs
during pregnancy [41].
Glucocorticoids

The steroids are associated with the development of
infections [42]. In a cohort study that included
almost 5000 pregnancies in women with rheuma-
toid arthritis, SLE, ankylosing spondylitis, psoriatic
arthritis or inflammatory bowel disease using immu-
nosuppressants, it was found that high doses of
steroids is an independent risk factor for serious
infections during pregnancy [43

&&

]. The exposure
of steroids during pregnancy also increases the risk
of infections during the first year of extrauterine
life [44].
Synthetic antirheumatic drugs

Azathioprine is considered well tolerated during
pregnancy [45]. Reports of pregnancies exposed to
azathioprine in women with SLE or transplant recip-
ients do not document infections in mothers or
their newborns [46,47]. Cyclosporin A and tacroli-
mus are also considered compatible with pregnancy
[48,49].
Targeted therapy

Biological drugs have been associated with an
increased risk of infections of a large variety of
microorganisms in the nonpregnant population;
however, information on pregnant women is scarce.
Some biological agents have an active placental
transport after week 10 of gestation [50]. Pregnancy
is a state of relative immunosuppression, so the use
of drugs that affect the immune system may pose an
additional risk for infections [51]. TNF-a appears to
be a key cytokine in the development of the fetal
immune system [52,53]. In a French cohort of
patients with inflammatory bowel disease, it was
found that the use of TNF-a inhibitors (mainly
infliximab and adalimumab) were associated with
an increased risk of maternal infections but not in
children born to mothers exposed to the drug [54].
In a prospective study of pregnancies exposed to
certolizumab pegol, it was found that 4.2% of
 Copyright © 2019 Wolters Kluwe
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mothers developed serious infections [55
&

]. How-
ever, another cohort study did not find an increased
risk of serious infections in pregnant women
exposed to biological drugs, including tumor necro-
sis factor (TNF) inhibitors [43

&&

]. Two retrospective
studies did not find an increased risk of infection
during the first year of life in children exposed in
utero to TNF-a inhibitor found no differences in
infections during extrauterine life in children not
exposed and exposed to TNF-a inhibitors [56,57].
However, effects on the immune system of new-
borns exposed to TNF inhibitors that may predis-
pose to intracellular infections have been reported
[58]. Because of its biochemical structure, placental
transfer of etanercept and certolizumab pegol is
practically nil, so the effect on the neonatal immune
system is unlikely [55

&

,59,60]. Rituximab is a chime-
ric monoclonal antibody against the CD20 molecule
of B cells. In-utero exposure of rituximab in the
second and third trimesters of pregnancy may cause
transient depletion of B cells in the fetus. However,
in the largest case series published, only four non-
severe neonatal infections were documented, but
not in mothers exposed to rituximab during preg-
nancy [61]. Case series of pregnant patients with
rheumatoid arthritis, pemphigoid, ANCA-associ-
ated vasculitis, multiple sclerosis and neuromyelitis
optica exposed to rituximab, have also found similar
results [62–65]. In any case, the information is still
limited to recommend the use of rituximab during
pregnancy. Belimumab is a humanized monoclonal
antibody directed against the soluble B lymphocyte
stimulator (BlyS) approved for use in SLE. The infor-
mation on the exposure of belimumab during preg-
nancy is very limited [41]. Case reports have not
found infection in either the mother or the newborn
exposed to belimumab during pregnancy [66,67],
although recently they have documented altera-
tions in the lymphocytes of a newborn exposed to
belimumab until week 26 of gestation [68]. Abata-
cept is a soluble fusion protein that modulates the
co-stimulation of T cells. In a prospective cohort
study that included pregnancies with exposure to
abatacept, neither maternal nor fetal infections were
reported [69]. Tocilizumab is a humanized mono-
clonal antibody against the IL-6 receptor. In preg-
nancies with exposure to tocilizumab, no associated
infections were reported [70–72]. In pregnancies
exposed to secukinumab a monoclonal antibody
against IL-17, no associated infections were reported
[73]. Ustekinumab is a monoclonal antibody that
inhibits IL-12/IL-23. No infections are reported in
women with psoriasis or Crohn’s disease [74,75].
Tofacitinib is an inhibitor of JAK kinases, mainly
JAK1 and JAK3. Maternal and neonatal infections
have not been documented after the inadvertent
r Health, Inc. All rights reserved.
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exposure of tofacitinib in pregnant women with
rheumatoid arthritis, psoriatic arthritis or ulcerative
colitis [76,77]. Baricitinib is another inhibitor of JAK
kinases of which there is no information on its use
during pregnancy. Due to the probable effects on
the neonatal immune system of antirheumatic
drugs, the administration of vaccines in the new-
born is a matter of concern [78]. Studies of the
immune system of neonates exposed in utero to
TNF-a inhibitors have yielded mixed results
[58,79]. On the other hand, rituximab can cause
transient neutropenia in fetus exposed from the
second trimester of pregnancy [80]. However, in
general, the response to various vaccines in new-
borns exposed to biological agents seems to be
similar to those not exposed [78,81]. Therefore, it
is recommended to administer routine vaccines in
exposed newborns and delay vaccines of living
organisms to avoid possible dissemination [81].
INFECTIONS IN ADOLESCENTS WITH
RHEUMATIC DISEASES AND PREGNANCY

Pregnancy in adolescents is high risk because they
have preterm births, low birth weight, intrauterine
growth restriction (IUGR), and neonatal deaths
[82,83]. Juvenile onset SLE is more aggressive than
adult SLE, and the use of high doses of steroids and
immunosuppressive therapies are frequent in these
patients [84,85]. Consequently, pregnancy in
patients with juvenile onset SLE is high risk. Azathi-
oprine, calcineurin inhibitors, nonfuorinated corti-
costeroids, and hydroxychloroquine may be used
throughout pregnancy and lactation [86]. Adoles-
cent women with ARDs are more susceptible to
infection by Papilloma virus and other infections
that can alter the course of pregnancy. These
patients should receive special attention regarding
appropriate contraceptive methods, vaccinations
and care in pregnancy and postpartum with the
aim of decreasing the risk of infections [87,88]. Data
on the course of pregnancy in adolescents with ARD
are very scarce. The few studies that exist are in
juvenile-onset SLE. This is because there is a concept
that pregnant adolescents have a similar course to
that of adults with SLE [89,90]. However, a recent
study analyzed the clinical course of pregnancy in
adolescents and young women with SLE and found
that these patients had an increased risk of pre-
eclampsia/eclampsia, maternal death, preterm
birth, spontaneous abortion, and induced abortion
in comparison to controls [91]. The impact of infec-
tions in the course of pregnancy of adolescents’
patients with ARDs is unknown.
 Copyright © 2019 Wolters Kluwer H
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SEVERE INFECTIONS DURING
PREGNANCY AND RHEUMATIC DISEASES

In the study that analyzed maternal deaths in
patients with lupus nephritis, the seven deaths
attributed to postpartum infection were caused by
Candida, Listeria, Bacillus cereus, Cryptococcus, and
CMV [11]. The risk of septicemia is increased in
patients with SLE and pregnancy compared with
nonpregnant population; therefore, we must be
vigilant to take early therapeutic measures to reduce
morbidity and mortality in our patients [92]. A
clinical case of infection caused by Fasciolopsis buski
in a 24-week pregnant woman from Vietnam
affected by SLE was reported. The patient underwent
therapeutic abortion and died a month later because
of the spread of the infection [93]. The analysis
postpartum in the infant outcomes found that pre-
term birth, infection, and mortality, were worse
among those born to mothers with SLE during
pregnancy. Twenty-one percent of infants born to
mothers with SLE during pregnancy had an infec-
tion during their first year of life, compared with
14% of the general population of infants [94].
CONCLUSION

Infections should be considered as another risk
factor for maternal fetal outcome in women with
ARDs. Adolescent patients with ARDs and preg-
nancy should be considered as a different subgroup.
New studies will be necessary to better understand
the impact of infections on maternal–fetal compli-
cations observed in patients with ARDs and preg-
nancy.
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