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ARTICLE INFO ABSTRACT

Keywords: Comorbidities including subclinical atherosclerosis, neuropsychological aberrations and lymphoproliferation
Atherosclerosis represent a major burden among patients with systemic autoimmune diseases; they occur either as a result of
Cardiovascular disease intrinsic disease related characteristics including therapeutic interventions or traditional risk factors similar to
Lymphomagenesis

those observed in general population. Soluble molecules recently shown to contribute to subclinical athero-
sclerosis in the context of systemic lupus erythematosus (SLE) include among others B-cell activating factor
(BAFF), hyperhomocysteinemia, parathormone (PTH) levels and autoantibodies against oxidized lipids.
Variations of the 5, 10- methylenetetrahydrofolate reductase (MTHFR) gene -the main genetic determinant of
hyperhomocystenemia in humans-as well the interferon regulatory factor-8 (IRF8), FcyRIIA and BAFF genes have
been all linked to subclinical atherosclerosis in SLE. BAFF variants have been also found to confer increased risk
for subclinical atherosclerosis and lymphoma development in Sjogren's syndrome (SS) patients. Other genes
shown to be implicated in SS lymphoproliferation include genes involved a. in inflammatory responses such as
the NF«kB regulator Tumor necrosis factor alpha-induced protein 3 (TNFAIP3) and the Leukocyte immunoglobulin-like
receptor A3 (LILRA3) immunoreceptor, b. B cell activation and signaling (BAFF/BAFF-receptor), c. type I IFN
pathway such as three-prime repair exonuclease 1 (TREX1), d. epigenetic processes including DNA methylation
(MTHFR rs1801133, 677T allele) and e. genomic instability (MTHFR rs1801131, 1298C allele). Emerging soluble
biomarkers for SS related lymphoma include mediators of B cell growth and germinal center formation such as
BAFF, FMS-like tyrosine kinase 3 ligand (FIt-3L) and CXCL13 as well as inflammatory contributors such as
inteleukin (IL)-17, IL-18, ASC, LILRA3 and the extracellular lipoprotein-associated phospholipase A2 (Lp-PLA2).
In regard to fatigue and neuropsychologic features in the setting of SS, contributing factors such as BAFF var-
iants, antibodies against neuropeptides, proteins involved in nervous system function as well as inflammatory
cytokines have been reported.
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1. Introduction poorly understood [4]. Moreover, fatigue in SS patients seems to ori-

ginate by interplay between neuropsychological issues and a complex

Comorbidities in the setting of autoimmune disorders are increas-
ingly recognized as a major problem with impact in morbidity and
mortality. In particular, patients with Systemic lupus erythematosus
(SLE) and Sjogren's syndrome (SS) are at increased risk for accelerated
atherosclerosis and lymphoma development, with the first being a
major issue in lupus and the second in SS patients [1]. Of note, the
latter have the highest susceptibility for lymphoma development
amongst all autoimmune diseases [2,3]. Although chronic inflamma-
tion has been proposed as a major contributor of autoimmune-related
atherogenesis and lymphomagenesis, the underlying biology remains

network of cytokines and neuropeptides [5-7]. In the present review,
we will focus on our previous and ongoing work regarding soluble and
genetic contributors in subclinical atherosclerosis in the setting of sys-
temic lupus erythematosus and SS. Furthermore, new data on SS related
fatigue, neuropsychological issues as well as lymphoproliferation will
be discussed.
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Table 1

Genetic contributors in SLE related subclinical atherosclerosis and CV morbidity.
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Gene/Gene variation

Function

Gene locus

Author/Year/Ref#

Number of study
participants (SLE vs
HC)

OR [CI 95%]

Associations

STAT4/rs10181656
IRF8/1rs925994,
15419030 and
rs10514610
MTHFR/rs1801133
BAFF/rs12583006
1L19/rs17581834

SRP54-AS1/1s799454

FcyRIIA/rs1801274

Transcription factor

Transcription factor

DNA methylation

B cell survival and
proliferation
Anti-inflammatory
cytokine

Non-coding RNA class

Low affinity receptor of
the Fc portion of IgG

chr2:191105153G > C¥
chr16:85912411G > T
chrl6: 85933195C > T
chr16:85908569G > A¥
chr1:11796321G > A
(p.Ala222Val)
chr13:108285104T > A¥
chr1:206802774T > C*¥

chr14:34927973A > G¥

chrl:161509955A > G
(p.His131Arg)

Svenungsson et al.,
2010 [37]
Leonard et al.,
2013 [35]

Giannelou et al.,
2018 [34]
Theodorou et al.,
2018 [27]
Leonard et al.,
2018 [38]
Leonard et al.,
2018 [38]

Clancy et al., 2019
[39]

424 vs 492
154 vs 194
Cohort 1. 575 SLE
Cohort 2. 239 SLE

150 vs 561

250 vs 200

1045 vs 2711
1043 vs 2711
1045 vs 2711
1043 vs 2711
80 vs 30

2.3 [1.6-3.3]
combined

3.6 [2.1-6.3]
1.8 (1.3-2.5)
3.8 (2.1-6.9)

5.2 [1.1-24.0

4.9 (1.2-20.6)
4.4 [1.3-15.4]
2.3 [1.5t03.4]

1.7 [1.3t0 2.2]

4.4 [1.2-14.9]

Ischemic cerebrovascular
disease

Coronary heart disease,
Carotid plaque, IMT
Coronary heart disease
Coronary heart disease
Carotid/Femoral Plaque
Arterial wall thickening
Carotid/Femoral plaque

Stroke/myocardial
infarction
Stroke/transient ischemic
attack

Carotid plaque

antibodies

SLE: Systemic Lupus Erythematosus, HC: healthy controls; STAT4: signal transducer and activator of transcription factor 4; IRF8: Interferon regulatory factor-8;
MTHFR: methylene tetrahydrofolate reductase; BAFF: B cell activating factor; IL19: Interleukin 19; SRP54-AS1: signal recognition particle 54 — antisense 1 locus;

FcyRIIA: Fc fragment of IgG receptor Ila; IMT: intima media thickness, ¥ Intron.

1.1. Subclinical atherosclerosis in SLE and SS: genetic and soluble
contributors

SLE is a multisystem autoimmune disease with a strong female
predilection. Cardiovascular (CV) morbidity and mortality is a frequent
complication, particularly in females aged 35-44 years, whose risk of
myocardial infarction is raised 50-fold [8,9]. The mechanisms leading
to the development of subclinical atherosclerosis and vascular injury in
SLE are not fully elucidated. Traditional CV factors such as hyperten-
sion, diabetes mellitus (DM), obesity and hyperhomocystenemia are
more common in SLE patients than in the general population. However,
they do not completely account for the increased CV risk, implying that
other factors related to lupus such as disease duration, activity and
chronicity, chronic inflammation, impairment of immunological status,
therapy with corticosteroids as well as psychosocial features, such as
anxiety [10,11] may be involved. Though accelerated atherosclerosis
was first established in lupus and rheumatoid arthritis (RA), over the
last 15 years heightened rates of subclinical atherosclerosis have been
recognized as a significant burden in SS as well [12-17], identifying SS
as an independent predictor for subclinical atherosclerosis [13,15].

Despite that exact pathogenesis of atherosclerosis in the setting of
autoimmune diseases remains ill defined, an imbalance between en-
dothelial damage caused by increased oxidative stress and immune
mediated production of atheroprotective molecules seems to be a cru-
cial event [18]. Briefly, increased oxidative stress results in the accu-
mulation and oxidation of LDL particles (oxidized LDL/oxLDL) in the
vascular intima. OxLDL is immunogenic, chemo-attracts monocytes that
migrate and differentiate into macrophages, which by accumulation of
oxLDL they transform into inflammatory foam cells forming the
atherosclerotic lesion [19]. Subsequently, other immune cells including
T and B cells, neutrophils and dendritic cells produce cytokines and
chemokines leading to the initiation and perpetuation of an in-
flammatory response. Recent findings support the role of the cytokine
B-cell activating factor (BAFF) in atherogenesis possibly through se-
lective activation, survival and proliferation of B2 atherogenic cells
(which produce anti-oxLDL autoantibodies of IgG isotype) over the
atheroprotective IgM producing Bla cells, resulting in atherosclerotic
disease [20,21].

In this context, IgG autoantibodies to oxLDL have been previously
shown to be mediators of autoimmune atherogenesis [22], though some
studies in the general population revealed an opposite role [23]. In our

recent report, reduced anti-oxLDL levels were reported in SS and RA,
but not in lupus patients compared to healthy controls (HC) implying a
potential protective role. Interestingly, SS patients with high titers of
antibodies to oxLDL were independently associated with reduced rates
of carotid and/or femoral plaque formation [24]. Given the increasingly
recognized role of B-cell activating factor (BAFF) in both autoimmunity
[25] and atherosclerosis [26], in a prospective cohort of 250 SLE pa-
tients we have shown that patients with high serum BAFF levels (de-
fined as the upper quartile level of the distribution) displayed increased
rates of both plaque formation and arterial wall thickening [defined as
intima media thickness (IMT) > 0.90 mm] compared to patients with
low BAFF levels; this association remained significant after disease re-
lated features were taken into account [27]. Towards the same direc-
tion, BAFF mRNA expression was found to be significantly higher in the
whole peripheral blood of SS patients with plaque formation compared
to those without the presence of plaque [28].

In view of recent findings supporting genetic influences on serum
BAFF levels [25,29], we screened our lupus cohort for five BAFF gene
variants previously shown to be linked to lupus [30]. The presence of
the AA genotype of the rs12583006 BAFF gene variant increased the
susceptibility for both lupus and lupus related plaque formation, while
the haplotype TTTAT (formed by rs1224141, rs12583006, rs9514828,
rs1041569 and rs9514827 variants) was found to be protective for
plaque formation among SLE patients [27]. Similarly, the TT genotype
of the rs9514828 BAFF promoter variation was found to be significantly
increased in SS patients with plaque formation independently of tra-
ditional CV risk factors [28].

Another molecule involved in CV heightened observed risk in both
lupus and general population is homocysteine [31,32]. Hyperhomo-
cysteinemia is strongly influenced by functional polymorphisms of the
MTHEFR gene encoding for the enzyme 5, 10- methylenetetrahydrofolate
reductase [33]. In our recent work of 150 SLE patients, both hy-
perhomocysteinemia and MTHFR (rs1801133) 677 TT genotype were
identified as independent contributors for plaque formation, following
adjustment for traditional CV risk factors and disease related features
[34].

Additional genetic aberrations associated with lupus related CV
disease include variations of the interferon regulatory factor 8 (IRF8)
[35], the mannose-binding lectin [36], the signal transducer and activator
of transcription 4 (STAT4) [37] and recently the interleukin (IL)-19 and
signal recognition particle 54-antisense 1 (SRP54-AS1) [38] as well as the
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FcyRIIA genes [39]. A summary of genetic variants previously found to = E *;Z
be associated with both subclinical atherosclerosis and CV events in s 2 E
lupus patients are depicted in Table 1 [27,34,35,37-39]. g g3
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development group, in contrast the minor A allele of the rs12583006
was more prevalent in the low risk group. Haplotypes in the 5’ reg-
ulatory region of BAFF gene (formed by rs1224141, rs12583006,
159514828 and rs9514827 variants) could also discriminate SS patients
at high risk for lymphoma development from SS low risk patients; pa-
tients with lymphoma display lower frequencies of the TACC and TTCT
haplotypes compared to low risk SS and HC respectively, together with
a higher frequency of the TTTC haplotype compared to the low risk SS
[84]. Interestingly, an increased prevalence of the His159Tyr mutation
of the BAFF receptor in patients with SS was also detected, particularly
in those patients complicated by mucosa-associated lymphoid tissue
(MALT) lymphoma whose disease onset occurred at a younger age,
reaching 70%; activation of the alternate NF-kB pathway, as evidenced
by increased nuclear factor kappa-light-chain-enhancer of activated B
cells 2 (NFkB2) expression levels in B cells derived from SS patients
bearing the His159Tyr mutation was demonstrated [76].

Uncontrolled inflammatory responses have been previously linked
to lymphoma development particularly of MALT type [85-88]. As al-
ready mentioned, extensive lymphocytic infiltration [73] along with
increased percentage of IL-18 producing macrophages [89] and
heightened transcript levels of both interferon y (IFNy) [80] and in-
flammasome molecules [90] in minor salivary gland (MSG) tissues have
been previously related to lymphoma development in the context of
SS.In line with these findings, serum levels of IL-18 and apoptosis-as-
sociated speck-like protein (ASC) were found to be increased in high
risk SS patients and SS-lymphoma subsets [90]. One of the products of
tissue macrophages is extracellular lipoprotein-associated phospholi-
pase A2 (Lp-PLA2), which is found in the circulation associated with
lipoproteins, playing an important role in both CV [91] and malignant
diseases [92], including B-cell NHL lymphoma [93]. In a recent study
from our group, serum Lp-PLA2 activity was found to be increased in
primary SS-lymphoma compared to both primary SS patients without
lymphoma and HC. Lp-PLA2 activity was determined by two different
techniques (measuring [3H] PAF degradation products in liquid scin-
tillation counter and a commercially available ELISA kit) in two in-
dependent SS cohorts including SS-lymphoma patients [94].

In view of the implication of the A20 protein in controlling the NFxB
pathway, several studies explored the contribution of a functional
tumor necrosis factor, alpha-induced protein 3 (TNFAIP3) variant -the
encoding gene for A20- in both inflammatory and malignant disorders
[95-97]. In patients with SS of French [98,99], UK [99] and Greek
origin [100], the prevalence of the coding rs2230926 TNFAIP3 variant,
has been previously found to be increased in SS-lymphoma patients
[99,100], increasing the risk by approximately 2.5-fold. In the Greek SS
cohort the presence of the variant was associated with higher serum
IgM and LDH levels, higher transcripts of the anti-apoptotic Bcl-XL
molecule in peripheral blood as well as lower leucocyte and neutrophil
counts [100]. Of interest, approximately one-fifth of SS-lymphoma
cases with younger age at disease onset(=40 years) carried the
152230926 variant, supporting the concept of increased mutational load
in SS patients with lymphoma presenting earlier in life. Similarly, the
wild type variant of the immunoreceptor LILRA3 (Leukocyte im-
munoglobulin-like receptor A3) -previously related in chronic in-
flammatory disorders [101,102] was detected in all primary SS patients
<40 years complicated by lymphoma in comparison to 81.8% in pri-
mary SS-non lymphoma patients and 83.2% in HC. As expected, LILRA3
protein serum levels were also found to be increased in this SS subset
[103]. Another regulator of inflammation namely major histocompat-
ibility complex P5 (HCPS5) has been recently found to get involved in
lymphoma development in the context of SS, in a Italian cohort, with
the rs3099844 gene variation increasing lymphoma risk by approxi-
mately seven fold [104].

A defective immunosurveillant function in a setting of deregulated
inflammatory responses has been postulated as a major mechanism for
malignant transformation [105]. In salivary gland tissues derived from
SS patients complicated by lymphoma, IFNa transcripts were found to
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be downregulated, implying a similar operating mechanism in SS re-
lated malignant transformation [80]. In order to explore potential ge-
netic contributors for the dampened type I IFN responses observed in
salivary glands from SS-lymphoma patients, genetic variants of the
three-prime repair exonuclease 1 (TREX1) gene, previously found to
increase susceptibility in lupus patients with neuropsychiatric mani-
festations [106] and also involved in type I IFN pathways [107], were
tested in SS patients of Greek and Italian origin complicated or not by
lymphoma [108]. While no differences in the rs3135941 and
rs3135945 variants were detected between groups, the frequency of the
rs11797 A minor allele was found to be remarkably reduced in SS-
lymphoma patients of non-MALT type. Since the presence of the
rs11797 AA genotype was found to be related with increased type I IFN
inducible genes in MSG tissues, we postulate that genetically dimin-
ished type I IFN responses could offer an alternative explanation for SS
related lymphomagenesis [108].

Finally, epigenetic alterations have been associated with NHL patho-
genesis in general [109], as well as in the setting of SS with defective
expression of miR200b-5p [110] and DNA methylating enzymes [111] in
MSG tissues derived from SS patients with lymphoma. Variations of the
MTHFR gene and particularly the rs1801133 (c.677C > T) TT genotype
has been shown to display increased frequencies among primary SS pa-
tients complicated by non-MALT lymphoma in association with decreased
methylation levels [112]. On the other hand, reduced prevalence of the
rs11801131 (c.1298A > C) C minor allele in the primary SS non-MALT
group compared to controls and SS patients without NHL was observed
leading potentially to increased double-strand breaks, a marker of DNA
damage. These findings imply defective DNA methylation and subsequent
silencing of oncogenes together with genomic instability as additional
operating mechanisms in SS related lymphomagenesis [113]. Genetic
variations and potential soluble biomarkers associated with lymphoproli-
ferative disease in the context of SS are summarized in Fig. 1 and Table 3
[72,76,79,80,82-84,90,94,100,103,104,108,112,114,115].

1.3. Fatigue and SS

Fatigue has been appreciated as a major burden in patients with SS
compromising quality of life [5,116-119]. In a previous study from our
group, approximately one third of SS patients was affected [116]. De-
spite significant efforts, biomarker discovery for SS related fatigue has
been limited. Thus, markers of B cell activation, such as serum BAFF
levels and autoantibodies against organ-specific and nonspecific anti-
gens, as well as peripheral blood transcripts of the IFN-inducible gene
IDO-1 -previously shown to be associated with depression and fatigue
through induction of serotonin catabolism [120]- did not seem to
contribute to increased sense of fatigue experienced by these patients
[116]. While no association between fatigue scores and disease activity
indices, low hemoglobin levels, impaired thyroid function, complica-
tion by lymphoma or medication use was detected; multivariate ana-
lysis revealed depression, neuroticism, and fibromyalgia as independent
predictors of SS related fatigue [116]. Discrete personality spectrum
and psychopathology features have been previously demonstrated in
patients with primary SS [6]. A higher number of primary SS patients
reported distinct personality traits (neuroticism, psychoticism and ob-
sessiveness) and psychological distress compared to HCs, with auto-
antibodies against alpha-melanocyte-stimulating hormone (alpha-
MSH), oxytocin and vasopressin being correlated with anxiety scores in
these patients [6]. Despite that pro-inflammatory cytokines have been
long considered as fatigue inducers, recent data confirmed an inverse
relationship between serum TNFa and lymphotoxin (LT) o with fatigue
scores in patients with SS [7]. In contrast, IL1 related molecules
measured in cerebrospinal fluid (CSF) were found to be positively as-
sociated with fatigue levels in these patients [121]. In a recent work by
Bodewes and colleagues [5] using a proteomic approach, 16 serum
proteins were found to be differentially expressed between fatigued and
non-fatigued SS patients including several neuropeptides, the
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TNFAIP3 Phel27Cys
(rs2230926 G allele)

LILRA3 wild type (absence
of 6.7 kb genetic deletion)

HCP5rs3099844 Aallele

L]

TREX1 rs11797 Aallele

Chronic
inflammation

L]
il

SS-related
lymphoma
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l MTHFR Glu429Ala
(rs1801131 Callele)

' MTHFR Ala222Val
(rs1801133 Tallele)

BAFF TTTC haplotype*
BAFF-R His159Tyr (rs61756766 T allele)

BAFFTACC haplotype*
BAFFTTCT haplotype*

Fig. 1. Lymphomagenesis in the setting of Sjogren's syndrome-Genetic contributors and potential pathogenetic mechanisms involved. SS: Sjogren's syn-
drome; TNFAIP3: tumor necrosis factor-alpha induced protein 3; LILRA3: leukocyte immunoglobulin-like receptor subfamily A member 3; HCP5: major histo-
compatibility complex P5 gene; TREX-1: three prime repair exonuclease 1; BAFF: B cell activating factor; BAFF-R: B cell activating factor receptor; MTHFR: me-
thylene tetrahydrofolate reductase, *contain alleles for rs1224141, rs12583006, rs9514828 and rs9514827 respectively.

proinflammatory mediator IL36a and complement components (upre-
gulated); on the contrary, epidermal growth factor as well as an enzyme
with potentially neurological effects namely formimidoyltransferase
cyclodeaminase were found to be downregulated in fatigued SS pa-
tients. Finally, recent data revealed an association of severe fatigue in
the setting of SS, with a reduced frequency of TT genotype of both
159514828 and rs1224141 BAFF variations [122]. These associations
remain to be confirmed in larger multicenter studies.

outlined revealing complex interactions between immune and/or neu-
roendocrine pathways in generation of fatigue and subclinical athero-
sclerosis. Deregulated inflammatory control, excessive B cell activation,
impaired immune surveilling functions, as well as epigenetic alterations
have been also shown to promote lymphomagenesis in the context of an
otherwise benign autoimmune disease such as SS. We anticipate that
through collaborative international efforts, novel etiopathogenetic
pathways will be revealed and tailored therapeutic approaches will be
established for SS patients.

2. Conclusion

Disclosures

In conclusion, a comprehensive overview on genetic contributors

and soluble biomarkers in comorbidities related to SLE and SS has been

Table 3

Soluble mediators in Sjogren's syndrome related lymphoma.

Harmonics European Union Project, Grant agreement ID: 731944,

Gene

Function

Author/Year/Ref#

Number of study
participants (SS vs SS-L
vs HC)

Association

B-cell activation
BAFF

Flt-3L

Germinal cell formation
CXCL13

Inflammation
IL-18
IL-17

ASC
TSLP
Lp-PLA2

LILRA3

B-cell activation, survival and proliferation

Growth of progenitor cells in bone marrow
and blood

Organization of B cells within follicles of
lymphoid tissues

Inflammasome activation
Proinflammatory cytokine

Inflammasome activation
Immune tolerance/lymphocyte homeostasis

Monocyte derived phospholipase

Immunostimulation

Quartuccio et al., 2013 [79]
Gottenberg et al., 2013 [72]
Papageorgiou et al., 2015 [76]
Nezos et al., 2015 [80]
Tobon et al., 2013 [82]
Papageorgiou et al., 2014 [76]

Nocturne et al., 2015 [83]

Vakrakou et al., 2018 [90]

Gadolfo et,al. 2019 [115]
Kotsifaki et al., 2019 [94]

Argyriou et, al. 2019 [103]

34 vs 42 vs 55
377 vs 16

91 vs 32 vs 30
58 vs 22 vs 24
369 vs 18 vs 50
51 vs 29 vs 27

363 vs 22 vs 73*

36 vs 38 vs 27
32 vs 33 vs 26

36 vs 38 vs 23
79 vs 12 vs 80
48 vs 9 vs 40
25vs 17 vs 10
24vs15vs 9

1 in SS-L compared to SS and HC
tin SS-L compared to SS

tin SS-L compared to SS and HC
1in SS-L compared to SS and all HC
1in SS-L compared to SS and HC
tin SS-L compared to HC

1in SS-L compared to SS and
controls

1in SS-L compared to SS and HC
1in SS-L compared to high risk SS
and HC

1 in SS-L compared to SS and HC
1 in SS-L compared to SS and HC
1 in SS-L compared to SS and HC

tin SS-lymphoma compared to
HC**

SS: Sjogren's syndrome; SS-L: Sjogren's syndrome related lymphoma; HC: healthy controls; BAFF: B cell activating factor; Flt-3L: Fms-like tyrosine kinase 3 ligand;
CXCL13: chemokine (C-X-C motif) ligand 13; IL-18: Interleukin 18, IL-17: Interleukin 17; Inflammasome Adaptor Protein Apoptosis-Associated Speck-Like Protein
Containing CARD; TSLP: Thymic stromal lymphopoietin; LILRA3: leukocyte immunoglobulin-like receptor subfamily A member 3; lipoprotein-associated phos-
pholipase A2, *sicca asthenia polyalgia syndrome, ** age of SS onset < 40 years old.
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