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ARTICLE INFO ABSTRACT

Keywords: Sjogren's syndrome (SS) is characterized by B cell hyperactivity documented by the production of plethora of
Sjdgren's syndrome autoantibodies and a strong tendency for NHL of B cell origin. Classical predictors of lymphoma have been
Biomarkers already proposed and proved their validity, including clinical, serological and histopathologic biomarkers. The
Lymphoma

process of lymphomagenesis is multistep and encompasses mechanisms of antigen driven selection of the BCR
with RF activity and various genetic contributors implicated in B cell proliferation, cell growth and cell cycle
control, enhanced by a complex milieu of cytokines and trophic agents that are abundant within the in-
flammatory lesion of minor salivary glands of SS patients. Extensive efforts in the basic research field have
revealed several novel biomarkers for lymphoma prediction while the major cellular and molecular mechanisms
of evolutionary transition of B cells towards malignancy are under investigation. In this review, we present the
current data regarding the newly proposed biomarkers for SS associated lymphoma prediction and a hypothe-
tical model of lymphomagenesis based on the emerging data.

Lymphomagenesis

1. Introduction

Among systemic autoimmune diseases, Sjogren's syndrome (SS)
carries the higher risk for the occurrence of B cell lymphoproliferative
disorders [1]. Although SS is mainly confined to the salivary and la-
crimal glands resulting in mucosal dryness, the chronic and low-grade
inflammation, appears to be an important contributor for the devel-
opment of lymphoma, arising mainly from the diseased tissues. How-
ever, not all patients with SS are at high risk for lymphoproliferation
but only those with distinct phenotypic characteristics that reflect an
underlying multistep transition from a premalignant oligoclonal/
monoclonal B cell state to mature B cell malignancy [2,3]. Patients with
B cell mediated clinical manifestations constitute the systemic form of
the disease and draw clinical attention as they display increased mor-
bidity and a strong propensity for lymphoma development. Cryoglo-
bulinemic mediated mechanisms are involved in the production of the
clinical picture among patients with the systemic form of the disease,
revealing the dynamic pathogenetic role of the B cell component. At
some point during the disease course, the underlying biological process
of B cell evolution towards malignancy is completed and is clinically
manifested as lymphoma. The mechanistic link between the evolving B
cell biology and the specific clinical spectrum of immune complex
mediated extraepithelial manifestations, allowed us to focus on this
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specific subgroup of SS patients to identify predictors of lymphomas for
research and clinical purposes [2,4].

Over the past decades, well established and validated risk factors for
lymphomas have been reported to the literature and the clinical picture
and outcome of patients with SS associated lymphomas have been ex-
tensively explored [5,6]. Lymphomas confer slightly increased mor-
tality rates among SS patients compared to general population, but the
majority of SS patients with lymphomas display a favorable prognosis
with high overall survival. Classical predictors of lymphomas define
those SS patients who require closer follow up in order to early diag-
nose and manage the complication of lymphoproliferative disorders.
The era of biological agents and sophisticated biotechnologies led to the
necessity for novel biomarkers linked to the major biological and mo-
lecular pathogenetic mechanisms of the disease, including lymphoma-
genesis. [2]. Although, lymphomagenesis in the context of SS is a
multistep and complex process, it remains an attractive field of ex-
tensive basic and clinical research. As a result, novel genetic and mo-
lecular predictors of lymphoma have been proposed in addition to the
already established clinical and serological biomarkers. In this review,
we summarize the current knowledge about lymphoproliferation in SS
and we focus on the clinical utility of previous and promising predictors
of lymphoma.
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2. The clinical phenotypes of Sjogren's syndrome

The presence of lymphocytic infiltration around the epithelial
structures of affected tissues in patients with SS, is the histopathologic
hallmark of the disease, observed mainly at the salivary and lacrimal
glands [7]. The composition of the infiltrate is diverse but it consists of
T and B cell populations while plasma cells and macrophages do not
exceed 5% of the total infiltrating cells [8]. Of note, It has been shown
that the composition of the infiltrate is associated with the clinical
phenotypes of the disease. Considering the immunopathogenesis of SS,
symptomatology is thought to result either from lymphocytic infiltra-
tion of the epithelium that leads progressively to functional impairment
of the affected tissue or as a consequence of cryoglobulin immune
complex mediated inflammation of the involved organs, following de-
position and complement activation [9]. Interestingly, the diseased
epithelium is not just an innocent bystander that is slowly damaged but
an active player, participating in maintenance and perpetuation of the
autoimmune vicious cycle within the pathologic lesion. Thus, epithelial
cells acquire antigen presenting properties by expressing MHC I and II
molecules, secrete cytokines and chemokines necessary to attract and
expand lymphocytic clones and are considered a continuous source of
autoantigens release either by apoptotic blebs or through exosomes,
fueling the local autoimmune response with antigenic load [9]. On the
other hand, the B cell compartment within the lesion is of great im-
portance and is implicated in the production of autoantibodies, hy-
pergammaglobulinemia and cryoglobulins. However, B cell biology
defines the plasticity of the inflammatory lesion, with non-specific be-
nign B cell hyperactivity being responsible for the diffuse hy-
pergammaglobulinemia and anti-Ro/SSA and anti-La/SSB antibodies in
SS while B cell monoclonality for cryoglobulin production [9]. As
mentioned previously, the histopathologic intralesional inflammatory
features were correlated with the clinical phenotypes of the disease.
The predominance of T cells within mild or intermediate lesions was
linked to glandular and extraglandular manifestations of SS while B cell
expansion, observed in advanced lesions was associated with the im-
mune complex mediated complications [8].

The clinical manifestation of SS can be categorized based on ana-
tomical and immunopathologic grounds, into periepithelial glandular
or extraglandular and extraepithelial [6,10]. The lymphocytic infiltrate
around the epithelial cells of the involved tissues and organs, is con-
sidered the common immunopathologic feature observed between the
affected glandular and extraglandular sites. Mucosal dryness dominates
the clinical picture of almost all SS patients with oral and eye dryness to
afflict > 95% of SS population while other forms of dryness include
xerotrachea resulting in dry cough, vaginal dryness accompanied by
dyspareunia as well as skin and nose dryness [6,10]. In addition, 40% of
PSS patients are expected to present with bilateral or unilateral parotid
swelling that is usually painless and subsides spontaneously within
weeks. Dryness symptoms vary in severity, depending also on the
subjective perception of each patient but definitely have an impact on
the quality of life [6,10]. Similarly, extraglandular periepithelial man-
ifestations are attributed to the same immunopathologic mechanism of
lymphocytic infiltration involving the tubular epithelium (interstitial
nephritis/tubulitis), biliary epithelium (primary biliary cholangitis) or
bronchus/bronchiolar epithelium (xerotrachea/small airways disease).
However, there are systemic non-specific extraglandular manifestations
such as Raynaud's phenomenon, fatigue, non-erosive arthritis of small
hands and interstitial lung disease (ILD) with less defined pathogenesis
[6,10]. For most SS patients, the clinical spectrum of the disease has
been already completed at the time of diagnosis, considering that pa-
tients seek medical evaluation many years after the occurrence of sicca
symptoms and mucosal dryness [6]. The clinical picture of SS patients
remains quite stable for many years as a consequence of the benign and
slowly progressive nature of the periepithelial lymphocytic infiltration,
although in some cases the cumulative effect of tissue damage may
result in functional deregulation with significant organ impairment
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[6,11].

The intralesional expansion of B cell component is reflected by the
occurrence of B cell related symptoms, pointing out the very dynamic
potential of B cells in SS pathogenesis. Almost 15% of SS patients have
serum monoclonal component while the identification of type II cir-
culating cryoglobulins is an early laboratory finding of the syndrome,
both suggesting that B cell monoclonality is already present and de-
tectable during the early stages of the disease [6,12]. The B cell asso-
ciated extraepithelial manifestations characterize the systemic form of
the disease and affect approximately 10-15% of SS population. These
manifestations are driven by the underlying B cell monoclonality and
are mediated mainly by type II cryoglobulins with rheumatoid factor
activity. The pathogenetic mechanism of B cell mediated clinical
manifestations is attributed to immune complex formation and tissue
deposition leading to complement activation with subsequent in-
flammation, explaining also the low C4 complement levels that are
frequently observed in these patients [6]. Palpable purpura of the lower
extremities due to small vessel vasculitis may occur in 10% of SS pa-
tients and is considered the most common extraepithelial manifestation
that usually follows the appearance of sicca symptoms, although in
some rare cases purpura precedes the development of mucosal dryness
[6,10]. Membranoproliferative glomerulonephritis is the typical histo-
logic type manifested as nephritic syndrome with or without renal
impaired function and is produced by immune complex deposition at
the glomeruli [13,14]. Overall, glomerulopathies affect 2-3% of SS
patients and include also other histologic types such as membranous
and mesangial with similar clinical features. Finally, peripheral neu-
ropathy may be observed in 1-2% of SS patients resulting from immune
complex deposition in the vasa nervosum, producing either mono-
neuritis multiplex or sensorimotor axonal polyneuropathy [6]. Extra-
epithelial manifestations as opposed to glandular and extraglandular
periepithelial manifestations, have the tendency to occur as a late se-
quel of SS and are characterized by worse prognosis if left untreated.
The fact that extraepithelial manifestations of SS respond very well to
anti-B cell depletion therapies, further support the pathogenetic asso-
ciation with the underlying intralesional B cell component [15]. In-
terestingly, SS patients with the systemic form display much higher risk
to develop also lymphoproliferative disorders compared to those SS
patients without, underlining the evolutionary continuum of B cells
towards lymphomagenesis in this subgroup.

3. The clinical features of Sjogren's syndrome non Hodgkin's
associated lymphomas

In the past decades, many different groups have shown that SS
predisposes to the development of lymphoproliferative disorders of B
cell origin, affecting survival and morbidity of SS patients. In previous
studies, the prevalence of lymphoproliferative disorders varies from
2.7% to 9.8% [16-24] while SS displays the higher standardized in-
cidence ratio (SIR) (18.9, 95% CI = 9.4-37.9) for lymphomas among
other systemic autoimmune diseases including SLE and RA [1]. Inter-
estingly, the estimated 10 year risk of lymphoma is approximately 4%
while the life time risk is expected to be > 5% in SS population [3].
According to the estimated standardized mortality ratio (SMR), ranging
from 1.02 (95% CI = 1.03-3.71) to 4.66 (95% CI = 3.85-5.60), SS
patients exhibit slightly increased mortality rates compared to the
general population, mainly due to non Hodgkin's lymphomas (NHL)
[3,6,25-29]. In this line, Theander et al. found a SMR = 1.17 (95%
CI = 0.81-1.53) that was exclusively attributed to lymphomas while
the specific SMR was 7.89 (95% CI = 2.89-17.18), strongly suggesting
a close relation between lymphomas and reduced survival in SS [28].
Finally, in a mortality study that included 53 SS patients with lym-
phoma and 531 SS patients without, the SMR was found 3.25 (95%
CI = 1.32-6.76) and 1.08 (95% CI = 0.79-1.45) respectively, with
1.58/1000 person years excess death due to lymphoproliferative ma-
lignancies [29].
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Approximately 65% of SS patients with associated lymphomas
suffer from indolent extranodal marginal zone B cell lymphoma of
mucosa associated lymphoid tissue (MALT) [30]. The other 2 histologic
types include diffuse large B cell lymphomas (15%) and nodal marginal
zone B cell lymphomas (10%). The most common lymphoma associated
clinical manifestation was parotidomegaly (67%) and lymphadeno-
pathy (61%) while 70% of patients present with hematologic manifes-
tations including anemia, neutropenia or thrombocytopenia [30]. In-
terestingly, almost all patients had at least one laboratory finding
suggestive of B cell deregulation such as serum monoclonal component,
cryoglobulinemia, hypocomplementemia or hypogammaglobulinemia.
Of note, more than half of patients had already at the time of lymphoma
diagnosis, skin vasculitis/palpable purpura, 25% glomerulonephritis
and 20% evidence of peripheral neuropathy [30]. The fact that SS as-
sociated lymphomas are of B cell origin and patients have prominent
and detectable B cell abnormalities combined with high prevalence of
extraepithelial manifestations, clearly point out the underlying evolu-
tionary transition from a benign polyclonal B cell hyperactivity to
premalignant B cell monoclonality and finally to malignant B cell
lymphoma within the clinical spectrum of SS.

The outcome and prognosis of SS patients with associated lym-
phomas is favorable [30]. In a series of 77 patients, the 5-year overall
survival (OS) rate was found 91% (95%CI: 82.14-95.80%) for the entire
population. However, after analyzing according to histologic subtype,
the 5 year (OS) was 94% (95%CI: 83.46-98.59%) for the subgroup of SS
patients with MALT type, 87% (95%CI: 50.78-99.89%) for SS patients
with nodal marginal zone and 75% (95%CI: 46.15-91.73%) for those
with DLBC, suggesting that SS patients with DLBC display a worse
prognosis due to higher relapse and death rates. In the multivariate
analysis, an International Prognostic Index (IPI) score = 3 was identi-
fied as an independent adverse predictor associated with reduced 5-
year (OS) (adjusted HR = 8.529, 95% CI:1.325-54,904, p = .024) [30].
Regarding the management strategy of SS associated lymphomas, it
depends primarily on the Ann Arbor stage, the histologic type and pa-
tient's comorbidities and performance status. For SS patients with
MALT type and without dissemination of other hematological sites, a
wait and see policy is recommended while in more advanced stages
rituximab plus chemotherapy is a reasonable option. For DLBC cases, R-
CHOP is by far the first line treatment while other regimens are ad-
ministered after relapses [30].

4. Lymphomagenesis in SS

As mentioned previously, SS patients have the propensity to develop
extranodal marginal zone B (MZB) cell MALT lymphomas originated
from the salivary glands as a result of clonal expansion and malignant
transformation of the B cell component within the inflammatory lesion.
The histopathologic diagnosis of MALT lymphomas is based on mor-
phological, immunophenotypic and genetic characteristics including
documentation of monoclonality of the neoplastic population.
Typically, neoplastic cells consist of small lymphocytes with morpho-
logic features of centrocytes and less commonly centroblasts that in-
vade the affected epithelium producing the characteristic picture of
lymphoepithelial lesion [31,32]. The neoplastic lymphocytes also ex-
press specific surface markers such as IgM +, CD19+, CD20+, CD21 +
and quite often CD43 + but they lack CD5 and CD10 [31,32]. Almost
50% of them show monotypic cytoplasmic Ig expression [32] while
genetic studies have revealed various chromosomal abnormalities and
high degree of somatic mutations, implying a post germinal center stage
[33,34]. Normally, marginal zone B cells, are derived from TII transi-
tional B cells (B-2 cells) after strong TLR engagement and reside outside
the mantle area of GC structures in the lymph nodes and in the inter-
phase zone of red and white splenic pulp [35]. These cells are designed
to respond to thymus independent antigens after BCR and TLR ligation,
producing low affinity antibodies. Apart from the high expression levels
of BCR and TLRs, they also express the BAFF receptor TACI and it seems
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that the activating intracellular pathway results from the enhanced
signal of all three surface receptors. Interestingly, MZ B cells have the
capacity to undergo class switch to IgG or IgA and to differentiate into
plasma cells [36]. In the minor salivary glands (MSG) of SS patients,
infiltrating cells with immunophenotypic features resembling TII tran-
sitional and MZ B cells have been described around the ectopic GC like
structures, along with autoreactive B cell clones producing auto-
antibodies [36]. Although, genuine GC as documented by the expres-
sion of AID are rare in MSG [37], salivary ectopic GC like structures are
observed in 25% of SS patients at the time of diagnosis and have been
proposed as a predictor of lymphoma [38]. The formation of ectopic GC
like structures within the inflamed salivary glands, is complex and re-
quires a milieu of chemokines such as CXCL12, CXCL13 and CCL11,
cytokines and adhesions molecules. Given that ectopic GC like struc-
tures reflect disease severity, are considered also a potential active site
of lymphomagenesis in SS [38-43]. However, in a recent study ectopic
GC like structures were not identified as risk factor for lymphomas [44].
Taken together, MZ B cells and ectopic GC like structures are potential
active contributors of lymphomagenesis in SS but further studies are
needed to document their exact role in this process.

Gene sequencing analysis of the CDR3 region of the variable seg-
ment of heavy chain (IgVy) in the salivary glands of SS patients with
MALT lymphomas, revealed homology to V1-69, V3-7 encoded RFs
and WOL - RFs in 40% of patients, with IgG binding capacity in vitro,
while neoplastic B cells have been found to express BCR with RF ac-
tivity, implying that MALT lymphomas may arise from RF (+) B cells
clones [45,46]. Indeed, similar IgVy repertoire has been previously
described by other groups within the inflammatory lesion of MSG [46]
while autoreactive B cell clones with RF activity have been reported in
the salivary glands of SS patients along with IgG or IgM plasma cells,
replacing the normally observed IgA plasma cells of mucosae [47-51].
Additionally, circulating type II cryoglobulins with RF activity probably
produced within the diseased MSGs, have been identified as predictors
of lymphoma in SS patients, underlining the important role of RF(+) B
cell clones in lymphomagenesis [12,52]. Furthermore, immune com-
plexes containing chromatin or CpG DNA have the capacity to induce
proliferation of RF(+) B cells in vitro, most likely through engagement
of BCR and TLR9 [53,54]. The fact that IgG autoreactive B cell clone
specificity within the salivary glands extends beyond the spectrum of
Ro/SSA and La/SSB supports the notion that immune complex forma-
tion may take place in situ leading to RF+ B cell proliferation. In ad-
dition, the microenvironment of the inflammatory lesion is rich in cy-
tokines, growth factors and trophic agents capable of supporting the
expansion and survival of malignant B cells such as BAFF and IL-6.

At the cellular and molecular level, the NF-kB pathway, BAFF and
TNFAIP3 have drawn much of attention in the past years. More speci-
fically, the NF-kB pathway seems to be activated through BCR ligation
by autoantigens leading to enhanced proliferative and survival signals
upon neoplastic B cells [55]. The SNP polymorphism rs2230926 of
TNFAIP3 has been associated with increased risk of lymphoma in SS
while 77% of SS patients with lymphoma show either germline or tu-
moral mutations of TNFAIP3 resulting in loss of function and impaired
negative control on the NF-kB pathway [56]. B cell activating factor
(BAFF) is a trophic agent implicated in B cell proliferation and differ-
entiation by activating the NF-kB pathway and delivering anti-apop-
totic and survival signals [57,58]. More specifically, BAFF-R ligation is
involved in the non-canonical NF-kB2 pathway, leading to the re-
cruitment of TRAF3 into the cytoplasmic tail of the receptor, thus in-
hibiting the NF-kB inducing kinase degradation and promoting the NF-
kB2 transcriptional program [55]. The levels of BAFF have been found
elevated in the serum of SS patients and specific BAFF polymorphisms
have been associated with lymphoma development and increased BAFF
serum levels [59-62]. BAFF is produced by a variety of cell types in-
cluding salivary epithelial cells, under the induction of both IFN type I
and II which are abundant within the salivary histopathologic lesion of
SS. Interestingly, BAFF has been proposed to be involved in both
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autoimmunity and NHLs [58]. A mutation of the BAFF receptor in NHL
patients, encoding a His159Tyr substitution in the cytoplasmic tail, was
found to facilitate TRAF2,3,6 recruitment leading to increased im-
munoglobulin production after CD40 stimulation and activation of both
NF-kB1 and 2 pathways [63]. Similarly, almost 70% of SS patients with
MALT lymphomas at the 3rd decade of life, were carriers of this specific
mutation and isolated B cells were found with increased NF-kB2 levels
at the mRNA and protein level but not NF-kB1 [64]. Overall, the NF-kB
pathway and its normal inducers and regulators such as the pro-
liferative BAFF/BAFF-R pathway and the tumor suppressor TNFAIP3
respectively, seem to be implicated in lymphomagenesis of SS.

The hypothetic model of SS associated lymphoproliferation, is
considered a multistep and chronic process during which 2 distinct
stages are taking place within the inflammatory lesion of the MSG,
driving the transition from a benign polyreactive B cell population to a
malignant monoclonal B cell component [46,65,66]. In the first stage,
the persistent and chronic antigenic stimulation defines and shapes the
BCR repertoire from a reactive and polyclonal state to a restricted oli-
goclonal RF+ spectrum as a result of an antigen driven, yet unknown,
selection. In the second stage, the network of cytokines, growth factors
and trophic agents within the lesion in combination with stimulating
signals through the BCR and TLR receptors on B cells, maintain the
proliferative and survival potential of the expanding B cell oligoclonal
population. Further accumulation of germline mutations leading to
activation of oncogenes or inactivation of tumor suppression genes are
expected to provide acquired traits involved in cell cycle control,
growth and proliferation, necessary to drive and complete the malig-
nant transformation into phenotypically mature lymphomas (Fig. 1).
However, the key molecules and intracellular signaling pathways that
govern this process remain unclear. Better understanding of the me-
chanisms of lymphomagenesis is expected not only to facilitate the
development of new and reliable biomarkers for lymphoma but also to
reveal novel therapeutic targets.

5. Biomarkers for lymphoma prediction in SS
5.1. Classical biomarkers

Several, clinical, serological and histological biomarkers have been
identified and proposed as potential predictors of SS associated NHLs,
given that lymphomas are considered the most serious complication of

SS with an impact on morbidity and mortality [2,4,5]. Recurrent epi-
sodes of unilateral or bilateral parotid swelling have been proven as the

Disease onset

Preclinical stage

Sub-clinical stage
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most reliable clinical predictor of lymphoma by many different groups
[3,21,67-69]. Similarly, the occurrence of extraepithelial B cell medi-
ated manifestations have been correlated with future development of
lymphomas among SS population. Skin small vessel vasculitis of the
lower extremities manifested as palpable purpura or leg ulcers, is also
an independent risk factor of lymphoma while the appearance of per-
ipheral neuropathy has been found to herald the upcoming develop-
ment of lymphoproliferative disorders [3,6]. Glomerulonephritis, an-
other immune complex mediated manifestation, although following a
close temporal relationship with lymphomas in some SS patients, car-
ries an increased risk for SS associated NHLs [6,14]. Finally, lympha-
denopathy reflecting the hyperactive state of lymphocytes is another
useful and well documented clinical biomarker to predict lymphoma
complication in SS patients [3,21,70]. In the field of serologic bio-
markers, serum mixed monoclonal cryoglobulins (MMC) of type II with
rheumatoid factor (RF) activity and hypocomplementemia are the
strongest and most validated predictors of lymphoma in SS
[3,6,52,67,68,70]. It has been shown that the detection of type II
cryoglobulins may precede the development of lymphoma in SS pa-
tients while low serum levels of C4 have been associated with increased
risk of lymphoma and death. Interestingly, after combining palpable
purpura and C4 serum hypocomplemetemia at the first evaluation visit,
Taonnidis et al. proposed a simple predictive model according to which
SS patients with palpable purpura and low C4 serum complement levels
with or without detectable type II cryoglobulins, can be classified as
high risk with a strong tendency to present with NHL in the future [3].
Among hematologic numerical abnormalities, absolute CD4 lympho-
penia and low CD4/CD8 ratio have been correlated with DLBC lym-
phomas while neutropenia at the diagnosis was related to increased risk
of MALT lymphomas [70]. The high degree of inflammation within the
MSG and especially a focus score = 3 have been identified as in-
dependent risk factors for lymphoproliferation [71,72]. In addition,
approximately 25% of SS patients have ectopic GC like structures at the
salivary gland biopsy during initial evaluation and although debated,
the presence of these structures is considered a risk factor for lym-
phoma and potential active site of lymphomagenesis by most research
groups and clinicians [38]. As mentioned previously, the intralesional
predominance of B cells constituting > 50% of total infiltrating cells in
advanced lesions, characterizes a subset of SS patients with extra-
epithelial immune complex manifestations more prone to develop also
lymphoproliferative disorders [8]. Finally, the presence of IL-18 ex-
pressing cells with macrophage features within the inflammatory in-
filtrates of MSG, was found to occur before the development of mature

Disease diagnosis Lymphoma
Lymphoma Predictors diagnosis
Clinical stage
B cell component
Premalignant Malignant

Non specific

B cell polyclonality

Reactive
LESA

Limited RF+
BCR repertoire

Ag selection

oligoclonality/monoclonality

Cytokines

B cell lymphoma

B Clonal

Expansion

B cell

malignancy

Mutations of

Growth factors

oncogenes or tumor

Trophic agents

Suppressors

ICs signals

Fig. 1. Clinical and biological evolution of lymphomagenesis in Sjogren's syndrome. LESA: lymphoepithelial sialadenitis, RF: rheumatoid factor, ICs: immune

complexes.
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Table 1
Biomarkers predicting lymphoma development in Sjogren's syndrome.

Classical Newly proposed

Clinical Molecular

® Increased serum levels of CCL11 and

CXCL13

® Increased serum levels of FIt3L

® Upregulation of ductal CXCL12

® Decreased miR200b levels in MSG

® High IFNy/IFNa ratio in MSG

® AID distribution in ectopic GC
Genetic

® Parotidomegaly

® Palpable purpura/leg ulcers
® Peripheral neuropathy

® Lymphadenopathy

Serological

® Mixed monoclonal cryoglobulins

® Hypocomplementemia

® Neutropenia/Lymphopenia
Histological

® BAFF polymorphisms
® TNFAIP3 polymorphism
® His159Tyr

®FS=>3
® Ectopic GC

Abbreviations: GC = germinal centers, FS = focus score, AID = activation in-
duced cytidine deaminase.

lymphoma while higher macrophage incidence was prominent in pa-
tients with SS associated NHL compared to those without [8,11,73].
Overall, various clinical signs, serological parameters and histopatho-
logical findings have been analyzed and identified with significant
predictive value for the development of lymphomas in SS population,
most of which point out the dynamic and evolutionary transition of
intralesional polyclonal B cells to malignant lymphomatous neoplastic
lymphocytes of B cell origin. These simple and feasible biomarkers can
be potentially used to define the high risk patient in order to study and
provide new insights regarding the cellular and molecular events that
drive lymphomagenesis in SS.

5.2. Novel biomarkers

Apart from the classical predictors of lymphoma mentioned above,
novel biomarkers have been proposed as a result of extensive and
continuous research effort motivated by the new biotechnologies that
were applied in different biological specimens including saliva, serum
and MSG tissue [2] (Table 1). Exploring the possible role of lympho-
toxins and chemokines involved in the formation of GC, increased
serum levels of CCL11 and CXCL13 were found in SS patients with
lymphomas while CXCL12 expression was upregulated mainly within
the infiltrated salivary ducts and areas of neoplastic B cells as opposed
to CXCL13 and CCL21 that were elevated in reactive lymphoid ag-
gregates only, suggesting a regulatory role for CCL12 in survival of B
cells [40,74]. In this line and analyzing the topology and cellular dis-
tribution of activation induced cytidine deaminase (AID) within ECG in
order to better understand the stages of lymphomagenesis, AID was
identified in residual ECG strictures and not in the marginal like B cell
population in SS patients with MALTs compared to SS patients without
MALTSs whereas (AID) was expressed by follicular dendritic cells within
ECG and large B cells residing in a T rich zone outside the ECG [41].
Furthermore, studying the role of F1t3/FIt3L pathway of lymphoid bone
marrow progenitors that delivers survival signals, it was found that
FIt3L serum levels were elevated in lymphoma SS patients with sig-
nificant predictive value for lymphoma development [75]. Regarding
the newly genetic proposed markers, specific BAFF variants
(rs1224141, rs12583006, rs9514828, rs1041569, rs9514827), the
BAFF receptor His159Tyr mutation and the TNFAIP3 rs2230926 poly-
morphism have been implicated in SS associated lymphoproliferation
and have been proposed as potential biomarkers for lymphoma pre-
diction [56,62,64]. Similarly, considering the pathogenetic role of type
I and II interferons, the high mRNA ratio of IFNy/IFNa in the MSG
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tissues of SS patients, was proposed as an additional histopathologic
biomarker for predicting in situ lymphoma in the context of SS [76].
Finally, in a recently published study, the mRNA levels of the miR200b
family exerting properties as negative regulator of epithelial to me-
senchymal transition and as tumor suppressor element, were measured
with quantitative real time PCR in the MSG tissues of SS patients with
sequential prelymphoma/lymphoma and without lymphoma [77]. Ex-
pression of miR200b-5p was reduced in prelymphoma/lymphoma pa-
tients compared to those without lymphoma, with no significant change
upon transition to lymphoma. Interestingly, low miR200b-5p levels
were proven to distinguish patient who will develop lymphomas from
those who already have or will not develop lymphomas and were
identified as an independent risk factor for lymphoproliferative dis-
orders. Although research groups systematically attempt to utilize the
new biotechnologies for measuring and evaluating numerous biological
parameters that could be potentially used as biomarkers, confirmation
and validation studies are required by many different groups for every
newly proposed biomarker before the introduction in the clinical
practice.

6. Conclusions

Lymphoproliferation is the most serious complication of SS and in
combination with the immune complex mediated systemic form of the
disease afflicting almost 10-15% of patients, define phenotypically
unique subsets of SS characterized by the intralesional expansion of B
cells within the MSG as opposed to glandular or extraglandular perie-
pithelial manifestations in which T cells predominate within the in-
flammatory lesion. The spectrum of B cells extends from a benign
polyclonal state producing hypergammaglobulinemia and various au-
toantibodies to premalignant oligoclonality/monoclonality accounting
for cryoglobulinemic mediated symptoms and ends to malignant neo-
plastic MZ like B cells. In this transitional continuum, B cells evolve
towards malignancy by an antigen driven process favoring RF positivity
and subsequently by accumulating critical, yet unknown mutations
involved in cell growth and proliferation until the mature phenotype of
malignant lymphomas is complete. Although various established and
validated predictors of lymphoma have been reported in the literature,
the primary cellular and molecular events that drive the stages of
lymphomagenesis remain to be elucidated. Apart from the classical
clinical, serological and histopathological biomarkers for SS associated
lymphomas, additional novel molecular and genetic biomarkers have
been proposed, although validation is needed also from other groups
before incorporation in the clinical management of SS patients. It is
generally accepted for a specific biologic parameter in order to become
a useful biomarker that some characteristic should be met, including
simplicity, feasibility, reproducibility and cost-benefit adequacy.
Regarding the biological significance of biomarkers related to SS as-
sociated lymphomas, ideally is expected to reflect the different stages of
lymphomagenesis facilitating evaluation of response to treatment and
more sophisticated patients' stratification.
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